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Synthesis, Purification, and Influence of Chain Length 
on Toxicity of Two Quaternary Ammonium Compounds 


By THEODORE H. EICJSHOLT, GARY K. BRASHIER*, MICHAEL D. HIGGINS, 
and U. B. MARTINEZ 


The synthesis and purification of two quaternary ammonium compounds was ac- 
complished. The inftuence of chain length upon toxicity of the two compounds was 
determined using oral LDa values, in fasted animals, and intraperitoneal LDw values 
in male Swiss-Webster mice and male Wistar rats exce t where limited by the 
critical micelle concentration and the volume required kr administration. The 
larger molecular weight compound was more toxic i.p. in rats than mice while the 
lower molecular weight compound was more toxic orally in mice than rats. The 
i.p. LDb0 values in mice for both compounds were nearly identical and these values in 
both rats and mice after 24 hr. for the larger weight compound were practically the 
same. The usual greater toxicity with i.p. administration versas oral was not seen 


with these compounds in mice but was observed in rats. 


UATERNARY AMMONIUM COMPOUNDS are capable Q of a variety of pharmacologic activities, from 
antihypertensive to antiseptic. Many surface- 
active agents are quaternary ammonium compounds 
and have received considerable investigation as 
bactericidal agents (1, 2). Cetylpyridinium chloride 
and benzalkonium chloride are common examples, 
the latter of which is not a pure, single compound. 
The LDm of cetylpyridinium chloride i.p. in the mouse 
is stated to be 10 mg./kg. (3). The LDw in the 
rat orally is 200 mg./kg., subcutaneously 250 mg./- 
kg., intraperitoneally 6 mg./kg., and intravenously 
30 mg./kg. (3). The LDm of benzalkonium chloride, 
calculated as commercial solution, in the mouse 
i.p. is 10 mg./kg., and i.v. 10 mg./kg. (3). For 
none of these figures are times of death indicated. 


A mixture of triethyl ammonium bromide homo- 
logs1 is commercially available. 


It was, therefore, the purpose of this study to 
synthesize in a pure form dodecatriethylammonium 
bromide (DTEAB ) and tetradecatriethylammonium 
bromide (TTEAB) and to determine the influence 
of chain length on the toxicity of these two com- 
pounds, for which little work on the pure systems 
has been done. 


EXPERIMENTAL 


The quaternary ammonium bromides were pre- 
pared by a method similar to that of Scott and 
Tartar (4), an established synthesis procedure for 
making surfactants of the cationic type. The essen- 
tial differences were ones of degree, e.g., (a) reflux 
times were longer, up to 3 days, (b) solvents were 
not exclusively ethanol, (c) surfactants were not 
limited to only trimethyl head groups on the mono- 
mer. Varying the conditions in a and b the extent 
of reaction was controlled, thereby producing more 
surfactant by shifting the equilibrium to the right. 
The position of equilibrium is most certainly affected 
by the nature of the monomer formed (c above) 
consequently the reflux conditions were improved 
as dictated by the specific synthesis. 


The long-chain alkyl bromide was mixed with a 
35--4@% excess of the appropriate trialkylamine and 
this solution was added to a particular volume of 
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the reaction solvent (CHIOH or CH,CH*OH). 
The resulting solution was heated under total reflux 
from 7 hr. to 3 days as, in general, reaction time 
increases as molecular weight of the quaternary 
increases. 


After the reaction mixture cooled, most of the 
alcohol and excess amine were boiled off, in some 
cases, under reduced pressure. Ethyl ether was 
added to precipitate the quaternary crystals. 


Purification was effected by (a)  repeated re- 
crystallization from alcohol (CHIOH) by adding 
ether, (b) Soxhlet extraction using ether for as long 
as 20 hr., or (c) a combination of the first two 
methods. The ether was then filtered from the 
crystals. The last traces of ether were removed 
by heating under vacuum for about 24 hr. at  ap- 
proximately 35' (5). 


When ethanol was substituted for methanol as 
the reaction solvent, the reflux temperature was 
increased suiliciently to enhance the quaternary 
yield, in some cases by as much as 100%. 


Starting materials were reagent grade products 
of either Eastman Organic Chemicals or Matheson, 
Coleman, and Bell. In those cases in which the 
gas chromatogram of the alkyl bromide showed more 
than one large peak, the compound was purified 
by vacuum distillation. 


The primary criterion for purity of the quaternary 
compounds was the absence of a minimum in the 
surface tension-concentration curve as reported by 
Miles and Shedlovsky (6, 7) and verified by others 
(8, 9). 


Stoichiometric equation: 
alcohol 


RBr + &'N d R&&'Br 
reflux 


(R = GI, C,,) (R' = Me, Et, Pr, Bu) 
Example: 


CleHsBr + EbN -F CIH&EtsBr 
(DTEAB) 


To determine the influence of chain length on the 
toxicity of the two pure compounds, animals were 
treated as follows. 


Male mice of the Swiss-Webster strain received 
7.5, 15, and 30 mg./kg. of DTEAB and TTEAB i.p. 


Thirty animals were used at each dosage and the 
LDao after 24, 48, and 72 hr. was determined using 
the Reed-Muench method (10). 


Male rats of the Wistar strain received 30,00, and 
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TABLE ISUMMARY OF LDm STUDIES OF DTEAB AND TTEAB ORALLY (IN FASTED ANIMALS) AND 
INTRAPERITONEALLY IN MALE SWISS-WEBSTER MICE AND MALE WISTAR RATS 


No. Dead/Total No. 
-Treated After- LDsa Determined mg./kg. 7 


Dose, mg./kg. 24 hr. 48 hr. 72 hr. 24 hr. 48 hr. 72 hr. 


M$e 
'.P 


p.0. 


Rats 
i.p. 


p.0. 


Mice 
1.p. 


p.0. 


Rats 
1.p. 


p.0. 


7 . 5  
15.0 
30.0 


5 . 0  
10.0 
20.0 


30.0 
60.0 


120.0 
62.5 


125.0 
250.0 


7 . 5  
15.0 
30.0 
12.5 
25.0 
50.0 


7 . 5  
15.0 
30.0 
10.0 
20.0 
40.0 


7/30 
4/30 


29/30 
9/40 


14/40 
28/40 


5/10 
l o l l 0  
lop0 
0/20 
2/20 
2/20 


6/30 
5/30 


27/30 
18/35 
22/30 
28/30 


1/10 
1/10 
9/10 


1/20 
1/20 


1/16 


17/30 
13/30 
30/30 
12/40 
25/40 
39/40 


8/10 
10/10 
10/10 
0120 
3/20 
2/20 


18/30 
13/30 
29/30 
27/35 
23/30 
28/30 


1/10 
1/10 


10/10 


1 /20 
1/20 


1/16 


DTEAB 


29/40 
40/40 


9/10 30.00 f 6.28 
10/10 
10/10 
0220 - 


2/20 
5/20 


TTEAB 


20/30 20.07 f 2.17 
17/30 


1/20 
1 /20 


11.25 & 1.58 


7.95 =!= 0.82 


11.14 1.61 


- 


2 0 . 8 3 f 3 . 3 5  


- 


8.38 f 1.16 


7.03 f 0.61 


8.45 f 1.26 


- 


20.83 f 3.35 


- 


120 mg./kg. of DTEAB and 7.5, 15, and 30 mg./kg. 
of TTEAB i.p. 


Ten animals were used at each dosage and the 
LDm after 24, 48, and 72 hr. was determined where 
possible using the Reed-Muench method (10). 


Male mice, Swiss-Webster strain, were fasted at 
least 20 hr. but not longer than 24 hr., water was 
given ad libitum. The animals were fasted in 
screen-bottom cages such that there was no access 
to  feces or litter. 


The fasted mice in groups of 30-40 received 5, 10, 
and 20 mg./kg. of DTEAB and 12.5, 25, and 50 
mg./kg. of TTEAB orally by means of stomach 
intubation. The oral L D s  was calculated where 
possible after 24, 48, and 72 hr. using the Reed- 
Muench method (10). 


Male rats, Wistar strain, were fasted similarly 
to the mice with water ad libitum in screen-bottom 
cages such that there was no access to  feces or 
litter. 


The fasted rats in groups of 16 or 20 received 62.5, 
125, and 250 mg./kg. of DTEAB and 10, 20, and 
40 mg./kg. of TTEAB orally by stomach intubation 
similarly to obtain the oral LDs. 


The doses in all animals were calculated on a 
mg./kg. basis and all animals used were approxi- 
mately 10-12 weeks of age with average weights 
for mice and rats 19 and 128 g., respectively. All 
surviving animals were observed for a period of 30 
days to include any possibility of latent effects. 


RESULTS AND DISCUSSION 


The synthesis of the expected products was 
indicated by elemental analysis. Similar confirma- 
tion was reported by Venable (11) on related com- 
pounds made by this method. 


Anal.*-Calcd. for (DTEAB) CIIHIOBrN: C, 61.94; 
H, 11.50; N, 3.99. Found: C, 61.40; H, 11.73; 
hT, 3.97. 


Anal.z-Calcd. for (TTEAB) CzoHdrBrN: C, 63.46; 
H, 11.71; N, 3.70. Found: C, 61.81; H, 11.67; N, 
3.86. 


The possibility of isomers still exists; however, 
based on studies of organic syntheses of this nature 
and on the surface and micellar properties of aqueous 
solutions of these compounds, it would appear 
identity of the products was established. 


The synthesis of the pure quaternary compounds 
was shown by the lack of a minimum in the surface- 
tension concentration curve. A purity of 99% plus 
was obtained. The absence of minima in these 
curves reflected a high degree of purity and agrees 
with earlier reports (6, 9) 


The critical micelle concentration (CMC) in 
water at 30" for DTEAB was 5 X g./ml. and 
for TTEAB was 1.06 X g./ml. 


No particular observance of any autonomic effects 
typical of other quaternary ammonium compounds 
was made. A few of the mice injected i.p. with 
DTEAB first appeared hyperexcitable but soon 
returned, as were all other animals, to  their normal, 
grouped together, daytime positions. 


The results of the L D s  studies of DTEAB i.p. 
and p.0. in mice and rats are listed in Table I. 
The LDao values of DTEAB i.p. in mice calculated 
from the results in Table I using death after 24, 48, 
and 72 hr. as the end points are 19.60 f 2.07, 
11.25 f 1.58, and 8.38 f 1.16 mg./kg., respectively. 
Similarly, the LDao values of DTEAB orally in mice 


2Analyses performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y. 







Vol. 57, No. 8, August 1968 


are 12.84 f 1.42, 7.95 f 0.82, and 7.03 f 0.61 
mg./kg. after 24, 48, and 72 hr., respectively. 


In the rats, only the i.p. LDw for DTEAB after 
24 hr. could be calculated and was found to  be 
30.00 f 6.28 mg./kg. 


In the mice with DTEAB the i.p. and p.0. 
L D ~ o  values were reversed from what is normally 
expected when comparing toxicities with these two 
routes of administration. Orally, DTEAB ap- 
peared more toxic than i.p. 


In the rats, comparing the i.p. and p.0. DTEAB 
doses administered, the normal toxicity relationship 
between the routes of administration was seen. 
In preliminary work no deaths i.p. were obtained 
below 30 mg./kg., 50% mortality at 30 mg., and 
lOOyo mortality above this, making further calcula- 
tions impossible. Orally, larger doses were pre- 
vented due to  the CMC and the maximal volume 
allowable which could be intubated. In preliminary 
work, larger doses and volumes, were attempted 
with no greater mortality rate resulting. 


Larger doses of DTEAB were required for toxicity 
in rats than in mice by either route of administration, 
being less toxic in the rat and especially appearing 
much less toxic orally. 


The results of the LDw studies of TTEAB i.p. and 
p.0. in mice and rats are listed in Table I. The 
LDN values of TTEAB i.p. in mice calculated from 
the results in Table I using death after 24, 48, and 
72 hr. as the end points are 20.07 f 2.17, 11.14 f 
1.61, and 8.45 f 1.26 mg./kg., respectively. Only 
the 24-hr. p.0. LDm for TTEAB in mice could be 
calculated and was found to be 15.63 f 1.83 


In the rats, the i.p. LDw for TTEAB was found 
to  be 21.67 f 3.49, 20.83 zk 3.35, and 20.83 f 3.35 
after 24, 48, and 72 hr., respectively. No p.0. 
LDa for TTEAB in rats could be obtained again 
due to CMC and volume limitations. 


Comparing i.p. LDw values in mice for DTEAB 
and TTEAB, the two-carbon increase in chain 
length and the resulting increase in molecular 
weight with TTEAB influenced the LDso values 
obtained very little. 


In mice with TTEAB the i.p. and p.0. LDm 
values were again reversed from what is normally 
expected when comparing toxicities v i a  these two 
routes of administration; oral administration being 
more toxic than i.p. 


The oral LDso in mice for TTEAB was larger than 
the oral LDw for DTEAB indicating lesser toxicity 
for the larger molecular weight compound. 


In rats, the i.p. LDm for TTEAB did not change 
much over 24, 48, or 72 hr., whereas, in mice the 
i.p. LDa for TTEAB changed considerably. How- 
ever, the 24-hr. LDw values for both rats and mice 
for TTEAB were nearly the same. 


The i.p. LDm for TTEAB in rats was smaller 
than the i.p. LDw for DTEAB in rats indicating 
greater toxicity for the larger molecular weight 
compound. 


The larger oral dose of TTEAB in rats indicates 
lesser toxicity than i.p. The variations observed 
in this study again demonstrate the problem of 
species variation although the data from the rats 
correlate with increase in molecular weight and 
toxicity increases. The lesser toxicity of these 
compounds i.p. than orally in mice is interesting to 
note as oral absorption of quaternary ammonium 


mg./kg. 
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compounds is usually stated as difficult, only up 
to 15% of an oral dose being absorbed due possibly 
to formation of nonabsorbable complexes (12). 


The surviving animals after the 30-day observa- 
tion period appeared in good health and without 
deleterious effects. 


SUMMARY AND CONCLUSIONS 


Synthesis of very pure DTEAB and TTEAB was 
accomplished. 


The influence of chain length or increase in 
molecular weight of the compounds on toxicity 
proved to be species variable. 


The i.p. LDm values of DTEAB in mice were 
found to be 19.60 f 2.07, 11.25 f 1.58, and 8.38 f 
1.16 mg./kg. after 24, 48, and 72 hr., respectively. 
The oral LDM values of DTEAB in mice were 12.84 
f 1.42, 7.95 f 0.82, and 7.03 f 0.61 mg./kg. 
after 24, 48, and 72 hr., respectively. Only the 
24hr .  i.p. LDm value of DTEAB in rats could be 
determined and was found to  be 30.00 f 6.28 
mg./kg. The usual greater toxicity from i.p. 
administration versus p.0. was not seen with DTEAB 
in mice but was in rats. DTEAB appeared more 
toxic in mice than rats, particularly orally. 


The i.p. LDm values of TTEAB in mice were 
found to be 20.07 f 2.17, 11.14 f 1.61, and 8.45 f 
1.26 mg./kg., after 24, 48, and 72 hr., respectively. 
Only the 24-hr. p.0. LDw value of TTEAB in mice 
could be determined and was found to  be 15.63 f 
1.83 mg./kg. The i.p. LDM values of TTEAB in 
rats were found t o  be 21.67 f 3.49, 20.83 f 3.35, 
and 20.83 f 3.35 mg./kg., after 24, 48, and 72 hr., 
respectively. No. p.0. LDa of TTEAB in rats 
could be obtained due to limitations of critical 
micelle concentration and volumes required for 
administration. The usual greater toxicity from 
i.p. administration versus p.0. was again not seen 
with TTEAB in mice. 


The i.p. LDm values in mice for DTEAB and 
TTEAB were nearly identical. Chain length 
appeared to  have little influence on toxicity in mice 
i.p. Orally, the LDao values in mice indicated 
DTEAB was more toxic than TTEAB, the lesser 
molecular weight compound being the more toxic. 
The i.p. LDa values in rats and mice after 24 hr. 
for TTEAB were practically the same. However, 
the i.p. LDm values indicated that the higher 
molecular weight compound, TTEAB, in rats was 
more toxic than DTEAB which is what usually 
would be expected. TTEAB was less toxic p.0. 
than i.p. in rats again demonstrating the variability 
of absorption seen with quaternary compounds. 


General comparisons of the LDso values for 
DTEAB and TTEAB with those of cetylpyridinium 
chloride and benzalkonium chloride indicated lesser 
toxicity for the pure DTEAB and TTEAB com- 
pounds. 
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Determination of the pKa‘ Value for 5,5-Diphenylhydantoin 
By SURAJ P. AGARWAL and MARTIN I. BLAKE 


The pKa’ value for diphenylhydantoin was found 
to be 8.3 1 by ultraviolet spectrophotometry and 


8.33 by potentiometric titration. 


NONAQUEOUS titrimetric procedure for de- A termining combinations of phenobarbital and 
sodium diphenylhydantoin was recently reported 
by Agarwal and Blake (1). In considering the 
feasibility of a differentiating titration for mixtures 
of phenobarbital and diphenylhydantoin, it was 
apparent that the pKa value for the latter compo- 
nent had not been reported in the literature. Pre- 
liminary studies (2) with a variety of solvents, 
titrants, and electrode systems indicated that a dif- 
ferentiating titration was not possible. It was con- 
cluded that the pKa values for the two components 
were probably too close together to permit an effec- 
tive differentiating nonaqueous titration. This 
study was undertaken for the purpose of establishing 
the pKa’ for diphenylhydantoin. The spectro- 
photometric procedure described by Albert and 
Sergeant (3) was applied in this investigation. The 
pKa‘ was also determined potentiometrically. 


EXPERIMENTAL. 


Apparatus-All spectrophotometric measurements 
were made with a Carl Zeiss model PMQII spectro- 
photometer, equipped with matched 1.0-cm. silica 
cells. Potentiometric titrations were performed 
with a Beckman pH meter (Expandomatic) model 
76A equipped with a glass electrode (Beckman No. 
41203) and a calomel electrode (Beckman hTo. 


Spectrophotometric Procedure-The absorption 
spectra of diphenylhydantoin were obtained in 0.01 
N sodium hydroxide and in 0.01 N hydrochloric 
acid. Since the maximum difference in absorption 
for the ionized and unionized species occurs at 236 
mp, this was the wavelength selected for all ab- 
sorbance measurements. The spectra are shown in 
Fig. 1. 


A stock solution of diphenylhydantoin (0.01 U) 
in alcohol was prepared. One milliliter of this solu- 
tion was transferred by pipet to each of seven 100-ml. 
volumetric flasks and the volume was brought to  the 
mark with THAM buffer solutions having pH values 
of 7.7, 7.9, 8.1, 8.3, 8.5, 8.7, and 8.9, respectively. A 
similar series of solutions was prepared which con- 
tained 1 ml. of alcohol and the corresponding buffer 
solution. These served as blanks for the ab- 
sorbance measurements. The average ionic strength 
was 0.005 (0.002-0.008). 


Potentiometrie Procedure-A series of stock solu- 
tions, 0.01 21.1 in sodium diphenylhydantoin, was pre- 
pared in aqueous alcohol solution containing 20, 30, 
40, and 50% alcohol by volume, respectively. Fifty 
milliliters of each solution was titrated potentio- 
metrically with 1 N hydrochloric acid. The ionic 
strength was 0.01. 


DISCUSSION 
The pKa’ of diphenylhydantoin was determined 


spectrophotometrically by the procedure described 
by Albert and Sergeant (3). The absorbance of the 


39170). A 5ml. buret (Kimax) graduated in 0.01 
ml. was used for delivery of the titrant. 


Reagents and Solutions-Reference standard 
diphenylhydantoin and sodium diphenylhydantoin 
were supplied by Parke-Davis and Co. Tris- 
(hydroxymethy1)aminomethane (THAM), primary 
standard grade, was obtained from Fisher Scientific 
Co. Buffer solutions were prepared by combining 0.2 


0.1 
appropriate volumes of 1.0 N HC1 and 0.01 &I 0 
THAM solution to give the desired pH. All other 220 240 260 280 300 320 


230 250 270 290 310 
WAVELENGTH, mr 


chemicals were reagent grade. 
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Fig. 1- Ultravwlel absorfitim spectra of 5,5&phenyz- 
hydantoin in 0.01 N HC1, solid line; and in 0.01 N 


NaOH, broken line. 
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Salt Effects in the Spectrophotometric Examination 
of a Complex of N'-Methylnicotinamide Cation 


By DANA BROOKE* and DAVID E. GUTTMANT 


The extent of complex formation, as determined spectrally, between the "-methyl- 
nicotinamide cation and the electron donor, 8-chlorotheophyllinate anion, was 
found to vary greatly when different salts were used to adjust ionic strength. The 
degree of complex formation when sodium perchlorate was used was found to be 
much smaller than when sodium acetate was used. An examination of these salt 
effects indicated that the observed behavior was explicable on the basis that ion pair 


formation occurred between the pyridinium cation and perchlorate anion. 


HE NECESSITY of maintaining a constant T ionic strength in studying the behavior of 
ionic species in solution is widely recognized. 
I t  is not, perhaps, so widely appreciated that a 
so-called inert salt introduced for this purpose 
can exert an effect quite different from that an- 
ticipated solely on the basis of ionic strength 
variation. Recent studies in this laboratory in- 
volving the interaction of N'-methylnicotinamide 
cation (NMN) with 8-chlorotheophyllinate anion 
(CT) have demonstrated quite dramatically that 
neutral salts can influence observed behavior in- 
dependently of their contribution to the mainte- 
nance of ionic strength. As will be seen, the ex- 
tent of interaction of NMN with CT, as detected 
spectrally, was found to vary considerably de- 
pending on whether sodium acetate or sodium 
perchlorate was used to maintain a constant 
ionic strength. The observed behavior can be 
reasonably explained on the basis that extensive 
ion pair formation occurred between perchlorate 
anion and NMN. 
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Ion pairing of quaternary nitrogen com- 
pounds is well documented. For example, 
Azzari and Kraus (1) reported the formation of 
ion pairs between the tetrabutyl ammonium 
cation and such anions as iodide, bromide, and 
nitrate in water at 25'. Fuoss (2) showed that 
ionic associations could be treated by mass law 
considerations, and he and his co-workers (3) 
reported the ion pair formation constant for the 
tetraethyl ammonium-picrate ion pair to be 
0.8 L. mole-' in water. Kosower (4), in a 
description of charge transfer interactions, as- 
serted that the major contributing form to the 
ground state complex between l-methyl-py- 
ridinium cation and iodide anion was the ion 
pair. 


EXPERIMENTAL 


Materials-The chloride salt of NMN was pre- 
pared by the method of Huff and Perlzweig (7). 
Nicotinamide was reacted with an excess of methyl 
iodide in alcohol to yield NMN as the iodide salt, 
m.p. 204" uncorrected [reported, 205.5-206.5" (7)]. 
The iodide salt was converted to the chloride salt by 
reacting the NMN iodide with an aqueous slurry of 
silver chloride. The resulting aqueous solution of 
NMN chloride was filtered and concentrated to yield 
white crystals of NMN chloride. The chloride salt 
was recrystallized from hot alcohol, and gave a m.p. 
of 241' uncorrected [reported, 237-238' (7)]. 


8-Chlorotheophylline was purchased from the 
Aldrich Chemical Co. and used without further puri- 
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Fig. 1-Plot illustrating the injuence of added salts 
on the spectral characteristics of solutions at a p H  of 
8.0 containing 0.1 M C T  and 0.005 M N M N .  Curve 
A represents the spectrum of the mixtute in the absence 
of added salt. Curve B is the sfiertrzim of the mixture 
in the presence of 0.9 M sodzum acetate. Curve C is 
the spectrum of the mzxture in the presence of 0.9 M 
sodium perchlorate. Curve D is the spectrum of 0.1 M 


C T  alone. 


fication. Other chemicals were reagent grade and 
were obtained from Fisher Scientific Co. 


Methods-The influence of sodium acetate and 
sodium perchlorate on the extent of complex forma- 
tion between NMN and CT was evaluated by using 
either neutral salt, or a combination of the two, to 
adjust the ionic strength of solutions containing the 
interactants to a value of 1.0. These solutions were 
prepared by dissolving appropriate amounts of 8- 
chlorotheophylline, pKa 5.5 (6), and neutral salts in 
about 35 ml. of water, using enough sodium hy- 
droxide t o  adjust the pH to a value of 8.0. These 
were placed in 50-ml. volumetric flasks and aliquots 
of a stock solution of NMN as the chloride salt were 
added to  the flasks which were then made to volume 
to gain the desired concentrations. The ionic 
strength of the resultant solutions was taken as  the 
sum of the concentrations of sodium acetate, sodium 
perchlorate, and sodium 8-chlorotheophyllinate. 
The concentration of NMN as the chloride was 
negligible compared t o  the concentrations of other 
ionic species. The resultant solutions were brought 
to  40" in a water bath. The extent of complex 
formation was measured spectrally at 40" using a 


Beckman, model DB, spectrophotometer equipped 
with a thcrniostated cell compartment. The large 
increase in absorbance at  360 mp of solutions of CT 
on the addition of NMN, a species with no visible 
spectrum, was taken as a measure of the extent of 
interaction between NMN and CT. Absorbance 
values were corrected for the small contribution due 
to  CT. Representative spectra are shown in Fig. 1 .  


RESULTS AND DISCUSSION 
Spectral evidence for a postulated complex of 


NMN and CT is given in Fig. 1. I t  can be seen that 
the extent of complex formation was decreased by 
increasing the ionic strength from a value of 0.1 to a 
value of 1.0 with the addition of sodium acetate or 
sodium perchlorate. Though a decrease with in- 
creasing ionic strength was expected on a theoret- 
ical basis, the marked difference in the extent of 
interaction observed when the different salts were 
employed was unexpected. The results of a number 
of experiments are given in Table I, all of which 
illustrate the same behavior. 


That the extent of interaction between NMN and 
CT is influenced differently by the two salts can be 
explained on the basis of a rather simple model which 
assumes that NMN forms ion pairs with perchlorate 
anion. As a first approximation, based on the much 
larger influence of sodium perchlorate, it was as- 
sumed that acetate anion was not involved in ion 
pair formation. The model neglects possible dif- 
ferences in activity coefficients, hydration, and ion 
size parameters of unassociated NMN and CT in 
the presence of the different salts, and attributes the 
larger influence of perchlorate to a competitive effect. 
The model is summarized by 


K 


G 


NMN + CT = NMN:CT 


NMN + ClOa = NMN:C104 


(Eq. 1 )  


(Eq. 2) 


where NMN:CT = 1 :1 complex formed between 
NMN and CT, K = association constant for the 
formation of NMN:CT, NMN:ClO4 = 1 : l  ion 
pair formed between NMN and perchlorate, G = 
ion pair formation constant for NMN : C104. 


The absorbance, A ,  due to the complex, NMN: CT 
can be written as 


A = e(NMN:CT) = e K(NMN)(CT) (Eq. 3 )  


where E = molar absorptivity of the complex. 
The absorbance can be stated in terms of total 


NMN, (NMN)t, as 


TABLE I-ABSORBANCE VALUES AT 360 mp DUE TO COMPLEX FORMED BETWEEN NMN AND CT IN VARIOUS 
SOLUTIONS ADJUSTED TO AN IONIC STRENGTH OF 1.0 


Solution Composition Absorbance' . 
(CT) (NMN)i ( c lod  (Ac) Observed Calculated Difference 
0.10 0.0050 0.00 0.90 0.359 0.374 -0.016 
0.10 0.0050 0.50  0.40 0.289 0.280 +o ,009 
0.10 0.0050 0.90 0.00 0.238 0.233 +O. 005 
0.15 0.0050 0.00 0.85 0.515 0.505 +o. 010 
0.15 0.0050 0.30 0.55 0.415 0.426 -0.011 
0.15 0.0050 0.85 0.00 0.341 0.332 +o .009 
0.14 0.0025 0.00 0.86 0.241 0.242 -0.001 
n 1 4  n nn25 0.43 0.43 0.193 0.190 +O. 003 - .  _ _ _ _  - -- 
0.14 0.0025 0.86 0.00 0.142 0.157 -0.015 
0.21 0.0025 0.00 0.79 0.303 0.319 -0 .Ol6 
0.21 0.0025 0.40 0.40 0.253 0.262 -0.009 
0.21 0.0025 0.79 0.00 0.214 0.222 -0.008 


a Corrected for the absorbance contribution due to CT. 
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Equation 4 can be rewritten as 


1 1 - _ -  1 
A sK(NMN)r(CT) -I- e(NMN)( -I- 


Equation 5 is essentially the same as that derived by 
Merrifield and Phillips (8) for a case in which both a 
solvent and an electron donor interacted with an 
electron acceptor but the solvent-acceptor complex 
did not contribute to  the absorbance of the system. 
When (NMN)t and (CT) are held constant, plots of 
1 /A against (c104) should be straight lines. Such 
plots are given in Fig. 2. The value of G/eK can be 
calculated by multiplying the slopes of the lines by 
the appropriate (NMN)t(CT) product. The inter- 
cepts of the lines in Fig. 2. multiplied by the ap- 
propriate (NMN)t, when plotted against 1/( CT) 
should give a straight line with intercept l / s  and 
slope l/&. This plot, which corresponds to  a 
Benesi-Hildebrand (5) plot, is given in Fig. 3. The 
values for e, K, and G calculated in this manner are 
359 L. mole-' ern.-', 2.69 L. mole-', 0.92 L. mole-'. 


Treatments such as the one used here depend 
heavily upon a knowledge of the value l/s. Since 
this value is small, a small absolute error in the 
determination of l / c  can lead to large errors in t, 


and in the association constants. An attempt was 
made to evaluate the association constants inde- 
pendently of a determination of c. This can be 
done by considering two experimental points a t  one 
time. I t  can be shown that 
A 1  - (NMh'l),(CT1)[1.0 -I- K(CT2) + C(ClO,2)] 
A2 (NMN2)r(CT2)[1.0 -I- K(CT1) + G m f ) ]  


- ._ 


(Eq. 6) 
where 1 and 2 refer to two different experimental 
systems. The values for K and G were generated, 
according to Eq. 6,  on an IBM 7014 computer. 
The values for K and G were found to  be 2.67 L. 
mole-', and 0.86 L. mole-'. The corresponding 
value of e was calculated to be 355 L. mole-' cm.-I. 


The calculated absorbance values given in Table I 
are based upon the computer generated values of K, 
G,  and e. The random distribution of the difference 
cited in Table I indicates that the observed differ- 
ences in the effects of sodium acetate and sodium per- 
chlorate can be reasonably explained on the basis of 
ion pair formation between NMN and perchlorate. 
The treatment presented here does not preclude the 
possibility of ion pairing between acetate anion and 
NMN but does suggest that such ion pairing is small 
compared with the association between NMN and 
perchlorate. 


It is interesting to  note that the definition of a 
particular ionic behavior may vary quantitatively 
depending upon the "inert" salt used for the pur- 
pose of adjusting ionic strength. In the present 
investigation, the apparent association constant for 
the NMN:CT complex in systems in which sodium 
perchlorate was the salt used was found to be 1.52 L. 
mole-' by the Benesi-Hildebrand (5) treatment. 
When sodium acetate was the salt used the apparent 
association constant was found to be 2.59 L. mole-'. 
This observation makes it clear that the effects of 
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Fig.  2-Plot, based on Ep. 5,  illustrating the depend- 
ence of complex formalion on perchlorate concentra- 
tion. Solutions contained: 0.14 M CT and 0.0025 M 
N M N  (A),  0.21 M CT and 0.0025 M N M N  (O), 
0.10 M CT and 0.005 M NMN (A), 0.15 M CT and 


0.005 XI N M N  (0). 
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Fig.  ,?-Plot used to determine K and e. See text. 


basis of their contribution to the maintenance of 
ionic stength. 
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Iron- Adjuvant Interactions Observed with 
Diffuse Reflectance SDectroscoDv 


I I d  


By MICHAEL BORNSTEIN*, JOHN L. LACHt, and BILL J. MUNDEN 


Numerous adjuvants have been screened for the existence of chemical and physical 
interactions with iron compounds. Results indicate that calcium hydroxide, 
magnesium hydroxide, magnesium oxide, magnesium carbonate, magnesium ci- 
trate, zinc oxide, and potassium iodide do  undergo large spectral and visual color 
changes on equilibrauon with ferrous sulfate in aqueous and nonaqueous systems. 


LTHOUGH chemical reactions of iron in solu- A tion have been previously investigated, very 
little information is available in the literature con- 
cerning the possible interactions of highly 
insoluble excipient materials with iron. In this 
communication, ferrous sulfate reactions have 
been studied with various organic and inorganic 
materials, using diffuse reflectance techniques. 


Lach and Bornstein have recently shown that 
many of these insoluble adjuvants do undergo 
strong chemical interactions with a number of 
therapeutic agents (1-3) as well as certified dyes 
(4). Clarke (5) found that the addition of citric 
acid to a ferrous sulfate elixir increased its sta- 
bility. Freedman (6), Uprety (7), and associates 
investigated the formation and stability of iron 
ascorbate complexes. Wagner (8) synthesized 
iron-gentisate complexes to be used for colori- 
metric assay. Lange and associates (9) studied 
a number of commercial preparations with re- 
spect to their ability to liberate iron from me- 
tallo-organic iron chelates and concluded that 
chelated iron is carried through the GI tract with 
less loss and lower toxicity than is ionic iron. 


In view of the fact that the literature dealing 
with inorganic salt-iron complexes is limited and 
since many inorganic salts are not only integral 
parts of dosage forms, but may in themselves 
serve as the active therapeutic agent, it was felt 
that information concerning their solid-solid in- 
teractions would be of pharmaceutical im- 
portance. 


EXPERIMENTAL 


Reagents-Dried ferrous sulfate USP (Mallinck- 
rodt Chem. Works), ferric chloride ACS (J. T. 
Baker Co.), sodium hydroxide pellets ACS (J. T. 
___ 
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Baker Co.), acacia, aluminum hydroxide, aluminum 
stearate, calcium carbonate (dense), calcium hy- 
droxide, cetyl alcohol, citric acid, kaolin, lactose, 
magnesium carbonate (light), magnesium hydroxide 
(heavy), magnesium citrate, magnesium stearate, 
Pharmasorb [colloidal (Minerals and Chemicals 
Philipp)] , Pharmasorb [regular (Minerals and 
Chemicals Philipp)] , polyethylene glycol 6,000, 
potassium iodide, sodium chloride, sodium phos- 
phate (dibasic), sodium phosphate (tribasic), 
starch USP, stearic acid (flakes), stearyl alcohol 
(granular), Sterotex [edible peanut, cottonseed, and 
soybean oils (Capital City Products Co.)], tannic 
acid, tragacanth, distilled water, chloroform AR, 
and dehydrated alcohol. 


Preparation of Ferric Hydroxide-Carefully weigh 
50.0 g. triturated ferric chloride and 120.0 g. 
sodium hydroxide pellets. Place 1 1. distilled water 
into a 2-1. beaker and add the sodium hydroxide 
slowly. Stir until dissolved and add the ferric 
chloride. Mix for 15 min., vacuum filter, and wash 
the precipitate. Freeze the precipitate with the aid 
of a dry ice-methanol mixture, lyophilize for 24 hr., 
and triturate the resulting dark brown powder with 
a glass mortar and pestle. 


Apparatus-The apparatus and technique of 
measurement have been reported (14). 


Equilibration Technique-The procedure for 
preparing the samples and their corresponding 
controls has been reported (4). Thirty milliliters 
of aqueous or nonaqueous dispersion media has 
been employed in the equilibrations reported in this 
communication. A lyophciation technique (4) was 
used to remove the aqueous dispersion medium. 
The other nonaqueous solvents employed, including 
chloroform and dehydrated alcohol, were removed 
with the aid of ambient temperature. vacuum 
evaporation. 


RESULTS A N D  DISCUSSION 


In view of the numerous difficulties encountered in 
pharmaceutical dosage forms containing iron, 
ferrous sulfate was selected as the inorganic material 
for this study of salt-adjuvant interaction. Based 
on DRS data obtained with respect to spectral 
intensity and visual color changes, it was evident 
that many of the interactions taking place were of a 
complex nature dealing with chemical and physical 
changes. These observations are summarized in 
Tables I and 11. 


For the purpose of illustration and discussion, 
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TABLE I-IRON-CALCIUM CARBONATE REACTIONS USING 
AQUEOUS AND NONAQUEOUS DISPERSION MEDIA 


Concentration 
Iron Iron:CaCOa, g. Dispersion Medium DRS Change" Visual Color Change" 


Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferric hydroxide 
Ferrous sulfate 


0. 100: 2.00 
0.400:2.00 
1.00 :2.00 
0.100:2.00 
0.400:2.00 
1.00 :2.00 
0.100:2.00 
0.400:2.00 
1.00 :2.00 
0.700: 2.00 


Water 
Water 
Water 
Ethanol 
Ethanol 
Ethanol 
Chloroform 
Chloroform 
Chloroform 
Water 


0 No changeb 
0-s No change 
0-s No change 
0-s No change 
0-s No change 
S No change 
0-s No change 
S No change 
0 No change 
L Off-white to 


brownish- 
green 


Ferrous sulfate 0.700:2.00 Ethanol 0 No change 
Ferrous sulfate 0.700:2.00 Chloroform M-L Off-white to 


golden- 
brown 


Effects observed in comparing physically mixed controls to equilibrated samples. *No significant visual color change 
S, Small apparent. 


spectral change (=DRS change of 5-20 RU at Am...). 
L = Large spectral change (=DRS change of 50 or more RU at A,...). 


0,  No significant spectral change observed (SDRS change of less than 5 reflectance units [RUI a t  Am...). 
M, Medium spectral change ( z D R S  change of 20-50 RU at A,...). 


several systems are presented in greater detail since 
space limitation does not permit a discussion of all 
the systems involved. 


The diffuse reflectance data of an equilibrated 
FeS04-CaCOa sample and control are presented in 
Table I and illustrated in Fig. 1. An examination 
of these results indicates that some change has 
taken place as seen by the spectral differences re- 
ported for the control and the equilibrated and 


lyophilized sample. These observed changes are 
due not only to  a surface adsorption phenomenon, 
but also to  the existence of chemical reactions. 
The latter is true since although the solubility of 
CaC03 (I&. = 0.87 X 10") is limited, it is never- 
theless sufficient to result in chemical reaction of 
small amounts of ferrous-ferric hydroxide. Al- 
though it is recognized that ferrous salts undergo 
oxidation, the addition of the oxidizing agent ascorbic 


TABLE 11-FERROUS SULFATE-ADJUVANT KEACTIONS 
USING AQUEOUS DISPERSION MEDIA 


Concentration 
Adjuvant FeSO4:Adjuvant. g. DKS Change" Visual Color Change" 


Acacia 0.700:2.00 M Beige to deep tan 
Aluminum hydroxide 0.700:6.00 M-L Tan to brown 
Aluminum stearate 0.700: 2.00 S-M Off-white to yellow 
Calcium carbonate 0.700:2.00 L Off-white to dark gold 
Calcium hydroxide 0.700: 2.00 M-L Tan to brown 
Cetyl alcohol 0.700:2.00 0-s No changeb 
Citric acid 0.700:2.00 S-M No change 
Kaolin 0.7OO:2.00 S M  Off-white to dull gold 
Lactose 0.700:2.00 S M  Off-white to gray 
Magnesium carbonate 0.700:2.00 L Off-white to light brown 
Magnesium citrate 0.700:2.00 L White to  olive green 
Magnesium hydroxide 2.00 :2.00 L Tan to  olive green 
Magnesium oxide 0.700:2.00 L Off-white to olive green 
Magnesium stearate 0.700:2.00 L Light pink to  golden brown 
Pharmasorb (colloidal) 0.700:2.00 S-M Tan to dull gold 
Pharmasorb (regular) 0.700:2.00 S-M No change 
Polyethylene glycol 6,000 0.700:2.00 0 No change 
Potassium iodide 0.700:2.00 L Gold to dark brown 
Sodium chloride 0.700:2.00 0 No change 
Sodium phosphate (dibasic) 0.700:2.00 S-M Gray to  bluish-gray 
Sodium phosphate (tribasic) 0.700: 2.00 S Tan to medium brown 
Starch, USP 0.700: 2.00 M Off-white to yellow 
Stearic acid 0.700: 2.00 0-S No change 
Stearyl alcohol 0.700:2.00 S No change 
Sterotex 0.700:2.00 S No change 
Tannic acid 0.200:4.00 0-s Tan to  gray 
Tragacanth 0.700:2.00 S-M Beige t o  yellow 
Zinc oxide 0.700:2.00 L Beige to  olive green 


Effects observed in comparing physically mixed controls to equilibrated samples. No significant visual color change 
S, 


M, Medium spectral change (=DRS change of 20-50 RU at  
apparent. 
Small spectral change (=DRS change of 5-20 RU at hm.x.). 
A,...). 


0, No significant spectral change observed (*DRS change of less than 5 reflectance units [RU]  a t  A,....). 


L, Large spectral change ( z D R S  change of 50 or more RU at  A,...). 
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acid to the FeS04-CaCOa system did not alter the 
spectral characteristics to  any appreciable extent. 


The possibility that the spectral changes observed 
are due primarily to  iron hydroxide formation was 
investigated and the results are presented in Table I 
and Fig. 2. The equilibration of a freshly prepared 
sample of Fe(OH)8 with CaC03 at various iron 
concentrations, as shown in Fig. 2, indicates that 
the spectral changes observed here do not totally 
account for differences seen in the previous system. 
An examination of this Fe(0H)rCaCOa system in- 
dicates only minor spectral changes in comparing 
the control with the equilibrated sample. Only an 
intensity change, due to  greater amounts of iron, is 
observed. The latter is due t o  a concentration effect 
(1, 3). Comparable spectra, Table I, were also 
obtained for this Fe( OH)rCaC03 equilibration when 
using chloroform or dehydrated alcohol as the dis- 
persion medium. These results suggest that surface 
adsorption effects were minor in this Fe( OH)sCaC08 
system since there was little spectral change between 


500 600 900 


the controls and equilibrated samples in both 
aqueous and nonaqueous dispersion media. 


Spectral changes observed in the FeS04-CaC03 
aqueous system not only represent changes resulting 
from iron hydroxide formation, but also possibly due 
to  the presence of iron oxides as well as spectral 
changes brought about by chemisorption of the 
various ionic species onto the insoluble calcium 
carbonate. It is significant to point out here that 
although the chances of iron hydroxide formation 
from ferrous sulfate in a chloroform medium are 
highly remote, the spectral changes obtained on 
equilibrating FeSOl wih CaCOs in this nonaqueous 
system did nevertheless produce significant spectral 
changes. Not only were these changes large, but 
they were also accompanied by important visual 
color changes. For example, the control, represented 
by Curve 3A (Fig. 3), is off-white in color as compared 
to  a golden-brown chloroform equilibrated sample 
observed in Curve 3C. This is interesting in that the 
equilibration of ferrous sulfate with calcium carbon- 


" 220 250 300 400 500 600 900 


Fig. 2-DRS showing the effects of varying iron hydroxide concentrations i n  water-equilibrated samples, using 
2.00 g .  calcium carbonak as the adsorbent. Key: A ,  control, 100 mg. ferric hydroxide; B, Sam le, 100 mg. 


ferric hydroxide; C, control, 1.00 g .  ferric hydroxide; D ,  sample, 1 .OO g. ferric hydrox$e. 


100 I- 


Fig. 3-DRS showing the efects of various solvents on equilibrating dried ferrous sulfate (700 mg.) with calcium 
carbonate (2.00 g . ) .  Key: A ,  control; B,  sample, equilibrated in 30 ml. dehydrated ethanol; C, sample. 


equilibrated in  30 ml. chloroform; D ,  sample, equilibrated in 30 ml. distilled water. 
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Fig. 7-DRS of dried ferrous sul- 
fate (700 mg.) and magnesium 
citrate (2.00 g.). Key: A ,  con- 75:/-’7‘ - ---/A 0 / 5’ trol; B ,  water-equilibrated sample. 


/-------- 


_-__-- - -____ -- 
0 1  I I I I I I 


220 250 300 400 500 600 900 


ate in a chloroform medium was expected to produce 
no significant changes since chemical reaction of these 
two inorganic salts in this medium is unlikely. 
Curve 3D, representing an aqueous equilibrated 
sample, which was brownish-green in color, indicates 
the presence of more interaction than the latter 
chloroform system. This greater reaction difference 
in the pressence of water is attributed to  ionic re- 
action species. The FeSO4-Mg0, -MgCOa, and 
ZnO systems presented in Table I1 exhibit spectral 
changes comparable to those observed for the FeSOd- 
CaCOa equilibration, indicative of strong chemical 
and physical interaction. Another sample of this 
interaction is further illustrated in Fig. 4. 


Although there is no evident reaction of ferrous 


Fig. 5-DRS of dried ferrous sul- 
fate (700 mg.) and magnesium 
stearate (2.00 g . ) .  Key:  A ,  con- 
trol; B,  water-equilibrated sam- 


ple. 


sulfate with stearic acid, equilibration of ferrous 
sulfate with magnesium stearate does, however, 
produce a significant change as seen in Fig. 5. I t  
is interesting to  note the spectral changes brought 
about by the reaction of ferrous sulfate with citric 
acid and magnesium citrate presented in Table I1 
as well as Figs. 6 and 7. Interaction of citric acid 
and its magnesium salt with ferrous sulfate was 
expected to result in spectral changes, in that iron- 
citrate complexes are known (1). It is of further 
interest to point out that the larger spectral changes 
observed with the magnesium citrate system were to 
be expected in view of the greater availability of 
the free citrate ion in solution. 


Furthermore, although the spectral changes 


/ _c- .-- 
/ 
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Fig. 6-DRS of dried ferrous sul- 
fate (700 mg.) and citric acid 
(2.00 g.). Key: A ,  control; B ,  


water-equilibrated sample. - 
600 900 
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observed with other excipients studied in this 
investigation exhibit smaller changes, the spectral 
and color differences observed were indicative of 
some interaction. The diversity of the excipient 
or other type materials found in Table I1 also 
indicates that this ferrous sulfate interaction is 
widespread. 


It should therefore be recognized that although 
analytical data with respect to a dosage form may 
substantiate the presence of the labeled amount of 
metallic ion, the form in which it exists in this 
product may certainly be one that is not available 
for a therapeutic response (11). Based on this 
ferrous sulfate-excipient interaction data, it does not 
seem unreasonable that other iron salts as well as 
salts used for other therapeutic purposes would also 
undergo such a phenomenon. A consideration of 
this possibility is therefore necessary in the de- 
velopment of pharmaceutical products. 
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Tumor Localizing Agents VI 
Radioiodinated Analogs of Dichlorodiphenyldichloroethane (DDD) 


By R. E. COUNSELL, V. V. RANADE, P. POCHA, R. E. WILLETTE, 
and W. DIGUILIO 


The reparation of 1,ldichloro-2- (P-chlorophenyl)-2- (o-iodophenyl-*aI)ethane and 
1,1 -&chloro-2- (p-chlorophenyl)-2 - (nr-iodophenyl-'"I)ethane is reported. These 
compounds were prepared by chlorination of the appropriate iodoaceto henone, 
reduction to the correspondin carbinol, followed by acid-catalyzed concfensation 
with chlorobenzene. Radioio&ation was accomplished by isotope exchange with 
iodide-125. Preliminary studies in rats indicate that the position of the radioiodine 


has little influence on the predilection of these agents for adrenal tissue. 


OLF AND TUBIS (1) recently reviewed the W rapidly expanding field of radiopharma- 
ceuticals. As noted by these workers, various 
gamma-emitting radionuclides are now employed 
to externally scan many organs and major parts 
of the body. 


Scanning has become a valuable' diagnostic 
technique and permits the visualization of an 
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internal organ by outlining the distribution of a 
radionuclide concentrating within an organ or 
tumor. With this technique, iodine-131 has 
been used to localize tumors of the thyroid, 
and chlormerodrin labeled with mercury-197 
has served to delineate brain and kidney tumors. 
To date, however, no radiopharmaceutical is 
available for photoscanning the adrenal gland, 
although several laboratories are currently in the 
process of attempting to develop such an agent. 


Nagai et ul. (2) have reported that 1311-labeled 
stigmasterol was useful in some cases for adrenal 
scanning. The agent was not regularly success- 
ful, however, because of the uptake in the liver 
and the excretion of free lJ1I in the stomach. 
Similarly, because human adrenal glands con- 








Rate Studies on the Binding of Bilirubin 
by Ion-Exchange Resins 
By R. J. SAWCHUK and J. G. NAIRN 


The rate of bindin of bilirubin by strongly basic anion-exchange resins was deter- 
mined by the batct method. The rate of uptake of bilirubin from solution was 
found to follow a second-order rate expression, and the rate constant was dependent 
upon the size of the resin beads and the degree of crosslinkin of the resin. It was 
concluded that the rate of bindin , which was influenced by the &actionalpore volume 
of the resin phase, was controllecfmainly by a particle difision mechanism. Aqueous 
alkaline solutions of bilirubin of improved stability were prepared in order to study 


the binding phenomena. 


FEW CASES have been reported in which A abnormally high serum levels of bilirubin 
in humans and animals have been decreased by 
the oral administration of an ion-exchange resin. 
Lester et al. (1) having investigated both the 
absorption and transport of unconjugated bili- 
rubin across the intestinal mucosa, made the 
following postulation, “If it were possible to 
achieve irreversible binding of intestinal bilirubin, 
its reabsorption would be prevented, the efficiency 
of pigment disposition would be increased, and 
the plasma level (and, consequently, the level in 
the total miscible pool) would be reduced to a 
new, lower plateau.” They demonstrated that 
high serum levels of bilirubin in rats, due to 
administration of labeled bilirubin, could be 
effectively reduced by adding an ion-exchange 
resin to the rat’s diet. A report (2) of a case of 
xanthomatous biliary cirrhosis in a patient 
Ehowing a slowly progressive jaundice described 
the reduction of bilirubin levels after administra- 
tion of an ion-exchange resin. A reduction in 
Serum levels of bilirubin has been obtained using 
an ion-exchange resin in a case of intrahepatic 
biliary atresia (3). A strongly basic quaternary 
ammonium ion-exchange resin has also been used 
to bind bile acids (4, 5). 


Some work has been published on the in vitro 
uptake of bilirubin by ion-exchange resins. The 
pigment has been removed from solutions by a 
resin in a column (3). The transfer of bilirubin 
from albumin to resin has also been achieved (6). 
Other papers (7, 8) describe the problems of 
eluting bilirubin from ion-exchange resins. 
Preliminary work for the present research 
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involved several attempts to elute bilirubin from 
ion-exchange resins, which had previously been 
in contact with a solution of bilirubin. These 
attempts included both column and batch 
methods. Solvents such as dioxane, tetrahydro- 
furan, and aqueous solutions of sodium hydroxide, 
sodium acetate, or hydrochloric acid were em- 
ployed; however, satisfactory removal of bili- 
rubin from ion-exchange resins was not achieved. 


The purpose of this research was to investigate 
the rate of binding of bilirubin to ion-exchange 
resins in oitro. The rate of binding of bilirubin 
as a function of crosslinking and particle size of 
the resin was studied in detail so that properties 
of the resin which control the rate could be elu- 
cidated. This was achieved by allowing solu- 
tions of bilirubin to come in contact with resin 
beads using the batch technique. 


The lack of stability of bilirubin in both organic 
and aqueous solvents has posed a serious problem 
to researchers and clinicians. Several factors, 
such as light, oxygen, pH, metals, solvent, and 
temperature cause decomposition (9-14). The 
kinetics of decomposition have also been reported 
(15,16). Many agents and techniques have been 
employed to stabilize solutions of bilirubin, for 
example: serum (14, 17), temperature (18), 
chemicals (1 9-21), a complexing agent (14), and 
nitrogen (22). Unfortunately, as the solubility 
of bilirubin increases with pH (23) so also does 
the rate of decomposition (16). In  this study it 
was desirable to minimize the decomposition of 
bilirubin in solution. This was achieved after 
considerable preliminary investigation by using a 
weak base to achieve a suitable pH for solubility, 
employing a nitrogen atmosphere to reduce 
oxidation, maintaining the reaction vessel in the 
dark, and carrying out the experiments at  a low 
temperature. 


Another serious problem which had to be solved 
was the deposition of bilirubin from solution onto 
all surfaces except a clean smooth glass surface, 
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TABLE I-SUMMARY OF DATA OBTAINED FOR THE BINDING OF BILIRUBIN TO ION-EXCHANGE RESINS 


Average Wet Capacity, b ,  Moisture 
Bead Radius. I, meq. /g  dry Content Rate Constdnt, k, 


mm." resinb % w/wb.> l./(meq. hr.) Resin Mesh Size 


1-x2 50-100 0.179 4.42 72.0 0.65 
1-X4 20-50 0.285 4.21 52.8 0.061 


1-X4 100-200 0.076 4.14 64.8 2.4 


z x 4  20-50 0.285 4.02 47.7 0.029 
1-X8 50-100 0.137 3.77 45.5 0.045 


1-x1 50-100 0.213 4.72 86.8 0.99 


1-X4 50-100 0.151 4.20 53.8 0.19 


1-X4 200-400 0.038 4.08 61.3 2.2 


ZX8 50-100 0.137 3.58 41.0 0.054 
'The average wet bead radius was determined from data in Reference 36. 


Fractional pore volume (c) = ?& moisture content/100. 
The values given are the average of duplicate 


determinations. 


and consequently a special stirring apparatus was 
used (24). 


EXPERIMENTAL 


Materials-The strongly basic resins: were 
washed, and conditioned by conversion to the hy- 
droxide, the chloride, and back to  the hydroxide 
form. The resin was then converted to the chloride 
form and washed thoroughly with freshly boiled, 
deionized water and stored under deionized water. 
Samples of the conditioned resin for experiments 
and characterization were centrifuged at 1,300 
r.p.m. for 30 min. in a sintered-glass filter tube of 
medium porosity to remove interstitial water. The 
moisture contents of the resins were determined by 
heating the resin in an oven at 110' for 12 hr. The 
scientific or equivalent weight capacities of the 
resins were determined by converting the resin to  
the hydroxide form by the column method, rinsing 
the resin with boiled deionized water, eluting the 
hydroxide with sodium chloride solution, and ti- 
trating the effluent with hydrochloric acid. The 
results of th&e determinations are given in Table I. 
The bilirubin used was Fisher Certified reagent 
grade, lot No. 740759. The molar absorptivity 
was within the range of proposed standards for pure 
bilirubin (25). IR analysis of bilirubin by  the 
potassium bromide disk method agreed with the 
literature (22). 


Reaction Mixtures-A blank for spectrophoto- 
metric analyses and a suitable solvent for bilirubin 
was prepared by adding 1.2 ml. of a 50/, v/v aqueous 
solution of freshly distilled n-propylamine to  650 ml. 
of boiled, deionized water which had been previously 
treated by bubbling with high purity nitrogen for 
45 min. Bilirubin, approximately 4 mg., was added 
in the dark to  580 ml. of the above solvent. The 
mixture, kept under a nitrogen atmosphere, was 
protected from light and shaken at room temperature 
for 1.5 hr. and at 3" for 0.5 hr. in order to &ect 
solution. 


An accurately weighed quantity of centrifuged 
resin in the chloride form, equivalent to  approxi- 
mately 12 mg. of dry resin was added to a conical 
flask onto the shoulder of which was fused a square 
spectrophotometric cell. The flask was covered 
with aluminum foil and was equipped with a stirring 
apparatus described previously (24). A second 
flask was prepared in the same manner for the 


1 Dowex 1 and Dowex 2, Dow Chemical Co., Midland, 
Mich. 


duplicate experiment. A third flask without resin 
was used as a control. The cold bilirubin solution 
(190 ml.) was added to each flask in the dark, 
nitrogen was swept over the surface, and the flasks 
were stoppered. 


Analyses-The percentage transmittance of the 
bilirubin solutions was determined (and converted to 
absorbance values) at 432 mp, the wavelength of 
maximum absorbance, on a Bausch and Lomb 
Spectronic 20 spectrophotometer fitted with a 
square-cell adapter. The concentration of bilirubin 
remaining in solution was determined from a Beer- 
Lambert plot of bilirubin in the water-n-propyl- 
amine solvent. 


Kinetic Studies-Spectrophotometric analyses 
were carried out as soon as practical, and the solu- 
tion in the cell was returned to  the body of the flask. 
The flasks were positioned in a water bath (5.3 f 
2.0°), over magnetic mixers, which had been ad- 
justed to 360 r.p.m. The experiment was protected 
from light at all times. Analyses of the mixtures 
were made at suitable intervals, by  removing the 
flasks from the bath, allowing the resin beads to 
settle, and then pouring some of the solution into 
the attached cell. 


Ion-exchange resin beads of 100-200 and 200400 
mesh sizes were found to  adhere t o  the flask wall, 
and occasionally when they entered the spectro- 
photometric cell, they could not be returned to the 
flask after the analysis had been completed. This 
problem of beads adhering to the glass was solved 
by coating the inside of the vessels with Dow 
Corning 200 Fluid (350 CS.) using the method 
recommended by the manufacturer, thereby effecting 
agitation of all beads by the magnetic stirrer. 


RESULTS AND DISCUSSION 


The capacities and moisture contents which were 
determined in this study are given in Table I. 


The stability of the bilirubin in solution was 
determined by noting the change in the absorbance 
in the control flasks. The maximum change of 
absorbance in the control flasks for the data pre- 
sented in Fig. 1 (is., for the first 14 hr.) was never 
greater than 1%. A few of the solutions were 
observed for longer periods of time (about 50 hr.) 
when the rate of binding was very low, and in some 
of these experiments the change of absorbance was 
as high as 2.6%. 


Since the binding of ions to a resin is a diffusion 
phenomenon (26) the rates of binding can best be 
compared by evaluating diffusion coefficients, which 
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obtained by plotting log [b(a - x)l/Ia(b - x ) ]  
against t as shown in Fig. 1. In order to obtain k in 
the proper units it is necessary to  multiply the slope 
by [2.303/(a - b ) ]  [190/1,000] to  change from de- 
cadic to natural logarithms, and to  account for the 
experimental volume of 190 ml. The averages of 
the rate constants determined in duplicate for each 
resin are given in Table I. 


While the binding of bilirubin obeys a second- 
order rate law as mentioned previously, plots over 
longer periods of time for slow processes, i.e., 
binding of bilirubin to resins with a large mesh size 
and a high degree of crosslinking, show that the 
experimental points deviate from linearity with 
decreasing slopes as time increases. This can be 
explained if i t  is assumed that the capacity of the 
resin for bilirubin is less than that for the chloride 
ion. The reduction in capacity could be due to 
insufficient space within the resin structure for the 
accommodation of the bilirubin ion in a concentra- 
tion equivalent to the total exchange capacity of the 
resin, even if each exchange site is accessible to  the 
organic ion a t  low concentrations of bilirubin ion in 
the resin phase. Another explanation which has 
been suggested is that some regions of the resin phase 
are completely inaccessible to the bilirubin ion even 
at low concentration of the organic ion in the resin 


If the uptake of bilirubin by an ion-exchange resin 
were to be considered strictly as a chemical reaction, 
two ion exchangers differing only in particle size 
should bind the pigment at the same rate. It can 
be seen from Table I that this is not the case for 
the ion-exchange' resins of different mesh sizes. Par- 
ticle size has a marked effect on the rate constant in- 
dicating that chemical reaction at the exchange sites 
is not the rate-controlling step. If the rate is con- 
trolled by diffusion into the particle it should vary 
as l/rz. If, however, film diffusion is the controlling 
factor the rate should vary a5 l / r  (31). It can be 
seen from Table I that the rate constant R generally 
increases with decreasing bead radius for resins with 
the same crosslinking. A consideration of the 1-X4 
resins indicates that the rate is primarily particle- 
diffusion controlled because the product kr' has less 
variation than the product kr. 


The other variable studied in this research was the 
influence of the degree of crosslinking of the resin on 
the rate of binding. The crosslinking of the resin 
determines the swelling and the moisture content of 
the resin beads. Table I shows that the rate con- 
stant k increases with decreasing crosslinking for 
resins of the same mesh size. Resins with low cross- 
linking swell more in an aqueous medium and thus 
contain a larger proportion of water. As a result 
more exchange sites are available to  the large 
organic ion. Furthermore, the fractional pore 
volume of the ion exchanger is increased; hence 
retardation of the framework will be less. Resins 
wlth a high degree of crosslinking were found to have 
low moisture contents and low rates of binding 
(Table I). A comparison of resins of the same 
particle size and crosslinking shows that the moisture 
contents of Type 1 resins are higher than those 
determined for Type 2 resins, however only the 
resins with 4% divinylbenzene content have rates of 
binding which are in agreement with the previous 


(30). 


HOURS 


Fig. 1-Plots illustrating the removal of bilirubin from 
solution by ion-exchange resins. Key: 0, 1-X4 
(20-50 mesh); 0, 1-X2 (50-100 mesh); 0, 1-X4 


(200400 mesh). 


are obtained by considering the fractional attain- 
ment of equilibrium as a function of time. Although 
bilirubin was reasonably stable during the binding 
studies, attempts to  achieve equilibrium would 
probably have resulted in the eventual disappear- 
ance of biliibin from the solution as a consequence 
of binding to  the resin and the decomposition of 
bilirubin in solution. For the latter reason, and 
since long equilibrium times would be involved 
where the binding rates were very low (27), and also 
because of the complexity of the system, an empirical 
rate expression was sought for the binding process. 
A second-order rate expression was found to be 
satisfactory for the present studies (28, 29) as can 
be seen in Fig. 1. The mathematical expression 
which suitably characterizes the rate of binding to  
resins for fast processes, and initial stages of slow 
processes is: 


b ( a  - x )  
a ( b  - x )  


In ___ = (a - b )  kt 


where 
a = the initial number of meq. of bilirubin 


in solution, 
b = the initial number of meq. of ion-ex- 


change resin in the reaction flask based 
on the weight of wet resin used, the 
moisture content of the resin, and the 
experimentally determined weight ca- 
pacity, 


a - x = the number of meq. of bilirubin re- 
maining in solution a t  time t ,  


b - x = the number of meq. of ion-exchange 
resin remaining in the chloride form at 
time t ,  


R = second-order rate constant, l./(meq. 


t = time in hr. 
hr. ), 


It was assumed that bilirubin was bound by ion 
exchange and that  i t  existed as a divalent anion 
under the conditions employed with an equivalent 
weight of 292. 


The second-order rate constants were calculated 
from the initial slope of the lines (0 to approx. 12 hr.) 2 Dowex 1-X4. 
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statement. The effect of crosslinking on the rate of 
binding can be interpreted by considering that  the 
fractional moisture content equals the fractional 
pore volume of the ion exchanger. The effect of the 
resin matrix is to retard diffusion and thus decrease 
the rate of binding. The reasons given by Helfferich 
(32) for this phenomenon are: ( a )  part of the cross- 
section in the ion exchanger is occupied by the 
polymer chains and is not available for diffusion, (h)  
the diffusion paths in the resin are more tortuous 
and therefore longer, (c) large ions or molecules in 
the ion exchanger may be impeded in their mobility 
by the framework, ( d )  interaction with fixed ionic 
groups may retard counterion diffusion. A quasi- 
homogeneous model has been described which 
relates diffusion coefficients in ion exchangers to 
those in solutions, and the diffusion coefficients have 
been found t o  depend upon the fractional pore vol- 
ume of the medium (33). 


In order to  obtain a correlation between the 
second-order rate constants and both the radius and 
the fractional pore volume ( E )  of the resin beads, 
several relationships were considered. It was found 
that a linear relation could be obtained by plotting 
kr2 against [ 4 ( 2  - e)]2 as shown in Fig. 2. 


This indicates that the binding of bilirubin by 
anion-exchange resins is controlled by particle 
diffusion in this experiment, since the rate is de- 
pendent on the square of the radius and the frac- 
tional pore volume of the ion-exchange resin. Be- 
cause of the dependence of the rate on the term 
[s/(2 - e)I2 rather than s/2, it  can be assumed that 
the decrease in rate is caused not only by a reduction 
in cross-sectional area but also by diffusion paths 
which are more tortuous (34). 


It is not possible at this time to  give a satisfactory 
explanation for the behavior of the 1-X4 (200-400) 
resin. The rate-limiting step for binding may no 
longer be controlled mainly by particle diffusion, as 
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Fig. 2-Plot illustrating the relationship between the 
second-order rate constant, the radius, and thefractional 
pore volume. Key: 0, I-X1 (50-100 mesh); a, 1- 
XZ (50-100 mesh); 0, I-X4 (20-50 mesh); C), 1-X4 
(50-100 mesh); Q, 1-X4 (100-200 mesh); 0, I-X4 
(200-400 mesh); 8, 2-X4 (20-50 mesh); 8, 1-X8 


the importance of film diffusion could increase as the 
particle size decreases (35). 


Since oral administration of an ion exchanger 
would allow only a limited time of contact of the 
resin with intestinal contents, the rate of binding of 
bilirubin by the exchanger should be high if the 
resin is to be an effective therapeutic agent. On the 
assumption that there would be some correlation 
between the in  vitro binding rates determined by 
this research and the rates that might occur under 
physiological conditions, the most effective anion- 
exchange resin for reducing high serum levels of 
bilirubin would be a Type 1 resin of low crosslinking 
and small bead diameter. It is to be expected that 
in  vivo conditions, such as a low degree of agitation 
and the presence of competing ions, will alter pig- 
ment-binding rates. Nevertheless, it  is quite 
conceivable that, as therapeutic agents, these resins 
would exhibit the same relative order of binding 
rates as was determined in this study. 
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Modified Confinement Motor Activity 
Test For Use in Mice 


By GERALD MILNER 


The modification of a confinement motor activity (CMA) unit, for use with mice, is 
described. Its use in quantitating the effect of drugs on the motor activity in mice is 
illustrated by experiments with amitriptyline and alcohol. Amitriptyline (10 mg./ 
kg.), given orally, was found to significantly increase CMA when compared with 
control groups. Alcohol (25 ml./kg., 10% solution) depressed CMA in mice, but 
not to a statistically significant extent. When the amitriptyline and alcohol were 
given together, a significant depression of CMA was recorded. A positive joint 
action is suggested-amitriptyline, when taken by man, may add to the effects of 


alcohol. 


EASUREMENTS OF alterations in locomotor M activity have proved valuable in testing for 
drug effects on animal behavior. In 1964 Tedes- 
chi et al. described a photoelectric cell counting 
chamber (1) for measuring confinement motor 
activity (CMA) in rats. This consisted of a 
chamber so small as to prevent the rat moving 
from place to place, but high enough to permit the 
typical “up-and-down’’ exploratory behavior of 
the confined rodent. The rat’s movements were 
counted by means of two photoelectric cells. 
The advantages of the CMA chamber over con- 
ventional locomotor activity units are that it is 
more compact, cheaper, and more sens i t ive  
particularly when testing stimulant drugs such as 
caffeine, tranylcypromine, and amphetamine. 
Photoelectric cell activity chambers have been 
shown to be generally more satisfactory than 
mechanical tests, such as those involving rocking 
floors (2). 


Mice are probably the most widely used and 
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useful laboratory animals; they are small, easily 
maintained and bred, cheap, and can be used in 
large numbers for individual experiments. With 
many drugs, particularly alcohol, prediction of be- 
havioral effects in man from their effects in mice 
have proved valid (3). The present paper de- 
scribes the development of a confinement motor 
activity chamber for mice. Its use is illustrated 
by experiments involving amitriptyline and al- 
cohol. 


Amitriptyline is an iminodibenzyl drug (with a 
chemical formula closely related to chlorpro- 
mazine) and in doses of 30 and 50 mg./kg. body 
weight has been shown to significantly increase 
the length of loss of righting reflexes in mice given 
alcohol (4, 5). With alcohol levels of 25 ml./kg. 
of a 25% solution, the average length of loss of 
righting reflexes in an adult mouse is 1.2 hr., 
whereas a dose of 25 ml./kg. of 20% alcohol just 
fails to cause coma. The significant increase in 
the length of alcoholic coma brought about by 
amitriptyline might be due only to the sedation 
caused by each drug. A positive joint action of 
alcohol and amitriptyline is indicated in the ex- 
periments described in this paper, where low doses 
of the drugs were used. 


EXPERIMENTAL 


Development of a CMA Unit for Mice-Prelim- 
inary experiments enabled a rough estimate of the 
best size of chamber to be made. Tests were then 
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Determination of the pKa‘ Value for 5,5-Diphenylhydantoin 
By SURAJ P. AGARWAL and MARTIN I. BLAKE 


The pKa’ value for diphenylhydantoin was found 
to be 8.3 1 by ultraviolet spectrophotometry and 


8.33 by potentiometric titration. 


NONAQUEOUS titrimetric procedure for de- A termining combinations of phenobarbital and 
sodium diphenylhydantoin was recently reported 
by Agarwal and Blake (1). In considering the 
feasibility of a differentiating titration for mixtures 
of phenobarbital and diphenylhydantoin, it was 
apparent that the pKa value for the latter compo- 
nent had not been reported in the literature. Pre- 
liminary studies (2) with a variety of solvents, 
titrants, and electrode systems indicated that a dif- 
ferentiating titration was not possible. It was con- 
cluded that the pKa values for the two components 
were probably too close together to permit an effec- 
tive differentiating nonaqueous titration. This 
study was undertaken for the purpose of establishing 
the pKa’ for diphenylhydantoin. The spectro- 
photometric procedure described by Albert and 
Sergeant (3) was applied in this investigation. The 
pKa‘ was also determined potentiometrically. 


EXPERIMENTAL. 


Apparatus-All spectrophotometric measurements 
were made with a Carl Zeiss model PMQII spectro- 
photometer, equipped with matched 1.0-cm. silica 
cells. Potentiometric titrations were performed 
with a Beckman pH meter (Expandomatic) model 
76A equipped with a glass electrode (Beckman No. 
41203) and a calomel electrode (Beckman hTo. 


Spectrophotometric Procedure-The absorption 
spectra of diphenylhydantoin were obtained in 0.01 
N sodium hydroxide and in 0.01 N hydrochloric 
acid. Since the maximum difference in absorption 
for the ionized and unionized species occurs at 236 
mp, this was the wavelength selected for all ab- 
sorbance measurements. The spectra are shown in 
Fig. 1. 


A stock solution of diphenylhydantoin (0.01 U) 
in alcohol was prepared. One milliliter of this solu- 
tion was transferred by pipet to each of seven 100-ml. 
volumetric flasks and the volume was brought to  the 
mark with THAM buffer solutions having pH values 
of 7.7, 7.9, 8.1, 8.3, 8.5, 8.7, and 8.9, respectively. A 
similar series of solutions was prepared which con- 
tained 1 ml. of alcohol and the corresponding buffer 
solution. These served as blanks for the ab- 
sorbance measurements. The average ionic strength 
was 0.005 (0.002-0.008). 


Potentiometrie Procedure-A series of stock solu- 
tions, 0.01 21.1 in sodium diphenylhydantoin, was pre- 
pared in aqueous alcohol solution containing 20, 30, 
40, and 50% alcohol by volume, respectively. Fifty 
milliliters of each solution was titrated potentio- 
metrically with 1 N hydrochloric acid. The ionic 
strength was 0.01. 


DISCUSSION 
The pKa’ of diphenylhydantoin was determined 


spectrophotometrically by the procedure described 
by Albert and Sergeant (3). The absorbance of the 


39170). A 5ml. buret (Kimax) graduated in 0.01 
ml. was used for delivery of the titrant. 


Reagents and Solutions-Reference standard 
diphenylhydantoin and sodium diphenylhydantoin 
were supplied by Parke-Davis and Co. Tris- 
(hydroxymethy1)aminomethane (THAM), primary 
standard grade, was obtained from Fisher Scientific 
Co. Buffer solutions were prepared by combining 0.2 


0.1 
appropriate volumes of 1.0 N HC1 and 0.01 &I 0 
THAM solution to give the desired pH. All other 220 240 260 280 300 320 


230 250 270 290 310 
WAVELENGTH, mr 


chemicals were reagent grade. 
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Fig. 1- Ultravwlel absorfitim spectra of 5,5&phenyz- 
hydantoin in 0.01 N HC1, solid line; and in 0.01 N 


NaOH, broken line. 
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pKa' value was determined at each alcohol level 
from the data obtained for a t  least five points in 
each titration curve using the expression, 
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9.4 1 


0 10 20 30 40 50 
ETHYL ALCOHOL CONCN. % v/v 


Fig. 2-The 9Ka' of 5,5-diphenylhydantoin in 
hydroalcoholic medium plolted against the concenlration 


of ethyl alcohol. 


ionized and unionized forms of diphenylhydantoin 
was determined. The absorbance values were also 
obtained for a series of solutions varying in pH, but 
still in the general region where the pH approximates 
the pKa' value, at which point the ionized and 
unionized species are equal in concentration. The 
pKa' was calculated by the expression, 


where A = absorbance of diphenylhydantoin in 
0.01 N NaOH, B = absorbance of diphenylhy- 
dantoin in bu5ered solution, C = absorbance of 
diphenylhydantoin in 0.01 N HCl. For the 7 
buffers used in this study an average pKa' of 8.31 f 
0.04 (SD) was obtained. 


The pKa' was also determined potentiometrically 
by titrating sodium diphenylliydantoin with stan- 
dard hydrochloric acid. Since diphenylhydantoin is 
soluble in alcohol but not iu water, and the reverse 
is true for the sodium salt, a series of titrations was 
performed in solvent mixtures containing varying 
concentrations of alcohol in water. The average 


The pKa' in water (0% alcohol) was obtained by 
plotting the average pKa' values versus alcohol con- 
centration. This procedure was first reported by 
Mizutani (4). Figure 2 shows a plot of pKa' versus 
alcohol concentration. Extrapolation to 0% al- 
cohol content yields a pKa' value of 8.33 which is in 
good agreement with the spectrophotometric value. 


The pKa' values for hydantoin and 5,&dimethyl- 
hydantoin have been reported (5) as 9.12 and 9.19, 
respectively. Butler (6) reported a pKa' value of 
8.5 for &ethyl-5phenylhydantoin. One would ex- 
pect the 5,5diphenyl derivative to be more acidic 
(lower pKa) than the &ethyl-bphenyl derivative. 
This was demonstrated in the present report by 
spectrophotometric and potentiometric methods. 
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Chemistry and Biochemistry of Polyvalent Iodine Compounds VII. 
The ARP (Apparent Reduction Potential) of 
1,3-Dihydro-l-hydrox0-3-0~0- 1,2-benziodoxole 


By A. EISENMA"* and W. WOLF 


Iodoso compounds are strong oxidizing agents. In order to  define an order of 
magnitude for this oxidizing action, the ARP (apparent reduction potential) of 1,3- 
dihydro-l-hydroxy-3-oxo-1,2-benziodoxole has been measured using the method of 
Conant and Lua. At pH 7.4, the ARP of benziodoxole was 0.327 f 0.005 v., indi- 
cating that this heterocyclic iodine derivative, under the conditions used, is approxi- 
mately as strong an oxidizing agent as ceric ion. The usefulness of this technique 


is discussed. 


rn KINETICS (1) and the mechanism ( 2 )  of the benziodoxole (I) to o-iodobenzoic acid have been 
reduction of l,3-dihydro-l-hydroxy-3-oxo-l,2- studied in this laboratory. This process is irrevers- 


ible. and thus. a normal oxidation-reduction Doten- 
T 
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that the difference between the two classes of triva- 
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and rate of reaction than of nature (3), it was of Founda~on grant Gy-3101 and, in art, by NIH CM-10721, 








Aminolysis of Benzylpenicillin by 
Aliphatic Diamines 
By MICHAEL A. SCHWARTZ 


The kinetics of reaction of penicillin with a series of aliphatic diamines, NH2- 
(CHZ),NHz (n = 2-6), show terms both first order and second order in diamine. 
The second-order terms are basicity dependent and account for general base-cata- 
lyzed nucleophilic attack by the rnonoprotonated species. The first-order term 
includes a contribution by both monoprotonated and unprotonated diamine. An 
argument in favor of intramolecular general base catalysis by the latter is given and 
the possible relationship between this mechanism and penicillin antigen formation 


is discussed. 


IRECT AMINOLYSIS of penicillins by t-amino D groups of lysine residues on proteins has 
been shown to occur (1,2) and may be involved in 
the in viva formation of the penicilloyl-protein 
conjugate which is considered to be the principal 
antigenic determinant in penicillin allergy (3). 
Aminolysis of penicillin by primary amines is 
however a relatively slow reaction at neutral pH 
because there is usually only a small fraction of 
the amine present in the nucleophilic unproto- 
nated form. Investigation of the mechanism of 
reaction of glycine with penicillins (4) revealed 
participation by two molecules of glycine anion 
demonstrating a requirement for general base 
catalysis. This result indicated that reaction of 
an amine with penicillin might be more rapid 
where a second amino group was present on the 
same molecule and intramolecular general base 
catalysis could occur. To test this hypothesis 
studies were conducted of the reaction of benzyl- 
penicillin with a series of aliphatic diamines 
[NHp(CHe),NH2 with ~t = 2 through 61 and the 
results are reported herein. 


EXPERIMENTAL 
Materials-Benzylpenicillin was kindly supplied 


by Bristol Laboratories as the potassium salt. 
The aliphatic diamines were obtained as, or con- 
verted to, the dihydrochloride salts and recrystallized 
from aqueous methanol. All other materials were 
reagent grade. 


Rate Studies-All measurements were made at 
35'. Generally the diamine solution, adjusted to 
the desired pH with sodium hydroxide, acted as both 
buffer and reactant. In some cases where the buffer 
capacity was too low constant pH was maintained 
by a radiometer TTT-1 pH-stat. Ionic strength 
was kept constant throughout the study by addition 
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of KCl to the reaction mixture. Initial penicillin 
concentration was 1.0 X M and the diamine 
concentration was always in excess (above 0.04 M ) .  


The rate of penicillin loss was followed by one of 
two methods: ( a )  Samples of reaction mixture were 
removed at appropriate intervals and assayed for 
residual penicillin by the method of Brandriss et 41. 
(5 ) .  ( b )  The change in optical rotation of the solu- 
tion was followed at 313 mp with the Perkin-Elmer 
model 141 photoelectric polarimeter with Sargent 
SR recorder (2.5 mv.). Opening of the &lactam of 
penicillins is accompanied by a large decrease in 
optical rotation. In  some instances where both 
methods were utilized excellent agreement in the re- 
sults was observed. 


The acid dissociation constants (pKa') of the di- 
amines were determined at 35' and ionic strength 
0.5 by potentiometric titration, and the overlapping 
constants separated by the method of Noyes (6). 
The values are presented in Table I (see results). 


RESULTS 


Since the diamine concentration was in excess of 
penicillin first-order kinetics was observed a t  con- 
stant pH. The rate constants ( R o b )  were deter- 
mined either from plots of log penicillin concentra- 
tion versus time when the assay method was em- 
ployed, or Guggenheim treatment of the optical 
rotation data. In either case excellent linearity was 
observed through a t  least two half-lives and gen- 
erally through 3 4  half-lives. 


Plots of Robs. at constant pH as a function of 
diamine concentration showed an upward curvature 
with increasing diamine, indicating an order greater 
than unity in base. Linearity was observed however 
when k o b a . / B T  was plotted against BT,  where BT rep- 
resents the total concentration of all species of 
diamine present in solution. Figure 1 shows such a 
plot for 1,8propanediamine which is typical of those 
observed with the other diamines. It can be seen 
from this plot that both the slopes and intercepts 
vary with pH. 


The intercepts, representing terms in the rate law 
which are f i s t  order in diamine, express the sum of 
rate constants for nucleophilic attack by each of the 
basic species in solution: 


h t .  = k l f s  + k 2 f s H +  0%. 1) 
where f~ is the fraction of the total diamine unpro- 
tonated and fBH+ the fraction of monoprotonated 
species. 
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TABLE I-SPECIFIC RATE CONSTANTS" FOR REACTION OF BENZYLPENICILLIN WITH H2N(CH2).NH2 - - 


n pKi' pKs' ki kt ka ka 


a 7.07 9.91 5.3 0.1 0.32 14 
3 8.70 10.60 47 0.3 4 
4 9.45 10.77 25 0.1 9 


21 15 
39 


5 9.88 10.85 
6 10.06 10.80 18 


- 
- 
- - 
- - 


" koba = kiIB1 + k , ( B H + ]  + k a [ B H + ] Z +  k r [ B ] [ B H + ] .  UnitsareM-Imio.-l .  IJnitsareM-*min.-I.  
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Fig. I-Plot of koba/BT vs. BT for 1,J-propanediamine 
as a function of QH. 


Dividing by f B H +  : 


A plot of the left-hand side of Eq. 2 against f B / f B H +  
should be linear with slope kl and intercept k2. A 
plot of Eq. 2 for 1,3-propanediamine is shown in 
Fig. 2 and values of kl and kz were obtained from 
such plots for all of the diamines. These are given in 
Table I. 


By a similar treatment i t  was found that the 
slopes (S) of the lines in Fig. 1 could be fitted by Eq. 
3. 


s = k l ( f ~ ~ + ) '  + kt(fBH+)CfB) (Eq. 3) 


The values for ka and k4 were determined from plots 
of s / ( f B H + ) 2  versus f B / f B H +  All of these had zero 
slope (k4 = zero) except the line for ethylenediamine 
where a significant value for k4 could be determined. 
The values for ka and k4 are also given in Table I. 


Using the constants in Table I slopes and inter- 
cepts for lines of the type shown in Fig. 1 were cal- 
culated. Table I1 presents a comparison of these 
calculated values with those obtained experimental- 
ly showing generally good agreement. 


DISCUSSION 
The rate law for reaction of aliphatic diamines 


with benzylpenicillin is given in Eq. 4: 


Rate = { k l [ B ]  + k2[BH+l + ~ s [ B H + ] ~  + 
kr[Bl IBH +I 1 (J') (Eq. 4) 


With the where P denotes penicillin concentration. 


2.4,  


2.0 


I .6 


I m - 1.2 > 
c 
C - 


0.8 


0.4 


0 I I I I 


0.01 0.02 0.03 0.04 


~ B / ~ B H *  


FZz. 2-Plot of equation for 1 ,,?-propanediamine. 


exception of the term kz [ B H + ]  each of the terms 
may represent a general base-catalyzed nucleophilic 
attack by an amine. The k2 term may denote intra- 
molecular general acid catalysis but makes such a 
small contribution to the overall rate it is almost 
negligible. In addition there is considerable error 
involved in the determination of ks from the inter- 
cepts of plots of secondary data. The k4 term is 
significant only for ethylenediamine and represents 
general base catalysis of nucleophilic attack by one of 
the species involved. 


The values for ka are a function of the basicity of 
the amine as seen from the typical Bronsted plot in 
Fig. 3. Comparing the value previously obtained 
for glycine anion (k  = 2.3, pKa = 9.10 at 50') (4) 
with this data it may be Seen that glycine would fall 
well below the line. The greater reactivity of the 
monoprotonated diamines probably reflects the dif- 
ference in electrostatic charge of the attacking species 
relative t o  substrate. The penicillin, which exists as 
anion in the pH range studied, should attract the 
amine but tend to repel glycine anion. 


There may be some controversy as to whether or 
not intramolecular general base catalysis does indeed 
occur in the reaction with the unprotonated diamine. 
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TABLE 11-COMPARISON OF CALCULATED A N D  EXPERIMENTAL DATA - - -  -~ , . 


50 - 
30- 


10 - 


so - 
3.0 - - 


!c .- 2.0-  


E. 1.0- 


E 
N 


n x 


0.5 - 
0.3 - 
02 - 


c 
PH 


7.79 
8.09 
8.56 
9.10 
9.27 
9.43 


8.62 
8.78 
8.91 
9.00 
9.09 
9.20 


__  Intercept- 
Calcd. Found 


Ethylenediamine 
0.12 0.13 
0.16 0.16 
0.31 0.41 
0.79 0.80 
1.06 1.06 
1.40 1.30 


0.36 0.33 
0.55 0.53 
0.76 0.70 
0.97 0.94 
1.22 1.24 
1.59 1.58 


1 ,d-Propaned&mine 


---Slope 
Calcd. 


0.30 
0.43 
0.82 
1.83 
2.31 
2.80 


0.82 
1.18 
1.46 
1.72 
1.92 
2.16 


Found 


0 .27 
0.50 
0.78 
1.63 
2.40 
2.80 


0.75 
1.30 
1.45 
1.95 
2.10 
2.15 


0.1 ' , I I I I 


7 8 9 10 I I  


pKa' 


Fig. 3-Bronsted plot of kp (log scale) as a function 
of PKi, 


The rate law for reaction of these same diamines with 
phenyl acetate (7) showed only terms first order in 
diamine and a conclusion could not be drawn from 
the data as to  whether or not intramolecular cata- 
lysis was taking place. On the other hand the 
kinetics of reactions of glycine with phenyl acetate 
(8) revealed terms both first and second order in 
amine while with penicillin as substrate only a sec- 
ond-order term was observed. It appears then that  
arninolysis of benzylpenicillin requires general base 
catalysis. These differences between penicillin and 
phenyl acetate are probably a reflection of the rela- 
tive susceptibility of these two compounds t o  
nucleophilic attack. Using rates of alkaline hydrol- 
ysis as a basis, the ester is much more susceptible, 


-Intercept- -Slope----- 
pH Calcd. Found Calcd. Found 


1.4-Butonediamlne 
9 .10 0.20 0.20 0.85 0.67 
9.20 0.29 0.41 1.14 1.26 
9.43 0.59 0.62 2.06 2.51 
9.60 1.01 1.03 3.25 3 .90  


1 ,SPentanediamine 
9.60 0.28 0.25 2 . 4  2 . 4  
9.80 0.58 0.57 4 . 0  3 . 0  
9.90 0.81 1.06 4 . 9  5 . 0  


10.10 1 . 5  1.53 6 . 7  7 . 5  
1,6-Hexpnedhmine 


9 .43 0.14 0.14 1.38 1.30 
9.60 0.29 0.34 2.50 2 . 1  
9.80 0.63 0.59 4 . 6  4 . 8  
9 .90  0.89 0.85 6 . 0  6 . 9  


Le., k o ~  for penicillin is 12.5 M-'min.-L at 31.5' (9) 
and for phenyl acetate is 223 M-'min.-' at 30" 
(10). It has been concluded from studies of amino- 
lysis of phenyl esters that general catalysis becomes 
of greater significance as the leaving tendency of the 
phenol decreases (11). The contribution of general 
base catalysis is probably of more importance with 
those substrates less susceptible to  nucleophilic at- 
tack. 


It should be noted that it has previously been 
shown that benzyl penicillin reacts with 1,6-hexane- 
diamine to  form a penicilloamide derivative (12). 


Intramolecular general base catalysis of amino- 
Iysis of penicillins by amino groups on proteins may 
be one route by which relatively rapid conjugation of 
the drug to protein may occur, forming antigen 
through which individuals are sensitized to the drug. 
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observed with other excipients studied in this 
investigation exhibit smaller changes, the spectral 
and color differences observed were indicative of 
some interaction. The diversity of the excipient 
or other type materials found in Table I1 also 
indicates that this ferrous sulfate interaction is 
widespread. 


It should therefore be recognized that although 
analytical data with respect to a dosage form may 
substantiate the presence of the labeled amount of 
metallic ion, the form in which it exists in this 
product may certainly be one that is not available 
for a therapeutic response (11). Based on this 
ferrous sulfate-excipient interaction data, it does not 
seem unreasonable that other iron salts as well as 
salts used for other therapeutic purposes would also 
undergo such a phenomenon. A consideration of 
this possibility is therefore necessary in the de- 
velopment of pharmaceutical products. 
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Tumor Localizing Agents VI 
Radioiodinated Analogs of Dichlorodiphenyldichloroethane (DDD) 


By R. E. COUNSELL, V. V. RANADE, P. POCHA, R. E. WILLETTE, 
and W. DIGUILIO 


The reparation of 1,ldichloro-2- (P-chlorophenyl)-2- (o-iodophenyl-*aI)ethane and 
1,1 -&chloro-2- (p-chlorophenyl)-2 - (nr-iodophenyl-'"I)ethane is reported. These 
compounds were prepared by chlorination of the appropriate iodoaceto henone, 
reduction to the correspondin carbinol, followed by acid-catalyzed concfensation 
with chlorobenzene. Radioio&ation was accomplished by isotope exchange with 
iodide-125. Preliminary studies in rats indicate that the position of the radioiodine 


has little influence on the predilection of these agents for adrenal tissue. 


OLF AND TUBIS (1) recently reviewed the W rapidly expanding field of radiopharma- 
ceuticals. As noted by these workers, various 
gamma-emitting radionuclides are now employed 
to externally scan many organs and major parts 
of the body. 


Scanning has become a valuable' diagnostic 
technique and permits the visualization of an 
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internal organ by outlining the distribution of a 
radionuclide concentrating within an organ or 
tumor. With this technique, iodine-131 has 
been used to localize tumors of the thyroid, 
and chlormerodrin labeled with mercury-197 
has served to delineate brain and kidney tumors. 
To date, however, no radiopharmaceutical is 
available for photoscanning the adrenal gland, 
although several laboratories are currently in the 
process of attempting to develop such an agent. 


Nagai et ul. (2) have reported that 1311-labeled 
stigmasterol was useful in some cases for adrenal 
scanning. The agent was not regularly success- 
ful, however, because of the uptake in the liver 
and the excretion of free lJ1I in the stomach. 
Similarly, because human adrenal glands con- 
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tain a high concentration of ascorbic acid, Mish- 
kin and Castronovo (3) evaluated '*C-labeled 
ascorbic acid as a possible lead to an adrenal scan- 
ning agent. Unfortunately, their studies revealed 
that the liver interfered once again and con- 
centrated approximately 35 times more ascorbic 
acid than did the adrenal. 


Previous reports from this laboratory (4) have 
indicated that certain radioiodinated analogs of 
1 , l -  dichloro- 2 - (0 - chlorophenyl) - 2 - ( p  - chloro- 
pheny1)ethane (o,p'-DDD, Ia) may offer some 
promise for adrenal photoscanning in humans. 
For example, preliminary studies with 1, l-di- 
chloro - 2 - (0 - chlorophenyl) - 2 - (p-iodopheny1)- 
ethane-l%I (Ib) showed that the general order 
of concentration 4 hr. following administration 
to rats was adrenal > fat > liver and other 
tissues. Additional preclinical studies in dogs 
are currently in progress with this agent. 


ru, x = c1 Ila, o-iodo 
b , X  = I  b. m-iodo 


<-, p-iodo 


The author's studies with radioiodinated DDD 
analogs were prompted by the fact that o,p'-DDD 
causes adrenal atrophy in dogs (5 )  and is cur- 
rently the treatment of choice for adrenocortical 
carcinoma (6). It apparently exerts its anti- 
tumor action by concentrating in adrenal tissue 
(7). Interestingly, isomeric p,p'-DDD was 
found to be essentially devoid of adrenolytic 
activity in dogs ( 5 ) .  


In  an effort to obtain further information 
regarding structure and adrenal localization, 
this paper describes the synthesis and compares 
the tissue distribution of additional radio- 
iodinated DDD analogs in which the position of 
the aromatic iodine has been varied (11). 


The preparation of the p,@'-isomer, IIc, was 
reported previously (4) and involved the acid- 
catalyzed condensation of iodobenzene with 2,2- 
dichloro- 1 - (p-chloropheny1)ethanol. For the 
preparation of IIa and b, the ortho and meta 
isomers of 2,2-dichloro-l-(iodophenyl)ethanol 
(VIII) were required. These compounds were 
prepared by side chain chlorination of the appro- 
priate iodoacetophenone and subsequent reduc- 
tion to the carbinol with lithium tri-t-hutoxy- 
aluminum hydride. 


111 X = Y = H  VI X =CI,Y-H 
IV X = C l , Y = H  VII X = Y = C I  
v X=Y=C1 


OH 
I 


VJII 
a,  o-iodo; b,  m-iodo 


The chlorination of the iodoacetophenones by 
methods previously employed for the chloro- 
acetophenones was complicated by the ability 
of aryl iodides to readily add 1 mole of chlorine 
to form dichlorides (8). For example, when 
chlorine gas was passed into an acetic acid solu- 
tion of m-iodoacetophenone, the internal tem- 
perature quickly rose to 50' and a yellow pre- 
cipitate of the dichloride (IIIb) formed imme- 
diately. An examination of the filtrate afforded 
a low yield of the chloroketone, VIb. When 
chloroform was used as the solvent, IIIb was 
obtained exclusively. If chlorination was con- 
tinued a t  50-60°, the yellow dichloride gradually 
dissolved and quenching the reaction a t  this 
stage furnished the chloroketone VIb in good 
yield. If chlorination was conducted above 70°, 
a second yellow precipitate formed which was the 
dichloride of the dichloroacetophenone, Vb. 
The dichlorides are unstable and liberate chlorine 
on heating to give the appropriately substituted 
iodoacetophenones. Thus, the dichloroketone 
VIIb was readily obtained by heating Vb to 
150°. No nuclear chlorination was observed to 
occur. 


Chlorination of o-iodoacetophenone a t  T O O ,  


on the other hand, gave rise to the dichloride of 
the trichloroketone. This product rapidly lost 
chlorine upon heating to afford 2,2,2-trichloro-2'- 
iodoacetophenone. This structure was estdb- 
lished on the basis of elemental analysis, the 
presence of only aromatic protons in the NMR, 
and its quantitative conversion to o-iodohenzoic 
acid upon treatment with aqueous sodium hy- 
droxide. The desired dichloroketone VIIa was 
obtained in excellent yield by a slight modifica- 
tion of the chlorination conditions. 


The carhinols (VIIIn and VIIIb) obtained 
after reduction of the halogenated acctophcnones 
with lithium tri-t-butoxyaluminum hydride were 
condensed with chlorobenzene. The resulting 
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TABLE I-TISSUE/LIVER RATIOS OF RADIOACTIVITY AT 4 hr. I N  RATS 


Compd.J"I Adrenal Perirenal Fat Serum Muscle Kidney 


I b  1.66 (0.12p 2.11 (1.38) 0.66 (0.47) 0.48 (0.41) 0 .55 (0.22) 
IIa 0.74 (0.09) 0.99 (0.20) 0 .42 (0.24) 0.28 (0.06) 0 .24 (0.01) 
I16 1.47 (0.57) 1.33 (0.40) 0.41 (0.15) 0.39 (0.14) 0 .44 (0.10) 
IIC 2.22 (0.48) 2 .01 (1.05) 0.32 (0.04) 0.34 (0.16) 0 .42 (0.07) 


Standard deviation in parentheses. 


iodinated analogs of DDD were then subjected 
to isotope exchange with iodide-125 under condi- 
tions similar to those previously reported from 
this laboratory (4). 


Tissue Distribution Studies-Preliminary 
tissue distribution da ta  in male rats are summa- 
rized in Table I. The values are expressed as a 
ratio of the concentration of radioactivity found 
in a particular tissue to that for liver. Since the 
liver is the nearest interfering organ in adrenal 
scanning, it is essential that a compound exhibit 
a high adrenal/liver ratio in  order to be con- 
sidered for follow-up studies. 


In contrast with results in the DDD series 
(6, 7), the radioiodinated analogs did not differ 
greatly in their capacity to concentrate in adrenal 
tissue. I n  fact, these preliminary results would 
tend to indicate that the p,p'-isomer (116) has 
the greatest specificity for adrenal tissue. I n  
all cases, the concentration of radioactivity in 
fat increased progressively and was three to four 
times higher than the adrenal content at 24 hr. 
More detailed studies in rats and additional 
studies i n  dogs are now in progress and will be 
reported elsewhere. 


EXPERIMENTAL' 


Chlorination of o-Iodoacetophenone-Method A 
-A solution of o-iodoacetophenonee (5 9.) in acetic 
acid (30 ml.) was treated with CL gas at 50-55'. 
Nitrogen was then passed through the reaction mix- 
ture to remove excess chlorine and hydrogen chlor- 
ide. The temperature was raised to 60-65' and Clz 
passed into the solution for 3.5 hr. Excess Clz was 
swept out with Nz as before and the solution allowed 
to cool. The solution was then poured into water 
(300 ml.) containing sodium sulfate (2 9.) and 
sodium acetate (6 g.). The mixture was extracted 
with ether and the ether extract was washed well 
with water and dried (NazSO,). The solvent was 
removed and the residual oil distilled in vacuo. This 


1 Melting points were token on a Fisher-Johns melting 
point apparatus and are corrected. Elemental analyses were 
performed by Spang Microanalytical Laboratories, Ann 
Arbor, Mich. Infrared spectra were taken in KBr disks on a 
Perkin-Elmer 337 spectrophotometer. The NMR spectra 
were obtained with a Varian A-60 spectrometer in CDClr at 
a concentration of lo%, with tetramethylsilane as internal 
reference. Thin-layer chromatograms (TLC) were run with 
1 in. wide Eastman Chromagrams. type K301R with Buores- 
cence indicator. developed with benzene, and spots detected 
with UV light and iodine vapor. Chromagrams were scanned 
with an Atomic Associates RCS-363 Radiochromatogram 
scanner. The specific activities were determined with a Beck- 
man scintillation spectrometer model 530. 


2 Prepared according to Bowman, 11. E., J .  Chem. Soc., 
1950,322. 


gave pure VIIa (6 g.. 87%) as a yellow mobile 
liquid, b.p. 112-114O (0.2 mm.), urnax. 3010, 2950, 
1280, and 750 cm.-l. The NMR spectrum showed 
a single peak a t  6.64 6 (-CHClz). 


Anal.-Calcd. for CSHXIZIO: C, 30.52; H, 1.60. 
Found: C, 30.66; H, 1.57. 


Method B-Chlorine gas was passed into a solu- 
tion of o-iodoacetophenone (2 g.) in acetic acid (15 
ml.). A yellow precipitate formed immediately and 
the temperature of the reaction mixture increased to 
55". The gas flow was stopped and the reaction 
mixture heated until the solid dissolved (65-70'). 
The gas flow was started and continued for 30 min. 
The mixture was refrigerated and the yellow pre- 
cipitate collected (2.7 g.), m.p. 73-90" with evolution 
of Clz. This product was heated in an oil bath 
(130") until gas evolution stopped and the residual 
oil distilled. This gave 2 g. of a pale yellow oil, 
b.p. 108-110" (0.35 mm.). The NMR spectrum 
displayed only aromatic protons. Elemental analy- 
sis of this product and its quantitative conversion 
to o-iodobenzoic acid upon treatment with aqueous 
NaOH established the product as 4,2,3-trichloro- 
2 '-iodoacetophenone. 


Anal.-Calcd. for CsH4CIJO: C, 27.50; H, 1.15. 
Found: C, 27.66; H, 1.34. 


Chlorination of m-Iodoacetophenone - Method 
A-Chlorine gas was bubbled through a solution of 
m-iodoacetophenonez (5 g.) in acetic acid (15 ml.). 
The temperature of the reaction rose to 50' and a 
yellow precipitate began to form immediately, 
Filtration and washing with water gave the di- 
chloride of starting material (IIIb, 7 g.), m.p. 100" 
(from CHCL) with evolution of CI:! and vulax. 1680 
cm. -1 (C=O). 


Anal.-Calcd. for CsHK!lzIO: C, 30.31; H, 2.23; 
CI, 22.37; I, 40.03. Found: C, 30.49; H, 2.28; 
C1, 22.09; I ,  40.21. 


The compound was unstable to heat and light 
and lost Clz on standing at room temperature, to  
yield m-iodoacetophenone. The mother liquors 
from the reaction were poured into ice water and 
extracted with ether, dried (Na904), and evapo- 
rated to give the monochloroacetophenone, VIb. 
Recrystallization from CHzClz-hexane gave pure 
VIb (0.1 g.), m.p. 69-70', urnax. 1710 cm.-l (C=O). 
The NMR spectrum showed a sharp singlet at 4.64 
S integrating for two protons. 


Anal.-Calcd. for CsHsCIIO: C, 34.25; H, 2.16. 
Found: C, 34.07; H, 2.08. 


When the reaction was repeated using dry chloro- 
form as solvent instead of acetic acid, the dichloride 
(IIIb) was formed exclusively. 


Method B-Chlorine gas was passed through a 
solution of m-iodoacetophenone (5 8.) in acetic 
acid (50 ml.). A yellow precipitate formed im- 
mediately but dissolved upon heating the reaction 
mixture to 70". Chlorination was continued at 
this temperature until yellow needles began to 
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TABLE 11-CHEMICAL DATA FOR 
a b  


Journal of Pharmaceutical Sciences 


bH 
----Anal.a- Chemical Shifts (6) 


Compd. B.P., 'C.(mm.) Yield, % C H H(a) H(b) J n x ,  C.P.S. 


VIIIa 11.5117 (0.2) 62 30.47 2.37 5.31 6.06 3.5 
b 123-124 (0.12) 35 30.40 2.35 4.90 5.80 5 


And-Calcd. for CsH,CI?IO: C, 30.29; H, 2.21. 


separate (20 rnin.). The reaction mixture was 
allowed to cool and the product was collected by 
filtration. The product was washed with dry ether 
to give the dichloride of the a-dichloroketone (Vb, 
5.5 g.), m.p. 97-115'. Recrystallization of a 
sample from benzene gave pure Vb, m.p. 125-127', 
which was extremely unstable and promptly lost 
Clz. The remaining crude Vb was heated to 150" 
until the evolution of gas ceased. The residual 
oil was distilled in wacuo to afford the dichloro- 
acetophenone, VIIb (2.7 g.), b.p. 108' (0.1 mm.), 
vmax. 1725 cm.? (C==O). The NMR showed a 
singlet a t  5.04 6 (-COCH-) integrating for one 
proton. 


Anal.-Calcd. for C8H&!lZIO: C, 30.51; H, 1.60. 
Found: C, 30.50; H, 1.77. 


Method C-A solution of m-iodoacetophenone 
(10 g.) in acetic acid (35 ml.) was warmed to 50" 
and Clz gas passed through. The yellow precipitate 
that formed initially was dissolved by warming to 
60' and Clz gas passed into the reaction mixture for 
an additional 2 hr. The warm reaction mixture 
was then poured onto ice whereupon a white solid 
formed. This was extracted with benzene, dried 
(MgSOa), and evaporated to give a colorless oil 
which crystallized on refrigeration. The solid was 
collected and washed with benzene-pentane to 
give 2-chloro-3'-iodoacetophenone (VIb) as white 
needles (6.8 g.), m.p. 53-58'. Recrystallization of 
0.5 g. from CHzClz-hexane afforded 0.2 g. as silky 
needles, m.p. 69-70', In addition to aromatic 
protons, the NMR showed a singlet at 4.63 6 


Anal.-Calcd. for C~HBCIIO: C, 34.25; H, 2.16. 


Reduction of Chlorinated Iodoacetophenones- 


(-CHzCl). 


Found: C, 34.07; H, 2.08. 


General Method-A solution of the dichloroketones 
(VII, 20 mM) in tetrahydrofuran (20 ml.) was added 
dropwise with stirring to a solution of lithium tri-t- 
butoxyaluminum hydride (30 mM) in tetra- 
hydrofuran (40 ml.). The mixture was stirred at 
room temperature for 2-5 hr. and poured into ice 
water (500 ml.) containing acetic acid (25 ml.). 
The mixture was extracted with chloroform, the 
extract dried (MgS04), and the solvent removed 
in vucuo. The residual pale yellow oils were frac- 
tionally distilled to give the corresponding carbinols, 
VIII (see Table 11). 


Condensation of VIII with Chlorobenzene- 
General Method-To a solution of VIII (1 g.) in 
chlorobenzene (3 ml.) was added dropwise with stir- 
ring a saturated solution of boron triiluoride in sul- 
furic acid. The addition required 30 min. whereupon 
the mixture was heated at 40-45' for 4 hr. The 
mixture was extracted with benzene, and the extract 
washed with water and dried (MgSOd). The sol- 
vent was removed in wacuo and the oily residue 
triturated with petroleum ether (30-40O). The 
resulting solid was collected by filtration and re- 
crystallized from 95% EtOH (see Table 111). 


Isotope Exchange-General Method-A solution 
containing 3 mc. of Na'aI was placed in a 10-ml. 
round-bottom flask and evaporated to  dryness at 
100' under a gentle stream of Nz. Ethylene glycol 
(1 ml.) was added, the external temperature raised 
to  175-180°, and the iodinated compound (11) 
added. The solution was magnetically stirred for 
5 hr., cooled, and diluted with water. The mixture 
was extracted with benzene and the extract washed 
with water, dried (MgSOr, Darco), and concentrated 
to dryness. The products were purified by re- 
crystallization from %yo ethanol and the purity 


TABLE 111-CHEMICAL DATA FOR 


n b  


y A n a l . m - - - 7  Chemical Shifts (6 )  
Compd. M.p., OC. Yield, % C H W a )  H ( b )  JAX, C.P.S. 


I Ia 104-105 62 40.70 2.52 5.09 6.29 8 
b 87.5-88.5 31 40.95 2.50 4.48 6.27 8 


0 Anal.-Calcd. for C14HloClrI: C. 40.87; H, 2.45. * The deshielding effect of orfho-substituted halo6ens on benzylic protoq9 
has been noted previously (9). 
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TABLE IV-ISOTOPE EXCHANGE FOR COMPOUNDS I1 


Recovery, Exchange, Spec. Act., 
Comnd. T? Tn mc./me. 


IIa 10 15 5.22 
b 70 62.8 17.58 


established by (a) melting point and ( b )  TLC and 
a radiochromatogram of the strip (see Table IV). 
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Interrelationship of Phosphate Nutrition, Nitrogen 
Metabolism, and Accumulation of Key Secondary 


Metabolites in Saprophytic Cultures of 
Psilocybe cu bensis, Psilocybe cyunescens, 


and Punueolus cumpunulutus 
By J. M. NEAL, R. G. BENEDICT, and L. R. BRADY 


The three basidiomycetes were grown on rotary shakers in four nutrient media 
containing various amounts of phosphate to determine the relative effect of this 
nutrient on the trichloroacetic acid-soluble and -insoluble nitrogen metabolites 
and to detect ssible correlation between the fungal free amino acid pool (soluble 
nitrogen) anBO accumulation of characteristic hydroxytryptamine derivatives. The 
species were selected to represent different patterns of metabolism in fruiting 
bodies and vegetative mycelia. Vegetative mycelium of P. cabensis was character- 
ized by a relatively high soluble nitrogen component and by the ca acity to accumu- 
late psilocybin and psilocin under selected conditions. The cfosely related P. 
cyanescens was less responsive to variations in hosphate nutrient and lacked the 
capacity to accumulate appreciable quantities o&oluble nitrogenous compounds or 
detectable quantities of key tryptamines. P. campanalatus grown in phosphate-rich 
media appeared to have an adequate free amino acid pool and to excrete some exo- 
cellular nitrogen metabolites during longer incubation periods; no S-hydroxytrypt- 


amine derivatives were detected in cultures of this fungus. 


BSERVATIONS on the occurrence of various 0 secondary metabolites in basidiomycetes 
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have demonstrated the medicinal interest in 
certain of these fungi (1). However, extensive 
investigation or utilization of many of the empiric 
observations has been delayed by the lack of basic 
biologic knowledge which would permit manipula- 
tion of the basidiomycetes in the manner of anti- 
biotic-producing actinomycetes or various com- 
mercially useful ascomycetes. Information on 
the occurrence of many basidiomycete metabo- 
lites suggests that fungal fruiting bodies and 
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Modified Confinement Motor Activity 
Test For Use in Mice 


By GERALD MILNER 


The modification of a confinement motor activity (CMA) unit, for use with mice, is 
described. Its use in quantitating the effect of drugs on the motor activity in mice is 
illustrated by experiments with amitriptyline and alcohol. Amitriptyline (10 mg./ 
kg.), given orally, was found to significantly increase CMA when compared with 
control groups. Alcohol (25 ml./kg., 10% solution) depressed CMA in mice, but 
not to a statistically significant extent. When the amitriptyline and alcohol were 
given together, a significant depression of CMA was recorded. A positive joint 
action is suggested-amitriptyline, when taken by man, may add to the effects of 


alcohol. 


EASUREMENTS OF alterations in locomotor M activity have proved valuable in testing for 
drug effects on animal behavior. In 1964 Tedes- 
chi et al. described a photoelectric cell counting 
chamber (1) for measuring confinement motor 
activity (CMA) in rats. This consisted of a 
chamber so small as to prevent the rat moving 
from place to place, but high enough to permit the 
typical “up-and-down’’ exploratory behavior of 
the confined rodent. The rat’s movements were 
counted by means of two photoelectric cells. 
The advantages of the CMA chamber over con- 
ventional locomotor activity units are that it is 
more compact, cheaper, and more sens i t ive  
particularly when testing stimulant drugs such as 
caffeine, tranylcypromine, and amphetamine. 
Photoelectric cell activity chambers have been 
shown to be generally more satisfactory than 
mechanical tests, such as those involving rocking 
floors (2). 


Mice are probably the most widely used and 
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useful laboratory animals; they are small, easily 
maintained and bred, cheap, and can be used in 
large numbers for individual experiments. With 
many drugs, particularly alcohol, prediction of be- 
havioral effects in man from their effects in mice 
have proved valid (3). The present paper de- 
scribes the development of a confinement motor 
activity chamber for mice. Its use is illustrated 
by experiments involving amitriptyline and al- 
cohol. 


Amitriptyline is an iminodibenzyl drug (with a 
chemical formula closely related to chlorpro- 
mazine) and in doses of 30 and 50 mg./kg. body 
weight has been shown to significantly increase 
the length of loss of righting reflexes in mice given 
alcohol (4, 5). With alcohol levels of 25 ml./kg. 
of a 25% solution, the average length of loss of 
righting reflexes in an adult mouse is 1.2 hr., 
whereas a dose of 25 ml./kg. of 20% alcohol just 
fails to cause coma. The significant increase in 
the length of alcoholic coma brought about by 
amitriptyline might be due only to the sedation 
caused by each drug. A positive joint action of 
alcohol and amitriptyline is indicated in the ex- 
periments described in this paper, where low doses 
of the drugs were used. 


EXPERIMENTAL 


Development of a CMA Unit for Mice-Prelim- 
inary experiments enabled a rough estimate of the 
best size of chamber to be made. Tests were then 
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performed using albino mice (Prince Henry strain, 
obtained from the Institute of Medical and Veteri- 
iiary Science, Adelaide. South Australia). The lab- 
oratory temperature was held a t  21.5 f lo and 
constant illumination was maintained. The experi- 
ments were performed at the same time each day. 
The mice used were matched for weight and sex; 
none of them had ever previously been dosed with a 
drug. The various factors were (a)  weight: 20 f 2 
g., 25 f. 2 g., 30 f 2 g.; ( b )  floor size, i .e.,  the dimen- 
sions of the CMA chamber floor: 3.8 X 5 cm. (1.5 
X 2 in.), 3.8 X 4.4 cm. (1.5 X 1.75 in.), 3.8 X 3.8 cm. 
(1.5 X 1.5 in.); (c) height, i .e . ,  the distance from the 
CMA chamber floor to the horizontal light beams 
[the two beams are parallel, 1.9 cm. (0.75 in.) apart, 
and each is focused on a separate photoelectric cell] : 
5.6 cm. (2.25 in.), 5 cm. (2 in.) 4.4 cm. (1.75 in.); 
( d )  replication, i .e.,  with each combination of other 
factors a given group of mice was tested in the CMA 
chambers for 15 min. in each of 3 consecutive hr.: 
first replication, second replication, third replication; 
( e )  5-min. scores, during each replication, the score 
for each was recorded as follows: 0-5 min., 
6-10 min., 11-15 rnin. 


In this series of preliminary experiments 2,430 


F ~ Z .  2-Close-u~ of a mouse i n  one chamber of the 
conjinement motor activity unit. 


the basis of their basal activity scores, so that each 
group contains an equal proportion of high and low 
responders. 


different scores were collected (10 mice per group X 
3 different weights X 3 different floor sizes X 3 AMITRIPTYLJNE AND ALCOHOL 
heights X 3 replications at  hourly intervals X three, 
5-min. scores). A computer analysis of variance of 
these data was performed in order to discover which 
set of conditions combined sensitivity with minimum 
variability of scores. The optimal conditions 
proved to be: ( a )  weight = 25-30 g.; (b) floor size 
= 3.8 X 4.4 cm.; (c) height = 5 cm.; (d) second 
replication; (e)  score a t  the end of 10 min. 


Description of Apparatus-A 10-chamber CMA 
unit for mice was made-it measures only 61 X 20 X 
12.7 cm. (24 X 8 X 5 in.); there are 10 mechanical 
counters (each connected to two photoelectric cells 
so that interruption of one or both light beams re- 
sults in a single count); each chamber has opaque 
sides so that the individual mouse is isolated from, 
and not disturbed by, its fellows (an improvement 
over the original rat CMA chambers which had 
transparent sides); a single removable tray makes 
up the floor of all 10 chambers. The tray can be 
covered with blotting paper that is changed after 
each experiment to ensure uniform conditions. This 
compact equipment is illustrated in Figs. 1 and 2. 


Subsequent trials have shown that  variability can 
be further reduced by allowing the mice to become 
accustomed to  the chamber by being put in i t  for 5 
min. twice a day for 3 or more days. The mice can 
then be allocated t o  different treatment groups on 


In a series of three consecutive experiments a total 
of 120 male albino mice (26 f 2 g.) were tested in the 
CMA chambers. The mice were fasted overnight, 
then dosed by stomach tube in four treatment 
groups: Group I received amitriptyline (10 mg./ 
kg.) solution and ethyl alcohol (25 ml./kg., 10% 
solution); Group I1 received amitriptyline (10 mg./ 
kg.) solution and placebo (5y0 glucose solution equal 
in volume to the alcohol); Group I11 received 
placebo (water equal in volume to the amitriptyline 
solution) and alcohol (25 ml./kg., 10%); Group IV 
received water and glucose as  in Groups I1 and I11 
(double placebo conditions). 


The average total 5-min. score for the double pla- 
cebo-treated groups was 2,858 when put in the CMA 
chambers 0.5 hr. after dosing. The alcohol and 
placebo group total scores averaged 2,514; this slight 
depression of activity was not statistically signifi- 
cant. The average total score for mice given 
amitriptyline plus placebo in place of alcohol was 
4,968. This elevation of CMA was statistically sig- 
nificant at the 1% level of probability. The three 
groups of 10 mice given alcohol plus amitriptyline 
showed a significant depression of activity; the total 
score of each group averaged 719 ( p  < 0.01). Table 
I shows the scores obtained in the three experiments, 
and Table I1 the analysis of variance of the results. 
Figure 3 represents the results graphically. 


The analysis of variance also revealed that only 


TABLE I-TOTAL 5 M I N .  CMA %ORES OF GROUPS OF 
10 MICE GIVEN AMITRIPTYLINE (10 mg./kg.), 


ALCOHOL (25 ml./kg., loyo), AND PLACEBO 
SOLUTIONS 


Alcohol Placebo Alcohol 
Plus and Plus 


Expt. Placebo Placebo Drug Amitriptyline 


A 2,511 3,409 4,900 513 
B 2,900 2,323 5,498 1,222 
C 3,164 1,810 4,506 423 


Fig. I-Ten-chamber confinement motor actirGty unit A~~~~~~ 2,858 2,514 4,968 719 for use with mice. 
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TABLE 11-ANALYSIS OF VARIANCE OF THE SCORES 


CMA PERFORMANCE OF FOUR CONDITIONS OF DRUG, 
ALCOHOL, AND PLACEBO 


O F  THREE EXPERIMENTS COMPARING THE EFFECT ON 


Source df MS F Ratio 


Joiirnnl of Pharmaceutical Sciences 


Conditions 3 911,595.32 11.30a 
Replications 2 29,465.83 0.3@ 
Interaction 6 30,909.05 0.37b 
Residual 108 83,440.39 
Total 119 
9 < 0.01. Not significant. 


the conditions effect was significant, i .e. ,  there was 
no “between replications” difference. The signifi- 
cance of the individual comparisons was ascertained 
by Duncan’s multiple-range test. Amitriptyline 
plus alcohol resulted in lower CMA scores than any 
of the other three combinations. The difference be- 
tween amitriptyline plus alcohol (Group I )  and al- 
cohol plus placebo (Group 111) was significant at the 
0.05 level of confidence. 


DISCUSSION 


The confinement motor activity unit has been 
shown by Tedeschi et al. to reveal the stimulant 
effects in rats of caffeine and tranylcypromine, al- 
though these drugs seem essentially inactive when 
tested by conventional photoelectric cell locomotor 
activity chambers. The present study has shown 
that the CMA unit, when modified for use with mice, 
enables the measurement of the excitation caused by 
low doses of the antidepressant drug, amitriptyline. 
Similar results were reported by Boissier et al .  (6) who 
measured the rate of exploration of peg-board holes 
by mice. Higher doses of amitriptyline were shown 
to produce sedation. 


When the stimulant dose of amitriptyline is com- 
bined with a low dose of alcohol (which by itself 
produced very little sedation), a reversal of drug 
effect is seen, the mice getting significantly low CMA 
scores, apparently a joint drug action. 


Prediction of human response on the basis of 
animal experiments is possible when the laboratory 
tests are efiicient, have high reproducibility, and 
adequacy of experimental design. Amitriptyline is 
of proven value in the relief of psychotic depression 
(7), but frequently causes sedation and drowsiness as 
side effects, especially in the first few days of admin- 
istration. When prescribing amitriptyline, the pos- 
sibility that i t  may add to the effects of alcohol 
should be considered. 


SUMMARY 


1. The confinement motor activity test, originally 
described for use in rats, has been appropriately 


2-1 /, 
o_ 


Fig. 3-Conjinement motor activity scores in mice 
dosed with combinations of alcohol, placebo, and am& 
triptyline. Key:  x, amitriptyline, 10 mg./kg. + 
placebo (5% glucose); 0,  water + 5% glucose (double 
placebo); 0, alcohol 25 ml./kg., 10% 4- placebo 
(water); 0 ,  amitriptyline 10 mg./kg. + alcohol 25 


ml. lkg., loyo. 


modified for use in quantitating the motor activity of 
mice. 


2. Amitriptyline in a dose of 10 mg./kg. body 
weight (orally) was shown to significantly increase 
the activity of mice. 


3. Alcohol in a dose of 25 mg./kg. body weight of a 
10% solution did not significantly depress the ac- 
tivity of mice in this test. 


4. Amitriptyline (10 mg./kg.), plus alcohol (25 
ml./kg., 10% solution) caused a significant depres- 
sion of the activity of mice. 
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TABLE IV-ISOTOPE EXCHANGE FOR COMPOUNDS I1 


Recovery, Exchange, Spec. Act., 
Comnd. T? Tn mc./me. 


IIa 10 15 5.22 
b 70 62.8 17.58 


established by (a) melting point and ( b )  TLC and 
a radiochromatogram of the strip (see Table IV). 
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Interrelationship of Phosphate Nutrition, Nitrogen 
Metabolism, and Accumulation of Key Secondary 


Metabolites in Saprophytic Cultures of 
Psilocybe cu bensis, Psilocybe cyunescens, 


and Punueolus cumpunulutus 
By J. M. NEAL, R. G. BENEDICT, and L. R. BRADY 


The three basidiomycetes were grown on rotary shakers in four nutrient media 
containing various amounts of phosphate to determine the relative effect of this 
nutrient on the trichloroacetic acid-soluble and -insoluble nitrogen metabolites 
and to detect ssible correlation between the fungal free amino acid pool (soluble 
nitrogen) anBO accumulation of characteristic hydroxytryptamine derivatives. The 
species were selected to represent different patterns of metabolism in fruiting 
bodies and vegetative mycelia. Vegetative mycelium of P. cabensis was character- 
ized by a relatively high soluble nitrogen component and by the ca acity to accumu- 
late psilocybin and psilocin under selected conditions. The cfosely related P. 
cyanescens was less responsive to variations in hosphate nutrient and lacked the 
capacity to accumulate appreciable quantities o&oluble nitrogenous compounds or 
detectable quantities of key tryptamines. P. campanalatus grown in phosphate-rich 
media appeared to have an adequate free amino acid pool and to excrete some exo- 
cellular nitrogen metabolites during longer incubation periods; no S-hydroxytrypt- 


amine derivatives were detected in cultures of this fungus. 


BSERVATIONS on the occurrence of various 0 secondary metabolites in basidiomycetes 
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have demonstrated the medicinal interest in 
certain of these fungi (1). However, extensive 
investigation or utilization of many of the empiric 
observations has been delayed by the lack of basic 
biologic knowledge which would permit manipula- 
tion of the basidiomycetes in the manner of anti- 
biotic-producing actinomycetes or various com- 
mercially useful ascomycetes. Information on 
the occurrence of many basidiomycete metabo- 
lites suggests that fungal fruiting bodies and 
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saprophytic mycelia frequently exhibit different 
metabolic capabilities. Such distinctive metabo- 
lism is reminiscent of the situation with Chwicefis 
species where lysergic acid alkaloids were known 
to occur in the sclerotium or resting stage of the 
fungus as early as 1875, but successful production 
of such derivatives in saprophytic culture was not 
achieved until 1953 (2). 


Mushrooms belonging to the related genera 
Panaeolus and Psilocybe are known to contain 
5- and 4-hydroxyindole derivatives, respectively. 
Patterns of accumulation of these metabolites 
during different growth phases of these fungi re- 
veal a good potential for comparative studies 
which may contribute to an understanding of 
basic metabolic interrelationships. Serotonin 
and 5-hydroxytryptophan accumulate in the 
fruiting bodies of various species of Panaeolus 
(3-6), but these 5-hydroxyindoles have never 
been detected in mycelial cultures (7). Psyche- 
delic 4-hydroxytryptamines, usually psilocybin 
and psilocin, occur in the carpophores of a t  least 
13 Psilocybe species (8-10). However, pro- 
duction of 4-hydroxyindoles in submerged culture 
has been reported for only Psilocybe cubensis 
(Earle) Sing. (11) and P.  baeocystis Sing. and 
Smith (12), and no detectable quantities of these 
compounds were observed in mycelial cultures 
of other species such as P .  cyanescens Wakefield 
(1 1) which have been investigated. 


Presumably, genetic factors contribute either 
directly or indirectly to the observed differences 
in patterns of accumulation of indolylic amines in 
vegetative mycelium and carpophore tissues, but 
very little is known about the influence of various 
nutrients or other environmental factors on the 
accumulation of these compounds or about other 
biologic processes in these fungi. The relation- 
ship of phosphate nutrition to nitrogen metabo- 
lism and accumulation of secondary metabolites 
was selected as a logical focus for initial biologic 
studies. A reduced availability of phosphate in 
culture media has been associated with an  in- 
creased accumulation of such secondary metabo- 
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lites as clavine alkaloids by Clawicefis strain 47A 
(13), chlortetracycline by Strefitomyces aureo- 
faciens Duggar (14), and volucrisporin by 
Volucrisfiora aurantiaca Haskins (15). Precursor 
moieties for clavine alkaloids, chlortetracycline, 
and volucrisporin are known to be derived, at 
least in part, from amino acids. The response 
pattern of phosphate deficiency on nitrogen 
metabolism in fungi is not well established, but 
phosphate deficiencies in angiosperms are as- 
sociated generally with a large increase in free 
amino acid nitrogen in the cells and a correspond- 
ing decrease in protein nitrogen. 


Panaeolus camfianulatus (Fr.) Qua, Psilocybe 
cubensis, and P .  cyanescens represented different 
metabolic capabilities, and isolates of these fungi 
were selected for this study. The influence of 
phosphate was studied by growing the fungi in 
nutrient solutions differing essentially in phos- 
phate content and by noting the distribution pat- 
tern of nitrogen between soluble and insoluble 
cellular components. The presence or absence of 
detectable quantities of key hydroxyindole de- 
rivatives was determined, and the various ob- 
servations were reviewed for correlating metabolic 
patterns. 


EXPERIMENTAL 


Cultures and Nutrient Media-The isolates of 
P. mmpanulatus and P .  cyanescens were prepared in 
1961 from carpophores collected in western Washing- 
ton. The culture of P. cubensis was obtained from 
the U.S.D.A Northern Regional Research Labora- 
tories, Peoria, Ill., under the designation NRRL 


Catalfomo and Tyler (11) reported a medium 
which permitted psilocybin production when P .  
cubensis was grown in submerged cultures. Pre- 
liminary experiments showed that P. campanulatus 
and P .  cyanescens also developed abundant growth 
in this medium. Thus, it was designated Medium 
A (Table I) and selected as a basis for modifications 
to accommodate the objectives of the proposed 
study. Determination of phosphate in the yeast 
extract used in test Media B, C, and D showed 
approximately 28.6 mg. of phosphate ion per g., 
and since it was considered desirable to test a 


A-9 109. 


TABLE I-COMPOSITION OF MEDIA 


c--- %/I. 


Glucose 10 10 10 10 10 
Ammonium succinate 1 1 1 1 1 


Difco Yeast Extract 0.5 1 1 1 0.0 


Ingredient A B C L) E 


Thiamine HCl 0.003 0.003 0.003 0.  003 0.003 


KHzPO4 0.1 0.250 0.075 0.0 0.005 
0.0 0.322 0.432 0.482 0.478 


Trace mineralsD 
Add distilled water to make 1 1. adjust, pH to 5.5 with HCl, and autoclave at 15 p s i .  for 15 min. 


All media contained the following trace minerals/l.: (NH4)aMo?Ozr"%HzO, 0.05 mg.; ZnS01.7Hz0, 0.3 mg.; MnC12. 
4Hz0, 0.35 mg.; FeS04.7HtO. 2.5 mg.; CuS04.5He0, 0.5 mg.; MgS04.7Hz0, 500 mg. 
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medium with very little available phosphate, this 
component was omitted from Medium E. Since 
potassium deficiency in some higher plants is 
associated with a reduced incorporation of amino 
acids into proteins (16), various amounts of &So4 
were added to  the test media to provide a uniform 
potassium ion concentration. 


Growth of Mycelia-Uniform inoculuni for each 
fungus was considered critical. Since the experi- 
mental design projected the use of four media and 
the harvesting of triplicate samples after each of 
four incubation periods, i t  was necessary to have 
sufficient inoculum for 48 cultures. Starter cultures 
grown in Medium A provided the uniform inoculum. 
Mycelial mats were cut from three agar-slant stock 
cultures of each fungus and blended in a Waring 
micrc-blender with 30 ml. of medium. Mycelia 
of the ditrerent fungi varied in friability and required 
different blending periods to  obtain comparable 
comminution; preliminary observations resulted in 
the selection of lo-, 15, and 20-sec. blending periods 
for P. campanulatus, P. cubensis, and P. cyanescens, 
respectively. Two-milliliter aliquots of the resulting 
mycelial suspension were transferred aseptically 
t o  six 500-nil. conical flasks each containing 100 
ml. of medium. The culture flasks were agitated 
at 200 r.p.m. on a rotary Gump shaker at 25 f 2"; 
after growing for 7 days, the mycelia were separated 
from the nutrient broths by filtering through a pad 
of four layers of sterile gauze with the aid of suction. 
The combined mycelial pellets from the six starter 
cultures were washed thoroughly with sterile 
distilled water, transferred to  a Waring micro- 
blender, suspended in 80 ml. of sterile distilled 
water, and blended for the same period of time 
utilized for the mycelium from the agar-slant 
cultures. A 2411. volume of this suspension was 
pipeted aseptically to  each 500-ml. conical test 
flask containing 100 ml. of the appropriate medium. 
The cultures were placed on the rotary shaker and 
allowed to grow at 25 f 2" until harvested. 


Approximately 9 days had been reported to 
permit maximum growth of P. cubensis (11). 
Incubation periods of 5, 7, 9, and 11 days were 
arbitrarily selected for this study. The mycelial 
pellets were separated by suction filtration using 
Whatman No. 1 filter paper. Four milliliters of 
nutrient broth from each culture was placed in a 
4-dr. vial and retained for phosphate determination 
and thin-layer chromatographic evaluation. The 
mycelial pellets were washed thoroughly with dis- 
tilled water and placed on Petri dishes left in a 
forced draft oven overnight at 47". The dried 
material was weighed to  provide a proximate 
indication of growth, ground to a fine powder in a 
mortar and pestle, and subjected to analyses for 
phosphate content, nitrogen distribution, and key- 
metabolite accumulation. 


Phosphate Determination-The procedure of 
Weil-Malherbe and Green (17) was eniployed with 
minor modificztion to determine the total free 
and organically bound phosphate in media, culture 
filtrates, and dried mycelia. Accurately measured 
volumes (varying from 0.1 to 4.0 ml., as needed) of 
the media and nutrient broths were transferred to 
2 x 17-cm. test tubes. The tubes were placed in a 
boiling water bath and an air stream directed on the 
solutions until the samples were evaporated to 
dryness. Each dried residue was digested by adding 
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1.2 ml. of 60% HC104 and one drop of fuming HNOI 
and heating over a microburner until the solution 
became clear and colorless (usually 6 to 10 min.). 
After cooling, 4 ml. of distilled water was added, 
and the solution was transferred to a 12-ml. glass- 
stoppered centrifuge tube. Six milliliters of iso- 
butyl alcohol and 1 ml. of aqueous 5% (NHa)e- 
Mo70~4.4HzO solution were added to the centrifuge 
tube, and the mixtufe was shaken vigorously for 15 
sec. After centrifugation, the clear isobutyl alcohol 
layer was transferred with a pipet to  another 
12-ml. centrifuge tube, approximately 2 g. of anhy- 
drous NazSO4 was added, and the mixture was 
agitated for 45 sec. followed by centrifugation. A 
5ml .  aliquot of the isobutyl alcohol fraction was 
placed in a 1.6 X 15cm. test tube with subsequent 
addition of 5 ml. of an acidic ethanol solution 
(prepared by adding 10 ml. of concentrated HzSO4 
to 490 ml. of absolute ethanol) and 0.2 ml. of a 
freshly prepared, dilute solution of SnC12.2HzO.l 
After thorough mixing, the solution was centrifuged, 
and the color intensity of the blue complex was 
measured in a Bausch & Lomb Spectronic 20 color- 
imeter. The maximum absorption of the blue com- 
plex was determined to  be 639 mp with a Beckman 
DB recording spectrophotometer, and this wave- 
length was employed for the colorimetric measure- 
ments. The quantity of phosphate in the sample 
was calculated after comparing the observed absorb- 
ance with a standard curve. The standard 
curve was prepared by subjecting known quantities 
of KHzPOI to the digestion treatment and other stan- 
dard manipulations. 


Quantitation of phosphate in mycelia was ac- 
complished by digesting an accurately weighed sam- 
ple of the dried mycelial pellets (usually 5 to 10 mg.) 
with HCIO4 and fuming HN08 as described for the 
broth residue and processing the resultant solution 
in the prescribed manner. The relatively high 
concentrations of phosphate in the mycelia neces- 
sitated dilution of the final solution with isobutyl 
alcohol to permit colorimetric evaluation ; tests 
with solutions containing known quantities of 
phosphate revealed that the accuracy of the assay 
was unaffected by the use of this alcohol as a diluent. 


Nitrogen Determination-A method distinguish- 
ing free and bound amino acids or nitrogen was 
necessary to obtain an indication of the amino 
acids in fungal cells and their incorporation into 
proteins. Trichloroacetic acid is commonly used as 
a protein-precipitating agent (18), and treatment 
of microbial material with 10% trichloroacetic acid 
has been effective in extracting free amino acids while 
precipitating the cellular proteins (19). Separation 
of the cellular nitrogenous constituents into tri- 
chloroacetic acid-soluble and -insoluble fraction? 
does not provide an absolute measure of free amino 
acids and proteins. Such constituents as purines and 
pyrimidines would be included in the trichloro- 
acetic acid-soluble fraction, and the glucosamine 
content of the cell wall would contribute to the 
trichloroacetic acid-insoluble component. However, 
determination of trichloroacetic acid-soluble and 
-insoluble nitrogen was selected for this study since 


1 The dilute solution was prepared daily by diluting 0.5 
ml. of a concentrated stock solution with sufficient 1.0 :V 
HzSOd to make 20 ml. Ten grams of SnCIz.2HzO was 
dissolved in 25 ml. of concentrated HCI to give the stock 
solution. 
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it offered a convenient means for obtaining a quali- 
fied indication of the amino acid distribution. 


Weighed samples (50-100 mg.) of the mycelia 
were extracted with 5-ml. volumes of 10% trichloro- 
acetic acid in 12-ml. glass-stoppered centrifuge 
tubes placed horizontally in a rack clamped to the 
rotary shaker. After shaking for 1 hr., the tubes 
were centrifuged, and the clear supernatant solu- 
tions were decanted into 30-ml. Kjeldahl flasks. 
The marcs were reextracted with second 5ml .  
portions of 10% trichloroacetic acid for 1 hr. These 
second supernatants were added to  the initial 
extracts, and the volumes of liquid were evaporated 
to approximately 0.5 ml. each by heating the flasks 
in a boiling water bath while directing an air stream 
on the solutions. The concentrated extracts were 
subjected to  standard Kjeldahl digestions, distilla- 
tions, and titrations for nitrogen determination. 


Marcs remaining after removal of the trichloro- 
acetic acid-soluble materials were digested in 30-ml. 
Kjeldahl flasks and processed to quantitate the 
trichloroacetic acid-insoluble nitrogen. 


Detection of Indole Metabolites-The thin-layer 
chromatographic system A of h u n g  et al. (12) was 
suitable for rapid, sensitive evaluation of the 
hydroxyindole metabolites of Panaeolus and Psilo- 
tybe species. Weighed portions (usually 50 mg.) 
of the dried, powdered mycelia were extracted by 
shaking with 5 ml. of methanol in 12-ml. glass- 
stoppered centrifuge tubes for 1 hr. The mixtures 
were centrifuged, and the clear supernatant solu- 
tions were removed with pipets. The marcs were 
extracted with second 5ml.  volumes of methanol. 
Preliminary experiments showed that no detectable 
quantities of tryptamines were present in the 
supernatant from a third extraction of mycelium 
known originally to contain a relatively high level 
of these indoles. The two extracts were combined 
in a 50-ml. round-bottom Aask and evaporated to  
dryness under reduced pressure at 40" in a flash 
evaporator. The soluble metabolites in the residue 
from each sample were dissolved in 0.5 ml. of metha- 
nol, and lO-fil. volumes of the extracts were chro- 
matographed to  determine if psilocybin, psilocin, 
serotonin, or 5hydroxytryptophan was detectable. 


Various volumes (0.1 to  10 pl.) of those extracts 
containing detectable quantities of one or more of 


Journal of Pkarmuceutual Sciences 


TABLE 11-THIN-LAYER CHROMATOGRAPHIC 


HYDROXYINDOLE DERIVATIVES' 
CHARACTERISTICS OF KEY 


Compound 


Minimum 
Detectable 
Quantity , 


RI mcg. 


Psilocybin 0.19 0.05 
Psilocin 0.79 0.05 
Serotonin 0.63 0.05 
5-Hydroxytryptophan 0.57 0.025 


The chromatographic adsorhant was a mixture of Silica 
Gel G:Kieselgubr G ( 2 : l ) .  and the solvent system was 
n-propanol:5'% NHiOH (5:2). The chromatograms were 
sprayed with 2% p-dimethylaminobenzaldebyde in acidic 
ethanol to produce visible chromophores. 


the key metabolites were chromatographed to  permit 
comparison of spot size with that of a known quan- 
tity of pure reference material and to  permit de- 
termination of the volume of extract containing the 
minimum detectable quantity of the constituent. 
This information was utilized to  estimate the a p  
proximate concentration of the metabolite in the 
mycelium. Table 11 shows the relative migrations 
of the four key hydroxyindole derivatives and lists 
the minimum detectable quantities of the pure 
compounds under the experimental conditions. 


Catalfomo et al. (11) reported the absence of 
hydroxyindole derivatives in the nutrient broth 
from cultures of P .  cubensis which had produced 
such metabolites. Presumably, these constituents 
are retained endocellularly. However, the broth 
from one flask in each triplicate set was examined 
for the possible excretion of this type of metabolite. 
Two-milliliter samples of the nutrient solutions were 
evaporated to  dryness under reduced pressure, 
methanolic extracts of the residues were prepared, 
and the extracts were evaluated chromato- 
graphically. 


RESULTS AND DISCUSSION 


A common inoculum was used for the test flasks 
of each species in the study to provide maximum 
uniformity of the fungi prior to  their growth in the 
various media. The test flasks were subjected t o  
constant environmental conditions for the designated 


"The code designation of the cultures indicates the incubation period and the composition of the medium. Culture series 
Determined by assay of aliquots of uninocu- 5B was incubated for 5 days and utilized Medium B. 


lated media. 
' Tricbloroacetic acid. 
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TABLE IV-AVERAGE GROWTH AND DISTRIBUTION OF 
NITROGEN AND PHOSPHATE IN CULTURES OF P .  cubensis 


Ratio, Added 
Mycelial Mycelial TCA-sol. Phos- -Phosphate---- 


Culture Dry Wt.. Mycelial TCA-sol. N * TCA-insol. N N/TCA- phate.C Mycelium Medium 
Series" mg. mg./0ssk % mg./Eask % insol. N mcg./ml. mcg./ma. mce./ml. 


5B 
5c 
5D 
5E 
7B 
7c 
7D 
7E 
9B 
9 c  
9D 
9E 
11B 
11c 
11D 
11E 


397 f 8 
432 f 37 
226 f 2 
86f 8 
313 f 9 
367 f 18 
270 f 13 
100 f 14 
263 f 6 
347 f 5 
324 f 18 
98f 2 
257 f 4 
324 f 19 
325 f 7 
113 f 10 


6.62 f 1.05 
3.21 f 0.34 
3.64 f 0.30 
0.85 f 0.05 
5.38 f 0.52 
4.34 f 0.19 
4.06 f 0.21 
0.91 f 0.19 
3.61 f 0.74 
5.82 f 0.44 
4.52 f 0.17 
0.77 f 0.06 
4.07 f 0.23 
5.69 f 0.18 
4.92 f 0.26 
0.83 f 0.09 


1.68 
0.74 
1.61 
1.00 
1.72 
1.29 
1.50 
0.90 
1.37 
1.68 
1.40 
0.78 
1.58 
1.77 
1.51 
0.73 


9.4 f 0.3 
15.3 f 1.4 
7.6 f 1.6 
3.4 * 0.4 
9.6 f 0.6 
15.2 f 0.7 
10.8 f 0.4 
4.2 f 0.4 
9.9 f 0.5 
13.8 f 0.9 
11.6 f 0.8 
4.3 f 0.1 
9.0 f 0.2 
11.8 f 0.2 
12.5 f 0.4 
4.9 f 0.5 


2.37 
3.54 
3.37 
3.94 
3.07 
4.13 
3.97 
4.24 
3.77 
3.97 
3.55 
4.40 
3.52 
3.64 
3.85 
4.30 


0.72 
0.21 
0.50 
0.25 
0.57 
0.31 
0.38 
0.22 
0.36 
0.43 
0.39 
0.18 
0.45 
0.49 
0.39 
0.17 


190 
78.4 
16.0 


78.4 
16.0 


78.4 
16.0 


78.4 
16.0 


3.50 
190 


3.50 
190 


3.50 
190 


3.50 


15.0 
14.0 
5.5 
6.0 


f 0.9 
f 0.4 


12.9 
9.1 


7.7 f 0.3 
18.0 f 0.7 
9.5 f 0.6 
6.6 f 0.1 
6.9 f 0.1 
18.0 f 2.0 
11.3 f 0.4 
5.7 


7.3 f 0.8 


7 1  
f O . i  
f 0.2 
f 2.0 
f 2.0 
f 0.3 
f 0.5 


~~ 


38.0 f 0.0 
2.8 f 0.0 
1.5 f 0.3 
0.48 f 0.04 
51.0 f 1.3 
4.9 f 0.0 
0.56 f 0.00 
0.44 f 0.01 
61.0 f 1.40 
1.1 f 0.1 
0.63 f 0.04 
0.48 f 0.04 
70.0 f 1.3 
2.8 f 0.0 
0.83 f 0.04 
0.35 f 0.00 


a The code designation of the cultures indicates the incubation period and the composition of the medium. Culture series 
Determined by assay of aliquots of unin- 5B was incubated for 5 days and utilized Medium B. 


oculated media. 
' Trichloroacetic acid. 


incubation periods, and triplicate sets of flasks were 
analyzed for each variable to minimize the possibil- 
ity of using extreme values in the formulation of 
indicative growth and metabolic patterns. 


Analytical data for the distribution of nitrogen 
and phosphate in the cultures are given in Tables 
111, IV, and V. Growth of all three fungi was 
related grossly to the phosphate content of the 
media. The reduced growth rates in Medium D 
suggested the possibility that phosphate-deficient 
metabolic patterns might be detectable in cultures 
grown in this nutrient solution. The very poor 
growth in Medium E was probably a combined result 
of limited availability of phosphate and of un- 
availability of some factor(s) from the yeast extract 
which was omitted from this medium. 


The data showed that phosphate was readily 
removed from the media by all three species. 
P. cam$vznulatus was particularly efficient in con- 
centrating phosphate in the mycelium. P.  cyane- 
scens demonstrated the least tendency to  concen- 
trate phosphate in the fungal cells, and when this 
fungus was grown in Medium B, the residual phos- 
phate in the culture broth clearly indicated that 
this nutrient was available in excess of the re- 
quirements of the fungus and in excess of the strain's 


capacity to store phosphate. P. campanulatus and 
P.  cubensis grew equally well in Media B and C, 
indicating the additional phosphate in Medium B 
was not contributing to the growth of the fungi. 


Distribution of phosphate in the various culture 
broths confirmed the anticipated exocellular release 
of phosphate from the older cells. Detection of 
this phenomenon should be easiest in cultures which 
develop rapidly in phosphate-rich media and which 
are harvested after longer incubation periods. 
P .  cubensis grown in Medium B provided the most 
pronounced example observed during this investiga- 
tion. 


Evaluation of data on mycelial phosphate, 
especially that obtained with mycelia from phos- 
phate-poor cultures, requires special attention. 
Calculation of the total phosphate per flask will 
reveal more phosphate than was present in the 
nutrient medium. This situation reflects the endog- 
enous phosphate which was incorporated into the 
culture flasks with the inoculum. The quantity of 
phosphate introduced with the inoculum was in- 
significant for phosphate-rich cultures, but it 
represented an increasingly larger proportion of the 
total in flasks with media containing lesser amounts 
of KHaPO4. 


TABLE V-AVERAGE GROWTH AND DISTRIBUTION OF 
NITROGEN AND PHOSPHATE IN CULTURES OF P .  cyanescens 


Ratio, Added 
M ycelial Mycelial TCA-sol. Phos- -Phmphat-- 


Culture Dry Wt., Mycelial TCA-sol. N TCA-insol. N N/TCA- phate Mycelium Medium 
Series" mg. mg./0ask % mg./tIask % insol. N mcg./thl. m c d m n .  mce./ml. - 
5B 
5c 
5D 
5E 
7B 
7c 
7D 
7E 
9B 
9 c  
9D 
9E 
11B 
11c 
11D 
11E 


443 f 5 
452 f 16 
241 f 6 
100f 1 
413 f 5 
426 f 5 
311 f 7 
136 i 2 
365 I 3 
386 f 7 
300f 7 
135 f 8 
362 f 4 
362 f 14 
260 f 10 ~. 
148 f 11 


3.01 f 0.09 
2.78 f 0.14 
1.78 f 0.09 
0.52 f 0.06 
2.23 f 0.07 
2.18 f 0.15 
2.00 f 0.22 
0.52 f 0.15 
1.84 f 0.17 
1.88 f 0.25 
1.74 f 0.06 
0.73 f 0.04 
2.02 f 0.10 
1.85 f 0.05 
1.62 f 0.15 
0.73 f 0.08 


0.68 
0.62 
0.74 
0.52 
0.54 
0.51 
0.64 
0.55 
0.50 
0.49 
0.58 
0.55 
0.56 
0.51 
0.62 
0.49 


11.9 f 0.2 
11.7 f 0.2 
7.1 f 0.0 
3.0 f 0.0 
11.6 f 0.3 
12.5 f 0.2 
8.5 f 0.2 
3.7 f 0.1 
12.8 f 0.2 
12.9 f 0.9 
8.3 f 0.5 
4.3 f 0.1 
11.7 f 0.2 
11.4 f 0.6 
7.6 f 0.1 
4.2 f 0.3 


2.68 
2.59 
2.96 
3.00 
2.82 
2.92 
2.74 
2.71 
3.50 
3.36 
2.75 
3.19 
3.23 
3.14 
2.91 
2.86 


0.25 
0.24 
0.25 
0.17 
0.19 
0: 18 
0.23 
0.14 
0.14 
0.15 
0.21 
0.17 
0.17 
0.16 
0.21 
0.17 


164 
65.6 
15.2 
2.90 


164 
65.6 
15.2 


65.6 
15.2 


65.6 
15.2 


2.90 
164 


2.90 
164 


2.90 


- .  - 
8.7 f 0.2 
7.1 f 0.4 
4.9 f 0.0 
4.7 f 0.1 
8.9 f 0.4 
7.3 f 0.2 
4.0 f 0.1 
4.0 f 0.0 
9.3 f 0.4 
8.5 f 0.1 
4.1 f 0.1 
4.0 f 0.2 
9.6 f 0.2 
8.8 f 0.2 
4.3 f 0.1 
3.8 f 0.1 


_ .  
66.0 f 3.0 
3.3 f 0.0 
0.74 f 0.09 
0.30 f 0.04 
69.0 f 1.3 
5.5 f 0.2 
0.67 f 0.09 
0.49 f 0.18 
68.0 f 2.3 
5.3 f 0.3 
0.72 f 0.09 
0.39 f 0.04 
71.0 f 1.7 
5.1 f 0.0 
0.81 f 0.02 
0.49 f 0.09 


a The code designation of the cultures indicates the incubation period and the composition of the medium. Culture series 
' Determined by assay of aliquots of unin- 5B was incubated for 5 days and utilized Medium B. 


oculated media. 
'Trichloroacetic acid. 
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TABLE VI-OCCURRENCE AND ESTIMATED 
ACCUMULATION OF PSILOCYBIN AND PSILOCIN 


IN MYCELIUM OF P .  cubensis 


Culture Psilocybin, Psilocin. 
Series" mcg./mg. mcg./mg. 


The quantities of trichloroacetic acid-soluble and 
-insoluble nitrogen in the mycelia were considered 
indicative of the free amino acid pool and the 
protein content, respectively. Various carbohydrate 
metabolites normally constitute a major portion of 
the mycelial dry weight, and data on the nitrogenous 
fractions were evaluated on the basis of nitrogen 
content per unit weight of mycelium and per flask 
to reveal changes in the distribution of nitrogenous 
constituents which were independent of changes in 
the carbohydrate metabolites. Ratios of the tri- 
chloroacetic acid-soluble and -insoluble nitrogen 
were particularly useful for easy detection of a 
relative redistribution of nitrogenous metabolites 
between the two fractions. 


Comparison of the maximum mycelial dry weights 
and the incorporation of nitrogen into trichloroacetic 
acid-insoluble metabolites suggested that P .  cubensis 
reached maximum growth prior t o  the maximum 
formation of proteins. A similar, but less pro- 
nounced, tendency appeared to  exist for P .  cyane 
scens. A contrasting pattern in which maximum 
growth and protein formation were more nearly 
concurrent was noted for P. campanulatus. The 
majority of the mycelial nitrogen occurredin the 
bound form in the three species under all of the 
experimental conditions. The highest concentra- 
tions of soluble nitrogen and the highest ratios of 
soluble to  insoluble nitrogen were observed with 
cultures of P. cubensis and P .  campanulatus. P. 
cyanescens appeared to have a limited tendency for 
accumulation of soluble nitrogenous metabolites. 


The most striking increases in soluble nitrogen 
during the progressive incubation periods were 
observed in mycelia of P. campanulatus grown in 
Media B and C and of P. cubensis grown in Medium 
C. The increase in soluble nitrogen in the mycelium 
of P. cubensis was accompanied by a corresponding 
decrease in the total insoluble nitrogen in the fungal 
tissue, and it appeared that the net increase in free 
amino acid nitrogen was probably a result of protein 
catabolism. However, only a modest net increase in 
soluble nitrogen was associated with a marked 
decrease in the total insoluble nitrogen in the mycelia 
of P. campanulatus growth in Media B and C; 
the decreased total mycelial nitrogen indicated 
exocellular excretion of nitrogen metabolites by this 
species during the longer incubation periods. 


Chromatographic examination of the mycelial 
samples for psilocybin, psilocin, bhydroxytrypto- 
phan, or serotonin revealed detectable quantities of 
psilocybin and psilocin in P .  cubensis grown in 
certain media for appropriate incubation periods 
(Table VI). None of the key metabolites was 
detected in mycelia of P. campnulatus or P. 
cyanescens or in any of the nutrient broths. When 
the indoles were not detected following chromato- 
graphic evaluation of 10 pl. of an extract prepared 
from 50 mg. of dried mycelium, the levels of ac- 
cumulation of psilocybin, psilocin, and serotonin 
were less than 0.00570, and the concentration of 5- 
hydroxytryptophan was less than 0.002570. Other 
components in the mycelial extracts prevented good 
resolution when more than 10-pl. quantities were 
applied to  the chromatograms. Minimum con- 
centrations of the compounds which could have 
been detected in the media were 1.25 mcg./ml. of 
psilocybin, psilocin, and serotonin and 0.63 mcg./ml. 
of bhydroxytryptophan. 


5B _ _  
5c 
5D 
5E 
7B 
7c 
7D 
7E 
9B 
9c 
9 D  
9E 


11B 
11c 
11D 
11E 


0 .1  
0 . 1  
- 


0 .5  
0 . 5  
0.5  


2 .0  
0 . 5  
0.05 


- 


- 
2 . 0  
1 . 0  
0 .2  


The code designation of the cultures indicates the incu- 
bation period and the composition of the medium. Culture 
series 5B was incubated for 5 days and utilized Medium B. 
*None detectable. 


Accumulation of psilocybin in the mycelium of 
P. cubensis appeared to  have some relationship t o  
phosphate nutt ition and general nitrogen metabo- 
lism. Formation of this metabolite occurred pre- 
dominantly after maximum growth, and the results 
with Medium B suggested that excess phosphate in 
the mycelium may delay or suppress secondary 
tryptamine metabolism in this fungus. The forma- 
tion of secondary nitrogenous constituents after 
growth-associated somatic protein synthesis has 
ceased to remove large quantities of amino acids 
from the soluble nitrogen pool is consistent with 
theoretical considerations and corresponds to the 
pattern recently reported with alkaloid formation in 
Claiceps strain SD58 (20). Catalfomo et al. (11) 
utilized a nutrient solution similar to Medium C in 
studies of P .  cubensis and reported maximum 
psilocybin production after a 7-day incubation period 
and maximum growth after 9 days; the long incuba- 
tion period required to  reach maximum growth sug- 
gests that relatively small quantities of inoculum 
were utilized in the investigation, and a mixture of 
cells representing widely different stages of metabolic 
activity may account for the apparent maximum 
psilocybin content during the growth phase of 
the organism. The quantity of inoculum employed 
in this investigation was sufficient to permit rapid 
growth of the fungus when other conditions were 
favorable, and the observed tendency for psilocybin 
formation during the stationary phase of the culture 
appears valid. 


CONCLUSIONS 


The studies revealed that saprophytic mycelium 
of P .  cubensis was characterized by a relatively high 
soluble nitrogen component and by the capacity to 
accumulate secondary tryptamine metabolites under 
selected conditions. Mycelium of the closely re- 
lated P .  cyanescens lacked the capacity to  accumulate 
appreciable quantities of soluble nitrogenous com- 
pounds or detectable quantities of key tryptamines. 
Experimental design precluded interpretation of 
cause and effect, so there is no direct evidence that a 
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limited free amino acid pool in P. cyanescens is 
responsible for the failure of the fungus to accumu- 
late psilocybin in saprophytic cultures. However, 
the results do suggest that the isolate of P. cyanexens 
is less responsive to phosphate nutrients and has 
narrower metabolic tolerance than P. cubensis 


P. camfiaanulatus appeared to be the most meta- 
bolically responsive of the species tested. It grew 
well under the saprophytic conditions and appeared 
to have an adequate soluble nitrogen pool. These 
observations suggest the improbability of a limited 
supply of common amino acids as the basic factor 
behind the lack of serotonin production in sapro- 
phytic cultures. Some key factor controlling the 
formation or function of tryptophan hydroxylase is 
probably responsible for the different metabolic 
capabilities of carpophores and vegetative mycelium 
of this basidiomycete. 


NRRL A-9109. 
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Baeocystin and Norbaeocystin: New Analogs of 
Psilocybin from Psilocybe baeocystis 


By A. Y. LEUNG* and A. G. PAUL 


Two new 4-phosphoryloxytry tamine derivatives have been isolated from Psilocybe 
barncystis grown in submerg$cultures. Using ultraviolet, infrared, and mass spec- 
tral analyses the structures have been determined. Both are analogs of the psycho- 
tomimetic, psilocybin, and have been named baeocystin (monomethyl analog) and 


norbaeocystin (demethyl analog). 


SILOCYBIN was first isolated from a Mexican P psychotomimetic mushroom, Psilocybe mexi- 
cana Heim, by Hofmann et ul. (1). While the 
occurrence of this compound and its dephos- 
phorylated derivative, psilocin, has been estab- 
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lished in several species of mushrooms, analogs 
have not yet been described. 


The formation of psilocybin in submerged 
cultures of Psilocybe baeocystis Singer and 
Smith has been reported previously (2). In  a 
communication (3) the authors also have re- 
ported the isolation of baeocystin, a monomethyl 
analog of psilocybin, from this same fungus. 
The present report deals with details of the 
procedure for the isolation and characterization 
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TLC Determination of Sulfanilamide as a Degradation 
Product in Pharmaceutical Preparations Containing 


Sodium Sulfacetamide 
By MURRAY P. GRUBER and ROBERT W. KLEIN 


Thin-layer chromatography followed by spectrophotometric analysis of eluted 
components was successfully employed for the separation and determination of 
sulfanilamide as a degradation roduct in sulfacetamide preparations. Significant 
amounts of sulfanilamide were Pound to be present as a contaminant in a variety of 
commercially available ophthalmological and dermatological pharmaceuticals con- 
taining sulfacetamide, when subjected to accelerated testing conditions and/or 
prolonged storage. The procedures used may be applicable to stability testing of 


other sulfonamides. 


OR SEVERAL DECADES, sulfonamides, especially F sulfacetamide and its sodium salt, have been 
widely and successfully employed in the treat- 
ment of ocular and dermatological diseases (14). 
Investigators (5, 6) have observed that pharma- 
ceutical preparations containing sulfonamides or 
their sodium salts undergo a color change on ag- 
ing, becoming yellow to red-brown, depending on 
the sulfonamide(s) present. 


Various recommendations (5, 6) were made to 
eliminate the problem of darkening, but they have 
not proved completely successful. The replace- 
ment of air by nitrogen in filled containers and the 
introduction of small percentages of antioxidants 
in the finished sulfacetamide products retard but 
do not prevent discoloration from occurring, 
particularly on exposure to elevated tempera- 
tures, direct sunlight, or prolonged shelf storage. 


Since color changes have historically signified 
some form of chemical reaction ensuing in a sub- 
stance, this laboratory undertook an exploratory 
investigation to determine if this phenomenon 
was indicative of decomposition. 


Aqueous solutions ranging from 5 to 30% of 
sodium sulfacetamide were prepared. The pre- 
servative measures previously suggested were 
employed in an effort to prevent development of 
the discoloration. All precautionary measures 
either alone or in combination failed. 


The conventional titrimetric methods of analy- 
sis as outlined by USP XVII (7) and NF  XI1 (8) 
were utilized for the quantitative determination 
of sulfacetamide in these preparations and in each 
instance, employing these procedures, no de- 
composition was observed. 


Received February 19, 1968, from the Analytical Research 


Accepted ;or publication April 2: 19d. 
Department Dermik Laboratories Inc. Syosset, NY 11791 


Although no subpotency was revealed, since 
the procedure used is nonspecific for sulfonamides, 
there appeared to be a possibility that the sul- 
facetamide was undergoing hydrolysis to yield 
sulfanilamide. In order to pursue this hypothe- 
sis, other techniques which would permit the 
separation of the sulfonamides prior to analysis 
were essential. 


Chromatographic methods have met with some 
success in the separation of mixed sulfonamides 
and related materials. Shepherd, Taft, and 
Krazinski (9) used descending paper partition 
chromatography in their work on 4-sulfanila- 
midopyrimidines. The N F  XI1 (8) describes a 
similar paper chromatrographic procedure for 
the separation and identification of sulfamerazine 
and sulfadiazine. Klein and Kho (lo), using a 
modification of the solvent system described by 
Wollish, Schmall, and Hawrylyshyn (11) obtained 
satisfactory separations for various sulfonamides 
including sulfanilamide from sulfacetamide. 


Accordingly, a stability evaluation of com- 
mercially available preparations was instituted 
using a TLC adaptation of the developing system 
described by Shepherd et al. (9). Visualization 
and quantitation of the developed systems was ac- 
complished using Bratton-Marshall reagent or 
ultraviolet light followed by spectrophotometric 
determination of the eluted components. 


EXPERIMENTAL 


Apparatus and Reagents-Precoated 10 X 20-cm. 
Silica Gel GF plates, 250 and 500 p thickness (Anal- 
tek, Inc., Wilmington, Del.) and a spectrophotom- 
eter, Beckman DU or equivalent, equipped with 1- 
cm. cells were used. Spray reagents, 1 N aqueous 
hydrochloric acid, 5% aqueous sodium nitrite, 
and N-( 1-naphthy1)ethylenediamine dihydrochloride 
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0.1% in ethanol (Bratton-Marshall reagent) 
were used. Reagents for colorimetric assay were 
0.1 N aqueous hydrochloric acid, 2.0% aqueous 
ammonium sulfamate, and o.4Y0 aqueous sodium 
nitrite (freshly prepared). Chromatographic jars 
were equipped for ascending chromatography of suffi- 
cient internal volume for 10 X 20-cm. plates. Suit- 
able delivery pipets for spotting purposes were used. 
Developing solvents system were (a) n-butanol, 
A.R. (b) ammonia 28y0, A.R. 


Preparation of Chromatographic Plates-All 
plates were activated at 40° for 30 min. and stored 
in a desiccator over silica gel for 1 hr. prior to  use. 


Standard Preparation-A 50-mg. quantity, ac- 
curately weighed, of each sulfonamide was dissolved 
in 30 ml. of acetone and diluted to  50 ml. with ace- 
tone. Sodium sulfacetamide was first dissolved in 1 
ml. of distilled water prior to dilution with acetone. 


Sample Preparation-A sample equivalent t o  50 
mg. of sulfacetamide or sodium sulfacetamide was 
dispersed in approximately 30 ml. of acetone and 
shaken for 15 min. The mixture was filtered (if not 
clear) over Whatman No. 1 paper into a 50-ml. volu- 
metric flask and washed with acetone to  volume. 


Tablets were first crushed to  a fine powder using a 
mortar and pestle and the procedure continued as 
above. 


Sample Size-(a) For screening and quantitative 
determination of major sulfonamide; 10 pl. of sam- 
ple (equivalent to  10 mcg. of labeled sulfonamide). 
(b) For quantitation of sulfonamide impurities; 50 
pl. of sample applied in a band 1 cm. long for glass 
plates. Larger samples may be spotted if concentra- 
tions lower than 1% of sulfonamide impurities are 
present. Care must be taken that the applied band 
be as tight as possible. 


Developing System-Add 90 ml. of butanol, 10 ml. 
of concentrated ammonium hydroxide, and 80 ml. of 
water to  a 250-1111. separator. Shake well and allow 
the phases to  separate. The butanol fraction is used 
as a developing system. Butanol-ammonium hy- 
droxide-water (9: 1 : 8) by volume. 


Tunk Preparation-All tanks were lined with 
Whatman No. 1 paper, filled to  a depth of 1.2 cm. 
with developing solvent, and allowed to  equilibrate 
overnight prior to  use. The distance developed was 
150 mm. 


Procedures and Analysis--Samples and standards 
(sulfacetamide and sulfanilamide) were applied ac- 
cording t o  the appropriate procedure. After a sol- 
vent travel of 150 mm. the plates were removed and 
air dried. The component spots were observed under 
a short wavelength ultraviolet light (257 mp) and 
marked. 


If the screening procedure was being used, the 
plates were sprayed with 1 N hydrochloric acid fol- 
lowed by 5% sodium nitrite. They were then dried 
for 10 min. at looo, cooled, and sprayed with 0.1% 
N-(naphthy1)ethylenediamine forming reddish-pur- 
ple spots for the sulfonamides. The plates were re- 
examined to determine the presence of a spot pro- 
duced by sulfanilamide contamination not detected 
under ultraviolet light. 


If quantitation of the sulfacetamide present was 
desired, the area marked was completely scraped 
from the plate into a 25ml. volumetric flask through 
a small funnel and the area from which the silica gel 
was removed carefully washed with approximately 
20 ml. of 0.1 N hydrochloric acid into the flask. 
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This procedure was repeated for subsequent samples, 
beginning with samples on the outer portion of the 
plate and working in. The flask and its contents 
were shaken for 30 min. and diluted t o  volume with 
0.1 N hydrochloric acid. A 12.5ml. aliquot of the 
clear supernatant was transferred to  a 25ml. 
flask, 0.25 ml. of freshly prepared 0.4% aqueous 
sodium nitrite added, and swirled intermittently for 
3 min. A 0.25ml. volume of a 2y0 aqueous am- 
monium sulfamate solution was added, the contents 
gently shaken for 2 min., and followed by the addi- 
tion of 2.0 ml. of aqueous 0.1% N-(naphthy1)ethyl- 
enediamine dihydrochloride. The solution was al- 
lowed to  stand with occasional shaking for 15 min. 
The absorbance of the solution was determined in a 
l-cm. cell at 545 mp versus a reagent blank prepared 
from a portion of the plate having the same dimen- 
sions and no sulfonamide present. The concentra- 
tion was determined from an absorbance-concentra- 
tion calibration curve of sodium sulfacetamide ob- 
tained using the same procedure. Results obtained 
from three replicates of the same sample were aver- 
aged and calculated as ‘‘% of labeled amount” of 
sodium sulfacetamide. 


An alternate procedure involved elution from the 
silica gel with 4.0 ml. of 95% ethanol, centrifuging 
the resulting suspension, and determination of the 
absorbance of the clear supernatant in a l-cm. cell 
at 259 mp versus 95y0 ethanol eluate obtained from a 
portion of the plate having the same dimensions and 
no sulfonamide present. Concentration in the eluate 
was determined using the absorptivity of sodium 
sulfacetamide in 95% ethanol at 259 mp. Calcula- 
tions were carried out and reported as “% of labeled 
amount.” 


Determination of sulfanilamide as a decomposition 
product was carried out in a similar fashion to  the 
determination of sodium sulfacetamide. Due to  the 
smaller quantity of solvent involved in the direct 
spectrophotometric technique, this procedure in 
combination with 500-p plates was preferred. Where 
comparatively large amounts of sulfanilamide are 
noted, the procedures are interchangeable. Results 
were reported as “yo of total sulfonamide found.” 


RESULTS AND DISCUSSION 


Analyses were performed on preparations prior t o  
and following chromatographic separation. It was 
found that the use of precoated plates significantly 
reduced variation of the Rj values although standards 
were run concurrently with samples on each plate 
to  determine the enperimental range of R, values 
and elution recoveries of the sulfonamides present. 


These figures are noted in Table I. Some varia- 


TABLE I-R, VALUES AND ULTRAVIOLET 
RECOVERY ANALYSIS 


Elution Recovery 
R, yo UV Analysis 


Sodium 0.14 98.4 
sulfacetamide 0.14 98.8 


0.16 101.4 


f = 0.15 f = 99.5 


Sulfanilamide 0.50 100.2 
0.50 97.8 
0.49 99.6 


f = 0.50 f = 99.2 
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TABLE 11-STABILITY ANALYSIS OF SULPACETAMIDE SUSPENSIONS AND SOLUTIONS 


- 


c Sulfacetamidc Sulfanilamid- 


6 mos. 4 mos. 
at 40” Initial at RT at 40° 


104.6 98.7 93.6 0.4 4.1 7.8 


(% of Labded Amount) (% of Total Sulfonamide) 
6 mos. 4 mos. 


Sample Initial at RT 
A 
B 
C 102.1 96.1 


98.4 89.5 82.6 1.2 7.3 12.1 
91.2 0.2 4.6 8.0 


105.6 103.0 101.7 0 1.5 2.4 


91.0 87.8 80.2 4.6 7.0 13.0 
97.4 91.0 83.8 2.2 6.2 11.8 


D 
E 
F 


tion in sensitivity and lower detection limit was ob- 
served between detection techniques. This, how- 
ever, posed no particular problem in the overall 
study. 


All of the ophthalmic and dermatologic pharma- 
ceutical samples used in the investigation are com- 
mercially available. Stability testing was carried 
out a t  room temperature for 6 months and at 40” C. 
(105” F.) for 4 months. The authors felt that this 
elevated temperature was not unreasonable since this 
condition is commonly encountered during storage, 
particularly during the summer months and for 
longer duration in the southern areas of the country. 
With the exception of one preparation, wherein the 
sodium sulfacetamide was packed separately as a dry 
powder with instructions to  the pharmacist for incor- 
poration at the time of dispensing, none bore an 
expiration date (Table 11). 


The separately packed sodium sulfacetamide was 
also analyzed along with tablets containing sulf- 
acetamide at  the same temperatures and for the same 
durations. No deterioration was detected in any of 
these materials by any method used (Table 111). 


TABLE 111-STABILITY ANALYSIS OF SULPACETAMIDE 
TABLETS AND POWDER’ 


Sulfacetamid- 


6 mos. 4 mos. 
Sample Initial at RT at 40° 


% of Labeled Amount 


Powder A 100.2 100.8 100.7 
Powder B 99.6 100.2 99.8 
Tablets A 106.2 104.6 106.1 
Tablets B 101.2 102.0 101.1 


N o  sulfanilamide was found in the above preparations. 


These results confirm the qualitative findings of 
Klein and Kho (10) who detected unlabeled sulfanil- 
amide in suspension preparations of mixed sulfon- 
amides containing sulfacetamide but not in tablet 
formulations of sulfacetamide. 


Sulfanilamide was the only significant decomposi- 
tion product found in sulfacetamide preparations. 
This was only evident after chromatographic separa- 
tion. In addition, the amount of sulfanilamide 
present increased with length of storage. The prep- 
aration containing separately packaged dry sulfacet- 
amide powder exhibited degradation characteristics 
similar to those in the same classification on pro- 
longed storage. However, this pattern emerged 
only after incorporation of the sodium sulfacetamide 
into the vehicle and the completed preparation re- 
mained stable for the period indicated on the package 
insert. 


SUMMARY 


The customary analytical techniques as outlined 
in USP XVTI and NF XI1 were demonstrated to be 
inadequate for purity and stability testing of phar- 
maceutical formulations containing sulfacetamide or 
its sodium salt. 


Pharmaceutical suspensions and solutions con- 
taining sodium sulfacetamide were tested via TLC 
for stability under conditions of elevated tempera- 
ture and prolonged storage at room temperature. 
All showed significant degradation to sulfanilamide. 
However, tablets and dry sodium sulfacetamide pow- 
der appear to  be stable. Since sulfanilamide is a pri- 
mary sensitizer, Occurrence of sensitivity arising 
from prolonged use of sulfacetamide may be due to 
the concomitant presence of sulfanilamide as a con- 
taminant. 


This study demonstrates that ophthalmological 
and dermatological preparations of sulfacetamide 
and its sodium salt have a limited shelf life and 
should bear an expiration date. However, the possi- 
bility that other sulfonamides undergo similar deg- 
radationlis a consideration which bears further in- 
vestigation. 


Methods for the quantitation of stability data for 
sulfacetamide are proposed which appear applicable 
to  varied preparations of mixed sulfonamides. 
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pKa' value was determined at each alcohol level 
from the data obtained for a t  least five points in 
each titration curve using the expression, 
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9.4 1 


0 10 20 30 40 50 
ETHYL ALCOHOL CONCN. % v/v 


Fig. 2-The 9Ka' of 5,5-diphenylhydantoin in 
hydroalcoholic medium plolted against the concenlration 


of ethyl alcohol. 


ionized and unionized forms of diphenylhydantoin 
was determined. The absorbance values were also 
obtained for a series of solutions varying in pH, but 
still in the general region where the pH approximates 
the pKa' value, at which point the ionized and 
unionized species are equal in concentration. The 
pKa' was calculated by the expression, 


where A = absorbance of diphenylhydantoin in 
0.01 N NaOH, B = absorbance of diphenylhy- 
dantoin in bu5ered solution, C = absorbance of 
diphenylhydantoin in 0.01 N HCl. For the 7 
buffers used in this study an average pKa' of 8.31 f 
0.04 (SD) was obtained. 


The pKa' was also determined potentiometrically 
by titrating sodium diphenylliydantoin with stan- 
dard hydrochloric acid. Since diphenylhydantoin is 
soluble in alcohol but not iu water, and the reverse 
is true for the sodium salt, a series of titrations was 
performed in solvent mixtures containing varying 
concentrations of alcohol in water. The average 


The pKa' in water (0% alcohol) was obtained by 
plotting the average pKa' values versus alcohol con- 
centration. This procedure was first reported by 
Mizutani (4). Figure 2 shows a plot of pKa' versus 
alcohol concentration. Extrapolation to 0% al- 
cohol content yields a pKa' value of 8.33 which is in 
good agreement with the spectrophotometric value. 


The pKa' values for hydantoin and 5,&dimethyl- 
hydantoin have been reported (5) as 9.12 and 9.19, 
respectively. Butler (6) reported a pKa' value of 
8.5 for &ethyl-5phenylhydantoin. One would ex- 
pect the 5,5diphenyl derivative to be more acidic 
(lower pKa) than the &ethyl-bphenyl derivative. 
This was demonstrated in the present report by 
spectrophotometric and potentiometric methods. 
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Chemistry and Biochemistry of Polyvalent Iodine Compounds VII. 
The ARP (Apparent Reduction Potential) of 
1,3-Dihydro-l-hydrox0-3-0~0- 1,2-benziodoxole 


By A. EISENMA"* and W. WOLF 


Iodoso compounds are strong oxidizing agents. In order to  define an order of 
magnitude for this oxidizing action, the ARP (apparent reduction potential) of 1,3- 
dihydro-l-hydroxy-3-oxo-1,2-benziodoxole has been measured using the method of 
Conant and Lua. At pH 7.4, the ARP of benziodoxole was 0.327 f 0.005 v., indi- 
cating that this heterocyclic iodine derivative, under the conditions used, is approxi- 
mately as strong an oxidizing agent as ceric ion. The usefulness of this technique 


is discussed. 


rn KINETICS (1) and the mechanism ( 2 )  of the benziodoxole (I) to o-iodobenzoic acid have been 
reduction of l,3-dihydro-l-hydroxy-3-oxo-l,2- studied in this laboratory. This process is irrevers- 


ible. and thus. a normal oxidation-reduction Doten- 
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Nitrogen gas from a commercial tank was bubbled 
through using a Corning gas-dispersion fixture. 
The entire cell was mounted on a magnetic stirrer 
with adjustable rotational speeds. The potential 
was measured by a Corning 10 pH meter and also 
recorded constantly on a Texas Instruments re- 
corder. 


A solution of 0.05 M phosphate buffer (pH = 7.4 
f O . l ) ,  90 ml., was placed in the glass cell at the 
beginning of each trial. Equimolar amounts of 
the reducing agent and its oxidized form (each 
being about 0.001 M in the buffer solution) were 
then added, thus forming the reversible reference 
system. The stirring speed was adjusted and nitro- 
gen bubbled in. When a steady potential had been 
recorded for about 5 min., 10.5 ml. of a solution of 
I was rapidly introduced into the redox cell. This 
solution was prepared by dissolving the weighed 
sample of I in 0.6 M NaOH with 10.0 ml. distilled 
water. The change in potential was followed for 
30 min. As I was approximately 0.002 M in the 
buffer solution, it was in about 1 0 0 ~ o  excess of the 
reducing agent. 


Not all reversible systems are equally well suited 
for these experiments. The systems used formed a 
graded series of potentials, going in steps of about 
50 mv. or so. This gave a good range for a quick 
determination of an approximate ARP. Since the 
measured change in cell potential was really the 
change in potential of the reversible redox system, 
these systems also had to  come quickly to equilib- 
rium. A sluggish system would not accurately re- 
flect the amount of reduction which had taken place 
at any given moment. However, the 30-min. 
observation period compensated for this, as well as 
for the different rates of reaction. 


RESULTS AND DISCUSSION 


The data obtained are summarized in Table I. 
The E.M.F. values of the reference systems used 


ranged from 77.2-599 mv. A redox system with a 
normal potential higher than the ARP did not 
appreciably reduce I, while one with a lower poten- 
tial reduced it almost completely and very rapidly. 


After the cell E.M.F. values were corrected for 
the calomel electrode to a hydrogen standard (EA) ,  a 
plot of these Eh values against the change in cell 
potential after 30 rnin. showed a linear relationship 
(Fig. 1). Points 1 and 4 represent two trials of the 


interest to see if a value could be assigned to the 
“oxidizing power” of such compounds. 


One method that is appropriate for a study of 
irreversible systems is that of Conant and Lutz (4). 
Instead of a normal potential, Conant (5) has 
defined an “apparent reduction potential” (ARP) 
as a pseudo-redox potential. The ARP is the poten- 
tial of a reversible redox system which will cause 
2040% reduction within 30 min. of the oxidized form 
of the irreversible system. A more precise definition 
is derived from the use of the rate equation for a 
monomolecular reaction : 


where c is the initial concentration of the compound 
studied, s is the amount which has been irreversibly 
reduced a t  any given time, and x(c  - s) is the con- 
centration of the substance undergoing the irrevers- 
ible change. If the system contains a large excess 
of a reversible redox system, with an equimolar 
amount in the reduced and oxidized form, x (fraction 
of compound reduced irreversibly by the reaction) 
will be essentially constant during the reaction. 
Then, integration of Eq. 1 yields Eq. 2: 


where t is the time in min. for the reaction and s is 
the fraction which has been reduced of the irrevers- 
ible substance. If, according to  Conant, t is set a t  
30 min., use a kl = 0.01, then, by inserting these 
values of t and kl in Eq. 2 one defines a value of 
25.9% reduction for s, instead of the vague 20-30% 
previously suggested. Using this value, a more 
accurate ARP could be determined; as shown by 
Conant (4), the ARP is a general concept and is not 
restricted to  monomolecular reactions. 


EXPERIMENTAL. METHOD 


The apparatus consisted of a glass cell with an 
i.d. of 65 mm. and a capacity of 125 ml., closed with 
a loose-fitting rubber top with openings for two 
electrodes, a gas bubbler, and admittance of the 
irreversible agent. A platinum electrode and a 
saturated calomel reference electrode (both Beck- 
man) formed the cell circuit; both were located a 
few centimeters above the bottom of the cell. 


TABLE I-SUMMARY OF DATA 


Run E.M.F.,’ c mv. (min. After) - % 
No. mv. Eh, mv. 1 5 10 15 20 30 Reductionb 


6 77.2 -164.0 
8 82.2 -160.6 
9 134.9 -107.9 
3 172.0 -71.3 
4 176.8 -67.1 
1 185.5 -58.9 


10 211 -31.8 
5 354 110.1 


12 366 123.2 
7 403 160.2 


11 534 290.1 
14 575 333.8 
13 577 334.8 
16 586 344.8 
17 59 1 348.8 
15 599 356.8 


63. 
138. 
111, 


3 
0. 
0 


45 
13 
3 


24 
- 10 
-9 
-8 
-3 
-5 
-6 


9 
3 
.9  


. 2  


136.8 
203.8 
153.1 
37.8 
0 . 3  
0 


98 
50 
17 
53 


-5 
-6 
-3 
-2 
-3 
-4 


166.8 


164.1 
76.2 
0 . 3  


-0 .6  
122 
57 
25 
66 
0 


-5 
-1 
-2 
-2 
-3 


179.8 193.8 
(after 8 min.) 
171.1 174.1 
115.9 


0 . 4  0 . 7  
-1 
135 143 
62 69 
30 34 
68 68 


5 12 
-4 -3 


0 2 
-1 1 
-1 -1 
-3 -2 


200.8 


179.1 


1 .4  


150 
75 
39 
68 
21 


-1 
5 
2 
0 
0 


99 + 
99 + 
99 + 
5 
0 


99 + 
99 + 
91 
99 + 
67 
0 


19 
8 
0 
0 
- 


Experimental value. The ex erimental E.M.F. values for mixtures of the same ions are not exactly identical, since no 
system was exactly equimolar. BAs calculated graphically. 
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Fig. 1-Change in cell potentkl (Amv.) as a function 
of the corrected E.M. F. (Eh) .  


ferricyanide/ferrocyanide system; the values are 
seen to agree well with each other. This apparently 
anomalous result suggests that  the ferricyanide ion 
is somehow hindered in reacting with I ,  and raises 
the interesting possibility that I may be a sterically 
selective oxidizing agent. 


Some systems were used in one ratio, and the 
ceric/cerous system was used in different ratios 
(runs 8, 9, 12). Using a linear least-squares pro- 
gram on a Mathatron 848 computer, the equation 
of this line was found to  be: 


Y = 136.79 - 0.397X 


where Y is the change in potential and X is En. 
Using a theoretical Amv. of 6.85 for 25.90/, reduction, 
the apparent reduction potential of 1,3-dihydro-1- 
hydroxy-3-0x0- 1,2-benziodoxole under the conditions 
of these experiments was found to be 327 f 5 mv. 
(Room temperature, pH 7.4, concentrations given.) 


The linear relation shows that the amount of 
benziodoxole which is irreversibly reduced is a 
function of the electromotive force of the reversible 
system tested. This, of course, is the basis for the 
quantitative study employed here. The graph of 
percentage reduction uersus Eh (Fig. 2) shows re- 
semblance to a log curve, which is not surprising 
since the change of cell potential is logarithmically 
related to the percentage reduction. Values of 
Eh much greater than the ARP would show a 0% 
reduction on Fig. 2. 


Extension of this method to other iodoso and 


-10‘ -100 b ‘ IbO ‘ 2bo ‘ 3h ‘ 4bo ‘ 5& 


Cell Eh frnv)-l 


Fig. 2-Percent reduction of 1,3-dihydro-l-hydroxy-3- 
oxo-l,2-benziodoxole as a function of cell E h .  


iodonium compounds is indicated, in order to 
verify Beringer’s suggestions and to determine if a 
real difference exists or not between these two types 
of polyvalent iodine compounds. 


It would also be advantageous to devise some new 
method for the determination of the ARP. Although 
this method has been updated and is relatively sim- 
ple, a faster method is desirable. Polarography 
shows some hints of being applicable to the problem, 
but potentiometric titration seems to be possibly 
the most promising direction. 


The authors consider that the present modification 
of the method of Conant and Lutz allows for an 
easy and accurate determination of the ARP of 
organic compounds suffering irreversible reduction. 
This method should also be adequate for the de- 
termination of the apparent oxidation potential. 


REFERENCES 
(1) Wolf, .W., Wu, T.,, and Rychuck, J., Paper presented 


to the Medicinal Chermstry Section. APAA Academy of 
Pharmaceutical Sciences Las Vegas meeting April 1967. 


(2) Kertesz, J., and Wolf, W., unpublished results. 
(3) Beringer, F. M. personal communications. 
(4) Conant, J. B.. and Lutz, R.  E., J .  Am. Chem. Sac., I S ,  


(5) Conant, J. B., Chem. Rev., 3, l(1926). 
1047(1923). 


Keyphrases 
Iodine compounds, polyvalent-oxidizing 


1,3-Dihydro- 1 -hydroxy-3-oxo- I ,  2-benziodox- 


Potentiometric measurements-reduction po- 


agent 


ole-apparent reduction potential 


tential 








Interaction of Salicylic Acid with Quaternary 
Ammonium Compounds 


By LUCY S. C .  WAN 


A marked increase in viscosity is produced in solutions of dodecyl, tetradecyl pyri- 
dinium bromide, cetylpyridinium chloride, benzalkonium chloride, and benzetho- 
nium chloride containing salicylic acid. The viscosity increases with acid concen- 
tration to a maximum and then decreases. This viscosity effect is absent in quater- 
nary ammonium compounds which are not surface active. Solutions of alkyl pyri- 
dinium and alkyl trimethyl ammonium compounds in the presence of salicylic acid 
form non-Newtonian systems which are dilatant while the alkyl ary l  dimethyl com- 
pounds containing the same acid form Newtonian systems. The different rheolo- 
gical behavior i s  probably due to the number of substituents, RI RZ ... present 
which are responsible for the surface activity of the molecule and which are at- 
tached to the nitrogen atom. The amount of salicylic acid required to produce max- 
imum viscosity is directly proportional to the concentration of the quaternary 


ammonium compound which exhibits Newtonian flow. 


UATERNARY AMMONIUM compounds have Q been found to interact with various sub- 
stances (1-4). I n  addition Rodgers (5) has 
demonstrated the interactions of hexylresorcinol 
and amaranth with cetylpyridinium chloride and 
cetyldimethylbenzylammonium chloride while 
Takruri and Ecanow (6) have studied the inter- 
actions of benzalkonium chloride and sodium 
lauryl sulfate with lipoproteins. I n  a previous 
study salicylic acid has been found to be the only 
one of several substituted benzoic acids to interact 
with cationic surfactants (7, 8). The interaction 
is highly specific since related compounds do not 
behave in like manner and therefore it seems 
desirable to collect more information about this 
interaction, in particular the type of quaternary 
ammonium compound that will exhibit this inter- 
action and also in view of the possible practical 
applications in pharmaceutical formulations. 


EXPERIMENTAL 


Materials-Recrystallized salicylic acid m.p. 
158.5-159' (British Drug House Ltd.), the quater- 
nary ammonium compounds were benzethonium 
chloride monohydrate, benzalkonium chloride 92- 
95% (Farbenfabriken Bayer Co.), dodecyl and tetra- 
decyl pyridinium bromide,* cetylpyridinium chloride 
(E. Merck, Darmstadt), tetradecyl trimethyl am- 
monium bromide,s cetyltrimethylammonium bro- 
mide,4 trimethylphenylammonium chloride, tetra- 
methylammonium bromide, choline bitartrate, 
carbachol B.P. (E. Merck, Darmstadt), hexameth- 
onium tartrate (May and Baker), decamethoniurn 
iodide, neostigmine methyl sulfate, hexamethonium 
bromide B.P.C. (L. Light Co.), and succinylcholine 


'Marketed as Morphan T h Glovers Chemicals Ltd., 


4 Marketed as Cetrimide by Imperial Chemical Industries. 
to whom the author is very grateful for the samples. 


chloride (Burroughs Wellcome Co.). The critical 
micelle concentrations of the surfactants as obtained 
from surface tension measurements using the Du 
Nouy tensiometer are listed in Table I, those of 
tetradecyltrimethylammonium bromide and cetyl- 
trimethylammonium bromide are 0.082 and 0.05170, 
respectively (7). 


Apparatus-Measurement of Viscosity-Varying 
amounts of salicylic acid were weighed into a series 
of 100-ml. volumetric flasks containing the required 
concentration of the quaternary ammonium com- 
pound. The flasks were rotated in a thermostati- 
cally controlled water bath at 25 =!c 0.1" for 24 hr. 
Their viscosities were measured using a portable 
viscometer (Ferranti) placed in a thermostatically 
controlled water bath at 25 + 0.5'. The shear rates 
which ranged from 78.56 to 234.6 set.-' were in- 
creased and then decreased for all viscosity measure- 
ments. An interval of 30 sec. was allowed between 
any two readings. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show the effect of salicylic acid on 
the viscosities of solutions of benzalkonium chloride 
and benzethonium chloride, respectively. There is a 
rise in viscosity which increases with additions of the 
acid until a maximum is reached after which the 
viscosity then decreases. This fall in viscosity 
continues until an excess of the acid is present, except 
in the case of high concentrations of benzalkonium 
chloride where there is a rise in viscosity before a 
suspension is formed. The solutions are Newtonian 
systems, their viscosities being the same when mea- 
sured at  shear rates of 78.56, 117.35, 155.1, 195.9, 
and 234.6 sec.-l but the suspensions formed are 


TABLE I-CRITICAL MICELLE CONCENTRATIONS OF 
SIJRFACTANTSAT~~' 


Surfactant %w/v 
C.M.C., 


Dodecyl pyridinium bromide 0.039 
Tetradecyl pyridinium bromide 0.074 
Cetylpyridinium chloride 0.029 
Benzalkonium chloride 0.049 
B enzeth onium chloride 0.063 
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Fig. 1-Effect of salicylic acid on the viscosity of benz 
alkonium chloride solutions at 25". Key:  A, 4%; 
X, 6%; 0, 8%; V, 10%; - 7 -, suspension. Shear 
rate: I ,  234.6 sec.-l; 2, 195.9 sec.-l; 3, 155.1 sec.-l; 


4, 117.35 sec.-l; 5 ,  78.56 sec.-l. 
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generally non-Newtonian systems. The amount of 
salicylic acid required to produce maximum vis- 
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Fig. 2-Efect of salicylic acid on the viscosity of 
benzethonium chloride solutions at 25'. Key:  A, 4%; 
0, 570; X, 6%; 0, 8%; - - -, suspenszon. Shear 
rate: 1, 234.6 set.-'; 2,  195.9 sec.-l; 3, 155.1 sec.-l; 


4, 117.35 sec.-l; 5, 78.56 sec.-l. 
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cosity is directly proportional to  the concentration 
of the quaternary ammonium compound (Fig. 3). 
The ratios of the concentratious of the acid to the 
quaternary ammonium compound at which maxi- 
mum viscosity occurs is 1 : 5 and 1 : 12.5 for benz- 
alkonium chloride and benzethonium chloride, re- 
spectively. Once this ratio has been obtained fur- 
ther additions of the acid reduce the viscosity of 
the system. 


The viscosity effect is also observed in solutions of 
alkyl pyridinium compounds containing salicylic 
acid. The increase in viscosity resulting from the 
interaction of the acid with dodecyl pyridinium 
bromide is not as marked as that produced by the 
interaction of the same acid with the corresponding 
tetradecyl derivative (Fig. 4). In  this case the vis- 
cosity also increases with increase in acid concen- 
tration and then decreases, but when an excess of 
the acid is added the viscosity remains constant. 
Solutions of cetylpyridinium chloride gel readily 
when sufficient salicylic acid is added. If a small 
amount is present then gelling occurs; gelling is 
taken as the state in which the viscosity can no 
longer be determined by the Ferranti viscometer as 
the dial readings fluctuate during the rotation of the 
cylinder. These systems are dilatant and can easily 
be demonstrated by stirring vigorously a solution of 
cetylpyridinium chloride and salicylic acid which 
then becomes very viscous but when it is allowed to  
stand i t  reverts to a liquid of low viscosity. 


In contrast to the alkyl aryl dimethyl compounds, 
the pyridinium compounds in the presence of 
salicylic acid fonn non-Newtonian systems, their 
viscosities vary with different shear rates (Fig. 4). 
This behavior is seen with other concentrations of 
tetradecyl pyridinium bromide solutions studied 
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Fig. 3-Relationship between quaternary ammonium 
compound concentration and salicylic acid concentra- 
tion required to produce maximum wiscosity at 25". 
Key: A, benzalkonium chloride; 0, benzethonium 


chloride. 
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F i p .  4-Effect of salicvlic acid on the viscositv of tetra- 
de:yl and udodecjl pyrdinium bromide soluti&cat 25'. 
Key: 0, 3y0 TPB; A, 4% TPB; X, 5% D P B :  - - -, excess salicylic acid. TPB = tetradecyl &yridi& 
ium bromide, D P B  = dodecyl pyridinium bromide. 


such as 2, 5, and 6%. Solutions of the alkyl aryl 
dimethyl compounds form Newtonian systems in the 
presence of salicylic acid (Figs. 1 and 2) except when 
the quantity of the acid present exceeds its solubility 
in the surfactant and then suspensions are formed 
which are nowNewtonian dispersions. 


Figure 5 shows flow curves of solutions of tetra- 
decyl pyridinium bromide, cetyl and tetradecyl 
trimethyl ammonium bromide containing salicylic 
acid. These systems are non-Newtonian and ex- 
hibit dilatancy. The flow curves of benzalkonium 
chloride and benzethonium chloride, however, dem- 
onstrate Newtonian flow. Similar behavior is ob- 
served with concentrations of the above-mentioned 
surfactants ranging from 3 to 10% in the presence 
of varying amounts of the acid. The difference in 
rheological behavior is probably due to the number of 
substituted organic groups which confer surface 
activity on the molecule and which are attached to  
the nitrogen atom. The quaternary ammonium 
compounds investigated including those studied pre- 
viously (7, 8) can be considered to be analogs of 
the inorganic ammonium salts and their general 
structure (I) may be represented thus: 


L k l  
I 


where R1, RI, Rs, and Re are organic groups and X is 
an inorganic radical which in this case is either a 
chloride or bromide. In one type, RI varies while 
R2, Rt, and RI are kept constant such as dodecyl, 
tetradecyl, and cetyltrimethylammonium bromide; 


0 50 100 150 200 250 
SHEAR RATE, sec.-1 


Fig. t i - ~ o w  curves of quaternary ammonium com- 
pound solutions Containing salicylic acid at 25'. Key: 
X, 3% C T A B  + 1.0% SA; 0,3% TTAB + 0.8% 
SA; A, 3% TPB + 1.1% SA; O, 4% B Z C  + 1.2% 
SA; V, 6% H1622 + 0.7% SA. C T A B  = cetyl- 
trirnethylammonsum bromade. T T A  B = tetradecyl 
trimethylammonium bromide. TPB = tetradecyl 
pyridinium bromide. BZC = benzalkonium chloride. 
H1622 = benzethonium chloride. SA = salicylic 


acid. 


in a second type RI and lb are different while R2 
and RI are the same, such as benzalkonium chloride 
or benzethonium chloride. I n  a third type, a cyclic 
nitrogen compound replaces the single nitrogen of 
the former types thus making available in the con- 
figuration for Rt only, such as dodecyl, tetradecyl 
pyridinium bromide, and cetylpyridinium chloride. 
Hence the interactions of salicylic acid with the 
alkyl trimethyl ammonium and alkyl pyridiniuni 
compounds represented as Rt(CHa)aN+Br- and 
R,N+=I> Br-, respectively, lead to the forma- 
tion of Newtonian solutions which may be attributed 
to  the presence of a single substituent responsible 
for the surface activity of the molecule while the 
alkyl aryl dimethyl ammonium compounds rep- 
resented as RI,R~(CH~)*N+ C1- have two sub- 
stituents and produce Newtonian solutions. 


No increase in viscosity is observed when salicylic 
acid is added t o  solutions of trimethyl phenyl am- 
monium chloride, tetramethyl ammonium bromide, 
choline bitartrate, carbachol, hexamethonium tar- 
trate and bromide, decamethonium iodide, neostig- 
mine methyl sulfate, and succinylcholine chloride. 
Hence the quaternary ammonium compounds which 
are not surface active do not demonstrate this vis- 
cosity effect. The results obtained indicate that the 
interaction of salicylic acid with the quaternary 
ammonium compounds is associated with the pres- 
ence of micelles as the surfactant concentrations 
used are well above the critical micelle concentra- 
tion (C.M.C.) (Table I). When salicylic acid is 
added it is solubilized by the micelles, the placement 
of the solute in the micelles is possibly one of ad- 
sorption on the micellar surface. The negatively 
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charged salicylate ions will be attracted and ad- 
sorbed onto the positively charged micelles in such a 
manner of arrangement that gives rise to an increase 
in size and thereby to an increase in viscosity. As 
more acid is added more salicylate ions will be ad- 
sorbed ou the micellar surface and this continues 
till a maximum viscosity is reached. At this stage 
the micellar surface may have adsorbed sufficient 
salicylate ions to attain an equilibrium state so that 
further additions of the acid will tend to  upset the 
equilibrium resulting in a decrease in viscosity. 
When the amount of acid present exceeds that which 
can be solubilized by the micelles then the solution 
or gel becomes a suspension of salicylic acid in the 
surfactant solution. This change of nature of the 
system makes it  no longer a simple liquid system and 
this gives rise to non-Newtonian flow which is not 
unusual with the flow properties of most suspensions. 
In the case of the alkyl pyridinium compounds the 
flow properties remain non-Newtonian in the pres- 
ence of an excess amount of salicylic acid. This 
is also true for the alkyl trimethyl ammonium com- 
pounds studied previously (7). 
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Effect of Vagal Stimulation on Enterochromaffin 
Cell Granulation in the Guinea Pig Small Intestine 


By MARTIN F .  TANSY, ARTHUR S. MILLER, and ARTHUR STEIN 


Experiments are presented which study the effect of vagal stimulation on the entero- 
chromaffin cell granulation of the guinea pig duodenum. Concentration of gran- 
ulated enterochromaffin cells in specially stained intestinal sections is used to de- 
termine the response. The results indicate the vagus nerves per se and not hydro- 
chloric acid secretion, increased intraluminal pressure, or hyperperistalsis sig- 
nificantly alter the granulation of these cells. The data also suggest that vagal 


degradation may occur via a noncholinergic mechanism. 


HE IMPORTANCE of serotonin in  the gastro- T intestinal tract has received considerable 
investigative attention. Most of the studies, 
however, have been concerned with i ts  content, 
fate, and action; whereas, i ts  release has re- 
ceived much less attention. Serotonin release 
has primarily been concerned with the observa- 
tions that elevation of intraluminal pressure 
and/or increased intestinal motility augments the 
aniount of 5-HT released into the intestinal lmiien 
and venous blood (1) .  It has not, however, been 
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shown that distension or hyperperistalsis of the 
intestine, kept  within physiologic limits, produces 
in the intact animal a local or systemic discharge 
of serotonin from the enterochromaffin cells 
(8. 


Argentaffin enterochromaffin cells are distrib- 
uted throughout the mucosa of the gastrointesti- 
nal tract. They contain specific granules which 
are precipitated by  fornialin and will stain with 
silver salts (3) The complete chemistry of the 
granules is not known, but  Barter and Pearse (4) 
suggest a fully conjugated p-carboline derivative 
of serotonin may precipitate the silver to  give 
the a r g e n t f i n  staining reaction. In any event, 
considerable experimental evidence (5-7) has 
shown that a decrease in the granularity of these 
cells parallels the release of serotonin from the 
gut. This phenoinenon provides a convenient 
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limited free amino acid pool in P. cyanescens is 
responsible for the failure of the fungus to accumu- 
late psilocybin in saprophytic cultures. However, 
the results do suggest that the isolate of P. cyanexens 
is less responsive to phosphate nutrients and has 
narrower metabolic tolerance than P. cubensis 


P. camfiaanulatus appeared to be the most meta- 
bolically responsive of the species tested. It grew 
well under the saprophytic conditions and appeared 
to have an adequate soluble nitrogen pool. These 
observations suggest the improbability of a limited 
supply of common amino acids as the basic factor 
behind the lack of serotonin production in sapro- 
phytic cultures. Some key factor controlling the 
formation or function of tryptophan hydroxylase is 
probably responsible for the different metabolic 
capabilities of carpophores and vegetative mycelium 
of this basidiomycete. 


NRRL A-9109. 


REFERENCES 
(1) Tyler, V. E., Jr., in “Beitrage zur Biochemie und 


Physiologie von Naturstoffen,” Gustav Fischer Verlag, 
Jena, Germany, 1965:8pp. 501-505. 


(2) Hofmann, A,, Die Mutterkornalkaloide.” Ferdinand 
Enke Verlag, Stuttgart, Germany 1964. 


(3) Tyler, V. E., Jr., Science, i28, 718(1958). 
(4) Weir, J. K., and Tyler, V. E., Jr., J. Phnrm. Sci., 


52, 419(1963). 
(5) Tyler, V. E., Jr., and Smith, A. H., in “2. Internat- 


ional:, Arbeitstagung Biochemie und Physiologie der Alka- 
loide Mothes, K., and Schroter, H.-B., Eds., Akademie- 
Verlig, Berlin, Germany, 1963, pp. 45-54. 


(6) Tyler, V. E., Jr., and Groger, D., J .  Pharm. Sci . ,  
53, 462(1964). 


(7) Benedict, R. G., and Tyler, V. E., Jr., Lloydia,  25, 
46( 1962). 


(8) Benedict, R. G., Brady, L. R., Smith, A. H., and 


1667 
Tyler, V. E., Jr.. ibid., 25, 156(1962). 


(9),, Heim. R.,  “Les champignons toxiques et hallucino- 
genes, 


(10) Beuedict. R. G., Tyler, V. E., and Watling, R.,  
Lloydra, 30, 150(1967). 


(11) Catalfomo, P.. and Tyler, V. E., Jr., ibid., 27, $3 
(1964). 
(12) Leung, A. Y., Smith, A. H., and Paul, A. G.,  J. 


Pharm. Scr. 54, 1576(1965). 
(13) Brady, L. R., and Tyler, V. E.. Jr., L l ~ y d i ~ ,  23, 


S(l960). 
(14) Biffi,, G., Boretti, G., DiMarco, A., and Pennella, 


P., Appl. Macrobiol., 2, 288(1954). 
(15) Vining. L. C., Nesbitt, L. R., and Haskins, R. H., 


Can. J. Microbiol. 12 409(1966). 
(16) Steinberg, ’R. k., in “Mineral Nutrition of Plants,” 


Truog, E., Ed., IJniversity of Wisconsin Press, Madison, 
1953, pp. 359486. 
(17) Weil-Malherbe, H., and Green, R. H., Biockem. J., 


49, 286(1951). 
(18) Greeq: A. A., and Hughes, W. L., in “Methods of 


Enzymology vol. 1 Colowick S. P., and Kaplan. N. O., 
E d s ,  Academic. New’York, N. k., 1955, pp. 67-90. 
(19) Eddy, A. A,, in “The Chemistry and Biology of 


Yeasts,” Cook, A. H., Ed., Academic, New York, N. Y., 
1958, pp. 157-249. 
(20) Rothe, U., and Fritsche, W., Arch. Mikrobiol.,  58, 


77( 1967). 


N. Boubee & Cie, Paris, France, 1968. 


Keyphrases 


Basidiomycete cul tures-phosphate effect 
Phosphate effect-trichloroacetic acid-soluble, 


Fungal free amino acid pool-hydroxytrypt- 


Colorimetric analysis-spectrophotometer 
TLC-separation, identity 


-insoluble nitrogen metabolites 


amine derivatives accumulation 


Baeocystin and Norbaeocystin: New Analogs of 
Psilocybin from Psilocybe baeocystis 


By A. Y. LEUNG* and A. G. PAUL 


Two new 4-phosphoryloxytry tamine derivatives have been isolated from Psilocybe 
barncystis grown in submerg$cultures. Using ultraviolet, infrared, and mass spec- 
tral analyses the structures have been determined. Both are analogs of the psycho- 
tomimetic, psilocybin, and have been named baeocystin (monomethyl analog) and 


norbaeocystin (demethyl analog). 


SILOCYBIN was first isolated from a Mexican P psychotomimetic mushroom, Psilocybe mexi- 
cana Heim, by Hofmann et ul. (1). While the 
occurrence of this compound and its dephos- 
phorylated derivative, psilocin, has been estab- 
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lished in several species of mushrooms, analogs 
have not yet been described. 


The formation of psilocybin in submerged 
cultures of Psilocybe baeocystis Singer and 
Smith has been reported previously (2). In  a 
communication (3) the authors also have re- 
ported the isolation of baeocystin, a monomethyl 
analog of psilocybin, from this same fungus. 
The present report deals with details of the 
procedure for the isolation and characterization 
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of baeocystin and of a second analog, norbaeo- 
cystin. 


EXPERIMENTAL 


Plant Material-Fungal tissue was obtained from 
submerged cultures of the organism grown in the 
medium previously reported (2). Mycelial pellets 
were collected on a Biichner funnel, washed with 
distilled water, and freeze dried. 


Isolation Procedure-The ground plant material 
(23.2 9.) was defatted with petroleum ether (30-60') 
in a Soxhlet extractor (Fig. 1). After removal of sol- 
vent at room temperature, the tissue was transferred 
to a conical flask and extracted with successive por- 
tions of methanol a t  room temperature, using a mag- 
iietic stirrer, until a concentrated aliquot of an ex- 
tract gave little or no color reaction with Ehrlich's 
reagent. The combined extracts (4 1.) were con- 
centrated to dryness under vacuum at 40' using a 
Rinco rotating evaporator. The residue was 
mixed with 20 g. of dry powdered cellulose which 
had been extracted with water-saturated 1-butanol. 
The mixture was added to the top of a 3.5-cm. 0.d. 
column packed to a height of 94 cm. with powdered 
cellulose which had been extracted with water- 
saturated 1-butanol for several days. The column 
was developed with this same solvent and 20-ml. 
fractions were collected a t  a rate of approximately 
40 ml./hr. (Eluate I )  using an automatic fraction 
collector. 


Thin-layer chromatography (TLC) (2) of Eluate 
I indicated that Fractions 46-76 contained psilocin, 
77-84 contained psilocybin and traces of psilocin, 
85-149 contained a mixture of psilocybin, baeo- 
cystin, and norbaeocystin, and 150-305 contained 
these three compounds grossly contaminated with 
glycine. Fractions 85-149 were combined (Frac- 
tion 1) as were Fractions 150-305 (Fraction 2). 


The solvent was removed from Fraction 1, the 
residue was mixed with 20 ml. of warm methanol, 
and the mixture filtered. The filtrate was concen- 
trated to approximately 5 ml. a t  room temperature 
and again filtered. The filtrate was placed in a 
freezer a t  -23" for 8 days. The rosette crystals 
which formed were removed by filtration, washed 
with cold methanol, and dried in a desiccator. The 
mother liquid was concentrated, filtered, and re- 
turned to the freezer. Additional crystalline ma- 
terial was obtained giving a total yield of 140 mg. 
(m.p. 199-204" dec.). TLC analysis indicated i t  
to be a mixture of psilocybin, baeocystin. and 
norbaeocystin. 


Solvent was removed from Fraction 2, the 
residue dissolved in 25 ml. of warm methanol, and 
the solution concentrated to  approximately 6 ml. 
The concentrate was filtered and the filtrate 
placed in the freezer for several hours. The heavy 
precipitate which formed was removed by filtration. 
TLC analysis indicated that it was glycine. The 
filtrate was further concentrated to 2 ml. and placed 
in the freezer for 3 days. No crystalline material 
was obtained. 


The filtrate was combined with the mother liquid 
from Fraction 1 and this combined solution was 
mixed with 5 g. of extracted powdered cellulose. 
The mixture was dried and transferred to a powdered 
cellulose column (3.5 X 97 cm.) which had pre- 
viously been extracted with water-saturated l-bu- 
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Fig. I-Isolation procedure. 


tanol. The column was developed with this solvent 
and fractions richest in psilocybin, baeocystin, and 
norbaeocystin, but free of glycine, were combined 
(Fraction 3). 


Solvent was removed from Fraction 3 and the 
residue was dissolved in a small volume of hot 
methanol. One hundred milligrams of crystalline 
material isolated from Fraction 1 was added to the 
solution and additional hot methanol was added 
to  completely dissolve the material. This solution 
was transferred to a column of activated silicic acid 
(3 X 45 cm.). The column was developed with 
l-propanol-5% ammonium hydroxide (5: 2), using 
pressure. at a rate of approximately 9 ml./hr. 
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Eluate I1 was collected in 3-ml. fractions. TLC 
analysis of Eluate I1 indicated that Fractions 25-66 
contained norbaeocystin, 70-1 75 contained baeo- 
cystin, and 180-270 contained psilocybin. Frac- 
tions 25-66 were combined (Fraction 4), as were 
Fractions 70-175 (Fraction 5). 


The solvent was removed from Fraction 4 and the 
residue was dissolved in approximately 7 ml. of 
hot methanol. The solution was concentrated to 
approximately 1 ml., filtered, further concentrated 
to approximately 0.5 ml., and placed in the freezer. 
Crystals which formed at the end of 40 days were 
removed by filtration, washed with cold methanol- 
water ( l : l ) ,  and dried in a desiccator. The yield 
of norbaeocystin (m.p. 188-192O dec.) was 2 mg. 


The solvent was removed from Fraction 5 and 
the residue was dissolved in approximately 9 ml. 
of hot methanol. This solution was concentrated 
to approximately 1.5 ml., filtered, and the filtrate 
placed in the freezer. After 3 days, crystals which 
formed were removed by filtration and dried in a 
desiccator. The yield of baeocystin (m.p. 254-258" 
dec.) was 6.5 mg. 


The extraction was repeated using 58.9 g. of 
fnngal tissue. The procedures followed were 
identical with those described except that i t  was 
nccessary to chromatograph Fraction 2 on a cellu- 
lose column prior to  combining this fraction with 
the mother liquid of Fraction 1, in order to free i t  
of glycine. Fraction 4 yielded 4 mg. of norbaeo- 
cystin and Fraction 5 yielded 8 mg. of baeocystin. 


Characterization-Both norbaeocystin and baeo- 
cystin exhibited identical color reactions on TLC 
with Ehrlich's reagent and with a modified phos- 
phate reagent (4) as did psilocybin. On two-dimen- 
sional TLC, using solvent systems A and B, these 
compounds chromatographed close to  psilocybin but 
far from all the other indole compounds tested (2). 
The Rf values of norbaeocystin were 0.17 f 0.02 
(solvent A )  and 0.58 f 0.02 (solvent B ) ,  while 
those of baeocystin were 0.16 f 0.01 (solvent A )  
and 0.46 f 0.02 (solvent B). 


The UV spectral of baeocystin and norbaeo- 
cystin were superimposable and were identical 
with that of psilocybin, showing absorption maxima 
at 281, 268, 280, and 290 mp (Fig. 2), indicating 
that they all have the same chromophore, a 4-phos- 
phoryloxytryptamine nucleus. Slightly different 
chromophores such as those present in psilocin or 
bufotenine have distinctly different absorption max- 
ima (1, 5). 


The IR spectrum2 of norbaeocystin showed sharp 
absorption peaks at 3,376 cm.-' and 1,640 cm.-' 
(Fig. 3) and that of baeocystin showed sharp ab- 
sorption peaks at 3,275 cm.-l and 1,640 cm.-l 
(Fig. 4) which are absent in the IR spectrum of 
psilocybin (1). These absorption bands are indica- 
tive of primary or secondary amines. 


The low resolution mass spectruma of norbaeo- 
cystin showed a weak molecular ion peak at m / e  = 
256, corresponding to I.  Both low- and high- 
resolution m a s  spectra4 showed a strong peak a t  


1669 


01 /,I " 10 I ddn 


2W 220 2;O e 3 0 0  3;O 3lO 360 
W4VELENGTH It+, 


Fig. 2- Ultraviolet absorption spectrum of baeocystin 
and norbaeocystin (20 mcg./ml. methanol). 


m / e  = 176 due to  the dephosphorylated species. 
The empirical formula of this species was shown by 
high-resolution mass spectral data to  be C10H12N20 
with an accurate mass of 176.0957 (calcd., 176.0950). 


+ 


I 
L H  


The low-resolution mass spectrum of baeocystin 
showed a weak molecular ion peak at m / e  = 270, 
corresponding to 11. Both low- and high-resolution 
mass spectra showed a strong peak at m / e  = 190 
due to the dephosphorylated species. The empirical 
formula of this species was shown by high-resolu- 
tion mass spectral data to be CllHllN2O with an 
accurate mass of 190.1102 (calcd., 190.1106). 


Similarly, psilocybin gave a weak molecular ion 
peak a t  m / e  = 284 and a strong peak of the de- 
phosphorylated species at m/e  = 204. 


I1 


I n  addition, baeocystin and psilocybin showed 


strong peaks a t  m / e  = 44 [CH2=NHCHa] and 
+ 


1 Beckman DK-PA ratio recording spectrophotometer. 
7 Perkin-Elmer 337 grating infrared spectrophotometer. 
*The authors are indebted to Dr. M. Grostic, The Upjohn 


Co., Kalamazoo, Mich.. for the low-resolution mass spectral 
data. 


'The authors are indebted to Dr. F. Vane, Hoffmann- 
LaRoche, Inc., Nutley, N. J., for the high-resolution mass 
spectral data. I. ~ 


+ 
m / e  = 58 [CHZ=N(CH&], respectively. How- 
ever, the corresponding peak of norbaeocystin at 


m / e  = 30 [CHFNHZ] lacked prominence. This 
may be attributed to the lack of resonance of this 
ion as contrasted with the other two. 


Apart from these differences, the mass spectra of 
all three comDounds showed Drominent Deaks at 


+ 
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Fig. 3-Infrared spectrum of norbaeocystin (0.90/, in Fig. 4-Infrared spectrum of baeocystin (1.0% in 
KBr). KBr). 


DISCUSSION AND CONCLUSIONS m / e  = 160, 159, 146, 130, and 117. 
fragmentation patterns of these compounds are Despite the simplicity of the structure of psilo- 
similar (Fig. 5).  cybin, there have been no convincing reports on the 


These data indicate that baeocystin is the mono- occurrence of its analogs in nature. The only re- 
methyl analog (11) and that norbaeocystin is the ports which suggest their presence in fungi have been 
demethyl analog (I) of psilocybin. made by Eugster (6) and by Stein et al. (7). From 


The proposed 


1-0 I 


Fig. 5-Proposed fragmenhtion 
patterns of psilocybin, baeocystin, 
and norbaeocystin. R = (CHa)2, 
psilocybin; R = HCHa, baeo- 
cystin; R = HzI norbaeocystin. 


H 
160 
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Amanita muscuria (Fr.) Hook, Eugster isolated an 
extremely unstable 4-substituted indole derivative 
having UV spectrum practically identical with that 
of psilocybin. Stein et al. also isolated an unknown 
compound from Panaeolus erenenosus Murr. This 
compound also had an almost identical UV spectrum 
as psilocybin, with absorption maxima a t  220,265, 
and 288 mp. Its high melting point (>250" dec.) 
suggests its identity with baeocystin. 


The occurrence of baeocystin and norbaeocystin 
in P. baeocystas indicates that this fungus can serve 
as an appropriate organism for studying the bio- 
synthesis and the metabolism of psilocybin. Earlier 
studies by Agurell et al .  (8, 9) indicated that Psilo- 
cybe cubensis uses the following pathway in the bio- 
synthesis of psilocybin : tryptophan -P tryptamine 4 


N-methyltryptamine -P N,N-dimethyltryptamine 
-* psilocin + psilocybin. Recent studies by Agurell 
and Nilsson (10) suggest that this fungus can also 
use an alternative route wherein phosphorylation 
precedes methylation. The high concentration of 
4-hydroxytryptamine incorporated into psilocybin 
and the detection of psilocybin-like compounds 
were cited as evidence for this alternative pathway. 
The presence of psilocybin analogs in P .  baeocystis 
suggests that the alternative pathway is probably 
the major route utilized by this fungus. Hence, it 
should be an ideal organism for further study of the 
alternative route. 


The isolation of baeocystin and norbaeocystin 
offers a possibility of testing the serotonin hypothesis 
of mental illness (11). Norbaeocystin and baeo- 
cystin are the closest known serotonin analogs which 
have one of their enzyme-susceptible groups pro- 
tected. Whether or not this may have any bio- 
chemical or pharmacological significance remains 
to be studied. 


SUMMARY 


The detection of unknown tryptaiuine deriva- 
tives in P. boeocyslis has led to the isolation of two 
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new compounds from submerged cultures of this 
fungus. The isolation procedure involved column 
chromatography of a methanol extract of the fungal 
tissue on powdered cellulose and on activated 
silicic acid. The structures of these compounds 
have been determined to be the monomethyl and 
demethyl analogs of psilocybin by TLC charac- 
teristics, color reactions, UV, IR, and mass spectral 
analyses. These compounds have been named 
baeocystin (monomethyl) and norbaeocystin (de- 
methyl). 
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N-Acyl Analogs of N-( 2-Cyanoethyl)cyclohexylamine 
with CNS Activity 


By W. D. ROLL 


A series of substituted aryl amides of N-(2-cyanoethyl)cyclohexylamine was synthe- 
sized and screened for their effect on the central nervous system. Members of this 
series exhibit a pronounced effect o n  the spontaneous motor activity of mice, usually 


accompanied by varying degrees of activity on blood pressure in  rats. 


UBSTITUTED AMIDE analogs of N-(a-cyano- appear to  ac t  on the central nervous system either S ethy1)cyclohexylamine (Abbott Laboratories) by  stimulation or depression in small animals de- 
pending on the dosage. The compounds reported 
herein exert a depressant action on the sponta- 
neous motor activity of mice at a dosage of 4 
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The Analysis of Barium Sulfate 
By EVELYN M. COCHRAN, ERVIN B. INSKIP, PERRY KING, and 


HOWARD W. ZIEGLER 


A method suitable for compendia1 assay of barium sulfate USP has been developed. 
Barium is separated as the carbonate and precipitated as the chromate. Calcium, 
strontium, and silica d o  not interfere. The calcium and strontium content may be 
determined by atomic absorption or X-ray fluorescence and silica by a colorimetric 
procedure. An in vitro study of the extractability of strontium and lead from barium 


sulfate into simulated gastric and intestinal fluids was performed. 


HE CURRENT USP XVII (1) monograph for T barium sulfate does not include an assay 
procedure. A t  the suggestion of the USP Com- 
mittee of Revision, an investigation was initiated 
and an analytical procedure for the assay of 
barium sulfate was developed. Norwitz has 
published methods for the analysis of barium 
compounds by homogeneous precipitation as 
barium chromate (2, 3). The procedures were 
reported to  be accurate in the presence of small 
amounts of strontium and calcium. With some 
modifications, the Norwitz method has been 
found satisfactory for the routine assay of barium 
sulfate. Since the  presence of calcium, strontium, 
and silica was expected, tests for these elements 
were also developed. The possibility of stron- 
tium or lead extraction from barium sulfate was 
investigated by a n  in oritro experiment. 


BARIUM SULFATE ASSAY 


Procedure-Weigh accurately between 0.58 and 
0.62 g. of sample in a tared platinum crucible. 
Add 10 g. of anhydrous sodium carbonate and mix 
by rotating the crucible. Fuse over a Meker 
burner until a clear melt is obtained and then heat 
for an additional 30 min. Cool, place the crucible 
in a 400-ml. beaker, add 250 ml. of distilled water, 
stir with a glass rod, and heat to dislodge the melt. 
Remove the crucible from the beaker and wash 
thoroughly with water, collecting the washings in 
the beaker. Rinse the inside of the crucible with 2 
ml. of 367, acetic acid and then with water, again 
collecting the washings in the beaker. Continue 
heating and stirring until the melt is disintegrated. 
Cool the beaker in an ice bath until the precipitate 
settles. Decant the clear liquid through a Whatman 
No. 40 filter paper, taking care to transfer as little 
precipitate as possible to  the paper. Wash twice by 
decantation as follows: wash down the inside of the 
beaker with about 10 ml. of cold 2% (w/v) sodium 
carbonate solution. Swirl the contents of the beaker 
and allow the precipitate to  settle. Decant the 
supernatant liquid through the same filter paper as 
before, transferring as little precipitate as possible. 
Place the beaker containing the bulk of the barium 
carbonate precipitate under the funnel and wash the 
filter paper with five 1-ml. portions of 10% hydro- 
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chloric acid. Wash the paper well with water. 
Dilute the solution (which may be slightly hazy) 
with 100 ml. of distilled water, and then add 
5.0 ml. of hydrochloric acid, 10.0 ml. of 40% (w/v) 
ammonium acetate solution, 25 ml. of 10% (w/v) 
potassium dichromate solution, and 10.0 g. of urea. 
Cover the beaker with a watch glass (not ribbed) 
and digest on the steam bath, or at 80-85”, for a t  
least 16 hr. Filter while hot through a tared fine 
porosity sintered-glass crucible. Scrub the beaker 
several times with a rubber policeman to  insure that 
all the precipitate is removed from the beaker. 
Wash with 0.5% (w/v) potassium dichromate solu- 
tion and finally with about 20 ml. of water. Dry 
for 2 hr. a t  105O, cool, and weigh. 


wt. BaCrO, X 0.9213 X 100 
sample wt. t* 


7, Bas04 = 


Results and Discussion-In the procedure 
initially developed, the precipitation was performed 
by boiling on a hot plate for 1 hr. after a precipitate 
first appeared. When the method was put into 
routine use, some difficulties were encoqntered. 
Results were not always reproducible and samples 
were frequent‘y lost due to “bumping” as the precipi- 
tate that formed began to settle. The procedure was 
modified to that given above in which precipitation 
is carried out by digestion at 80-85” overnight. No 
difficulties have since been encountered. Replicate 
results on various samples are listed in Table I. 


A very small amount of barium sulfate is repre- 
cipitated with the barium carbonate. This is not 
dissolved by the hydrochloric acid used to dissolve the 
barium carbonate, and if i t  is transferred to t h e  filter 
paper it will be lost. However, if the barium car- 
bonate is washed by decantation, as directed, a 
negligible amount of barium is lost. An ignition of a 
filter paper from the decantation procedure showed 
less than 0.057, residue based on the initial sample 
weight. Any barium sulfate remaining in the 
sample solution will be filtered off and weighed as 
barium chromate in the final step of the procedure. 
It was found that the final barium chromate pre- 
cipitate contains less than 0.57, barium sulfatc. 
This has a negligible effect on the assay result br- 


TABLE I-BARIUM SULFATE ASSAY 


-- Sample - -- Results, %--- 
Ref. Std. labora- 99.79, 100.06, 100.11, 99.90, 


tory prepared 100.09 
1 98.57, 98.39, 98.36, 98.49 
2 98.40, 98.30, 98.07, 98.22 


3 14 98.23,98.43, 98.44,98.57 
316 98.49,98.70,98.55, 98.74 
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3 216 
cause of the small difference in molecular weights of 
barium sulfate and barium chromate. 


An experiment using 133Ba tracer showed about 
0.04% of the total barium was lost in the sodium 
carbonate filtrate, and about 0.06% was lost in the 
chromate filtrate. Atomic absorption analysis for 
barium in the chromate filtrate also showed less than 
a 0.1% loss of barium. Thus total barium losses 
were found to be about O.l?&. 


Calcium and strontium present in barium sulfate 
do not interfere with the assay since they do not 
precipitate. Atomic absorption analysis showed 
that less than 0.05% of the weight of the final barium 
chromate precipitate is due t o  calcium and strontium 
chromates. It was suggested1 that the ability of the 
method to  separate calcium and strontium at high 
levels be evaluated. A synthetic “low assay” mix- 
ture was prepared containing 70% barium sulfate, 
20% strontium sulfate, and 10% calcium sulfate. 
This mixture was submitted for routine assay by the 
procedure given above. Duplicate results obtained 
were 71.6% and 70.6% BaSO,. The slightly high 
and relatively imprecise results obtained on this 
mixture may have been due to  coprecipitation of 
calcium and strontium. However, this experiment 
did demonstrate that essentially barium content is 
measured. 


Other Methods Investigated-As a check of the 
proposed method, an alternate assay method was 
developed. The sample was fused with sodium 
carbonate as in the proposed procedure above. 
After dissolving the barium carbonate in hydro- 
chloric acid, a slight excess of standardized EDTA 
solution was added and the pH adjusted to  about 10. 
The excess EDTA was back titrated with magnesium 
chloride using Eriochrome Black T indicator. In  
this method, calcium and strontium were also 
quantitatively titrated. These elements were deter- 
mined by atomic absorption and the assay corrected 
for their content. The corrected EDTA results 
showed about the same precision as the chromate 
assays and the averages of 10 determinations by each 
method differed by 0.05%. 


DETERMINATION OF SILICA 
Procedure-Transfer 0.5 g. of sample to  a plati- 


num crucible. Add 5 g. of anhydrous sodium 
carbonate. Heat over a Meker burner with occa- 
sional gentle swirling until the melt is clear and 
continue heating for an additional 30 min. Cool, 
rinse the outside of the crucible, and place it in a 
250-ml. plastic beaker. Add 100 ml. of water and 
heat on the steam bath with frequent stirring for 1 hr. 
Cool to room temperature. Rinse and remove the 
crucible. Filter through Whatman No. 42 filter 
paper into a plastic beaker and wash the precipitate 
and paper thoroughly. Prepare a blank by dissolv- 
ing 5 g. of sodium carbonate in about 100 ml. of 
water and carry through the remainder of the 
procedure. Add to the filtrate 15 ml. of 6 Nsulfuric 
acid. Adjust the pH to 4.5-5.0 with 6 N sulfuric 
or silica-free ammonium hydroxide if necessary. 
Heat on a steam bath t o  dispel carbon dioxide. 
Cool t o  room temperature, transfer to  a 2Wml. 
volumetric 5ask, and dilute to volume with water. 
Determine the silica colorimetrically as the reduced 
silicomolybdate complex as given by Boltz (4), using 
a 10-ml. aliquot of the solution. 


1 Personal communication, Dr. E. P. Salim, Drug Stan- 
dards Laboratory. 
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Results and Discussion-Fusion with sodium 
carbonate is the method commonly used in analyses 
of silica-containing materials and was found amen- 
able to  barium sulfate. However, the 30411. 
fusion time is necessary to convert all of the silica 
to  a soluble form. Samples fused only until the melt 
was clear gave results which were low and non- 
reproducible. Fusion times of more than 30 min. 
were not found to  be necessary. 


The following experiments were performed to 
check for losses of silica. The barium carbonate 
precipitate was checked for silica content on four 
replicates of a selected high silica sample which 
averaged 0.83%. The barium carbonate precipi- 
tate was dissolved in acid and tested by the colori- 
metric procedure. The amounts of silica found 
were 0.02, 0.02, 0.04, and 0.0570 on the total sam- 
ple basis. No silica was found on the filter paper 
after dissolution of the barium carbonate. This was 
checked by  igniting the paper, fusing the residue with 
sodium carbonate, and testing for silica colorimetri- 
cally. 


Silica in solution sometimes polymerizes and in 
some forms will not form the molybdate complex. 
Two of the solutions remaining after taking aliquots 
for the colorimetric determination were tested for 
silica gravimetrically. The results agreed with 
those obtained colorimetrically, indicating that all 
silica in the solution was in a complexable form. 


DETERMINATION OF CALCIUM AND 
STRONTIUM 


Procedure-Weigh 0.25 g. of sample into a 150- 
ml. beaker and add 5 ml. of 70% perchloric acid. 
Cover with a watch glass and heat on a hot plate 
until dissolved (15-30 min.). A trace of silica may 
remain. Cool, wash down the watch glass and 
sides of the beaker with a small amount of water. 
The barium sulfate will reprecipitate. Add 50 ml. of 
0.1 M EDTA solution and adjust the pH to about 
10 with 20% sodium hydroxide solution. Cover 
with a watch glass and boil to  redissolve (about 30 
min.). Cool, transfer quantitatively to a 1Wml. 
volumetric flask, and dilute to  volume with water. 
Prepare a reagent blank and carry it through the 
entire procedure. Determine the calcium and 
strontium content of these solutions by atomic 
absorption spectrophotometry using the standard 
addition-extrapolation technique. Calculate the 
percent calcium sulfate and strontium sulfate in the 
sample. 


Alternately, the samples can be compared with 
known mixtures of BaSO4, CaSO4, and SrW4 by 
X-ray 5uorescence. The two methods were 
found to give equivalent results. 


COMPOSITION OF BARIUM SULFATE USP 
Qualitative spectrographic analysis indicated only 


trace contamination by other cations except sodium 
and potassium. It is estimated that their combined 
concentration is less than 0.1%. The composition 
of barium sulfate indicated by these analyses is sum- 
marized in Table 11. 


THE IN VZTRO EXTRACTION OF 
STRONTIUM AND LEAD 


The only potentially hazardous substances en- 
countered in this study were strontium and lead. 
Tests were conducted with simulated gastric and 
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TABLE II-SUMMARY OF RESULTS, 


Loss on 
Ignition 


Sample Assay srsod CaSOd SiOt 1,ooooc. Total 
1 98.45 0.89 0.36 0.16 0.20 100.06 
2 98.20 0.96 0.46 0.16 0.20 99.98 


3 14 98.42 0.88 0.36 0.19 0.15 100.00 
316 98.62 0.92 0.29 0.12 0.16 100.11 
Precisionb f0.32 f0 .05  f0 .08  *0.04 - - 


Each value reported is the average of four determinations except the loss on ignition which is a single determination. 
Percent absolute, single determination, 95% confidence level. 


TABLE 111-EXTRACTION OF Bas04 WITH SIMULATED 


BaSO,. 3CLml. FLUID, 37°C.. 29 R.P.M. 
GASTRIC FLUID AND INTESTINAL FLUID-l@g. 


Sample 
25 
25 
25 
25 
25 
25 
25 


32 
32 
72 
72 


112 
112 
21 
21 
26 
26 


26 plus 1,000 
p.p.m. Pb 


26 plus 1,000 
p.p.m. Pb 


Hr. Ex- Hr. Ex- 
tracted tracted 


with with In- 
Gastric testinal 
Fluid Fluid 


- 4 


8 


24 


4 


8 


24 
4 addi- 16 


- - 
- 


- 
- 


tional - 24 


24 


24 


24 


24 


24 


24 


24 


24 


24 


24 


- 
- 


- 
- 


- 
- 


- 
- 


- 
- 


24 - 


p.p.m. Extracted on 
a Bas04 Basis, 


Atomic Absorption 
Pb Sr 
<1 
<1 
<1 
<1 
<1 
<1 
<1 


<1 14 
<1 0.9 
<1 9 
<1 1 
<1 13 
<1 2 
<1 10 
<1 2 


- 
- 
- - 
- 
- 
- 


-~ ~ 


<I 6 
<1 0 .6  
<1 8 


<1 0 .9  


intestinal fluids T.S. (5) to determine to what extent 
these elements were extracted from barium sulfate. 


Procedure-Ten-gram samples of barium sulfate 
were placed in 50-ml. bottles with 30 ml. of simulated 
gastric or intestinal fluids. The bottles were rotated 
at  29 r.p.m. in a 37’ water bath for various periods of 
time. The mixtures were centrifuged and filtered. 
The filtrates were tested for lead and strontium by 
atomic absorption. Standards were prepared with 
the simulated fluids to provide a constant matrix. 


Resul t sa ix  different samples of barium sulfate 
having total lead contents ranging from 15 to 70 
p.p.m. were treated by the above procedure using 
both fluids and extraction times from 2 to 24 hr. 
Results on all samples showed less than 1 p.p.m. lead 
(calculated on Bas04 basis) extracted into the gastric 
or the intestinal fluids as shown in Table 111. As 
a further check, one sample was spiked with 1,000 
p.p.m. lead (on the BaSO, basis) and carried through 


the procedure. Again, less than 1 p.p.m. lead was 
found. The removal of lead from the fluids in this 
experiment probably is due to adsorption and pre- 
cipitation since an excess of sulfate is always present 
in barium sulfate USP. 


Fluids from five of the samples were analyzed for 
strontium by atomic absorption. The strontium 
extracted into the fluids (in p.p.m. Sr on the Bas04 
basis) is listed in Table 111. The extracted residues 
contained 0.39-0.60% strontium. These results 
indicate only slight dissolution of strontium in either 
of the simulated fluids. 


SUMMARY 


A procedure has been developed for the assay of 
barium sulfate for compendia1 use. Replicate anal- 
yses in our laboratory on 52 samples indicate a pre- 
cision of &0.32y0 for a single determination a t  the 
95% confidence level. It is felt that the composition 
of barium sulfate USP has been characterized by this 
study. In sitro studies indicate that no appreciable 
quantitites of strontium or lead are extracted from 
barium sulfate by simulated gastric or intestinal 
fluids. 
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Methylglyoxal Bis (guany lhy drazone) Analogs VI . 
Methylglyoxal Bis (guanylhydrazone) Pamoate 


By EUGENE G. PODREBARAC and C. C. CHENG 


The pamoate of methylglyoxal bis(guanylhydrazone) was prepared. This com- 
pound, on a molar basis, is more active and less toxlc than the corresponding di- 


hydrochloride salt against leukemia L-12 10. 


HE ANTITUMOR ACTIVITY of methylglyoxal bis- T (guanylhydrazone), [methyl-GAG, Ia] , against 
leukemia G1210 in mice and adult acute myelocytic 
leukemia (1, 2) in man is now well known. This 
drug, however, was found to  be quite toxic (3, 4). 


NH 
II 


It 


RI--C=N-NH-C-NHZ 


Kn-C=N-NH-C-NHz 
I 


NH 
Ia, R1 = CHs, Rz = H 
b, Ri, Re = H 
C, Ri = CHzOH, Rz = H 
d, Ri, Rz = CH3 


Subsequent work revealed that, except for the un- 
methylated compound I b  which is almost as active 
(1) as Ia, other modifications of the basic structure 
failed to yield compounds active against leukemia 
L-1210 (5-9). The reported activity of hydroxy- 
methyl-GAG (Ic) was proved to  be erroneous 
since the originally synthesized IG (10) was found 
t o  be actually hydrated methyl-GAG (11-13). The 
authentic hydroxymethyl-GAG did not show the ex- 
pected activity (11-13). Although the compound 
4,4’-diacetyldiphenylurea bis(guanylhydraz0ne) 
[DDUG, 111, was found to  have marked activity 
against leukemia L-1210 (14), no cross-resistance 
between methyl-GAG and DDUG was observed 
(14-16). In addition, a structurally related com- 


CHS- N-NH-t-NHz c.= 


NH 
I 
C - 0  
I 
N H  


IJ 
pound, dimethyl-GAG (Id), is entirely devoid of 
antileukemia activity (6). Compound I1 is believed 
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1 Adordin to Chemical Abstracts, the name for this com- 
pound is 1J’- I(methy1)ethanediyIidenedinitriloldlguanidine. 


to be an analog of the terephthalanilide-type (15). 
In view of the aforementioned information, an 


attempt was made t o  modify the absorption and 
excretion pattern, rather than the basic structure, of 
Ia. Since salts of pamoic acid, due to their very 
limited solubility, are known t o  provide slow release 
of basic drugs and thus maintain a low level of drug 
in the blood stream,* the pamoate salt of methyl- 
GAG (111) ww prepared in this laboratory. 


H~=N-NH-C-NH~ H 
NH 


COOH 
I11 


The title compound was readily obtained by the 
reaction of methylglyoxal bis(guanylhydrazone) 
dihydrochloride and the disodium salt of pamoic 
acid. Equivalent amounts of pure starting ma- 
terials gave desired product of analytical purity in 
91% yield. 


Preliminary tests of I11 indicated activity in the 
9KB primary screen. Tests in the leukemia 
L-1210 system revealed that, on a molar basis, 
compound I11 is much more active and less toxic 
than the corresponding dihydrochloride salt (see 
Table I). For comparison, pamoic acid or its 
sodium salt possessed no anticancer activity against 
either sarcoma 180, carcinoma 755, or leukemia 
L-1210 in mice (21). 


That compound 111 is more than a simple acid- 
base compound was demonstrated by titration 
studies. The addition of two equivalents of base 
to an aqueous suspension of the compound, even 
after prolonged stirring, failed to yield a solution 
(a solution was obtained after the addition of four 
equivalents of base). Since these conditions should 
give freely water-soluble materials-the free base of 
methyl-GAG and the disodium salt of pamoic acid- 
it appears that the phenolic functions of the pamoic 
acid may play an important role in the composition 
of 111. As such, the pamoic acid salt of methyl-GAG 
is very different from the simple methyl-GAG salts. 


EXPERIMENTAL. 


One mole (257 g.) of the purified dihydrochloride 


f In the treatment of maluria, intramuscular injection of 
an oil sus ension of cycloguanil amoate was found to cur- 
tail the e&&~ of malaria in man & extended periods (17-19). 
In cancer chemotherapy study it WBS reported that the 
pamoates of various alkylating agents had signi6esntly 
better actions in prolonging the survival time of mice with 
ascites tumors than their corresponding hydrochloride salts 
(20). 
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Dose 
(i.P.1. 


mg./kg. 


400.0 
300.0 
100.0 
60.0 
60.0 
60.0 
40.0 
25.0 
25.0 
18.0 
16.0 
11.1 


1000.0 
800.0 
800.0 
400.0 
200.0 
200.0 
100.0 
50.0 
25.0 
19.0 
15.6 
12.0 
7.8 


TABLE I-COMPARISON OF ANTILEUKEMIA ACTIVITY 
OF THE DIHYDROCHLORIDE AND PAMOATE OF 


MEmYLcLYoxAL Brs(GuANYLHYD~zoNE) 


to give 536 g. (91% yield) of the parnoate salt of 
methylglyoxal bis(guanylhydrazone), m.p. 262-263" 
dec.; A::=: 282 mfi (e 61,800); 273 mfi ( e  63,600). 


absomtion Deaks at 300 and 288 mu and a shoulder 
LEUKEMIA L-1210 IN MICE' 


A~€I m... 11 327 mp (e 34,100); 235 mfi (e 94,200). Minor 


Animal Percent at 27? mp ;ere noted in pH 11. . 
Anal.-Calcd. for CZEH&PNSOB.H~O (mol. wt. 


89 Found: C, 56.98; H, 4.71; N, 19.27; HzO, 3.00. 


Survivors Cures Wt. Diff. T/Cb 


590.6): C, 56.94; H, 5.12; N, 18.97; HzO, 3.05. Me-GAG .2HCl 


-3.8 
0/7 
5/7 
7/7 -2.0 144 


-2.3 168 
-1.2 138 


6/6 


-1.4 114 
6/6 


-0.1 139 
5/6 


-1.2 160 
6/6 


-0.5 135 
6/6 


-0.4 115 
6/6 


-0.8 124 
6/6 


-0.3 118 
6/6 
6/6 


l o p 0  -1.6 608 
Me-GAG . Pamoate 


l o p 0  -1.2 170 
10/10 1 -2.4 257 
l o p 0  -1.7 196 
in/in -1.3 157 ~. ~ 


ioiio 1 -1.6 264 
10/10 -1.1 210 
10/10 -0.8 166 
gig -1.2 136 


0.3 123 ~~ 


-1.8 135 
-1.7 125 
-1.1 116 


a Biological testing was performed by contract screeners 
of CCNSC. b T/C - survival time: test/control. 


salt of methyl-GAG was dissolved in 2,500 ml. of 
distilled water and the solution warmed to 80'. 
A disodium pamoate solution was prepared by dis- 
solving 1 mole of disodium pamoate monohydrate 
(450 g.) in 2,800 ml. of distilled water. The solution 
was warmed t o  70°, treated with Norite, then filtered 
(still had red-brown color). 


The Me-GAG.2HCl solution was stirred vig- 
orously at 80-90' while the disodium pamoate solu- 
tion at 70' was added portionwise during approxi- 
mately 45 min. A solid began to separate im- 
mediately. The reaction mixture was stirred at 
90" for 1 hr. then filtered. The filter cake was 
washed well with hot water then dried in a vacuum 
oven at  80-85" at  approximately 20 mm. for 20 hr. 
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charged salicylate ions will be attracted and ad- 
sorbed onto the positively charged micelles in such a 
manner of arrangement that gives rise to an increase 
in size and thereby to an increase in viscosity. As 
more acid is added more salicylate ions will be ad- 
sorbed ou the micellar surface and this continues 
till a maximum viscosity is reached. At this stage 
the micellar surface may have adsorbed sufficient 
salicylate ions to attain an equilibrium state so that 
further additions of the acid will tend to  upset the 
equilibrium resulting in a decrease in viscosity. 
When the amount of acid present exceeds that which 
can be solubilized by the micelles then the solution 
or gel becomes a suspension of salicylic acid in the 
surfactant solution. This change of nature of the 
system makes it  no longer a simple liquid system and 
this gives rise to non-Newtonian flow which is not 
unusual with the flow properties of most suspensions. 
In the case of the alkyl pyridinium compounds the 
flow properties remain non-Newtonian in the pres- 
ence of an excess amount of salicylic acid. This 
is also true for the alkyl trimethyl ammonium com- 
pounds studied previously (7). 
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Effect of Vagal Stimulation on Enterochromaffin 
Cell Granulation in the Guinea Pig Small Intestine 


By MARTIN F .  TANSY, ARTHUR S. MILLER, and ARTHUR STEIN 


Experiments are presented which study the effect of vagal stimulation on the entero- 
chromaffin cell granulation of the guinea pig duodenum. Concentration of gran- 
ulated enterochromaffin cells in specially stained intestinal sections is used to de- 
termine the response. The results indicate the vagus nerves per se and not hydro- 
chloric acid secretion, increased intraluminal pressure, or hyperperistalsis sig- 
nificantly alter the granulation of these cells. The data also suggest that vagal 


degradation may occur via a noncholinergic mechanism. 


HE IMPORTANCE of serotonin in  the gastro- T intestinal tract has received considerable 
investigative attention. Most of the studies, 
however, have been concerned with i ts  content, 
fate, and action; whereas, i ts  release has re- 
ceived much less attention. Serotonin release 
has primarily been concerned with the observa- 
tions that elevation of intraluminal pressure 
and/or increased intestinal motility augments the 
aniount of 5-HT released into the intestinal lmiien 
and venous blood (1) .  It has not, however, been 
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shown that distension or hyperperistalsis of the 
intestine, kept  within physiologic limits, produces 
in the intact animal a local or systemic discharge 
of serotonin from the enterochromaffin cells 
(8. 


Argentaffin enterochromaffin cells are distrib- 
uted throughout the mucosa of the gastrointesti- 
nal tract. They contain specific granules which 
are precipitated by  fornialin and will stain with 
silver salts (3) The complete chemistry of the 
granules is not known, but  Barter and Pearse (4) 
suggest a fully conjugated p-carboline derivative 
of serotonin may precipitate the silver to  give 
the a r g e n t f i n  staining reaction. In any event, 
considerable experimental evidence (5-7) has 
shown that a decrease in the granularity of these 
cells parallels the release of serotonin from the 
gut. This phenoinenon provides a convenient 
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histologic method for studying gastrointestinal 
serotonin release. 


The  present study was designed to provide 
information on the effects of vagal stimulation 
on the granulation of the enterochromailin cell 
system as a link t o  serotonin release in the 
bowel. 


EXPERIMENTAL 


Animals-Acute experiments were performed on 
76 healthy male guinea pigs, weighing 3-50 g., 
aged about 6 months. The strain was random bred 
from closed colonies obtained from the Marland 
Farms, Wayne, N. J. The guinea pigs were kept 
in the laboratory for an acclimatization period of 3 
days. Housing was in cages accomodating six 
animals. In addition to standard stock commercial 
pellet food, they were given “greens” and fresh tap 
water od libitum. All animals were fasted but 
allowed water 24 hr. before operation. 


Selection of the male guinea pig was for several 
reasons: (a) There is only one principal type of 
enterochromaffin cell in the alimentary tract of the 
guinea pig, the argentaffin cell (8). (b) The guinea 
pig has five to  eight times as many a r g e n t a n  entero- 
chromaffin cells in the proximal part of the duo- 
denum as the rat (9, 10). (c) There are fewer 
mast cells in guinea pig intestine compared to the 
greater number found in rat and mouse bowel. 
(d) It is generally agreed the a r g e n t d n  reaction 
is the most convenient and suitable means for 
demonstration of guinea pig enterochromafiin cells 
(11-13). In this animal, these cells exhibit an 
intense argentaffin reaction compared to  the weak 
reaction intensity of similar cells in other rodents. 
(e) Males were used because even in the same species, 
individual enterochromafiin cell counts vary de- 
pending on the animals’ sex. A greater number of 
enterochromaffin cells has been found in the adult 
female guinea pig than in the male (14-17). It was 
pointed out, however, that the enterochromaffin 
cell count varies with the stage of the estral cycle 
(17). 


Surgical and Recording Procedures-Under in- 
traperitoneal urethan anesthesia (1.5 g./kg.), a 
midline abdominal incision was made and both 
branches of the subdiaphragmatic vagus isolated 
and secured to  stimulating electrodes. In these 
laparotomized animals an opening was made in the 
stomach and jejunum, and in some animals the 
common bile duct was also ligated. These pro- 
cedures were effected to  minimize the effects of 
gastric juice acid, intraluminal pressure changes, 
and bile on the duodenal mucosa. In other animals 
the vagi were exposed, divided, and stimulated high 
in the neck. Peripheral vagal stimulation at the 
cervical level was carried out with the nerves either 
intact or cut. The external jugular vein was 
cannulated for administration of drugs. A tracheo- 
tomy was established in all animals for either re- 
cording intratracheal pressure with a volumetric 
transducer (Statham PT 5A) or inaintaining artificial 
respiration. Right carotid arterial pressure was 
recorded continuously using a pressure transducer 
(Statham P23 AC). Scalar lead I1 of the electrocardi- 


Electrical Stimulation-Bipolar electrodes were 
attached to the caudad portion of the vagus nerves 
and surrounded with liquid petrolatum to isolate 
the stimulating current. The vagi were stimulated 
with a stimulator (Grass model S8) rria an isolation 
transformer. The stimulus was applied for a total 
of 15 min., 5 min. on, 5 min. off. This stimulus 
pattern delivered at the nerve site was monitored 
with a n  oscilloscope (Tektronix 564). The voltage 
was varied between 1 and 10 v. depending on 
response of the organ to nerve stimulation. Stimuli 
were applied at frequencies varying from 1-250 
c.p.s./sec. Unless otherwise indicated, duration of 
the pulse was kept constant at 1 msec. throughout 
all experiments. In some cases, the duodenal 
musculature was stimulated directly using the same 
stimulus pattern. Control animals were similarly 
anesthetized, laparotomized, and remained on the 
operating table for the same period of time. 


Histology-The guinea pigs were sacrificed by a 
Harvard small animal decapitator. The pyloric 
antrum, gall bladder with biliary tree, and duodenum 
were immediately excised, rinsed in Tyrodes, and 
fixed in 10% formalii. After 24 hr. fixation, sec- 
tions of proximal, intermediate, and distal duodenum 
were selected and trimmed to  about 4 mm. in length. 
Every attempt was made to  consistently define from 
animal to  animal, the precise anatomic tissue selec- 
tion site for histologic evaluation. The proximal 
portion of duodenum was defined as that segment 
juwte the pylorus situated between the pyloric ring 
and entrance of the common bile duct. Selection 
of middle and distal portions of duodenum, however, 
tended to be more subjective due to  absence of 
gross anatomical landmarks. From each specimen 
2 t o  3 transverse par&n sections were cut at 6 p .  
Sections were stained by the Fontana-Masson 
technique, counterstained with eosin, and mounted 
in a fixative (Permount). 


Cell-Counting Technique-To give numerical 
results, argentaffin cells in each specimen were 
counted in adjacent fields at 43OX using a light 
microscope. This method of determining the number 
of a rgent f in  cells in terms per visual field of stated 
size has been successfully employed in a number of 
studies (5, 18, 19). As a point of reference each 
section was adjusted so that musculature was always 
present in the microscopic field. The distribution of 
argentaffin cells is not uniform over the mucosa. 
The heaviest concentrations are found in the basal 
area, therefore, tangential sections were rejected as 
such fields contained a disproportionate amount of 
basal area. The number of cells in each tissue was 
expressed as cells per high-power field (H.P.F.). 
Up to  40 fields in each section were counted de- 
pending on circumference of tissue available. The 
mean number of cells/H.P.F. was calculated for the 
three specimens of duodenum in each animal. All 
sections were judged under blind conditions. The 
t test was used to determine the significance of 
differences between mean values of all reported 
data. P values are indicated where applicable. 


Drugs-Each of 12 guinea pigs received an intra- 
venous injection of atropine sulfate, six at a dose of 
5 mg./kg., the remainder at 10 mg./kg. vid the 
external jugular vein immediately before surgical 
exposure and mechanical stimulation of the cervical 


ogram and tachograph was also recorded. All vari- vagi. Four atropine controls were also employed. 
ables were charted on a polygraph (Grass model 7). To  asccrtaiii if this mcthod was sensitive enough to  
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detect changes in enteiochromaffin cell granulation, 
reserpine' was administered to 6 animals. A single 
injection of reserpine (30 mg./kg.) was given 
intraperitoneally after the volume of the solution 
was adjusted to 4.0 Inl. with warm saline. A com- 
parable number of control animals received a similar 
volume of physiologic sodium chloride at 37'. 
Twenty-four hours postinjection, the reserpinized 
animals exhibited a 90% decrease in their mucosal 
granulated argentaffin cell count. This acknowl- 
edged chemical degranulator served as an effective 
technique control. 


RESULTS 


The results of these experiments indicate that the 
distribution of argentaffin enterochromaffin cells 
within the guinea pig duodenum varies considerably. 
The most consistent distribution as well as the 
greatest number of cells was found in the section of 
duodenum between pyloric ring and opening of the 
common bile duct. In some animals, however, peak 
levels of density occurred in the middle third of the 
duodenum. The lowest number of cells was always 
found in the distal segment. 


Regardless of sectional origin, enterochromafin 
cells were most numerous in the basal mucosa, 
especially in the crypts of Lieberkiihn. Occasionally 
individual enterochromaffin cells were found in the 
villi and/or submucosa. No stained entero- 
chromafin cells were detected in musculature. The 
argentaflinity also varied considerably from animal 
to animal but no gcneral difference was noticed 
between the villous and basal enterochromaffin cells 
in staining intensity. For the most part, entero- 
chromaffin cells were easily distinguishable from 
other intestinal cells and hemosiderin-laden macro- 
phages. The surgical procedure had no discernible 
effect on the enterochromaffin cell population. 


Under the conditions of this experiment, peripheral 
vagal stimulation at  either 10 v., 25 c.P.s., or 1 v., 
250 C.P.S. for 1 msec. produced a significant reduc- 
tion in argentaffin-positive enterochromaffin cell 
granularity in guinea pig duodena (Fig. 1). The 
percentage reduction of granulated argentaffin- 
positive cells with current of low intensity (1 v., 
1 msec., pulse a t  250/sec.) ranged from 60 to  91% 
with a mean reduction of 73y0 a t  the p <0.005 
level, compared with control animals. At increased 
current strength (10 v., 1 insec., pulse at 25/sec.), 
the percentage degranulation ranged from 22 to  
82% with a mean reduction of 60% which proved 
highly significant. A 50y0 reduction of cell granu- 
larity was noted in those animals which were sub- 
jected to direct electrical stimulation at  low voltage, 
high frequency stimulus parameters, to their 
duodenal musculature. 


As previously reported (20), the administration of 
atropine sulfate (5-10 mg./kg.) by itself had no 
effect on the enterochromaffin cell granulation. 
The argentaffin degranulation which had been ob- 
tained in control animals upon peripheral vagal 
stimulation was not abolished by atropine at any 
dose, even though the cholinergic cardiovascular 
responses to cervical vagal stimulation were com- 
pletely blocked. The results of vagal stimulation 
under tliese various conditions are summarized 
in Fig. 2.  
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Fig. 1-Photomicrograph of a representative control 
section (left) and a section from a vagally-stimulated 
animal (right). Greater numbers of argentafin 
cells are apparent i n  the control section adjacent to 
Brunner's glands ( g ) .  (m) indicates the tunica 


muscularis (Fontana-Masson stain, X 100) .  


DISCUSSION 


Many of the observations on the distribution of 
enterochromaffin cells in this study are in agreement 
with earlier findings (9, 21-23). Hoeschen (9) also 
found guinea pig enterochromaffin cells were most 
numerous in that portion of duodenum adjacent to 
the pylorus and that the count markedly decreased 
in the distal part of this segment. This segmental 
gradient has too often been overlooked in interpret- 
ing changes in enterochromaffin cell granulation 
evoked by electric and pharmacologic stimuli. 


Routine histologic examination of guinea pig 
duodena showed enterochromafin cell granularity 
to be decreased following peripheral vagal stimula- 
tion. The effects of vagal stimulation on entero- 
chromaffin cell density appear to depend on strength, 
duration, frequency, and mode of application of the 
stimulus. The degree of degranularity may be 
frequency-dependent. In any event, vagal de- 
granulation was not attributable to  changes in 
intraluminal pressure because the stomach and 


T 


I 1 2  !I- 3 
Fig. 2-Bar 1 :  controls; Bar 2: abdominal nragal 
stimulation with relatively high voltage, low frequency; 
Bar 3: abdominal vagal stimulation with low voltage, 
high .frequency; Bar 4: direct electric stimulation to 
duodenal musculature; Bar 5: atropinized controls 
(5-10 mg./kg.); Bar 6: cervical vagal stimulation 
i n  the atropinized animal. Each bar represents the 


mean value f standard deviation. 
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jejunum were opened at the time of stimulation, 
thereby negating any rise in pressure. The influence 
of any major endocrine system on enterochromaffin 
degranulation seemed unlikely because of the rela- 
tively short period and pattern of stimulation used. 


Visual inspection of the atropinized animals’ 
small intestine revealed an absence of spontaneous 
motor activities. In fact, during the stimulus 
interval, the small intestine remained atonic, 
flaccid, and completely quiescent. However, animals 
who had direct electric current applied to their 
duodenal musculature, exhibited increased intestinal 
motor activities, but the augmented motility was 
not as  effective in degranulating enterochromaffin 
cells as was nerve stimulation. These observations 
led to  the conclusion the vagus nerves per se and not 
hydrochloric acid secretion, increased intraluminal 
pressure, hyperperistalsis, or bile release altered the 
granularity of the enterochromaffin cells of the 
guinea pig small intestine. 


Even more surprising was the fact that although 
atropine blocked the cardiovascular parameters 
to cholinergic stimulation, it failed to  block the 
enterochromaffin cells from discharging their gran- 
ules on cervical vagal stimulation. Straub and 
Stefansson (26) have shown convincingly in the 
guinea pig that stimulation of the vagus in uiuo 
evokes small intestinal peristalsis which is easily 
blocked by atropine, even in doses as small as 
10 mcg./kg. Assuming an even distribution of the 
drug, this would represent a concentration of 
which is in reasonable agreement of atropine re- 
quired to block acetylcholine contractions on guinea 
pig ilea in uitro (27). In view of this, plus the high 
dosage level (10 mg./kg.), it  seemed unlikely that  
atropine failed to  block enterochromaffin degranula- 
tion to  vagal stimulation due to acetylcholine release 
in an area where atropine was unable to penetrate. 
Furthermore, difficulty of access was not likely to  
be the answer here because the motor response of 
the bowel to  peripheral vagal stimulation appeared 
to have been successfully blocked, suggesting that 
atropine had penetrated at least to the site of nervous 
action in the muscle. If, on the other hand, the 
neural pathway controlling enterochromafiin cell 
degranulation is acetylcholine mediated, it is cer- 
tainly resistant to antagonism with atropine. 
Perhaps a more likely explanation is that vagal 
stimulation d e c t s  the enterochromaffin cell granula- 
tion in the guinea pig small intenstine v i a  a non- 
cholinergic mechanism. 


In summary, even though it was found adequate 
electrical stimulation of the vagus nerve does alter 
granulation of guinea pig enterochromafiin cells, 


. 


Enterochromaffn cell granulation-guinea pig 


Vagal stimulation-enterochromaffin cell 
duodenum 


granulation 
1 Atropine-enterochromaffin cell granulation 
~ Reserpine-enterochromaffin cell granulation 


1909 


more work is needed to define the nature of the 
nerve fibers coursing in the vagus responsible for 
degranulation. Furthermore, even though the 
present experiments support this concept of sero- 
tonin release by vagal stimulation, at  least as 
measured by enterochromaffin granulation, it 
remains to be seen if degranulation of entero- 
chromaffin cells can be directly correlated with 
decreased tissue levels of serotonin under the condi- 
tions set forth in these experiments. 
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Amanita muscuria (Fr.) Hook, Eugster isolated an 
extremely unstable 4-substituted indole derivative 
having UV spectrum practically identical with that 
of psilocybin. Stein et al. also isolated an unknown 
compound from Panaeolus erenenosus Murr. This 
compound also had an almost identical UV spectrum 
as psilocybin, with absorption maxima a t  220,265, 
and 288 mp. Its high melting point (>250" dec.) 
suggests its identity with baeocystin. 


The occurrence of baeocystin and norbaeocystin 
in P. baeocystas indicates that this fungus can serve 
as an appropriate organism for studying the bio- 
synthesis and the metabolism of psilocybin. Earlier 
studies by Agurell et al .  (8, 9) indicated that Psilo- 
cybe cubensis uses the following pathway in the bio- 
synthesis of psilocybin : tryptophan -P tryptamine 4 


N-methyltryptamine -P N,N-dimethyltryptamine 
-* psilocin + psilocybin. Recent studies by Agurell 
and Nilsson (10) suggest that this fungus can also 
use an alternative route wherein phosphorylation 
precedes methylation. The high concentration of 
4-hydroxytryptamine incorporated into psilocybin 
and the detection of psilocybin-like compounds 
were cited as evidence for this alternative pathway. 
The presence of psilocybin analogs in P .  baeocystis 
suggests that the alternative pathway is probably 
the major route utilized by this fungus. Hence, it 
should be an ideal organism for further study of the 
alternative route. 


The isolation of baeocystin and norbaeocystin 
offers a possibility of testing the serotonin hypothesis 
of mental illness (11). Norbaeocystin and baeo- 
cystin are the closest known serotonin analogs which 
have one of their enzyme-susceptible groups pro- 
tected. Whether or not this may have any bio- 
chemical or pharmacological significance remains 
to be studied. 


SUMMARY 


The detection of unknown tryptaiuine deriva- 
tives in P. boeocyslis has led to the isolation of two 
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new compounds from submerged cultures of this 
fungus. The isolation procedure involved column 
chromatography of a methanol extract of the fungal 
tissue on powdered cellulose and on activated 
silicic acid. The structures of these compounds 
have been determined to be the monomethyl and 
demethyl analogs of psilocybin by TLC charac- 
teristics, color reactions, UV, IR, and mass spectral 
analyses. These compounds have been named 
baeocystin (monomethyl) and norbaeocystin (de- 
methyl). 


REFERENCES 


(1). Hofmann, A., Heim, R.,  Brack, A., and Kobel, H. ,  


(2) Leung. A. Y. ,  Smith, A. H., and Paul, A. G.,  J .  Pharm. 


(3) Leung, A. Y.. and Paul, A. G., ibid. .  56, 146(1967). 
(4) Venker, P. ,  and Schmidt, G., J .  Chromafog., 9, 121 


Erperrenlra, 14, 107(1958). 


Sci., 54, 1576(1965). 


(lQfi3) 
~ -"--, . 


(5) Stoll. A,, Troxler, F.. Peyer, J., and Hofmann, A., 


(6) Eugster, k. $., Rev. Mycol. 24 369(1959). 
(7) Stein, S. I. ,  Closs, G .  L., a'nd babel, N .  W., Myco- 


(8) Agurell, S. ,  Blomkvist. S., and Catalfomo, P. ,  Acla 


(9) Agurell, S.. ibid., 3, 71(1966). 
(10) Amrell, S.. and Nilsson, L.. Acla Chcm. Scand., in 


Helu. Chrm. Acla 38 1452(1955). 


palhol. Mycol. A M . ,  11, 205(1959). 


Phurm. Suecica, 3, 37(1966). 


press. 


choses, 
(11) ,Woolley, D. W., "The Biochemical Bases of Psy- 


Wiley, New York. N. Y., 1962. 


Keyphrases 


Psilocybin analogs-Psilocybe bneocysfis 
Baeocystin-isolation, identification 
Norbaeocystin-isolation, identification 
TLC-separation, identity 
UV spectrophotometry-identity 
IR spectrophotometry-identity 
Mass spectroscopy-structure 


N-Acyl Analogs of N-( 2-Cyanoethyl)cyclohexylamine 
with CNS Activity 


By W. D. ROLL 


A series of substituted aryl amides of N-(2-cyanoethyl)cyclohexylamine was synthe- 
sized and screened for their effect on the central nervous system. Members of this 
series exhibit a pronounced effect o n  the spontaneous motor activity of mice, usually 


accompanied by varying degrees of activity on blood pressure in  rats. 


UBSTITUTED AMIDE analogs of N-(a-cyano- appear to  ac t  on the central nervous system either S ethy1)cyclohexylamine (Abbott Laboratories) by  stimulation or depression in small animals de- 
pending on the dosage. The compounds reported 
herein exert a depressant action on the sponta- 
neous motor activity of mice at a dosage of 4 
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TABLE I-N-ACYL ANALOGS OF N-(~-CYANOETHYL)CYCLOHEXYLAMINE 
0 


R CH&H,CN 


I 


Compd. M.p., -UV”- -1R-y Yield, -Anal.. %---- 
No. R OC. h ,mp e C=O CN % Formula Calcd. Found 


77-78 


Oilb 


4 3 4 4  


93-94 


48-49 


56-57 


74-75 


48-49 


56-57 


282 1679 1,630 2,265 76.8 CnHnNzOz C, 71.30 C, 71.33 
H, 7.74 H, 7.78 


282 2040 1,630 2,265 75.0 Ci~H~1zNz0e C, 71.30 C, 71.77 
H, 7.74 H, 7.83 


282 2611 1,630 2,265 74.5 Ci~H2zNzOz C, 71.30 C, 71.45 
H, 7.74 H, 7.80 


266 1500 1,630 2,265 79.4 CisHi9ClNzO C, 66.08 C, 66.20 
H, 6.58 H, 6.50 


266 757 1,630 2,265 75.0 Ci&sCINsO C, 66.08 C, 66.12 
H, 6.58 H, 6.63 


266 391 1,630 2,265 78.4 Ci&Ii&!lN20 C, 66.08 C, 66.14 
H, 6.58 H, 6.60 


264.5 1220 1,630 2,265 72.5 CirHnNzO C, 75.52 C, 75.80 
H, 8.20 H, 8.25 


264.5 1785 1,630 2,265 71.5 Ci7HnNzO C, 75.52 C, 75.89 
H, 8.20 H, 8.29 


264.5 451.6 1,630 2,265 72.5 Ci~HzzNz0 C, 75.52 C, 75.92 
H, 8.20 H, 8.30 


Measured in 95% EtOH. * Purified by chromatography (eluted with petroleum ether) on silica gel, n’; 1.5390. TLC 
showed single spot. 


mg./kg. and, in addition, they produce a fall in 
blood pressure in rats. The methoxybenzyol 
analogs (Compounds 1, 2,3) caused the most pro- 
found effects on both the central nervous system 
and the blood pressure; the chlorobenzoyl analogs 
(Compounds 4, 5, 6) demonstrated similar but 
intermediate activity; and the toluoyl analogs 
(Compounds 7, 8, 9) appeared to have the least 
effect. Within each group the para-substituted 
derivative was the most potent compound. 


At a dosage of 2 mg./kg. the para- and meta- 
methoxybenzoyl analogs (Compounds l and 2) 
produced an increase in the spontaneous activity 
of mice, and the former compound antagonized 
the depressant action of perphenazine. The 
para-chlorobenzoyl analog (Compound 4) also in- 
creased the spontaneous motor activity of mice a t  
this dosage. 


EXPERIMENTAL 


Analyses for carbon and hydrogen were obtained 
with a Coleman carbon-hydrogen analyzer. Melt- 
ing points were determined using a Mettler FP-1 
melting and boiling point apparatus. IR absorption 
spectra were obtained with a Perkin-Elmer model 
137-B spectrophbtometer and UV data were ob- 
tained with a Bausch and Lamb Spectronic 600. 


Syntheses-The compounds were prepared 
(Scheme I) by a modification of the Schotten- 
Baumann (1, 2) reaction. A mixture of 15 ml. of 
chloroform, 0.01 mole of N-(2-cyanoethyl)cyclo- 
hexylamine, 60 ml. of 5% sodium hydroxide, and 
0.01 mole of acyl halide was shaken in a separator a t  
room temperature until the exothermic reaction was 


complete. The chloroform layer was washed with 
water, dried with anhydrous sodium sulfate, and 
evaporated in vacuo to  give viscous yellow oils which 
crystallized on standing for a period of several weeks. 
The crude products were recrystallized from aqueous 
ethanol to give the pure products listed in Table I. 


I.- CHCI, 


R )(&NgcN 0 


where R = 0, m, p-OCH3 (Compounds 3,2,1) 
0, rn, p-C1 (Compounds 6,5,4) 
0, m, p-CH, (Compounds 9,8,7) 


Scheme I 


Pharmacology-The depressant/excitatory effects 
of the compounds were determined in mice with 
actophotometers (Metro Industries, Inc.). The ex- 
perimental design and statistical treatment of data 
were that described by Watzman and co-workers (3). 
The total body movements of single animals were re- 
corded a t  30-min. intervals over a period of 2 hr. and 
the mean square root of the actual number of counts 
was plotted against time (Figs. 1 4 ) .  Twelve 
animals were used to study the effect of each com- 
pound at each dosage level. 


Direct blood pressure measurements were con- 
ducted in Wistar rats under urethan anesthesia, 1.2 
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50- 
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out in normotensive Wistar rats using the photoelec- 
tric tensometer (Metro Industries, Inc.). The rats 
were trained for indirect systolic blood pressure de- 


401 


0' 1 2 3 4  
0.5h. -RODS 


a 


ln 


L 
1 2 3 4 


0.5hr. PERIODS 


Fig. 1-The effect of N-(p-methoxybenzoyl)-N-(Z- Fig. 4-The effects of N-chlorobenzoyl analogs on the 
cyanoethy1)amine at elevated dosage, 4 mg./kg. spontaneous motor actitdy of mice. Key: A, pro- 


pylene glycol; B ,  p-chloro; C, m-chloro; D ,  o-chloro. Key: @, propylene glycol. 


g./kg. i.p., with a mercury manometer connected 
to  the carotid artery. Injections were made via the 
femoral vein. The effects of Compounds 1,2, and 4 
(Figs. 5-7) represent the mean responses of eight test 
animals. 


Indirect blood pressure measurements were carried 


0 
v) 


31 s 1 
1 2 3 4  01 


0.5hr. PERm 


Fig. 3-Spontaneous motor activity of mice: the 
antagonizing effect of N-(pnrethoxybe~oyl)-N-(2- 
c y a n o d h y 1 ) c y ~ o h ~ y ~ m i ~  on perphmraeine-treated 
animals. Key: 0, @rphena&ine; 0, perphenaeine 4- 


pnrethmybeneoyl anulog. 


b.p. 
mm 
Ha 


60- 


Fig. 6-The effect of Compozrnd 2 on blood pressure in 
the rat. 
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Fig. ?-The effect of Compound 4 on blood pressure is 
the rat. 
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cyclohexylamine, produced a high degree of excita- 
tion (Fig. 4), but its antagonism to 0.4-mg./kg. doses 
of perphenazine was insignificant. 


Although depression was the predominant symp- 
tom of animals receiving 4 mg./kg. of this compound, 
the degree of reduction in spontaneous motor ac- 
tivity was much less than in the case of Compound 1. 


The m-chlorobenzoyl analog, Compound 5, caused 
excitation during the first hour of measurement, but 
spontaneous activity rapidly decreased during the 
next 1.5-hr. period. Like Compound 3, the o-chloro- 
benzoyl analog (Compound 6) produced a slight re- 
duction in total activity. 


Blood pressure is markedly depressed by Com- 
pound 1, and to a somewhat lesser degree by Com- 
pounds 2 and 4 by doses of 4 mg./kg. i.v. (Figs. 5-7). 


Compound 1 produced a significant hypotensive 
effect when administered intraperitoneally to un- 
anesthetized normotensive rats (Fig. 8). 


‘7 
15044 


, O k % T G r G -  
TIME, mi” 


Fag. 8-The effect of Compound 1 on systolir blood 
pressure, 4 n i g . / k g .  i . p .  


RESULTS 


The oral administration of 4 mg./kg. of Compound 
1, N-(p-methoxybenzoyl)-N-(2-cyanoethyl)cyclohex- 
ylamine, in propylene glycol to mice resulted in a 
significant reduction in the spontaneous motor 
activity of mice (Fig. 1). A quieting or “taming” 
effect was seen in the animal at this dosage. Ataxia 
was clearly discernable in the animal a t  elevated 
dosages, i . e . ,  10 rng./kg. The rat responded even 
more dramatically to  elevated dosages, assuming a 
cataleptoid posture. 


A t  slightly lower oral dosages, i . e . ,  2 mg./kg. in 
propylene glycol, Compounds 1 and 2, N-(m-me- 
thoxybenzyl) - N - ( 2  - cyanoethyl)cyclohexylamine, 
produced excitation in mice, while Compound 3, the 
o-methoxybenzoyl analog caused a slight reduction 
in total activity (Fig. 2). This dosage level, in the 
rase of Compound 1, rather effectively antagonized 
the tranquilizing activity of orally, simultaneously 
administered 0.4 mg./kg. doses of perphenazine (Fig. 
3). 


Oral doses, 2 mg./kg. in propylene glycol, of Com- 
pound 4, N- (p-chlorobenzoyl)-N-(2-cyanoethyl)- 
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Antitumor Activity of Jnglans nigrct 
(Black Walnut) Extractives 


By UMESH C. BHARGAVA and BERTIS A. WESTFALL 


Antitumor activity of compounds present in  JUgrans nigra were studied on spon- 
taneous and/or trans lanted tumors in mice. Ellagic acid, juglone, and isolated 
fractions (strong a c i k ,  weak acids, and alkaloids) were injected intraperitoneally 
for 9-12 days. T h e  results showed that ellagic acid, juglone, and the “strong acids” 


fraction depressed the tumor growth rate significantly. 


AIN (1) observed that certain water-soluble rivatives (2) have been observed to increase the C polyphenolic compounds have the property life span and decrease the tumor size in mice. 
to  retard the growth rate of some experimental Since some species of walnut (3-5) contain 
rodent tumors; however, no proof was shown ex- polyphenolic and/or quinone constituents, and 
perimentally. Furthermore, certain quinone de- also since Juglans nigrn has been reported to in- 
___ 
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hibit the growth rate of some other plants ((i), 
i t  was thought that  active principles of walnut 
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Determination of Acetylsalicylic Acid, 


Articles 


Salic y lamide, 
Acetaminophen, and Caffeine in Tablets or 


Powders by Independent Methods 
By NORMAN SHANE and MARIE KOWBLANSKY 


A method, suitable for automation, has been developed for the determination of four 
compounds commonly found in analgesic tablets. T h e  tablet is  dissolved in  85 er- 
cent methano1,filtered to  remove the insoluble excipients, and three portions are taLen. 
T h e  first portion is analyzed for aspirin (ASA) by titration; the second portion, for 
acetaminophen (APAP) and salicylamide (SAL) by UV differential spectropho- 
tometry; and the third portion for caffeine (CAF), either by a unique differential spec- 
trophotometric operation, or by an extraction method, where the caffeine content is 
determined spectrophotometrically in  the UV range. The  average relative errors for 
each of the components are: 0.22y0 for aspirin, 0.51% for salicylamide, 0.80% for 
acetaminophen, 2.02 % for caffeine by method I, and 1. 18y0 for caffeine by method 11. 


HE ANALYSIS of a multicomponent system of T analgesics usually requires many multiple sep- 
aration steps or complicated UV, IR, or N M R  
methods, which demand solution of many simul- 
taneous algebraic equations. Column chro- 
matography (1) is a common procedure for the 
separation of phenacetin, caffeine, and acetyl- 
salicylic acid. Solvent extraction methods for 
separation of components are described (2, 3). 
Other methods for determining the various 
components involve infrared spectrophotometry 
(4, 9), ultraviolet spectrophotometry (5, (i), 


titration (2), phosphorimetry (7), and nuclear 
magnetic resonance spectroscopy (8). Salicylic 
acid, acetylsalicylic acid, salicylamide, caffeine, 
and phenacetin in  tablets or powders can be 
analyzed by spectrophotometric determination, 
requiring the solution of several algebraic expres- 
sions (10). Independent methods of analyzing 
for the constituents in  a multicomponent system 
give greater accuracy, precision, and less compu- 
tational problems than those which require the 
solution of simultaneous equations (1 1). 


Recently, work from this laboratory has shown 
the power of the pH chromophoric procedure for 
the assay of drugs (12-14). Utilizing this con- 
cept, a method has been developed which can in- 
dependently determine each of thc four subject 
components of a tablet or powder, with no inter- 
ferences from one another. It is not necessary 
to separate the components, except in the alter- 
nate method for caffeine, where just a simple 
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chloroform extraction is performed. The pro- 
cedures are very simple, rapid, accurate, precise, 
and can be ea.sily automated. 


EXPERIMENTAL 


Apparatus and Reagents 
Spectrophotometer-A Beckman D U  spectro- 


photometer was used for obtaining quantitative 
data for SAL, APAP, and CAF. A Beckman DK 2 
recording spectrophotometer was used to obtain the 
spectra in Figs. 5 and 6. 


Standard 1-cm. square fused silica cells were 
employed in all cases. 


Titration Apparatus-Experimental data were 
obtained with a Beckman model No. 1019 research 
pH meter set to read the millivolt scale, with a 
Beckman standard combination electrode filled 
with saturated aqueous KCI solution. 


Solvents-Spectral grade, analytical reagent 
methanol and chloroform (Merck Co.) were used. 
The solvent system, 857, methanol, was prepared 
by volume-volume dilution of anhydrous methanol 
with distilled, deionized water. The titration system 
was 0.5 N alcoholic potassium hydroxide from 
Hartman-Leddon Co., diluted with 85y0 methanol 
and standardized with potassium acid phthalate to 
be 0.02 N. 


Buffer Solutions-(a) pH 1.3; 250 ml. of 0.2 A4 
KCI, 336 ml. of 0.2 M HCI, and diluted to 1,000 
ml. with distilled water. 


( b )  pH 6; 250 ml. of 0.2 M KH2P04, 28 ml. of 
0.2 M NaOH, and diluted to 1,000 ml. with distilled 
water. 


( 6 )  pH 10; 250 nil. of 0.2 M H3B03, 250 ml. of 
0.2 M KCI, 220 ml. of 0.2 M NaOH and diluted to 
1,000 ml. with distilled water. ( In  all cases, re- 
agent grade materials were used.) All .analgesic 
compounds Le. ,  acetylsalicylic acid, USP grade; sal- 
icylamide, N F  grade; acetaminophen, NF grade: 
caffeine, USP grade, were checked for purity by 
infrared spectrophotometry. 
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RESULTS 


Acetylsalicylic Acid ( ASAtSeven synthetic 
tablets, which contained varied amounts of ASA in 
the presence of standard amounts of CAF (65 mg.), 
APAP (98 mg.), and SAL (130 mg.), were titrated 
for ASA with extremely good results. 


Salicylamide (SALFFigure 1 depicts three 
curves of absorbance readings at 330 mp of solutions 
containing SAL alone, SAL in the presence of vary- 
ing amounts of APAP, and SAL in the presence 
of standard amounts of ASA, CAF, and APAP. 
Since the three lines representing the relationships 
of the points coincide, it can be concluded that the 
determination of SAL in the tablets or powders 
is independent of the concentrations of the other 
ingredients, and therefore, no correction term needs 
to be applied in the calculations. By regression 
analysis the absorptivity for SAL a t  330 mp has 
been determined to be 36.5 absorbance units/(g./l.). 


Acetaminophen ( APAP)-Figure 2 depicts three 
curves of absorbance readings at 263.5 mp of solu- 
tions containing various concentrations of APAP 
alone, APAP in the presence of varying amounts 
of SAL, and APAP in the presence of standard 
amounts of ASA, CAF, and SAL. Since the three 
lines representing the relationships of the points 
coincide, it may again be concluded that the de- 
termination of APAP in the tablets is independent 
of the concentrations of the other ingredients. The 
absorptivity for APAP a t  263.5 mp, as determined 
by regression analysis is 38.6 absorbance units/ 
(g. / I .  ). 


Cafieine (CAF)-Method I (Differential Spectro- 


Tablets-The standard composition of the syn- 
thetic tablets which wereanalyzed contained 195 mg. 
of aspirin, 130 mg. of salicylamide, 98 mg. of aceta- 
minophen, and 65 mg. of caffeine. 


PROCEDURE 


The tablet to  be analyzed is crushed to a powder, 
quantitatively transferred to a 100-ml. volumetric 
flask, and approximately 4 ml. of chloroform is 
added (to dissolve the CAF). The solution is 
brought to  volume with 85y0 methanol, shaken to  
dissolve all the soluble materials, and filtered to 
remove the insoluble excipients (Solution A ) .  
From Solution ‘4, a 20-ml. aliquot is transferred 
into a 250-ml. beaker (Solution B), a 4ml.  aliquot is 
transferred into a 200-ml. volumetric flask (Solution 
C), and a 5ml.  aliquot is transferred into a 200-ml. 
volumetric flask (Solution D). 


Acetylsalicylic Acid (ASA)-To determine the 
ASA content, 100 ml. of 85% methanol is added to 
Solution B and a magnetic stirrer is placed in the 
beaker. Using 0.02 N alcoholic KOH, which has 
been standardized against potassium acid phthalate, 
the ASA is titrated potentiometrically with a stan- 
dard combination electrode filled with saturated 
aqueous KCI solution. As an alternate procedure, 
the solution could be titrated to an orange-red end 
point in the presence of chlorophenol red indicator. 
(Most tablets containing ASA also contain small 
quantities of salicylic acid, which are negligible when 
compared with the amount of ASA present. Since 
salicylic acid is also titratable by this procedure, the 
analysis cannot be carried out in the presence of 
appreciable amounts of salicylic acid.) 


Salicylamide (SAL) and Acetaminophen (APAP) 
-To determine the amounts of APAP and SAL, 
5 ml. of 0.5 M NaOH is added to Solution C; 
the solution is allowed to stand for approximately 
5 min. (to ensure complete conversion of ASA to its 
sodium salt), and then brought to  volume with 
distilled water. A 20-ml. aliquot of this solution is 
transferred into each of two beakers. To one beaker, 
10 ml. of pH 6 buffer is added, and to the other, 
10 ml. of pH 10 buffer is added. Using the pH 6 
buffer solution as the reference, and the pH 10 
solution in the sample position, absorbance readings 
are taken on a DU spectrophotometer at 330 
mp (for SAL) and 263.5 mp (for APAP). 


Cafieine (CAF)-Method I-To determine the 
amount of CAF in the tablet, Solution D is brought 
to volume with distilled water, and a 20-ml. aliquot 
of this solution is pipeted into each of two beakers. 
T o  one beaker, 10 ml. of pH 1.3 buffer are added, 
and to the other, 10 ml. of 1:  10 concentrated HCI: 
Hz0 solution. An absorbance measurement is 
made on a DU spectrophotometer at 283 mp, with 
the HC1 solution in the reference position. 


Method 11-An alternate procedure for the de- 
termination of the CAF content is to  bring Solution 
D to volume with 0.01 M NaOH, transfer a 30-ml. 
aliquot of this solution into a 250-ml. separator, 
and extract twice with 10-ml. aliquots of spectro- 
grade chloroform. The chloroform extract is 
collected in a 50-ml. volumetric flask and brought 
to  volume with the same solvent. The absorbance 
of this chloroform solution is read on a DU spectro- 
photometer at 276 mp with chloroform as the 
reference solution. 


mgs OF SAL INORIGINAL SAMPLE 
(BEFORE DlLUTlONS 1 


Fig. 1-Differential absorbances of various concentra- 
tions of SAL. Key: B, SAL alone; A, SAL in the 
presence of varying amounts of APAP;  0, SAL in the 
presence of standard amounts of APAP,  CAF, and 


ASA.  
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photometry)-Figure 3 summarizes a number of 
experiments that were performed to determine 
whether there is any interaction between any of the 
components in this procedure. Absorbances at 283 
mp are plotted for: (a) various levels of CAF alone, 
(b) CAF in the presence of SAL, (c) CAF in the 
presence of APAP, (d) CAF in the presence of ASA, 
and (e) CAF in the presence of all three components. 
As can be seen, curves 1 through 4 are linear and 
coincide, proving that there is no interaction. The 
absorbance readings for CAF in the presence of all 
three components are linear to  the 85mg. region 
(mg. in the original sample); above this quantity 
the plot deviates from linearity. This observation 
may be explained in the following manner. Direct 
spectrophotometry, where water is used as the 
reference solvent, indicates that the sample solu- 
tion containing 65 mg. of CAF plus standard 
amounts of the other components, reads about 1.2 
in absorbance. At 130 mg., the reading is approxi- 
mately 2.0. At this high absorbance, the phototube 
response to  the small amount of light transmitted 
through the solution becomes nonlinear. Therefore, 
due to  the high background absorbance of the other 
three components, readings above 0.125 are un- 
reliable. At 283 mp, the absorptivity for CAF, as 
determined by regression analysis, is 8.98 absorbance 
units/(g./l.). 


Method 11 (Extraction)-Figure 4 represents the 
following relationships: (a) absorbances of various 
concentrations of CAF in chloroform, and (b) 
absorbances of various concentrations of CAF 
extracted into chloroform from standard amounts 
of ASA, APAP, and SAL. In both cases the same 


mgs of APAP IN ORIGINAL SAMPLE 
( BEFORE DILUTIONS 1 


Fig. .?-Differential absorbances of various concentra- 
tions of A P A P  at 263.5 mp. Key: 0, A P A P  alone; 
A, A P A P  in the presence of varyzng amounts of SAL; 
a, A P A P  in the presence of standard amounts of 


SAL, ASA,  and CAF. 


I 0.300 
0.wt 


0.80 c 


mgs OF CAF IN THE ORIGINAL SAMPLE 
(BEFORE DILUTIONS 1 


Fig. 3-Differential absorbances oJ various concenfra- 
tions of CA F at 283 mp. Key: 0, CA F alone; A, 
CA F in the presence of SAL; m, CA F zn the presence 
of A P A P ;  +, CA F in the presence of ASA; a, CA F 
in fhe presence of standard amounts of A S A ,  A P A P ,  


and SAL. 


0 20 40 60 80 1 0 0  


m g s  CAF IN ORIGINAL SAMPLE 
(BEFOE DILUTIONS) 


Fag. 4-Standard calibration curve for CA F i n  chloro- 
form. Key: 0, CAF dissolved in CHC13; a, CAF 
extracted into CHCh from standard amounts of ASA,  


A P A P ,  and SAL. 
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TABLE I-STATISTICAL RESULTS FOR EACH PROCEDURE 


Average 95% 
No. Ob- No.of Relative Standard Confidence 95% Confidence 


servations Analysts Error Deviation Limits Limits, mg. 
ASA 7 1 0. 22y0 f o .  3070 f O .SOY0 195 f 1.15 
SAL 18 4 0.51% fO. 84% f 1. 6870 130 f 2.18 
APAP 18 4 O.800/, *1.00% f 2 . 0 0 y 0  98 f 1.96 
CAF (method I) 18 4 2.  02y0 *2.410/, f 4 . 8 2 7 0  65 f 3.13 
CAF (method 11) 24 3 1.18y0 f 1 . 4 3 7 0  f 2 . 8 6 7 0  65 f 1.86 


dilutions were made as described in the procedure, 
thus yielding the same final concentrations; how- 
ever, for the sake of simplicity, the absorbances are 
plotted for mg. of caffeine in the original sample. 
By regression analysis, the absorptivity of CAF in 
chloroform at 276 mp has been calculated to  be 47.4 
absorbance units/(g./l.), with a correction term of 
0.013. The CAF concentration, therefore, is 
calculated using the following relationship: (A276 + 0.013)/47.4 = g. of CAF/1. 


The statistical results for each of the procedures 
are summarized in Table I. 


DISCUSSION 


ASA is the only ingredient in the 85’% alcoholic 
solution that is titratable (assuming that the amount 
of salicylic acid present is negligible). The excipients 
of the tablet or powder have no effect. For auto- 
mation, spectrophotometric titration would be 
more workable than potentiometric titration. At 
the end point, a rapid color change of the dye 
indicator could be detected with a colorimeter or 
spectrophotometer. 


In the SAL and APAP procedure, the ASA in the 
sample is converted to the disodium salt of salicylic 
acid with 0.5 M sodium hydroxide (15). See 
Scheme I. 


,OCOCH3 ,ONa 


S c k m  I 
Since the pKal and pKa~ of salicylic acid are 3.0 and 
13.4 (16), respectively, in buffers p H  6 and p H  10, 
the disodium salicylate converts to  the monosodium 
salt (Scheme 11): 


.ONa .OH 


6 C O O N a  -+ @)-COONa 


Scheme 11 


Consequently, since equal amounts of sample are 
contained in both buffered solutions, the absorbances 
of the two solutions due to ASA (which has been 
converted to  monosodium salicylate) will exactly 
cancel each other, and the net absorbance will be 


The CAF (pKa = 13.39) (16) is in the same form 
at both pH’s. The predominant species of APAP 
(pKa = 9.0) (16) and SAL (pKa = 8.4) (16) a t  the 
two different pH’s are as in Schemes I11 and 
IV. 


Therefore, at these two pH’s each compound will 
exhibit different absorbance spectra. Consequently, 


W O .  


SAL aoH aoNa 
CONH, CONH, 


PH 6 pH 10 
Scheme 111 


013 ONa 


NHCOCH~ NHCOCH, 


PH 6 pH 10 
Scheme I V 


and the p H  10 solution is in the sample position, 
the spectra will automatically subtract in the spec- 
trophotometer, giving new characteristic spectra 
for APAP and SAL. 


Figure 5 depicts the Beckman DK 2 differential 
spectra of samples containing various concentrations 
of SAL alone, APAP alone, and only CAF plus 
ASA. The samples were prepared by  treating the 
individual components by the procedure described 
for SAL and APAP. The composition of the ref- 
erence and sample solutions are as follows: 


Absorbance 
Reference Sample 330 263.5 


PH 6 pH 10 mlr mr 


lent to ASA) 


Monosodium sali- Monosodium sali- none none 
cylate (equiva- cylate (equiva- 
lent to ASA) + 
CAF + CAF 


APAP APAP none yes 
SAL SAL yes none 


Neither CAF nor ASA (which has been converted to 
the monosodium salicylate) exhibit any absorbance 
from 255 to  340 mp. Therefore, the SAL and APAP 
content of the tablets may be determined differen- 
tially at 330 mp and 263.5 mp, respectively, since 


O.?, I 


0 3  I 0 1  


-0 I 


-0 I- 2 


Fig. 5-D$yereniiaZ spedra of S d L  (A, B, C), A P A P  
(A‘, B’, C’), and CAF + dSd (D). since the pH 6 solution is in the reference position 
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portion taken 
out and titrated + 
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of APAP and SAL, it was found that the pH 11 and 
pH 12 buffers caused an insignificant increase in 
absorbance Over that of the pH 10 buffer. 


I n  the differential spectrophotometric method for 
the determination;of CAF, two buffer solutions are 
used-pH 1.3 and 1:lO HC1:HzO solution. Since 
the pKa of the conjugated acid of caffeine is 0.61, 
caffeine exists predominantly as two different 
species a t  the two pH's. 


central automatic 
reservoir 


E _ _  


colorirnetrically dilutor 


/HtOl I I+ indicator 
ref. (cell 2) & ASA 


(cell 1) titrant 
0.02 N 
KOH 


- O Z O i  


portion taken 
out, diluted with 
.01 N KaOH, 
and extracted 
with CHCl3 


-""'o 2;o Z I O  zbo A ;Q ' 3LJ ' ' 
WAVELENGTH. mp 


automatically 
diluted with 
pH 6 buffer 


Fig. 6-Differential spectra of CA F (A, B, C, D) and 
S A L  + APAP + A S A  (E). 


Y 


APAP shows no absorbance at  330 mp, and SAL 
has an isosbestic point of zero absorbance at  263.5 
mp. A detailed explanation on the use of isosbestic 
point in spectrophotometry may be found (12). 
T o  ascertain that the pH 6 and pH 10 buffers cause 
maximum absorbance for APAP and SAL, pH 11 
and pH 12 buffers were tried instead of the pH 10 
buffer. A s  would be expected from the pK values 


with pH 10 huffer 
automatically diluted 


Caffeine Caffeine . H +  (conjugated acid) 
pH 1.3 1 : 10 HC1: HIO 
Therefore, caffeine should exhibit a differential 


spectrum between these pH's. Figure 6 demon- 
strates that CAF shows an absorbance maximum at  
283 mp. As expected from the pK values listed 
above, the other components exist as the unionized 
species in both buffers, and, therefore, exhibit no 
absorbance differentially. Unfortunately, the back- 
ground effect is too great to permit absorbance 
readings to be taken in the optimum range of 0.42 
absorbance units when the tablets are of standard 
composition. However, if tablets of different com- 
position are analyzed (where the background ab- 
sorbances are small), this procedure could prove to 
be very useful, since one could work a t  higher 
absorbances, with no interference from the other 
components. 


In the caffeine extraction method, APAP, SAL, 
and ASA are converted to  their sodium salts with 
sodium hydroxide and remain in the aqueous layer. 
The CAF, which is not affected by the sodium hy- 
droxide can then be easily extracted from the other 


loo-~ l l l .  volun1e 
tablet crushed 
and dissolved 
in 85:/;'/;, methanol 


I 
filter 


u sample 
absorbance a t  


276 mfi 


283.5 mp (APAP) 
two absorbance readings: 330 mp (SAL) 


Fig. ?'-Proposed schematic diagram for the automated system. 
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components with chloroform. However, it is im- 
perative to use 0.01 N NaOH, because a stronger 
concentration of the base can change the CAF 
structure (17), and, therefore, cause erratic results. 


Automation for the analysis of the four compo- 
nents can be performed by following the above 
procedures (extraction, rather than differential 
spectrophotometry is preferred for CAF). The 
results would be directly obtainable from the re- 
sponses of the recorders without need of any com- 
puters or calculating devices. The proposed sche- 
matic diagram for the automated system is shown 
in Fig. 7. 


The tablet is crushed and dissolved in 85% 
methanolic solution, which is filtered into a central 
reservoir. From this container, three portions are 
taken. One aliquot is colorimetrically titrated for 
ASA in the presence of dye indicator with 0.02 N 
KOH. A second aliquot is automatically diluted with 
a given quantity of 0.01 N sodium hydroxide, and 
the CAF is extracted into chloroform, which is 
read at 276 mp versus chloroform on a spectro- 
photometer. A third portion is automatically 
diluted and separated into two segments. To  one 
portion, a pH 6 buffer solution is added and passed 
through a reference flow cell located in a spectro- 
photometer. Simultaneously, a pH 10 buffer 
solution is added to  the other segment of the solu- 
tion and passed through a sample flow cell in the 
spectrophotometer. The wavelength scale is pro- 
grammed rapidly to two wavelengths-263.5 and 330 
mp. The APAP and SAL are determined at 263.5 
and 330 mp, respectively. 


The advantage of using these methods is that 
each specific procedure is independent of the con- 
centrations of the other components, and therefore, 
can be used either in the presence of large quantities 
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or in the absence of any of the other ingredients, 
with very good accuracy and precision. 
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Application of Sugar Coating to Tablets and 
Confections by Means of an Automated 


Airless Spray System I 
Investigation of the Direct Coating of Tablets 


By G. M. KRAUSE and T. L. IORIO* 


The practicability of directly applying sugar coating to unsubcoated tablets has 
been studied. Initial work performed indicates that such a procedure may be feasi- 


ble when used in place of current sugar-coating techniques. 


HE DEVELOPMENT of automated airless-spray though there is considerable information pertain- T film-coating methods has shown signs of ing to film coating by  this method, particularly 
significant growth in recent years (1-5). Al- with coating solutions consisting of organic 


solvents and polymeric materials, there is  little 
if any descriptive literature pertaining to  the use 
of aqueous solutions of sugar or syrups as the 
coating medium. At  the present time, sugar 
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Monomolecular Film Properties of Protective and Enteric 


Surface Pressure-Area Isotherms 
Film Formers I. Effect of Polymer Side Chain on 


By JOEL L. ZATZ*, NORMAN D. WEINER, and MILO GIBALDIt 


Polymeric film formers of pharmaceutical interest have been investigated using surface 
monolayer techniques. Surface pressure-area curves were obtained and evaluated 
for monomolecular films of several half-esters of o ly  (methyl vinyl ether/maleic 
anhydride) at the air-water interface. The  ester sit& chain was found to contribute 


significantly to the surface properties of the polymer. 


ILM COATINGS are widely used on pharmaceuti- F cal dosage forms as  protectives and as diffusion 
barriers to control drug release. A number of 
studies has been reported on the physical-chemical 
properties of free polymeric films (1-7). Although 
free films represent a useful model for evaluating 
the gross properties of applied films, they provide 
limited information of molecular interactions which 
in fact dictate the properties of the film. 


An interesting approach to the study of polymeric 
films is the use of techniques devised for investiga- 
tion of insoluble monomolecular films a t  the air- 
water surface. Monomolecular films or monolayers 
have been used as models for a number of biologic 
and physical-chemical processes. Goddard and 
Schulman (8) studied the penetration of cholesetrol 
films by surface-active agents and were able to 
relate their data to the ability of these surfactants 
to hemolyze red blood cells. More recently Schaub- 
man and Felmeister (9) discussed the biologic 
significance of the penetration of monolayers of 
lecithin by chlorpromazine, and Torosion and 
Lemberger ( 10) considered the physical-chemical 
interactions between lecithin and lipids in mixed 
monolayers. 


Crisp (11) studied a number of synthetic polymers 
on a surface balance and concluded that many 
polymers are spread completely at the air-water 
surface, a condition which must be met if the 
experimental results are to be properly interpreted 
(11-13). It would appear that the polymer molecule 
must have a degree of hydrophilic character but 
possess very limited solubility to form a stable 
monolayer (13). The applicability of monolayer 
techniques for studying polymeric material has 
been confirmed by a number of other workers 
(14-20). The polymer is applied to the aqueous 
surface or substrate in the usual fashion by dissolving 
it in a suitable solvent which can spread over the 
surface and subsequently evaporate or dissolve. 


However, the area per chemical segment or 
monomeric unit, rather than the area per molecule, 
is the preferred parameter to characterize the 
system since the force-area curves of polymers have 
been shown to be independent of the degree of 
polymerization (11, 14). 
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Monolayers of film-forming polymers may provide 
a useful model for the investigation of polymer 
structure and orientation, as well as the effect of 
pH and additives, on the properties of the polymer. 
The present report concerns the determination and 
evaluation of surface pressure-area curves for several 
half-esters of poly (methyl vinyl ether/maleic 
anhydride). These polymers have been evaluated 
previously as sustained-action coatings and appear 
to have potential for controlling drug release (5, 21). 
The structure of these polymers may be represented 
by 


OCHI 


--CHr-& H-CH-CH- [ .;(. 4 
HO 0-R I. 


where K is the hydrocarbon side chain, 
EXPERIMENTAL 


Reparation of Polymer Derivatives-The various 
half-esters used in this study were prepared from 
the same lot of poly (methyl vinyl ether/rnaleic 
anhydride)' (designated as PVM/MA) by slurrying 
the polymer in the appropriate organic alcohol 
(previously purified by repeated passage through an 
alumina-silica gel column), adding 0.1% HCl, and 
allowing the mixture to reflux at its boiling point 
for a specified period of time, as indicated in Table I. 
The resulting half-esters were purified by precipita- 
tion from ethyl ether or n-hexane and repeated 
washings with these solvents, and subsequently 
dried a t  30" in vucuo to constant weight. The 
degree of esterification was confirmed by titrating 
free acid groups with NaOH. All acid value 
determinations agreed within 6% of the theoretical 
values. 


' r A H L E  I-PREPARATION O F  POLY (METHYL VINYL 
ETHER/MALEIC ANHYDRIDE) HALF-ESTERS 


Segment 
Formula 


Ilerivative Weight Reflux Time, hr. 
Ethyl 202 4 
n-I'ropyl 216 6 
n-Butyl 230 7 . 2 5  
n-Pentyl 244 8 
n-Hexyl 258 9 


Determination of Surface Pressure-Area ( TA) 
Curves-The surface balance employed was made 
of Teflon and has been described in a previous 
report (22). Water was triple distilled in a glass 
still from an alkaline permanganate solution. 


1 Gantrez AN 119, General Aniline and Film Corp.. 
New York. N .  Y. 
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The half-esters were dissolved in a mixture of 
isopropanol and hexane and spread on the aqueous 
subphase by means of an Agla micrometer syringe. 
Preliminary experiments indicated that the addition 
of M HC1 to the subphase was sufficient to 
suppress ionization of the free carboxyl groups of 
the polymer derivatives. Surface pressure was 
determined a t  room temperature (24.0’ =k 0.5’) as 
a function of area using the Wilhelrny plate method 
(23, 24). 


RESULTS AND DISCUSSION 


The surface pressure-area (PA) isotherms de- 
termined with each half-ester are shown in Fig. 1. 
Each curve represents the average of three de- 
terminations. Data points have been eliminated to 
attain clarity. When the 6lms were spread with 
other spreading solvents, e.g., ethanol-chloroform- 
hexane, 1:1:3, or a t  different initial surface areas, 
curves identical to those in Fig. 1 were obtained 
indicating complete spreading (13). 


The PA isotherm obtained with the hexyl half- 
ester of PVM/MA is presented in Fig. 2 to depict 
the various regions of the curve which may be 
defined. In the expanded region (a) the molecules 
are relatively far apart and do not interact. Com- 
pression ( i . e . ,  decreasing the surface area occupied 
by the film) produces a “squeezing out” of water 
molecules and the segments approach each other. 
This phenomenon is reflected by the transition 
region ( 8 )  in the FA curve. In the condensed 
region ( y )  the segments are in close contact. In 
this region of the curve, a small change in area 
results in a comparatively large change in surface 
pressure. The marked increase in a in the condensed 
region probably reflects changes in orientation or 
configuration of the polymer. Crisp (11) has sug- 
gested that, in the condensed region, there is a 
gradual expulsion of hydrophobic groups from the 
surface into an “overElm” above the monolayer. 
The polymer molecule, however, remains anchored 
to the surface probably because of hydrogen bonding 
between hydrophilic groups and the water molecules. 
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As compression is continued, a point is reached 
where the film can no longer be accommodated as a 
monomolecular layer and the film collapses to 
form a three-dimensional bulk phase. The surface 
pressure a t  which this phenomenon occurs is termed 
the collapse pressure (Point A in Fig. 2). The 
collapse pressure is a function of both cohesional 
forces between polymer segments and adhesional 
forces between the polar groups of the polymer and 
the subphase (15). 


Point B in Fig. 2 represents the limiting area per 
molecular segment a t  zero surface pressure. It is 
obtained, as indicated, by extrapolating the con- 
densed region of the curve to the abscissa. At the 
limiting area the film is in a hypothetical state in 
which it is condensed under no external pressure. 


Examination of the PA isotherms in Fig. 1 
indicates a number of interesting relationships. 
For example, the collapse pressure is found to in- 
crease with increasing chain length of the ester. 
This suggests that cohesional forces, due to van 
der Waals’ interactions between the ester chains, 
contribute signiiicantly to the physical-chemical 
properties of the polymer. 


Previous workers (10, 17) have reported that 
ester groups of polymers are oriented in the cis- 
configuration a t  the air-water surface. Hence, 
the ester chain protrudes through the surface toward 
the gas phase. It is likely that the side chains of 
the PVM/MA half-esters are oriented in a similar 
fashion since the limiting area for all five derivatives 
is 48-50 A.a/segment. This observation implies 
identical configuration in the limiting case and 
thereby, the lack of contribution of the ester side 
chain to the limiting area. If the ester chain were 
oriented in the plane of the surface, then a direct 
relation between limiting area and the length of the 
ester chain would be apparent. 


The interactions between polymers and plas- 
ticizers, as well as the relationships between polymer 
chain length, plasticizer, and water vapor trans- 
mission are presently under investigation in an 
effort to elucidate the molecular considerations 
which control the properties of polymeric films. 
Finally, the results obtained using monomolecular 


I -.> 


&a* re“ uoyn CCl 


Fig. I-Surface pressure-area ( P A )  isotherms for 


hexyl; -..‘- , n-pentyl; - , n-butyl; -.-, n- 
propyl; ---, ethyl. 


various half-esters of P V M / M A .  Key:  - - - , n- 


I A 


-. - 
Fig.  Z-Sudace pressure-area fu-A) isotherm for  the 
n-beryl half-ester of PVMIMA.  The plot denotes the 
expanded (a), transition (b) ,  and condensed (y) regions 
of the film upon compression, as well as the collapse of 


the film ( A )  and the theoretic limiting area ( B ) .  
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films will be compared with literature data on free 
films in order to  evaluate the utility of the model. 
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Lipids .. from the Seeds of Abrus precatorizcs 
By MORTON S. LEFAR, DAVID FIRESTONE, EUGENE C. COLEMAN, 


NATHAN BROWN, and DONALD W. SHAW 


The lipids obtained from Abrns precatorim were separated into a saponifiable and 
unsaponifiable fraction. Analysis of the saponifiable fraction by gas-li uid chroma- 
tography (GLC) showed the presence of a series of C-8 to C-24 saturate] and C-16 to  
C-24 unsaturated acids. Column chromatography of the unsaponifiable material 
yielded a hydrocarbon, alcohol-methyl sterol, and sterol fraction. GLC showed that 
the hydrocarbon fraction contained squalene, a homologous series of C-16 to  C-3 5 
normal, is0 and/or anteiso, and possibly multibranched compounds. T h e  alcohol- 
methyl sterol fraction contained a series of c - 1 4  to C-28 normal alcohols i n  addition 
to 6-amyrin and cycloartenol. Stigmasterol, 8-sitosterol, and campesterol were the 


major sterol constituents identified by GLC. 


brus precatorius (also called Jequirity, Gunja, A Kunch, and Rati) is a perennial twiner belong- 
ing to  the family Leguminosae that grows throughout 
India and other tropical countries (1). It contains 
some of the most lethal plant poisons in the tropics. 
Many children have been attracted to  its color and 
have accidentally swallowed the seed. Jequirity 
beans are frequently used as eyes in dolls, toys, 
necklace beads, and clothing ornaments. Some of 
the preparations from this plant induced severe 
cytotoxicity in concentrations of less than 0.01 
mcg./ml. of solid material. Extracts of Abrus 
precatorius initially suppressed the growth of cancer 
cells and prolonged the survival of laboratory 
animals (2). 


The biological effects of extracts of the seed have 
stimulated the need for further information con- 
cerning the identity of the compounds contained in 
.4 brus precatorius. 


EXPERIMENTAL 
Source and Preparation of Material-Ripe seeds 


of dbrus precatorius were obtained from Herbst 
.~ 
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Brothers, Seedsmen, Inc., Brewster, N. Y. Ap- 
proximately 65 g. of seeds dispersed in powdered 
dry ice were ground to a powder in a Wiley mill. 


Extraction of Seeds-The powdered seeds were 
extracted successively with two 200-ml. portions of 
n-hexane, ethyl ether,’ and distilled water at room 
temperature, and finally with two 500-ml. portions 
of %yo ethyl alcohol in a Soxhlet for 6 hr. Evapora- 
tion of 250 ml. of the hexane and ether fractions 
yielded, respectively, 372 and 177 mg. of yellow 
oils. 


Saponifiable and Unsaponifiable Fractions-The 
saponifiable and unsaponifiable fractions were 
extracted (3). The alkaline soaps obtained were 
acidified with 1 + 1 HC1, extracted three times 
with petroleum ether, and then converted to the 
methyl esters (4). 


Gas-Liquid Chromatography of Methyl Esters- 
The mixture of methyl esters was subjected to 
GLC, using a Wilkins Aerograph model 1520 
instrument fitted with a flame-ionization detector 
The 2.7 m. X 0.6 cm. i.d. (9ft. X l/din.)aluminum 
column was packed with 20% polydiethylene glycol 


1 The ether and hexane extracted residues did not inhibit 
the growth of di loid cells (Hayflick strain, Wistar 138; 
obtained from Bartimore Biological Laboratories, Cockeys- 
ville, Md.). * Stationary phases, psckings. and standards were obtained 
from Applied Science Laboratories, State College, Pa. 








Structure and Synthesis of 
2-(4'-Substituted Pheny1)-A'-pyrrolines 
from 4-Phthalimidobutyryl Chloride 


via Friedel-Crafts Acylation 
By SHU-SING CHENG*, CLAUDE PIANTADOSIt, and J. LOGAN IRVIN 


2- (4'-Substituted phenyl)-Al-pyrrolines can be prepared conveniently from 
the hydrochlorides of 4'-substituted-4-aminobutyrophenones or their cyclization 
products, the corresponding A1- yrrolines hydrochlorides, by alkalinization. 
The hydrochlorides were preparecf by the hydrolyses of 4'-substituted-4-phthal- 
imidobutyrophenones, which were obtained from the Friedel-Crafts acylation 
reaction between the substituted benzenes and 7-phthalimidobutyryl chloride. 
Spectral evidence indicates that all the products obtained are A'-pyrrolines rather 
than the A2-isomers. This method should provide easy access to those 2-(4'- 
substituted pheayl)-Al-pyrrolines unavailable by other routes due to the unavail- 
ability of the corresponding @-cyan0 and y-nitro ketone intermediates or the cor- 


responding Grignard reagents. 


GREAT NUMBER of 2-aryl- Al-pyrrolidines A have been prepared for a variety of phar- 
macological studies. For instance, 2-phenyl- 
pyrrolidine has been found to possess a weak anti- 
hypertensive effect against small doses of nico- 
tine in the dog (1). These 2-arylpyrrolidines 
can be prepared from the low-pressure hydro- 
genation of the corresponding 8-aroylpropionitrile 
or the intermediate 2-aryl-A1-pyrrolines (2-5). 
Besides being employed as important intermedi- 
ates for preparation of a variety of compounds, 
A1-pyrroline has also been found to be a food 
flavor for fat or oil (6). However, the synthetic 
route mentioned above for the preparation of 
either aryl-A'-pyrrolines or pyrrolidines is limited 
by the availability of the corresponding p-aroyl- 
propionitriles and their precursors y-amino ke- 
tones in the form of Mannich bases as indicated 
by Burckhalter and Short (1). 


Other widely accepted methods for the syn- 
thesis of pyrrolines center on ,  the reductive cy- 
clization of y-nitro ketones (7 ,  8) or the Grignard 
reaction between 4-chlorobutyronitrile and al- 
kyl-, aryl-, or aralkylmagnesium halides (7, 
S16). All of the reductive cyclization reactions 
are based on the fact that the presumed inter- 
mediates, N-unsubstituted y-amino ketones, are 
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not stable and undergo dehydrative cyclization 
in the basic media. An early observation was 
made by Hielsher (17), who obtained 2-methyl- 
A*-pyrroline from the reaction of 5-bromo-2- 
pentanone and alcoholic ammonia a t  40-45". 
Subsequently, Gabriel and Colman (18), reported 
the isolation of 2-phenyl-A2-pyrroline hydro- 
chloride from an attempted synthesis of 4-amino- 
butyrophenone hydrochloride, and that the cor- 
responding pyrroline base was then obtained by 
alkalinization of the hydrochloride. Recent 
evidence has led to the concept that most of the 
A2-pyrrolines reported in the earlier literature 
and those obtained from reaction between Gri- 
gnard reagent and y-chlorobutyronitrile are best 
represented by A'-structures (7). In view of 
this fact and the observation made by Gabriel 
and Colman on the isolation of phenylpyrroline 
from the presumable cyclization of 4-amino- 
butyrophenone hydrochloride, i t  seemed feasible 
to prepare 2-(4'-substituted pheny1)-A'-pyrro- 
lines from substituted benzenes and y-phthal- 
imidobutyryl chloride via the Friedel-Crafts 
acylation reaction. 


Since most of the substituted benzenes undergo 
Friedel-Crafts acylation with ease and give fair 
yields, this route should provide those 2-(4'- 
substituted phenyl) -A1-pyrrolines which are diffi- 
cult to obtain by other routes due to the un- 
availability of either the corresponding @-cyano 
and y-nitro ketone intermediates, or the cor- 
responding Grignard reagents. 


In the work described herein, the condensa- 
tions of y-phthalimidobutyryl chloride with 
benzenes carrying ortho and para orienting groups 
afforded various substituted phenyl 4-phthal- 
imidobutyrophenones. These can be alkyl, alk- 
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oxyl, or halogens. However, iodobenzene failed 
to undergo the condensation under the influence 
of anhydrous aluminum chloride a t  elevated 
temperatures. Iodobenzene was decomposed 
with the liberation of iodine under these reaction 
conditions. The hydrolyses of these 4-phthal- 
imidobutyrophenones in a mixture of glacial 
acetic acid and concentrated hydrochloric acid 
resulted in either the hydrochlorides of phenyl 
substituted 4-aminobutyrophenones or the 2- 
(4'-substituted pheny1)- A'-pyrrolines. The lat- 
ter are regarded as the cyclization products of 
the former and are readily obtainable by either 
raising the reaction temperature during the 
hydrolysis or by lengthening the period of acid 
treatment. The preparation of #ara-substituted 
4-aminobutyrophenone hydrochlorides has re- 
cently been described in conjunction with 
the biological study of these compounds (19). 
By varying the reaction temperature and the 
length of a a d  treatment, both the open-chain 
Fra-substituted 4-aminobutyrophenone hydro- 
chlorides and the corresponding 2-(4'-substituted 
pheny1)- A'-pyrroline hydrochlorides can be ob- 
tained from the same reaction as will be described 
below. The open-chain fiara-substituted 4-ami- 
nobutyrophenone hydrochlorides are relatively 
unstable and tend to undergo dehydrative cy- 
clization to form the corresponding 2-(4'-sub- 
stituted phenyl) -A'-pyrroline hydrochlorides, par- 
ticularly during the melting process. For ex- 
ample, 4'-methyl-4-aminobutyrophenone hydro- 
chloride first melted at  142-143' and solidified 
when the temperature reached approximately 
160°, but after the material was cooled for several 
hours and reheated to determine the melting 
point, the melting did not occur until the tem- 
perature reached 201-202', which corresponded 
to the melting point of the product of the de- 
hydrative cyclization, 2-(4'-methylpheny1)-A1- 
pyrroline hydrochloride. Thus, it  is possible 
that the melting points that were reported for the 
other para-substituted 4-aniinobutyrophenone 
hydrochlorides may represent the melting points 
of the corresponding 2-(4'-substituted phenyl) - 
A I-pyrroline hydrochlorides, since the dehydra- 
tion process occurs readily at  elevated tempera- 
tures and the transition from one form to the other 
is not readily observable 


Since N-unsubstituted y-amino ketones do not 
exist in the form of free base, but as pyrroline 
derivatives, it  was conceivable that the 2-(4'- 
substituted pheny1)-pyrrolines could be ob- 
tained by the alkalinization of the corresponding 
4'-substituted-4-aminobutyrophenone hydrochlo- 
rides. The experiments described below prove 
this is the case. 
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Fig. 1-The 60-M6.p.s. proton N M R  spectrum of 2- 
(P'-methylphenyl)-A1-pyrroline in  CCl4 with tetra- 


methylsilane internal standard (107). 


All of the phthalimidobutyrophenones ob- 
tained from Friedel-Crafts condensations of 
4-phthalimidobutyryl chloride with the mono- 
substituted benzenes are the para-substituted 
4-phthalimidobutyrophenones as revealed by 
their IR spectra. The hydrolytic products are 
the corresponding para-disubstituted benzene 
derivatives (8.2-8.4 w and 12.1-12.3 1, fiara- 
disubstituted benzenes). The pyrroline bases 
obtained from the alkalinization of either the 
hydrochlorides of the y-amino ketones or the cor- 
responding pyrrolines are identical pairs, and are 
all A'-pyrrolines, as can be shown by the lack of 
the chemical shift for olefinic proton in the 2.8- 
5.8 T region of the 60 Mc. NMR spectra mea- 
sured in carbon tetrachloride, using tetramethyl- 
silane as internal standard (Figs. 1-3). In the 
spectrum of 2-(4'-methylphenyl)-A'-pyrroline, 
the chemical shift of the methyl protons on the 
phenyl ring appears as a singlet a t  7.68 7 ,  and the 
NMR pattern of the chemical shifts for phenyl 
protons agrees with that expected for para- 
disubstituted benzene with two different sets of 
protons. The two sharp bands a t  2.35 and 2.5 T 
may be assigned to the two phenyl protons a t  
the ortho positions related to the carbon atom 
which is at  the junction of the two rings and near 


the s-electron cloud of the --N=C/ whereas \ '  


PPM (6) 
a0 , 70 , 6.0 , 5;O . 4.0 .3p _ -  


Mo 200 
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Fig. 2-The 60-Mc.9.s. proton N M R  spectrum of 
Z-(P'-chlorophenyl)-A'-pyrroline in  CClr with telra- 


niethylsilane internal standard (107). 
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Fig. 3-The 60-Mc.p.s. proton NMR spectrum of 
2-(4’-bromophenyl)-A1-pyrro2ine in CCL with tetra- 


methylsilane internal stundard (lor). 


the other two sharp bands a t  2.9 and 3.05 T 


might be the signals of the two other protons 
at  the me& positions related to the carbon at  the 


ring junction, and are far from the -N= 


All of the NMR spectra (Figs. 1-3) of the 2- 
(4‘-substituted phenyl)-Al-pyrroline bases 
studied herein display a quintet at 7.84, 7.95, 
8.09, 8.20, 8.33 7, and a triplet a t  7.10, 7.23, 7.36 
7, and another low-field triplet a t  5.95, 6.07, and 
6.20 T .  The quintet may be due to the resonance 
of the two protons a t  C4, split by two sets of two 
protons a t  Cs and C5. The high-field triplet may 
represent the chemical shift of two protons a t  Ca 
split by the two protons at  C4, whereas the low- 
field triplet may be assigned to the two protons at 
C5, which is in close proximity to the electron- 
rich nitrogen atom of the -N=C’ The spin- 


spin coupling constants are 7 C.P.S. for all the 
coupled protons mentioned above. 


The UV spectra of 2-(4‘-methylpheny1)-, 
2-(4‘-fluoropheny1)-, 2-(4‘-chlorophenyl)-, and 
2-(4’-bromopheny1)-A‘-pyrrolines in ethanol dis- 
play an absorption maximum a t  252 mp. These 
absorption maxima were displaced to longer wave- 
lengths when the ethanolic solutions were acidi- 
fied with 0.1 N hydrochloric acid to a final con- 
centration of approximately 0.001 N. The 
bathochromic shifts range from 13 to 23 mp. 
The W spectrum of 2-(4’-methoxypheny1)-A1- 
pyrroline has two absorption maxima, an intense 
end absorption occurs at  206 mp with a molecular 
extinction codcient 17,078, and a K-band 
maximum a t  265 mp ( E  = 13,376), and on acidifi- 
cation, these maxima were displaced to 226 mp 
(e = 11,370) and 306 mp (e = 20,000), respec- 
tively (Fig. 4). The exceptionally long wave- 
length of these absorption maxima can be at- 
tributed to the auxochromic effect of the un- 
shared electron pairs of the oxygen atom in the 
para methoxyl group. A similar effect also ac- 
counts for the longer wavelength of the absorption 


. .( 


\ .  


i![ 0 6  


0 1  


400390 
WAVE LENGTH mp 


Fig. &-Absorption spectrum of 2-(4’-methoxyphenyl)- 
A1-pyrroline in ethanol (-) and in ethanol acidified 


withHC1 (...). 


maxima of the three Nra-halogeno-derivatives 
as compared with the absorption maximum of 
2-phenyl-A’-pyrroline (X,.244mP e-.r*m). The 
relatively longer wavelength of the absorption 
maximum @,.% ”’) in the spectrum of 2- 
(4‘-methylphenyl)-A1-pyrroline compared with 
that of 2-phenyl-A‘-pyrroline could be due to the 
effect of hyperconjugation. All of these UV 
spectral data are consistent with the observations 
made on the 2-aminoacetophenones and the 3-ami- 
nopropiophenones (20). 


In the UV spectra, all of these A1-pyrrolines 
display absorption maxima a t  the same wave- 
length in aqueous solution as in ethanol. Also, 
the same bathochromic shifts were observed for 
aqueous as for the alcoholic solutions. The ab- 
sorption spectra of 2-(4‘-chloropheny1)-A’-pyrro- 
line in buffered aqueous solutions a t  various 
values of pH are presented in Fig. 5. From 
these data the apparent acid ionization exponent 
(pK‘) of the 2-(4’-chlorophenyl)-pyrrolinium ion 
was calculated to be 6.46 a t  an ionic strength of 
0.15 by use of the equation : 


CBHf - C 
€ - €8 


pH = pK’ + log ~ 


in which c is the molar absorptivity at  a certain 
pH value at  which both the proton-donor species, 


Fig. 5-Absor9tion spectra for aqueous solutions OJ 
2-(4‘-chlorophenyl)-A1-pyrroline at several pH values. 
Key: 1 ,  pH 1.0; 2,  pH 4.58; 3,  pH5.9; 4, pH 6.53; 


5 ,  pH 7.99; 6 ,  pH 12.2. 
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corresponding 2- (4'-substituted pheny1)- A'-pyrro- 
lines, indicating that cyclization to the pyrrolines 
had occurred. A probable explanation may be 
that picric acid converted the water-soluble hy- 
drochlorides into the difficultly soluble picrates, 
but did not completely protonate the N-unsub- 
stituted y-ketones; the latter underwent de- 
hydrative cyclization to form the corresponding 
5-membered ring A'-pyrrolines, thus giving 2- 
(4'-substituted phenyl)-A'-pyrroline picrates as 
products. 


The IR absorption spectra of these 2-(4'-sub- 
stituted phenyl)-A'-pyrroline bases in mineral oil 
display a medium band in the region of 1613-1640 
ern.-' (6.20-6.10 p ) ,  characteristic of the 


-N=C stretching. For the hydrochlorides, 


these bands shift to slightly higher frequencies. 
All of the A'-pyrroline bases studied herein 


gave 2,4-dinitrophenylhydrazones when dissolved 
in a saturated solution of 2,4-dinitrophenyl- 
hydrazine in 1 N hydrochloric acid. The onset 
of the precipitation started within 2-15 min., 
varying with the concentration of the base and 
the nature of the 2-substituent in the A'-pyrro- 
line ring. This illustrates the facility of the 
opening of the A'-pyrroline ring, in the acidic 
medium when carbonyl reagent is present. The 
opening of the pyrroline ring under the influence 
of base and acyl halide to form the corresponding 
acylamido ketone derivatives of y-amino ketones 
is documented in the literature (7, 21) and has 
also been observed in this laboratory. In view of 
the fact that these 2-(4'-substituted phenyl)-A'- 
pyrrolines undergo ring opening with ease and 
behave chemically as open-chain y-amino ke- 
tones, these pyrroline derivatives may be re- 
garded as anhydro forms of y-amino ketones and 
serve as a good source for the latter entities. 
Perhaps these two forms are in equilibrium in 
the solution, and any reagent capable of forming 
derivatives with either the amino or the carbonyl 
function will displace the equilibrium in favor of 


/ 
\ 


Fig. 6-Absorption spectra of aqueous solutions. 
Key: 1, 2- (4'-chlorophenyl)-AC\'-Pyrroline hydrochlo- 
ride at pH 1; 2, purate ion (picru acid in Phosphate 
buffer at p H  7); 3,  2-(4'-chlorophenyl)-A1-Pyrroline 
picrate in distilled water; 4, the sum of Spectra 1 and 2. 


BH+ and the proton-acceptor species, B, are 
present in equilibrium; €BE+ is the molar ab- 
sorptivity a t  a low pH a t  which the pyrroline is 
entirely in the form RH +; tg is the molar absorp- 
tivity at  a high pH at which the pyrroline is en- 
tirely in the form B. The average value of pK' 
calculated from values of E ,  CBH+, and €B at 
X = 275 mp agreed closely with the average 
value calculated from absorptivity determined at  
250 mp. 


In Fig. 6 are presented the absorption spectrum 
of the picrate of 2-(4'-chlorophenyl) -A'-pyrroline 
(Spectrum 3) and for comparison, the spectra 
of the 2-(4'-chlorophenyl)-A1-pyrrolinium ion 
(Spectrum l), the picrate ion (Spectrum 2), and 
the sums of the latter two spectra (Spectrum 4). 
It can be seen that the absorption spectrum 
(Spectrum 3) of the picrate of 2-(4'-chlorophenyl)- 
A'-pyrroline closely resembles that of the sum of 
the spectra of the picrate ion and the 2-(4'- 
chloropheayl)-A'-pyrrolinium ion, but the molar 
absorptivities are smaller at  each wavelength than 
those of the combined spectrum (Spectrum 4). 
On the other hand, the absorption spectrum of the 
picrate complex also differs from that of the sum 
of the absorption spectra of free picric acid and 
the free base of 2- (4'-chloropheny1)-A'-pyrroline 
(Fig. 7). Consequently, it is concluded that the 
pyrroline in the picrate complex is incompletely 
protonated and exists as a mixture of the free 
base and the pyrrolinium ion. 


The elemental analyses of the picrates of the 
various pyrrolines indicate a 1: 1 ratio of picric 
acid to pyrroline. When an attempt (19) was 
made to prepare picrates of the 4'-substituted 
4-aminobutyraphenones by addition of an excess 
of 4% picric acid in ethanol to an alcoholic solu- 
tion of the hydrochlorides of the 4-aminobutyro- 
phenones, the products isolated were identical 
in properties and analyses to the picrates of the 


Fig. 7-Absorption spectra of aqueous solutions. 
Key:  1, 2-(d'-chlorophenyl)-A1-pyrrol~ne at pH 12; 
2 ,  p u r u  acid in 2 N HCI; 3, 2-(4'-chlorophenyl)-A1- 
pyrroline picrate in distilled water; 4, sum of Spec- 


tra 1 and 2. 
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isolation of both hydrochlorides of both 4'- 
methyl-4-amino-butyrophenone and 2-(4'-methyl- 
pheny1)- A1-pyrroline from the same hydrolytic re- 
action by varying the reaction conditions as com- 
pared with those previously described (17). 
4'-Methyl-4-phthalimidobutyrophenone (12 g., 


0.052 mole) was dissolved in 36 ml. glacial acetic 
acid with the aid of heat. To  this well stirred 
solution, 36 ml. of concentrated hydrochloric acid 
gradually was added, and the mixture was heated 
at  the boiling point (fa. 107') for 52 hr. A total of 
60 ml. of concentrated hydrochloric acid was added 
during this period in order to compensate for the 
loss of hydrogen chloride due to refluxing. The 
mixture was allowed to  cool to  room temperature 
and filtered to remove the phthalic acid. The 
filtrate was evaporated under vacuum to remove 
hydrogen chloride and the resulting residue dissolved 
in water, extracted with diethyl ether to remove the 
remaining phthalic acid and the aqueous solution 
was then treated with decolorizing carbon.* The 
mixture was filtered and the filtrate evaporated in 
vacuo to a yield a syrupy liquid which was dissolved 
in ethanol, and upon the addition of ether, 6 g. of 
white crystals as the hydrochloride were obtained. 
Recrystallization from 20 ml. of ethanol gave 2.2 g. 
of crystals, m.p. 202-203'. The addition of 
acetone to  the mother liquid gave a 2.6 g. yield of 
needle crystals, m.p. 142-143' after recrystallization 
from ethanol. From all the combined mother 
liquids, 0.5 g. of a mixture of these two hydro- 
chlorides was obtained. 


Both hydrochlorides gave a 2,4-dinitrophenyl- 
hydrazone when a saturated solution of 2,4-dinitro- 
phenylhydrazine in 1 N hydrochloric acid was added 
to their aqueous solutions. Both of the 2,4dinitro- 
phenylhydrazones are identical and melt a t  205- 
208" dec. The elemental analyses for the hydro- 
chloride having a melting point of 142-143' corre- 
spond to the values calculated for 4'-methyl-4- 
aminobutyrophenone hydrochloride as previously 
described, whereas the elemental analyses of the 
hydrochloride having a m.p. of 202-203' agree with 
the structure for the dehydrated form, 2-(4'- 
methylpheny1)- A'-pyrroline hydrochloride. 


And-Calcd. for CI1HlrClN: C, 67.53; H, 7.21; 
C1, 18.14; N, 7.17. Found: C, 66.84; H, 7.41; 
C1, 18.05; N, 7.15. The UV spectra of both these 
hydrochlorides display an absorption maximum a t  
278 mp. The emax, of 4'-methyl-4-aminobutyro- 
phenone hydrochloride is 19,580, whereas that of 
2-(4'-methylpheny1)-A'-pyrroline hydrochloride is 
16,904. When the solutions of these two com- 
pounds were buffered with sodium acetate, the 
maxima in both spectra were displaced to 252 mp, 
the Am=. of the free 2-(4'-methylphenyl)-A1- 
pyrroline. 


2-(4'-Methylphenyl>A1-pyrroline--4'-Methyl-4- 
aminobutyrophenone hydrochloride ( 1.65 g., 0.0077 
mole) was dissolved in 15 ml. of water, and to  this 
solution was added dropwise a solution of 5% 
sodium carbonate until the pH of the mixture was 
approximately equal to 8. The white precipitate 
was filtered and thoroughly washed with water to 
obtain 1 g. (81%) of white crystals, m.p. 58-58.5'. 


And-Calcd. for CIIHI~N: C, 82.96; H, 8.23; 
N, 8.80. Found: C, 83.08; H, 8.26; N, 8.80. 


the open-chain y-amino ketone. Thus, with the 
reagent 2,4-dinitrophenylhydrazine in 1 N hydro- 
chloric acid, the  2-(4'-chloropheny1)-h"pyrro1ine 
base gave a 2,4-dinitrophenylhydrazone, m.p. 
213-215", in  2 min. This speculation seems 
analogous t o  the postulation made b y  Ciamician 
(22) on the reversible hydrolysis of pyrrole by 
bases (including the nearly neutral solution of 
hydroxylamine), in which the equilibrium, nor- 
mally greatly in  favor of the cyclic form, is dis- 
placed by fixing the succinaldehyde as  the 
oxime : 


I 
H + 


NH, 
CH,-CH, 
I I 


H O N = ~ H  HC=NOH 
The opening of the substituted pyrrole ring was 
also observed with hydrazines as the  reagents 
(23), the products being the hydrazones of the 
diketones. 


EXPERIMENTAL' 


-,-Phthalihnidobutyric Acid and 7-Phthalimido- 
butyryl Chloride-These compounds were prepared 
as described previously (19). 


4' - Methyl - 4 - phthalimidobutyrophenone-4- 
Phthalimidobutyryl chloride (40 g., 0.158 mole) was 
dissolved in 240 ml. of dry toluene. Forty grams 
(0.30 mole) of the anhydrous aluminum chloride 
(practical grade) was added in eight portions during 
a period of 40 min. while the solution was kept 
vigorously stirred and maintained at 90". After 
2 hr. of stirring, the mixture was poured with stirring 
into a mixture of 200 ml. of 1 N hydrochloric acid 
and 300 g. of crushed ice. The aqueous layer was 
extracted with four 30-ml. portions of toluene, and 
the extracts were combined with the toluene solu- 
tion. The organic solution was washed with water, 
5% sodium carbonate solution and dried over 
anhydrous sodium sulfate. The solid obtained 
from vacuum distillation of the solution was re- 
crystallized from 95y0 alcohol. Twenty-nine grams 
of white crystals was obtained (60% yield), m.p. 


4'-Methyl-4-aminobutyrophenone Hydrochloride 
and 2-(4'-Methylphenyl)-ALpyrrolhe Hydrochlo- 
ride-The preparation of 4'-methyl-4-aminobutyro- 
phenone hydrochloride has been reported (19). 
The procedure described below illustrates the 


115-1 16 '. 


1 All elemental analyses were performed by Alfred Bern- 
hardt Microanalytical Laboratories, Ruhr, Germany. All 
melting points were taken in a Fisher-Johns melting point 
apparatus and have been corrected. The IR spectra were 
determined for mineral oil mulls, using the Perkin-Elmer 
Infracord spectrophotometer. The U V  spectra for aqueous 
or ethanolic solutions were determined manually by using a 
Beckman DU spectrophotometer, and automatically by using 
a Beckman DB and DK-1 spectrophotometer with auto- 
matic recorders. NMR spectra were determined for carbon 
tetrachloride solutions, using the Varian A-60 bigh-resolu- 
tion NMR spectrometer. 3 Norit A, American Norit Co., Jacksonville, Fla. 
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TABLE 1->(4'-SUBSTITUTED PHENYL)-A'-PYRROLINES 


Anal., % 
R M.p., OC. Yield, % Molecular Formula ' Calcd. Found 


OCH3 72-73" 90 CiiHiaNO C, 75.38 c, 75.33 
H, 7.48 H, 7.62 


C, N, 53.70 7.80 
N, 8.15 
C, 53.60 


H, 4.52 H, 4.58 
N, 6.22 N, 6.23 


Br, 35.60 Br, 35.77 
c1 68-69 81 CioHioClN C, 66.83 C, 66.09 


H, 6.12 H, 5.68 
N, 7.09 N, 6.84 
C1, 19.74 c1, 19.80 


F 42.5-43 84 CioHioFN c ,  73.57 C, 74.23 
H, 6.19 H, 6.02 
N, 8.58 N, 8.60 
F, 11.65 F, 11.57 


Br 87-88 80 CloHloBrN 


a Lit. (24), m.p. 73-73.5O. 


TABLE 11--2-(4'-SUBSTITUTED PHENYL)-A'-PYRROLINE PICRATES 
on 


-Anal., %- 
R M.p., OC Yield, % Molecular Formula Calcd. Found 


OCHa 174-177 90 Ci~Hie"08 C, 50.48 c, 50.77 
H, 3.98 H, 4.20 
N, 13.86 N, 13.84 


Br 225-230 dec. 90 ClaHlaBrNeO7 C, 42.38 C, 43.08 
H, 2.89 H, 3.10 
N, 12.36 N. 12.11 


Br, 17.64 Br, 17.40 
c1 215-218 dec. 90 CiIHisCN07 C, 46.99 C, 47.11 


H, 3.21 H, 3.43 
N, 13.71 N, 13.55 
C1, 8.68 C1, 8.68 


F 190 dec. 85 Ci&LsFNA07 C, 48.97 C, 49.01 
H, 3.34 H, 3.50 
N, 14.28 N, 14.08 
F, 4.84 F, 4.73 


This product was identical with that prepared from 
the hydrochloride of 2-(4'-methylphenyl)-A1-pyr- 
roline. The other 2-(4'-substituted pheny1)-A'- 
pyrroline bases prepared by a similar procedure are 
recorded in Table I. 


2 - (4' - Methylphenyl) - A1 - pyrroline Picrate- 
2-(4'-Methylphenyl)-A1-pyrroline (0.2148 g., 0.0013 
mole) was dissolved in 3 ml. of 95% alcohol, an ex- 
cess of 4y0 picric acid in 95% ethanol was 
added dropwise to this solution to obtain a 
precipitate. After the mixture was allowed to 
stand at  room temperature for 15 min., the pre- 
cipitate was filtered and washed with 95% alcohol. 
The crude product was then recrystallized from 30 
ml. of 95% boiling alcohol. The yellow shining 
crystals (0.445 g., 88% yield) melted at  187-189' 
with decomposition. 


Anal.-Calcd. for C17Hi6N4O.t: C, 52.56; H, 
4.15; N, 14.43. Found: C, 52.58; H, 4.65; N, 
14.49. Data for other picrates of 2-(4'-substituted 
phenyl)-AI-pyrroline prepared by a similar procedure 
are recorded in Table 11. 
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Model Catalvsts Which Simulate Penicillinase I11 
J 


Structure-Reactivity Relationship in Catalysis of Penicillin 
Hydrolysis by Morpholinomethyl Derivatives of 


Catechol and Pyrogallol 


By RENAAT D. KINGET and MICHAEL A. SCHWARTZ* 


Studies of catalysis of hydrolysis of benzylpenicillin by aminoalkylcatechols have 
been extended to a series of morpholinomethyl derivatives of catechol and pyrogallol. 
Catalytic rate constants for each of the active s ecies are related to their basicity and 
presence or absence of electrophilic groups a n l a  positively charged amine in proper 
position to assist nucleophilic attack by a phenolate ion. Ionization constants for 
these compounds determined spectrally were the same as those determined potentio- 
metrically indicating that the catalytic species are hybrids between charged amine 
and phenolate ion. The structures of these species are correlated with their effi- 
ciency as catalysts on the basis of a mechanism involving participation by up to four 


functional groups on the catalyst. 


~ V I O U S  STUDIES in this laboratory (1, 2) P have shown that 3,6-bis(dimethylamino- 
methy1)catechol (CDM) is an efficient catalyst 
for the hydrolysis of benzylpenicillin to benzyl- 
penicilloic acid and that both metastable tetra- 
hedral intermediates and a catechol monoester 
are probably involved in the reaction pathway. 
The nature of the reactive catalytic species 
(CDM+*) was deduced on the basis of the pH- 
rate profile, which showed a maximum at pH 8, 
and the bathochromic shift in the UV absorption 
spectrum upon neutralization of one equivalent 
of the dihydrochloride. 


In  the present work the studies have been ex- 
tended to include a series of morpholinomethyl 
derivatives of catechol and pyrogallol. Morpho- 
line is much less basic than dimethylamine and, 
i t  was thought, this difference in basicity would 
affect the catalytic ac i ency  of the catechol- 
amines. Additionally, spectrophotometric ti- 
trations were carried out in order to learn more 
about the nature of the various species produced 
in the stepwise ionization of both the morpholine 
and dimethylamine derivatives. 


EXPERIMENTAL 


Synthesis of Catalysts-The morpholinomethyl 
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by the method of Fields et ul. (3). In the case of 
the pyrogallol derivative the reaction was carried out 
in a nitrogen atmosphere to minimize oxidation. 
The hydrochloride salts were prepared by admitting 
dry hydrogen chloride gas into a methanol solution 


tion of ethyl acetate or dry ether. Table I lists these 


1968. 


Service, Bethesda, Md. 
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cyclohexylamine, produced a high degree of excita- 
tion (Fig. 4), but its antagonism to 0.4-mg./kg. doses 
of perphenazine was insignificant. 


Although depression was the predominant symp- 
tom of animals receiving 4 mg./kg. of this compound, 
the degree of reduction in spontaneous motor ac- 
tivity was much less than in the case of Compound 1. 


The m-chlorobenzoyl analog, Compound 5, caused 
excitation during the first hour of measurement, but 
spontaneous activity rapidly decreased during the 
next 1.5-hr. period. Like Compound 3, the o-chloro- 
benzoyl analog (Compound 6) produced a slight re- 
duction in total activity. 


Blood pressure is markedly depressed by Com- 
pound 1, and to a somewhat lesser degree by Com- 
pounds 2 and 4 by doses of 4 mg./kg. i.v. (Figs. 5-7). 


Compound 1 produced a significant hypotensive 
effect when administered intraperitoneally to un- 
anesthetized normotensive rats (Fig. 8). 


‘7 
15044 


, O k % T G r G -  
TIME, mi” 


Fag. 8-The effect of Compound 1 on systolir blood 
pressure, 4 n i g . / k g .  i . p .  


RESULTS 


The oral administration of 4 mg./kg. of Compound 
1, N-(p-methoxybenzoyl)-N-(2-cyanoethyl)cyclohex- 
ylamine, in propylene glycol to mice resulted in a 
significant reduction in the spontaneous motor 
activity of mice (Fig. 1). A quieting or “taming” 
effect was seen in the animal at this dosage. Ataxia 
was clearly discernable in the animal a t  elevated 
dosages, i . e . ,  10 rng./kg. The rat responded even 
more dramatically to  elevated dosages, assuming a 
cataleptoid posture. 


A t  slightly lower oral dosages, i . e . ,  2 mg./kg. in 
propylene glycol, Compounds 1 and 2, N-(m-me- 
thoxybenzyl) - N - ( 2  - cyanoethyl)cyclohexylamine, 
produced excitation in mice, while Compound 3, the 
o-methoxybenzoyl analog caused a slight reduction 
in total activity (Fig. 2). This dosage level, in the 
rase of Compound 1, rather effectively antagonized 
the tranquilizing activity of orally, simultaneously 
administered 0.4 mg./kg. doses of perphenazine (Fig. 
3). 


Oral doses, 2 mg./kg. in propylene glycol, of Com- 
pound 4, N- (p-chlorobenzoyl)-N-(2-cyanoethyl)- 


REFERENCES 


(1 )  Schotten, C., Ber. ,  17, 2544(1884). 
(2) Baumann. E.. rbid.. 19. 321R(lR881 . . ~. 
(3) Watzman, N., Barry, H . ,  Kinnard, W. J., and Buckley. 


(4)  Coates, D. W., Buckley, J.  P., and Kinnard, W. J . ,  
J. P., J .  €‘harm. Sci . ,  55, 518(1966). 


ibid. ,  52, 71(1963). 


~ 


Keyphrases 
N-(2-Cyanoethyl)cyclohexylamine, N-acyl 


CNS activity-N-(%cyanoethyl) cyclohexyl- 


UV spectrophotometry-structure 
IR spectrophotometry-structure 


analogs-sy nthesis 


amine N-acyl analogs 


Antitumor Activity of Jnglans nigrct 
(Black Walnut) Extractives 


By UMESH C. BHARGAVA and BERTIS A. WESTFALL 


Antitumor activity of compounds present in  JUgrans nigra were studied on spon- 
taneous and/or trans lanted tumors in mice. Ellagic acid, juglone, and isolated 
fractions (strong a c i k ,  weak acids, and alkaloids) were injected intraperitoneally 
for 9-12 days. T h e  results showed that ellagic acid, juglone, and the “strong acids” 


fraction depressed the tumor growth rate significantly. 


AIN (1) observed that certain water-soluble rivatives (2) have been observed to increase the C polyphenolic compounds have the property life span and decrease the tumor size in mice. 
to  retard the growth rate of some experimental Since some species of walnut (3-5) contain 
rodent tumors; however, no proof was shown ex- polyphenolic and/or quinone constituents, and 
perimentally. Furthermore, certain quinone de- also since Juglans nigrn has been reported to in- 
___ 
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hibit the growth rate of some other plants ((i), 
i t  was thought that  active principles of walnut 
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might inhibit the tumor growth rate in animals 
(7). This led to the present investigation on the 
effect of Juglans nigra fractions on mammary 
tumors in mice. Ellagic acid (3) and juglone (8) 
have been found in Juglans nigra and were used 
in this study. Other pharmacologically active 
compounds were separated into groups, namely, 
strong acids, weak acids, and alkaloids, and 
their pharmacological actions studied. These 
groups were defined according to  their solu- 
bility and precipitation tests. Weak acids 
were soluble in  sodium hydroxide solution, 
bu t  not in sodium bicarbonate solution at p H  
7.5. This fraction probably also contained 
phenolic materials since they exhibit the same 
properties. Strong acids were soluble in  sodium 
bicarbonate solution at pH 7.5. Other crude ex- 
tractives which were soluble in  acidic solution and 
gave a precipitation test with reagents such as 
Wagner's, Meyer's, or Valser's reagents were 
probably alkaloids. The strong acids and weak 
acids were extracted from the  hulls and the 
alkaloids from the leaves. 


The selection of the type of tumor for the eval- 
uation of antitumor activity is intriguing since 
many compounds have been reported to  inhibit 
the growth rate of transplanted tumors, b u t  not 
the spontaneous tumors (9). Therefore, both 
types of tumors were used. 


METHODS 
Extraction of Strong Acids and Weak Acids from 


Hulls-Two kilograms of coarsely ground dried 
hulls of Juglans nigra which were previously macer- 
ated with 5% acetic acid was extracted with di- 
ethyl ether-butanol mixture (4: l )  in a Soxhlet- 
type apparatus for 48 hr. and the residue obtained 
after evaporation of the solvent was triturated with 
5% acetic acid. The dissolved portion of the residue 
was filtered and extracted with diethyl ether- 
butanol mixture (4: l ) .  The aqueous phase was 
discarded. The above organic solvent layer was 
washed several times with NaHCOs solution a t  
pH 7.5 and this was acidified and extracted with 
diethyl ether-butanol mixture, which on evaporation 
under vacuum yielded strong acids. The organic 
layer after extraction with NaHCO3 solution was 
washed several times with 1 N NaOH solution and 
the alkaline solution was made acidic and extracted 
like the strong acids. The solvent phase on evapora- 
tion under vacuum yielded weak acids. The aqueous 
phases left after the extraction of strong acids or 
weak acids were discarded. 


Extraction of Alkaloids from Leaves-Two kilo- 
grams of dried leaves from Juglans nigra was 
macerated with chloroform-butanol mixture (4: 1) 
containing 5% ammonia solution overnight. 
Next morning the leaves were extracted for 48 hr. 
with chloroform-butanol mixture. The organic 
solvent after extraction was evaporated to semisolid 
residue under vacuum. The residue was triturated 
with 5y0 acetic acid. The acidic solution was 
rendered alkaline with ammonia solution and ex- 
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tracted with chloroform-butanol mixture. The 
organic solvent on evaporation under vacuum 
yielded alkaloids. 


Spontaneous Tumor-Mice (4MO g., Swiss 
Webster) having mammary adenocarcinoma tumors 
were purchased from the Taconic Farms and were 
fed Purina chow and water ad libitum. At least a 
week was allowed after arrival before the animals 
were used in the experiment. 


A daily dose of ellagic acid (50 mg./kg. i.p., solti- 
tions pH 11) was injected for 9 days and tumor size 
(length, width, and height in mm. were multiplied) 
and mouse weight were measured at 0, 3, 6, and 9 
days after the first injection of ellagic acid. Simi- 
larly, juglone, strong acids fraction, and weak 
acids fraction were injected (i.p.) in doses 10 mg./kg., 
100 mg./kg., and 100 mg./kg., respectively. The 
tumor size and mouse weight were measured in the 
beginning of the experiment and then 3, 6, and 9 
days after the fist injection of each of the fractions. 


Transplantable Tumor-Retired breeder mice 
(14-16 g., C57BL/6J), purchased from the Jackson 
Laboratory were used. They were fed Purina chow 
and water ad libitum. Ten days after receiving the 
animals, each mouse was transplanted subcutane- 
ously with BW-10232 mammary adenocarcinoma in 
the ventrolateral region. 


A daily dose of total alkaloids (50 mg./kg.) was 
injected (i,p.) and the tumor size and mouse weight 
were measured at the beginning of the experiment 
and then 2, 5, 9, and 12 days after the injection of 
alkaloids. 


In  another group of mice with transplanted tumors, 
10 mg. of ellagic acid/kg. was injected (i.p.) 
twice a day, the tumor size and mouse weight were 
measured in the beginning, and then 3, 7, and 10 
days after the first injection of ellagic acid. 


Control mice were treated in a similar manner as 
experimental mice except saline was injected in- 
traperitoneally instead of the black walnut fraction. 
In the case of ellagic acid experiment saline at pH I 1  
was used. Changes in tumor size and mouse weight 
were calculated and plotted against time (days). 
Standard error was calculated using the method of 
tests of difference or paired data as described by 
Snedecor (10). Corrected percent mortality of 
experimental animals was calculated by subtracting 
percent mortality of controls from percent mortality 
of experimental animals. Thus the percent of 
animals which died by chance without the treatment 
with drugs was eliminated. 


RESULTS AND DISCUSSION 


Ellagic Acid-The results in Fig. 1 show ellagic 
acid significantly decreased the rate of tumor growth 
and increased the weight of spontaneous tumor 
mice. The changes in tumor size and weight during 
the 9-day period in ellagic acid-treated mice were 
1,457 f 580 mm.3 and 2.96 f 1.08 g., respectively, 
as compared with controls 4,203 f 1,116 mm.3 
and -0.036 f 0.74 g., respectively, which were 
statistically significant ( p  = 0.03). There was 
more growth of tumor in the controls as compared 
to  ellagic acid-treated animals when increase in 
tumor size per gram of increase in mouse weight was 
used. 


The effect of ellagic acid on transplanted tumor 
mice was quite different as compared to  spon- 
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taneous tumor mice. Figure 2 illustrates that ellagic 
acid had a significant effect ( p  = 0.015) on tumor 
growth after 6 days of treatment. But this increase 
in tumor size became insignificant when the mice 
were treated for 10 days. This might be because 
the rate of growth of the transplanted tumor was 
much faster as compared to  the spontaneous tumor 
in respect to  tumor volume and size of the animal. 
Unlike the spontaneous tumor mice, ellagic acid 
in transplanted tumor mice decreased the body 
weight ( p  < 0.001). 


Percent mortality of mice with transplanted 
tumor (27.78%) receiving ellagic acid was higher as 
compared to  spontaneous tumor mice (3.44%) 
receiving that compound. 


Juglone-Results obtained from juglone (syn- 
thetic) treatment in spontaneous tumor mice are 
shown in Fig. 3. Juglone decreased significantly the 
gain in tumor size ( p  < 0.001) and growth in weight 
( p  = 0.003) over the period of 9 days of injections. 
The percent mortality of juglone-treated mice 
(78.95%) was much higher than any other com- 
pounds used. Most of the animals developed acute 
diarrhea which may have contributed to  their 
death. Therefore, in terms of drug effectiveness, it 
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Fig. 2-Effect of ellagic acid on tumor size and body 
weight in transplanted tumor mice. Change in tumor 
size or body weight was plotted against the days after 
ellagic acid treatment. Each point was obtained f rom 
the mean of the animals indicated in the bracket with 
the standard error. Statistical significance (p value) 
was calculated by comparing the experimental group 


with the control. Key: 0, control; @, ellagic acid. 


is questionable that juglone has any specific effect 
on tumor growth rate since the mouse body weight 
was also decreased significantly. 


Strong Acids, Weak Acids, and Alkaloids- 
Figure 4 shows the effect of strong acids and weak 
acids on tumors. Only the strong acids group re- 
duced (slightly) the tumor growth rate and this 
was statistically significant in the mice receiving 
this fraction for 3 days. Paper chromatography 
of the strong acids in isobutyl alcohol-acetic acid- 
distilled water (40: 10: 50) solvent system indicates 
the presence of at least three different compounds 
(I?, values 0.67, 0.85, and 0.95). The weak acids 
and alkaloids did not show any significant effect on 
tumor growth. In the case of alkaloids increase in 
tumor size and body weight were 7,837 f 679 mm.3 
and 3.64 f 0.45 g., respectively, as compared t o  
controls 7,745 f 990 mm.3 and 3.76 f 0.52 g., 
respectively, when the animals were treated with 
alkaloids for 9 days. The strong acids and weak 
acids did not show any significantly different effect 
from controls when weight changes were included in 
the comparison. 


The percent mortality during the period of ob- 
servation was higher after the animals received the 
strong acids (25%) than for those receiving weak 
acids (6.25%) or alkaloids (-5%). 


-1 8""' 


0 I 2  3 P I L  1 8 9  
D A l S  


Fig. 4-Effect of strong acids or weak acids on tumor 
size in mice. Change in tumor size was plotted against 
days after strong acids or weak acids treatment. 
Each point was obtained f rom the mean of the animals 
indicated in the bracket with the standard error. 
Statistical signijicance (p value) was calculated by 
comparing the experimental group with the control. 


Key:  0, control; @, strong acids; a, weak acids. 
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It would be worthwhile to isolate the pure com- 
pounds from the crude fractions; strong acids, 
weak acids, and alkaloids and then test them on 
tumor-bearing mice, because many compounds in 
the pure state have been reported to be highly 
active against certain types of leukemias, but were 
devoid of activity in crude fractions. For example, 
Svoboda (1 1) reported the alkaloids, leurocristine 
and leurosidine, were very active against P-1534 leu- 
kemia, but were relatively inactive in crude fractions 
from which they were isolated. A similar situation 
was observed by Farnsworth et al. (12). 


SUMMARY 


1. Pharmacologically active compounds present 
in black walnut were evaluated for antitumor 
activity on spontaneous and transplanted tumors 
in mice. 


2. Ellagic acid depressed the tumor growth in 
both spontaneous and transplanted tumor. This 
effect was more apparent on the spontaneous tumors 
than on transplanted tumors. Ellagic acid increased 
the weight of mice with spontaneous tumors but 
decreased the weight in animals with transplanted 
tumors. 


3. Juglone decreased the tumor growth rate and 
weight of the spontaneous tumor mice. 


4. Strong acids slightly decreased the rate of 
tumor growth (spontaneous), but weak acids 
(spontaneous) and alkaloids (transplanted) did not 
have any significant effect. Furthermore, t h e  
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weight of the mice was not affected by any of these 
three groups. 


REFERENCES 


(1) Cain B. F. New Zealand J .  Sci. 6 264(1963). 
(2) Hayishi, S:, Ueki, H., and U&i: Y., Gann, 54,  


2Ql IlQfiR)  - - \ -  ~ __,. 
(3) Bhargava, U. C., Westfall, B. A., and Siehr, D. J., 


(4) Jurd L.'J. h m .  Chcm. Soc. 78 3445(1956). 
(5) Konho, T.. Ito, H.. and Sud;, d., Makueai Gakkaishi. 


(6) Massey, A. B., Phyfopafhology, 15, 773(1925). 
(7) Garb, S., Bofan. Rex,  27, 422(1961). 
(8) Auyong, T. K., Westfall, B. A,, and Russell, R. L., 


(9) Scholler. J., and Bittner, J., Cancer Res., 18. 464 


Federalaon Proc. 26 737(1967). 


2, 221(1956). 


Toxicon., 1, 235(1963). 


11099\ 
\LY"",. 


(10) Snedecor, G. W., and Cochran, W. G., "Statistical 
Methods." The Iowa State Universitv Press. Ames. Iowa. 
1956. 


N., J. Pharm. Sci.,  52, 1114(1963). 


(11) Svoboda, G. H., Lloydia, 24, 173(1961). 
(12) Farnsworth, N. R., Louh, W. D., and Blomster, R. 


Keyphrases 


Antitumor compounds-Juglans nigra 
Acidic components, Juglans nigra-antitumor 


Ellagic acid-antitumor activity 
Juglone-antitumor activity 
Alkaloids, Juglans nigra-antitumor activity 


activity 


Complex Formation Influence on Reaction Rate IV 
Studies on the Kinetic Behavior of 


3-Carbomethoxy-1-methylpyridinium Cation 


By DANA BROOKE* and DAVID E. GUTTMANt 


The kinetics of reaction of the ester, 3-carbomethoxy-1-rnethylpyridinium cation 
(NME), were investigated in the pH region 8.0-9.8, in the absence and presence of 
the electron donor, 8-chlorotheophyllinate anion (CT). Hydrolysis of the ester was 
shown to be first order with respect to hydroxide ion in this region. The rate of 
hydrolysis was significantly decreased in the presence of CT. Spectral studies 
demonstrated the formation of a complex between the ester and CT. The rate of 
reaction of the complexed ester was about one-fifteenth that of the free ester. Both 
glycine and TRIS buffers were shown to contribute to the rate of reaction. The con- 
tribution due to glycine appeared to be the result of glycinate anion functioning as a 
general base catalyst. The mechanism of the TRIS reaction appeared to be different 
from that of glycine. The data suggested that neutral TRIS and the ester reacted by 


two different pathways to form an unstable ester or a stable amide. 


~-ALKYLPYRIJXNIUM cations have been ex- assessing the chemical and  physical-chemical N tensively used as model compounds in  properties of pyridine coenzymes. Investigations 
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components with chloroform. However, it is im- 
perative to use 0.01 N NaOH, because a stronger 
concentration of the base can change the CAF 
structure (17), and, therefore, cause erratic results. 


Automation for the analysis of the four compo- 
nents can be performed by following the above 
procedures (extraction, rather than differential 
spectrophotometry is preferred for CAF). The 
results would be directly obtainable from the re- 
sponses of the recorders without need of any com- 
puters or calculating devices. The proposed sche- 
matic diagram for the automated system is shown 
in Fig. 7. 


The tablet is crushed and dissolved in 85% 
methanolic solution, which is filtered into a central 
reservoir. From this container, three portions are 
taken. One aliquot is colorimetrically titrated for 
ASA in the presence of dye indicator with 0.02 N 
KOH. A second aliquot is automatically diluted with 
a given quantity of 0.01 N sodium hydroxide, and 
the CAF is extracted into chloroform, which is 
read at 276 mp versus chloroform on a spectro- 
photometer. A third portion is automatically 
diluted and separated into two segments. To  one 
portion, a pH 6 buffer solution is added and passed 
through a reference flow cell located in a spectro- 
photometer. Simultaneously, a pH 10 buffer 
solution is added to  the other segment of the solu- 
tion and passed through a sample flow cell in the 
spectrophotometer. The wavelength scale is pro- 
grammed rapidly to two wavelengths-263.5 and 330 
mp. The APAP and SAL are determined at 263.5 
and 330 mp, respectively. 


The advantage of using these methods is that 
each specific procedure is independent of the con- 
centrations of the other components, and therefore, 
can be used either in the presence of large quantities 
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or in the absence of any of the other ingredients, 
with very good accuracy and precision. 
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Application of Sugar Coating to Tablets and 
Confections by Means of an Automated 


Airless Spray System I 
Investigation of the Direct Coating of Tablets 


By G. M. KRAUSE and T. L. IORIO* 


The practicability of directly applying sugar coating to unsubcoated tablets has 
been studied. Initial work performed indicates that such a procedure may be feasi- 


ble when used in place of current sugar-coating techniques. 


HE DEVELOPMENT of automated airless-spray though there is considerable information pertain- T film-coating methods has shown signs of ing to film coating by  this method, particularly 
significant growth in recent years (1-5). Al- with coating solutions consisting of organic 


solvents and polymeric materials, there is  little 
if any descriptive literature pertaining to  the use 
of aqueous solutions of sugar or syrups as the 
coating medium. At  the present time, sugar 
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coating is still the principal method used for 
coating tablets and also confections. Neverthe- 
less, the time involved and the uncertain repro- 
ducibility are reflected in high costs of operation. 
It would seem that a n  investigation of the prac- 
ticability of modifying the traditional sugar- 
coating method of tablets would be desirable. 


One of the drawbacks of the traditional sugar- 
coating procedure has been the necessity of sub- 
coating tablets (6). This procedure is time 
consuming, and in some instances, an untidy 
operation. Tablets and confections of odd 
shapes, having sharp corners and thick edges, 
generally require subcoating to facilitate the 
application of a sugar coat. Those with well- 
rounded edges or comers do not  present too much 
difficulty. This discussion will deal primarily 
with products of standard round shapes and 
normal curvatures. 


Journal of Pharmaceutual Schnces 


using extra deep, cup-shaped punches. Approxi- 
mately 1,250,000 tablets were used during this work. 
Coating solutions used were 4-lb. cut pharmaceutical 
glaze (shellac), subcoating solution according to 
Clarkson (6), and sugar syrup colored with O.lyo 
F.D. & C. Red No. 3. With the exception of batch 
series A and I, Table I, all batches used received 
two coats of glaze, and weighed 8 kg. initially. 
Batch series A and I received no precoat, and 
series C was subcoated over the shellac coat. 
The initial trial coating weight of series C was 
therefore correspondingly greater, i .e.,  9.27 kg. All 
shellac coats and subcoats were applied by the 
conventional pan-coating method (6). All sugar 
coats, with the exception of series B, Table I ,  were 
applied by the automated airless-spray method. 


Four different kinds of sugar-coated commercial 
tablets were purchased from local pharmacies. 
They were in original unopened containers and were 
of about the same size and weight as the tablets 
coated by the automated method during this experi- 
ment. 
Sampling Plan-Samples were removed from the 


coating pan at the end of 10,20,30, and 40 cycles, or 
20, 40, 60, and 80 cycles, depending on whether the 
coating process was for 40 or 80 cycles. The tablets 
were weighed and measured for diameter and gauge 
increase individually. The data are seen in Figs. 1 
and 2, and Tables I1 and 111. 


Coating Procedure-The ball-shaped confections 
received 60 applications of syrup by means of the 
automated airless-spray method. The average 
weight of sugar delivered per confection was 0.350 g., 
with an increase in diameter of 0.75 mm (0.030 in.), 
Total coating time was 90 min. The trials were 
repeated twice, and data are presented in Table I 
(series I )  and in Fig. 3, which represent an average 
of the three batches. 


Subcoated Tablets-Shellac-coated tablets were 
subcoated and then sugar coated by the automated 
method. The operation was continued through 40 
cycles per batch for the series and sampled according 
to  plan. The average cumulative gain, diameter 
and gauge are shown in Figs. 1 and 2. Additional 
data are summarized in Table I (series C). 


Shellac-Coated Tablets-These were sugar coated 
directly by the automated process, with part of the 
series going through 40 cycles, and the remainder 
through 80 cycles. In both instances complete 
coverage took place after 20 cycles, and the process 
continued through 40 cycles and 80 cycles in order 
to note uniformity of coating application. Data are 
presented in Table I (series D, E, F, G, and H). 


Uncoated Tablets-This batch series received no 
precoating, only the usual processing to remove any 
dust and loose particles. These tablets coated well, 
and the data are seen in Table I (series A). 


Conventional Method-In order to compare the 
results of sugar-coating tablets by the automated- 
spray method with those sugar coated by the 
traditional pan-coating method, several batches of 
shellac-coated tablets were coated under conditions 
approximating the spray method as closely as possi- 
ble. Forty coats were applied, using the same 
amount of sugar per coat as per cycle in the auto- 
mated method. Each application was timed with a 
stopwatch for uniformity of conditions. With the 
exception of the increased drying time, all other con- 
ditions were met, and the results were almost compa- 


DESIGN AND EQUIPMENT 


Hydraulic Systems-A hydraulic system was em- 
ployed that was capable of developing 1400 psig, 
although most of the work was done at about 500 
psig. The coating solutions were heated, circulated, 
and sprayed by an airless pump through nozzles as 
described by Lachman and Cooper (1). 


Coating Pan-A 40.6-cm. (16-in.) diameter round 
stainless steel coating pan, unbaffled, was used be- 
cause a reasonable quantity of tablets, about 8 kg., 
could be coated easily, and there was also room to 
accommodate the spray nozzle. Initial tumbling of 
the tablets was simplified by previously coating the 
inner surface of the pan with a thin coat of liquid 
latex, or syrup, and drying. The speed of the pan 
was 28 r.p.m. and was constant for all trials. 


Ventilation and Air System-A conventional air 
delivery system was used capable of drying the 
tablets during the drying cycles. An exhaust sys- 
tem capable of greater air capacity than the air 
supply was used. 


Programmer-The programmer was constructed 
similar to  that described by Mody, Scott, and 
Lieberman (2), but modified to provide auxiliary 
controls that could be used to suspend any of the 
automated functions as desired. A series of neon 
lights was provided for the timers to indicate se- 
quence of operation, primarily as an instructional 
aid. All wire connections were made to  readily 
accessible terminal strips for any changes or modi- 
fications in circuitry. 


EXPERIMENTAL 


Tablets and Materials-The initial trials were 
conducted on ball-shaped, uncoated confections ob- 
tained from a commercial producer. They averaged 
0.50 in. in diameter and weighed 1.36 g. each. 
The compressed tablets used during these experi- 
ments were prepared from terra alba, using the 
wet granulation method. They weighed 385 mg./- 
tablet, with a diameter and gauge of 95.4 mm. 
(0.375 in.) and 4.43 mm. (0.174 in.), respectively, 
and were compressed on a Colton 216 single rotary, 
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TABLE I-WEIGHT OF SUGAR ACQUIRED BY TABLETS PER BATCH SERIES 
USING AUTOMATED AIRLESSSPRAY SYSTEM 


Sample seriesa A B C D E F G H I 


Initial weight/batch, kg. 8 8 9.27 8 8 x 8 8 8 
Number of cycles 40 40 40 40 40 40 40 80 40 


Weight increase/batcli, kg. 1.46 1.45 1.46 1.24 1.56 1 . 5 6  1.56 3.14 2.06 
Sugar delivered/cycle, g. 36.80 36.80 36.80 31.50 39.50 39,50 39.50 39,50 23.00 
Total operating time, min. 88 137 104 89.5 88 102 107 201 90 


aSeries A, no precoat; series B, conventional pan sugar coating; series C, subcoat; series I (confections), 00 precoat; 
all series except A and I were shellac coated. 


. 20 t. 
.- 


10 20 30 40 
NO. OF COATS APPLIED 


Fig. 1-Comparison of gain in  tablet wall thickness 
of tablets coated by automated method and tablets coated 
by conventional method. Key:  0, diameter (auto- 
mated); ., gauge (automated); 0, diameter and gauge 


(conventional). 


80 I 


0 10 20 30 40 
NO. OF COATS APPLIED 


Fig. Z - G a i n  i n  weight of tablets coated by automated 
method and tablets coated by conventional method. 


Key: 0, automated; 0,  conventional. 


rable to  those of the automated method. Data arc 
presented in Figs. 1 and 2, and Table I (series B). 


Total Operating Time-The total operating time 
for each batch series was dependent on ( a )  the type 
of tablet coated, i .e.,  whether it was not precoated , 
subcoated, or shellac coated, ( b )  quantity of sugar 
delivered per cycle, ( c )  type of coating method 
employed, i .e.,  conventional pan coating or auto- 
mated airless-spray method, and (d) deliberate 
change in length of drying time increments per cycle 
in order to determine operating ranges for the 
production of a satisfactory coat. These changes 
are reflected in the figures for total operating times in 
Table I. All sugar coats entered in Table I were 
judged satisfactory. 


Comparison of Coating Variability to Commercial 
Samples-Twenty tablets were chosen at random 
from each of four commercial samples and then 
individually weighed and measured. Thirty tablets 
each from the lots spray coated by the automated 
method were also selected a t  random and weighed 
and measured. The data are presented in Tables I1 
and 111. 


RESULTS AND DISCUSSION 


The ball-shaped confections were used as the ini- 
tial samples for coating because objects of such shape 
roll readily in the coating pan and are rather easy 
to coat, since they also have no edges or corners that 
generally cause difficulty in coating. The settings of 
the programmer for sugar delivery for this ball- 
shaped confection could be made over a rather wide 
range, consistent within reasonable limits. The ease 
of coating experienced with ball-shaped objects 
would indicate that they could be used for familiar- 
ization with the operation of the automated airless- 
spray system. Normally, baffles are used in the 
coating pan to produce tumbling with the automated 
system. However, it was found that the application 
of a thin coating of liquid latex or syrup to the pan 
and drying it, would permit good tumbling during 
the initial stages when tablets generally have a 


TABLE 11-MEANS (x), RANGES (R), STANDARD DEVIATIONS (S), AND COEFFICIENTS 
OF VARIATION (CV) OF TABLET DIAMETER 


Sugar Coating Sampleo Tablets 2- R S cv 
Type of No. of -Tablet Diameter, in.------ 


Conventional 


Automated airless spray 


A 
B 
C 


20 407.5 25 6.38 1.57 
20 404.4 16 3.74 0.93 
20 430.5 10 2.60 0.60 


D 20 436.6 11 2 .78 0.64 
E 30 408.0 9 2.06 0.51 
F 30 400.8 12 2.52 0.63 
G 30 416.4 10 2.89 0.69 


Samples A-D were commercial tablets, and samples E-G, were tablets included in study. 
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TABLE 111-MEANS (T), RANGES (R), STANDARD DEVIATIONS (S),  A N D  COEFFICIENTS 
OF VARIATION ( C V )  FOR TABLET GAUGES 


L 


Type of No. of -- Tablet Gauge, in.--- - 
Sugar Coating Sample’ Tablets X R S cv 


Conventional A 20 225.5 22 5.41 2.40 
B 20 240.7 19 5.14 2.14 


Automated airless spray 


C 20 226.8 11 2.70 1.19 
D 20 253.5 15 3.98 1.57 
E 30 504.6 11 2.24 1.10 
F 30 194.5 15 4.23 2.18 
G 30 208.5 12 3.19 1.58 


Samples A - D  were commercial samples. and samples E-G 


0 20 40 60 80 
NO. OF COATS APPLIED 


Fig. J - G a i n  in weight and tablet wall thickness of ball- 
shaped confections coated by automated airless-spray 


method. Key: 0, wall thickness; 0 ,  weight 


tendency to  slide. Difficulty in tumbling is usually 
not experienced after the first or second cycle. 


Each of the four samples obtained from com- 
mercial outlets represented a single production lot 
per sample, and the results therefore cannot be inter- 
preted as being indicative of other lots of the same 
product. Variations of individual coated tablets 
within a single lot can be divided into three types: 
(a) those caused by inherent variations in the un- 
coated tablets, (b )  those caused by the actual coating 
operation, and ( c )  the possibility of both a and b 
occurring at the same time. The standard deviation 
of all of the tablets coated by the automated process 
was equal to  or less than that of the four commercial 
samples. These were used for comparison because 
they were similar in weight and dimensions to the 
spray-coated tablets. However, a greater standard 
deviation in the commercial tablets may not be 
objectionable if the weight variation is due only to 
nonmedicinal coating ingredients, and not active 
materials that might be included in the coats. 


Tables I1 and I11 show the means, ranges, stan- 
dard deviations, and coefficient of variations for 
tablet diameter and gauge, respectively. In all 
cases, tablets coated by the automated process com- 
pare favorably to those coated by the conventional 
method. The subcoated automated lot had less 
variation than any of the samples examined. 


Batches of tablets weighing 8 kg. each were used 
because this was equivalent to  about 8 I . ,  the opti- 
mum working capacity of the 40.6 cm. (16 in.) coat- 
ing pan. Standard concave-shaped tablets, particu- 
larly those with thick edges, are more of a problem 
than those with a curvature approaching roundness, 
such as the extra deep cup shape. It is well known 


were tablets included in study. 


to the arts that tablets possessing greater curvature 
and thin edges are coated with less difficulty than 
others. 


During sampling, it was noted that coverage took 
place at about 20 cycles, as could easily be seen by 
examining the samples through a 7X lighted magni- 
fier. The process was initially continued until 80 
cycles, but since coverage was complete before this, 
and prior work indicated that additional coats could 
be applied readily, the operation was generally 
stopped at the end of 40 cycles. As was noted be- 
fore, sugar was applied directly to tablets not pre- 
coated, with a reasonable degree of success. This 
area is being explored further. 


Tablets coated by the automated process acquired 
a greater thickness on the edges (diameter) than on 
the surface (gauge). At the present time, the 
reason for this difference is unknown, and work is 
being done to determine the cause and if i t  can be 
controlled. 


The build-up of sugar in the coating pan ranged 
from about 0.08&0.13’%, with a mean of 0.10%. 
This was found to be dependent on the weight of 
sugar delivered per cycle and the drying time, and 
could be adjusted readily. Trials were conducted 
with the 40.6-cm. coating pan to determine the 
maximum and minimum load of shellac-coated 
tablets that would slide or tumble in this pan when 
the latter was coated with latex. As little as 2.5 kg. 
of these tablets would tumble in the treated pan, and 
as much as 10-12 kg. would slide in the uncoated 
pan. I t  should be pointed out that this latex or 
sugar coating was used only for the initial start of 
tumbling of the tablets, because once there is a 
slight quantity or sugar on the pan walls, tumbling 
will generally proceed normally. 


It would appear that, within specific limitations, 
direct application of sugar to tablets and confections, 
with or without precoat, shows promise. Transfer- 
ing this process to an automated airless-spray system 
permits greater uniformity of coating and decreased 
costs of operation because the operator need not be 
particularly skilled and can control more coating 
pans with greater precision than one skilled in per- 
forming his work in the traditional manner. 


Smooth finish coats were obtained by the usual 
reduction and closed pan method as described in 
Clarkson (6), however, this requires the removal of 
the spray gun from the coating pan after the last 
cycle. The finished tablets can be polished by any 
conventional means. with the usual materials. 


The comparison is shown in Fig. 1. 
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Semiautomated Assay for the Simultaneous 
Determination of Propoxyphene Hydrochloride 


and Paramethasone Acetate in Coated 
Single Tablets 


By C. E. STEVENSON a n d  I. COMER 


A semiautomated method for the simultaneous determination of poxyphe e 
hydrochloride and paramethasone acetate is described for coated tab{ . A novel 
device for the removal and dissolution of tablet coatings is outlined. Solutions are 
sampled with an automatic sampler at the rate of 20/hr. and fed to two independent 
systems for analysis. A modified blue tetrazolium procedure is utilized for the de- 
termination of paramethasone acetate producing essentially complete color develop- 
ment within 5 min. at room temperature. Working concentrations of 12.5 
mcg. paramethasone acetate per ml. can be assayed without resorting to range expan- 
sion. Analysis of propoxyphene hydrochloride is accomplished by the formation 
of a complex with bromocresol purple with subsequent extraction and color mea- 


surement in ethylene dichloride. 


HE AUTOMATED analysis of single tablets has T been reported by Wolski (1) as a useful tool 
in the concept of quality assurance. The prod- 
uct’ involved in this study consists of an enteric 
500-mg. acetylsalicylic acid (aspirin) core tablet 
coated with 32.0 mg. of the analgesic propoxy- 
phene hydrochloride (DPH), and 0.250 mg. of the 
ketosteroid paramethasone acetate (PMA) (6a- 
fluoro-lG~~-methylprednisolone 21-acetate). For 
the quality assurance of this product, an auto- 
mated single-tablet procedure for the simultane- 
ous determination of DPH and PMA was de- 
veloped using the automatic analyzer.* 


A desirable condition involving methods for 
simultaneous determinations is that each compo- 
nent be capable of measurement in the presence 
of the other without significant interference. 
The automated method of Kuzel (2), based on 
the forniation of a complex between tertiary 
amines and bromocresol purple (BCP), and the 


Received November 20, 1967, from Eli Lilly & Co.. In- 
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automated methods of Greely et al. (3) and Beyer 
(4), utilizing the reducing powers of the keto- 
steroids on blue tetrazolium (BTZ), meet this 
condition for the compounds in this study. 
Slight modifications of these procedures have 
been made in the development of this automated 
system. 


EXPERIMENTAL 
Reagents-BCP-A 2% acetic a~id-987~ deion- 


ized water (v /v)  solution containing 0.25 mg. of bro- 
mocresol purple ( 5’,5”-dibromo-o-cresolsulfonph- 
thalein Na salt, Eastman No. 6266) per ml.; BTZ- 
A solution containing 0.15 mg. blue tetrazolium 
(Fisher Certified B-410) per ml. SD-3A alcohol; 
Ethylene Dichloride-Fisher Certified E-175; TMAH 
-A solution of 20% tetramethylammonium hydrox- 
ide (Eastman No. 1515)-80% SD-3A alcohol (v/v); 
Wash-A solution of 50% methanol-50yo deionized 
water (v/v); Theory Standard-32.0 mg. propoxy- 
phene hydrochloride and 0.250 mg. paramethasone 
acetate reference standard per 20 ml. of Wash solu- 
tion. 


Sample Preparation-Due to the relatively low 
steroid concentration in the formulation, it was de- 
sirable to limit the amount of solvent used in the dis- 
solution of the active ingredients to as low a volume 
as possible. Utilization of an automatic’ module 
’ slidprep, Technicon Corp.. Chauncy. N. y.  
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films will be compared with literature data on free 
films in order to  evaluate the utility of the model. 
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Lipids .. from the Seeds of Abrus precatorizcs 
By MORTON S. LEFAR, DAVID FIRESTONE, EUGENE C. COLEMAN, 


NATHAN BROWN, and DONALD W. SHAW 


The lipids obtained from Abrns precatorim were separated into a saponifiable and 
unsaponifiable fraction. Analysis of the saponifiable fraction by gas-li uid chroma- 
tography (GLC) showed the presence of a series of C-8 to C-24 saturate] and C-16 to  
C-24 unsaturated acids. Column chromatography of the unsaponifiable material 
yielded a hydrocarbon, alcohol-methyl sterol, and sterol fraction. GLC showed that 
the hydrocarbon fraction contained squalene, a homologous series of C-16 to  C-3 5 
normal, is0 and/or anteiso, and possibly multibranched compounds. T h e  alcohol- 
methyl sterol fraction contained a series of c - 1 4  to C-28 normal alcohols i n  addition 
to 6-amyrin and cycloartenol. Stigmasterol, 8-sitosterol, and campesterol were the 


major sterol constituents identified by GLC. 


brus precatorius (also called Jequirity, Gunja, A Kunch, and Rati) is a perennial twiner belong- 
ing to  the family Leguminosae that grows throughout 
India and other tropical countries (1). It contains 
some of the most lethal plant poisons in the tropics. 
Many children have been attracted to  its color and 
have accidentally swallowed the seed. Jequirity 
beans are frequently used as eyes in dolls, toys, 
necklace beads, and clothing ornaments. Some of 
the preparations from this plant induced severe 
cytotoxicity in concentrations of less than 0.01 
mcg./ml. of solid material. Extracts of Abrus 
precatorius initially suppressed the growth of cancer 
cells and prolonged the survival of laboratory 
animals (2). 


The biological effects of extracts of the seed have 
stimulated the need for further information con- 
cerning the identity of the compounds contained in 
.4 brus precatorius. 


EXPERIMENTAL 
Source and Preparation of Material-Ripe seeds 


of dbrus precatorius were obtained from Herbst 
.~ 
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Brothers, Seedsmen, Inc., Brewster, N. Y. Ap- 
proximately 65 g. of seeds dispersed in powdered 
dry ice were ground to a powder in a Wiley mill. 


Extraction of Seeds-The powdered seeds were 
extracted successively with two 200-ml. portions of 
n-hexane, ethyl ether,’ and distilled water at room 
temperature, and finally with two 500-ml. portions 
of %yo ethyl alcohol in a Soxhlet for 6 hr. Evapora- 
tion of 250 ml. of the hexane and ether fractions 
yielded, respectively, 372 and 177 mg. of yellow 
oils. 


Saponifiable and Unsaponifiable Fractions-The 
saponifiable and unsaponifiable fractions were 
extracted (3). The alkaline soaps obtained were 
acidified with 1 + 1 HC1, extracted three times 
with petroleum ether, and then converted to the 
methyl esters (4). 


Gas-Liquid Chromatography of Methyl Esters- 
The mixture of methyl esters was subjected to 
GLC, using a Wilkins Aerograph model 1520 
instrument fitted with a flame-ionization detector 
The 2.7 m. X 0.6 cm. i.d. (9ft. X l/din.)aluminum 
column was packed with 20% polydiethylene glycol 


1 The ether and hexane extracted residues did not inhibit 
the growth of di loid cells (Hayflick strain, Wistar 138; 
obtained from Bartimore Biological Laboratories, Cockeys- 
ville, Md.). * Stationary phases, psckings. and standards were obtained 
from Applied Science Laboratories, State College, Pa. 
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TABLE I-UNSAPONIFIABLE COMPONENTS OF Abrus 
precatorius 


Fraction 2.2 mg. 18.4 mg. 
Ethyl Ether Extract Hexane Extract 


Hydrocarbon CISCU C1sCn 
Squalene, GrGs 


GOH-CaOH 
Alcohol-methyl GOH-GOH CIOOH-G~OH 


sterol G90H, &OH p-Amyrin 
(?\ 
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Sterol 


CaL'pesterol( ? ) Cycloartenol 
B-Amyrin 
C ycloartenol 
Cholesterol Cholesterol 
Brassicasterol Brassicasterol 
Campesterol Campesterol 
Stigmasterol Stigmasterol 
8-Sitosterol p-Sitosterol 
Methyl sterols Methyl sterols 


(?I 


TABLE 11-PERCENT OF TOTAL FATTY ACIDS" 
EXTRACTED FROM Abrus precatorius 


Hexane Ether 
Fraction, FracUon. 


Fatty Acid % % 
Octanoic (8:O) trace - 
Dodecanoic (12 : 0) trace 0.2 
Tetradecanoic (14:O) 0.1 0 . 7  
Hexadecanoic (16 : 0) 4.0 10.5 
9-Hexadecenoic 0.2 1.3 
Unidentifiedb 0.2 0 . 7  
Octadecanoic (18:O) 1.0 1 .9  
9-Octadenenoic (18: 1) 23.0 22.3 
9,12-Octadecadienoic (18: 2) 7 . 7  30.7 


5 '2 '  16.8 11-Eicosenoic (20: 1) 
9,12,15Octadecatrienoic 10.6j' 


Docosanoic (22 : 0) 3.9 2.2 
13-Docosenoic (22: 1) 33.6 3.4 
Tetracosanoic (24: 0) 1.9 9.4 
15Tetracosenoic (24: 1) 2.9 -- 
Unidentifiedc 4.8 - 


Eicosanoic (20: 0) 0.6 - 


(18:3) 


As methyl esters; not corrected for detector response. 
'Retention time versus 16:O = 1.47. ORetention time 
versus 16:O = 9.07. 


succinate (DEGS) on 60-80 mesh Chromosorb W. 
The gas chromatographic conditions were as fol- 
lows: helium gas flow 70 ml./min.; column tern- 
perature 207"; injection port 253"; cell temperature 
568". 


Identification of Esters-The retention times of 
the sample components were compared with that 
of highly purified esters on polar (DEGS) and non- 
polar columns (2.7 m. X 0.6 cm. i.d.; 3% SE-30 
on 60-89 mesh Chromosorb W). Semilogarithmic 
plots of retention times uersus carbon number were 
used to identify 15-tetracosenoic acid and to con- 
6rm assignments. 


Column Chromatography of Unsapofiables- 
Magnesium silicate* was heated to 260' for 2 hr., 
then deactivated with 10 g. of water per 100 g. of 
magnesium silicate and allowed to equilibrate over- 
night. The 18.4 mg. and 2.2 mg. of unsaponifiable 
material from the hexane and ether fractions, re- 
spectively, were chromatographed on a 2.5 X 30 
cm. column containing 20 g. of the prepared mag- 
nesium silicate. The hydrocarbons were eluted with 


a Florid PK, Floridin Co., Pittsburgh, Pa. 


40 ml. of 10% anhydrous ethyl ether in hexane 
and the alcohol-methyl sterols with an additional 
140 ml. of the same mixture. The sterols wcre 
then eluted with 150 ml. of 50% ether in hexane. 


Gas-Liquid Chromatography of the Hydrocarbon, 
Alcohol-Methyl Sterol, and Sterol Fraction-The 
three fractions eluted from the column were sub- 
jected to GLC on a Barber-Colman model 5000 
instrument utilizing the hydrogen-flame detector. 
The instrument was fitted with a 1.8 m. X 0.6 cm. 
i.d. (6 f t .  X l / 4  in.) glass column filled with 3% 
JXR on 100-120 mesh Gas Chrom Q. Nitrogen 
was used as the carrier gas a t  30 p.s.i. Detector and 
sample temperatures were maintained at 262". The 
column temperatures were controlled at  180' and 
240" (see Table I). For quantitative estimation 
of various components, areas beneath gas chro- 
matographic peaks were determined by the peak 
height retention time method (5). 


RESULTS AND DISCUSSION 


The fatty acids detected in Abrus precaforius in 
this study differ from an earlier chemical investiga- 
tion (1) of the lipid fraction which did not report 
the presence of trace amounts of octanoic (8:0), 
dodecanoic (12: 0), or tetradecanoic (14:O) acids, 
in addition to larger amounts of 9-hexadecenoic 
(16: 1) acid (see Table 11). 


GLC revealed that 13-docosenoic (22: 1) acid was 
the third most prevalent component in this prepara- 
tion. However, Mandiratta and Dutt (1) did not 
indicate the presence of this lipid. 


Examination of the chromatogram of the hydro- 
carbon fraction and plots of retention time versus 
carbon number (Fig. 1) indicate the presence of 
three homologous series in addition to squalene. 
The first series consists of normal straight chain 
hydrocarbons in the range C!I&*O. The second 
series consists of is0 and/or anteiso hydrocarbons 
(e.g.. is0 = 2-methyl; anteiso = 3-methyl). Pre- 


I 
te 2'0 2'2 2'4 2'6 


LAKBON NUMBER 


Fig. 1-Semilogarithmic plot of carbon number 
versus retention time of hydrocarbons obtained from 
Iwxanr extract. Key: a, iso/anteiso; 0, multi- 


branched; X, normal. 
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1 4 L * to 32 I <  l b  I 8  10 
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~ ~ T ~ N T ~ O H  T I Y T ,  M I N U T E S  


Fag. 2-Chromatogram of alcohol-methyl sterols f rom 
hexane extract. 


TABLE 111-PERCENT" OF TOTAL STEROLS 
EXTRACTED FROM Abrus precatorius 


Hexane Ether 
Fraction, Fraction, 


Sterol % % 
Cholesterol 1 . 3  2 .3  
Brassicasterol 2 . 8  1.7 
Campesterol 21.0 16.5 
Stigmasterol 46.8 50.8 
j3-Sitosterol 24.8 26.9 
Unidentifiedb 2 .4  1.8 
Unidentifiedc 0.9 - 


a Not corrected for detector response. * Retention time 
Retention time uersus cholesterol T C ~ S U S  cholesterol = 1.84. 


= 2.22. 


vious examination of standards indicated that is0 
and anteiso hydrocarbons with the same molecular 
weights could not be resolved. Is0 and anteiso 
compounds have been reported to be present in 
vegetable and animals oils (6-9). The third series 
probably consists of multiple-branched hydro- 
carbons, which Mold et al. (6) have reported to  be 
present in tobacco leaf wax. 


The alcohol-methyl sterol fraction contained 
mainly a series of c l0-C~ normal alcohols, P-amyrin, 
and cycloartenol (Table I and Fig. 2). Campesterol 
and the C ~ D  and C33 alcohols may be present as 


I . . I I. , I  I. I &  I I  10 


.L,r* l ,on l l l t  *I ."%EI 


Fig. 3-Chromatogram of sterols from hexane extrart. 


GLC of the sterol fraction (Table I11 and Fig. 3) 
indicated the presence of a t  least seven components, 
which were identified by comparison with retention 
times of standards. Stigmasterol was the most 
prevalent sterol; Mandiratta and Dutt (1) reported 
only the presence of sitosterol. 
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Model Catalvsts Which Simulate Penicillinase I11 
J 


Structure-Reactivity Relationship in Catalysis of Penicillin 
Hydrolysis by Morpholinomethyl Derivatives of 


Catechol and Pyrogallol 


By RENAAT D. KINGET and MICHAEL A. SCHWARTZ* 


Studies of catalysis of hydrolysis of benzylpenicillin by aminoalkylcatechols have 
been extended to a series of morpholinomethyl derivatives of catechol and pyrogallol. 
Catalytic rate constants for each of the active s ecies are related to their basicity and 
presence or absence of electrophilic groups a n l a  positively charged amine in proper 
position to assist nucleophilic attack by a phenolate ion. Ionization constants for 
these compounds determined spectrally were the same as those determined potentio- 
metrically indicating that the catalytic species are hybrids between charged amine 
and phenolate ion. The structures of these species are correlated with their effi- 
ciency as catalysts on the basis of a mechanism involving participation by up to four 


functional groups on the catalyst. 


~ V I O U S  STUDIES in this laboratory (1, 2) P have shown that 3,6-bis(dimethylamino- 
methy1)catechol (CDM) is an efficient catalyst 
for the hydrolysis of benzylpenicillin to benzyl- 
penicilloic acid and that both metastable tetra- 
hedral intermediates and a catechol monoester 
are probably involved in the reaction pathway. 
The nature of the reactive catalytic species 
(CDM+*) was deduced on the basis of the pH- 
rate profile, which showed a maximum at pH 8, 
and the bathochromic shift in the UV absorption 
spectrum upon neutralization of one equivalent 
of the dihydrochloride. 


In  the present work the studies have been ex- 
tended to include a series of morpholinomethyl 
derivatives of catechol and pyrogallol. Morpho- 
line is much less basic than dimethylamine and, 
i t  was thought, this difference in basicity would 
affect the catalytic ac i ency  of the catechol- 
amines. Additionally, spectrophotometric ti- 
trations were carried out in order to learn more 
about the nature of the various species produced 
in the stepwise ionization of both the morpholine 
and dimethylamine derivatives. 


EXPERIMENTAL 


Synthesis of Catalysts-The morpholinomethyl 
Received May 22, 1968, from the Department of pharma- derivatives Of catecho’ and P~Oga l lO1  were prepared 
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by the method of Fields et ul. (3). In the case of 
the pyrogallol derivative the reaction was carried out 
in a nitrogen atmosphere to minimize oxidation. 
The hydrochloride salts were prepared by admitting 
dry hydrogen chloride gas into a methanol solution 


tion of ethyl acetate or dry ether. Table I lists these 


1968. 


Service, Bethesda, Md. 
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TABLE I-MORPHOLINOMETHYL DERIVATIVES 


7- Anal.'--- 
Compd. Abbreviation M.p., "C. Calcd. Found 


3-Morpholinomethylcatechol ~ HC1 CMO 161-163 C, 53.77 C, 53.61 
H, 6.56 H, 6.63 
N. 5.70 N. 5.83 
c i ,  14.43 c i ,  14.40 


3,6-Bis(morpholinomethyl)catechol~2HC1 CDMo 265dec. C, 50.40 C, 50.50 
H, 6.87 H, 6.83 
N, 7.35 N, 7.39 
C1, 18.60 C1, 18.48 


3,4,6-Tris(morpholinomethyl)catechol~ 3HC1 CTMo 170-176 C, 48.80 C, 48.57 
H, 7.00 H, 7.20 
N, 8.13 N, 8.01 
C1, 20.58 C1, 20.30 


4,6-Bis (morpholinomethy1)pyrogallol. 2HC1 PDMo 209-210 dec. C, 48.37 C, 48.16 
H, 6.60 H, 6.49 
N, 7.05 N, 6.91 
C1, 17.85 C1, 17.67 


Analyses were done by Galbraith Laboratories, Knoxville, Tenn. 


compounds. The preparation of the dimethylamino- 
methyl derivatives was previously described (1). 


Reagents-Potassium benzylpenicillin was kindly 
supplied by Bristol Laboratories, Syracuse, N. Y. 
All other materials were Fisher certified reagents. 


Potentiometric Titrations-The apparent acid 
dissociation constants (pKa') were determined by 
potentiometric titration at 31.5', ionic strength 0.20, 
using a Radiometer TTT-1 automatic titrator with 
PHA 630T scale expander. Catecholamine concen- 
tration was 0.008 M and 0.2 M NaOH was used as 
titrant. When successive pKa' values were less than 
3 units apart the method of Noyes (4) was used to 
calculate the result. 


Spectrophotometric Titration-The change in ab- 
sorption at a single wavelength in the UV region as a 
function of pH was measured as follows. 


A solution of the compound, acidified to  pH 2, was 
placed in a conical flask modified with exit and entry 
tubes and containing electrodes from a Radiometer 
M-26 p H  meter, a titrant delivery tube, and tube for 
admission of nitrogen. The solution was circulated 
to a flow cell on a Hitachi-Perkin-Elmer model 139 
spectrophotometer by means of a peristaltic pump a t  
a rate of about 300 ml./min. Titrant (1.0 M NaOH) 
was added from an ultraburette model 200, the vol- 
ume added during a titration being insignificant rela- 
tive to  the total volume of solution. 


The wavelengths at which the titrations were con- 
ducted were selected after preliminary observation 


TABLE II-SPECTRAL CHARACTERISTICS OF COM- 
POUNDS STUDIED 


Am.. . 
at  pH 


Comud. 1.5(md 


CMo 285 


CDMo 288 


CTMo 295 


PDMo 273 
CDM" 287 
CTMb 293 


Change with 
Increasing DH 


~ 


Decrease a t  285; 
shoulder at 298 


Decrease at 288; 
shoulder a t  300 


Decrease at 295; 
shoulder at 312 


Increase a t  273 
Shift of Amax. to  305 
Shift of Amax. to  307; 


new peak 253 mp 


Wave- 
length 


Titrated 


285 


288 


295 


273 
305 
253, 
307 


3,8Bis(dimethylaminomethyl)catechol~2HC1. 3.4,6- 
Trisldimethylaminomethyl)catechol~ 3HCl. 


of the effect of pH on absorption spectrum of the 
compound. Generally, the wavelength chosen was 
that at which there was the greatest change in ab- 
sorbance with pH. From the plots of absorbance 
versus pH, spectral pKa' values were determined. 


The spectral dissociation constants were deter- 
mined at room temperature (about 27'). In addi- 
tion to the morpholinomethyl compounds in Table 
I, two of the dimethylaminomethyl derivatives were 
also titrated. Table I1 lists all the compounds stud- 
ied with the characteristics of their spectra and the 
wavelengths at which the titrations were conducted. 


Hydrolysis Rates-Rate of hydrolysis of benzyl- 
penicillin in presence of catalyst was carried out as 
previously described (1) by following the rate of acid 
production on a pH-stat. All rates were measured 
a t  31.5" and ionic strength 0.20. First-order kinetics 
was observed at constant pH and the concentra- 
tions of materials used. 


RESULTS 


Spectral Titrations-The effect of pH on the ultra- 
violet absorption spectra of CDMo and CTMo are 
shown in Figs. 1 and 2, respectively. In each case 
the change with increasing p H  involves a decrease in 
absorbance at the maximum and the formation of a 
shoulder at a higher wavelength. The pattern for 
CMo is the same as that shown for CDMo and is not 
depicted. These curves may be contrasted with the 
pattern previously observed for CDM (1) which is 
typical of all the dimethylaminomethyl derivatives. 
The latter compounds show pronounced bathochro- 
mic shifts of the wavelength of maximum absorption 
with increasing pH. 


Figure 3 shows the spectral titration curves for 
CDMo and CMo. The dissociation constants for the 
latter compound were determined from the pH at the 
midpoint of the descending and ascending arms of 
the curve. For CDMo the situation is more complex. 
There is an obvious curvature at about pH 6.5. Ap- 
parently two ionization constants are involved in 
this portion of the curve. These constants were 
taken as the pH values a t  the midpoints of each sec- 
tion. 


In the curve for PDMo in Fig. 4 there are clearly 
three dissociation constants involved and these were 
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estimated from the midpoints of the appropriate por- 
tions of the curve. 


In Fig. 5 is shown the titration curve for CTMo 
in which are seen three distinct breaks in the down- 
ward portion corresponding to the three spectral 
pKa' values taken as the midpoints of each section. 


Figure 6 shows the titration curve for CDM with 
two unambiguous dissociations while in Fig. 7, show- 
ing the curve for CTM, there is a definite disconti- 
nuity in the ascending arm of the curve at both wave- 
lengths studied. Again there are apparently two dis- 
sociations involved prior to the maximum at pH 9 


10, 


Fig. 3-Spectral 
titration curves 
for CDMo and 


CMO . 


Fig. 4-Spectral 
titration curve 


for PDMo. 


Fig. 5-Spectral 
titration curve 


for CTMo. 
0.6 . 


and the constants were determined as described 
above in the case of CDMo. 


All of the pKa' values determined both spectrally 
and potentiometrically are listed in Table 111. It is 
apparent that in almost every case the values deter- 
mined spectrally parallel those determined potentio- 
metrically. The one apparent exception is pKI' for 
PDMo where there is a difference of about 0.25 units 
between the two values. The value obtained by 
potentiometric titration is the more accurate of the 
two and the spectral pKa' cannot be lower than the 
other on theoretical grounds. For this compound 
pK1' and pK2' are fairly close together and the over- 
lap caused a change in direction of the spectral titra- 
tion curve making it extremely difficult t o  separate 
~ K I '  and pKn' as was done in the potentiometric 
titration. The value for pK1' used for purposes of 
this work was therefore 6.25. 


Since the spectral and potentiometric ionization 
constants are the same, no microconstants are re- 
quired and only one species is formed at each stage in 
the ionization scheme. This may be considered to be 
a hybrid between phenolate ion and free base of the 
amine. 


Kinetic Studies-The observed first-order rate 
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Fig. 6-Spectral 
titration curve 


for CDM. 
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Fig. 7-Spectral 
titration curves 
for CTM at two 


wavelengths. 


constants, after correction for alkaline hydrolysis 
where necessary, were divided by the molar concen- 
tration of catalyst to obtain the catalytic rate con- 
stants, k,, a t  each pH. From the pH and pKa' val- 
ues the fraction of the total concentration of catalyst 
present in each ionic state was calculated. Specific 
rate constants for each species were calculated by as- 
suming that the total rate constant, k,, was the sum 
of the individual constants, i . e . ,  


k ,  = k+zf+z + k+if+i  + kafa.. . 
where the subscripts represent the electrostatic 
charge on the particular species and the f ' s  designate 
fraction. The curves shown in Fig. 8 were drawn 
from the calculated constants given in Table IV, 
while the points are the actual experimental data. 
Generally these follow a pattern similar to  that of the 
corresponding dimethylamine derivatives (1) but the 
pH of maximum rate is different in each case. The 
species of CDMo with +1 charge has its maximum 
concentration at pH 6.5 where the maximum rate oc- 
curs, exactly as observed with CDM. The rate con- 
stant for CDMo+' is lower than that for CDM+l(45 


TABLE 111-DISSOCIATION CONSTANTS 


pKa' by pKa' by 
Potentiometric Spectral 


Compd. Titration Titration 


CMo pKi ' 6.75 6 . 7  
DK*' 9.66 9 .6  ... 


CDMo pK;' 5.65 5 . 6  
pKz' 7.32 7 .3  
PKJ' 9.86 9.8 


CTMo PKI ' 3.75 3.7 
PK2: 5.80 5 .7  
DK. 7.90 7 .8  


PDMo pK;' 6.25 6.0 
PKI' 7.66 7.6 
pK3' 9.65 9.6 


CDM" pKi' 6.35 6.4 
D K ~ '  9.65 9 .7  


CTM" pK;' 4.95 4.9 
PK,' 7.10 7 .2  
pKz' 10.35 


pKa' by potentiometric titration was previously deter. 
mined (1). 


Fig. 8-pH-Rate profiles for morpholine derivatives. 
The curves were d r a m  from calculated constants 


while the points represent experimental data. 


M-' min.-l) indicating the effect of basicity on cata- 
lytic efficiency. This effect is more explicitly de- 
picted in the typical Bronsted plot of Fig. 9 which 
also includes data from the previous study (1). 
Statistical corrections of these data were made by the 
criteria of Benson (5). It can be seen that all of the 
species involved fall into three distinct groups. The 
lines drawn through two of the groups are essentially 
parallel while the right-hand line was drawn parallel 
to the other two through the points involved. 


DISCUSSION 


It is apparent from Fig. 9 that there is a consistent 
pattern in the relationship between the catalytic effi- 
ciency and structural features of the compounds 
studied. The most reactive group of species, taking 
into account basicity, is on the left-hand line and all 
have in common two electrophilic groups ortho and a 
positively charged amine me& to the nucleophilic 
phenolate. The next group (middle line in Fig. 9) 
lacks the charged amine in the meta position and as a 
result is 50-fold less reactive a t  the same pKa' than 
the first group. The third group, consisting only of 
catecholate ion (C-l), CMo-', and CMMO, is 10-fold 


TABLE IV-RATE CONSTANTS 


Catalytic Rate 


Compd. on Species (M -1 mim-1) 
Net Charge Constant 


CMo 0 1.5 
-1 2.6 ~. . 


CDMo +1 19.0 
0 2.0 


-1 - 
CTMo +2 1.5 


+1 8 . 5  
0 2 . 5  


PDMo +1 23.5 
0 10.0 


-1 30.0 
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apparent effect on catalysis, as it should according to 
the charee effect hypothesis. 


One species which does iiot fit with any group is 
CTM +l. This species if formed by neutralization of 
the dimethylamine group in the 4 position would re- 
tain all of the structural features of the species on the 
left-hand line in Fig. 9. While its basicity is lower 
than that of CTM+*, its reactivity is changed only 
very slightly. It seems that neutralization in the 4 
position has little effect on the reactivity of the phe- 
nolate ion in CTM +l while in CTMo +l there is a much 
larger effect. This result is consistent with the 
greater basicity of dimethylamine relative to mor- 
pholine. 


The kinetic data combined with the effects of pH 
change upon UV spectra provide a basis for consider- 
ation of the nature of each of the species of the 
catecholamines studied. In doing this, account must 
be taken of the fact that in each step some phenolic 
dissociation is involved and that only one species is 
produced. The spectral changes as a function of pH 
with the morpholine derivatives are much smaller 
than those observed with the dimethylamine com- 
pounds. This difference may be rationalized by the 
differences in basicity of the two amines. For com- 
parison, pKb of N-methylmorpholine is 6.06 (11) 
and that of trimethylamine is 4.2 (12). The mor- 
pholine would therefore, have much less attraction 
for a proton than the dimethylamine and less in- 
fluence on ionization of the phenol. Consider, for 
example, the comparison of CDM and CDMo in 
Scheme I. In each case neutralization of one acidic 
function leads to a hybrid species in which a proton is 
shared by the amine and phenolate ion. In CDM 
this proton is closer to the amine than in CDMo, 
consistent with the observed spectral behavior. 
While a rate constant for CDM" could not be deter- 
mined accurately a value in the range 1 4  M-' 
min.-l was estimated (l), placing this species in the 


I I I 
1 '  i il i ;* 6 ;o li 


pK'o 


Fig. 9-Bronsted plot including d a h  from the present 
study and Reference 1. The symbols are all defined 


in the text. 


less reactive than the middle group and is missing one 
of the ortho electrophilic groups referred to  above. 
These data provide a quantitative measure of the 
effect of each of the groups mentioned. 


The results are in agreement with the previously 
proposed thesis that all four groups on species like 
CDM+' are involved in the catalysis of penicillin 
hydrolysis. Study of rate of penicillin loss in addi- 
tion to acid formation in the case of catechol ( 2 )  and 
CMo (6) has clearly demonstrated the presence of 
an intermediate, probably catechol monopenicilloate, 
in the reaction pathway. Thus the two electrophilic 
groups on the catalyst ortho to the phenolate may 
participate in either one or both steps, i .e.,  ester for- 
mation and/or ester hydrolysis. Studies of hydroly- 
sis of catechol monoesters (7, 8) have indicated par- 
ticipation by the phenolate ion and i t  seems likely 
that a positively charged amine on the other side of 
the ester would enhance the hydrolysis rate still 
further by general acid catalysis. The ortho phenolic 
hydroxyl group participates in the reaction of eate- 
cholate ion with isopropylmethylphosphonofluori- 
date (sarin) (9) and probably plays a similar role in 
formation of the ester intermediate in catechol-cata- 
lyzed penicillin hydrolysis. The role of the charged 
amine groups in the reaction with sarin is not clear. 
Epstein et al. (10) have referred to a "charge effect" 
by which these charged groups lower the basicity of 
the phenol without affecting its nucleophilicity to- 
ward the neutral substrate. This "charge effect" 
does not seem to be significant in the reaction of these 
compounds with penicillin. The species CMoO falls 
on the same line as pyrogallol in Fig. 9, in one case a 
phenolic hydroxyl and in the other a protonated 
amine being involved. If the charge effect were sig- 
nificant, one would expect CMo" to show a somewhat 
greater rate enhancement than pyrogallol. Also 
CMM+l [3,5-bis(dimethylaminomethyl)catechol] 
falls on the line in the Bronsted plot with pyrogallol 
(P-), the charged amine in the 5 position having no 


CDM CDMo 


Scheme I 


% I .  K2!l 
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group with catecholate ion on the Bronsted plot. 
The similar species C D M 4  however, fits better with 
the middle group containing pyrogallol anion. The 
rationale for this difference between the two species 
can be seen from the structures drawn in Scheme I. 
In CDMoO the protons are closer to  the oxygens 
making them more available for the catalytic reac- 
tion than in CDM where they are closer to  the amine 
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groups. 


of CMo. 
Scheme I1 depicts the proposed mode of ionization 


It can be seen from Fig. 9 that the zero 


c M o  


hd-CH2 H 0 


Ih 


K2 il 
M o  - C H:ooH 


Scheme II 


charged species behaves kinetically like pyrogallolate 
anion while CMo-l resembles catechol in its cata- 
lytic activity. The structures drawn for these spe- 
cies reflect both the observed spectral changes and 
the rate data. 


Of principal interest in Scheme I11 for CTMo is 
the fact that both C T M O + ~  and CTMo+' fall on the 
left-hand line of Fig. 9, and should resemble CDM+' 
in arrangement of participating functional groups. 
Removal of a proton in the second step, from the 


CTMo 


P DMo 


O H  W o H  


morpholino in the 4 position leaves a structure with 
these features. Removal of the positive charge in 
the 4 position should enhance the attraction for the 
phenolic proton by the morpholine in the 3 position 
resulting in the observed further spectral shift. The 
structure shown for CTMoO is appropriate for a spe- 
cies resembling pyrogallolate ion in its catalytic ac- 
tivity. 


In Scheme IV the dissociation process for PDMo 
is depicted. There are added complexities with this 
compound due to  its symmetry and the fact that  
there are three hydroxyl groups which may influence 
spectral changes. Although there are probably other 
ways in which the kinetic and spectral data for this 
compound may be reconciled, that shown here does 
account for the observed results. 


A point worthy of special note in this study is the 
effect of amino groups situated close to  a phenol on 
the ionization of the latter. While phenols normally 
have pKa' values in the range 9-10, the phenols in 
the present study have pKa' values as low as 3.7. 
Even this weakly basic group shows a relatively 
high degree of nucleophilicity toward penicillin. 
Similar effects on phenolic groups in enzymes may 
occur if the environment surrounding the phenol is 
suitable. Therefore, tyrosine should not be excluded 
from consideration as a group in the active site of an 
enzyme on the basis of pKa' measurements alone. 


Perturbation of the pKa of a phenolic hydroxyl 
in a "reporter group" at the active site of chymotryp- 
sin by a charged amine has been reported (13), fur- 
ther emphasizing the importance of local environ- 
ment on the dissociation of an acidic group. 
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Synthesis of ( )-Norargemonine 
By KUO-HSIUNG LEE and T. 0. SOINE* 


(*)-Norargemonine was synthesized in good yield by a multiple-step process. The 
procedure involved Bischler-Napieralski ring closure of N-4- benzyloxy - 3- 
methoxy- henethyl-2-(3,4-dimethoxyphenyl)acetamide, reduction of the ensuing 
3,4-dihy&o base to the tetrahydro form, and dehydrogenation of the latter to yield 
the isoquinoline which, however, had been debenzylated during dehydro enation. 
Rebenzylation of the phenol, conversion to the methiodide, reduction to g e  corre- 
sponding N-methyl-1,2-dihydro base, and acid catalyzed cyclization accompanied by 
simultaneous debenzylation afforded (f )-norargemonine to complete the synthesis. 


ORARGEMONINE WAS FIRST isolated by Soine N and Gisvold (1) in 1944 from Argemone 
hi@u (Gray). It was shown to be the mono- 
phenolic precursor of argemonine (I) by methyla- 
tion with diazomethane (2-4) and argemonine, it- 
self, has been shown to be (-)-N-methylpavine 


In a recent communication, the structure of 
norargemonine has been shown by Stermitz et nl. 
(6) to be I1 by the reduction of protopapaverine 
methochloride with tin in hydrochloric acid ac- 
cording to the method of Spath and Epstein (7). 
An alternate reduction, not utilized but simply 
mentioned, would have been the catalytic method 
of Schopf and Thierfelder (8). The Spath and 
Epstein method yielded the tetrahydro derivative 
[Le . ,  (f)-codamine] together with a small 
amount of the objective compound (11). Since I1 
is essentially a by-product of the above procedure 
and is obtained in poor yield i t  appeared that a 
more feasible synthetic route would be needed for 
other studies with I1 contemplated in these labo- 
ratories. 


(2, 4, 5). 


DISCUSSION 


Benzyl vanillin (IV), prepared by benzylation of 
vanillin (111) according to Tomita et al. (9) was con- 
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densed with nitromethane, as described by Gairaud 
et al. (10) to furnish a good yield of 4-benzyloxy-3- 
methoxy-6-nitrostyrene (V). The latter was then 
subjected to lithium aluminum hydride reduction to 
give 4-benzyloxy-3-methoxyphenethylamine (VI), 
characterized as its formate salt. Condensation of 
VI and 3,4-dimethoxyphenylacetic acid (VII) was 
effected by application of the method reported by 
Shepard et al. (11) to yield the corresponding acid 
amide (VIII), viz. ,  N-(4-benzyloxy-3-methoxy- 
phenethyl) - 2 - (3,4 - dimethoxypheny1)acetamide 
(Scheme I). 


Cyclization of VIII by the Bischler-Napieralski 
procedure (12) led to  the expected 3,4-dihydroiso- 
quinoline which was isolated as its hydrochloride 
(IX). Sodium borohydride reduction of IX fur- 
nished a quantitative yield of the corresponding 
1,2,3,4-tetrahydroisoquinoline (X) which showed 
3,300 ern.-' (v NH) in the IR spectrum in mineral oil 
and was very unstable, decomposing within 34 hr. at 
room temperature. Characterization of this coin- 
pound was  carried out by preparing its stable hydro- 
chloride salt (XI) which exhibited a group of rela- 
tivelysharp bands over 2,440-2,iOO cm.-l (v NHz) in 
the IR spectrum. It also showed a typical benzyl- 
tetrahydroisoquinoline UV absorption and no batho- 
chromic shift was observed upon the addition of 
sodium hydroxide. The NMK (7 ,  i l l  CDCL) of this 
compound showed signals at  6.26 (3H, s, C p  
0C3g),I 6.18 (6H, s. ,  Cd-OC& and CsOC&),’ 5.20 


(5H, s, C~-OCHZC&), and the remaining aromatic 
protons appeared a t  3.34-3.45 (4H). 


+ 


(2H, S, C~-OCHZC&), 3.83 (lH, S,  Cs-H),’ 2.75 


~~ ~ 


1 These assignments are based mainly on the suggestions of 
Tomita el aZ. (13) together with direct comparison with the 
series of closely related compounds prepared during the 
yresenl sludies. 
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It would be worthwhile to isolate the pure com- 
pounds from the crude fractions; strong acids, 
weak acids, and alkaloids and then test them on 
tumor-bearing mice, because many compounds in 
the pure state have been reported to be highly 
active against certain types of leukemias, but were 
devoid of activity in crude fractions. For example, 
Svoboda (1 1) reported the alkaloids, leurocristine 
and leurosidine, were very active against P-1534 leu- 
kemia, but were relatively inactive in crude fractions 
from which they were isolated. A similar situation 
was observed by Farnsworth et al. (12). 


SUMMARY 


1. Pharmacologically active compounds present 
in black walnut were evaluated for antitumor 
activity on spontaneous and transplanted tumors 
in mice. 


2. Ellagic acid depressed the tumor growth in 
both spontaneous and transplanted tumor. This 
effect was more apparent on the spontaneous tumors 
than on transplanted tumors. Ellagic acid increased 
the weight of mice with spontaneous tumors but 
decreased the weight in animals with transplanted 
tumors. 


3. Juglone decreased the tumor growth rate and 
weight of the spontaneous tumor mice. 


4. Strong acids slightly decreased the rate of 
tumor growth (spontaneous), but weak acids 
(spontaneous) and alkaloids (transplanted) did not 
have any significant effect. Furthermore, t h e  
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weight of the mice was not affected by any of these 
three groups. 
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Complex Formation Influence on Reaction Rate IV 
Studies on the Kinetic Behavior of 


3-Carbomethoxy-1-methylpyridinium Cation 


By DANA BROOKE* and DAVID E. GUTTMANt 


The kinetics of reaction of the ester, 3-carbomethoxy-1-rnethylpyridinium cation 
(NME), were investigated in the pH region 8.0-9.8, in the absence and presence of 
the electron donor, 8-chlorotheophyllinate anion (CT). Hydrolysis of the ester was 
shown to be first order with respect to hydroxide ion in this region. The rate of 
hydrolysis was significantly decreased in the presence of CT. Spectral studies 
demonstrated the formation of a complex between the ester and CT. The rate of 
reaction of the complexed ester was about one-fifteenth that of the free ester. Both 
glycine and TRIS buffers were shown to contribute to the rate of reaction. The con- 
tribution due to glycine appeared to be the result of glycinate anion functioning as a 
general base catalyst. The mechanism of the TRIS reaction appeared to be different 
from that of glycine. The data suggested that neutral TRIS and the ester reacted by 


two different pathways to form an unstable ester or a stable amide. 


~-ALKYLPYRIJXNIUM cations have been ex- assessing the chemical and  physical-chemical N tensively used as model compounds in  properties of pyridine coenzymes. Investigations 
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T h e  present investigation was initiated t o  study 
the  possible effects Of Complex formation upon the 
kinetic behavior of the  ester, 3-carbomethoxy-l- 
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methylpyridinium cation (I). The fact tha t  this 
ester undergoes hydrolysis in weakly alkaline 
solutions at conveniently measurable rates made 
NME a n  attractive candidate for study from an 


0 


CH, 
I 


experimental point of view. Moreover, this ester 
has been shown to form charge transfer complexes 
with important biological materials such as re- 
duced flavin mononucleotide (1). Others have 
shown that  this ester forms a cyanide-addition 
compound in  weakly alkaline solutions of potas- 
sium cyanide ( 2 ) .  However, i t  was reported that  
as the ester was hydrolyzed the  cyanide-addition 
compound was destroyed. 


As will be seen, NME undergoes hydrolysis in  
unbuffered solutions or in solutions buffered with 
glycine. When tris-(hydroxymethy1)amino- 
methane (TKIS) was employed as a buffer, the 
ester underwent specific base-catalyzed hydroly- 
sis, aminolysis due to  neutral TRIS,  and esteroly- 
sis due t o  neutral TRIS and hydroxide ion. In 
each reaction, the reactivity of the ester was 
significantly reduced by complex formation with 
CT. The complexed ester was found t o  be 
approximately 5% as reactive as the ester. 


EXPERIMENTAL 


Materials-The iodide salt of NME, m.p. 1 2 P  
125O (uncorr.) and the chloride salt of N1-methyl- 
nicotinic acid (NM acid), m.p. 244-245O (uncorr.) 
were prepared by established methods (3, 4). 8- 
Chlorotheophylline was obtained from the Aldrich 
Chemical Co. Solutions of this compound as the 
anion were prepared by dissolving appropriate 
amounts in water and using sufficient sodium hy- 
droxide to  adjust the pH to values of 8.0 or greater. 
All other chemicals used were of reagent grade. 


Spectral Studies of Complex Formation-Solu- 
tions of CT were found to exhibit large increases in 
absorbance in the visible region of the spectrum on 
the addition of NME, a species with no visible spec- 
trum. This effect, which is indicative of complex 
formation, is shown in Fig. 1. Studies of this 
phenomenon were conducted at 30" using a Beck- 
man, model DB, spectrophotometer equipped with a 
thermostated cell compartment. Ionic strengths of 
solutions were brought to  desired values with sodium 
chloride. Absorbance measurements were made as 
soon as possible after the solutions were prepared to  
avoid loss of NME due to  hydrolysis. In  all solu- 
tions the total NME concentration (NME)f, was 
negligibly small compared to  the CT concentration. 
The absorbance value of each solution was deter- 


lo,zi,&, 
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Fig. 1-Spectrum of a solution containing 0.002 M 
NME and 0.1 M CT (Curve A )  compared to lhat of 
a solution containing only 0.1 M CT (Curve B) .  
Curzle C i s  the difference spectrum of the two S O k -  


tions. 


mined at  a wavelength of 380 m p  and corrected for 
the contribution of CT to yield the absorbance, A,, 
due to complex. Values of (NME)t/A, a t  a par- 
ticular CT concentration were calculated from the 
slopes of plots of A ,  against (NME)t, all of which 
were linear and passed through the origin. Plots of 
(NME)t/A, against the reciprocal of CT concentra- 
tion, the well known Benesi-Hildebrand treatment 
(5), were used to estimate complex stability con- 
stants. 


Fluorometric Assay for NME-An assay procedure 
for NME was based on the conversion of ester to N L -  
methylnicotinamide (NMN) by means of an am- 
monolysis reaction. The NMN thus formed was 
determined by a fluorometric procedure (6, 7). 
Under the conditions of the assay i t  was found that 
about 5% of the ester was converted to NMN and 
the remaining ester was hydrolyzed. The ammo- 
nolysis reaction was found to  be complete after 2 hr. 
and the NMN produced was found to be stable 
under the reaction conditions. Solutions containing 
1 X to 7 X M NME were assayed by 
placing 3-ml. samples into 50-ml. volumetric flasks 
containing 5 ml. of a stock solution of 0.5 M (NHn)p 
SO4 which had been adjusted to a pH of 8.97. The 
flasks were stoppered and allowed to stand to  
permit conversion of ester to  NMN. After 4 hr., 
5 ml. of redistilled acetone containing 2 X M 
manganous chloride was added to each flask, followed 
by 3 ml. of 3 M sodium hydroxide solution. The 
flasks were allowed to stand for 30 min. Then 3.5 
ml. of 4 N HCI was added to each flask and the 
flasks were allowed to  stand 30 min. Finally, the 
flasks were made to  volume with 2.5y0 monobasic 
potassium phosphate. Blanks were prepared in 
exactly the same manner but contained no NME. 
The fluorescence of the resulting solutions was mea- 
sured using a Turner, model 110, fluorometer 
equipped with a 365mp excitation filter and a 436- 
m p  emission filter. I t  was found that NM acid, 
introduced into the samples, did not influence the 
fluorescence readings of the resulting solutions. 
Similarly, TRIS and neutral salts used in reaction 
solutions did not affect the assay. The total 
fluorescence, R, of known solutions was found to  be 
linear with NME concentration and passed through 
the fluorescence reading of the blank, Fb. 
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pH and 30' were determined by measuring the rate 
of acid formation on a Radiometer TTT-1 titrator- 
pH stat equipped with SBR-2, SBU-1 recorder. 
Ionic strength was brought t o  desired values with 
the addition of sodium perchlorate or sodium chlo- 
ride. The molar amount of sodium hydroxide re- 
quired to maintain pH of the reaction mixtures dur- 
ing the course of reaction correlated with the molar 
amount of NME in the original solutions. 


The rates of loss of total ester from solutions 
containing CT, and which were buffered to constant 
pH with TRIS or glycine buffers of moderate con- 
centration were studied by following the disap- 
pearance of absorbance a t  380 ma with time. 
Solutions a t  30' were prepared in 50-ml. volumetric 
flasks to contain 0.005 M NME and appropriate 
concentrations of buffer and CT. In  most cases, 
ionic strength was controlled by the concentration of 
CT in the reaction solutions. A portion of the 
reaction solution was placed in 1-cm. quartz cells 
and the absorbance at 380 mp was followed with 
time using water as a blank. The pH values of 
reaction mixtures were found not to change signifi- 
cantly during the course of reaction. Representa- 
tive kinetic plots are shown in Fig. 3. 


pKa Values-The values for pKa which were used 
in calculations were: 8-chlorotheophylline, 5.5 (8); 
TRIS, 8.10 (9); glycine, 9.78 (10). 


111111111111 
0 20 40 80 80 la, 


TIME (MINUTES) 


Fig. 2-Example kinetic plots obtained by jluoro- 
metrically determining residual N M E  i n  solutions 
buffered with 0.03 M T R I S  to pH values of 8.71 (0) 
or 8.52 (A). Initial concentration of N M E  was 
7.0 X M and ionic strength was adjusted to 


0.13 urith addition of sodium perchlorate. 


Kinetic Studies-The kinetics of disappearance 
of NME from solutions maintained at constant pH, 
constant temperature, and 0.03 M TRIS was fol- 
lowed by determining the residual concentration of 
NME in 3-ml. samples of the reaction solutions a t  
various times. Reaction solutions adjusted t o  an 
ionic strength of 0.13 with sodium perchlorate or 
sodium chloride were prepared in 100-ml. volumetric 
flasks and kept at 30" in an oil bath. The pH values 
of reaction solutions were measured during the 
course of the reaction and were found not to  change 
significantly. A Leeds and Northrup 7401 pH 
meter was used to  make all pH measurements. 
The residual concentrations of NME in samples of 
the reaction solutions were determined fluorc- 
metrically. Since (Ft - Fb) was proportional to  
NME concentration, the logarithm of this term was 
plotted against time to  determine apparent first- 
order rate constants for the disappearance of ester 
from reaction mixtures. Sample kinetic plots are 
shown in Fig. 2. 


The rates of reaction of ester in the absence or 
presence of CT in unbuffered solutions at constant 


5 10 15 x )  25 30 (A) 


10 20 30 40 50 80 (8; 
TIME (MINUTES) 


Fig. 3-Kinetic plots prepared by following the ab- 
sorbance at 380 mp of reaction solutions prepared to 
contain 0.005 M N M E  and 0.1 M CT.  Conditions 
of pH and bufer were: 0.4 M T R I S ,  pH 9.18( Curve 


A ) ,  and 0.26 M T R I S ,  pH 8.63(Curve 9). 


RESULTS AND DISCUSSION 


Spectral Studies-Spectrophotometric examina- 
tion of solutions containing both NME and CT sug- 
gested that formation of a complex occurred. Figure 
1 illustrates the spectrum of a solution of 0.1 M CT, 
the spectrum of a solution containing 0.1 M CT and 
0.002 M NME, and the difference spectrum. Since 
the ester has no visible spectrum, the large increase 
in absorbance values of a solution of CT caused by 
the addition of NME was indicative of complex 
formation. That a new, broad absorption band 
appeared a t  longer wavelengths than the spectrum 
of either interactant suggests that a charge-transfer 
complex was formed. This is not surprising sincc 
pyridinium cations are well known for their ability 
to  act as acceptors in charge-transfer interactions. 
Spectral data were analyzed by the method of Benesi 
and Hildebrand ( 5 )  to yield complex stability con- 
stants at several ionic strengths. The stability 
constant a t  an ionic strength of 0.1 was estimated to  
be 4.7 M-l. The stability constant a t  an ionic 
strength of 0.2 was 4.3 M-l,  and at 0.3 was 3.9 M-l. 


Complex Formation Influence on Kinetic Behavior 
-In order to survey the possible effects of complex 
formation upon the kinetics of hydrolysis of NME, 
it was first necessary to study these kinetics in the 
absence of CT. This was done by utilizing two 
different experimental approaches. In  the pH re- 
gion from 8.0 to  8.8, loss of ester from solutions 
buffered to  a constant pH with 0.03 M TRIS was 
followed by fluorometrically determining the residual 
concentration of NME as a function of time. In the 
pH region from 8.6 to 9.6, the rate of acid production 
in reaction solutions was determined by means of a 
pH-stat technique. The rate constants obtained 
by these two methods are presented in Fig. 4 in the 
form of a pH-rate constant profile. The good cor- 
relation between the apparent rate constants for the 
disappearance of ester and corresponding constants 
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pared solutions of CT and NME faded considerably 
during the course of reaction. Spectral studies 
showed that the hydrolysis product of NME, NI- 
methylnicotinate, also interacted with CT. How- 
ever, the absorbance at  380 mp due to this interaction 
was relatively small compared to  that found with a 
corresponding ester-CT system. The fading, there- 
fore, undoubtedly resulted as a consequence of ester 
hydrolysis. Kinetic studies were then conducted 
which took advantage of this effect. Here, the loss 
of absorbance at 380 mp of solutions containing 
NME and CT was used as a reaction parameter to 
reflect the loss of total NME. The kinetics of loss of 
NME from solutions containing CT were studied 
under a variety of conditions by this method. In 
most cases, TRIS buffers of moderate concentration 
were used to  maintain constant pH. Figure 3 
illustrates kinetic plots obtained by this procedure. 
I t  can be seen that these plots are linear for a t  least 
3 to  4 half-lives. I t  was found, however, that under 
these conditions, where buffer concentrations were 
much higher than those employed previously, a 
buffer contribution to rates of reaction was apparent. 
Figure 6 illustrates the effect on the apparent rate 
constant of varying the total TRIS concentration 
under the conditions of constant pH and CT con- 
centration. The value for the apparent rate con- 
stant at zero TRIS concentration was interpolated 
from pH-stat studies on buffer-free solutions (Fig. 5). 
The apparent rate constants were found t o  be linear 
with TRIS concentration indicating that the buffer 
reaction was first order in TRIS. As will be seen, 
the TRIS buffer reaction was found to be consider- 
ably more complex than one of general base catalysis, 
and involved a reaction between ester and neutral 
TRIS, and one between ester, neutral TRIS, and 
hydroxide ion. 


The influence of varying the concentration of CT 
on the apparent rate constants for disappearance of 
NME from solutions buffered to  a pH of 8.60 with 
0.26 M TRIS was evaluated. Since CT, in moderate 
concentrations, was easily salted out of solution, no 
attempt was made to maintain ionic strength at a 
constant value in these experiments. The results 
are summarized in Fig. 7. A modified form of an 
equation derived by Connors and Mollica (11) was 
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Fig. &A plot illustrating the influence of pH on 
the apparent rate constant for loss of N M E  from solu- 
tions of 0.03 M T R I S  (A), and on the apparent 
rate constant for the production of acid in unbuffered 


solutions of NME (0). 


for the appearance of acid showed that the reaction 
was solely one of hydrolysis. The slope of the profile 
in Fig. 4 was 0.97 which indicated that the hydroly- 
sis, under these conditions, was specific base cata- 
lyzed. The linearity of the profile suggested that 
TRIS, in 0.03 M concentration, did not contribute 
significantly to the rates of reaction. The specific 
base catalytic constant was calculated to  be 0.51 X 
lo4 M-1 rnin-1. 


The kinetics of ester hydrolysis were also studied 
in solutions containing 0.1 M CT by the pH-stat 
method. A pH-rate constant profile representing 
these studies is presented in Fig. 5. That this profile 
fell below that determined in the absence of CT 
showed that complex formation did significantly de- 
crease the reactivity of the ester toward hydrolysis. 
The slope of the profile was found to be 1.05 indi- 
cating that the hydrolysis of the ester in solutions 
containing CT was also specific base catalyzed. 
That no irreversible reaction occurred between CT 
and NME was reflected by the fact that the molar 
quantity of base required to maintain constant pH 
during the course of reaction corresponded to the 
initial molar quantity of ester in the reaction solu- 
tion. The fact that the slope of the profile was not 
less than 1.0 provided evidence that CT did not act 
as a general base catalyst. 


It was observed, in the course of these studies, 
that the characteristic yellow color of freshly pre- 


Fig. 5-Illustration of the influence of pH on the 
apparent rate constant for production of acid i n  un- 
buffered solutions of N M E  containing 0.1 M C T .  


Oo6[ 


0 03 Q2 03 04 0.5 
(TRIS), 


depicting the injeuence of total T R I S  Fig. 6-Plot 
buffer concentration on the apparent -rate constant 
for loss of N M E  from solutions of p H  8.60 which 
contained 0.1 M C T .  The open symbols refer to 
spectral determinations of apparent rate constant. 
The solid symbol is the apparent hydrolytic rate con- 
stant for N M E  at this p H  and CT concentration as 


interpolated from the data of Fig. 5.  
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Fig. 7-Illustration of the influence of CT concen- 
tration on the apparent rate constant for the loss 
of N M E  from solutions buffered to pH 8.60 with 


0.26 M T R I S .  


used to evaluate these data to determine if complexed 
ester underwent reaction, and to  determine, ki- 
netically, the complex stability constant. It can 
be shown that 


k'(CT') - k*(CT*) - k* - k' 
(CT') - (CT*) - kc -t- K[(CT') - (CT*)] 


(Eq. 1) 
where k' = apparent rate constant determined when 
the CT concentration was (CT'), k* = apparent 
rate constant determined when the CT concentration 
was (CT*), k, = apparent rate constant for loss of 
complexed ester, K = complex stability constant. 


A plot of the data according to Eq. 1, based on a 
reference (CT*) of 0.05 M ,  is given in Fig. 8. The 
intercept is k, and the reciprocal of the slope is K. 
The value for the apparent rate constant for loss of 
free NME can be estimated by setting (CT') to  
zero and calculating k'. Here, the value for the 
apparent rate constant for loss of free ester was 
calculated to be 0.052 min.-l which does not agree 
with the apparent hydrolytic rate constant of 0.021 
min.-l for free ester as interpolated from the pH-rate 
constant profile prepared in the absence of CT (Fig. 
4). The difference between these two apparent rate 
constants will be shown to be due to  the reaction of 
TRIS with free NME. The value for k, was esti- 
mated to  be 0.0035 min.-l. Therefore, in reaction 
solutions containing CT and 0.26 M TRIS at a pH 


O'03r  


0 a1 0.2 
(k'-k') l  ((CT') -(CT')) 


Fig. 8-Data of Fig. 7 plotted according to Eq. 1. 
See text. 
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Fig. 9-Plot shozuing the influence of ionic strength 
on the apparent rate constant for loss of N M E  from 
solutions containing no buffer and no CT (Curve 1 ,  
A), on the rate constant for loss of N M E  from solu- 
tions containing 0.1 M C T  and 0.26 M T R I S  (Curve 
2, O), and on the extent of complex formation between 
N M E  and CT (Curve 3, 0). The ordinate is  the 
ratio of observed values at a given ionic strength to 
the observed value at an ionic strength of 0.1. Open 
symbols refer to the use of sodium perchlorate to 
adjust ionic strength, closed symbols refer to the use 


of sodium chloride to adjust ionic strength. 


of 8.6, the free ester underwent reaction at about 15 
times the rate of the complexed ester. 


The value for the complex stability constant, K, 
was estimated from the kinetic data to be 6.5 M-1. 
The discrepancy between this value and those esti- 
mated from spectral data can be rationalized on the 
basis that ionic strength effects, resulting from the 
variation of CT concentration, contributed to  the 
overall effect of CT in the kinetic studies. I t  is 
informative, here, to consider the effects of ionic 
strength variation on the complexometric and kinetic 
behavior of NME. 


The influence of ionic strength variation on the 
apparent rate constants for loss of NME from 
unbuffered solutions containing no CT, as deter- 
mined by pH-stat studies at a pH of 9, and those for 
the loss of NME from solutions containing 0.1 M 
CT and 0.26 M TRIS, as determined spectrally, is 
illustrated in Fig. 9. Curve 1 shows the influence of 
ionic strength on the apparent rate constants deter- 
mined in the absence of CT and buffer. Curve 2 
shows the influence of ionic strength on the apparent 
rate constants determined in the presence of CT and 
buffer. Curve 3 of Fig. 9 reflects the influence of 
ionic strength on the extent of complex formation, 
between CT and NME. This influence was evalu- 
ated by determining the absorbance due to the 
complex at zero time in those solutions containing 
CT and buffer. The influence of ionic strength on 
the apparent rate constants determined in the 
absence of CT and buffer, and on the extent of 
complex formation in solutions containing CT and 
buffer is seen to be qualitatively the same (Curves 1 
and 3). That both Curve 1 and Curve 3 decrease 
and show approximately the same dependence on 
ionic strength is not unexpected since both curves 
describe the effect of ionic strength on the reaction 
of an anion with a cation. However, the dependence 
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Fig. 10-Plot of the apparent TRIS bufler rate con- 
stant observed i n  solutions containing 0.1 M CT 


against the fraction of neutral T R I S .  


of the apparent rate constants for loss of NME from 
solutions containing CT and TRIS is seen to be 
much smaller. This observation can reasonably be 
explained by considering that although the kinetic 
parameters for the reaction in these systems might 
be expected to be decreased by increasing ionic 
strength, the extent of complex formation would 
also be expected to be decreased resulting in higher 
concentrations of free NME. Moreover, the ap- 
parent rate constant here reflects, in part, a reaction 
between neutral TRIS and NME and this reaction 
would not be expected to be as sensitive t o  ionic 
strength variations as would the reaction of the ester 
with hydroxide ion. The indication from Curve 2 
is that, within certain limits, strict control of ionic 
strength in reaction solutions containing CT and 
TRIS is not necessary, but that ionic strength 
variation over wide ranges does result in measurable 
decreases in apparent rate constants. These con- 
siderations also suggest that the observed influence 
of CT on reaction rate was due to  both complex 
formation and an ionic strength effect and that the 
latter resulted in the generation of a slightly larger 
complex stability constant than was expected on the 
basis of spectral studies. 


Bufier Reactions-The reaction of TRIS with 
NME was examined in solutions containing 0.1 M 
CT at various pH values and at different TRIS con- 
centrations. The ionic strength of each solution 
was 0.1. The apparent buffer rate constants per 
mole of TRIS, k'buffsr, were calculated by the equa- 
tion 


where kobs. = experimentally determined apparent 
rate constant, khyd.  = apparent hydrolytic rate con- 
stant under the same conditions of pH and CT 
concentration, but in the absence of TRIS, as inter- 
polated from the data of Fig. 8, (buffer)t = total 
buffer concentration. 


I t  was found that a plot of k'buffer against the 
fraction of neutral TRIS, as shown in Fig. 10, extra- 
polated to  the origin but increased in slope as the 
fraction increased. Since the buffer reaction was 
shown to be first order in TRIS (Fig. 6), the data 
suggested that hydroxide ion was also involved in a 
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Fig. 11-Illustration of the influence of hydroxide 
ion concentration on the apparent rate constant for  
the reaction of neutral TRIS with NME observed i n  


solutions containing 0.1 M CT.  


buffer reaction. The data were found to give a 
straight line with positive slope and positive inter- 
cept when k'buffer divided by fraction of neutral 
TRIS was plotted against hydroxide ion concentra- 
tion. This plot is shown in Fig. 11. These con- 
siderations suggested that the TRIS buffer rate 
equation had terms in neutral TRIS and in netural 
TRIS and hydroxide ion. The kinetics of TRIS 
reaction with phenyl ester (9), and with S-thiolvalero- 
lactone (12) have been observed to give similar rate 
equations. Bruice and York (9) compared the 
reaction of TRIS with phenyl esters to  that of 
pentaerythritol (which is essentially TRIS in which 
the -NH2 group has been replaced by a -CHtOH 
group) with phenyl esters and concluded that the 
reaction of neutral TRIS with esters was one of 
aminolysis, and that of neutral TRIS and hydroxide 
ion with esters was one of esterolysis. They found 
that the rate equation for the reaction of pentaeryth- 
ritol with esters involved only the term in penta- 
erythritol and hydroxide ion. This was taken as an 
indication that the similar term in the rate equation 
for the reaction of TRIS with esters described 
esterolysis. They concluded that hydroxide ion 
reacted with TRIS t o  form an alkoxide ion which 
then reacted with the ester. 


It would appear from the present investigation 
that an aminolysis reaction between neutral TRIS 
and NME also occurred. This is suggested by a 
comparison of the spectrum of the final (time 
infinity) reaction mixture which had been prepared 
with 0.005 M NME, 0.1 M CT, and 0.4 M TRIS 
to the spectrum of a solution prepared with 0.005 M 
NM acid, 0.1 M CT, and 0.4 M TRIS. Such a 
comparison is shown in Fig. 12. That the final 
reaction solution had absorbance readings which 
were significantly higher than those of a solution 
which would be anticipated if all the NME had been 
converted to  acid suggested that a relatively stable 
product had been formed and that this product 
interacted to  a greater degree with CT than did NM 
acid. That this reaction product was not an ester 
such as that which would be expected from an 
esterolysis reaction was indicated by the stability of 
the spectrum of the final reaction solution over a 
period of 4 hr. In contrast to esters, an amide 
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ester' + T c_f amide' (Eq. 9) 


where the various ki's represent specific rate con- 
stants for the indicated rate processes, and amide' = 
the amide formed by TRIS aminolysis of NME, 
ester' = the ester formed by TRIS esterolysis of 
NME, T = neutral TRIS. Here, processes repre- 
sented by Eqs. 3 and 7 refer to specific base catalysis, 
those by Eqs. 4 and 8 refer to  possible general base 
catalysis, those by Eqs. 5 and 9 refer to aminolysis, 
and that represented by Eq. 6 refers to esterolysis. 
If it is assumed that all four of the pyridinium 
cations interact with CT to  contribute to the ab- 
sorbance of the reaction solution, A t ,  and if it is 
assumed that only amide' and NM acid remain in 
the reaction solution a t  infinite time, and that only 
these interact with CT to contribute to  the final 
absorbance, Ai,t., then it can be shown that the 
function (At  - Ainr.) is described by: 


A t  - Ai.f. = B1 exp. ( -C l t )  + 


k7 


BZ exp. (-Czt)  (Eq. 10) 


where BI and BZ are constants at constant pH, and 
constant CT and TRIS concentrations, and Cl = 


fz[ks(OH) + ks(T)  + k?(T)], t = time. Here fi 


refers to the fraction of free NME in the reaction 
solution, and fz refers to the fraction of free ester' 
in the reaction solution. From Eq. 10 it would 
appear that a plot of log (At  - Ainf.)  against time 
would exhibit curvature. However, plots of the 
experimental data, as shown in Fig. 3, were found 
to  be linear for at least 3-4 half-lives. This indicates 
that either the CI term or the CZ term of Eq. 10 is 
effectively zero. Since apparent rate constants 
determined from plots of log (A, - Ainf.) against 
time were found to  be dependent on (OH), (T), and 
(T) (OH), it is clear that the CI term cannot be zero. 
Thus, Eq. 10 can be approximated by: 


At - d i n f .  = BI exp. (-Clt)  (Eq. 11) 
Apparent rate constants evaluated from semilog 
plots of (At  - di,,r.) versus time reflect, as can be 
seen from Eq. 11, the rate of loss of NME since C, 
is defined by processes which involve only NME. 
Therefore, conclusions drawn from experiments of 
this kind do not appear to  be invalidated by the 
complexity of the reaction mechanism. 


Based on the above considerations, and with the 
assumption that reaction rates of complexes are 
insignificantly small, the rate equation which de- 
scribes loss of total NME from buffered solutions 
containing C T  and TRIS can be written: 


fi[kl(OH) + kdT) + K3V) + K4(T) (OH)], Cz = 


1 
480 


Fig.  12-Spectrum of a time infinity reaction solution 
which had been prepared to contain 0.005 M NME, 
0.1 M CT, and 0.4 M TRIS at pH 9.18 (Curve 1 ) ,  
and that of a solution containing 0.005 M N M  acid, 
0.1 M CT, and 0.4 M TRIS at PH 9.18 (Curve 2) .  


formed by the reaction of neutral TRIS with NME 
would be quite stable under the conditions of the 
experiment. Such an amide would also be expected 
to  interact with CT t o  a greater degree than NM 
acid which would be ionized at the carboxyl group 
under these conditions. The assumption of stability 
for the newly formed amide is based on studies of 
the kinetics of alkaline hydrolysis of NMN (13) in 
which it was shown that the specific base catalytic 
constant was 0.23 M-' m h - 1  (ionic strength 1.0, 
temperature 30') which is about 4 orders of magni- 
tude smaller than the specific base catalytic constant 
for NME. The fact that ammonia reacts with 
NME to form NMN also supports the conclusion 
that an aminolytic reaction with TRIS did occur. 


The overall reaction mechanism for NME in 
solutions containing TRIS and CT is quite complex. 
The fact that NME and its reaction products can 
possibly interact with CT t o  form complexes which 
contribute to  the absorbance values of a reaction 
solution might be expected to  make this approach 
to the determination of apparent rate constants for 
the loss of NME difficult. However, it can be 
shown that rate constants determiaed by following 
the time course of absorbance of solutions containing 
NME and CT do accurately reflect the rates of 
disappearance of NME. A possible overall mecha- 
nism describing the reactions of NME is presented 
by the following equations. Here, the possibility of 
the various complexes undergoing reaction is ne- 
glected since this has been shown to be small. 


ki  
NME + OH - NM acid (Eq. 3) 


NME + T - NM acid (Eq. 4) 


NME + T - amide' (Eq. 5) 


NME 4- OH + T - ester' (Eq. 6) 


ester' + OH - NM acid (Eq. 7) 


ester' + T - NM acid (Eq. 8 )  


A2 


ka 


kr 


ki 


k3 


Here the term (NME)t/[l + K(CT)J is equivalent 
to  fi(NME),, and is the concentration of free NME 
in the reaction solution. The values for the pa- 
rameters of Eq. 12 are: K = 4.7 M-l,  K1 = 0.51 x 
lo4 M-I min-l., (Rz + K 3 )  = 0.078 M-l mk-1, 
&, = 1.88 X lo4 M-* min.-I. The value for the 
complex stability constant, K, is that obtained from 
spectral studies a t  an ionic strength of 0.1. The 
rate constant kl was calculated from the data of 
Fig. 4. The sum of the rate constants (k? + K 3 )  
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Fig. 13-Spectrum of a time in$nity reaction solution 
which had been prepared to contain 0.005 M NME,  
0.1 M CT, and 0.4 M glycine at p H  9.80 (Curve l ) ,  
and that of a solution which contained 0.005 M NM 
acid, 0.1 M CT, and 0.4 M glycine at pH9.80  (Curve 


2).  


was calculated from the intercept of Fig. 11. Here, 
it will be recognized that the intercept was fl(k2 + 
ka). Similarly, the value for kc was calculated from 
the slope of Fig. 11, the slope being flkd. With 
these values it is possible to predict the apparent 
rate constant, at 30°, for the disappearance of total 
NME a t  any concentration of hydroxide ion, CT, 
and neutral TRIS. Thus, in a system which con- 
tains no CT and which is maintained at a pH of 8.6 
with 0.26 M TRIS buffer, the apparent rate constant 
is calculated to  be 0.051 min.-l. This is in excellent 
agreement with the value of 0.052 min.-l which was 
estimated from the Connors and Mollica treatment 
of data obtained under the same conditions of pH 
and TRIS concentration by extrapolating to  zero 
CT concentration. This agreement supports the 
overall mechanism which has been proposed. 


The reaction of NME in the presence of 0.1 M 
CT was also studied in glycine buffers by following 
the decrease of absorbance with time. Kinetic plots 
were linear for at least 3 4  half-lives. The results 
of these studies suggested that glycinate anion 
catalyzed the hydrolysis of NME. Buffer rate con- 
stants for various conditions of pH and glycine con- 
centration were calculated from Eq. 2. A plot of 
k’buffe. against the fraction of glycinate anion was 
linear and passed through the origin indicating that 
the buffer reaction was first order with respect to  gly- 
cinate anion. Figure 13 compares the spectrum of a 
final reaction solution t o  that which would be antic- 
ipated if all the NME had been hydrolyzed. It is 
seen that there was little difference. This suggests 
that glycinate anion did not participate to any sig- 
nificant extent, in an aminolysis reaction, but func- 
tioned as a general base that catalyzed the hydrolysis. 
The general base catalytic constant for glycinate 
anion was estimated to  be 0.39 M-l rnin.-l. This 
value is 5-6 times larger than the rate constant for 
the reaction of neutral TRIS with NME (k2 + k3). 
Thus, if neutral TRIS functioned as a general base 
catalyst in the hydrolysis of NME (that is, if kz is 
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not zero), its catalytic activity was small compared 
to  that of glycinate anion. Presumably, the greater 
catalytic efficiency of glycinate anion is due to its 
greater basicity. 


Conclusion-In the present investigation it has 
unequivocally been shown that complex formation 
between CT and NME reduced the reactivity of the 
ester toward specific base-catalyzed hydrolysis. 
Evidence was obtained to suggest that reactions in- 
volving NME and buffer species were similarly 
affected by complex formation. The reduced reac- 
tivity of complexed ester can be rationalized on the 
basis of a t  least two effects. Donation of charge by 
the complexing agent to the pyridinium ring un- 
doubtedly reduces the electron withdrawing ability 
of the ring resulting in a much lower degree of “acyl 
activation” of the ester carbonyl. In addition, the 
attack of nucleophiles on the carbonyl function of 
complexed NME is almost certainly hindered, on a 
steric basis, by the presence of complexing agent. 
It has also been shown that when the manifestations 
of complex formation between reactant and complex- 
ing agent, and between products and complexing 
agent differ greatly, this difference can be con- 
viently used to  follow rates of reaction. Using this 
approach, the rather involved kinetics of reactions of 
NME in buffered aqueous media were investigated. 
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Semiautomated Assay for the Simultaneous 
Determination of Propoxyphene Hydrochloride 


and Paramethasone Acetate in Coated 
Single Tablets 


By C. E. STEVENSON a n d  I. COMER 


A semiautomated method for the simultaneous determination of poxyphe e 
hydrochloride and paramethasone acetate is described for coated tab{ . A novel 
device for the removal and dissolution of tablet coatings is outlined. Solutions are 
sampled with an automatic sampler at the rate of 20/hr. and fed to two independent 
systems for analysis. A modified blue tetrazolium procedure is utilized for the de- 
termination of paramethasone acetate producing essentially complete color develop- 
ment within 5 min. at room temperature. Working concentrations of 12.5 
mcg. paramethasone acetate per ml. can be assayed without resorting to range expan- 
sion. Analysis of propoxyphene hydrochloride is accomplished by the formation 
of a complex with bromocresol purple with subsequent extraction and color mea- 


surement in ethylene dichloride. 


HE AUTOMATED analysis of single tablets has T been reported by Wolski (1) as a useful tool 
in the concept of quality assurance. The prod- 
uct’ involved in this study consists of an enteric 
500-mg. acetylsalicylic acid (aspirin) core tablet 
coated with 32.0 mg. of the analgesic propoxy- 
phene hydrochloride (DPH), and 0.250 mg. of the 
ketosteroid paramethasone acetate (PMA) (6a- 
fluoro-lG~~-methylprednisolone 21-acetate). For 
the quality assurance of this product, an auto- 
mated single-tablet procedure for the simultane- 
ous determination of DPH and PMA was de- 
veloped using the automatic analyzer.* 


A desirable condition involving methods for 
simultaneous determinations is that each compo- 
nent be capable of measurement in the presence 
of the other without significant interference. 
The automated method of Kuzel (2), based on 
the forniation of a complex between tertiary 
amines and bromocresol purple (BCP), and the 
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automated methods of Greely et al. (3) and Beyer 
(4), utilizing the reducing powers of the keto- 
steroids on blue tetrazolium (BTZ), meet this 
condition for the compounds in this study. 
Slight modifications of these procedures have 
been made in the development of this automated 
system. 


EXPERIMENTAL 
Reagents-BCP-A 2% acetic a~id-987~ deion- 


ized water (v /v)  solution containing 0.25 mg. of bro- 
mocresol purple ( 5’,5”-dibromo-o-cresolsulfonph- 
thalein Na salt, Eastman No. 6266) per ml.; BTZ- 
A solution containing 0.15 mg. blue tetrazolium 
(Fisher Certified B-410) per ml. SD-3A alcohol; 
Ethylene Dichloride-Fisher Certified E-175; TMAH 
-A solution of 20% tetramethylammonium hydrox- 
ide (Eastman No. 1515)-80% SD-3A alcohol (v/v); 
Wash-A solution of 50% methanol-50yo deionized 
water (v/v); Theory Standard-32.0 mg. propoxy- 
phene hydrochloride and 0.250 mg. paramethasone 
acetate reference standard per 20 ml. of Wash solu- 
tion. 


Sample Preparation-Due to the relatively low 
steroid concentration in the formulation, it was de- 
sirable to limit the amount of solvent used in the dis- 
solution of the active ingredients to as low a volume 
as possible. Utilization of an automatic’ module 
’ slidprep, Technicon Corp.. Chauncy. N. y.  
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the undissolved particles. Two 8.5-ml. sample cups 
are filled with the supernatant liquid for duplicate 
analysis in the automatic analyzer system. 


Procedure-The complete analytical system is 
outlined in the flow diagram shown in Fig. 2. The 
sample solution is aspirated from the liquid Sampler 
I1 and flows directly to the C3 debubbler where an 
unsegmented sample is taken for the PMA manifold. 
The remaining sample, still isolated between the air 
bubbles produced during sampling, flows to the DPH 
manifold where it is injected into an air segmented 
stream of BCP. This stream is further diluted with 
BCP and an unsegmented resample is taken a t  the 
A2 fitting. This sample is then segmented into a 
stream of ethylene dichloride (EtCI,) by means of a 
fitting, previously described by Kuzel(2), and shown 
in Fig. 3. Extraction of the dye complex is carried 
out in the polyethylene mixing coil, with subsequent 
color measurement of the EtClz extract after separa- 
tion from the aqueous stream. 


The sample taken at the PMA manifold is im- 
mediately segmented into a stream of EtC12, again 
using the fitting diagrammed in Fig. 3. Extraction of 
the PMA into the EtClz occurs, and the unsegmented 
EtClz extract is resampled from the bottom of the 
BO fitting. This sample is injected into an air seg- 
mented stream of BTZ and TMAH, mixed through 
the equivalent of five small mixing coils, and the 
stream debubbled before measurement in the 
colorimeter. 


Glass wool plugs are inserted in the exit ports of 
both PCl pulse chambers and in the middle entrance 
port of the mixing coil 116-104-6 in the PMA mani- 
fold. This is done t o  prevent any flakes of Acidflex 
tubing from entering the analytical train. 


In practice, five theory standards are sampled 
initially and the standard deviation calculated. 
Ten samples are then assayed in duplicate followed 
by standards in duplicate throughout the entire run. 
If the duplicate standards fall outside the range of 2 
(r calculated from the fist five standards, the dupli- 
cate standards are considered the appropriate val- 
ues for use in the calculation of the results for the fol- 
lowing group of samples. Normally, very little drift 
is experienced. 


was therefore undesirable. Since the single-tablet 
analysis of aspirin was not required, tablet coatings 
were removed using a stirring device designed by 
Coffy (5) and fitted with a Styrofoam block to  hold 
twelve 25 X 100-mm. round-bottom centrifuge 
tubes. This apparatus is shown in Fig. 1. A 20-ml. 
aliquot of the Wash solution is added to each tube 
containing a 1.3-cm. Teflon-coated magnetic stirring 
bar and one tablet. The tube is then stoppered and 
placed in the stirring apparatus. After about 45 
min. of mixing, complete removal of the tablet coat- 
ings and dissolution of the active ingredients is 
achieved. The tablet core and the stirring bar are 
then removed and the solution centrifuged to settle 


Fig. 1-Tablet dissolution apparatus. 


PROPOXYPHENE HCI MANIFOLD 


Fig. 2- Flow diagram. 


SYRINGE NEEOLE TUBING 


Fig. 3- Special 5Ftting. 


RESULTS AND DISCUSSION 


The various parameters of the simultaneous meth- 
ods were investigated. All concentration values 
listed in the figures are per 20ml. of the Wash solution 
and all data were collected from combination stand- 
ards of DPH and PMA unless otherwise indicated. 
With the exception of the BCP reagent, the brands 
of reagents used in this procedure were arbitrarily 
chosen. 


Linearity of the DPH response is shown in Fig. 4 
by the straight line connecting the appropriate peaks 
in the standard curve. All DPH data were collected 
on a Technicon linearized recorder. The standard 
curve of PMA is shown in Fig. 5. Since a normal 
output recorder was used in the collection of the 
PMA data, the pen response was charted on log- 
arithmic paper. A plot of the absorbance values 
(Fig. 5) versus PMA concentrations results in a 
straight line passing through the origin. The 60-sec. 
sampling of the solutions in the procedure produces 
peak heights which are 77% of the steady state (con- 
tinuous sampling response) for the PMA system and 
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Fig. 6-Effect of acetylsalicylic acid on paramcthason e 
response. 


PARAMETHASONE ACETATE STANDARDS 
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Fig. 4-Propoxyphene HCl standard curve. 
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Fig. 5-Paramethasone acetetate standard curve. 


87% of steady state for the DPH system. Ten repet- 
itive samplings of the Theory Standard solution dem- 
onstrated the excellent repeatability of the systems. 
A relative standard deviation (RSD) of only 0.81% 
was obtained from the DPH system while the PMA 
system produced a RSD of 1.11%. The effect of 
varying concentrations of PMA on DPH standards 
and of DPH on PMA standards was studied. No sig- 
nificant interference was observed in either system. 


A placebo tablet was assayed by this procedure 
using 20 ml. of the Theory Standard solution to  re- 
move the tablet coating. The supernatant liquid 
was assayed along with the pure standard solution. 
An interference of minus 2% for the DPH determi- 
nation and plus 2% for the PMA determination was 
observed. 


Due to the possibility of a breakthrough of aspirin 
from the tablet core during coating dissolution, the 
effect of aspirin upon the response of DPH and PMA 
standards was studied. No change in DPH response 
to  varying concentrations of aspirin was observed; 
however, as indicated in Fig. 6, aspirin levels some- 
where between 100 mg. and 250 mg. begin to cause a 
decrease in the PMA response. At the level of 500 


0.4 


0.3 


0.1 


STANDARDIN 5 


Fig. ?-Effect of acetic acid on paramethasone acetate 
response. 


mg., a peak inversion is observed. Since a basic solu- 
tion is required for the BTZ reduction, it was postu- 
lated that the aspirin was producing an acidic condi- 
tion which inhibited the color development. Addi- 
tion of acetic acid to  the standard solution as shown 
in Fig. 7, gave the same characteristic peak inversion 
obtained from the 500-mg. aspirin sample in Fig. 6. 


Ten samples were taken at random from an experi- 
mental lot of tablets and assayed by the automated 
procedure. An average of 32.4 mg. DPH and 0.260 
mg. PMA per tablet was found with a RSD of 5.6 
and 6.50/,, respectively, including tablet heterogen- 
eity. Results obtained from this lot of tablets by a 
manual procedure based on a composite sample of 10 
tablets were 32.3 mg. DPH and 0.253 mg. PMA per 
tablet. 


As a result of the low PMA concentration in the 
formulation, the PMA manifold was designed to re- 
sample as large an amount of the Etch extract as 
possible. This in turn was injected into a minimum 
volume of the BTZ-TMAH reagent. Surprisingly, 
this resulted in a very rapid color development in the 
automatic analyzer system. The equivalent of only 
five small mixing coils was used to develop the color 
at room temperature. The addition of several more 
mixing coils before the colorimeter resulted in a 
relatively small increase in color intensity. Pre- 
viously automated methods specify either a double 
holding coil (3) or a 37" heating bath (4) a t  this 
point in the flow system. In order to obtain an ex- 
planation for this accelerated color development, a 
study was carried out varying the percentage of 
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the automatic-analyzer coils may accelerate there- 
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action even more than that observed by the static 
manual technique. 


SUMMARY 
An automated method for the simultaneous deter- 


mination of DPH and PMA has been described. A 
technique for the removal of tablet coatings which 
may be of value in formulations of a similar nature is 
outlined. A further description of the construction 
of the stirring apparatus used in this technique was 
given by Comer et al. (6). Various parameters of 
the simultaneous analysis have been discussed. Due 
to the functional group specificity of the methods, it 
is probable they could be used for the simultaneous 
analysis of most combinations of keto-steroids and 
tertiary amines. It has also been demonstrated that 
by carrying out the steroid BTZ reduction in high 
concentration EtCI, solutions, an accelerated color 
development occurs. This knowledge, applied to 
the existing USP (7) and NF (8) steroid methods, 
could reduce the time required for these manual 
determinations. 
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Fig. 8-B TZ-paramelhasone acetate color formation. 


EtCI2 in the reaction mixture. The reagents used in 
this study were prepared as follows: 5 ml. of TMAH 
(loo/, aqueous solution) was diluted to 100 ml. with 
SD-3A alcohol; 25 mg. of BTZ was dissolved in 5 
ml. of methanol and then diluted to 100 ml. with 
EtCI2; 30 mg. of PMA was dissolved in 200 ml. 


Two milliliters of the PMA solution was added to 
four 25-ml. volumetric flasks, followed by 3 ml. of the 
BTZ solution; 0, 5, 10, and 15 ml. of SD-3A alcohol 
were pipeted into the flasks, followed by EtC12 to give 
a volume of about 19 ml. Five milliliters of the 
TMAH reagent was then added (time zero) and the 
solution diluted to the mark with EtCI2. Reagent 
blanks were run substituting EtC12 for the PMA solu- 
tion. The absorbance measurements used to plot 
Fig. 8 were obtained on a Perkin-Elmer Hitachi 139 
spectrophotometer. These data show a marked ac- 
celeration of color development with increasing con- 
centrations of EtC12. The same accelerated reaction 
is obtained by substituting chloroform for EtC12. 
Other keto-steroids (cortisone acetate, hydrocorti- 
sone acetate, prednisone, prednisolone, and fluran- 
drenolone) assayed in both 20% and 60% EtCI2, gave 
similar accelerated color development in the solu- 
tion of greater EtCln concentration. 


Because the EtC12 concentration in the automatic 
analyzer system is approximately 70% and the color 
measured after only a bmin. reaction time, it would 
seem likely from Fig. 8 that the addition of mixing 
coils to  increase the reaction time would substan- 
tially increase the color intensity. Since this is not 
the case, it is speculated that the constant mixing in 


EtC12. 
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Reaction of 2-Chlorobenzoxazole with Anthranilic Acids 
and 2-Amino-1-naphthalenesulfonic Acid 


By JOSEPH SAM, J. L. VALENTINE, and C. W. RICHMOND 


The preparation of 1-carboxy-12-benzo (d)quinazo (2,3-b)oxazole-12-one and 2- 
chloro-12-benzo (d)quinazo (2,3-b)oxazole-12-one are reported. The reaction of 
2-chlorobenzoxazole with 2-amino-1-naphthalenesulfonic acid gave 2- (2-na 


tive properties gr the described compounds. 
amino) benzoxazole. Preliminary harmacological screening indicates mil PY1- seda- 


UMEROUS CNS properties have been attributed prepared from VI and an appropriately substituted N to quinazoline-&oxides (I)  (1) and quinazo- anthranilic acid. 
lones (11) (2). The incorporation of the latter p The above results prompted the investigation of 
moiety into a tetraheterocyclic system (e.g., VII )  the preparation of 12-benzo(d)naphtha(a)thiadiazo- 


(2,3-b)oxazole-12,12-dioxide ( IX)  by the condensd- 
tion of VI with 2-amino-1-naphthalenesulfonic acid 
(VIII). However, the condensation of VI  and VIII 


R 3 q V :  
SO,H 


' L  
Rz 0 


I I1 
which also includes the benzoxazole nucleus was 
undertaken in order to obtain compounds which 
might exhibit interesting CNS properties. Benzox- 
azole derivatives are known to exhibit CNS effects 


The preparation of 12-benzo(d)quinazo(2,3-b)- 
thiazole-12-one (V) from 2-chlorobenzothiazole (111) 
and anthranilic acid (IV) has been described by 
Katz (4); Katz also mentioned 12-benzo(d)quinazo- 
(2,3-b)-oxazole-12-one (VIIa) but did not describe 


(3). 


111 IV 


0 
V 


its preparation. More recently Sam and Plampin 
(5) described the preparation of VIIa v i a  condensa- 
tion of 2-chlorobenzoxazole (VI) and IV. Two 
related substances, viz. ,  VIIb and VIIc, have been 


g-f' + IV - 
VI 


VI + & 
VIII % 


in either acidic, basic, or neutral medium resulted in 
either starting materials or intractable residues. 
The fusion of VI  and VI I I  resulted in 2-(2-amino- 
naphthy1)benzoxazole (X) which was identified on 
the basis of physical data and unequivocal synthesis 
from V I  and 2-naphthalamine (XI). The desulfona- 
tion inherent in this fusion reaction has not been 


VI + m"" - x 


XI 


previously observed for VI I I  although the related 
I-naphthalenesulfonic acid is known to undergo 
desulfonation under acid conditions at 140' (6). 


Pharmacological ResultsLFasted male albino 
mice (25-50 9.) were used. The animals were ob- 
served closely for signs of pharmacological and toxic 
effects during the first 2 hr. following intraperitoneal 
injection. Posttreatment observations were made 
at 4, 6, 18, 24, and 72 hr. The vehicle for all com- 
pounds was a 10% suspension of the respective 
compound in a 5% acacia solution. 


Compound VIIb exhibited sedation and analgesia 
at 500 mg./kg. The same effects were noted a t  1,000 
mg./kg. and 2,000 mg./kg. in addition to ataxia, 
hypothermia, and opaque clouding of the eyes. 
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Compound VIIc produced writhing, sedation, and 
diarrhea at 1,000 mg./kg. Compound X exhibited 
sedation at 500 mg./kg. and 1,000 mg./kg. Sedation 
was apparent at 2,000 mg./kg. along with writhing 
and ataxia. 


EXPERIMENTAL* 
1 - Carbory - 12 - benzo(d)quinazo(2,3 - b)oxa- 


zole-12-one (VIIb)-The procedure described by 
Sam and Plampin (5) for the preparation of VIIa 
was followed using 21.7 g. (0.1 mole) of 3-amino- 
phthalic acid and 15.4 g. (0.1 mole) of 2-chloro- 
benzoxazole. Recrystallization from acetone gave 
23.8 g. (85%) of product, m.p. 293-294"; YZ; 
1725 ern.-' (C==O), 1650 (CO2H); NMR (in 
ds-DMSO), 7 proton multiplet at 7.43-8.43 (aro- 
matic), 1 proton broad singlet a t  13.0-13.3 (carboxyl 
hydrogen); upon DzO exchange the absorption at 
13.0-13.3 was absent. 


.4ml.-Calcd. for ClsHgNz04: C, 64.29; H, 2.88; 
N, 10.00, Found: C, 64.41; H, 2.96; N, 9.82. 
2 - Chloro - 12 - benzo(d)quinazo(2,3-b)oxazole- 


12-one (VI1c)-The procedure described above was 
followed using 17.1 g. (0.1 mole) of 5-chloro- 
anthranilic acid and 15.4 g. (0.1 mole) of 2-chloro- 
benzoxazole. Recrystallization from isoamyl alcohol 
g:;: 21.6 g. (80%) of product, m.p. 228-229'; 
vrnax. 1700 cm.-l ( ( 2 4 ) ;  NMR (in dz-DMSO) 7 
proton multiplet at 7.43-8.43 (aromatic). 


And-Calcd. for C14H~C1NzOe: C, 62.12; H, 2.61; 
N, 10.35. 
2-(2-Naphthylamino)benzoxazole @)-Method A 


-A mixture of 15.4 g. (0.1 mole) of 2-chlorobenzox- 
azole and 23.1 g. (0.1 mole) of 2-amino-1-naphtha- 
lene-sulfonic acid was fused in a preheated oil bath 
at 180-190' for 3 hr. The crude product was washed 
with 5% aqueous NaOH, then recrystallized from 


Found: C, 62.18; H,  2.80; N, 10.38. 
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cellosolve-water and subsequently from benzene to 
give 9.5 g. (62%) of product, m.p. 245245.5'; 
vff':. 3300 cm.-l (NH); NMR (in &DMSO), 11 
proton multiplet at 7.08-7.3 (aromatic), one proton 
singlet at 12.5 (NH); upon DeO exchange the 
absorption at 12.5 was absent. 


Anal.-Calcd. for CnHlsNaO: C, 78.44; H,  4.65; 
N, 10.76. Found: C, 78.45; H, 4.57; N, 10.66. 


Method B-A mixture of 15.4 g. (0.1 mole) of 2- 
chlorobenzoxamle and 14.3 g. (0.1 mole) of 2- 
naphthylamine was fused in a preheated oil bath 
at 130-140" for 4 hr. The crude product was 
treated as in Method A to give 9.5 g. (62%) of 
product, m.p. 945-245.5'. A mixture melting 
point with the product from Method A showed no 
depression. The infrared as well as the NMR 
spectra were identical. 
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Synthesis of ( )-Norargemonine 
By KUO-HSIUNG LEE and T. 0. SOINE* 


(*)-Norargemonine was synthesized in good yield by a multiple-step process. The 
procedure involved Bischler-Napieralski ring closure of N-4- benzyloxy - 3- 
methoxy- henethyl-2-(3,4-dimethoxyphenyl)acetamide, reduction of the ensuing 
3,4-dihy&o base to the tetrahydro form, and dehydrogenation of the latter to yield 
the isoquinoline which, however, had been debenzylated during dehydro enation. 
Rebenzylation of the phenol, conversion to the methiodide, reduction to g e  corre- 
sponding N-methyl-1,2-dihydro base, and acid catalyzed cyclization accompanied by 
simultaneous debenzylation afforded (f )-norargemonine to complete the synthesis. 


ORARGEMONINE WAS FIRST isolated by Soine N and Gisvold (1) in 1944 from Argemone 
hi@u (Gray). It was shown to be the mono- 
phenolic precursor of argemonine (I) by methyla- 
tion with diazomethane (2-4) and argemonine, it- 
self, has been shown to be (-)-N-methylpavine 


In a recent communication, the structure of 
norargemonine has been shown by Stermitz et nl. 
(6) to be I1 by the reduction of protopapaverine 
methochloride with tin in hydrochloric acid ac- 
cording to the method of Spath and Epstein (7). 
An alternate reduction, not utilized but simply 
mentioned, would have been the catalytic method 
of Schopf and Thierfelder (8). The Spath and 
Epstein method yielded the tetrahydro derivative 
[Le . ,  (f)-codamine] together with a small 
amount of the objective compound (11). Since I1 
is essentially a by-product of the above procedure 
and is obtained in poor yield i t  appeared that a 
more feasible synthetic route would be needed for 
other studies with I1 contemplated in these labo- 
ratories. 


(2, 4, 5). 


DISCUSSION 


Benzyl vanillin (IV), prepared by benzylation of 
vanillin (111) according to Tomita et al. (9) was con- 
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densed with nitromethane, as described by Gairaud 
et al. (10) to furnish a good yield of 4-benzyloxy-3- 
methoxy-6-nitrostyrene (V). The latter was then 
subjected to lithium aluminum hydride reduction to 
give 4-benzyloxy-3-methoxyphenethylamine (VI), 
characterized as its formate salt. Condensation of 
VI and 3,4-dimethoxyphenylacetic acid (VII) was 
effected by application of the method reported by 
Shepard et al. (11) to yield the corresponding acid 
amide (VIII), viz. ,  N-(4-benzyloxy-3-methoxy- 
phenethyl) - 2 - (3,4 - dimethoxypheny1)acetamide 
(Scheme I). 


Cyclization of VIII by the Bischler-Napieralski 
procedure (12) led to  the expected 3,4-dihydroiso- 
quinoline which was isolated as its hydrochloride 
(IX). Sodium borohydride reduction of IX fur- 
nished a quantitative yield of the corresponding 
1,2,3,4-tetrahydroisoquinoline (X) which showed 
3,300 ern.-' (v NH) in the IR spectrum in mineral oil 
and was very unstable, decomposing within 34 hr. at 
room temperature. Characterization of this coin- 
pound was  carried out by preparing its stable hydro- 
chloride salt (XI) which exhibited a group of rela- 
tivelysharp bands over 2,440-2,iOO cm.-l (v NHz) in 
the IR spectrum. It also showed a typical benzyl- 
tetrahydroisoquinoline UV absorption and no batho- 
chromic shift was observed upon the addition of 
sodium hydroxide. The NMK (7 ,  i l l  CDCL) of this 
compound showed signals at  6.26 (3H, s, C p  
0C3g),I 6.18 (6H, s. ,  Cd-OC& and CsOC&),’ 5.20 


(5H, s, C~-OCHZC&), and the remaining aromatic 
protons appeared a t  3.34-3.45 (4H). 


+ 


(2H, S, C~-OCHZC&), 3.83 (lH, S,  Cs-H),’ 2.75 


~~ ~ 


1 These assignments are based mainly on the suggestions of 
Tomita el aZ. (13) together with direct comparison with the 
series of closely related compounds prepared during the 
yresenl sludies. 
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XI = HCI salt 


H,CO 


xv 


XI11 
XIV-HCI salt 


XVll  


Catalytic dehydrogenation of X to the isoquino- product thus formed gave a negative ferric chloride 
line (XII) was readily achieved by the use of  pal- tcst for pheno1 and failed to show hydroxy group ab- 
ladiurii-cliarcoal catalyst. Tlic deliydrogciiatccl sorptioii i i i  thc 112 spcctruiii. I-lowcvcr, thc phenolic 
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extremely weak absorption of the phenolic hydroxy 
group in the I R  spectra of both synthetic and nat- 
ural norargemonine in mineral oil. It is possible 
that this may be due to  the existence of I1 in dimeric 
form through an intermolecular hydrogen bonding 
between the hydroxy and N-methyl group of two 
molecules as shown in XIX. Models certainly indi- 
cate the feasibility of such bonding. The behavior 
on addition of trace amounts of concentrated hydro- 
chloric acid to  the chloroform solutions of both syn- 
thetic and natural norargemonine supports this sug- 
gestion. Thus, identical IR spectra as well as a new 
free hydroxy absorption band were obtained and 
generated at vux. 3,640 cm.-l in both compounds, 
suggesting elimination of hydrogen bonding. 


character of this compound was indicated by its UV 
spectrum; i.e., it gave a characteristic isoquinoline 
absorption which showed a bathochromic shift upon 
the addition of sodium hydroxide. The isoquinoline 
character together with the absence of the 7-benzyl- 
oxy group of XI1 was further indicated by its NMR 
(7, in CDCb) spectrum which shows signals at 6.35 
(3H, S, Ca*-OC&), 6.29 (3H, S, C,r-OCya), 6.05 
(3H, s, CsOC_Ha), 5.62 (2H, S, Ci-CI&), 2.64 (lH, 
d, C4-H, J a , 4  = ~c.P.s.), and 1.78 ( lH,  d, Ca-H_, J 3 , 4  


= 6 c.P.s.). From the above evidence, XI1 was con- 
sidered to be identical with the compound prepared 
by Billek (14) by an alternate but less productive 
procedure. Debenzylation combined with dehydro- 
genation of X to yield XI1 in place of the expected 
7-benzyloxyisoquinoline (XIII) appears to be a 
phenomenon thus f a r  not reported, although the 
debenzylation can be readily rationalized in terms of 
hydrogenolysis by hydrogen transfer. 


0-Benzylation of XI1 afforded the corresponding 
free base of the 7-benzyloxyisoquinoline (XIII) after 
liberation from its hydrochloride salt (XIV). The 
UV spectrum of XI11 showed no bathochromic shift 
upon addition of sodium hydroxide and its NMR (7, 


in CDCq) spectrum further indicated the presence of 
the methylene protons of the 7-benzyloxy group as a 
singlet at 4.88 7.  Conversion of XI11 to the 
methiodide (XV) was readily achieved in good yield 
by conventional procedures. The NMR spectrum 
of XV showed a singlet a t  5.02 7 (3H) (N-C&) in 
addition to other expected peaks. Reduction of XV 
to the 1,2-dihydroisoquinoline (XVI) was carried out 
smoothly and in excellent yield by using sodium 
borohydride in pyridine according to  Barton el al. 
(15). XVI showed a characteristic 1,2-dihydroiso- 
quinoline UV absorption almost identical with that 
of 1.2-dihydro-N-methyl papaverine and the singlet 
for protons of the N-methyl group in the NMR spec- 
trum was shifted upfield from 5.02 7 in XV to 7.15 T 


in XVI. Acid-catalyzed ring closure of XVI pro- 
ceeds by way of the C-protonated intermediate 
(XVII) to the pavine (k, argemonine) type skeleton 
according to Battersby et al. (16,17) and was effected 
in almost quantitative yield. The cyclized product, 
m.p. 218-220", gave every evidence of being the 
desired (f )-norargemonine based on its melting 
point and characteristic UV spectrum. The lack of 
a bathochromic shift on addition of sodium hydrox- 
ide and its failure to show significant hydroxyl ab- 
sorption in the IR are similarly in keeping with the 
behavior of norargemonine from natural sources. 
However, because the starting material for cycliza- 
tion was an 0-benzyl derivative it seemed desirable 
to exclude the possibility that the product might be 
an 0-benzyl norargemonine (XVIII). Thus, the 
compound obtained was further subjected t o  de- 
benzylating conditions by refluxing it with concen- 
trated hydrochloric acid in ethanol. No change in 
properties was observed under this treatment and, 
thus, it  was concluded that debenzylation had oc- 
curred during the acidic cyclization process. This 
was not unexpected and is in keeping with the known 
lability of benzyloxy groups under these acidic 
hydrolytic conditions. The product, when com- 
pared with natural norargemonine, showed identi- 
cal silica gel TLC behavior, UV and I R  spectra and 
its NMR spectrum and melting point were in com- 
plete agreement with those of Stermitz et al. (6). 


It is of interest to  point out the absence or, at best, 


+ 


EXPERIMENTAL 


Mkting points were determined in capillary tubes 
in a Thomas-Hoover melting point apparatus 
checked for accuracy against a set of standard 
samples and are uncorrected. Microanalyses were 
determined by the Microanalytical Laboratory, 
School of Chemistry, University of Minnesota. UV 
spectra were determined on a Cary recording spec- 
trophotometer, model 14. I R  spectra were deter- 
mined on a Perkin-Elmer 237 B grating infrared 
spectrophotometer. NMR spectra were determined 
on a Varian Associates A-60 instrument using tetra- 
inethylsilane (TMS) as the internal standard and s 
refers to singlet, d to doublet. 
4-Benzyloxy-3-methoxybenzaldehyde [0-Benzy 


vanillin (IV)]-Prepared in 63% yield according to  
the method of Tomita et al. (9), m.p. 60.541.5". 
Lit. (9) reported m.p. 64'. 
4-Benzyloxy-3-methoxy-,9-nitrostyrene (V)-This 


was prepared in 87% yield from IV by the method 
of Gairaud el al. (lo), m.p. 118-119". Lit. (18) re- 
ported m.p. 120-121'. IR vmL. mineral oil cm.-l: 
1,510 and 1,330 (strong) (NOp) .  
4-Benzyloxy-3-methoxyphenethylamine (V1)-A 


solution of V (30 g., 0.11 mole) in anhydrous 
tetrahydrofuran (240 ml.) was added dropwise to a 
cooled and stirred suspension of lithium aluminum 
hydride (15 g., 0.4 mole) in anhydrous ether (600 
ml.) protected from moisture by means of a calcium 
chloride tube. After the addition (approximately 1 
hr.), the mixture was further refluxed for 1.5 hr. 
The complex after cooling was decomposed by 
cautious successive addition of wet ether (20 ml.), 
water (50 ml.), 10% sodium hydroxide (10 ml.), and 
water (5 ml.). The resultant mixture was filtered 
and washed well with ether. The combined filtrates 
were dried over anhydrous magnesium sulfate, and 
evaporated under reduced pressure to  yield 25 g. of 
orange-yellow oily amine (93%). Confirmation of 
the identity of this amine was made by preparing its 
formate salt which showed fine colorless scales, m.p. 
142-144" [lit. (9) m.p. 146-149"], obtained by dis- 
solving the above amine (2 drops) in a small amount 
of ethanol followed by adding 90% formic acid (1 
drop) and then a large quantity of anhydrous ether. 
The free amine showed Y N H ~  at 3,330 cm.-l in its 
I R  spectrum in liquid film. 
N - (4 - Benzyloxy - 3 - methoxyphenethyl) - 2- 


(3,4-dimethoxyphenyl)acetamide (VII1)-A mixture 
of 54 g. (0.27 mole) of 3,4-dimethoxyphenylacetir 
acid (VII) and 70 g. (0.27 mole) of the foregoing 
4-benzyloxy-3-n1ethoxyphenethylamine (VI) was 
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condensed according to  the method of Shepard et al. 
(11). The partially cooled mixture was poured 
into 300 ml. of absolute methanol. The suspension 
of crystals was held at 10" for 1 hr., filtered and re- 
dissolved in a mixture of absolute ethanol (800 d . )  
and absolute methanol (200 ml.), decolorized with 
charcoal and allowed to cool. The crystals were 
filtered, washed with anhydrous ether to give color- 
lessneedles (74.7g., 63%), m.p. 121-123". A second 
recrystallization of this compound showed m.p. 124". 
Lit. (18) reported m.p. 124". I R  vmx. mineral oil 
cm.-': 3,290 (NH) and 1,630 ( C 4 ) .  


1 - (3',4' - Dimethoxybenzyl) - 6 - methoxy - 7- 
benzyloxy - 3,4 - dihydroisoquinoline Hydrochloride 
(=)-A mixture of VIII (2 g., 0.0046 mole), phos- 
phorus oxychloride ( 2  ml., Mallinckrodt AR), and 
dry toluene (10 ml.) was heated for 2 hr. in a system 
protected by a calcium chloride tube with an oil bath 
temperature of 115". The reaction mixture was 
evaporated in  eracuo to  dryness. The residue, after 
being washed three times with anhydrous skelly- 
solve B, was then dissolved in absolute ethanol (10 
ml.) and treated with 10% hydrochloric acid (10 ml.). 
Upon cooling in an ice bath, it crystallized easily to 
yield the imine hydrochloride salt which was filtered 
off, washed well with anhydrous ether, a mixture of 
absolute ethanol-anhydrous ether (1 : 50), and finally 
anhydrous ether again. This furnished, after dry- 
ing, 1.55 g. (78%) of yellow needles, m.p. 219-220". 
Lit. (18) reported m.p. 219-220". IR vmx. mineral 
oil cm.-': 2,540 (broad and strong), 1,850-1,925 
(immonium band), and 1,640 (C=NH). The free 


base of this compound showed Y C - N  1,653 cm.-l in 
liquid film. 


1 - (3',4' - Dimethoxybenzyl) - 6 - methoxy - 7- 
benzyloxy - 1,2,3,4 - tetrahydroisoquinoline (X)-To 
a solution of IX (1 g.) in methanol (100 ml.) and 
water (5  ml.) was added, portionwise, sodium bo- 
rohydride (1 g.) at room temperature. The mixture 
was allowed to stand for 10 min. and further refluxed 
on a steam bath for 1 hr. Removal of the solvent 
gave a residue which was admixed with water and 
extracted with ether. The ethereal extract was 
dried over anhydrous sodium sulfate and distilled to 
give a pale yellow glassy residue (900 nig., 98%) 
after drying in a desiccator overnight. Character- 
ization of this base was effected by preparing its 
hydrochloride salt derivative using dry ethereal 
hydrogen chloride. The hydrochloride (XI) formed 
as colorless needles and had m.p. 220.5-222", after 
two recrystallizations from methanol-ether. 


Anal.-Calcd. for C26H&lNOd: C, 68.48; H, 
6.63; N, 3.07. Found: C, 68.40; H, 6.82; N,  3.01. 
UVX",k".H m p  (log E): 235 (4.23, shoulder), 282 (3.80); 
Az:H mp (log e): 254(2.97). 


1 - (3',4' - Dimethoxybenzyl) - 6 - methoxy - 7- 
hydroxyisoquinoline ( X I I t T h e  tetrahydro base (X) 
(320 mg.) obtained from the above procedure, with- 
out delay, was dissolved in tetralin (5  ml., Mallinc- 
krodt OR) and combined with 10% palladium on 
charcoal (50 mg.). The air remaining in the reac- 
tion flask was first displaced by a current of dry 
nitrogen gas for 5 min., and the mixture was heated 
under dry nitrogen gas a t  180" (oil bath tempera- 
ture) for 50 inin. Exilniinatioii of the mixture by 
TLC (alumina with chloroform and visualized with 
iodine vapor) indicated that the slower moving tetra- 
liydroisoquinoline spot had disappeared completely 


+ 
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in favor of a much faster moving isoquinoline spot. 
The cooled mixture was diluted with absolute meth- 
anol and filtered to remove the catalyst and the 
filtrate, after removal of the methanol in uacuo, was 
treated with anhydrous ether (a. 20 ml.). The re- 
sulting white crystals were filtered and washed well 
with anhydrous ether to yield 190 mg. (77%) of the 
aromatized isoquinoline, m.p. 1645166.5". Lit. 
(14) reported m.p. 165-167". The mother liquor 
was further digested with 10% hydrochloric acid and 
washed with ether several times. The acidic solu- 
tion was rendered alkaline with 10% ammonium 
hydroxide and extracted with chloroform until the 
chloroform layer gave a negative test to  Mayer's re- 
agent. The extracts were then washed with water, 
dried over anhydrous potassium carbonate, and evap- 
orated under reduced pressure to furnish a brown 
viscous oil which crystallized on rubbing with a 
small amount of absolute ethanol. Recrystallization 
from absolute ethanol afforded colorless prisms (20 
mg.), m.p. 164-165". Total yield: 85%. IR: 
absence of the secondary amine absorption in min- 
eral oil. UV XE2H mp (log e): 240 (4.43), 273 
(3.46, shoulder), 281 (3.46), 321 (3.29, shoulder) and 
332 (3.35), and upon the addition of sodium hydrox- 
ide, X Z H  mp (log 0 ) :  229 (4.02, shoulder), 259 
(4.28), 282 (3.59), and 288 (3.59, shoulder). 


1 - (3',4' - Dimethoxybenzyl) - 6 - methoxy - 7- 
benzyloxyisoquinoline (XIII)2-A stirred mixture of 
XI1 (100 mg., 0.3 mmole), anhydrous potassium 
carbonate (110 mg., 0.78 mmole, Baker AR granu- 
lar), benzyl bromide (164 mg., 0.9 mmole), and dry 
methanol (4 ml.) was refluxed for 5.5 hr. The sol- 
vent was evaporated and the residue dissolved in 
water and extracted with ether. The extracts, after 
washing with 1% sodium hydroxide and water, were 
then extracted with 10% hydrochloric acid several 
times. The acidic solution was made alkaline with 
20% ammonium hydroxide in the cold, and ex- 
tracted with ether. The extract, after being washed 
with water, dried over anhydrous potassium carbon- 
ate, and evaporated in DUCUO, gave a greenish oily 
substance (105 mg., 83yo). This was dissolved in a 
small amount of absolute ethanol and treated with 
dry ethereal hydrogen chloride. The pale yellow 
precipitate was collected by filtration and recrystal- 
lized from chloroform-ethanol to yield the hydro- 
chloride salt (XIV) as a white solid, m.p. 232-233.5". 


Anal.-Calcd. for Cz&&!lNOd: C, 69.09; H, 
5.79; N,3.09. Found: C,68.58; H.5.88; N,2.96. 
IR vmar. mineral oil cm.-I: 2,440 (broad and strong), 
1,925-1,975 (immonium band), and 1,635 (C=NH). 


A suspension of 180 mg. of XIV in water was 
rendered alkaline with 10% ammonium hydroxide 
and extracted with ether until the ethereal extract 
gave a negative test to Mayer's reagent. The ex- 
tract was washed with water, dried over anhydrous 
potassium carbonate, and evaporated to yield the 
free base as yellow prisms, m.p. 129-131'. Recrys- 
tallization from absolute ethanolanhydrous ether 
gave white prisms with m.p. 131-132' (XIII). 


Anal.-Calcd. for C ~ ~ H P ~ N O , :  C, 75.16; H, 6.07; 
N, 3.37. Found: C, 74.99; H, 6.26; N, 3.15. 
UV X Z H  mp (log E): 240 (4.65), 270 (3.69, 
shoulder), 279 (3.69), 314 (3.39), and 3'18 (3.49). 
NMK (7, in CDCL,): 6.28 (3H, s, CpOCg3), 6.22 


+ 


2 An alternate synthesis for this compound has recently 
been published by Brochmann-Hanssen, E., and Hirai, K. ,  
J .  Pharm. Sci., 57, 940(1968). 
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(3H, S ,  C,'-OCH,), 6.05 (3H, S, Cs-OC!&), 5.62 
(2H, s, CI-@Z), and 4.88 (2H, s, C7-OCH,C6HH,). 


1 - (3',4' - Dimethoxybenzyl) - 2 - methyl - 6- 
methoxy-7-benzyloxy-isoquinoline Iodide (XV)--To 
a solution of XI11 (105 mg.) in absolute methanol 
(3  ml.) was added methyl iodide (1 ml.) and the 
mixture, after heating under reflux on a steam bath 
for 4 hr., was further treated with methyl iodide (1  
ml.) and refluxed for an additional 4.5 hr. The mix- 
ture was allowed to stand in the refrigerator over- 
night, following which the solvent was removed by 
distillation to leave a yellowish brown glassy sub- 
stance (148 mg.) which crystallized on rubbing with 
absolute ethanol and was collected by filtration. 
The residue was washed well with absolute ethanol to 
give 120 mg. (86%) of pale yellow solid, m.p. 202- 
204" (dec.) which upon recrystallization from abso- 
lute ethanol showed m.p. 203-205'. 


Anal.-Calcd. for CmHsIN04: C, 58.11; H, 
5.02; N, 2.51. Found: C, 57.97; H, 5.26; N, 2.43. 
UV X z z H  mp (log a ) :  222 (4.67), 2.59 (4.83), 286 
(3.92, shoulder), and 3.18 (4.06). NMR3 (7, in 


(2H, s, CI-CHZ), 4.72 (2H, s, ~-OC_H~C~HS), and 


1 - (3',4' - Dimethoxybenzyl) - 2 - methyl - 6- 
methoxy-7-benzyloxy- 1,2-dihydroisoquinoline (XVI) 
-The foregoing methiodide (XV) (500 mg.) was 
reduced with sodium borohydride-pyridine in exactly 
the same manner as described by Barton (15) for 1,2- 
dihydrc- N-methyl papaverhe from papaverine 
methiodide. A yellowish semicrystalline substance 
separated on addition of a small amount of anhy- 
drous ether, m.p. ca. 120" (300 mg., 78%). Two re- 
crystallizations from chloroform-absolute ethanol 
afforded fine colorless tufts, m.p. 120-122". 


AmZ.'-Calcd. for C27H29NO4: C, 75.15; H,  6.77; 
N, 3.25. Calcd. for Cz7HzoN04.1/4 HzO: C, 74.37; 
H,6.70; N,3.21. Found: C,74.39; H, 7.05; N, 
3.22. UV X2zH mp (log E): 256 (3.81, shoulder), 283 
(3.33), and 335 (3.67). NMR (7, in CDCI,): 6.29 
(3H, s, C3p-OC5), 6.18 (6H, s, C4f-OCH_3 and Ce- 
OCJJa), and 7.15 (3H, S, N-CHa). 


Acid-Catalyzed Ring Closure of ( W I )  to (*)- 
Norargemonine (11)-A solution of XVI (320 mg.) in 
a mixture of 85.6% phosphoric acid (1 ml.) and 
90.8% formic acid ( 5  ml.) was heated at 100-105" 
for 2 hr. until the UV spectrum showed no further 
changes. The mixture was then left overnight a t  
room temperature, diluted with water (10 ml.), and 
extracted three times with ether. The aqueous 
solution was made alkaline with cold 10% sodium 
hydroxide and extracted with chloroform until the 
chloroform extracts gave a negative test With 
Mayer's reagent. The combined chloroforniic ex- 
tracts were washed with water, filtered, and dried 
over anhydrous potassium carbonate. The dried 
extract was evaporated under reduced pressure to  
give a greenish brown residue (285 mg.) which 
crystallized on rubbing with anhydrous ether, m.p. 
218-219" (sintered a t  214") (240 mg., 94%). Re- 
crystallization from absolute ethanol provided fine 


CDCIs): 6.22 (6H, s ) ,  5.89 (3H, S) (3 OCHa), 5.54 


5.02 (3H, S, G-Cga). 


The spectrum was taken without delay after XV was dis- 
solved in CDCh because of slow decomposition a t  room tem- 
perature. 


attempts. 
are in accord with the suggested structure. 


4 This analysis was the best obtainable in spite of several 
Its NMR, UV, and IR characteristics, however, 


Journal of Pharmaceutical Sciences 


white crystals, m.p. 218-219.5". UV ezn mp (log 
a): 226 (4.18, shoulder), and a well-defined triplet 
at 283 (3.94 shoulder), 287 (3.98) and 293 (3.94, 
shoulder); X e  mp (log E):  254 (3.31), and upon 
addition of sodium hydroxide, Xz:H mp: 283 
(shoulder), 287, 293 (shoulder), and 310 (shoulder); 
Xz:." 262 mp. Attempted debenzylation of this com- 
pound was carried out as follows: A solution of the 
foregoing product (141 mg.) in ethanol (5  ml.) and 
concentrated hydrochloric acid (8 ml.) was heated 
under reflux on a steam bath for 2 hr., and the 
solvent was evaporated in vacuo to leave a residue 
which was dissolved in water and extracted with 
ether to  remove benzyl chloride. The aqueous solu- 
tion was basified with 10% aqueous sodium hy- 
droxide and extracted with ether. To the above 
ether-extracted alkaline solution was added an excess 
of crystalline ammonium chloride, and the ammonia- 
cal solution was extracted three times with chlorw 
form. The chloroformic extract was washed with 
water, dried over anhydrous potassium carbonate, 
and evaporated in vacuo to  give a greenish brown 
syrup (96 mg.) which crystallized when rubbed with 
a small amount of absolute ethanol, m.p. 21%22O0 
(sintered at 210"). One recrystallization from ab- 
solute ethanol yielded fine colorless needles, m.p. 
218-220". The UV and I R  spectra, together with 
the TLC behavior of this compound, were superim- 
posable on those of the above starting material 
(m.p. 218-219.5") and natural norargemonine (11). 
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Heterogeneous Catalysis of Aspirin Degradation in 
Chloroformic Solution and Its Relationship to the 


Determination of Salicylic Acid in Buffered 
Aspirin Products 


By DAVID E. GUTTMAN 


Dificulties and spurious results were encountered when buffered aspirin tablets were 
subjected to the official test for salicylic acid. The present investigation was con- 
cerned with this problem and with a characterization of the behaviors of aspirin and 
salicylic acid in chloroformic solution in contact with chloroform-insoluble agents 
which are commonly used as bder ing  agents in buffered aspirin tablets. Two phe- 
nomena were studied which can have manifestations of analytical importance. Both 
aspirin and salicylic acid were found to be adsorbed by solids such as magnesium 
carbonate, aluminum glycinate, aluminum hydroxide, and magnesium trisilicate. 
Rate studies showed that chloroformic solutions of as irin in contact with solid 
buffers were unstable and generated at a relatively rapitfrate a compound with the 
chromatographic characteristics of salicylic acid. The rate of generation was shown 
to be due neither to the water or ethanol content of the chloroform nor to the pres- 
ence of dissolved buffer. Rather, it was demonstrated that catalysis was due to solid 
surfaces. The addition of citric acid monohydrate to such systems resulted in an al- 


most complete abolition of adsorption and catalysis. 


LIMIT TEST for free salicylic acid in aspirin A tablets is described in the USP XVII (1) 
and is based on the procedure which was de- 
veloped and described by Weber and Levine (2). 
A sample preparation is formulated by treating 
powdered tablets with chloroform and introduc- 
ing the resulting mixture to a partition chromato- 
graphic column. The aqueous stationary phase 
of the column contains urea and ferric chloride. 
Salicylic acid is retained on the column in the 
form of a urea-iron-salicylate complex while 
other components are eluted with chloroform. 
Salicylic acid is finally removed by elution with 
an ethereal solution of acetic acid which decom- 
poses the complex and releases salicylic acid. 
The absorbance of the salicylic acid fraction is 
subsequently determined at 306 mp. 


Special problems exist with buffered aspirin 
tablets, and a modified procedure is recommended 
by the compendium. During the course of study- 
ing this latter procedure, interesting and unusual 
behaviors were observed which can be of analyt- 
ical importance. As it will be shown, two effects 
are operant in systems encountered in this test 
which, depending on conditions, can result in 
apparent salicylic acid contents which are signifi- 
cantly lower or higher than the true content. 
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RESULTS 


Spurious and nonreproducible results were ob- 
tained when a synthetic mixture' formulated to 
simulate an analytical sample prepared from buffered 
aspirin tablets was subjected to the USP limit test 
for free salicylic acid. Usually low recoveries were 
obtained. However, it was found that if the chloro- 
formic sample preparation was allowed to stand 
prior to the chromatographic procedure, a recovery 
which was significantly higher than theory was ob- 
tained. 


Low recoveries can be explained by an adsorption 
phenomenon. Experiments designed to evaluate 
this possibility are summarized by Fig. 1. It  is 
apparent that significant adsorption of salicylic acid 
occurred when chloroformic solutions were contacted 
with chloroform-insoluble agents which are com- 
monly employed as buffers in aspirin tablets. It is 
interesting to observe that the affinity of salicylic 
acid for magnesium carbonate and aluminum 
glycinate is high but that the capacity of these solids 
for the acid is rather low. That salicylic acid is 
tenaciously held by magnesium carbonate and 
aluminum glycinate is indicated by the fact that it 
was impossible to completely elute adsorbed material 
by repeated contacts with fresh solvent. 


Further experimentation showed that high re- 
coveries of salicylic acid from samples of the syn- 
thetic mixture resulted from a surprisingly rapid 
transformation of aspirin to a product having the 
chromatographic characteristics of salicylic acid. 
The nature of this phenomenon is shown in Fig. 2 
which depicts kinetic studies which were conducted 
on various chloroform-aspirin systems. It is seen 
that the rate of production of salicylic acid in a one- 


1 Aspirin, 3 g.;  magnesium carbonate, 0.9 g.; aluminum 
glycinate, 0.45 g.; salicylic acid, 0.03 g. 
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EQUILIBRIUM CONCN. 
mg./ml. x 1 0 2  


Fig. I--Adsor@tion of salicylic acid ( S A )  f rom 
chloroformic solution by various solids. Key: a, 
magnesium carbonate, 10 mg./ml.; a, aluminurn 
glycinate, 10 mg./ml.; 0, aluminum hydroxide 
and magnesium trisilicate mixture obtained by pow- 
dering antacid tablets, 20 mg./ml. The studies were 


conducted at room temperature, 25 f 2". 


phase system of aspirin in chloroform or in cliloro- 
form which had been saturated by prolonged con- 
tact with magnesium carbonate was slow. In con- 
trast, a rapid rate of production was observed when 
solid magnesium carbonate was suspended in the 
aspirin solution. It is apparent that a transforma- 
tion of aspirin occurred which was surface catalyzed. 
The curves indicate that, in the solid-containing 
systems, an equilibration reaction occurred which 
was first-order with respect to the aspirin concentra- 
tion. That the plateauing of the curves was due to 
an approach to equilibrium and not to  depletion of 
catalyst is suggested by the observation that addi- 
tion of fresh magnesium carbonate to  a system which 
had attained the plateau concentration of salicylic 
acid did not result in further generation of salicylic 
acid. Addition of more aspirin to  such a system was, 
however, followed by the appearance of a sub- 
stantial additional amount of salicylic acid. It was 
further found that no difference in behavior could be 
detected between systems prepared with reagent 
grade chloroform, water-saturated chloroform, or 


O L L - -  
0 1 i i i 5 -  


TIME, hr. 


Fig. 3 4 e n e r a t i o n  of salicylic acid ( S A  ) with time 
i n  chloroformic solution in contact utith suspended 
solids. The systems were prepared with buJered 
uspirin tablets to contain an  initial concentration of 
aspirin of 20 mg./ml. Key: +, tablets containing 
aluminum and magnesium hydroxides; Q, tablets 
containing magnesium carbonate and calcium car- 
bonate; @, tablets containing aluminum hydroxide, 
glycine, and magnesium carbonate; Q, tablets con- 
taining magnesium carbonate and aluminum glycinate; 
0, tablets containing calcium phosphate, sodium 
bicarbonate, and citric acid. The studies were con- 


ducted at room temperature, 25 f 2'. 


freshly distilled reagent grade chloroform. Similarly 
no significant difference in behavior was found be- 
tween such systems and one prepared with a 57, 
(v/v) solution of ethanol in chloroform. 


Figure 3 illustrates similar rate studies conducted 
with aspirin-buffer-chloroform systems prepared 
from commercially available buffered aspirin prod- 
ucts. A number of different buffering components 
were encountered in this study. With one excep- 
tion, rapid generation of salicylic acid with time was 
observed in these systems. The exception was a 
system prepared from tablets which contained, in 
addition to alkalinizing agents, citric acid. This 
observation motivated further studies on the in- 
fluence of citric acid on the kinetics of salicylic acid 


O o K m  6 


TIME, hr. 


Fig. Z q e n e r a t i o n  of salicylic acid ( S A )  with time 
in chloroformic solution. Key: 0, a one-phase sys- 
tem containing aspirin at a n  initial concentration 
of 20 mg./ml. prepared with reagent grade chloroform 
or reagent grade chloroform which was saturated by 
prolonged shaking with magnesium carbonate; 0 I 


a two-phase system containing aspirin at a n  initaal 
concentration of 10 mg./ml. and magnesium carbonate 
at a concentration of 10 mg./ml.; @, a two-phase 
system containing aspirin at an initial concentration 
of 20 mg./ml. and magnesium carbonate at a con- 
centration of 10 mg./ml. The studies were conducted 


at room temperature, 25 f 2'. 
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Fig. &Influence of citric acid on the rate of genera- 
tion of salicylic acid ( S A )  in chloroformic solution 
in contact with magnesium carbonate. The magnesium 
carbonate was at a concentration of 5 mg./ml. and 
aspirin at an  initial concentration of 10 mg./ml. 
Key: Q, no citric acid added; 0, citric acid added 
at 0 time to yield a concentration of 5 mg./ml.; a, 
citric acid added at 60 min. to yield a concentration 
of 5 mg./ml. The studies were conducted at room 


temperature, 25 f 2'. 
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TIME. hr. 


Fig. 5-In~fuence of citric acid on the rate of produc- 
tion of salicylic acid (SA ) i n  chloroformic solution 
prepared from buflered aspirin tablets. Each system 
was prepared to contain aspirin at an initial concen- 
tration of 20 mg./ml. A weight of citric acid equal 
to the weight of sample was added to the powdered 
sample prior to the addition of chloroform. Key: 
same as Fig. 3. The studies were conducted at room 


temperature, 25 * 2'. 


formation. That the influence is dramatic is shown 
by Fig. 4. In contrast t o  the relatively rapid in- 
crease in salicylic acid content with time which was 
observed with magnesium carbonate-containing 
systems, a system formulated to contain equal con- 
centrations of citric acid and magnesium carbonate 
was found to  be essentially unreactive. Similarly, 
the addition of citric acid t o  a magnesium carbonate 
system after 1 hr. of reaction resulted in an al- 
most immediate cessation of salicylic acid produc- 
tion. It was visually observed that the addition of 
citric acid had a pronounced effect on the nature of 
the suspension. Marked flocculation of particles 
was apparent immediately after the addition of citric 
acid. Citric acid which was oven-dried immediately 
before addition to  a reaction medium had a much 
less marked effect in inhibiting salicylic acid produc- 
tion. 


Citric acid treatment was established t o  be equally 
effective in inhibiting salicylic acid production in 
systems prepared from buffered aspirin tablets as 
shown by studies which are depicted in Fig. 5. 
Here, an aliquot of powdered tablet was triturated 
with an equal weight of citric acid and then treated 
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EQUILIBRIUM CONCN.. mg./ml. x 102 


Fig. 6-Adsorption of aspirin ( A S A )  from chloro- 
formic solution by magnesium carbonate and by 
a mixture of magnesium carbonate and citric acid. 
Key:  @, magnesium carbonate 10 mg./ml.; 0, 
magnesium. carbonate 10 mg./ml.  and citric acid 10 
mg./ml. The studies were conducted at room tempera- 


ture, 25 f 2". 


with sufficient chloroform to obtain the desired 
aspirin concentration. A comparison of this figure 
with Fig. 3 shows that in all systems, citric acid was 
effective in markedly reducing the catalytic ability 
of suspended solids. 


An insight into the mechanism by which citric 
acid functioned to inhibit the surface-catalyzed 
transformation of aspirin is provided by adsorption 
studies which are summarized in Fig. 6. Aspirin, it 
is seen, was strongly adsorbed to magnesium carbon- 
ate. However, a mixture of citric acid and mag- 
nesium carbonate possessed little adsorptive capacity 
for aspirin. I t  is also of significance that treatment 
of solids with citric acid also significantly reduced 
their capacities for adsorbing salicylic acid. Ex- 
periments which illustrate this effect are summa- 
rized in Table I. 


DISCUSSION 


Instability of aspirin in chloroformic solution was 
noted by Levine (3) who reported that aspirin 
anhydride and salicylic acid were formed, and that 
anhydride formation was accelerated in the presence 
of weakly alkaline reagents. He did not, however, 
comment on the phenomenon of surface catalysis 
which was observed in this study. Davidson and 
Auerbach (4) investigated the behavior of aspirin 
in nonaqueous media and found that in the presence 
of dissolved base, the compound functioned as an 
effective acetylating agent. They postulated the 
existence of a cyclic intermediate which results from 
the intramolecular nucleophilic attack by the ionized 
carboxyl group on the ester carbonyl. The result- 
ing intermediate decomposed to yield either aspirin 
or salicyloylacetic anhydride. Considerable dis- 
cussion has appeared in the literature relative to the 
hydrolytic behavior of aspirin in aqueous solution 
and particularly concerned with the mechanism 
of intramolecular catalysis which is apparent in the 
pH region of approximately 4 to  8 (5-13). Re- 
cently, Fersht and Kirby (14, 15) have presented 
convincing evidence to  suggest that intramolecular 
nucleophilic attack to form a cyclic intermediate and 
subsequent formation of the anhydride is not the 
most probable mechanism. Rather they concluded 
that the mechanism of hydrolysis is general base 
catalysis of attack by water by the carboxylate 
anion. They did state, however, that a few percent 
of hydrolysis could occur by the nucleophilic mecha- 
nism and their studies do not rule out the possibility 
that such a mechanism is operant in nonhydroxylic 
solvents. 


The present investigation has demonstrated that 
finely divided solids do catalyze a conversion of 
aspirin to a product which, by the analytical method 
employed, is determined as salicylic acid. The re- 
action occurred under essentially anhydrous condi- 
tions and adsorption of the aspirin is apparently a 
prerequisite for the transformation. Although in- 
sufficient data is available to definitively character- 
ize the mechanism of reaction, the speculative 
scheme presented as Scheme I does appear to be 
consistent with the data. Aspirin is portrayed as 
being adsorbed t o  a negatively charged adsorption 
site where a protolytic reaction occurs to yield 
aspirin anion. Nucleophilic attack by carboxyl 
group on the ester carbonyl then occurs to  form the 
cyclic intermediate. The intermediate decomposes 
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tographic column by virtue of its phenolic hydroxyl 
group, and it  is rapidly hydrolyzed on the column to 
acetic and salicylic acid. 


It is possible that citric acid monohydrate, which 
is essentially chloroform insoluble, inhibits the re- 
action by releasing water of hydration to the surface 
of the adsorbent and undergoing a neutralization 
reaction in the hydrate layer which modifies the 
surface characteristics of the adsorbent so as to  
destroy adsorption sites. 


Since citric acid monohydrate was shown to be 
effective in inhibiting the formation and adsorption 
of salicylic acid in the systems of interest, a logical 
extension of this study was to evaluate the possi- 
bility of incorporating a citric acid treatment in the 
analytical determination of salicylic acid in systems 
containing aspirin and chloroform-insoluble buffers. 
The results obtained by such a treatment, using a 
synthetic mixture, are shown in Table 11. The 
citric acid treatment involved triturating an aliquot 
of the sample mixture with an equal weight of citric 
acid monohydrate prior to the addition of chloroform 
and subsequent chromatography. The results show 
that, in contrast to  the official procedure, the citric 
acid procedure resulted in almost quantitative re- 
covery of salicylic acid. It should be noted that 
additional experimentation demonstrated that citric 
acid treatment was not effective in displacing 
salicylic acid from metallic salts which are known to 
form in buffered aspirin products. A modification 
of this procedure is, however, quite effective in 
estimating the total nonaspirin salicylate content of 
buffered products and will be described in a subse- 
quent communication. 


EXPERIMENTAL. 


Materials-Aspirin, salicylic acid, magnesium 
carbonate (basic), citric acid monohydrate, reagent 
grade solvents were all obtained from the Fisher 
Scientific Co. The magnesium carbonate was dried 
at 120' for 72 hr. prior to use. All other chemicals 
were used as received. Aluminum glycinate was 
kindly provided by Dr. John H. Wood, Bristol- 
Myers Products. Magnesium trisilicatealuminum 
hydroxide mixtures were obtained by powdering 
commercially available antacid tablets. All buffered 
aspirin tablets which were studied were obtained 
from local pharmacies. 


Procedures-Adsorption Stztdies-Stock solutions 
of salicylic acid or aspirin in chloroform were pre- 
pared to  obtain a range of concentrations. Ten- 
milliliter aliquots of such solutions were placed in 3- 
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TABLE I-INFLUENCE OF CITRIC ACID ON THE AD- 
SORPTION OF SALICYLIC ACID FROM CHLOROPORMIC 


SOLUTION B Y  VARIOUS SOLIDS 


Concentration Initial Equilibrium 
of Citric concentration of Concentration of 


Acid, Salicylic Acid, Salicylic Acid, 
mg./ml. mg./ml. X 1 0 2  mg./ml. X 102 


Magnesium Carbonate, 10 mg./ml. 
5 


10 
15 
20 
25 


0.0282 
0.018 
1.65 
6.56 


10.2 
30 15.3 


5 5 . 2  
10 9 . 7  
15 15.3 
20 19.8 
25 24.5 
30 30 


Aluminum Glycinate, 10 mg./ml. 
5 


10 
15 
20 
25 
30 
5 


10 
15 
20 


2.25 
6.54 


12.5 
17.6 
22.6 
27.2 
4.18 
8.43 


14.4 
19 


25 23.7 
30 29.4 


Aluminum Hydroxide Magnesium Trisilicate," 20 mg./ml. 
0 5 1.69 
0 10 6 . 9  
0 15 6 . 9  
0 
0 
0 


20 
20 
20 
20 
20 
20 


20 ~~ 


25 
30 
5 


10 
15 
20 
25 
30 


10.6 ~. . - 
8.58 
9.49 
3.27 
8.06 


13 
17 ~. 


22 
29 


Powdered antacid tablets. 


to aspirin or to the anhydride with the involvement, 
in the latter case, of a grouping on the adsorption 
side functioning as a general acid. The salicyloyl- 
acetic anhydride so formed is retained on the chroma- 


1 
I 


TABLE 11-DETERMINATION OF THE SALICYLIC ACID 
CONTENT OF A SYNTHETIC MIXTURE CONTAINING 
ASPIRIN, SALICYLIC ACID, MAGNESIUM CARBONATE, 


AND ALUMINUM GLYCINATE (ASPIRIN 3 g. ; 


0.9 g. ; ALUMINUM GLYCINATE 0.45 g.) 
SALICYLIC ACID 0.03 g.; MAGNESIUM CARBONATE 


Salicylic -Salicylic Acid Found, Yo-- 
Acid Theory, USP Citric Acid 


Procedure % Procedure 
1 . 0  0.215 0.975 


0.365 0.975 
1.09 
0.984 


Scheme I 







Vol. 57, No. 10, October 1968 


dr. glass prescription vials. A weight of adsorbent, 
usually 100 mg., was added to each vial which was 
then stoppered. The stoppers were firmly taped 
and the vials were agitated on a rotating device for 
1 hr. Solids were allowed to  sediment and an aliquot 
from each vial was removed and filtered using a 
Swinney adaptor to a hypodermic syringe. An 
accurately measured volume of the clear filtrate was 
appropriately diluted and assayed spectrophoto- 
metrically. A Beckman DU spectrophotometer was 
used throughout. A wavelength of 306 mp was 
used for salicylic acid studies while 278 mp was 
employed in the case of aspirin solutions. In the 
citric acid experiments, the citric acid and solid 
buffer were added as a powdered mixture. These 
studies were conducted at room temperature, 25 
f 2”. 


Rate Studies with Magnesium Carbonate-A solu- 
tion of aspirin in chloroform was prepared in a 100- 
ml. volumetric flask by dissolving the required 
amount of aspirin in sufficient chloroform to make 
100 ml. The required weight of magnesium car- 
bonate was then added. A magnetic stirring bar 
was introduced to  the flask, and the mixture was 
stirred continually by use of a magnetic stirrer. At 
various time intervals aliquots were removed and 
filtered. Preliminary experiments showed that 
filtration resulted in an immediate cessation of 
salicylic acid production. An accurately measured 
volume of the filtrate was assayed for salicylic 
acid by the chromatographic method described under 
free salicylic acid in the monograph for aspirin 
tablets in the 17th revision of the USP (1) beginning 
with the phrase, under Procedure, “Pass 50 ml. of 
chloroform in several portions . . . . ’ I  In the citric 
acid experiments, a weight of citric acid equivalent 
to  the weight of magnesium carbonate was added 
when the magnesium carbonate was added to  the 
aspirin solution. These and all other rate studies 
were conducted at room temperature, 25 f 2”. 


Rate Studies with Systems Formulated from Buffered 
Aspirin Tablets-Buffered aspirin tablets were 
powdered and a weight equivalent to 2 g. of aspirin 
was placed in a 100-ml. volumetric flask. Chloro- 
form was added to volume and a stirring bar was 
placed in the flask. Sampling and assay were con- 
ducted as described above. In the citric acid 
experiments, a weight of citric acid equivalent to  
the weight of powdered tablets was triturated with 
the powdered tablets and the mixture was placed in 
the volumetric flask. 


Salicylic Acid Content of the Synthetic Mixture-A 
synthetic mixture was prepared by intimately mix- 
ing 3 g. of aspirin, 0.03 g. of salicylic acid, 0.9 g. of 
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magnesium carbonate, and 0.450 g. of aluminum 
glycinate. An aliquot of the mixture was assayed 
for salicylic acid content by the procedure speciiied 
for free salicylic acid, for tablets which are coated or 
contain buffers, in the 17th revision of the USP (1). 
The citric acid method consisted of accurately 
weighing a portion of the mixture which was equiv- 
alent to 400 mg. of aspirin. The portion was 
placed in a glass mortar and triturated with 200 
mg. of citric acid monohydrate using a glass pestle. 
Twenty milliliters of chloroform was added to the 
mixture and it was stirred by means of a stirring bar 
and magnetic stirrer for 15 min. The mixture 
was filtered and the filtrate was collected in a 50-ml. 
volumetric flask. The mortar and pestle were 
washed with two 10-ml. portions of chloroform which 
were passed through the filter and collected in the 
volumetric flask. Chloroform was added to  volume. 
Exactly 10 ml. of the resulting solution was used 
as a sample and assayed by the free salicylic 
acid test procedure described in he aspirin tablet 
monograph in the 17th revision of the USP (1) be- 
ginning with the phrase, under Procedure, “Pass 50 
ml. of chloroform in several portions. . . .” 
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Notes- 


Study of the Degradation of Dexamethasone 
in Certain Pharmaceutical Preparations 


By S. K. WAHBA*, S. W. AMIN, and NAZMY ROFAEL 


A chromatographic separation of the decomposition products of dexamethasone 
in tablet form was achieved by using thin-layer chromatography. S ecuophoto- 
metric and quantitative colorimetric analyses were run. A stable &let formula 


has been suggested. 


HE ANTI-INFLAMATORY corticosteroids repre- T sented by hydrocortisone and related synthetic 
analogs have gained an unchallenged position. 
The therapeutic effects of many steroids depend on 
their stability (1). It has been found that dexameth- 
asone (A'9-fluoro-l1&17~~,2 1 -trihydroxy- 16-methyl 
pregna-l,4-diene-3,20-dione) should be protected 
from light (2) and it has been proved that 50% 
oxidation of the a-ketol side chain occurs within 
6-8 min. in the presence of a base catalyst (3). Dexa- 
methasone has a marked oral potency in range of 
about 30 times that of hydrocortisone (4-7). The 
high oral potency is attributed to the protection 
from metabolic inactivation of the 17,2l-dihydroxy- 
acetone side chain by  steric hindrance of 16-methyl 
substituents (8,9). Identification and investigation 
of 16-methyl-9-fluoroprednisolone was reported to 
be carried out by infrared, ultraviolet spectra and 
triphenyltetrazolium chloride color reaction (10). 
It has been observed that the direct spectrophoto- 
metric analysis of a methanolic extract of dexa- 
methasone tablets yield higher results than the tri- 
phenyltetrazolium chloride color assay on aged 
tablets. A study of the methods of analysis, 
degradation, and stability of dexamethasone tablets, 
leads to the finding of a stable tablet formula. 


EXPERIMENTAL 


Materials-(a) Dexamethasone (Roussel). The 
sample was purified by recrystallization from ether. 
Purity was confirmed by physicochemical means. 
m.p. 263", infrared, ultraviolet absorption. ( b )  
Polyvinylpyrrolidone (Kollidon-25, Badische Anilin 
and Soda Fabrik). (G) 2,3,5-Triphenyl tetrazolium 
chloride m reanal-Hungary). ( d )  Talc, lactose, 
starch, magnesium stearate, Cellulose acetate 
phthalate, carboxymethylcellulose, acetone, ethyl 
alcohol, methyl alcohol, chloroform, sulfuric acid, 
Silica Gel G, all from the British Drug House and of 
analytical grade. 


ProcedureThin-Layer Chromatography-Meth- 
anolic and chloroformic extracts of dexamethasone 
tablets were spotted beside methanolic and chloro- 
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formic solutions of authentic sample (NF XII) of 
dexamethasone on 0.3 mm. thick Silica Gel G 
plates. The plates were developed with chloro- 
form-methanol mixture (9: 1). The plates were 
dried, sprayed either with triphenyltetrazolium 
chloride reagent (11) (Fig. 1) or sulfuric acid 
50yo in methanol, and then heated at 80' for 10 
min. (12) (Fig. 2). The results obtained are illus- 
trated in Figs. 1 and 2. 


From Figs. 1 and 2 it is clear that the methanolic 
extract of the tablets showed two spots with sulfuric 
acid reagent; one of them is identical with the spot 
obtained from the chloroformic extract. On using 
the triphenyltetrazolium chloride reagent the 
methanolic extract gave only one spot which was 
found to be identical with that  obtained by the 
chloroformic extract of the tablets and those of the 
authentic sample. Hence the lower spot proved to 
be nonextractable with chloroform. 


Quantitative Determination of Standard Dexa- 
methasone, Corresponding Spots, and Its Degrada- 
tion Products-Dexamethasone authentic sample 
was assayed by direct ultraviolet absorption at 240 
mM as well a s  colorirnetrically following the official 


Fig. 1 -Dexatnethusone chromatograms sprayed with 
telrazolium chloridc reage& 
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Fig. 8-Dexamethasone chromatograms sprayed with 
sulfuric acid reagent. 


method (13). The tablets were similarly treated 
when the direct spectrophotometric determination 
for a methanolic extract gave higher results than the 
colorimetric method. The chloroformic extract 
of the same batch of tablets gave the same result as 
the colorimetric method when assayed spectro- 
photometrically. Elution of the spots corresponding 
to  the authentic dexamethasone was effected from 
the plates with methanol. The methanolic eluate 
was assayed spectrophotometrically for its dexa- 
methasone content. At the same time, the eluate of 
the lower spot was similarly assayed. 


The results obtained are shown in Table I. 
Stability of Dexamethasone in Tablet-Prepara- 


tion of the tablets: four different samples of dexa- 
methasone tablets of the following general formula 
were prepared: dexamethasone, 0.5 mg., lactose, 
88 mg., starch, 15 mg., talc, 3 mg., magnesium 
stearate, 1.5 mg. 


Sample 1:  Prepared by the slugging method 
(14). Sample 2: Prepared by the wet granula- 
tion method (16) using 20y0 solution of polyvinyl- 
pyrrolidone in alcohol as  a binding agent. Sample 
3: Prepared by the wet granulation method 
using 3% solution of cellulose acetate phthalate in 
acetone as  a binding agent. Sample 4: Prepared 
by the wet granulation method using 3% mucilage 
of carboxymethylcellulose in water as a binding 
agent. 


An amount of lactose equivalent to the polyvinyl- 
pyrrolidone, cellulose acetate phthalate and carboxy- 
methylcellulose used was reduced from the weight 
of lactose in the general formula. All tablets were 
compressed to  give a hardness of 3 kg. using a 
single-punch Korsch machine. 


Quantitative Analysis-The four mentioned 
tablets were assayed using the official colorimetric 
metbod every 20 days. Shelf storage at 25' at 60% 
relative humidity, temperature of No, 60°, and 
humidity of 75% and 100% at 25' temperature 
were chosen as different factors to compare their 
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TABLE I-PERCENTAGE OF DEXAMETHASONE IN 
DIFFERENT ELUATES 


Ultraviolet Dexa- 
Absorption methasone, 


Eluate a t  240 p % 


standard 1.100 100 
Methanolic dexamethasone 


Methanolic extract of tab- 
letsa 1.290 117 


Methanolic extract of upper 


Methanolic extract of lower 
spots 0.840 76.3 


spots 0.458 39.09 


Direct methanolic extract from tablets. 


stability so as to choose the best tablet formula for 
making the most stable tablet. 


The results obtained are shown in Table 11. 
Rate of Degadation-The rates of degradation of 


the four tablets were found to be a pseudo first-order 
reaction. Figure 3 shows the relation between the 
log concentration of dexamethasone and time. 
The rate of Kta and the half-life (16) of the four 
tablets are shown in Table 111. 


Observations-(a) The high result in the total 
methanolic tablet extract is due to the decomposition 
product which absorbs heavily a t  that wavelength. 
(b) The summation of the absorption of the two 
spots is equal to the absorption of the direct metha- 
nolic extract. 


RESULTS AND DISCUSSION 


According to the chromatographic analysis the 
dexamethasone tablet, prepared either by the 
slugging or the wet granulation method, on aging 
even at room temperature (shelf) suffered from 
cleavage of the a-ketol side chain group. This was 
indicated by the fact that the lower spot was only 
visible with the sulfuric acid reagent and gave 
no color with the triphenyltetrazolium chloride 
reagent which is specific for this group. Hence the 
direct spectophotmetric determination of a metha- 
nolic extract gave higher results than the colorimetric 
method. 


The tablets formulated with polyvinylpyrrolidone 
as a binding agent showed the greater stability 
against different humidity and temperature factors 
and the longest half-life time. 


SUMMARY 


(a) Tablets formulated by slugging or wet 


1.7 I - 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 


t, Days 


Fig. 3-Relation between the logarithmic concentration 
of dexamethasone in tablets using different binding 


agents and time. 
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TABLE 11-STABILITY OF DEXAMETHASONE TABLET AT DIFFERENT 


TEMPERATURES AND HUMIDITY 


Sample 
No. Time/Day 
1 0 


20 
42 
77 


133 
0 


20 
42 
77 


133 
0 


20 
42 
77 


133 
0 


20 
42 
77 


133 


Shelfo Hurmdity 40’ C. 60’ C. Hurmdity 
75% * 100% * 


100 
90.6 85.3 83.9 100 92.3 
83.9 55.9 67.1 97.9 92.3 
72.6 52.4 55.9 90.9 81.8 
55.9 


99.8 96.4 95.2 95.5 94.6 
99.8 94.6 95.2 94.6 94.6 


100 


93.8 92.1 93.8 94.6 93.8 
88.1 


93.5 93.5 92.0 79.9 79.9 
86.5 78.4 79.9 79.9 76.1 
79.3 61.3 74.6 75.3 67.8 


100 


65.8 
inn -_ - 
94 98.4 87.5 
86.7 76.9 77.5 
75.4 61.5 92.4 
61.4 


96.9 90.7 
90.7 84.6 
78.4 69.2 


” at  25O and 60% relative humidity. * at  25”. 60% relative humidity. 


TABLE 111-HALF-LIFE OF TEE FOUR DEXAMETAASONE TABLETS 


Sample 
No. Time/ Day 
1 0 


20 
42 
77 


133 
0 


20 
42 
77 


133 
0 


20 
42 
77 


133 
0 


20 
42 
77 


133 


(a-x) 
%” 


90.6 
83.9 
72.0 
55.9 


100 


100 
100 
100 
93.8 
88.1 


93.5 
86.5 
79.3 
65.8 


100 
94 
86.7 
75.4 
61.4 


100 


Log“ 
(a-d  


2.0 
1.9571 
1.9238 
1.8573 
1.7474 
2.0 
2.0 
2.0 
1.9722 
1.9450 
2.0 
1.9708 
1.9370 
1.8993 
1.8182 
2.0 
1.9731 
1.9380 
1.8774 
1.7882 


Log “ 
(a&> 
0.0 
0.0429 
0.0762 
0.1427 
0.2526 
0.0 
0.0 
0.0 
0.0278 
0.0550 
0.0 
0.0292 
0.0630 
0.1007 
0.1818 
0.0 
0.0269 
0.0620 
0.1226 
0.2118 


K26“ 
0.00436 
0.00436 
0.00436 
0.00436 
0.00436 
0.00139 
0.00139 
0.00139 
0.00139 
0.00139 
0.00314 
0.00314 
0.00314 
0.00314 
0.00314 
0.00366 
0.00366 
0.00366 
0.00366 
0.00366 


Half-life, 
Days 
159 
159 
159 
159 
159 
542 
542 
542 
542 
542 
220 
220 
220 
220 
220 
189 
189 
189 
189 
189 


a - initial concentration %, I - degradation %, Ku = integrated rate equation. 


granulation method and different binding agent 
except with polyvinylpyrrolidone showed instability 
toward different humidity and temperature factors. 


(b)  The TLC analysis of the methanolic extract 
of the tablets showed two spots; one of them is 
identical with the authentic dexamethasone spot. 
Meanwhile the other spot could not be localized on 
using triphenyltetrazolium chloride reagent as a 
spray which indicates the cleavage of the keto side- 
chain group. 


(c) Direct spectrophotometric determination of 
different degradation products separated by TLC 
or direct extraction from tablets confirmed the 
colorimetric assay. 
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Problem in the Estimation of Drugs in Biologic Tissue 
Recovery of Phenol Red from the GI Tract 


By STUART FELDMAN and MILO GIBALDI 


Recovery of phenol red from homogenates of rat intestinal tissue, using aqueous 
extraction procedures, was near quantitative. However, significantly poorer re- 
covery was observed after incubation of phenol red with intact intestinal sacs. I t  
appears likely that phenol red binds to  tissue or mucosa when in  intimate contact, and 
the bound material is relatively resistant to aqueous extraction. The  relevance of 


this phenomenon to tissue assays is considered. 


HE CLASSIC approach to the determination of T drug concentration in tissue involves the extrac- 
tion of the compounds from homogenates. The 
general principles of this approach have been set 
forth by Brodie et al. (1). Accordingly, experimen- 
tal standards are based on the recoveries of known 
amounts of drug from tissue homogenates. The 
assumption is made that the extent of recovery of 
standard quantities from the homogenate is equiva- 
lent to  the recovery from in G'oro tissue after drug up- 
take. The authors have recently observed anom- 
alies in the recovery of phenol red from the gastro- 
intvstinal tracts of intact rats, rat intestinal sacs, 
and tissue homogenates, which suggest that the usual 
assumption of equivalent recovery may lead to 
significant error. 


EXPERIMENTAL 


Materials-Phenol red, trichloroacetic acid, and 
sodium hydroxide were obtained from Fisher 
Scientific Company as certified reagent grade. 


Methods-Male Sprague-Dawley descent rats 
(klue Spruce Farms, Altamont, N. Y.) weighing 
140-180 Gm. were fasted 24 hr. The animals were 
then sacrified by decapitation, and the stomach and 
small intestine were removed. The small intestine 
was divided into three segments of equal length. 


Tissue Homogenates-The stomach and cach 
intestinal segment were homogenized individually 
for 5 min. in an Eberbach homogenizer with a mini- 
mum quantity of distilled water (approximately 
3 ml.). The homogenates were placed in Nalgcne 
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tubes and 0.5 ml. of a 70 mg. yo phenol red solution 
was added to each tube. The tubes were then 
agitated slowly for 1 hr. at 3 7 O  in a gyrotory water 
bath shaker. 


Gastric Pouch and Intestinal Sacs-Each segment 
was ligated a t  both ends and 0.5 ml. of a 70 mg. % 
phenol red solution was injected in the pouch or sac 
through the ligated end by means of a 1-ml. tuber- 
culin syringe and blunt needle. No loss of phenol 
red was observed through the ligatures. 


Each segment was then placed in 20 ml. of Ringer's 
solution in a culture tube. The tubes were agitated 
for 1 hr. a t  37'. The sac or pouch was then re- 
moved and homogenized as described above. The 
serosal fluid was also retained for assay. 


Assay-The assay procedure was essentially 
that of Reynell and Spray (2). Each tissue seg- 
ment (or homogenate thereof) was homogenized 
for 5 min. with 1 ml. of 1 N sodium hydroxide and 
about 5 ml. of distilled water. The resulting 
homogenate was brought to 30 ml. volume with 
distilled water, centrifuged, and filtered through a 
Biichner funnel. A 10-ml. aliquot was taken and 
1 ml. of a 30% w/v trichloroacetic acid solution was 
added to the aliquot to precipitate proteins. After 
centrifugation 5 ml. of the supernatant was removed 
and 1 ml. of a 1 N sodium hydroxide solution was 
added to develop the color to  maximum intensity. 
The solution was further diluted, passed through a 
Millipore filter (0.45 p pore size), and assayed with a 
Beckmau DB-G spectrophotonieter a t  560 rnp. 


RESULTS 
Table I shows the recovery of phenol red after 


addition to  homogenates of various gastrointestinal 
segments. Recovery ranged from 937, to  103% 
with little difference between homogenates of dif- 
ferent segments. The average recovery of phenol 








New Compounds: 5 -Chloro-2- (3-chloro-2-hydroxypropoxy) -berm 
hydrylamine and Related Compounds 


By HEINO A. LUTS*, and D. YAMASHIROt 


In connection with the chemical-medicinal work 5-chloro-2-(~-chloro-2-hydroxy- 
propoxy)-benzhydrylamine was prepared by a three-step synthesis. Compound I 
was reacted with epichlorohydrin and the formed 3- (2-benzyl4-chlorophenoxy)-2- 
hydroxypropylchloride (11) was then converted to I11 by free-radical brominauon, 


which was not isolated, but converted to compound V by amination. 


EXPERIMENTALLSCHEME I 


342-Benzyl-4- chlorophenorg) - 2 - hydroxypropyl 
chloride ( I I F A  solution of 21.65 g. (0.100 mole) of 
2-benzyl-4-chloroplienol (I) (Dow Santophen), 24.8 
g. (0.269 mole) of epichlorohydrin, and 2.0 ml. of 
piperidine was heated at 9@-95" for 4.5 hr. with 


The excess epichlorohydrin was removed by  dis- 
tillation of all material boiling to 40°/0.7 mm. The 
residual oil was dissolved in an equal volume of 
chloroform, then shaken for 10 min. with 35 ml. of 
concentrated hydrochloric acid. The lower chloro- 
form phase was separated and washed with four 30- 
ml. portions of water. The chloroform solution was 


Piperidine 1 


Scheme I 
stirring. Occasional cooling of the exothermic steam distilled. 
reaction was required during the initial stages. extracted with 


The oily, nondistillable residue was 
50 ml. -of benzene. The benzene 


solution was washed with two 30-ml. portions of 
water, dried over anhydrous calcium sulfate. and 
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land, Ohio, and B+Ol Laboratories he., Syracuse, NY 13201 oil was distilled under vacuum twice to yield 


performed by G. Robertson, Jr., Florham Park, N. J. 0.6 mm. 
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And-Calcd. for C&1&3202: C, 61.75; H, 
5.18; C1, 22.79. Found: C, 61.49; H, 5.13; C1, 
22.71. 


5-Chloro-2-( 3-chloro- 2 - hydroxypropoxy)benzhy- 
drylamine Hydrochloride (V)-A solution of 44 g. 
(0.142 mole) of 3-(2-benzyl-4-chlorophenoxy)-2-hy- 
droxypropyl chloride in 150 ml. of carbon tetra- 
chloride was brought to reflux. The solution was 
exposed to 275-w., 110-125 v., 60-cycle AC General 
Electric sunlamp held a t  a distance of 8 in. While 
stirring the refluxing solution there was added 5.7 g. 
(0.032 mole) of N-bromosuccinimide and 0.31 g. 
(0.00128 mole) of benzoyl peroxide. The initial 
dark red solution disappeared in 10 min. The 
process was repeated three more times until a total 
of 22.8 g. (0.128 mole) of N-bromosuccinimide and 
1.24 g. (0.0051 mole) of benzoyl peroxide had been 
reacted. An additional 1.5 hr. of refluxing under 
irradiation was permitted. The mixture was filtered 
to remove the succinimide, and the filtrate was 
evaporated in vacuo to  an oil. The crude oil (IV) 
was dissolved in a mixture of 300 ml. of dimethyl- 
formamide and 175 ml. of concentrated ammonium 
hydroxide with vigorous stirring at  room tempera- 
ture. The solution was allowed to  stand overnight 
and then diluted with 1,600 ml. of water. The 
crude mixture was extracted with two 300-ml. por- 
tions of chloroform. The combined chloroform 
solutions were washed with two 200-ml. portions of 
water, dried over anhydrous calcium sulfate, and 
evaporated in vucuo to an oil. The oil was shaken 
with 800 ml. of ether and 500 ml. of water. The 
aqueous phase was separated, made basic with 80 
ml. of 10% sodium hydroxide, and extracted with 
two 200-ml. portions of ether. The three ether 
solutions were combined, washed with two 100-ml. 
portions of water, dried over anhydrous calcium 
sulfate, and saturated with dry hydrogen chloride. 
A total of 7.5 g. (15% yield) of crude salt was ob- 
tained. Trituration with chloroform-petroleum 
ether (75: 100 ml.) did not improve the purity of the 
product, which is somewhat hygroscopic. It was 
dissolved in 50 ml. of chloroform, treated with char- 
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coal, and the solution evaporated in vacuo to an oil. 
Trituration with anhydrous ether gave 4.87 g. of 
5 - chloro - 2 - (3 - chloro - 2 - hydroxypropoxy)- 
benzhydrylamine hydrochloride, m.p. 97-100'. 


And-Calcd. for CleHlsClsNOz: C, 52.98; H,  
5.00; C1, 29.33; N, 3.86. Found: C, 53.21; H, 
5.24; C1, 29.21; N, 3.71. 
N, N-Diethyl-3-( 2-benzyl-4- chlorophenoxy Why-  


droxypropylamine Hydrochloride (111)-A solution 
of 31.1 g. (0.100 mole) of 3-(2-benzyl-4-chlorophen- 
oxy)2-hydroxypropyl chloride in 14.6 g. (0.200 mole) 
of diethylamine was refluxed for 5.5 hr. with stirring. 
The excess of amine was removed by distillation. 
The oily residue was dissolved in 250 ml. of ether 
and extracted with two 100-ml. portions of 10% 
hydrochloric acid. The combined aqueous acid 
solutions were washed with 100 ml. of ether and 
then made basic with 200 ml. of 10% sodium 
hydroxide. The mixture was extracted with three 
100-ml. portions of ether. The combined ether 
solutions were washed with two 50-ml. portions of 
water, dried over anhydrous calcium sulfate, and 
saturated with dry hydrogen chloride. The crude 
salt was collected and triturated with absolute 
ethanol-absolute ether (50:250 ml.) to  give 16.3 g. 
(42% yield) of product, m.p. 128-131'. Recrystal- 
lization from methanokther (75: 300 ml.) gave 
14.4 g. of pure N,N-diethyl-3-(2-benzyl-4chlor~ 
phenoxy)-2-hydroxypropylamine hydrochloride, 
m.p. 131-133'. 


And-Calcd. for CmHnC12N02: C, 62.50; H,  
7.08; C1, 18.45; N, 3.65. Found: C, 62.53; H, 
7.08; C1, 18.48; N, 3.84. 


Keyphrases 


benzhydrylamine, related compounds- 
syntheses 


5-Chloro-2-(3-chloro-2-hydroxypropoxy) - 


UV light-reaction irradiation 








Rheology of Microcrystalline Cellulose- 
Carboxymethylcellulose Gels 


By W. DOUGLAS WALKLING* and RALPH F. SHANGRAW 


Rheological evaluations of MCC-CMC gels were employed to delineate their prop- 
erties. It was concluded that the thixotropic nature of MCC-CMC gels depended 
upon the adsorption of the soluble CMC on the MCC. A certain degree of shear 
was required to unsheave the microcrystals. However, excessive shear reduced the 
degree of structuring. MCC-CMC in concentrations of 2.0 percent or higher pro- 
duced thixotropic gels. CMC was found to be su erior to HPMC as a linking 
polymer. At the concentration studied, alcohol an% various glycols increased the 
viscosity of MCC-CMC gels independently of the viscosity of the adjuvant com- 
pound. Formulations containing acetaminophen and calamine in MCC-CMC 


systems were also evaluated. 


NE APPROACH to the preparation of pharma- 0 ceutically acceptable suspension systems in- 
volves the utilization of agents which possess 
different rheological properties. Samyn (l), in 
particular, has suggested that a combination of 
plastic and pseudoplastic suspending agents offers 
unique pharmaceutical advantages. The plastic 
agent would prevent low stress sedimentation or 
leakage while the pseudoplastic agent would assist 
high stress flow. Samyn investigated magnesium 
aluminum silicate-sodium carboxymethylcellulose 
systems. Simple pseudoplastic systems were 
found to settle with time while plain clay suspen- 
sions entrapped air and presented pouring prob- 
lems. Combinations of the order of 0.6% mag- 
nesium aluminum silicate and 1.3% sodium 
carboxymethylcellulose were found to give su- 
perior results. 


The insoluble magnesium aluminum silicate 
clay utilized by Samyn in his work actually im- 
parted both plasticity and thixotropy to his sus- 
pension systems. Recently, a new suspending 
agent has become available which resembles this 
overall system but is unique in that the plasticity 
or thixotropy is imparted by microcrystals of 
organic cellulose. This agent, microcrystalline 
cellulose-carboxymetliylcellulosel (MCC-CMC) 
is a specially prepared blend of Y2 parts of micro- 
crystalline cellulose and 8 parts of sodium car- 
boxymethylcellulose with not more than 4% mois- 
ture a t  the time of manufacture. As a powder, 
97% of the material will pass through a No. 325 
mesh sieve, and, as a dispersion, the ultimate 
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particle size varies around 0.15 I.C (2). It is in- 
soluble in water and organic solvents, but it dis- 
perses to form colloidal sols and opaque gels. 
Hydration is rapid and changes little if any on ag- 
ing. 


In  order to postulate a mechanism for the 
structured formation on MCC gels, Hermans (3) 
forwarded the concept of primary reaction sites 
which lead to strong aggregation without branch- 
ing and weaker secondary sites which cause 
branching. Consequently, when shear is intro- 
duced into a dispersion of MCC, linear aggregates 
formed by the primary reaction sites orient to the 
streamlines of flow and thus permit the secondary 
reaction sites to form branched networks as the 
microcrystals align themselves in a tighter, more 
parallel pattern. The thixotropy and high yield 
values observed in MCC-CMC gels are claimed to 
be due to the adsorption of the dissolved sodium 
CMC polymers onto the cellulose microcrystals 
(4). Consequently, the greater the number of 
surfaces for adsorption, the more extensive the 
structured network, the greater the thixotropy 
and yield value of the gel will be. 


The purpose of this investigation is to explore 
and further define the rheological properties of 
MCC-CMC gels. 


EXPERIMENTAL 
All experiments were conducted using a Haake 


Rotovisco rotating viscometer (Polyscience Corp., 
Evanston, Ill., 60602). The MV system for medium 
viscosities and the type 50 and type 500 measuring 
heads were employed. A MV-1 plastic rotor with a 
O.6-cm. height and a 2.004-cm. radius was employed 
along with a 2.10-cm. radius cup. These variables 
permitted a rate of shear range of 8.46 to 1,370 sec.-l 
and a shearing stress range of 7 to 3,540 dynes ern.-*. 
The operating temperature for all experiments was 
2 8 O .  


Preserved water containing 0.15% methylparaben 
and 0.02% propylparaben was employed in all 
formulations. All gels were prepared in terms of 
percent weight to weight. 
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Process Variables-Two percent gels of MCC- 
CMC were prepared in 500-g. quantities with various 
types of laboratory apparatus in order to determine 
which method produced the best gel. 


Method Z-Ten grams of MCC-CMC was added 
to 240 g. of water in a 1-qt. Waring blender, model 
PB-5A. The mixture was sheared a t  the highest 
speed for 9 min. Another 250 g. of water was 
added, and shearing was continued for another 11 
min. The dispersion was then passed twice through 
an Eppenbach colloid mill, 1725 r.p.m. drive, ad- 
justed to the “2” setting. 


Method ZZ-Ten grams of MCC-CMC was dis- 
persed over a Bmin. period into 490 g. of water 
placed in a 1,000-ml. beaker. Dispersion was facili- 
tated by means of a Talboy’s mixer, model 101, 
operated a t  the “30” setting. The propeller was in- 
serted midway into the liquid. After the powder 
was dispersed, mixing was continued for 30 min. 


Method Z I Z 4 a m e  as Method I1 except that the 
final product was passed twice through the Eppen- 
bach colloid mill. 


Method Z V-Same as Method 111 except that mix- 
ing was continued for 60 min. 


Previous experience with these systems showed 
that a t  concentrations of 2% or less, 1 hr. of aging 
permitted the formation of an essentially static sys- 
tem. For higher concentrations, 24 hr. of aging was 
found to be sufficient. 


Method 111 was selected as the method to be used 
in all other experiments. The basis for this selection 
will be discussed later. 


Concentration-Gels of 1.0, 2.0, and 4.0% 
MCC-CMC were prepared. All preparations were 
aged 24 hr. prior to rheological evaluation. 
Carboxymethylcellulose-Gels of 1.0, 2.0, and 


4.0% of an 80120 and a 50/50 blend of MCC-CMC 
and CMC were prepared. Solutions of the CMC, 
300-500 cps. grade,2 were added to fully dispersed 
gels of MCC-CMC. The combinations were 
blended by a Lightnin mixer, model V-7, adjusted to 
the “10” setting. After blending, each mixture was 
passed twice through the Eppenbach colloid mill. 


Hydroxypropyl Methylcelldose-Using hydroxy- 
propyl methylcellulose (HPMC), 3500-5600 cps. 
grade,380/20 blends of MCC-CMC and HPMC were 
prepared in the same manner as the MCC-CMC/ 
CMC blends. 


Alcohol and Glycols-The effects of common 
suspension adjuncts on 2.07, MCC-CMC gels were 
investigated. Blends containing 20.0’3, alcohol, 
glycerin, PEG 200, and propylene glycol were pre- 
pared. Solutions of the hydrophilic conlpounds 
were added to fully dispersed gels. The mixtures 
blended readily and additional shear through a col- 
loid mill was not required. 


Medicinal Agents-Samples of acetaminophen‘ 
and calamine were incorporated into gels so that the 
final concentration of the medicinal agent was 10.0% 
and that of the gel was 2.070. A control suspension 
and a suspension utilizing 2.0% magnesium alumi- 
num silicate6 (MAS) as the suspending medium were 
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also studied. All samples were aged 30 days at an 
ambient temperature of approximately 26’. 


Structural Breakdown with Time-In order to 
evaluate thixotropy in greater detail, a time-de- 
pendence study was designed. Samples of gels con- 
taining 4.07, gelling agent with or without 10.0% 
acetaminophen or calamine were placed in the vis- 
cometer cup and allowed to remain there for 30 min. 
before commencing shear. The use of 4.07, agent 
permitted a more critical evaluation of the param- 
eter. After the dwell period, the sample was 
sheared for 10 min. a t  one rate of shear. The sample 
was then replaced and the process repeated on an- 
other sample at another rate of shear. All samples 
were aged for 24 hr. except the MAS preparation 
which was aged for 30 days. 


RESULTS A N D  DISCUSSION 


MCC-CMC may be the first of a new class of 
pharmaceutical suspending agents. It is a blend of 
organic celluloses which develop gels having a high 
degree of thixotropy. The thixotropic structure re- 
builds rapidly, and unlike other thixotropic pharma- 
ceutical vehicles, its rheological properties do not 
change further upon aging. I n  addition, the effects 
of added substances on suspension properties are im- 
mediately reflected. 


Most of the properties of MCC-CMC are detect- 
able through simple laboratory techniques such as 
agitation, bottle inversion, and macroscopic observa- 
tion. Though quantitative data are presented to 
defme and measure these properties, a discussion of 
these data is desirable in terms of the mechanism of 
MCC-CMC gel structure formation, how this struc- 
ture is altered by various substances, and how i t  can 
be applied to pharmaceutical formulations. 


A unique and perplexing problem which was en- 
countered in the preparation of MCC-CMC gels was 
their combined dependence upon and sensitivity to 
shear. A certain amount of shear was required to 
establish the maximum gel structure. This is be- 
lieved to be due to the unsheaving of microcrystals 
which exposes more cellulose surface on which the 
CMC may be adsorbed. Microscopic examination 
of a weakly thixotropic dispersion and a highly 


9 Marketed as CMC-’IMP hy Hercules Powder Co., Inc., 


a Marketeh as hlethocrl 90 HO Premium. 4000 cps.. 


4 Marketed as acetaminophen, NF. Micropowder, by S. U. 


6 Marketed as Veegum H V  by K. T. Vanderbilt Co.,  Inc., 


Wilmington Del. 


I,y lhrw Chrniical Co. ,  Midland, Mich. 


Penick and Co., N. Y. 


Norwalk, Cam. 


280 


6240 
01 


In 
g200 


F 120 


0 


$160 
w 


cn 
4 80 
$ 40 
I cn 


‘0 200 400 600 800 Kxx) 1200 
RATE OF SHEAR, sec? 


Fig. I-Injuente of prortssiwg vuriubles on the 
rheology of 2% MCC-CMC gels. Key: A ,  Method 
IIZ; B ,  Meihod I V; C, Method Z. Method I Z  would 


appear belween A and B.  







Vol. 57, No. 11, November 1968 


thixotropic gel made from the same concentration of 
MCC-CMC revealed that the weakly thixotropic 
dispersion contained many large bundles of micro- 
crystals of cellulose while the other preparation con- 
tained only faintly visible microcrystals. As more 
cellulose surface became available, the possibility of 
adsorbing interconnecting or bridging soluble poly- 
mers increased. These interconnecting soluble 
polymers caused a structured, thixotropic network to 
be formed. The degree of thixotropy can be in- 
creased by either unsheaving the microcrystals or by 
increasing the length of the soluble polymer chains. 
Increasing the concentration of the soluble polymer 
was effective up to about a 20% increase. About 
that point, the pseudoplastic nature of the soluble 
polymer started to overwhelm the system. 


As can be seen in Fig. 1, passing suspensions 
through the Eppenbach colloid mill subsequent to 
mixing increased the gel structure. Apparently, a 
certain percentage of the microcrystals was not un- 
sheaved by mixing alone. With the colloid mill, a 
reasonably reproducible shear was obtained since all 
of the material was exposed to the same degree of 
shear by passage through a predetermined orifice. 
Such was not the case with the Waring blender or the 
simple mixer. 


However, it can also be seen that too much shear 
resulted in a partially destructured system. The 
existence of such a phenomenon in MCC-CMC gels 
has been verified by Raynor (5). An explanation for 
this is disclosed in the work of Healy and LaMer (6). 
These investigators adsorbed polyacrylamide on 
calcium phosphate. The addition of a small 
amount of polymer formed unit flocs. The addition 
of more polymer caused bridging between the unit 
flocs to produce a three-dimensional macrofloc with 
a high degree of structure. Bridging occurred even 
though only half of the calculated adsorption sites on 
the calcium phosphate particles were occupied. A t  
this point, agitation of the system destroyed the 
three-dimensional macrofloc as energy was imparted 
to the system. This destruction was not thixotropic 
breakdown as structure did not rebuild itself spon- 
taneously. Further bridging could not occur now 
until all of the adsorption sites had reacted with the 
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Fig. J-EJect of CMC on the rheology of MCC-CMC 
gels. 2% combined polymer concn. employed. Key: 


80/20; C, M C G  CMC only. 
A ,  MCC-CMC/CMC 50/50; B, MCC-CMCICMC 


polymer and energy was subsequently reduced. 
Thus, shear had produced a system with a perma- 
nently lowered consistency. 


Though the MCC-CMC gels are lot the same as 
the calcium phosphate-polyacrylamide system, both 
systems involve the adsorption of a soluble polymer 
onto an insoluble particle, and both systems show 
evidence that, above a certain concentration of the 
respective materials, a structured network exists. 
Excessive shear during the unsheaving of the micro- 
crystals may have decreased the structuring poten- 
tial of this system by causing the soluble polymer to 
entwine around individual or groups of microcrystals 
and thus decrease the chance of intercrystal adsorp- 
tion. The soluble cellulose polymer then serves as a 
protective colloid wRich inhibits rather than pro- 
motes intetparticle sthlcturing. 


The thixotropy, yield values, and apparent viscos- 
ities of MCC-CMC gels increased with increasing 
concentration as evidenced in Fig. 2. At  the 4.0% 
level, the rheogram exhibited definite evidence 0; a 
“foot.” A “foot” occurs when the structure is 
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Fig. &Effect of CMC on the rheology of MCC-CMC 
gels. 4% combined polymer concn. employed. Key: 


80/20; C, MCC-CMC only. 
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TABLE I-EFFECT OF CONCENTRATION ON THE KHEOLOGY OF 
MCC-CMC/CMC AND MCC-CMC/HPMC 80/20 GELS 


Rate of 
Shear, 
sec. -1 


Shearing Stress (dynes cm-2) 
CMC, CMC, CMC, HPMC. HPMC, HPMC, 


1% 2% 4% 1% 2% 4% 


8.46 
16.9 
25.4 
50.7 
76.1 


152 
228 
457 
685 


1,370 
68.5 
457 
228 
1 52 
76.1 
50.7 
25.4 
16.9 
8.46 


7 
11 
12 
18 
23 
33 
47 
77 


103 
170 
102 
74 
40 
32 
21 
18 
12 
9 
7 


28 
37 
46 
65 
79 


112 
140 
219 
301 
514 
275 
209 
126 
96 
61 
47 
30 
23 
16 


779 
620 
,549 
514 
496 
567 
620 
815 
992 


1,350 
957 
744 
496 
407 
283 
248 
177 
1 59 
124 


14 
11 
13 
18 
21 
32 
39 
65 
88 


149 
86 
63 
39 
28 
19 
18 
12 
11 
7 


112 
89 
93 


105 
116 
147 
172 
247 
309 
496 
295 
228 
147 
119 
81 
65 
46 
37 
26 


957 
886 
779 
709 
638 
655 
69 1 
886 


1,050 
1,400 
1,030 


850 
620 
514 
390 
337 
266 
230 
177 


broken with a force far greater than that necessary 
to establish thixotropic equilibrium; hence, a very 
rapid and real decrease in the yield value takes place 
before equilibrium is attained (7). Naturally, the 
force imparted to the structure varies from instru- 
ment to instrument, and i t  is, therefore, more de- 
pendent upon the test conditions than anything else. 
Though difficult to reproduce quantitatively, the foot 
is real and must be given consideration. 


Figures 3 and 4 show the effects of CMC on MCC- 
CMC gels. Table I shows that HPMC, 4,000 cps. 
grade, and CMC, medium viscosity (300-500 cps.) 
grade, had nearly identical influences upon MCC- 
CMC gels even though pure solutions of the former 
were much more viscous than the latter. The 
rheological similarity of the combined gel products 
was the result of the greater interaction between the 
MCC and the CMC as opposed to the interaction be- 
tween the MCC and the nonionic HPMC. 


The effects of pharmaceutical adjuvants can be 
seen in Table 11. It is curious to  note that alcohol, 
glycerin, PEG 200, and propylene glycol, materials 
of quite different viscosities, elicited the same effects 
on 2.0y0 MCC-CMC gels when employed in 20% 
concentrations. Apparently, the criteria for the 
structure of these mixtures were not the viscosity of 
the adjuvants themselves, but the presence of hy- 
droxyl groups. Thixotropy and yield values went 
unchanged upon the addition to the adjuvants 
though apparent viscosity increased. At higher con- 
centration levels, the effects of alcohols began to vary 
and the viscosity of the individual agent became a 
factor. Syrup and sorbitol solution had the same 
general effects as the other agents, i.e., no effect on 
thixotropy and yield values but a marked increase in 
the apparent viscosity. 


The rheological effects of the various suspending 
agents in combination with 10.0% acetaminophen 


TABLE 11-EFFECT OF 20% ALCOHOL AND GLYCOLS ON THE KHEOLOGY 
OF 2% MCC-CMC GELS 


Rate of 7 Shearing Stress (dynes cm.-2) 
Shear, Propylene 
sec. -1 Alcohol Glycerin PEG 200 Glycol 


8.46 25 26 28 25 
16.9 32 35 39 33 
25.4 39 40 42 40 
50.7 56 56 58 56 
76.1 67 67 68 68 


152 95 96 98 98 
228 116 116 119 121 
457 179 179 182 186 
686 


1,370 
685 
457 
228 
152 
76.1 
x . 7  
25.4 
16.9 
8.46 


228 
351 
219 
161 
98 
75 
51 
39 
26 
21 
16 


228 
351 
214 
161 
96 
75 
49 
39 ~~ 


25 
21 
16 


230 
351 
22 1 
167 
100 
77 
51 
40 ~~ 


28 
23 
16 


235 
389 
224 
168 
102 
77 
51 
40 
26 
21 
16 
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Fig. 5-Rheology of 10% acetaminophen suspensions. 
Key:  A ,  MCC-CMC/CMC 80/20; B,  MCC-CMC/ 
HPMC 80/20; C, MCC-CMC; D ,  MAS; E ,  no 
susp. agent. 2% susp. agent and 30 days agzng for 


all preparations. 


are presented in Fig. 5. In every case, thixotropy, 
yield value, and apparent viscosity were markedly 
increased. Although consistency effects in complete 
suspension formulations almost always exceed the 
sum of the effects of the individual components, 
acetaminophen systems exhibited exaggerated in- 
creases which could only result from drug-suspend- 
ing agent interactions at a structural level. This can 
no doubt be attributed to the fine particle size of the 
acetaminophen and the presence of polar groups 
which provided additional adsorption sites for the 
soluble cellulose polymers allowing acetaminophen to 
play an active role in the structuring of the system. 
However, the fact that the consistency increases were 
particularly marked in the systems containing the 
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Fig. 6-Rheology of 10% calamine suspensions. 
Key: A ,  MCC-CMCICMC 80/20; B,  MCC-CMC/ 
HPMC 80/20; C. MCC-CMC; D, MAS; E, no 
susp. agent: 2% susp. agent and 30 days aging for 


all preparations. 


higher quantities of CMC indicates that the anionic 
nature of that  soluble polymer was particularly im- 
portant in this interaction. 


Calamine (Fig. 6) gave an excellent suspension 
with MCC-CMC. No unusual synergistic consis- 
tency increases were noted. 


The effects of shear and time of shearing stress are 
shown in Tables 111-V. In all cases, more struc- 
tural breakdown occurred during the first minute 
than at any other time. Though not indicated by 
the data, the breakdown was most rapid during the 
first few seconds. When compared with MAS, 
MCC-CMC exhibited approximately the same yield 
stress at the lowest rate of shear. The clay exhib- 
ited a small foot at the lower rates of shear while the 
MCC-CMC produced a much larger foot. Break- 
down was far more rapid and more complete in the 
MAS systems. Practical experience with suspen- 
sions containing 4.0y0 MCC-CMC showed that the 
amount of breakdown achieved with only moderate 


TABLE 111-EFFECT OF RATE OF SHEAR PER UNIT TIME ON THE 
SHEARING STRESS OF MCC-CMC GELS 


Rate of 


Sec. -1 0 min. 1 min. 3 mm. 10 min. 
Shear, c Shearing Stress (dynes em. r') 


8.46 
16.9 
25.4 
50.7 
76.1 


152 
228 
457 
685 


1,370 


1.46 
16.9 
25.4 
50.7 
76.1 


152 
228 
457 


349 
319 
461 
585 
602 
478 
602 
602 
638 
921 


531 
038 
744 
762 
868 
921 
957 


1,134 
1,240 
1,559 


~~ 


4% MCC-CMC 
119 
116 
119 
147 
161 
193 
235 
372 
425 
638 


200 
189 


4% MCC-CMC/CMC 80/20 


217 
256 
295 
425 
496 
744 
921 


1,311 


93 
95 


103 
132 
147 
177 
214 
337 
407 
585 


154 
151 
177 
216 
260 
390 
478 
726 


70 
79 
91 


117 
133 
163 
200 
274 
372 
531 


119 
126 
147 
191 
240 
372 
452 
691 
868 


1,205 
685 


1,370 
903 


1,258 
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TABLE IV-EFFECT OF RATE OF SHEAR PER UNIT TIME ON THE 
SHEARING STRESS OF 4% MAS GEL (AGED 30 DAYS) 


Rate of 
Shear, 
Sec. -1 


,-- Shearing Stress (dynes em.-*) 7 


0 min. 1 min. 3 min. 10 min. 
.- - 


8.46 337 182 175 175 
16.9 
25.4 
50.7 
76.1 


152 
228 
457 
685 


1,370 


337 
390 
3 84 
390 
425 
425 
443 ~ ~. 


531 
815 


160 
156 
142 
144 
158 
170 
205 
23 1 
319 


iiii 
147 
128 
132 
149 
161 
196 
219 
270 


~. - 
151 
144 
123 
126 
142 
1.56 ~~~ 


193 
216 
265 


shaking was sufficient to allow rapid flow through a 
narrow-neck bottle. However, since a high degree of 
structure was still present after shaking, better re- 
tardation of sedimentation would have resulted 
during the static period immediately following the 
shear. The addition of CMC to the MCC-CMC gel 
increased the shearing stresses a t  all rates of shear 
and reduced thixotropy due to its inherent psuedo- 
plastic nature. 


Ten percent acetaminophen greatly increased the 
shearing stresses a t  all rates of shear. But what was 
most interesting was the enormous thixotropic 
breakdown which was produced during the first 
minute and probably during the first few seconds of 
shearing. In other words, the acetaminophen inter- 
acted with the polymers to produce a highly struc- 
tured gel. However, since the molecular size was so 
small in relation to the polymers and since most of 
the drug was present as insoluble particles, the struc- 
tural breakdown was very rapid. In  a practical 
sense, a suspension of 10.0% acetaminopheh in a 
4.070 gel of MCC-CMC would remain suspended at 
rest, but would break down easily to a freely flowing 
liquid. 


The experiences with 10.0% calamine in 4.0% 
MCC-CMC were similar to those just described for 
acetaminophen though the structure of the system 
was not as great. 


Consequently, it appeared that a 4.oyO concentra- 
tion of MCC-CMC functioned effectively as a sus- 
pending agent for both a weakly soluble, acidic 
organic compound and an insoluble inorganic oxide. 


CONCLUSIONS 


Careful control over the preparation of MCC- 
CMC gels is important. A certain amount of shear 
is necessary to completely develop gel structure; 
however, excessive shear can interfere with the 
structuring of the system. 


Gels are thixotropic when concentrations of 2% or 
higher of MCC-CMC are employed. 


Gel structure is brought about by the adsorption of 
soluble cellulose polymers onto insoluble cellulose 
microcrystals. This system is unique in the realm of 
pharmaceutical suspending agents. 


The anionic nature of CMC makes it superior to 
HPMC as a linking polymer. 


TABLE V-EFFECT OF RATE OF SHEAR PER UNIT TIME ON THE 
SHEARING STRESS OF 4% MCC-CMC GELS 


Rate of 
Shear, 
sec. -1 


Shearing Stress (dynes cm. -*I 
0 min. 1 min. 3 min. 10 min. 


10% Acetaminophen 
8.46 461 372 312 249 


16.9 ~. . 


25.4 
50.7 
76.1 


152 
228 
457 
685 


1,370 


8.46 
16.9 
25.4 
50.7 
76.1 


152 
228 
457 
685 


1,370 


744 
92i 
957 


1,098 
1,275 
1.240 
1:258 
1 ; iSG 
1,169 


461 
602 
762 
921 
939 
939 
886 


1,205 
1,346 
1,134 


390 
407 
281 
284 
390 
390 
585 
620 
833 


10% Calamine 
283 
249 
207 
200 _. ~ 


214 
261 
425 
496 
53 1 
726 


256 
244 
235 
249 
354 
372 
567 ... 


602 
797 


210 
154 
1 .% ~~ 


1 72 
191 
242 
390 
4 52 
478 
6 73 


_ ~ .  


184 
202 
212 
231 
31F 
326 
549 
602 
762 


130 
130 
137 
154 
179 
224 
354 
425 
461 
638 
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A t  the concentration studied, alcohol and various 
glycols increase the viscosity Of the gels to the same 
extent. 


Compounds capable of interacting with CMC in- 
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Acetaminophen demonstrates extensive interac- 
tion with MCC-CMC. 
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Absorption, Metabolism, and Excretion of the 
Ephedrines in Man I1 


Pharmacokinetics 


By G. R. WILKINSON* and A. H. BECKETT 


The kinetics of absorption, metabolism, and excretion of (-)-notephedrine, (-)- 
ephedrine, and (- ) methylephedrine, after oral administration in aqueous solution, 
have been elucidated using analog com uter analysis of urinary excretion data from 
three male subjects under constant acid% urine control. The kinetics of formation 
and elimination of norephedrine and e hedrine when present as metabolites have 
also been determined. The single bofy compartment mathematical models were 
based upon a catenary chain with parallel branch systems and all rate constants were 
assumed to be fitst order. Excellent agreement was obtained between the theoret- 
ical computer curves and the experimental excretion data for both unchanged drug 


and metabolite(s). 


HE DEVELOPMENT of mathematical models to T describe the absorption and fate of a drug 
and its metabolite(s) in the body, and the value of 
such models in the design of dosage forms and 
regimens has been treated by numerous authors 
including Teorell (l),  Dominguez (2), Dost (3), 
Nelson (4), Wagner (5) ,  Kriiger-Thiemer (6) 
and references therein. For maximum exploita- 
tion of these techniques drug plasma levels are 
preferable, however, the distribution characteris- 
tics of many drugs, especially basic drugs (7), are 
such that this information is not readily available. 
In these cases it is possible to use urinary excre- 


tion data providing caution is taken in the inter- 
pretation of the results (8, 9). 


In view of the long gnd extensive use of the 
ephedrine9 it is surprising that relatively little 
is known about the kinetics of their absorption 
and elimination in man. The only published 
information concerns (-)-norephedrine, where 
the mean elimination half-life was reported to be 
3.9 hr. (10). Recent publications (11, 12) have 
indicated that the relative metabolism and uri- 
nary excretion of the ephedrines are dependent 
upon the urinary pH and in certain circumstances 
the volume also. The validity of urinary excre- 
tion kinetics is based upon the assumption that 
the excretion rate reflects the dasma concentra- 
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Chlorpromazine and Epinephrine H yperglycemic 
Mechanisms 


By TAGHI GHAFGHAZI*, TOM S. MIYA, J. H. MENNEAR, 
and R. K. CHALMERS 


Chlorpromazine administration resulted in hyperglycemia in the intact, but not in 
the adrenalectomized, rat. However, chlorpromazine potentiated epinephrine- 
induced hyperglycemia in both intact and adrenalectomized animals. @-Adrenergic 
blockade prevented chlorpromazine-induced as well. as epinephrine- and isopro- 
terenol-induced hyperglycemia. a-Adrenergic blockade potentiated epinephrine- 
induced hyperglycemia. A significant reduction of tolerance to glucose loading was 
exhibited in both intact and adrenalectomized rats after treatment with chlorpro- 
mazine. The results indicate that the adrenals are necessary for chlorpromazine- 
induced hyperglycemia and that chlorpromazine impairs peripheral utilization of 


glucose. 


REVIOUS REPORTS in the literature have in- P dicated the ability of chlorpromazine to pro- 
duce hyperglycemia in several animal species in- 
cluding man. Courvoisier et al. (1) were the first 
to observe the hyperglycemic effect of chlor- 
promazine. After administration of chlorpro- 
mazine an increase in blood glucose levels has 
been observed in mice and hamsters (2), in dogs 
(3), and in rabbits (4, 5 ) .  Although Norman and 
Hiestand (2) were not able to find a significant 
effect of chlorpromazine on blood glucose in 
rats, other workers (6-8) have demonstrated this 
phenomenon. H yperglycemia has also been re- 
ported during chlorpromazine therapy in humans 


Several mechanisms are probably involved in 
chlorpromazine-induced hyperglycemia. It is 
partly the result of an indirect effect due to the 
release of catecholamines following the fall of 
body temperature produced by this drug ( i ) .  
Chlorpromazine in low doses, which have no effect 
on body temperature, has been shown to de- 
crease the tolerance to glucose load (1 1) 


Chlorpromazine-induced hyperglycemia in the 
rat has been shown to be blocked by phentolamine, 
an a-adrenergic blocking agent (7). In  the same 
species, it  has been reported that the glycemic 
effect of chlorpromazine as well as of epinephrine 
could also be blocked by a 6-adrenergic blocking 
agent such as pronethalol (8). Antonis et al. (12) 
have shown that the hyperglycemic responses to 
epinephrine in man can be blocked by simulta- 


(9, 10). 
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neously employing both a- and p-adrenergic block- 
ing agents. The rise of blood glucose was not 
prevented by either blocking agent alone. 


In  this study, the effect of different adrenergic 
blocking agents on chlorpromazine-induced hy- 
perglycemia was inmstigated. Experiments were 
also conducted to study the effect of concomitant 
administration of epinephrine and chlorpro- 
mazine in intact and adrenalectomized rats. 
The general objective of the study was to eluci- 
date the mechanism of action of chlorpromazine- 
induced hyperglycemia. 


EXPERIMENTAL 


Material and Methods-Male albino Holtzrnan 
rats weighing approximately 250 g. and fasted 
16-20 hr. with water ad libitum were employed. 
Blood glucose determinations were carried out by 
the glucose oxidase method' on blood taken from 
the  orbital sinus. After bilateral adrenalectomy 
the animals were maintained on commercial food 
pellets and 0.9% saline ad libitum for 7 days prior 
to drug treatment. 


RESULTS 


Chlorpromazine Potentiation of Epinephrine Hy- 
perglycemia-Graded hyperglycemic responses were 
obtained with 5, 10, 15, and 20 mg./kg. of chlor- 
promazine (Fig. 1). 


The potentiating effect of chlorpromazine pre- 
treatment on epinephrine-induced hyperglycemia is 
illustrated in Fig. 2. Chlorpromazine at 5 mg./kg. 
produced only slight hyperglycemia but significantly 
increased epinephrine-induced hyperglycemia. 


Effect of MJ-199Q2 and Phenoxybenzamine3 Pre- 
treatment on Drug-Induced Hyperglycemia-M J- 


1 Glucwe oxidase enzyme (Glucortdt), Wnrthington Bia- 
chemical Corp., Freehold. N. J .  


2 MJ-  1990 [~'-(2~isopropylaminc,l-hydli ,xyethyl) methane 
sulfonanilide HCI] was kindly supplied by Mead Johnsun 
Laboratories, Evansville, Ind. 


a Phenoxybenzamine (Dibenzyline) wits kindly supplied by 
Smith, Kline & French Laboratories, Philadelphia, Pa. 
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Fig. 1-Effect of intraperitoneal doses of chlor- 
promazine on fasting blood glucose 1 hr. after treat- 
ment. Each bar represents the average and standard 
errors derived from 6 animals. Shaded bars indicate 


control determinations. 


1999 produced a significant hypoglycemia ( p  
<0.005) and blocked chlorpromazine-induced hy- 
perglycemia (Fig. 3). Phenoxybenzamine raised 
blood glucose from 75 to  84 mg.% ($ <0.l-not 
significant) and did not block the chlorpromazine- 
induced hyperglycemia (Fig. 4). The hyperglycemia 
induced by isoproterenol and epinephrine was 
blocked by MJ-1999 pretreatment (Fig. 5). 


Phenoxybenzamine alone at 10 mg. /kg. produced 
an insignificant hyperglycemia and when ad- 
ministered with epinephrine, potentiated the epine- 
phrine-induced hyperglycemia (epinephrine HCI, 
30 mcg./kg., 150.0 f 2.4 mg.% versus phenoxy- 
benzamine plus epinephrine, 203.6 =k 3.6 mg.%; 


Figure 6 illustrates the lack of hyperglycemic 
response from chlorpromazine administration to 
adrenalectomized rats whereas epinephrine produced 
a significant hyperglycemia ( p  <0.005). When 
chlorpromazine was administered prior to epineph- 
rine, i t  markedly potentiated ( p  <0.001) the epi- 
nephrine hyperglycemia. All hyperglycemic re- 


p <0.001). 


Fig. 2-Effect of chlorpromazine ( C P Z )  pretreat- 
ment on epinephrine HC1-induced hyperglycemia. 
Blood glucose &&mined 30 min. after epinephrine 
(30 mcg./kg.) and 90 min. post-CPZ (5 mg./kg.) 
admznzstratwn. Shuded area zndicates saline control 
blood glucose levels. Key: I ,  CPZ;  11, Epi.; III ,  


Means from 4 rats. Epi.  +- CPZ.  


Fig. 3-Effect of MJ-1999 pretreatment on CPZ-  
induced hyperglycemia. Blood glucose determined 90 
min. after CPZ (15 mg./kg.) and 120 min. post- 
MJ-1999 (10 mg./kg.) pretreatment. Key: I ,  saline 
control; I I ,  MJ-1999; I I I ,  CPZ; I V ,  CPZ + 


MJ-1999. Means from 5 rats. 


Fig. 4-Effect of phenoxybenzamine ( D Z )  pretreot- 
ment on CPZ-induced hyperglycemia. Blood glucose 
determined 90 min. after CPZ (15 mg./kg.) and 150 
min. post-phenoxybenzamine (10 mg./kg.) injection. 
Key: I ,  saline control; I I ,  DZ;  III ,  CPZ; I V, CPZ +- DZ.  Means f rom 4 animals. 


Fig. 5-Inhibition of isoproterenol- and epinephrine- 
induced hyperglycemia by MJ-1999. MJ-1999 (10 
mg./kg., i. .) administered 30 min. prior to iso- 
proterenol 6 mg./kg.) or epinephrine 30 mcg./kg.). 
Blood glucose determined 60 min. after MJ-1990. 
Key: I ,  salinecontrol; 11, MJ-1999; 1113 Epi.;  I V ,  
Isoproterenol; V ,  Epi.  + MJ-1999; VI, Isopro- 


terenol + MJ-1999. Means from 4 animals. 
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Fig. 6-Effect of MJ-1999 on CPZ potentiation of 
epinephrine-induced hyperglycemia in  adrenalectom- 
ized rats. Epinephrine HCl (30 mcg./kg.) injected 
60 min. after CPZ (15 mg./kg.)  and MJ-1999 in- 
iected 30 min. brior to CPZ.  Blood elucose determined 
20 min. after’ epinephrine. Key: “I, saline Control; 
11, CPZ; 111, Epi.; I V ,  Epi .  + CPZ; V ,  Epi.  -+ 
MJ-1999; VI ,  E9i .  + CPZ + MJ-1999. Means 


from 5 animals. 


sponses were blocked by MJ-1999 in both intact and 
adrenalectomized rats. 


Effect of Chlorprornazine and Phenoxybenzamine 
on Glucose Tolerance-The hyperglycemia follow- 
ing glucose loading was significantly increased ( p  
<0.001 at  2-hr. interval) in chlorpromazine-treated 
adrenalectomized (Fig. 7) and intact (Fig. 8) rats 
( p  <O.OOl). This decreased tolerance to glucose 
load may indicate impairment of peripheral glucose 
utilization by chlorpromazine. Since phenoxy- 
benzamine had also potentiated epinephrine- 
induced hyperglycemia it was of intcrest to observe 
its influence on glucose tolerance. As shown in 
Fig. 8, tolerance to glucose loading was not altered 
by phenoxybenzamine. 


DISCUSSION 


Although the blood pressure rise induced by 
epinephrine can be blocked by chlorpromazine (1,5), 
contradictory observations have been made with 
respect to the glycemic action of epinephrine and 


Fig. 7-Effect of chlorpromazine on glucose load in 
fasted adrenalectomized rats. CPZ (15 mg./kg., Lp . )  
administered 60 min. before glucose loading ( 2  g./kg., 
i . p . ) .  Key: 0, CPZ alone; 0, glucose alone; A? CPZ 
-j- glucose; 0, saline COntrOl. Means from 4 rats. 


k m 
P P I  


Fig. 8-Effect of phenoxybenzamine ( D Z )  and chlor- 
promazine ( C P Z )  on glucose load in intact rats. 
CPZ (15 mg./kg.) and DZ (10 mg./kg.)  adminis- 
tered 60 min. prior to glucose loading and blood glucose 
determined 2 hr. after loading. Key:  I ,  saline conlrol; 
11, DZ;  111, CPZ; I V ,  glucose; V,  Glucose +- DZ;  
VI ,  Glucose + CPZ. Means from 4 animals. 


Glucose load 2 g . / k g . ,  i .p.  


chlorpromazine. Gupta et al. ( 5 )  found that 
chlorpromazine-induced hyperglycemia was en- 
hanced by epinephrine in rabbits, but Courvoisier 
el al. (1) found no effect of chlorpromazine on 
epinephrine-induced hyperglycemia. However, this 
study in rats indicates a definite potentiation of 
epinephrine hyperglycemia by chlorprornazine pre- 
treatment. From these studies it may be concluded 
that in the rat the responsible receptors for blood 
pressure and hyperglycemia affected by epinephrine 
are not identical. It appears that in the rat the @- 
adrenergic receptors are involved in the hyper- 
glycemic action since i t  can be blocked by a @- 
adrenergic-blocking agent such as MJ-1999 and not 
by phenoxybenzamine (a-adrenergic-blocking agent). 
Epinephrine-induced hyperglycemia was markedly 
potentiated by phenoxybenzamine pretreatment. 
This potentiation probably resulted from the 
blockade of a-adrenergic receptors by phenoxy- 
benzamine which increases the effect of epinephrine 
on the 8-adrenergic receptors. This is analogous 
to the well known “epinephrine reversal” phenome- 
non in regard to blood pressure responses after a- 
receptor blockade. Like phenoxybenzamine, the 
chlorpromazine potentiation of epinephrine-induced 
hyperglycemia may also be explained, in part, on 
the basis of the “epinephrine reversal” phenomenon. 
It has been shown in this study and by others (11) 
that chlorpromazine pretreatment reduces the 
tolerance to glucose loading in rats. It would ap- 
pear that chlorpromazine potentiation of epineph- 
rine-induced hyperglycemia is probably the result 
of a twofold action, ( a )  the impairment of peripheral 
utilization of glucose, and ( b )  the production of 
a-adrenergic blockade. 


Although it appears that several mechanisms are 
involved in the glycemic action of chlorpromazine, 
the present data indicate that the primary mecha- 
nism by which chlorpromazine induces hyper- 
glycemia is through the release of epinephrine. 
The chlorpromazine potentiation of epinephrine- 
induced hyperglycemia is independent of the adrenal 
glands and may be considered a secondary mecha- 
nism. 
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Potential Antineoplastic Agents: 
N-( 2-Benzoxazoly1)amino Acid Esters 


By SHYAM B. ADVANI* and JOSEPH SAM 


The investigation of the preparation of N- (2-benzoxazolyl)aminoacids and esters 
from the reaction of aminoacids and esters with either 2-chlorobenzoxazole or 2- 


benzoxazolinone is described. 


UMORS, because of their parasitic nature, de- T pend upon the host for nutrition and growth. 
Moreover, because of a limited blood supply, 
tumor cells depend solely on highly effective 
transport mechanisms for nutrients. Transport 
mechanisms involving the accumulation of 
aminoacids in tumor cells have been studied 
extensively (1). Tumor cells, being more de- 
pendent than the normal tissues on the surround- 
ing fluids for an adequate supply of amino acids, 
are susceptible to attack by substances which in- 
terfere with amino acid transport. Ethionine 
not only was found to concentrate to a greater 
extent in tumor cells than methionine, but also 
was found to possess antineoplastic activity (2). 
Cycloleucine (1-aminocyclopentanecarboxylic 
acid) was reported to inhibit growth of tumors by 
inhibiting transport of other amino acids (3-5). 
Nitrogen mustards of phenylalanine were found 
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to possess high antitumor activity, probably be- 
cause of increased transport to the tumor cells 
(6). 


The marked antineoplastic activity of some 
amino acids prompted the preparation of N-(2- 
benzoxazoly1)amino acids and esters (111, Table 
I) from 2-chlorobenzoxazole (I) and aminoacids 
or ethyl esters of aminoacids (11). No reaction 
was observed when 2-chlorobenzoxazole (I) was 
treated with either tyrosine or leucine in dry 
ethanol or benzene according to the method of 
Montgomery (7). Glycine, on the other hand, 
gave the desired product (IIIc). The esterifica- 
tion of IIIc in ethanol gave ethyl N-(2-benzoxa- 
zoly1)glycinate (IIIb) . When phenylalanine in 
ethanol was treated with I in the presence of 
triethylamine, the ester (IIId) rather than the 
acid was isolated. Whereas most amino acids 
did not react with I, the esters of the amino acids 
gave satisfactory results. When dimethylform- 
amide (DMF) was used as a solvent in the re- 
actions above, 2-dimethylaminobenzoxazole was 
isolated as a product (8). 


The condensation of I with ethyl p-amino- 
benzoate gave ethyl N- (2-benzoxazolyl)-p-amino- 
benzoate (IIIh). The corresponding acid (IIIi) 
was obtained either from the sodium hydroxide 
hydrolysis of IIIh or from the reaction of I with 
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UV spectrophotometry-analysis 


Problem in the Estimation of Drugs in Biologic Tissue 
Recovery of Phenol Red from the GI Tract 


By STUART FELDMAN and MILO GIBALDI 


Recovery of phenol red from homogenates of rat intestinal tissue, using aqueous 
extraction procedures, was near quantitative. However, significantly poorer re- 
covery was observed after incubation of phenol red with intact intestinal sacs. I t  
appears likely that phenol red binds to  tissue or mucosa when in  intimate contact, and 
the bound material is relatively resistant to aqueous extraction. The  relevance of 


this phenomenon to tissue assays is considered. 


HE CLASSIC approach to the determination of T drug concentration in tissue involves the extrac- 
tion of the compounds from homogenates. The 
general principles of this approach have been set 
forth by Brodie et al. (1). Accordingly, experimen- 
tal standards are based on the recoveries of known 
amounts of drug from tissue homogenates. The 
assumption is made that the extent of recovery of 
standard quantities from the homogenate is equiva- 
lent to  the recovery from in G'oro tissue after drug up- 
take. The authors have recently observed anom- 
alies in the recovery of phenol red from the gastro- 
intvstinal tracts of intact rats, rat intestinal sacs, 
and tissue homogenates, which suggest that the usual 
assumption of equivalent recovery may lead to 
significant error. 


EXPERIMENTAL 


Materials-Phenol red, trichloroacetic acid, and 
sodium hydroxide were obtained from Fisher 
Scientific Company as certified reagent grade. 


Methods-Male Sprague-Dawley descent rats 
(klue Spruce Farms, Altamont, N. Y.) weighing 
140-180 Gm. were fasted 24 hr. The animals were 
then sacrified by decapitation, and the stomach and 
small intestine were removed. The small intestine 
was divided into three segments of equal length. 


Tissue Homogenates-The stomach and cach 
intestinal segment were homogenized individually 
for 5 min. in an Eberbach homogenizer with a mini- 
mum quantity of distilled water (approximately 
3 ml.). The homogenates were placed in Nalgcne 
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tubes and 0.5 ml. of a 70 mg. yo phenol red solution 
was added to each tube. The tubes were then 
agitated slowly for 1 hr. at 3 7 O  in a gyrotory water 
bath shaker. 


Gastric Pouch and Intestinal Sacs-Each segment 
was ligated a t  both ends and 0.5 ml. of a 70 mg. % 
phenol red solution was injected in the pouch or sac 
through the ligated end by means of a 1-ml. tuber- 
culin syringe and blunt needle. No loss of phenol 
red was observed through the ligatures. 


Each segment was then placed in 20 ml. of Ringer's 
solution in a culture tube. The tubes were agitated 
for 1 hr. a t  37'. The sac or pouch was then re- 
moved and homogenized as described above. The 
serosal fluid was also retained for assay. 


Assay-The assay procedure was essentially 
that of Reynell and Spray (2). Each tissue seg- 
ment (or homogenate thereof) was homogenized 
for 5 min. with 1 ml. of 1 N sodium hydroxide and 
about 5 ml. of distilled water. The resulting 
homogenate was brought to 30 ml. volume with 
distilled water, centrifuged, and filtered through a 
Biichner funnel. A 10-ml. aliquot was taken and 
1 ml. of a 30% w/v trichloroacetic acid solution was 
added to the aliquot to precipitate proteins. After 
centrifugation 5 ml. of the supernatant was removed 
and 1 ml. of a 1 N sodium hydroxide solution was 
added to develop the color to  maximum intensity. 
The solution was further diluted, passed through a 
Millipore filter (0.45 p pore size), and assayed with a 
Beckmau DB-G spectrophotonieter a t  560 rnp. 


RESULTS 
Table I shows the recovery of phenol red after 


addition to  homogenates of various gastrointestinal 
segments. Recovery ranged from 937, to  103% 
with little difference between homogenates of dif- 
ferent segments. The average recovery of phenol 
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T A B L E  11-RECOVERY OF PHENOL RED IiOMO- 
GENIZED WITH TISSUE 


Intestinal 
Segment Rat No. 1 Rat No. 2 


Proximal 86 81 
Middle 94 94 
Distal 98 100 


-%- 


TABLE I-RECOVERY OF PHENOL RED ADDEDTO 
TISSUE HOMOGENATES 


Gastrointestinal 
Segment Rat No. 1 Rat No. 2 


-%- 
Stomach 93 93 
Intestine ~ ~ ~~ .~~~ ~ 


Proximal 100 96 
Middle 95 103 
Distal 100 96 


red from all segments of both rats was 97%. These 
findings are in agreement with those of Reynell and 
Spray (2) who observed quantitative recovery of 
phenol red from gastrointestinal tissue homogenates. 


The recovery of phenol red after incubation in 
gastric pouches or intestinal sacs was in marked 
contrast to the recovery from homogenates. The 
data in Fig. 1, which represents total recovery (i .e. ,  
from sac or pouch, its content, and serosal fluid) 
show a significant apparent loss of phenol red from 
the intestinal segments. The recovery of phenol red 
from the proximal intestinal segments was signifi- 
cantly different from the recovery from each of the 
other segments at the 99% confidence level. A 
progressive increase in recovery is observed from the 
first to the third intestinal segment. The average 
recovery of phenol red from all segments was 70%. 
In each case, 5 1 0 %  of the recovered phenol red 
represents material which permeated the sac to  the 
serosal fluid. 


A further experiment was devised t o  determine 
whether incomplete mixing of the phenol red with 
the tissue homogenate was responsible for the excel- 
lent recovery from these preparations compared to  
the recovery from the sacs. In two studies phenol 
red was homogenized with the intestinal segments 
for 5 min. to ensure intimate mixing. The homo- 
genates were then incubated as described above for 1 
hr. and assayed for phenol red. The results are 
shown in Table 11. An average of 92% phenol red 
was recovered from the homogenates indicating that 
mixing does not account for the observed differences. 


100 


I T  


Stomach Proximal Middle Distal 
INTESTINE 


Fig. 1-Phenol red recovery from gastric pouch and 
intestinal sacs 1 hr. after intubation. Key:  bar, 
average. of 5 segments; vertical lines, standard devi- 


ations. 


DISCUSSION 


The reason for the poor recovery of phenol red 
from intact sacs appears to be related to mucosal or 
tissue binding, since the possibility of mucosal 
metabolism has been ruled out by  the work of 
Levine (3). Moreover, the degree of recovery of 
phenol red from the sacs was site dependent with 
increasing recovery in the distal direction. This 
finding is consistent with the amount of mucosal 
surface available for binding in various portions of 
the small intestine. If similar binding sites exist 
throughout the small intestine, then under the 
conditions of this experiment the greatest amount of 
phenol red would be bound to  the segment having 
the largest mucosal surface area, viz. the proximal 
portion of the small intestine. 


The nature of the binding requires further inves- 
tigation. However, it would appear to  require the 
mucosa and the phenol red to  be in intimate contact. 
Dilution with fluids or tissue mass, as in the homoge- 
nate studies, greatly minimizes the degree of binding. 
Although the mucosal-bound phenol red is resistant 
to  aqueous extraction, it is unlikely that the binding 
is covalent since Levine has effected quantitative 
extraction with ethanolic solutions (3). 


The difference in recovery from sac homogenates 
and intact sacs indicates clearly the possible error 
involved in assuming the recovery of drug added to  
homogenates reflects the ultimate efficiency of the 
tissue assay procedure. This is further emphasized 
by considering the recovery of phenol red after 
administration to intact rats. 


The authors have recently reported an average re- 
covery of 80yo of a dose of phenol red from the gas- 
trointestinal tract, 0.5 hr. after gastric intubation in 
rats (4). Levy and Jusko (5) report an average re- 
covery of 81 % after oral administration of phenol red 
to rats. In view of the recovery of phenol red from 
tissue homogenates, one might assume that 1520?& 
of the dose of phenol red is absorbed from the tract. 
This value, however, is a significant overestimate. 
Levine (3) has found that less than 7% of a phenol 
red dose is absorbed from the gastrointestinal tract. 
&hanker (6) and Tidball (7) have observed still 
poorer absorption in the range of 1-2%. On the 
basis of these reports one must conclude that about 
15'% of the dose of phenol red is bound to mucosa 
or tissue i n  vivo and not recovered by the aqueous 
extraction procedure. The results of these incuba- 
tion studies with gastric pouches and intestinal sacs 
are qualitatively consistent with the in vivo binding of 
phenol red. 


No previous reports known to the authors have 
considered the possibility of nonequivalent extrac- 
tion etficiency after incubation of drug with homoge- 
nates or intact tissue. Hence, the extent to which 
this problem does exist is now known. Nevertheless, 
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the possibilities and ramifications are manifest. The 
approach of incubating the drug with intact tissue 
before homogenization and assay may be a useful one 
and should be considered even when quantitative 
extraction from a homogenate is obtained. 
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Method for Testing the Efficacy of Topical Sunscreen Preparations 
By W. M. KOOYERS 


A method has been developed for testing the efficacy of topical sunscreen pre ara- 
tions using photosensitive albino rats. T h e  method involves pretreatment of one 
hind paw with a sunscreen preparation, followed by an oral dose of a photosensitir- 
ing  agent and exposure to direct sunlight. The  delayed reaction and resulting differ- 
ence between the treated and untreated hind paw weight is an objective index of the 


protection afforded by the preparation tested. 


NTEREST IN topical sunscreen preparations was I stimulated by the successful treatment of light- 
sensitive patients at the University of Minnesota 
Hospital. Fusaro and Runge (1-3) reported clinical 
data supporting the hypothesis that topical treat- 
ment of the stratum corneum can reduce or minimize 
the harmful effect of ultraviolet radiation. 


The researcher's never-ending quest for new or 
better means to treat human diseases has led to the 
development of biological systems which simulate 
these diseases. As the diabetic rat is used as a screen 
for antidiabetic drugs (4), and the adjuvant arthritic 
rat for testing anti-inflammatory drugs (5), this 
method uses a photosensitive rat to  test the efficacy 
of topical sunscreen preparations. A sunscreen 
preparation (SSP) is defined as a formulation which, 
when applied topically, protects the treated area 
from sunburn. 


Albino rats are not hyperphotosensitive; however, 
rats treated orally with 25 mg./Kg. of Smethoxy- 
psoralen (SMOP) become very photosensitive (6-9). 
Subsequent exposure of 3-7 hr. of direct sunlight 
will initiate a delayed reaction that progressively 
worsens. The resulting erythema, edema, and blind- 
ness will incapacitate these rats after 5-7 days. Rats 
photosensitized with 8-MOP, which have only part 
of their extremities exposed to  direct sunlight, will 
show evidence of photosensitivity on the exposed 
areas only (9). 
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This photosensitive reaction is evident 2 or 3 
days after exposure and can be visually evalu- 
ated by scoring the affected extremities from 0 
to 4 depending upon the severity of the erythema 
and edema. A more objective index is the compari- 
son of hind paw weights of photosensitive rats and 
normal rats. This is a measurement of the edema 
caused by the reaction. This objective index is used 
in this method. 


METHOD 
Fiye male albino rats' per group, weighing 180- 


200 Gm., were restrained in stocks while each left 
hind paw was dipped into the SSP. The restraint 
was maintained until the treated area was com- 
pletely dry. This minimized the possibility of 
systemic effect that could be caused by ingestion if 
the rats were allowed to  clean the treated area. 


After application of the SSP, the sunscreen groups 
and one control group were dosed orally with the 
photosensitizing agent, %MOP* at 25 mg./Kg., and 
were then placed in direct sunlight for 5 hr. Each 
group was housed in a cage designed to allow maxi- 
mum exposure t o  the sunlight. Normal controls 
were exposed simultaneously. 


Three to Seven days after exposure, the rats 
were sacrificed, body weights recorded, and both 
hind paws were uniformly severed (10) using a 
suitable apparatus.' The weight of each hind paw 
was recorded. The weight difference between the 
untreated right hind paw and the treated left hind 


1 Spartan Research Sprague-Dawley strain. 
f Five mg./ml. of &MOP as a suspension containing per 


ml.: 5 mg. sodium carhoxymethylcellulose; 4 mg. polysorbate 
80; 9 mg. sodium chloride; and 9 mg. benzyl alcohol NF. * Harvard Apparatus Company's decapitator. 
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A t  the concentration studied, alcohol and various 
glycols increase the viscosity Of the gels to the same 
extent. 


Compounds capable of interacting with CMC in- 


3 2 $ ~ ~ g ~ ~ l Y .  T. w.9 and LaMer, v. K., J .  co lb id  s 4  19 


Structures," Wiley, New York, N. Y., 1049, p. 6'9. 
(7) Green, H.. "Industrial Rheology and Rheological 


I crease the viscosity of the gels. 
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(2) A v i d  RC M k ~ o c r y s ~ .  Celluldsc ind Its Use in Pharm. 


Susp., Am. Viscose Div., FMC Corp.. Marcus Hook, Pa., p. 1. 
(3) Hermans J. Jr. J .  A p p l .  Polymer Sci. 9 1973(1965). 
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(5 )  Raynor, G. E., personal communication (July 6, 


1966). 


Acetaminophen demonstrates extensive interac- 
tion with MCC-CMC. 


methylcellulose (CMC)-gels 
Rheology-MCC-CMC gels 
Suspending adjuvants, effect-gek 
Shear rate, stress range, effect-gels 


Keyphrases 


REFERENCES 1 Microcrystalline cellulose (MCC)-carboxy- 


Absorption, Metabolism, and Excretion of the 
Ephedrines in Man I1 


Pharmacokinetics 


By G. R. WILKINSON* and A. H. BECKETT 


The kinetics of absorption, metabolism, and excretion of (-)-notephedrine, (-)- 
ephedrine, and (- ) methylephedrine, after oral administration in aqueous solution, 
have been elucidated using analog com uter analysis of urinary excretion data from 
three male subjects under constant acid% urine control. The kinetics of formation 
and elimination of norephedrine and e hedrine when present as metabolites have 
also been determined. The single bofy compartment mathematical models were 
based upon a catenary chain with parallel branch systems and all rate constants were 
assumed to be fitst order. Excellent agreement was obtained between the theoret- 
ical computer curves and the experimental excretion data for both unchanged drug 


and metabolite(s). 


HE DEVELOPMENT of mathematical models to T describe the absorption and fate of a drug 
and its metabolite(s) in the body, and the value of 
such models in the design of dosage forms and 
regimens has been treated by numerous authors 
including Teorell (l),  Dominguez (2), Dost (3), 
Nelson (4), Wagner (5) ,  Kriiger-Thiemer (6) 
and references therein. For maximum exploita- 
tion of these techniques drug plasma levels are 
preferable, however, the distribution characteris- 
tics of many drugs, especially basic drugs (7), are 
such that this information is not readily available. 
In these cases it is possible to use urinary excre- 


tion data providing caution is taken in the inter- 
pretation of the results (8, 9). 


In view of the long gnd extensive use of the 
ephedrine9 it is surprising that relatively little 
is known about the kinetics of their absorption 
and elimination in man. The only published 
information concerns (-)-norephedrine, where 
the mean elimination half-life was reported to be 
3.9 hr. (10). Recent publications (11, 12) have 
indicated that the relative metabolism and uri- 
nary excretion of the ephedrines are dependent 
upon the urinary pH and in certain circumstances 
the volume also. The validity of urinary excre- 
tion kinetics is based upon the assumption that 
the excretion rate reflects the dasma concentra- 


Received March 15, 1968, from the Department of Phar- 
macy. Chelsea Colleae of Science and Technolow, Univer- -. 
sity bf London, London, S.W. 3, England. 


University of London in partial fulfillment of Doctor of ~ 


Philosophy degree requirements. 


Kentucky, Lexington, KY 40506 ephedrine. 


Accepted for publication August 9, 1968. tion of the drug. With drugs exhibiting non- 
Based on thesis submitted by G. R. Wilkinson to the 


The term ephedrines will be used to describe collectively 
* Present address: College of Pharmacy, University of the levo isomers of norephedrine, ephedrine, and methyl- 







1934 


ionic reabsorption in the kidney tubule, this re- 
quirement will only be fulfilled when reabsorp- 
tion of the drug back into the body is either absent 
or negligible. Such a condition exists for the 
ephedrines when the urine is acidic at about pH 


This communication reports the kinetics of 
absorption, metabolism, and excretion of (-)- 
norephedrine, (-)-ephedrine, and (-)-methyl- 
ephedrine after oral administration in  aqueous 
solution. When norephedrine and ephedrine 
were present as metabolites the kinetics of their 
formation and elimination were also elucidated. 
The kinetic parameters were obtained by  analog 
computer analysis of urinary excretion data  ob- 
tained in a previous study, where the urinary pH 
was maintained acidic by the administration of 
ammonium chloride (12). 


5.0 (12). 


EXPERIMENTAL 


The data for analysis consisted of 24hr. cumula- 
tive urinary excretion and rate of excretion values 
for unchanged norephedrine, ephedrine, and methyl- 
ephedrine after their oral administration to three 
healthy male volunteers. In the case of ephedrine 
and methylephedrine, metabolite excretion data 
were also available, i e . ,  norephedrine and ephedrine 
and norephedrine formed from ephedrine and 
methylephedrine, respectively (12). These raw data 
allowed the development of simple models to de- 
scribe the absorption, metabolism, and excretion of 
the three drugs when administered per se. Where 
norephedrine and ephedrine were present in the 
body as a consequence of metabolism, it was as- 
sumed that their fate was identical to that postulated 


Joiiritnl of Phnrrnacezrtical Scieiires 


after per se oral administration. The three models 
are shown in Fig. 1 while the assumptions and 
terminology used in their development are given in 
the Appendix. 


The analog computer used was a Pace T R  20R 
(Electronics Associates Ltd.) along with an X-Y 
recorder (Advance Electronics Ltd.) and a digital 
voltmeter (Roband Ltd.). Standard methods were 
used to  program the particular model under in- 
vestigation and also to fit the generated curves to 
the experimental data (13). Both the cumulative 
and rate curves for excretion were used to obtain the 
best “goodness of fit.” As a further aid to fitting, 
the absorption curve derived from the data by the 
method of Wagner and Nelson (14) was also used. 


Lag time was estimated by extrapolating the 
derived curve for the amount of drug remaining 
to  be absorbed, plotted semilogarithmically, to zero 
absorption, assuming absorption to be a single 
first-order process. This lag time was not pro- 
grammed into the computer, instead the abscissa 
zero of the X-Y recorder was manually set a t  the lag 
time prior to  any simulation. 


In fitting the norephedrine excretion curves after 
the administration of (- )-ephedrine, it was assumed 
that although the value for the overall elimination 
constant ky  might be different from that deter- 
mined after per se administration, the ratio of the 
component rate constants, k p  and km3, would re- 
main constant for each particular subject. A simi- 
lar assumption was made for the overall elimination 
constant kz when fitting the ephedrine excretion 
curves after administration of (- )-methylephedrine. 
For subjects N.B. and G.R.W. the results for 
kulkz, kmllkz, and kmc/kz derived from the data 
obtained after administration of 20.48 and 25.00 
mg. (- )-ephedrine were averaged and these values 
used in the (- )-methylephedrine simulation. For 
subject R.W.D., only the results obtained from the 
20.48-mg. dose were used. In all cases the metab- 
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Fig 1-Phurmacokinetic models for the absorption, metabolism, and excretion of (- )-norephedrine (Model 


I ) ,  (-)-ephedrine (Model 11), and (-)-methylephedrine (Model 111) in man. 
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Fig. 2-Computer curves and experimenlal data Fie. 4-comPUter Curves and experimental data 
points for the elimination, after oral administrcifjon, ([f points for the elimination, after oral administration, 


( -  )-norephedrine (subject, N . B . ) .  qf ( - )-niethylephedrine (subject, N . B . ) .  


olism of the norephedrine, formed after (-)-methyl- 
ephedrine administration, was neglected and i t  was 
assumed that all of the drug was excreted unchanged 
in the urine, i .e.,  k p  becomes ky. 


RESULTS AND DISCUSSION 


Excellent agreement, for both unchanged drug 
and metabolite(s), was obtained between the fitted 
computer urinary excretion curves and the experi- 
mental data for all three amines, indicating the 
suitability of the postulated models to describe, 
within experimental error, the kinetics of absorp- 
tion, metabolism, and excretion of these drugs. 
Typical fitted cumulative excretion curves along 
with various derived curves for some other compart- 
ments are shown in Figs. 2 4 .  The kinetic param- 
eters for each subject are summarized in Tables 
I ,  11,  and 111. 


Absorption of all three amines after oral ad- 
ministration could be described, with one exception, 
by a single first-order process following a lag period. 
Considerable intersubject and, in the case of 
(-)-ephedrine, intrasubject variation was ob- 
served in both the lag time and the rate constant 
for absorption. No correlation was apparent be- 
tween these variations and either the drugs or the 
subjects. However, despite these variations all the 
ephedrines were rapidly absorbed within 3 hr. of 
administration. The absorption of ( - )-norephe- 
drine in subject G.R.W. appeared to be biphasic, a 
slow phase followed by a much faster phase, rather 
than mono-exponential. The computer curve was 
fitted only to the latter process accounting for the 


0 6 12 18 24 
TIME, hr. 


long lag time (67 min.). A number of physiological 
explanations may be proposed to describe these 
absorption profiles, however, until more detailed 
information than that presented herein is available, 
these would be purely speculative and of question- 
able significance. 


I n  the postabsorption phase, the elimination of 
unchanged drug, whether norephedrine, ephedrine, 
or methylephedrine, could be described by a series 
of simultaneous, competitive first-order processes- 
excretion and metabolism to one or more metab- 
olite(s). As might be expected, intersubject and 
intrasubject variations occurred in the values of the 
rate constants for these processes. However, in 
the case of ephedrine, the ratio of the constants was 
remarkably constant within subjects N.B. and 
G.R.W. In all cases, the rate constants for urinary 
excretion of unchanged norephedrine ( k p )  and 
ephedrine (ku)  were of the same magnitude, but the 
equivalent constant for methylephedrine (ke) was 
always significantly smaller. This was also ap- 
parent in the rate constants for overall elimination 
of the drug. Differences in the volume of distribu- 
tion and/or urinary excretion behavior of methyl- 
ephedrine compared to  norephedrine and ephedrine 
may account for this finding. Despite these dif- 
ferences, under the experimental conditions used in 
the study, all three of the ephedrines and their 
measured metabolite(s) were rapidly eliminated 
from the body. For example, mean overall elimina- 
tion t i / ,  values for unchanged drug were: (-)- 
norephedrine, 2.99 hr.; (- )-ephedrine, 3.03 hr.; 
and (- )-methylephedrine, 4.49 hr. 


As stated above, the formation of the metabolites, 
ephedrine and norephedrine, after the administration 
of both (- )-ephedrine and ( - )-methylephedrine, 
was described by first-order processes. The phar- 


TABLE I-KINETIC PARAMETERS FOR THE ABSORP- 
TION, METABOLISM, AND EXCRETION OF (-)- 


NOREPHEDRINE 


Lag 
Time, ka, kp, kms, ky, 


Subject min. hr.-L hr.-l hr.-1 hr.-l 


N.B. 15 1.80 0.2581 0.0008 0.2589 
(2.67)” 


G.R.W. 67 2.00 0.2222 0.0210 0.2432 
(2.85) 


R.W.D. 8 9.24 0.1951 0.0063 0.2014 
Fig. 3-Computer curves and experimental data points (3.44) 
for the elimination; after Oral administration, Of 


(- )-ephedrine (subject, R .  W.D.). a Values in parentheses are the k p  values, in hr., equivalent 
t o  the rate constant above. 
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TABLE 11-KINETIC PARAMETERS FOR THE ABSORPTION, METABOLISM, AND EXCRETION OF ( - )-EPHEDRINE 


Dose 
Ephe- Lag 
drine. Time, ka, 


Subject mg. min. hr.-L 


N.B. 20.48 15 1.75 


25.00 18 4.02 


G.R.W. 20.48 12 3.30 


25.00 15 2.77 


R.W.D. 20.48 0 3.00 


25.00 6 1.85 


ku, kms, 
br.-i hr.-1 


0.2180 0.0220 


0.2172 0.0256 


0.2566 0.0124 


0.1780 0.0074 


0.1933 0.0180 


0.1596 0.0174 


knu, 


0.0099 


0.0096 


0.0060 


0.0056 


0.0012 


0.0337 


hr. -1 


0.2499 0.3588 0.0012 0.3600 
(2.77)” (1.92) 
0.2524 0.3400 0.0010 0.3410 


0.2750 0.3290 0.0310 0.3600 
(2.52) (1.92) 
0.1910 0.2741 0.0259 0.3000 
(3.63) (2.31) 


(2.74) (2.03) 


0.2125 0.4068 0.0132 0.4200 
(3.26) (1.65) 
0.2107 0.4940 0.0160 0.5100 
(3.29) (1.36) 


Values in parentheses are the 11/, values, in hr., equivalent to the rate constant above. 


macokinetic models found to represent the elimina- 
tion of these drugs after oral administration per se 
were also found suitable when the m i n e s  were 
present as metabolites. However, initial attempts 
to fit the theoretical urinary excretion curves of the 
metabolites using the same values for the rate con- 
stants as obtained from the per se administration 
data were unsuccessful. In all cases the rate of 
excretion was too small, even if urinary excretion was 
assumed to be the only elimination pathway. The 
only way of fitting the data was to increase, often 
substantially, each rate constant contributing to the 
overall elimination, assuming that the constants 
remained in the same ratio as after per se administra- 
tion (the results from the two separate ephedrine 
trials would support the hypothesis of a constant 
ratio despite changes in the absolute values of the 
constants). For example, to fit the norephedrine 
excretion data after ( - )-ephedtine administration 
the individual rate constants for elimination, ky, 
had to be increased as follows: N.B., 32 and 39%; 
G.R.W., 23 and 48%; and R.W.D., 109 and 153?&. 
Similar increases for ephedrine (kz), based upon the 
mean value for the two per se trials, and norephe- 
drine (ky) after (- )-methylephedrine administra- 
tion were respectively: N.B., 12 and 34%; G.R.W., 
33% (norephedrine not determined); and R.W.D., 
155 and 60%. 


Insufficient data prevent any statistical significance 
being placed upon these results, however, the authors 
consider increases of over 150yo are well beyond the 
usual intrasubject variations found in individuals, 
particularly when an acidic urine is being main- 
tained by ammonium chloride. This being the case, 
then it would appear that ephedrine and norephe- 
drine, when present in the body as metabolites, are 


eliminated faster than when they are administered 
per se. 


A possible explanation for this phenomenon is 
that the kinetics of elimination of the ephedrines are 
dose dependent; elimination is faster at low body 
drug levels than at high levels. Such a change 
should be apparent in the logarithmic excretion 
curve of unchanged drug if sampling is continued 
beyond the time that the critical drug level occurs. 
However, examination of the per se experimental 
data for norephedrine and ephedrine, oter a time 
period greater than five orders of magnitude of the 
elimination half-life, does not show any deviation 
from a mono-exponential curve (12). In the present 
study, the values for the excretion rate of unchanged 
drug, whether norephedrine or ephedrine, did not 
completely extend into the range of values obtained 
when the drugs were excreted as metabolites; 
the 12-16 hr. values for unchanged drugs were ap- 
proximately equal to the maximal rates found when 
the drug was a metabolite. Hence, it is possible 
that the critical body level of drug, after per se ad- 
ministration, had not been reached before hourly 
urine collection was terminated. 


In the development of the present pharmaco- 
kinetic models it was necessary to  assume that the 
body behaved as a single homogeneous compart- 
ment. Such a gross oversimplification may pro- 
vide an alternative explanation f a r  the elimination 
behavior of norephedrine and ephedrine when 
present in the body as metabolites. The shortcom- 
ings of conceiving the body to exhibit properties 
of a single compartment have recently been re- 
emphasized by Riegelman el al. (15). These 
authors suggest that for many drugs it is more rea- 
sonable to consider the body as composed of a cen- 


TABLE 111-KINETIC PARAMETERS FOR THE fLBSORFTION, METABOLISM, AND EXCRETION 
OF (- )-METHYLEPHEDRINE 


Time, ks,  kc, kmi. kmr, kd, ku, kma, knu. ks. kp 
Lag 


Subject min. hr.-1 hr.-I hr.-1 hr.-1 hr.-i hr.-1 hr.-I h r . 3  hr.-I hr.-I 


N.B. 6 2.00 0.1145 0.0345 0.0260 0.1750 0.2426 0.0274 0.0100 0.2800 0.3462 
(3.96p (2.47) (2.00) 


G.R.W. 36 2.60 0,1112 0.0166 0.0122 0.1400 0.2862 0.0150 0.0088 0.3100 - 
(4.95) (2.23) 


R.W.D. 15 4.60 0.1283 0.0237 O.oo00 0.1520 0.4912 0.0457 0.0031 0.5400 0.2820 
(4.56) (1.28) (2.45) 


Values in parentheses are the lip values, in hr., equivalent to the rate constant above. 
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tral compartment and at least one peripheral com- 
partment. That  such a system may be applied to  
the ephedrines is suggested by the data obtained 
after intravenous administration (12) and also by 
the fact that in some cases after oral administration 
a distribution nose is observed in the rate of excre- 
tion curve of unchanged drug. 


In  a two-compartmental open system, the identi- 
fication of a particular exponential term with a par- 
ticular process is erroneous, as all observed rate con- 
stants are hybrid constants each influenced by the 
factors controlling drug distribution and elimina- 
tion. Hence, all of the rate constants determined 
in  this study are apparent constants influenced not 
only by the intrinsic rate constants but also by the 
volumes of the central and peripheral compart- 
ments, and therefore the rate constants for distribu- 
tion between these compartments. A change in the 
value of any of these factors will affect the observed 
rate constants. Such changes probably explain 
the observed intrasubject variations in the cal- 
culated constants and possibly the increased values 
obtained when a drug is present as a metabolite. 
This latter phenomenon and the mechanism by 
which the elimination of a metabolic ephedrine is 
influenced by the presence of a parent ephedrine is 
presenNy under further investigation. 


Even within the small group of subjects used in 
this study, large inter- and intrasubject variations 
occurred in the various rate constants. However, it 
is considered that by using a small but well con- 
trolled number of subjects more meaningful and 
valuable information can be obtained compared to 
the use of larger groups, which although statistically 
more satisfying do not control the urinary pH. 


It would be expected that the overall elimination 
of unchanged ephedrine would be faster when the 
urinary pH was maintained acidic than when no 
control was attempted, and this probably explains 
the difference between the present data for (-)- 
norephedrine and that of Heimlich et al. (10). 
However, the differences between the data are not 
large on account of the low pH-sensitivity of (-)- 
norephedrine (12, 16). 


A kinetic study such as that presented in this 
paper is an oversimplification of complex physiologi- 
cal phenomena. Furtbermore, kinetic parameters 
obtained under extreme urinary pH conditions are 
not applicable to normal conditions, especially if 
drug absorption, distribution, binding, elc., are af- 
fected by acidification of the urine. However, if 
the limitations of the techniques are recognized, 
then they may be used advantageously for compara- 
tive drug metabolism studies and the determination 
of absorption profiles from both conventional and 
prolonged-release dosage forms, particularly for 
drugs which are extensively extravascularly dis- 
tributed (17). 


APPENDIX 


Assumptions 
Transfer from one compartment to another 


is irreversible, the rate constants for transfer being 
first order with the units of reciprocal time. 


2. The cornpartnients are uniforni and ho- 
mogeneous during the processes and equilibration 
is instantaneous. 


1. 


1937 
3. There is no decomposition of drug at the ab- 


sorption site, no enterohepatic recycling, no diffusion 
of drug from the blood into the stomach. 


Drug is immediately and completely avail- 
able a t  the absorption site at zero time and is 100% 
absorbed (12). 


4. 


Definitions 
Lag time: 


Zero time: 


time interval between ingestion of the 
drug and zero time. 
time at which drug appearing in the 
body may be described by a single 
first-order process. 


.-In,, A E ,  ..IN: amount of methylephedrine, ephe- 


B ,  MI, AJ3: 


M2: 


M*: 


M,: 


E, U, 1): 


ka: 


ke, ku, kp: 


kml: 


kml: 


kma: 


kttlr: 


km5: 


kd, kz, ky: 


drine, or norephedrine, respectively, 
present in the gastrointestinal tract. 
amount of methylephedrine, ephe- 
drine, and norephedrine, respectively, 
present in the body. 
amount of metabolite(s) of methyl- 
ephedrine other than ephedrine and/or 
methylephedrine eliminated by a 
pathway other than the urine. 
amount of metabolite(s) of ephedrine 
other than norephedrine and /or ephe- 
drine eliminated by a pathway other 
than the urine. 
amount of metabolite(s) of nor- 
ephedrine and/or norephedrine elimi- 
nated by a pathway other than the 
urine. 
amount of methylephedrine, ephe- 
drine, and norephedrine, respectively, 
in the urine. 
rate constant for the appearance of 
drug from the gastrointestinal tract 
into the body whether methylephe- 
drine, ephedrine, or norephedrine. 
rate constant for excretion of methyl- 
ephedrine, ephedrine, and norephe- 
drine, respectively, from the body into 
the urine. 
rate constant for the formation of 
ephedrine from methylephedrine. 
rate constant for the formation of 
metabolite(s) of methylephedrine 
other than ephedrine and/or rate coil- 
stant for elimination of methylephe- 
drine by a pathway other than the 
urine. 
rate constant for the formation of 
norephedrine from ephedrine. 
rate constant for the formation of 
metabolite(s) of ephedrine other than 
norephedrine and/or rate constant for 
elimination of ephedrine by a pathway 
other than the urine. 
rate constant for the formation of 
metabolite(s) of norephedrine and/or 
rate constant for elimination of nor- 
ephedrine by a pathway other than 
the urine. 
rate constant for the overall elimina- 
tion from the body by all pathways of 
methylephedrine, ephedrine, arid nor- 
ephedrine, respectively, Le., kd = 
ke + kntl + kmz; kz = ku + km3+ 
kmr; ky = kp + kmo. 
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Stilbene Isothiocyanates as Potential Fluorescent 
Tagging Agents 


By J. E. SINSHEIMER, J. T. STEWART*, and J. H. BURCKHALTER 


Two groups of stilbene isothiocyanate derivatives, a-phenylcinnamic acids and a- 
phenylcinnamonitriles, have been synthesized. These compounds and their re- 
quired intermediates were studied as to their structure-fluorescence relationships in 


an effort to develop a protein-tagging agent with blue fluorescence. 


HE FLUORESCENT labeling of proteins as first T developed by Coons et al. (1) and advanced 
by the introduction of fluorescent isothiocyanates 
by Burckhalter and co-workers (2, 3) has had 
extensive application to biological problems 
especially for the identification of pathogenic 
organisms. The agents and techniques employed 
together with their applications have been re- 
viewed by Nairn (4). In varying degrees, all the 
presently available reagents can be improved 
upon in regard to purity, expense, fluorescent 
intensity, and stability to IJV irradiation. I t  
would also he highly desirable to have agents with 
contrasting fluorescent colors. For exami)le, a 
blue fluorescent label would be valuable to sulq~le- 
ment the green of fluorescein and orange to red 
fluorescence of rhodamine derivatives. 


Received nne 10, 1968, from the College of Pharmacy. 
University oiMichigan, Ann Arbor, M I  48104 


Accepted for publication August 8, 1968. 
Abstracted in part from a dissertation submitted by J. T. 


Stewart i n  partial fulfillment of the Doctor of Philosophy 
degree requirements. 
This investigation was supported in part by research grant 


A1 05817 and training grant G M  1367, National Institutes 
of Health, U. S. Public Health Service, Bethesda, Md. * Fellow of the American Foundation for Pharmaceutical 
Education: holder of the 1965-67 H. A. B. Dunning Memorial 
Fellowship. Present address: School of Pharmacy, Univer- 
sity of Georgia, Athens, Ga. 


Limited studies with blue fluorescent tagging 
agents have employed stilbene optical brightening 
agents and a coumarin isocyanate (5) as well as 
P-anthryl isocyanate ( G )  with limited success. 


Peck and Creech (7) synthesized 4‘-isocyanato- 
4-dimethylaminostilbene for the purpose of com- 
bining it with proteins for UV analysis, but no 
mention was made of the possibility of utilizing 
the blue fluorescent properties of the stilbene and 
resulting protein conjugate. A blue fluorescent 
reagent, the disodium salt of -k’-acetamido-l- 
isothiocyanatostilbene-’3.,3’-disulfonic acid, has 
been described for the specific labeling of the outer 
coml~onents of the plasma membrane, but i t  has 
not been al~l~lied to antibody labeling (8). 


Successful use of stilbene compounds as blue 
fluorescent optical brightening agents (9) of high 
stability encouraged the authors to seek improved 
fluorescent labeling agents among stilbene deriva- 
tives. The purpose of this investigation was to 
synthesize a stilbene isothiocyanate suitable for 
protein labeling as well as to study structure- 
fluorescence relationships in a series of model 
stilbene compounds. More specifically a stilbene 
isothiocyanate protein-tagging agent was postu- 








Commzlnzcatzons 


Hydrolysis of Aspirin 
by Rat Small Intestine 


sir: 


A recent study of the effect of certain anti- 
rheumatic drugs on active amino acid transport 
across the small intestine revealed that the ham- 
ster small intestine is able to hydrolyze aspirin at 
an appreciable rate (1). This was considered to 
be due to the presence of esterase(s) in the in- 
testinal epithelium which are known to occur also 
in all regions of the human gastrointestinal tract 
(2). It was suggested on this basis that appreci- 
able hydrolysis of aspirin may take place during 
the absorption of this drug from the gastroin- 
testinal tract (1). A subsequent report by Row- 
land and co-workers on the kinetics of aspirin 
disposition in man provided further evidence sug- 
gesting aspirin hydrolysis in the gut wall (3). 
In view of the apparent enzymic nature of the 
hydrolytic process it was of interest to determine 
its dependence on aspirin concentration. 


Five-centimeter segments of everted small in- 
testine were obtained from male Sprague-Dawley 
rats as described previously (1). Individual seg- 
ments were placed in 50-ml. capacity conical 
flasks containing 15 ml. of 0-120 mM aspirin in 
Krebs-Ringer bicarbonate solution (final pH 7.4). 
Other segments of small intestine were f ist  im- 


/ 
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I 
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Fig. 1-Hydrolysis of aspirin by rat small intestine 
as a function of aspirin concentration. Key: 0, 
percent hydrolyzed in  1 hr. in  the presence of intestine 
segments inactivated by 5-min. immersion i n  boiling 
water (controls); a, percent hydrolyzed i n  excess of 
control values by active intestine segments. Inset: 


Lineweaver- Rrrk-type plot of t h  average data. 


mersed in boiling water for 5 min. and then placed 
in aspirin solutions (controls). Flasks with drug 
solution but without an intestine segment were 
also prepared. All flasks were flushed with 95% 
oxygen-5% carbon dioxide mixture, sealed, and 
agitated mildly at  37' in a water bath. An ali- 
quot of solution was removed after 1-hr., placed in 
a chilled test tube containing 1 N hydrochloric 
acid, diluted if necessary, and then extracted im- 
mediately with carbon tetrachloride and assayed 
colorimetrically for salicylic acid by the method of 
Brodie and co-workers (4). 


The hydrolysis of aspirin by everted intestine 
segments of rats as a function of aspirin concen- 
tration is shown in Fig. 1. The percent hydrol- 
ysis decreased markedly with increasing aspirin 
concentration. A double reciprocal plot of the 
Lineweaver-Burk-type yielded a linear relation- 
ship between the reciprocal of hydrolysis rate and 
the reciprocal of the initial aspirin concentration 
(inset of Fig. 1). The percent hydrolysis of 
aspirin in solutions containing boiled intestine 
segments was concentration independent and did 
not differ measurably from that in solutions 
without intestine.' These properties (saturabil- 
ity and heat inactivation) are characteristic of 
enzymic processes and suggest that aspirin hy- 
drolysis by intestinal tissue is due to esterase(s). 
The presence of esterases in the human gastro- 
intestinal tract is well established (2) and it is 
likely that the activity of nonspecific esterase 
differs in different regions of the gastrointestinal 
tract. The saturability of aspirin-hydrolyzing 
activity in the rat intestine is readily apparent at 
reasonable concentrations of aspirin under the 
conditions of the present study. It can be ex- 
pected that this limited capacity of esterase 
activity will be reflected by a concentration and 
dose dependence in the extent of aspirin hydrol- 
ysis during absorption. Rapid absorption, with 
high concentrations of aspirin at  sites of hydrol- 
ysis in the intestinal wall, is likely to result in less 
extensive hydrolysis of the drug than would be 
encountered when the same amount of drug is 
absorbed more slowly. Dosage-form character- 
istics, inasmuch as they affect the site and rate of 
release of aspirin in the gastrointestinal tract, may 
therefore be expected to influence the extent of 
hydrolysis of aspirin during absorption. The 


* These control data reflect the extent of hydrolysis of 
aspirin during the preparation and incubation of the solu- 
tions. 
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A Cardioactive Steroidal 
Iodoacetate 


Keyphrases 
Aspirin hydrolysis-rat small intestine 
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Hydrolysis, aspirin-concentration effect 
Enzymes, intestinal-aspirin hydrolysis effect 


Sir: 


Empirical relationships between the chemical 
constitution and biological activity of cardiac 
glycosides and aglycones, e.g., I, have been 
tabulated (l), and the unsaturated lactone a t  
C-17 appears essential for activity. Moreover, 
it seems likely that these cardiotonic substances 
act through inhibition of enzyme systems involved 
in ion transport (2). 


The chemical basis for the essentiality of the 
lactone is unknown. Portius and Repke (3) have 
proposed that the a,@-unsaturated carbonyl 
Wirkguppierung is a proton acceptor in hydrogen 
bonding, whereas Glynn (4) has postulated that 
addition of essential sulfhydryl groups to the 
unsaturated center may be involved. We have 
evaluated the last suggestion by the preparation 
of analogs. 


The reaction of I1 with chloroacetic anhydride at 
55' produced the corresponding 21-chloroacetate 
ester m.p. 109-11lo, [a]?* + 51'' which on 
treatment with sodium iodide in acetone solution 
gave the iodoacetate 111, m.p. 150-155', [a]*' + 
490. 


Biological evaluation was performed in the 
usual way (6) in cats under chloralose-urethan 
anesthesia. A volume of 1 ml. of 47.5% alcohol 
containing 0.4 mg. of drug was injected a t  3-min. 
intervals into the femoral vein. The effect of the 
drug was observed by ERG and blood-pressure 
readings recorded on a Grass polygraph. The 
following lethal doses were determined (LD f 
SEinmg./kg.):III (1.37 f 0.26), IV(7) (15.59 f 
2.28). The high activity of I11 indicates that 
the lactone ring is not an essential feature for a 
cardioactive compound. 


Iodoacetates are known to react with nucleo- 
philes, such as sulfhydryl groups. Thus a reason- 
able explanation for the great difference in po- 
tency of the iodoacetate I11 relative to the acetate 
IV is that alkvlation of an essential nucleophilic 


I II ,R=H 
111, R- COCHzI 
IV, R = COCH, 


Strophanthidiol 3, 19-diacetate (I) (5) in ethyl 
acetate solution was allowed to react with ozone 
a t  -YOo, and the resulting ozonide was decom- 
posed with zinc dust in acetic acid. Isola- 
tion of the product afforded 38, 58, 148, 19, 21- 
pentahydroxypregnan-20-one 3,lg-diacetate (11). 


group on the receptor is required for drug action. 
This is in harmony with the concept that the un- 
saturated lactone performs a similar function by 
addition of the nucleophile to the double bond. 
Gwallito and Haskell (8) have de-t~ed such 


1 Satisfactory analyses have been obtained for all new com- 
pounds in this paper. 
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Potential Antineoplastic Agents: 
N-( 2-Benzoxazoly1)amino Acid Esters 


By SHYAM B. ADVANI* and JOSEPH SAM 


The investigation of the preparation of N- (2-benzoxazolyl)aminoacids and esters 
from the reaction of aminoacids and esters with either 2-chlorobenzoxazole or 2- 


benzoxazolinone is described. 


UMORS, because of their parasitic nature, de- T pend upon the host for nutrition and growth. 
Moreover, because of a limited blood supply, 
tumor cells depend solely on highly effective 
transport mechanisms for nutrients. Transport 
mechanisms involving the accumulation of 
aminoacids in tumor cells have been studied 
extensively (1). Tumor cells, being more de- 
pendent than the normal tissues on the surround- 
ing fluids for an adequate supply of amino acids, 
are susceptible to attack by substances which in- 
terfere with amino acid transport. Ethionine 
not only was found to concentrate to a greater 
extent in tumor cells than methionine, but also 
was found to possess antineoplastic activity (2). 
Cycloleucine (1-aminocyclopentanecarboxylic 
acid) was reported to inhibit growth of tumors by 
inhibiting transport of other amino acids (3-5). 
Nitrogen mustards of phenylalanine were found 
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to possess high antitumor activity, probably be- 
cause of increased transport to the tumor cells 
(6). 


The marked antineoplastic activity of some 
amino acids prompted the preparation of N-(2- 
benzoxazoly1)amino acids and esters (111, Table 
I) from 2-chlorobenzoxazole (I) and aminoacids 
or ethyl esters of aminoacids (11). No reaction 
was observed when 2-chlorobenzoxazole (I) was 
treated with either tyrosine or leucine in dry 
ethanol or benzene according to the method of 
Montgomery (7). Glycine, on the other hand, 
gave the desired product (IIIc). The esterifica- 
tion of IIIc in ethanol gave ethyl N-(2-benzoxa- 
zoly1)glycinate (IIIb) . When phenylalanine in 
ethanol was treated with I in the presence of 
triethylamine, the ester (IIId) rather than the 
acid was isolated. Whereas most amino acids 
did not react with I, the esters of the amino acids 
gave satisfactory results. When dimethylform- 
amide (DMF) was used as a solvent in the re- 
actions above, 2-dimethylaminobenzoxazole was 
isolated as a product (8). 


The condensation of I with ethyl p-amino- 
benzoate gave ethyl N- (2-benzoxazolyl)-p-amino- 
benzoate (IIIh). The corresponding acid (IIIi) 
was obtained either from the sodium hydroxide 
hydrolysis of IIIh or from the reaction of I with 
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TABLE I-N-(2-BENZOXAZOLYL)AMINO ACIDS AND ESTERS 


~ 


No. 
IIIa 


IIlb 


I l k  


I I I B  


I l I r  


I I I f  


IIIg 


IIIh 


I I I i  


I I I j  


I l l k  


R 
-CH(COzCzHdCH2-P-CsHlOH 


CHzCOzCzHs 


CHzCGH 


-CH (COZCZHJ)CHCKH~ 


-CH (COzCzHs) CHzCaHxNz' 


-CH(CO?C?Hs) CHKH2SCHa 


CHzCHzCOzH 


- -~-CKHICOZC~H~ 


-p-CsHC&H 


-n-OH-p-CaHnCOzH 


-~-C~HICH=CHCOZH 


Method 
A, B" 


D, E 


Fd 


A, F@ 


C 


Bk 


G 


B" 


F," H ,  I 


F" 


H 


Yield, 
% 


52, 71 


38 


31 


4 5 , 5 1  


70 


41 


49 


73 


36, 71, 88 


26 


7 nr 


M.P., 
OC. 


161-16Zb 


104-104. 5c 


196-197. se 


128-1296 


zn7-208. eh 


198-199h 
139-139.5hs2 


175.5-177" 


209 


328-329b 


2.51. 5-25Zb 


269.5-270.5' 


Molecular 
Formula 


Ci~HisNaO4 


C~iHizNzOs 


CoHsNzOsl 


CisHisNzOn 


ClsHtKI NrOai 


CtnHzi NsOioS' 


CinHinNzOs 


CtsHirNzOs 


CirHinNzOs" 


CirHinNzOr 


CiaH~zNzOx 


-Anal.. %- 
Calcd. Found 


C,  6 6 . 2 5  C, 66 .38  
H ,  5 . 5 6  H, 5 . 6 8  
N ,  8 . 5 8  N, 8 . 6 9  
C ,  5 9 . 9 9  C,  60.20 
H .  5 . 4 9  H ,  5 . 6 1  
N ,  12.72 N, 12.56 
C,  5 6 . 2 5  
H ,  4 . 2 0  
N ,  14 .58  
C, 6 9 . 6 6  C, 6 9 . 9 6  
H, 5 . 8 5  H, 6 . 1 5  
N, 9 . 0 3  N ,  9 . 2 5  
C, 53 .57  C,  5 3 . 4 0  
H ,  5 . 0 6  H ,  5 . 2 3  
N ,  16.66 N ,  16.07 


C, 4 5 . 8 8  C,  4 5 . 4 3  
H ,  4 . 0 1  H,  3 . 9 9  
N, 13 .38  N ,  13.11 
C,  58 .25  C, 5 8 . 2 0  
H, 4 . 8 9  H. 5 . 3 4  
N, 13 .59  N, 13 .55  
C, 68.08 C, 6 8 . 4 5  
H ,  5 . 0 0  H. 5 . 1 8  


N, C ,  66 .14  9 . 9 2  
N, 9 . 7 6  


H ,  3 . 9 6  
N, 11.02 
C .  62.22  C. 62.02 
H ,  3 . 7 3  H ,  3 . 9 1  
N ,  10.37 N ,  10 .29  
C .  68.57 C, 6 8 . 7 6  
H, 4 . 3 2  H ,  4 . 3 6  
N, 9 . 9 9  N, 9 . 8 4  


Benzene used as the solvent. Recryst. from ethanol. Recryst. from ethanol-water.. Refluxed 72 hr. * Recryst. from 
benzene-ethanol. f Identified through 1IIb. a Refluxed 92 hr. * Recryst. from henzene. ' CaHnN? = 4-imidazolyl. 3 Hydro- 
chloride. Toluene used as the snlvent. Picrate. Recryst. from ch~oroform. Refluxed 4 hr. ' Identified through IIlh.  


p-aminobenzoic acid. The treatment of I with 
histidine ethyl ester gave IIIe. 


The reaction of 2-chlorobenzoxazole (I) with 
ethyl tyrosinate in the presence of triethylamine 
in benzene solution gave approximately a 50% 
yield of product (IIIa). When the same reaction 
was conducted in the absence of triethylamine the 
yield was increased to over 70%. Although no 
exhaustive study was made, i t  is speculated that 
the low yield of I11 (Table I) obtained with tri- 
ethylamine in the reaction of I with I1 (Methods 
A, D, F, and G) was due to the competitive 
reaction of triethylamine with 2-chlorobenzoxa- 
zole to give 2-diethylaminobenzoxazole (IV). 
Some of the latter was isolated when conditions 
described under Method G were utilized. Also, 
2-diethylaminobenzoxazole (IV) was the only 
product obtained when triethylamine was used to 


remove hydrogen chloride evolved in the reaction 
(Method J) between I and diethyl glutamate, 
ethyl valinate, ethyl leucinate, and ethyl 
alaninate, respectively. The results were in 
agreement with the observation noted earlier (9) 
with 2,5-dichlorobenzoxazole and trimethyl- 
amine. 


An alternate method attempted for the prepara- 
tion of I11 (VII) involved the reaction of 2- 
benzoxazolinone with ethyl tyrosinate. Bower 
and associates (10) reported favorable results in 
the preparation of 2-hydrazinobenzoxazoles (VI) 
by fusion of a hydrazine with V. The fusion of 
ethyl tyrosinate with 2-benzoxazolinone, how- 
ever, gave 1-(2-hydroxypheny1)-4-(4-hydroxy- 
benzyl)imidazolidine-2,5-dione (VIII), which was 
identified by elemental analysis, infrared, and 
NMR data. Similar rearrangements have been 


+ H,N-R 
I1 


I 


Iv 
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observed (1 1) in the reaction of ethyl anthranilate 
with 2-benzoxazolinone. 


Infrared data  of the compounds are reported in 
Table 11. 


Screening of the compounds described in this 
study currently is being coordinated by the 
Cancer Chemotherapy National Service Center. 


EXPERIMENTAL' 


Commercially available dl-aminoacids (except L- 
(+)-glutamic acid and I-leucine) were utilized in this 
study; the esters were prepared according to  the 
Fisher esterification method (12). 
N - (2 - Benzoxazoly1)aminoacid Esters-Method 


A -A solution of 0.025 mole of 2-chlorobenzoxazole, 
0.025 mole of aminoacid ester, 6.5 g. (0.065 mole) of 
triethylamine, and 100 ml. of dry benzene was re- 
fluxed for 24 hr. The solution was cooled and the 
triethylamine hydrochloride removed by filtration. 
The filtrate was evaporated to  dryness under reduced 
pressure. The residual material either was crystal- 
lized and/or recrystallized from a suitable solvent. 


Method B-A solution of 0.02 mole of 2-chloro- 
benzoxazole and 0.02 mole of aminoacid ester in 300 
ml. of benzene or toluene was refluxed for 72 hr. 
The solution was concentrated under reduced pres- 
sure on a water bath. The residual material was 
recrystallized from a suitable solvent. 


Nethod C-A solution of 0.02 mole of aminoacid 
ester in 200 ml. of benzene or toluene was treated 
dropwise, while stirring, with a solution of 0.02 mole 
of 2-chlorobenzoxazole in 10 ml. of ethanol and then 
refluxed for 48 hr. The solution was allowed to  stay 
a t  room temperature for 12 hr. and then filtered. The 
filtrate was concentrated under reduced pressure. 
The residual material was triturated with acetone, 
removed by filtration, and then recrystallized. 


Ethyl N-(2-Benzoxazolyl)glycinate (1IIb)-Method 
D-The procedure described by Sheehan el al. (13) 
was followed. To  a solution of 2.5 g. (0.02 mole) of 
ethyl glycinate hydrochloride, 3.8 g. (0.025 mole) of 
2-chlorobenzoxazole, and 60 ml. of anhydrous chloro- 
form, maintained at -15" (ice and sodium nitrite), 
was added over a period of 40 min. with vigorous stir- 


1 All melting points were taken on a Fisher-Johns melting- 
point apparatus and are uncorrected. Infrared spectra were 
determined on a Perkin-Elmer model 137 Infracord spectro- 
photometer using KBr pellets. Nuclear magnetic resonance 
spectra were determined on a Varian A-60A spectrometer 
using tetramethylsilaoe as the internal standard. Chemical 
shifts are recorded as d values. 


ring a solution of 4.0 g. (0.04 mole) of triethylamine 
in 40 ml. of chloroform. Thereafter, while stirring, 
the temperature was maintained at -15" for 10 
min. and then slowly raised to  0", held a t  this tem- 
perature for another 10 min., and then maintained at 
room temperature for 1 hr. The solvent was dis- 
tilled under reduced pressure; the residue was washed 
with cold water to  remove triethylamine hydro- 
chloride and any unreacted ethyl glycinate hydro- 
chloride and then recrystallized. 


The nuclear magnetic resonance spectrum showed 
a four-proton aromatic multiplet (7.1-7.15), a four- 
proton methylene multiplet (4.14.5), and a three- 
proton methyl triplet (1.2-1.5). 


Method E-A solution of 100 mg. of IIIc in 10 
ml. of ethanol was treated with an excess of hydro- 
gen chloride and then refluxed for 2 hr. Distillation 
of the solvent under reduced pressure left an oil 
which was dissolved in tetrahydrofuran and treated 
with an excess of triethylamine. The mixture was 
filtered to remove triethylamine hydrochloride and 
then again concentrated under reduced pressure. A 
solution of the residual oil in 5 ml. of ether was 
allowed to evaporate slowly a t  room temperature; 
25 mg. of solid was obtained, m.p. 104-106". A 
mixture of the products obtained by Methods D and 
E showed no depression of the melting point. 
N-(2-Benzoxazolyl)amhoacids-Mefhod F-A 


mikture of 0.05 mole of aminoacid, 10.0 g. (0.1 mole) 
of triethylamine, and 0.05mole of 2-chlorobenzoxazole 
in 200 ml. of ethanol was refluxed for 4-96 hr. The 
unreacted aminoacid was removed by filtration and 
the filtrate concentrated under reduced pressure on a 
water bath. The residual material was treated with 


TABLE 11-INFRARED SPECTRAL DATA (cm.-') 


N-H C=N 1,2-Disubst. 
No. Str. C=O Str. C=C Str. C=C Str. 
IIIa 3,250 1,730 1,650 


1,585 
IIIb 3,300 1,730 1.640 740 


1 570 
IIId 3,330 1,725 1,575 745 
IIIe 3,330 1,740 1,575 745 
IIIf 3,350 1,740 1,675 760 


1,630 715 
IIIg 3,330 1,700 1,650 740 


1,575 
III i  3,350 1,670 1.600 74n . ~. 


1 ; 550 
I I I j  3,450 1,650 1,575 
I V  3,350 1,700 1,640 740 


1,575 


. ~. 
1 ; 550 


I I I j  3,450 1,650 1,575 
I V  3,350 1,700 1,640 740 


1,575 
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acetone and filtered. Concentration of the filtrate 
under reduced pressure on a water bath and crystal- 
lization and/or recrystallization of the residual 
material gave product. 


Method G-The above procedure was utilized with 
the exception that benzene was used as the solvent 
in place of  ethanol. A 20% yield of 2-diethyl- 
aminobenzoxazole also was obtained. 


Method H-A mixture of 0.1 mole of 2-chloro- 
benzoxazole, 0.1 mole of aminoacid, 200 ml. of 
benzene, and 20 ml. of ethanol was refluxed on a 
steam bath for 24 hr. The solid was removed by 
filtration and washed with warm ethanol to remove 
any unreacted aminoacid. 
N-(2-Benzoxazolyl)-p-aminobenzoic Acid (1IIi)- 


Method I-A mixture of 1.0 g. (0.004 mole) of ethyl 
N-( 2-benzoxazolyl)-p-aminobenzoate and 50 ml. of 
10% sodium hydroxide solution was refluxed on a 
steam bath for 1 hr. The clear solution was cooled 
and treated with 10% hydrochloric acid. A white 
microcrystalline precipitate was obtained. 
2-Diethylaminobenzoxazole (N)--Method J-A 


solution of 7.7 g. (0.05 mole) of 2-chlorobenzoxazole, 
10.0 g. (0.05 mole) of diethyl glutamate, and 10.0 g. 
(0.1 mole) of triethylamine in 200 ml. of dry benzene 
was refluxed for 24 hr. and then allowed to stay at 
room temperature for 2 hr. The solution was con- 
centrated under reduced pressure on a water bath. 
The residue was treated with 50 ml. of acetone and 
filtered to remove triethylamine hydrochloride. 
The filtrate was distilled a t  140"/1.5 mm. to give 
14.1 g. (88%) of oil, ng = 1.5527. The hydrochlo- 
ride was prepared in the usual manner and recrystal- 
lized from toluene, m.p. 136-137". The NMR 
spectrum showed a four-proton aromatic multiplet 
(6.7-7.4), a four-proton methylene quartet (3.1-3.6), 
and a six-proton methyl triplet (1.0-1.4). 


AnaE.-Calcd. for CllHJ!lNzO: C, 58.31; H, 
6.63; N, 12.39, Found: C, 58.18; H, 6.69; N, 
12.40. 


Similar results were obtained with ethyl valinate, 
ethyl leucinate, and ethyl alaninate. 


Method K-A solution of 7.7 g. (0.05 mole) of 
2-chlorobenzoxazole and 7.3 g. (0.1 mole) of di- 
ethylamine in 100 ml. of benzene was refluxed for 
24 hr. The diethylamine hydrochloride was re- 
moved by filtration; the filtrate was treated as in 
Method A to yield 9.4 g. (83%) of product, m.p. 
135-137'. A mixture of the products obtained by 
Methods J and K showed no depression of the melt- 
ing point. 


Method L-A solution of 7.7 g. (0.05 mole) of 2- 
chlorobenzoxazole and 10.0 g. (0.1 mole) of triethyl- 
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amine in 100 ml. of benzene was refluxed for 2 hr. 
The triethylamine hydrochloride was removed by 
filtration; the filtrate was treated as in Method A t o  
give 9.1 g. (82%) of product, m.p. 136-137'. A 
mixture of the products obtained by Methods J, K, 
and L showed no depression of the melting point. 


1 - (2 - Hydroxyphenyl) - 4 - (4 - hydroxybenzy1)- 
imidazolidine-2,s-dione (VIII)-A mixture of 3.5 g. 
(0.017 mole) of ethyl tyrosinate and 2.0 g. (0.015 
mole) of Zbenzoxazolinone was fused in an oil bath, 
preheated to 180" for 15 min. The fused material was 
allowed to cool to room temperature and then re- 
crystallized from a benzene-alcohol mixture to  give 
2.3 g. (52%) of product, m.p. 201-201.5". 


The infrared absorption spectrum showed car- 
bony1 absorption at 1775 cm.-' and 1680 cm.-'. 


And-Calcd. for C1SH14N~04: C, 64.42; H, 4.73; 
N, 9.39. Found: C, 64.26; H, 4.98; N, 9.27. 


The NMR spectrum showed a oneproton imino 
singlet (8.3), an eight-proton aromatic multiplet 
(6.3-7.5), a one-proton methine triplet (4.4-4.6), a 
two-proton methylene doublet (3.1-3.2), and a broad 
hydroxyl peak (2.5-3.5). 
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Stilbene Isothiocyanates as Potential Fluorescent 
Tagging Agents 


By J. E. SINSHEIMER, J. T. STEWART*, and J. H. BURCKHALTER 


Two groups of stilbene isothiocyanate derivatives, a-phenylcinnamic acids and a- 
phenylcinnamonitriles, have been synthesized. These compounds and their re- 
quired intermediates were studied as to their structure-fluorescence relationships in 


an effort to develop a protein-tagging agent with blue fluorescence. 


HE FLUORESCENT labeling of proteins as first T developed by Coons et al. (1) and advanced 
by the introduction of fluorescent isothiocyanates 
by Burckhalter and co-workers (2, 3) has had 
extensive application to biological problems 
especially for the identification of pathogenic 
organisms. The agents and techniques employed 
together with their applications have been re- 
viewed by Nairn (4). In varying degrees, all the 
presently available reagents can be improved 
upon in regard to purity, expense, fluorescent 
intensity, and stability to IJV irradiation. I t  
would also he highly desirable to have agents with 
contrasting fluorescent colors. For exami)le, a 
blue fluorescent label would be valuable to sulq~le- 
ment the green of fluorescein and orange to red 
fluorescence of rhodamine derivatives. 
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Limited studies with blue fluorescent tagging 
agents have employed stilbene optical brightening 
agents and a coumarin isocyanate (5) as well as 
P-anthryl isocyanate ( G )  with limited success. 


Peck and Creech (7) synthesized 4‘-isocyanato- 
4-dimethylaminostilbene for the purpose of com- 
bining it with proteins for UV analysis, but no 
mention was made of the possibility of utilizing 
the blue fluorescent properties of the stilbene and 
resulting protein conjugate. A blue fluorescent 
reagent, the disodium salt of -k’-acetamido-l- 
isothiocyanatostilbene-’3.,3’-disulfonic acid, has 
been described for the specific labeling of the outer 
coml~onents of the plasma membrane, but i t  has 
not been al~l~lied to antibody labeling (8). 


Successful use of stilbene compounds as blue 
fluorescent optical brightening agents (9) of high 
stability encouraged the authors to seek improved 
fluorescent labeling agents among stilbene deriva- 
tives. The purpose of this investigation was to 
synthesize a stilbene isothiocyanate suitable for 
protein labeling as well as to study structure- 
fluorescence relationships in a series of model 
stilbene compounds. More specifically a stilbene 
isothiocyanate protein-tagging agent was postu- 
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obtained in a few synthetic steps from commercial 
materials. 


The isothiocyanates, thioureas, and new inter- 
mediates which were synthesized are shown together 
with their physical constants and fluorescence ehar- 
acteristics in Table I. This table also includes three 
stilbenes synthesized for purpose of comparison by 
methods analogous to  known base condensation 
procedures (17-10). 


Initially, measurement of the fluorescence of 
compounds with emphasis on isothiocyanate and 
thiourea compounds was by comparison to quinine 
sulfate by quinine reference unit (QRU) (20) with 
use of a filter fluorometer. Fluorescent values of 
aqueous solutions (ethanolic if required) were ob- 
tained when possible at a concentration where 
fluorescence was shown to be proportional to con- 
centration. Compounds for which a linear con- 
centration fluorescence relationship could not be ob- 
tained are indicated in Table I. For all compounds, 
fluorescence measurements were made as suggested 
by Hercules (21) at concentrations whose absorbance 
was less than 0.05 at the excitation wavelength. 
The fluorometer filters were selected for activation 
at 365 mp (Corning 7-37 filter) and for detection of 
emitted light at wavelengths greater than 400 mp 
(Kodak 2-A filter). These filters are similar to  
those commercially available in fluorescent micros- 
copy and are suitable for the observation of blue 
fluorescence. 


Structure-fluorescence relationships were ob- 
tained from the QRU data and comparisons of the 
data in Table I can be made to  show the effect of 
different groups on the fluorescence of a molecule. 
In a limited study, a-phenylcinnamic acids were 
found to be less fluorescent than a-phenylcin- 
namonitriles, which possess a weaker fluorescence 
than stilbenes containing identical substitution. 
Methoxy and isothiocyanato substituents in a- 
phenylcinnamonitriles result in increased fluorescent 
intensity. The increase depended on the fluorescent 
species involved. Thiourea derivatives formed 
from isothiocyanates of the a-phenylcinnamonitrile 
series possess a weaker fluorescent intensity than 
corresponding isothiocyanates. This is in contrast 


lated t o  meet the needs for an agent of good sta- 
bility when exposed to UV radiation and for a 
blue fluorescent label as a compliment t o  the 
existing red and green agents. A contrasting 
color was desired for such applications as multiple 
antigen identification and as an additional method 
of overcoming background color interference. 


DISCUSSION 


Primarily two groups of stilbene isothiocyanate 
derivatives, a-phenylcinnamic acids and a-phenyl- 
cinnamonitriles, were synthesized and evaluated as 
labeling agents. The inclusion of the carboxylic 
group in the case of the former series of compounds 
was to  promote water solubility of these compounds 
as their sodium salts for ultimate use as protein 
labels in aqueous media. Even more extensive 
studies were conducted with the a-phenylcin- 
namonitriles. The literature indicated (10, ll), 
including personal experiences (12, 13), that these 
compounds possessed good fluorescent intensity in 
solution by visual detection. An added reason for 
choosing the nitriles is that  the synthetic route t o  
these compounds produces primarily trans stil- 
benes; it is noteworthy that cis stilbene possesses 
only 1% of the fluorescence of its trans isomer (14). 


The fluorescent-enhancing effect of various con- 
stituents was of interest. Such groups, however, 
could not be reactive with isothiocyanates and, 
therefore, studies were restricted to  the effects of 
methoxy, dimethylamino, and quaternary nitrogen 
substituents. The isothiocyanates were also reacted 
with benzylamine to form thioureas corresponding 
to the thiourea linkage of a conjugated protein and 
to  observe the effect of this structure on fluorescence. 


A typical synthetic route to a quaternary salt of 
an a-phenylcinnamonitrile and conversion to the 
thiourea is shown in Scheme I. 


The a-phenylcinnamic acids were synthesized 
v i a  base-catalyzed condensations of substituted 
phenylacetic acids and benzaldehydes (15, 16). 
Starting materials required for the synthesis were 
either available commercially or could be readily 


CH&N + OHC 


/ 


CH,O 
Scheme I 
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TABLE 11-FLUORESCENCE OF SELECTED COM- 
POUNDS RELATIVE TO FLUORESCEIN ISOTHIOCYANATE 


Fluorescein Isothiocyanate 
Excitation at 


365 mp 
(with d 9 0  mp- 


Compd. QRU" Filter) Absent Present 


Rela- Visual Visual 
tive Detection Detection Filter 


Fluorescein 
isothiocyanate 1 . 0 0  1.000 1,000 1,000 


Quinine sulfate 2.100 0.240 0.490 0.0150 
43 0.640 0.060 0.067 0.0037 
44 0.040 0.003 0.002 0.0003 
16 0.150 0.006 0.029 0.0004 
17 0.040 0.005 0.017 0.0003 
52 0.090 0.006 0.0047 0.0004 
53 0.220 0.011 0.022 0.0007 
39 0.320 0.014 0.049 0.0009 
35 3.720 0.540 0.354 0.0350 
37 1.800 0.600 0.417 0.0391 
33 0.150 0.012 0.0306 0.0008 
31 0.130 0.013 0.023 0.0009 
20 0.090 0.004 0.063 0.0003 


a Quinine reference unit, see Ref. 20. 


to an example studied in the stilbene series in which 
the thiourea is more fluorescent than the isothio- 
cyanate. 


The intense fluorescence of the quaternary salts 
of the a-phenylcinnamonitriles is of special interest. 
It was shown that they were more fluorescent in 
absolute ethanol than water. 


The three isothiocyanates, Compounds 16, 43, 
and 52, that possessed QRU greater than 0.04 were 
tested in the fluorescent antibody procedure.' A 
QRU of 0.04 represents an intensity of a tenth that 
of fluorescein isothiocyanate when it is excited at 
365 mp. Conjugation of isothiocyanate 43 to 
rabbit antiserum proceeded as established for the 
commercial isothiocyanates (4). The water-in- 
soluble Compounds 16 and 52 were dissolved in a 
small amount of acetone and then added to the 
serum. Although different excitation and barrier 
filter combinations available in the microscope were 
employed, no usable fluorescence was observed. 


An important factor in reference to these results 
is that the antibody-labeling technique involves 
visual detection of emitted fluorescence and that the 
compounds under study fluoresce in the blue region 
of the spectrum where the sensitivity of the human 
eye is relatively poor. As previously described 
(%), a fluorometer employing a Kodak wratten 
filter No. 106 with a 1P28 phototube will approach 
the spectral response of the eye. Emission spectra 
of the isothiocyanates that had been tested in the 
fluorescent antibody procedure, along with their 
thiourea derivatives and other compounds of interest 
from the synthetic studies, were determined with 
an Aminco-Bowman spectrophotofluorometer with 
the 106 filter, 1P28 phototube system and are listed 
in Table 11. Solvents, pH, and activation wave- 
length were selected to yield the maximum fluores- 
cence for each compound studied. 


The relative fluorescence data in Table I1 indicate 
why Compounds 16, 43, and 52, that appeared 
promising in the QRU procedure, did not give 


1 We are indebted to Dr. W. C. Eveland and his staff 
in the University of Michigan School of Public Health for 
evaluating these compounds. 
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satisfactory results in the fluorescent antibody tech- 
nique. The relative fluorescence in reference to 
fluorescein isothiocyanate activated at 365 ma and 
detected by a system comparable to the spectral 
response of the eye was only onetenth of corre- 
sponding relative values obtained by the QRU pro- 
cedure. Each of these blue fluorescent compounds 
was reduced even further to a small fraction of the 
fluorescence of fluorescein isothiocyanate activated 
a t  its niaxiinum of 490 mr. The comparison on this 
latter basis is also listed in Table 11. 


Thus, while the objective of obtaining a coritrast- 
ing blue fluorescence was met, the intensity of the 
compounds was not great enough to overcome the 
disadvantage of emission in a region where the 
sensitivity of the eye is limited. This is particularly 
unfortunate because thcse compounds are excited by 
the intense mercury lines near 365 mp and are 
reasonably stable to ultraviolet irradiation, ad- 
vantages not found in the tagging agents presently 
employed. 


Journal of Pharmaceutical Sciences 


cooled to room temperature, the precipitate was 
collected and dried. Recrystallizations from ab- 
solute ethanol gave a pure thiourea. 


Quinine Reference Unit Procedure-Quinine 
reference units (QRU) (20) were obtained on an 
Aminco fluoro-microphotometer. The samples were 
excited by means of a G.E. No. F4T4/B1 4 w. UV 
lamp and a Corning 7-37 filter. The detection 
system consisted of a Kodak wratteii 2-A filter 
and a RCA 931-A phototube. 


One milliliter of stock solution of quinine sulfate 
(99.3 X 10+ g./ml. 0.1 N HzS04) was diluted to  100 
ml. with 0.1 N sulfuric acid, and a reading was ob- 
tained on the fluorometer. 


Solutions of the fluorescent compounds (50 to 
100 X 10- g./ml. in their appropriate solvents) 
were diluted and readings of the dilutions were taken 
until a linear relationship was observed between 
fluorescence and concentration. 


Values of dilutions equivalent to absorbance units 
of no greater than 0.05 at the exciting wavelength 
of 365 m p  were employed to calculate the QRU when 
a linear relationship of fluorescence to concentration 
was not observed. EXPERIMENTALe 


Reduction of Nitro to Amino Compounds (Pro- 
cedure A F A  suspension or solution of a nitro 
compound and 100 mg. of Adams’ catalyst/lO g. 
of compound in absolute ethanol was allowed to  
consume a calculated amount of hydrogen in a Parr 
hydrogenator. The catalyst was removed by 
filtration through diatomaceous earth3 and the 
ethanol was evaporated. The residue can be re- 
crystallized from aqueous ethanol or another ap- 
propriate solvent. 


Formation of an Isothiocyanate from an Amino 
Compound (Procedure B)-An acetone solution of 
the amino compound and an excess of thiophosgene 
(hood) was refluxed on a steam bath for 2 hr. 
Removal under reduced pressure a t  room tempera- 
ture of the unreacted thiophosgene (hood) and 
acetone leaves a material, which can be recrystallized 
from glacial or aqueous acetic acid. 


Quaternary Salt Formation (Procedure C)- 
A suspension of 0.01 mole of amino compound, 0.03 
mole of dimethyl sulfate, 5 ml. of water, and 5 g. 
of potassium carbonate in 60 ml. of acetone was 
heated on a steam bath for 2 hr. Filtration of the 
hot suspension followed by air evaporation of the 
filtrate (hood) gave the crude methosulfate salt. 
Addition of potassium iodide to an aqueous solution 
of the methosulfate formed the iodide which was 
collected by filtration and was dried. The metho- 
sulfate salts were recrystallized from absolute 
ethanol and the iodide salts were recrystallized 
from absolute ethanol and/or water. 


Thiourea Formation (Procedure D)-An equi- 
molar solution of an isothiocyanate compound and 
arnine in absolute ethanol was heated in a water 
bath for 1,530 min. When the reaction mixture 
~~ 


2 Catalytic hydrogenation reactions were carried out at  
room temperature and 60 p.s.i. by means of a Parr hydro- 
genator. Melting poinb were taken in open capillary tubes 
with a Mel-Temp electric block; they are corrected. U V  
spectra were determined in ethanol solution by means of a 
Beckman model DB spectrophotometer. I R  spectra were 
obtained with either a Perkin-Elmer Infracord or model 337 
grating spectrophotometer. Fluorescence spectra were 
determined with an Aminco-Bowman spectrophotonuorom- 
eter model No. 4-8106 equipped with a X-Y recorder; 
spectra were uncorrected. Microanalyses were performed 
by Spang Microanalytical Laboratory, Ann Arbor, Mich. * Celite 545, Johns-Manville Co., New York, N. Y. 
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Dissolution 
Anhydrous and 


Behavior and Solubility of 
Trihydrate Forms of Ampicillin 


By JOHN W. POOLE and CHANDER KANTA BAHAL 


Anhydrous ampicillin and ampicillin trihydrate were compared for solubility and 
relative rates of dissolution in distilled water at temperatures ranging from 7.5 to 
50'. Differences were noted in the physical-chemical properties of these two forms 
of ampicillin. The thermodynamic properties of these compounds have been experi- 
mentally evaluated. The properties noted for the two forms of the antibiotic are 
consistent with the observed differences in the biological utilization of the two forms 


after oral administration to laboratory animals and human subjects. 


ANY ORGANIC medicinal compounds are M capable of existing in more than one 
crystalline form having different physical-chem- 
ical properties. The resulting variation in the 
thermodynamic properties associated with differ- 
ences in crystal form may be of considerable phar- 
maceutical importance as pointed out previously 
by Higuchi (1). The present report is concerned 
with studies conducted to determine the differ- 
ences in some Of the physical-chemical properties 
of two forms of ampicillin, a semisynthetic peni- 
cillin. Specifically, the solubilities and relative 
rates of dissolution in distilled water of anhydrous 
ampicillin and ampicillin trihydrate were deter- 
mined and the thermodynamic properties of these 
crystal forms were experimentally evaluated. 


Most of the past work reported on the physical- 
chemical properties of crystalline hydrates has 
been concerned with inorganic compounds. The 
studies of Taylor and Henderson (2) on the vari- 
ous hydrates of calcium nitrate and of Hill (3) on 
calcium sulfate are examples of such studies. 
More recently several investigations concerned 
with studies of organic molecules in the anhydrous 
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and hydrated forms have been reported. An 
anhydrous form of phenobarbital and two of its 
hydrates were examined by Eriksson (4) for ap- 
parent solubility in water as a function of time. 
The relative dissolution rates of solvated and non- 
solvated crystal forms of several types of com- 
pounds of pharmaceutical interest, including 
steroids and xanthines were reported by Shefter 
and Higuchi (5). These workers also determined 
the thermodynamic properties of several of these 
crystal systems. 


EXPERIMENTAL 


Apparatus-A constant-temperature water bath 
equipped with Unitherm Haake constant-tempera- 
ture circulator' and a rotating-bottle apparatus,2 
Swinney hypodermic adaptor,s Millipore filtersS 
(pore sue 0.45 p ) ,  amber bottles, 120 ml. with poly- 
seal caps.' 


Compounds-In all the experiments anhydrous 
ampicillin, (Wyeth Laboratories batch C-10575, 
m.p. 203-204O) was used. The trihydrate form of 
ampicillin was prepared from the anhydrous form 
by the method of Austin et ul. (6). IR spectra and 
differential thermal analysis curves were obtained 
for this material. 


Procedure-An excess of drug, 2 g., in the appro- 
priate form was added to 100 ml. of distilled water 
previously equilibrated to the desired temperature. 


1 Brinkmann Instruments, Westbury, N. Y. 


a Millipore Corp., Bedford, Mass. 
4 Erno Products, Philadelphia, Pa. 


E. D. Menold Sheet Co., Lester, Pa. 
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A Cardioactive Steroidal 
Iodoacetate 


Keyphrases 
Aspirin hydrolysis-rat small intestine 
Everted intestineexperimental technique 
Hydrolysis, aspirin-concentration effect 
Enzymes, intestinal-aspirin hydrolysis effect 


Sir: 


Empirical relationships between the chemical 
constitution and biological activity of cardiac 
glycosides and aglycones, e.g., I, have been 
tabulated (l), and the unsaturated lactone a t  
C-17 appears essential for activity. Moreover, 
it seems likely that these cardiotonic substances 
act through inhibition of enzyme systems involved 
in ion transport (2). 


The chemical basis for the essentiality of the 
lactone is unknown. Portius and Repke (3) have 
proposed that the a,@-unsaturated carbonyl 
Wirkguppierung is a proton acceptor in hydrogen 
bonding, whereas Glynn (4) has postulated that 
addition of essential sulfhydryl groups to the 
unsaturated center may be involved. We have 
evaluated the last suggestion by the preparation 
of analogs. 


The reaction of I1 with chloroacetic anhydride at 
55' produced the corresponding 21-chloroacetate 
ester m.p. 109-11lo, [a]?* + 51'' which on 
treatment with sodium iodide in acetone solution 
gave the iodoacetate 111, m.p. 150-155', [a]*' + 
490. 


Biological evaluation was performed in the 
usual way (6) in cats under chloralose-urethan 
anesthesia. A volume of 1 ml. of 47.5% alcohol 
containing 0.4 mg. of drug was injected a t  3-min. 
intervals into the femoral vein. The effect of the 
drug was observed by ERG and blood-pressure 
readings recorded on a Grass polygraph. The 
following lethal doses were determined (LD f 
SEinmg./kg.):III (1.37 f 0.26), IV(7) (15.59 f 
2.28). The high activity of I11 indicates that 
the lactone ring is not an essential feature for a 
cardioactive compound. 


Iodoacetates are known to react with nucleo- 
philes, such as sulfhydryl groups. Thus a reason- 
able explanation for the great difference in po- 
tency of the iodoacetate I11 relative to the acetate 
IV is that alkvlation of an essential nucleophilic 


I II ,R=H 
111, R- COCHzI 
IV, R = COCH, 


Strophanthidiol 3, 19-diacetate (I) (5) in ethyl 
acetate solution was allowed to react with ozone 
a t  -YOo, and the resulting ozonide was decom- 
posed with zinc dust in acetic acid. Isola- 
tion of the product afforded 38, 58, 148, 19, 21- 
pentahydroxypregnan-20-one 3,lg-diacetate (11). 


group on the receptor is required for drug action. 
This is in harmony with the concept that the un- 
saturated lactone performs a similar function by 
addition of the nucleophile to the double bond. 
Gwallito and Haskell (8) have de-t~ed such 


1 Satisfactory analyses have been obtained for all new com- 
pounds in this paper. 
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reactions between unsaturated lactones and 
reagents containing sulfhydryl groups. On the 
other hand, the difference in activity of the iodo- 
acetate I11 and the acetate I V  argues against a 
hydrogen bonding role for the lacetone carbonyl 
grOUP- 


The cardiotonic activity of cassaine V (9) 
(LD 1.15 mg./kg.), may be explained in a similar 
manner, as the a,O-unsaturated ester in this 
material is also a potential electrophilic reagent. 
In both cases, the function of the polycyclic por- 
tion of the molecule is presumably to induce an 
inhibitory specific conformational perturbation 
(10) in the enzyme. This is indicated by the 
known biological consequences of structural varia- 
tions in this part of the molecule ( l ) ,  as well as 
by the fact that simple unsaturated lactones (11) 
and simple sulfhydryl reagents (12) are dissimilar 
from cardiac glycosides in their effects. 


The extension of these studies to other electro- 
philic analogs is in progress. 
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Books- 


REVIEWS 


Treatise on Analytical Chemistry. Part I11 : Ana- 
lytical Chemistry in Industry. Vol. l. Edited by 
I. M. KOLTHOFF, P. J. ELVING, and F. H. STROSS. 
Interscience Publishers, Inc., 605 Third Ave., 
New York, NY 10016, 1967. xxiv 4- 455 pp. 
17 X 24.5 cm. 
The well-known and respected “Treatise on 


Analytical Chemistry” series edited by Kolthoff and 
Elving by now has reached encyclopedic proportions. 
However, when it came to Part I11 “Analytical 
Chemistry in Industry” the editors, as they state in 
the Preface, deferred for industrially important 
analytical methods and procedures to Snell and 
Hilton’s even larger “Encyclopedia of Industrial 
Chemical Analysis” by the same publishers. There- 
fore, the first volume of Part I11 with F. Stross as 
co-editor addresses selected topics to the organiza- 
tion builder, the laboratory designer, the production 
controller, and the safety conscious among others. 
The pharmaceutical analyst should approach this 
volume forewarned that there are few specific refer- 
ences to the pharmaceutical industry. The student 
eager to explore the attractiveness of industrial 


Price $17.50. 


employment should be told that the treatise is a 
“comprehensive account’’ but comprehensiveness is 
not apt to stimulate the imagination or inspire 
enthusiasm. Where is the analytical Watson to 
write “The Double Focus?” 


About individual contributions the following 
should be briefly reported: In  “Analytical Chemis- 
try and the Analytical Chemist in Industry” Royer 
and Maricle are of the opinion that “analytical 
chemistry, without doubt, entered industry through 
the Control Laboratory.” In “Methodology of 
Industrial Analysis” Spauschus makes the excellent 
point that  “the contributions of the analytical chem- 
ist to a research program will be most effective if he 
is given the opportunity to participate while the 
program is being planned.” In “Organization of 
Analytical Chemistry in the Industrial Research 
Laboratory” Kirklin makes very cogent comments 
on the controversial question whether to submit 
samples for reanalysis “openly” or “blindly.” Kirk- 
lin also presents a plethora of organization charts but 
wisely states that “changes in details of organization 
are made frequently in accordance with the demands 
of the work.” He should have added “and of prob- 
lems of personality.” I n  “Organization for Ana- 
lytical Chemistry in Production Control” the same 
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the possibilities and ramifications are manifest. The 
approach of incubating the drug with intact tissue 
before homogenization and assay may be a useful one 
and should be considered even when quantitative 
extraction from a homogenate is obtained. 
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Method for Testing the Efficacy of Topical Sunscreen Preparations 
By W. M. KOOYERS 


A method has been developed for testing the efficacy of topical sunscreen pre ara- 
tions using photosensitive albino rats. T h e  method involves pretreatment of one 
hind paw with a sunscreen preparation, followed by an oral dose of a photosensitir- 
ing  agent and exposure to direct sunlight. The  delayed reaction and resulting differ- 
ence between the treated and untreated hind paw weight is an objective index of the 


protection afforded by the preparation tested. 


NTEREST IN topical sunscreen preparations was I stimulated by the successful treatment of light- 
sensitive patients at the University of Minnesota 
Hospital. Fusaro and Runge (1-3) reported clinical 
data supporting the hypothesis that topical treat- 
ment of the stratum corneum can reduce or minimize 
the harmful effect of ultraviolet radiation. 


The researcher's never-ending quest for new or 
better means to treat human diseases has led to the 
development of biological systems which simulate 
these diseases. As the diabetic rat is used as a screen 
for antidiabetic drugs (4), and the adjuvant arthritic 
rat for testing anti-inflammatory drugs (5), this 
method uses a photosensitive rat to  test the efficacy 
of topical sunscreen preparations. A sunscreen 
preparation (SSP) is defined as a formulation which, 
when applied topically, protects the treated area 
from sunburn. 


Albino rats are not hyperphotosensitive; however, 
rats treated orally with 25 mg./Kg. of Smethoxy- 
psoralen (SMOP) become very photosensitive (6-9). 
Subsequent exposure of 3-7 hr. of direct sunlight 
will initiate a delayed reaction that progressively 
worsens. The resulting erythema, edema, and blind- 
ness will incapacitate these rats after 5-7 days. Rats 
photosensitized with 8-MOP, which have only part 
of their extremities exposed to  direct sunlight, will 
show evidence of photosensitivity on the exposed 
areas only (9). 
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This photosensitive reaction is evident 2 or 3 
days after exposure and can be visually evalu- 
ated by scoring the affected extremities from 0 
to 4 depending upon the severity of the erythema 
and edema. A more objective index is the compari- 
son of hind paw weights of photosensitive rats and 
normal rats. This is a measurement of the edema 
caused by the reaction. This objective index is used 
in this method. 


METHOD 
Fiye male albino rats' per group, weighing 180- 


200 Gm., were restrained in stocks while each left 
hind paw was dipped into the SSP. The restraint 
was maintained until the treated area was com- 
pletely dry. This minimized the possibility of 
systemic effect that could be caused by ingestion if 
the rats were allowed to  clean the treated area. 


After application of the SSP, the sunscreen groups 
and one control group were dosed orally with the 
photosensitizing agent, %MOP* at 25 mg./Kg., and 
were then placed in direct sunlight for 5 hr. Each 
group was housed in a cage designed to allow maxi- 
mum exposure t o  the sunlight. Normal controls 
were exposed simultaneously. 


Three to Seven days after exposure, the rats 
were sacrificed, body weights recorded, and both 
hind paws were uniformly severed (10) using a 
suitable apparatus.' The weight of each hind paw 
was recorded. The weight difference between the 
untreated right hind paw and the treated left hind 


1 Spartan Research Sprague-Dawley strain. 
f Five mg./ml. of &MOP as a suspension containing per 


ml.: 5 mg. sodium carhoxymethylcellulose; 4 mg. polysorbate 
80; 9 mg. sodium chloride; and 9 mg. benzyl alcohol NF. * Harvard Apparatus Company's decapitator. 
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TABLE I-EFFECT OF SUNSCREEN PREPARATIONS ON HIND PAW WEIGHTS OF PHOTOSENSITIVE RATS 


Treatment Av. Wt.. in Gm.: 5 Rats/Group --. 
- - D a y 2 7  Final 


5hr. Body 
7 Day 1 - Sun- Weights Right Hind Left Hind Difference 


Experiment Group No. and Title &MOPb light =t SEM' Paw =t SEM Paw f SEM =t SEM 
No. 1 1 Normalcontrols N o  Yes 206 f 2 1.39 f 0.02 1.40 f 0.02 -0.01 f 0.01 


2 Photosensitive Yes Yes 180 f 2 2.08 f 0.03 2.06 f 0.04 0.02 f 0.05 


3 SunscreenAa Yes Yes 181 f 1 1.91 f 0.07 1.35 f 0.04 0.56 f 0.05 
4 Sunscreen B' Yes Yes 180 f 1 1.92 f 0.07 1.34 f 0.02 0.58 f 0.07 


No. 2 5 Normal controls No Yes 224 f 1 1.43 f 0.07 1.45 f 0.02 -0.02 f 0.01 
6 Photosensitive Yes Yes 185 f 6 1.80 f 0.06 1.81 f 0.08 -0.01 f 0.02 


7 Sunscreen C' Yes Yes 178 f 2 1.93 f 0.07 1.48 f 0.05 0.45 f 0.02 
8 Sunscreen Do Yes Yes 174 f 4 1.61 f 0.07 1.33 f 0.01 0.28 f 0.06 


controls 


controls 


Left hind paws dipped into the sunscreen preparation six times on Day 1. 8-Methoxypsoralen 5 mg./ml. suspension given 
Experiment No. 1 terminated 3 days after exposure. orally a t  8:30 a.m. Day 2. 


Experiment No. 2 terminated 4 days after exposure. 
'SEM - Standard error of the mean. 


TABLE 11-HIND PAW WEIGHT DIFFERENCE EVALUATED BY THE t TEST ON DIFFERENCES 


Group No. Av. Sum of Calculated" -Allowed 1 b- 
and Title Difference Difference t p = 0.05 p = 0.01 Significant 


1 Normal controls - 0.01 -0.05 1.00 2.78 4.60 
2 Photosensitive 


controls 0.02 0.10 0.42 2.78 4.60 
3 SunscreenA 0.56 2.82 10.84 2.78 4.60 p = 0.01 
4 Sunscreen B 0.58 2.88 9.31 2.78 4.60 p = 0.01 
5 Normal controls - 0.02 -0.08 1.55 2.78 4.60 
6 Photosensitive 


controls -0.01 -0.03 0.27 2.78 4.60 
7 Sunscreen C 0.45 2.25 15.33 2.78 4.60 p = 0.01 
8 Sunscreen D 0.28 1.42 4.85 2.78 4.60 p = 0.01 


Calculation performed by Control Statistical Services, the Upjohn Company. Allowed I values are extracted from 
Table 111 of Fisher and Yates, Statistical Tables, at 4 d f .  


paw was an objective index of the protection 
afforded by the SSP. The statistical significance of 
this weight difference was evaluated by the t test 
on differences. 


RESULTS AND DISCUSSIONS 
Results presented in Table I are typical for this 


method. The body weights were routinely recorded 
to help identify aberrant rats. Normal and photo- 
sensitive controls are used to prove the sensitivity 
of this biological system. The hind paw weights 
within each control group are uniform; however, 
the photosensitive controls weigh considerably more 
than normal controls. This edematous condition of 
the photosensitive rats occurred 3-7 days after the 
oral dose of 8-MOP a d  exposure to direct sunlight. 


The efficacy of the SSP is evident in Groups 3, 
4, 7, and 8 of Table I. The average weight of sun- 
screen-treated left hind paws is similar to that of 
normal controls, while the untreated right hind paws 
are edematous like the photosensitive controls. 
The calculated weight difference between the un- 
treated and treated paws of each rat is evidence of 
the protection afforded the treated paw by the SSP. 


Using five rats per group, this weight difference is 
statistically significant at p = 0.01 when evaluated 
by the t test on differences. These statistical data 
are reported in Table 11. 


SUMMARY 
A method for testing the efficacy of topical sun- 


screen preparations is reported. The hind paw weight 
difference of photosensitive rats is a statistically 
significant index, easily controlled, and objective. 
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Synthesis of 3 '-Deoxynucleosides III 
Synthesis of 9- (3-Deoxyaldofuranosyl) Adenines Derived 


3-Deoxy-~-mannose and 3-Deoxy-D-galactose 
from 


By J. PROKOP and DANIEL H. MURRAY 


The diisopropylidene derivative of 3-deoxy-~-mannose was selectively hydrolyzed 
to 1,2-O-isopropylidene-3-deoxy-D-mannofuranose. In one series of reactions, this 
compound was converted via benzoylation and acetolysis to a suitably blocked sugar, 
which on condensation with chloromercuri-6-benzamidopurine (using titanium 
tetrachloride), followed by deacylation, yielded 9- (3-deo -a-Dmannofuranosyl) 
adenine. In a second series of reactions, 1,2-0-isopro yliyene-3-deoxy-~manno- 
furanose was converted through eriodate oxidation an8 borohydride reduction to 
the corresponding derivatives of 3deoxy-~-arabinose, convertible by the above 
standard reactions to 9- (3-deoxy-a-~arabinofuranosyl)adenine. Inversion of 1,2- 
0-isopropylidene- 5,6-di-O-methanesulfonyl-3-deoxy-D-galactofuranose with sodium 
benzoate led to ~,6-di-O-benzoyl-~,~-O-isopropylidene-3-deoxy-~-mannofuranose 


from which 9- (3-deoxy-a-L-mannofutanosyl) adenine was similarly prepared. 


N RECENT YEARS, there has been interest in the I structure and stereochemistry of the sugar 
moiety of adenine nucleosides required for in- 
hibitory activity. Among these are adenine 
compounds bearing various fraudulent sugars 
(I-3), including 3-deoxyaldofuranoses. In the 
present report are described the syntheses of 
9-(3-deoxy-a-~-mannofuranosyl)adenine, 9-(3- 
deoxy-a-D-arabinofuranosyl) adenine, and 9-(3- 
deoxy-a-L-mannofuranosyl) adenine. 


Acetonation of 3-deoxy-D-mannose (I, Scheme 
I) (4) gave the corresponding 1,2:5,6-di-O- 
isopropylidene derivative (11) as a distillable 
liquid in a yield of 79%. Selective hydrolysis 
using 0.01 N HCl converted I1 to the syrupy 
1,2-O-isopropylidene compound (111) in a yield 
of 67% (based on unrecovered 11). The un- 
hydrolyzed diacetone derivative, as well as 
some deoxymannose produced by complete hy- 
drolysis, could be recovered and reused. 
Benzoylation of the crude monoacetone com- 
pound gave the 5,6-dibenzoate (IV) as a non- 
crystallizing syrup, whose elemental analysis 
suggested i t  to be pure within acceptable analyti- 
cal limits, although the infrared spectrum indi- 
cated that a small amount of benzoic anhydride 
was present. Acetolysis of the dibenzoate to 
the anomeric syrupy 1,2-diacetate (V) was 
followed by coupling with chloromercuri - 6 - 
benzamidopurine (VI) (1) in the presence of 
titanium tetrachloride to give the crude, blocked 
nucleoside (VII) as a glass. Deacylation was 
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achieved with methanolic sodium methoxide 
and the crude crystalline nucleoside (VIII) 
rapidly separated from the cold (OO) solution in 
a yield of 53%. The anomeric carbon of this 
nucleoside was assigned the a configuration 
by application of the trans rule' (5). In addi- 
tion, the positive rotation (+52') is consistent 
with a number of furanosyl adenines of the 
ff-D-SerieS and is substantially more positive 
than would be expected for the ,%D-anomer.* 


The starting material for the related pentose 
nucleoside (XIV, Scheme 11) was 1,2-O-iso- 
propylidene - 3 - deoxy - D - mannofuranose (111). 
Oxidation of I11 with sodium periodate gave a 
colorless, mobile liquid which reduced Bene- 
dict's solution and showed infrared bands at  
1,735 cm.-l ( C 4 ,  strong) and 2,750 cm.-I 
(C-H, weak), characteristic of an aldehyde 
group. Although a low carbon analysis was ob- 
t a i ~ ~ e d , ~  the aldehyde-pentose structure (IX) is 
suggested for this compound. Reduction of this 
aldehyde with sodium borohydride gave 1,2-0- 
isopropylidene-3-deoxy-~-arabinofuranose (X) as 
a colorless liquid in an overall yield of 60% from 
the crude monoacetone hexose (111). Benzoyla- 
tion of the monoacetone pentose gave an 83% 
yield of the 5-0-benzoyl derivative (XI) which 
was obtained crystalline. This compound 


1 The terms cis and trans as used in this paper refer to the 
configuration of substituents on the C l  and C2 positions of 
the sugar moiety. Similar condensations in this laboratory, 
with a variety of sugars have shown thus far that when the 
cis nucleoside is produhed, its yield is, at best, relatively 
small. * The reader is referred to the extensive tables included in 
Reference 6. 


a This appears to be related to the presence of impurities 
resulting from the oxidation of a crude sample of 111 (a weak 
hydroxyl bond was also observed in the infrared). Further 
purification of this compound, bevond simple distillation, was 
not attempted. 
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showed an infrared spectrum which was identical 
in all respects to that of 5-0-benzoyl-1 ,S-0-iso- 
propylidene - 3 - deoxy - L -  arabinofuranose (XIa) 
originally prepared from 1,2-O-isopropylidene- 
3-deoxy-~-galactofuranose (1). The constants 
shown in Table I substantiate the enantio- 
morphic relationship of these two pentose deriva- 
tives. Acetolysis of X I  gave the syrupy 1,2- 
diacetate (XII) in 00% yield. This was con- 
verted to the blocked nucleoside (XIII) via the 
titanium tetrachloride procedure and removal of 
the blocking groups with methanolic sodium 
methoxide resulted in the separation of the 
crystalline nucleoside (XIV) in a yield of 31% 
(from crude XII). This nucleoside was found 
t o  be, as expected, the enantiomorph of 9-(3- 
deoxy-a-L-arabinofuranosyl) adenine (XIVa) (1). 
The infrared spectra of these compounds were 
superimposable and their constants are as 
shown in Table I. 


I n  a recent publication, Rembarz (7) has 
formulated diisopropylidene-3-deoxy-~-mannose 
as a 1,2:4,G-substituted derivative, i . e . ,  as a 
pyranose. The optical rotation which is re- 
ported for this compound (7), as well as that of the 
1,2-monoacetone derivative, closely approaches 


the determined values of compounds I1 and 111, 
respectively. The syntheses reported in this 
paper are consistent throughout with the assign- 
ment of a 1,2: 5,6-substituted furanose structure 
for compound 11. There is no current explana- 
tion for this apparent discrepancy. 


The route to the third nucleoside (XX) began 
with 1,S- 0- isopropylidene-3-deoxy-~-ga~acto- 
furanose (XV, Scheme 111) (1)  which, after 
conversion to the 5,6-di-O-methanesulfonyl 
derivative (XVI) was inverted using sodium 
benzoate in dimethylformamide to give syrupy 
5,6-di-O-benzoyl- 1,2-0-isopropylidene-3-deoxy - L- 
mannofuranose (XVII) in a combined yield 
of 13%. Acetolysis gave XVIII as a syrup 
which was coupled with chloromercuri-6-benz- 
amidopurine. The acyl groups were removed 
from the crude blocked nucleoside (XIX) with 
sodium methoxide in methanol, and 9-(3-deoxy- 
a-L-mannofuranosyl) adenine (XX) readily 
crystallized from the reaction in an overall yield 
of 39% from XVII. The enantiomorphic re- 
tionship of this nucleoside with VIII was readily 
established by consideration of their constants 
(Table I) ,  and their superimposable infrared 
spectra. 
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EXPERIMENTAL4 


1,2 : S16-Di-O-isopropylidene - 3 - deoxy - D - manno- 
furanose (II)-A mixture of 4.00 g. (24.4 mmoles) of 
finely powdered 3-deoxy-~-mannose (I) (4), 10 g. 
of anhydrous copper sulfate, and 100 ml. of reagent 
acetone containing 80 mg. of concentrated sulfuric 
acid was stirred continuously in a stoppered flask at 
room temperature for 24 hr. The mixture was 
filtered, the solid washed with 50 ml. of acetone, 
and the combined filtrate and washing was stirred 
for 1 hr. with 4 g. of powdered barium car- 
bonate then filtered through diatomaceous earth.6 
After washing the cake with acetone (3 X 25 ml.), 
the combined filtrate and washings were evaporated 
to  dryness in vacuo at 50" to give 5.69 g. (95.70/,) of 
crude product as a pale yellow liquid of moderate 
viscosity. Distillation at 0.05 mm. pressure gave 
a clear colorless liquid with b.p. 60431" ; yield, 4.67 
g. (78.5%). For analysis a sample was redistilled 
at 54O/0.04 mm.; [a]? + 24' [c 1.46 (CHICI)~]; 
~ ~ ~ ~ , ~ ~ ~ , - 1 ~  1,380 (gem-dimethyl), and no absorption 
at 3,400 (OH). 


Anal.-Calcd. for ClzH~06: C, 59.00; H, 8.25. 
Found: C, 59.06; H, 8.27. 


1,2-O-Isopropylidene-3 - deoxy - D -mannofuranose 
(111)-To 445 ml. of 50% aqueous methanol at N o ,  
0.01 N with respect to hydrochloric acid, was added 
8.87 g. (36.3 mmoles) of distilled 1,2: 5,6-di-O-iso- 
propylidene-3-deoxy-~-mannofuranose (11) and the 
solution stirred continuously a t  this temperature for 


-61m 


Melting points were determined in an oil bath and are 
uncorrected. Optical rotations and infrared spectra were de- 
termined using a Rudolph model 80 polarimeter and Perkin- 
Elmer infrared, respectively. 


6 Celite, Johns-Manville, New York, N. Y. 


90 min. The reaction was neutralized with 1 N 
aqueous sodium hydroxide t o  the phenolphthalein 
end point, and evaporated in vacuo at 40" to a syrup, 
which was partitioned between 200 ml. of water and 
50 ml. of chloroform. The organic phase was 
separated, dried over magnesium sulfate, filtered, 
and evaporated to dryness in vacuo (Soo) to give 
0.80 g. (8.8%) of a clear colorless liquid whose in- 
frared spectrum was identical to that of the starting 
material (11). 


The aqueous phase was evaporated to dryness 
in vacuo a t  40°, and the syrupy residue was further 
dried by the addition of absolute ethanol (100 ml.) 
followed by its removal in vacuo (40O). The syrupy 
residue was extracted with hot chloroferm (3 X 30 
ml.). The combined extracts were stored overnight 
at 5' during which time a turbidity developed. 
Filtration through diatomaceous earth and evapora- 
tion to dryness in vacuo at 50" gave the crude 
product as a clear colorless syrup which was suffi- 
ciently pure for the next step; yield, 4.55 g. (67.470 


TABLE I-MELTING POINTS AND 
SPECIFIC ROTATIONS 


Compound M.p., OC. [-I%' ' 


XI 87 +42 
XIU 86.5-87" -440 ~ ~ - .  


XIV 242.5-243 +% 
XIVa 242.5-243" - 5lm 
VIII 211-212 + 52 xx 212-213 -53 


Reference 1. 
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based on unrecovered starting material). For 
analysis, a sample was sublimed at 85'/0.05 mm. 
to give a clear, colorless syrup; [a12 4-24' [c 
1.02 (CHzC1)zI; C ~ ~ . ~ c m . - ~ ,  3,500 (OH), 1,380 
(gem-dimethyl). 


Anal.-Calcd. for CsHlsOs: C, 52.93; H,  7.90. 
Found: C, 52.63; H ,  7.83. 


The chloroform-insoluble syrupy residue (above) 
readily crystallized from ethanol on seeding with 
3-deoxy-~-mannose. 
5,6-Di-O-benzoyl-l,2-O-isopropylidene - 3 - deoxy- 


D-mannofuranose (N)-To a well-stirred solution 
of 1.51 g. (7.39 mmoles) of crude 1,2-8isopropyli- 
dene-3-deoxy-~-mannofuranose (111) in 15 ml. of 
reagent pyridine a t  0' was added 2.22 ml. (19.2 
mmoles) of benzoyl chloride dropwise, over a period 
of 5 min. After being stirred for an additional hour 
at O', the mixture was stored at room temperature 
for 24 hr. The reaction was quenched by the addi- 
tion of 4 drops of water and poured slowly into 200 
ml. of rapidly stirred ice water. After 45 min., 
the mixture was extracted with chloroform (3 X 40 
ml.). The combined extracts were washed with 
aqueous saturated sodium bicarbonate (40 ml.) 
and water (40 ml.), dried over magnesium sulfate, 
filtered, and evaporated to dryness in vacuo at 
50". The last traces of pyridine were removed by 
the addition of toluene (2 X 15 ml.), followed by its 
subsequent removal in vacuo (50') to give a prac- 
tically clear pale yellow syrup. The turbidity was 
removed by solution of the syrup in 40 ml. of 95% 
ethanol, filtration through a layer of diatomaceous 
earth and activated carbon: and evaporation of the 
filtrate to dryness in vacuo (50'), finally at 0.05 
mm. pressure gave the product as a clear practically 
colorless syrup; yield, 2.97 g. (97.4y0); [a]? -28" 
[c 2.0 (CH2Cl)z] ; if:. (cm.-~) 1,725 (benzoate 
C=O), 1,600 (phenyl), 1,380 (gem-dimethyl), 
1,275 (benzoate C-0-C), 710 (phenyl). 


And-Calcd. for C%H&: C, 66.98; H, 5.87. 
Found: C, 66.82; H,  5.76. 


l,Z-Di-O-acetyl-5,6-di- 0 - benzoyl- 3 - deoxy - D- 
~- 


6 Nuchar. West Virginia Pulp and Paper Co.,  New York, 
N. Y. 


'e III  


X W I  


mannofuranose (V)-To a well-stirred solution of 
2.80 g. (6.68 mmoles) of 5,6-di-O-benzoyl-l,2-O-iso- 
propylidene-3-deoxy-~-mannofuranose (IV) in 27 
ml. of glacial acetic acid and 2.7 ml. of acetic an- 
hydride was added 1.50 ml. of concentrated sulfuric 
acid dropwise, while maintaining the temperature 
at 15-20'. After stirring for 1 hr., the reaction 
was stored at room temperature for 24 hr. The 
solution was poured into 150 ml. of rapidly stirred 
ice water and, after 75 min., the mixture was ex- 
tracted with chloroform (3 X 40 ml.). The com- 
bined extracts were washed with aqueous saturated 
sodium bicarbonate (80 ml.) and water (80 ml.), 
dried over magnesium sulfate, filtered and evapo- 
rated to dryness in vucuo a t  50°, finally a t  0.05 
mm. pressure, to give a clear practically colorless 
syrup which was sufficiently pure for the next step; 
yield, 2.11 g. (68.1%); C ~ ~ . ( c m . - ~ )  1,750 (acetate 
C=O), 1,725 (benzoate C=O), 1,600 (phenyl), 
1,280 (benzoate (2-0-C), 1,220 (acetate C-O- 
C), 710 (phenyl). 


Anel.-Calcd. for C Z ~ H N O ~ :  C, 63.15; H, 5.30. 
Found: C, 62.02; H, 5.67. 
9-(3-Deoxy-a-D-mannofuranosyl)adenine . (VIII) 


-A mixture of 1.79 g. (3.93 mmoles) of crude 1,2-di- 
O-acetyl-5,6-di-O- benzoyl - 3 - deoxy - D - mannofura- 
nose (V), 2.33 g. (4.91 mmoles) of chloromercuri-6- 
benzamidopurine (VI), 2.4 g. of diatomaceous earth, 
and 170 ml. of ethylene dichloride was distilled until 
25 ml. of distillate had been collected. T o  the par- 
tially cooled mixture was added a solution of 0.54 
ml. (4.9 mmoles) of titanium tetrachloride in 7 ml. 
of ethylene dichloride, and the reaction was heated 
under reflux for 24 hr. After cooling, 65 ml. of 
aqueous saturated sodium bicarbonate was added; 
the mixture was stirred vigorously for 4 hr. and 
filtered through diatomaceous earth. After washing 
the cake with chloroform (3 X 30 ml.), the organic 
phase was  separated from the filtrate and evaporated 
to near dryness in vucuo a t  40'. A solution of the 
residue in 40 ml. of chloroform was washed with 40 
ml. of 30% aqueous potassium iodide and 40 ml. of 
water, dried over magnesium sulfate, filtered, and 
evaporated to  dryness in vucuo at 50' to give the 
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crude blocked nucleoside (VII) as a yellow foam 
which hardened to a glass; yield, 2.10 g. (84.0%); 
vmaX. ( c m . - ~ )  3,300 (NH), 1,750 shoulder (acetate 
C=O), 1,725 (benzoate C=O), 1,690 shoulder 
(amide C=O), 1,600, 1,575 (C=N and C=C), 
1,280 (benzoate C-0-C), 1,925 shoulder (acetate 
C-0-C), 1,090,1,070, 1,025 (sugar C-0-C), 710 


A solution of 1.99 g. of crude blocked nucleoside 
(VII) in 50 ml. of 0.1 N methanolic sodium meth- 
oxide was heated under reflux for 2.5 hr. The 
cooled solution was neutralized with glacial acetic 
acid and stirred at 0" for 2 hr. which caused the 
separation of the crude nucleoside. The product 
was collected on a filter, washed with 2 ml. of cold 
methanol and dried, to give a light brown, crystal- 
line solid; yield, 0.557 g. (53.3y0 from the 1,2- 
diacetate, V); m.p. 208-211". For analysis, a 
sample was recrystallized from water with light 
charcoaling and again from 80% aqueous methanol 
to give small, white needles, m.p. 211-212'; 
XvH 1 


Amax. c m g  259 (S  14,700); fi:;:, a om.-^) 3400-3100 
(broad OH and NH), 1,605,1,565 (C=C and C=N); 
[a]? +52' (C 1.15 H2O). 


Anal.-Calcd. for CI~HIINIO~: C, 46.97; H, 
5.38; N, 24.90. Found: C, 46.86; H, 5.40; N, 
24.72. 


1,2-0-1sopropylidene- 3 - deoxy - D - threo - pento- 
dialdofuranose (=)-To a well-stirred solution of 
2.03 g. (9.95 mmoles) of crude 1,2-0-isopropylidene- 
3-deoxy-~-mannofuranose (111) in 60 ml. of water 
was added 2.13 g. (9.95 mmoles) of sodium meta- 
periodate and the pH adjusted to between 6.0 and 
6.5 (pH paper) with 0.1 N sodium hydroxide solu- 
tion. After 1 hr., during which the pH was adjusted 
when necessary with sodium hydroxide solution, the 
solution was extracted with chloroform (5 X 60 ml.). 
The combined extracts were washed with 60 ml. of 
water, dried over magnesium sulfate, filtered, and 
evaporated to  dryness in vucuo a t  40" giving the 
crude product as a clear, colorless, mobile liquid 
which was sufficiently pure for the next step; yield, 
1.49 g. (87.2%). For analysis, a sample was sub- 
limed a t  60"/0.8 mm. to give a clear, colorless 
liquid; fit::.  em.-^) 3,550 (OH), 2,750 (aldehyde C- 
H), 1,735 (aldehyde C=O), 1,380 (gem-dimethyl). 


Anal.-Calcd. for CsH1204: C, 55.80; H,  7.03. 
Found: C, 51.63; H, 6.99. 


lI2-O-Isopropylidene-3- deoxy-D - arabinofuranose 
(X)-To a stirred solution of 0.57 g. (15 mmoles) of 
sodium borohydride in 20 ml. of water was added a 
solution of 1.27 g. (7.38 mmoles) of crude 1,2-0- 
isopropylidene-3-deoxy-~-threo - pentodialdofuranose 
(IX) in 20 ml. of methanol. After 1 hr., the 
solution was neutralized with dilute aqueous acetic 
acid, then evaporated to near dryness in vacuo at 40". 
The residue was dissolved in 25 ml. of water and 
extracted with chloroform (5 X 125 ml.). The com- 
bined extracts were washed with 25 ml. of water, 
dried over magnesium sulfate, filtered, and evapo- 
rated to  dryness in vucuo at 50" to give the crude 
product as a clear, colorless liquid; yield, 0.996 g. 
(77.5%). An analytical sample was prepared by 
sublimation at 80"/0.7 mm. to give a clear, colorless 
liquid; 3,500 (OH), 1,380 (gem-di- 
methyl). 


AnaZ.--Calcd. for CsH1404: C, 55.16; H, 8.10. 
Found: C, 54.98; H, 7.73. 


-KBr 


(phenyl). 


ma=. (mp) 257 (c 14,600)s X Z . ' ? m p )  260 (e 15,000), 
H . 0  
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5-O-Benzoyl-l,2-0- isopropylidene - 3 - deoxy - D- 
arabinofuranose (=)-To a well-stirred solution of 
0.844 g. (4.85 mmoles) of crude 1,2-O-isopropyli- 
dene-3-deoxy-~-arabinofuranose (X) in 12 ml. of 
reagent pyridine at 0" was added 0.73 ml. (6.3 
mmoles) of benzoyl chloride dropwise, over a period 
of 4 min. After standing at room temperature for 
22 hr., the mixture was poured into 130 ml. of 
vigorously stirred ice water. The crude product 
separated as a white solid which was collected on a 
filter, washed with cold water (5 X 10 ml.), and 
dried in E'UCUO over phosphorus pentoxide; yield, 
1.12 g. (82.9%); m.p. 76-78'. An analytical 
sample was prepared by recrystallization twice 
from methanol-water ( 1 : 3) to give small needles; 
m.p. 87'; fi:::. 1,720 (benzoate C=O), 
1,600 (phenyl), 1,385 (gem-dimethyl), 1,265 (benzo- 
ate C-0-C), 707 (phenyl); [a]? + 42' (c 1.18 
CHCL). 


And-Calcd. for CI6Hl805: C, 64.73; H,  6.52. 
Found: C, 64.62; H, 6.57. 
l12-Di-O-acetyl-5-O-benzoyl-3-deoxy-D- arabino- 


furanose (XII)-To a well-stirred solution of 0.973 
g. (3.50 mmoles) of crude 5-O-benzoyl-l,2-O-isopro- 
pylidene-3-deoxy-~-arabinofuranose (XI) in 17 ml. 
of glacial acetic acid and 1.92 ml. of acetic anhydride 
was added dropwise 1.06 ml. of concentrated sul- 
furic acid, while maintaining the temperature be- 
tween 10 and 20". After standing at room tempera- 
ture overnight, the solution was poured into 150 ml. 
of ice water with vigorous stirring for 40 min., 
then extracted with chloroform (5 X 20 ml.). The 
extracts were combined, washed with 100 ml. of 
aqueous saturated sodium bicarbonate and 50 ml. 
of water, dried over magnesium sulfate, filtered, and 
evaporated to dryness in uucuo at 50' to give the 
crude product as a clear, colorless syrup; yield, 
0.681 g. (60.2%); fit:. (em.-l) 1,750 (acetate C=O), 
1,720 (benzoate C=O), 1,600 (phenyl), 1,270 (ben- 
zoate C-0-C), 1,220 (acetate C-0-C), 710 


And-Calcd. for CleH180~: C, 59.62; H, 5.63. 
Found: C, 59.12; H, 6.08. 
9-(3-Deoxy-a-D-arabiofuranosyl) adenine (XIV) 


-A mixture of 0.473 g. (1.47 mmoles) of crude 1,2- 
0-acetyl-5-0- benzoyl - 3 - deoxy - D - arabinofuranose 
(XII), 0.872 g. (1.84 mmoles) of chloromercuri-6- 
benzamidopurine (VI), 1.0 g. of diatomaceous earth, 
and 80 ml. of ethylene dichloride was distilled until 
25 ml. of distillate had been collected. To the par- 
tially cooled mixture was added a solution of 0.20 
ml. (1.8 mmoles) of titanium tetrachloride in 3 ml. 
of ethylene dichloride, and the mixture heated 
under reflux for 24 hr. While the mixture was still 
warm, 30 ml. of aqueous saturated sodium bicar- 
bonate was added with vigorous stirring. After 
2 hr., the mixture was filtered through diatomaceous 
earth and the cake washed with chloroform (3 X 
10 ml.). The organic phase was separated from the 
filtrate and evaporated to near dryness in vucuo at 
40". A solution of the residue in 15 ml. of chloro- 
form was washed with 15 ml. of 300/, aqueous 
potassium iodide and 15 ml. of water, dried over 
magnesium sulfate, filtered, and evaporated to dry- 
ness in vucuo at 50" to  give the crude, blocked 
nucleoside, (XIII), as a yellow syrup; yield, 0.697 
g. (94.8%); i i ~ ~ ~ . ( c m . - ~ )  1,745 (acetate C=O), 
1,790 (benzoate C=O), 1,700 (amide C=O), 
1,605, 1,580 (purine ring and phenyl), 1,250 (benzo- 


(phenyl). 
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benzene as the eluant. The first 200 ml. of eluate 
was evaporated to dryness in vacuo at 50" to give 
a light amber syrup whose infrared spectrum indi- 
cated the desired product but with some con- 
tamination. The next 600 ml. of eluate, processed 
in the same manner, gave a pale yellow syrup with 
the desired spectrum; yield, 0.556 g. (16.20/0); 


(benzoate C=O), 1,600 (phenyl), 1,380 (gem-di- 
methyl), 1,280 (benzoate C-0-C), 710 (phenyl). 
This material was not purified further but used 
directly in the next step. 


1,2-Di-O-acetyl-5,6-di- 0 - benzoyl - 3 - deoxy - L- 
mannofuranose (XVII1)-To a well-stirred solution 
of 0.515 g. (1.25 mmoles) of 5,6-di-O-benzoyI-1,2-0- 
isopropylidene-3-deoxy-~-rnannofuranose (XVII) in 
5 ml. of glacial acetic acid and 0.94 ml. (10 mmoles) 
of acetic anhydride was added 0.28 ml. of concen- 
trated sulfuric acid dropwise, while maintaining the 
temperature between 15 and 20". After being stored 
overnight a t  room temperature, the solution was 
poured into 50 ml. of vigorously stirred cold 107" 
aqueous sodium acetate. After a further 30 min. 
of stirring, the mixture was extracted with chloro- 
form (3 X 15 ml.). The combined extracts were 
washed with aqueous saturated sodium bicarbonate 
(2 X 30 ml.) and water (30 ml.), dried over mag- 
nesium sulfate, filtered, and evaporated to  dryness 
in vawo at 50" to give a slightly turbid practically 
colorless syrup which was sufficiently pure for the 
following step; yield, 0.454 g. (79.7%); i:::.".. 
1,750 (acetate C=O), 1,725 (benzoate C=O), 
1,600 (phenyl), 1,280 (benzoate C-0-C), 1,220 
(acetate C-0-C), 710 (phenyl). 
9-(3-Deoxy-a-L-mannofuranosyl)adenine (XX)- 


A mixture of 0.378 g. (0.829 mmole) of crude 1,2-di- 
O-acetyl-5,6-di-O-benzoyl-3- deoxy - L- mannofuranose 
(XVIII), 0.493 g. (1.04 mmoles) of chloromercuri-6- 
benzamido-purine (VI), 0.5 g. of diatomaceous earth, 
and 55 ml. of ethylene dichloride was distilled until 
25 ml. of distillate had been collected. To  the par- 
tially cooled mixture was added a solution of 0.11 
ml. (1.0 mmole) of titanium tetrachloride in 5 ml. of 
ethylene dichloride, and the mixture heated under 
reflux for 29 hr. While the mixture was still warm, 
20 ml. of aqueous saturated sodium bicarbonate 
was added, the mixture stirred vigorously for 1 hr., 
and then filtered through diatomaceous earth. 
After washing the cake with chloroform (3 X 10 
ml.), the organic phase was separated from the 
filtrate and evaporated to near dryness in vacuo 
at  40'. A solution of the residue in 15 ml. of 
chloroform was washed with 15 ml. of 30% aqueous 
potassium iodide and 15 ml. of water, dried over 
magnesium sulfate, filtered, and evaporated to 
dryness in vacuo at 50" to give the crude blocked 
nucleoside (XIX) as a yellow glass; yield, 0.396 g. 
(77.0%); ~8.":. (cm.-l) 3,300 (NH), 1,750 shoulder 
(acetate C=O), 1 ,25  (benzoate C=O),  1,605, 
1,580 (C=N and C==C), 1,280 (benzoate C-0-C), 
1,090, 1,070, 1,025 (sugar C-0-C), 710 (phenyl). 


A solution of 0.394 g.  of the crude blocked nucleo- 
side (XIX) in 10 ml. of 0.1 N methanolic sodium 
methoxide was heated under reflux for 2.5 hr. 
The cooled solution was neutralized with glacial 
acetic acid and stored a t  5" overnight. The crude 
crystalline nucleoside, which had separated from 
solution, was collected on a filter, washed with 
cold methanol @ x 5 tnl.), and dried; yield, 0.111 


[ L Y ] ~  +29" [C 1.27 (CHzCI)z]; i ~ a ~ . ~ c m , - ~ )  1,725 


ate C-0-C), 1,220 (acetate C-0-C), 1,020, 
1,070, 1,085 (sugar C--0-C), 708 (phenyl). 


A solution of 0.675 g. of crude, blocked nucleo- 
side (XIII) in 15 ml. of 0.1 N methanolic sodium 
methoxide was heated under reflux for 2.5 hr. The 
cooled solution was neutralized with glacial acetic 
acid, then stirred a t  0" for 2 hr. which caused 
the product to separate as a pale brown crystalline 
solid. This was collected on a filter, washed with 
5 ml. of methanol and dried; yield, 0.111 g. (31%) 
from the diacetate (XII); m.p. 140". For analy- 
sis, a sample was recrystallized from 90% aqueous 
ethanol with light charcoaling, and again from 95% 
ethanol to give a white crystalline solid; m.p. 
242.5-243"; A::=! (,,,,,) 257 ( e  15,000), A::xt3~,p, 
260 (e 15,200), A::, (,,,,,, 259 (e 15,000), F:::   am.-^) 


3,5004,150 (broad OH, NH), 1,610, 1,570 (C=C 
and C=N); [a]?  + 54" (c 0.70 N HCl). 


And-Calcd. for CI0H13N503: C, 47.80; H,  
5.23; N, 27.88. Found: C, 47.56; H, 5.35; N, 
27.78. 


1,2-O-Isopropylidene5,6-di- 0 - methanesulfonyl- 
3-deoxy-D-galactofuraaose (XV1)-To a well-stirred 
solution of 2.76 g. (13.5 mmoles) of crude 1,2-0- 
isopropy~idene-3-deoxy-~-galactofuranose (XV) (1 ) 
in 25 ml. of reagent pyridine a t  0" was added, drop- 
wise over a period of 10 min., 2.66 ml. (35.1 mmoles) 
of methanesulfonyl chloride. After being stirred 
for an additional hour at 0", the mixture was stored 
at 5' for 24 hr. and poured into 650 ml. of vigorously 
stirred cold aqueous sodium bicarbonate. The 
crude product which separated was collected on a 
filter, washed with cold water (3 X 50 ml.), and 
dried; yield, 3.88 g. (79.8%); m.p. 115-117". 
Recrystallization from 70y0 aqueous ethanol gave 
3.20 g. of thin wiry needles, m.p. 116-117'. For 
analysis, a sample was recrystallized from 807, 
aqueous ethanol; m.p. 116-117'; iff::   om.-^) 1,380 
(gem-dimethyl), 1,180 (sulfonate); [a]: -62" 


Anal.-Calcd. for CIIHZC,O&: C, 36.66; H, 
5.59; S, 17.79. Found: C, 36.68; H, 5.53; S, 
17.68. 
5,6-Di-O-benzoyl-l,Z-O-isopropylidene 3 - deoxy- 


L-mannofuranose (XVI1)-A well-stirred mixture of 
3.00 g. (8.33 mmoles) of 1,2-O-isopropylidene-5,6- 
di-0- methanesulfonyl - 3 - deoxy - D - galactofuranose 
(XVI), m.p. 116-117", 6.00 g. (41.7 mmoles) of 
sodium benzoate and 80 ml. of dimethylformamide 
was heated under reflux for 6 hr. The cooled dark 
mixture was diluted with 160 ml. of water and 
shaken with 120 ml. of ether to give a turbid mixture 
from which the two layers could not be separated. 
Filtration through diatomaceous earth removed 
the suspended material and, after washing the cake 
with additional ether (3 X 25 ml.), the ether phase 
was readily separated from the filtrate. The aqueous 
phase was further washed with ether (2 X 80 ml.) 
which was then combined with the original ether 
phase, washed with aqueous saturated sodium bi- 
carbonate (100 ml.) and water (100 d.), dried over 
magnesium sulfate, filtered, and evaporated to 
dryness in vacuo a t  50" to give the crude product 
as a brown syrup; yield, 1.30 g. (37.9%). A solu- 
tion of this syrup in 10 ml. of benzene was passed 
through 50 g. of alumina F-20 (grade 2)' using 


[C 1.05 (CHZCI)~]. 


7 Alcoa Activaled Alumina, Aluminum Company of 
America, East St. Louis, 111. 
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g. (63.8%); m.p. '210-212" (dec.). For analysis, 
the product was recrystallized from 90% aqueous 
methanol with light charcoaling, and again from 
80% aqueous methanol; m.p. 2112-213°; X~~f.,',,p, 
257 (e 15,200), X~~r.l:mr, 260 ( e  15,200), 
259 (E 15,000); i ~&, , - l l  3,400-3,100 (broad 
OH, NH), 1,610, 1,575 (C=C and C=N); [a ]y  


Anal.-Calcd. for C I I H ~ N ~ O ~ :  C, 46.97; H, 
5.38; N, 24.90. Found: C, 46.84; H, 5.36; N, 
25.50. 


Ax. 


-53" (C 1.01 H20). 
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(3) Zbid. 56 865(1967). 
(4) Ibid.' 54' 1637(1965). 
( 5 )  Bakir, B'. K.,  in "Chemistry and Miulogy of Purines " 


Ciba Foundation Symposium, Little, Brown, Bostun, Mas;., 
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(6) Montgomery, J. A., and Thomas, H. J., Adu.  Curb. 
Chem., 17, 301(1962). 
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Determination of Caffeine in Plasma 
by Gas Chromatography 
By F. L. GRAB* and J. A. REINSTEINt 


A gas chromatographic method has been developed for the rapid, pr cise, and sp !- 


cific determination of caffeine in plasma. The method overcomes the major draw- 
backs of previous methods for the determination of caffeine in body fluids, which 
were:. difficult isolation from interfering materials, a substantial blank error and low 
sensitivity. A standard response curve relating the signal-height ratio of caffeine 
to that of an internal standard, hexobarbital, permits quantitation of the amount 
of caffeine present. The method involves extraction of caffeine from plasma with 
chloroform, after the aqueous phase was adjusted to pH 11.5-12.0. The chloro- 
form extract was evaporated to dryness and the sample was redissolved in carbon 
disulfide. Two milliliters of plasma was used and caffeine was determined at a 


concentration of 0.2 5 mcg./ml. 


AFFEINE, due to its widespread occurrence in C beverages, is probably the drug consumed 
most today. There is, however, no rapid and 
sensitive method available for measuring this 
drug in biological fluids. Connors (1) reviewed 
many methods for the detection of xanthines, but 
these were generally not specific for caffeine. 
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The older methods involved extraction of caffeine 
followed by a gravimetric or volumetric assay 
(4). These were succeeded by the colorimetric 
murexide reaction of Tanaka and Ohkubo (5). 
In addition a number of reagents that form colors 
have been employed by the authors and by others 
in an attempt to develop more specific tests for 
the xanthines. These were used in conjunction 
with paper (1-3, 13) and thin-layer chromatog- 
raphy (17). The reagents include mercuric 
chloride, potassium ferrocyanide, mercuric 
acetate, Dragendorif's reagent, and an alkaline 
phosphotungstate reagent. Visualization of the 
spots has also been achieved under UV light at 
254 mp using fluorescent thin-layer plates (10, 
12, 17). Other methods include argentimetric 
(2), iodometric (l), solvent extraction (2, 8), ion 
exchange (2, 12), fionaqueous titrations (l), 
Kjeldahl ( l ) ,  and spectrophotometric (2, 6-9, 11, 
14, 16) methods. These have proved successful 
in measuring qualitatively, and in some cases 








Studies on the Mechanism of Action of Salicylates 111. Effect of 
Vitamin A on the Wound Healing Retardation Action of Aspirin 


By K. H. LEE 


Vitamin A and vitamin E reverse the skin-wound healing retardation action of aspirin 
in rats. Vitamin A alone promotes healing and it also increases acid mucopolysac- 
charide synthesis in the granulation tissue. The possible mechanisms of action of 


vitamin A and aspirin on  wound healing are discussed. 


N A PREVIOUS PAPER ( l ) ,  it was shown that aspirin, I like cortisone (2,3),  reduces the tensile strength of 
healing skin wound in rats. Lysosomal enzymes 
are believed to be involved in inflammation (4). 
Since aspirin protects lysosomal membrane (5 ) ,  it 
was proposed that aspirin retarded healing by its 
anti-inflammatory action. It is well-known that vita- 
min A, vitamin E, and a few other fat-soluble com- 
pounds can accelerate the release of lysosomal en- 
zymes (6-8). In the present study it was found that 
both vitamin A and vitamin E reversed the inhibi- 
tory action of aspirin on wound healing in rats. It 
was found that, in the absence of aspirin, vitamin A 
promoted wound healing. 


Mucopolysaccharide formation in the very early 
phase of wound healing was noticed in many labora- 
tories (9-12). The role of mucopolysaccharides in 
the formation of connective tissue or collagen has 
been of interest for many years (12-14). Aspirin 
and other anti-inflammatory agents inhibited the 
biosynthesis of mucopolysaccharide and sulfate up- 
take for chondroitin sulfate synthesis by cartilage 
slices (15, 16). Vitamin A, on the other hand, 
increased sulfate incorporation into chrondritin sul- 
fate (17) and increased mucopolysaccharide syn- 
thesis (18, 19). In this paper the effect of vitamin 
A on mucopolysaccharide content of the granula- 
tion tissues in rats is reported. The possible 
mechanisms of action of aspirin and vitamin A on 
healing are discussed. 


EXPERIMENTAL 


Wound Procedure-The wound procedure for ten- 
sile strength study was essentially the same as de- 
scribed before (1). For mucopolysaccharide study, 
the wounding technique described by Bentley (12) 
was followed. Sprague-Dawley rats of either sex, 
weighing 200-220 Gm., were anesthetized with ethyl 
ether in an open mask. The hair on the back was 
depilitated withanelectricclipper. One circular piece 
of skin 5 cm. (2 in.) in diameter, was removed. The 
wound was left undressed. On the seventh day after 
wounding, each rat was decapitated and the 
granulation tissue of the wound was carefully 
dissected. There were 10 rats in each group. The 
granulation tissue of all 10 rats of the same group 
was pooled together. 
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The body weight of each rat was taken before 
inflicting the wound and before sacrificing the 
animal. 


Mucopolysaccharide Separation-The mucopoly- 
saccharide separation method described by Bentley 
(14) was followed with some modification. The 
granulation tissue was homogenized in a Virtis 
homogenizer a t  45,000 r.p.m. in phosphate buffer 
pH 8. For every gram of granulation tissue, 5 ml. of 
buffer was added. Three volumes of boiling acetone 
was added to  the homogenate with stirring. After 
the precipitate was settled, the supernatant was 
carefully removed by suction. The acetone extrac- 
tion was repeated two more times. The fat-free 
precipitate was separated by suction filtration. The 
precipitate was washed once with dry ether and then 
stored in vatu0 over paraffin wax and phosphorus 
pentoxide. Three aliquots of the dried fat-free 
precipitate were digested separately with twice-crys- 
tallized papain as described by Antonopoulos el al. 
(20) at 65" for 8 hr. After digestion, the mixture of 
each sample was centrifuged separately in a Sorvall 
SS-1 superspeed centrifuge a t  10,OOOX g for 30 
min. Aliquot amount of the clear supernatant in 
each centrifuge tube was dialyzed salt-free in a 
cellophane tube. Mucopolysaccharide was precipi- 
tated from the clear dialysate by the addition of 
ethanol to a concentration of 80% together with 
trace amounts of sodium acetate. The precipitate 
was collected in a centrifuge tube by centrifugation 
and then redissolved in a small amount of water and 
reprecipitated by the addition of a small amount of 
cetylpyridinium chloride (CPC) (21). The CPC- 
mucopolysaccharide precipitate (CPC-MPS) was re- 
dissolved in 60y0 n-propanol and again precipitated 
by the addition of ethanol and sodium acetate. The 
precipitate was washed in absolute ethanol, dry 
ether, and dried in vacuo over paraffin wax and 
phosphorus pentoxide. The dried precipitate was 
weighed. 


Administration of Drugs-Aspirin was adminis- 
tered essentially the same way as described before 
(1). Crystalline vitamin A acetate (Calif. Corp. 
Biochem. Research, Los Angeles) was dissolved in 
cottonseed oil so that each ml. contained 15,000 I.U. 
One-tenth of a milliliter of this oil containing vita- 
min A was injected intraperitoneally into each rat on 
the first, third, and fifth day after inflecting the 
wound. To the controls, similar amounts of cotton- 
seed oil without vitamin A were given in the same 
manner. dl-Alpha-tocopherol N F  (N.B.C., Ohio) 
was also dissolved in cottonseed oil, so that each 
milliliter contained 500 I.U. One milliliter of this oil 
was injected intraperitoneally into each rat  on the 
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TABLE I-TENSILE STRENGTH OF HEALING WOUNDS 


No. of Aspirin Fed, Vit. A' Vit. ED Tensile Percent 
Group Animals mg./Kg. -Days after Wounding, i.p.- Strength, Gm. Control 


13 150 - 
111 9 150 1, 3, 5 
IV 11 150 0. 2. 4. 6 . .  V 150 - 


- v 10 12 75 
10 75 0, 2, 4, 6 


0, 2, 4, 6 - VII 
VIII 18 


3,000 I.U./Kg. b 1,000 I.U./Kg. <Reported before (1). 


first, third, and fifth day after wounding. One milli- 
liter of plain cottonseed oil was injected into each of 
the controls. For the effect of vitamin A on the 
mucopolysaccharide formation in the granulation 
tissue studies, the experimental rats received only 
vitamin A (3,000 I.U./Kg.) intraperitoneally on the 
first, third, and fifth day after wounding. The 
controls received cottonseed oil. All of the rats were 
fed on standard rat feed prepared by Feedstuffs 
Processing Company, San Francisco, Cali. 


Tensile Strength Measurement-The tensile 
strength of the healing skin wound was measured 
with the laboratory made centiometer as  described 
earlier (1). 


RESULTS 


In Table I i t  is shown that rats receiving an oral 
dose of 150 mg./Kg. of aspirin daily, starting 1 
day before wounding, have an average tensile 
strength of skin wound of 262 f 8.7 Gm. on the 
seventh day which is about 60% of that of the con- 
trol. When 1,500 I.U./rat (3,000 I.U./Kg.) of 
vitamin A was given intraperitoneally to  rats 
treated under essentially the same conditions as 
described above, on the €irst, third, and f i f th  day 
after wounding, the average tensile strength was in- 
creased to  338 f 22.7 Gm., or 77% of the control 
(Table I, Group 111). The increase in tensile 
strength is significant ( p  < 0.001). When vitamin 
A was given on the day of wounding and also on the 
second, fourth, and sixth day after wounding, the 
average tensile strength was increased to 325.5 f 
17.6 Gm. (Group IV). The improvement was 
about the same as that of the rats of Group 111. 


When the dose of aspirin was reduced to 75 mg./ 
Kg. the average tensile strength of the skin wound 
was 343 f 21 Gm. or 78% of the control (Group VI). 
When vitamin A was given to rats receiving 75 mg. 
of aspirin daily, the average tensile strength was in- 
creased t o  447 f 14.0 Gm. (Group VII). Group VII 
had no significant difference from the control. How- 
ever, if vitamin A alone was given to rats receiving 
no aspirin, the average tensile strength was increased 
to  490 f 11.0 Gm. or 112% of the control. 


When vitamin E (1,000 I.U./Kg.) was given to 
rats receiving 75 mg. of aspirin daily on the day of 
wounding and also on the second, fourth, and sixth 
day after wounding, the average tensile strength on 
the seventh day after wounding was 294 f 14.8 Gm. 
(Group V). Vitamin A significantly reversed the 
retardation of wound healing action of aspirin. 


The results of the studies on mucopolysaccharide 
formation in granulation tissue of the wound are 
summarized in Table 11. There were 10 rats in 
each group and a t  the end of the experiment, in 
all cases except one, only 8 rats survived. The first 


438 f 17.7 
262f 8 . 7  
338 f 22.7 
325 f 17.6 
294 f 14.8 
343 f 21.0 
447 f 14.0 
490 f 11.0 


100 
60 
77 
74 
67 
78 


100 
112 


TABLE 11-EFFECT OF VITAMIN A 
ON MUCOPOLYSACCHARIDE FORMATION 


IN GRANULATION TISSUE 


No. Vit. A, CPCh 
of 1,500I.U./ MPS, 


Group Rats Kg., i.p. mg./Rat Average 
I 8 . . . ~  9.25 


I1 7 . . .  9.93  
111 8 . . . 7.60 


8.92 f 1.26 
IV 8 + 16-60 - .  


V 8 + 18.74 
VI 8 + 11.67 


VII 8 + 9.42 
1 4 . 1 0 f 4 . 3 0  


4 Average of triplicate determinations for each group. 


2 days after operation were critical. Rats which 
survived the first 2 days usually survived to  the end 
of the experimental period. The average amount 
of CPSMPS in the granulating tissue of the wound 
inflicted on the rats receiving vitamin A was 14.10 f 
4.3 mg./rat. The average amount of CPC-MPS 
of the control was 8.92 f 1.26 mg./rat. The differ- 
ence is significant. The Student test was used for 
evaluating significance in all cases. 


DISCUSSION 


In a previous study (l), it  was proposed that the 
wound healing retardation action of aspirin is due 
to  its lysosomal membrane protection activity. 
This suggestion is further supported by the present 
study. Vitamin A and vitamin E are known to be 
able to  release lysosomal enzymes (22). In the 
present study, it has been shown that vitamin A, as 
well as vitamin E, indeed, reversed the wound heal- 
ing retardation action of aspirin. 


Within 6 hr. and increasing for 4 days after wound- 
ing, mucopolysaccharide can be demonstrated in the 
ground substance of the regenerating tissue (23). 
The direct relation between mucopolysaccharide and 
collagen formation has been of interest for many 
years (24). Highberger et a!. (25), from in nritro 
studies, have shown that a dialyzed acid solution of 
collagen can be made t o  precipitate into collagen 
fiber in the presence of an acid polysaccharide such 
as chrondroitin sulfuric acid. The collagen fiber 
formed looked essentially like the natural fiber 
under electron microscope. The soluble pro- 
collagenous substance requires mucopolysaccharide 
as a template to form insoluble collagen fiber (23). 
Collagen provides tensile strength to a wound. 


Aspirin and a few other anti-inflammatory agents, 
which inhibited the metabolism of cartilage and 
other connective tissues in  vitro, also inhibited 
the biosynthesis of polysaccharide sulfates by rat 
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rib cartilage in wive (15). Aspirin (16) also decreased 
sulfate exchange of chondroitin sulfuric acid. 


Wolf and his co-workers (18, 19) have demon- 
strated the role of vitamin A in the synthesis of 
mucopolysaccharide in rat colon segments. Re- 
cently, it was further shown (26) that a compound 
which appeared to  be an acidic metabolite of vitamin 
A and vitamin acid was a component of ATP- 
sulfurylase (ATP: sulfate adenyltransferase, EC2.7. 
7.4), an enzyme involved in the first step of activa- 
tion of sulfate. In the present study, it was shown 
that vitamin A promoted mucopolysaccharide syn- 
thesis in the granulation tissue of skin wound in rats. 
The effect of vitamin A and aspirin on acid muco- 
polysaccharide synthesis probably is another mecha- 
nism of action of these compounds on wound healing. 


SUMMARY 


The reversal of healing retardation action of 
aspirin by vitamin A and vitamin E has been 
demonstrated in rats. In  the absence of aspirin, 
vitamin A promoted healing. It also increased 
acid mucopolysaccharide synthesis in the granula- 
tion tissue. 


Inflammation and acid mucopolysaccharide syn- 
thesis are two essential features in the early stage 
of wound healing. Aspirin inhibited both features 
and vitamin A promoted both features. Two 
possible mechanisms of action of these two com- 
pounds are suggested. 
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Separation of Acetylsalicylic Acid and Salicylic Acid by Sephadex 
Gel Filtration 


By K. H. LEE, LEON THOMPKINS*, and MICHAEL R. SPENCER 


Acetylsalicylic acid and salicylic acid can be 
quantitatively separated by Sephadex gel 
filtration. A comparative study has been 
made by using different types of Sephadex 


gels. 


HE AMOUNT of acetylsalicylic acid (ASA) in the T biological tissues is generally determined as 
salicylic acid (SA) after it is hydrolyzed in the 
presence of the preexisted amount of SA (I). This 
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method has large error when SA present is in great 
excess of ASA, a situation which often occurs in 
practice. A few attempts have been made to  
determine ASA and SA separately. Rowland and 
Riegelman (2) described a gas-liquid chromatog- 
raphy method for the determination of SA and ASA 
(as its silyl derivative) in plasma. Earlier, Cotty and 
Ederma (3) introduced a direct method for the 
measurement of ASA in human blood. They re- 
moved SA by reaction with ceric ammonium nitrate 
from salicylates mixture. These methods require 
two extraction procedures to remove salicylates 
from plasma and also require the preparation 
of ASA or SA derivatives. Potter and Guy 
(4) described a simple method for the separation 
of plasma protein bound SA and free SA by sub- 
jecting plasma directly to  Sephadex gel filtration. 
This method, with modifications, can be used for the 
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Keyph rases 
Stilbene isothiocyanates-synthesis 
Fluorescent tagging, antibodies-tilbene iso- mination 
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thiocyanates Fluorometry-analysis 


Dissolution 
Anhydrous and 


Behavior and Solubility of 
Trihydrate Forms of Ampicillin 


By JOHN W. POOLE and CHANDER KANTA BAHAL 


Anhydrous ampicillin and ampicillin trihydrate were compared for solubility and 
relative rates of dissolution in distilled water at temperatures ranging from 7.5 to 
50'. Differences were noted in the physical-chemical properties of these two forms 
of ampicillin. The thermodynamic properties of these compounds have been experi- 
mentally evaluated. The properties noted for the two forms of the antibiotic are 
consistent with the observed differences in the biological utilization of the two forms 


after oral administration to laboratory animals and human subjects. 


ANY ORGANIC medicinal compounds are M capable of existing in more than one 
crystalline form having different physical-chem- 
ical properties. The resulting variation in the 
thermodynamic properties associated with differ- 
ences in crystal form may be of considerable phar- 
maceutical importance as pointed out previously 
by Higuchi (1). The present report is concerned 
with studies conducted to determine the differ- 
ences in some Of the physical-chemical properties 
of two forms of ampicillin, a semisynthetic peni- 
cillin. Specifically, the solubilities and relative 
rates of dissolution in distilled water of anhydrous 
ampicillin and ampicillin trihydrate were deter- 
mined and the thermodynamic properties of these 
crystal forms were experimentally evaluated. 


Most of the past work reported on the physical- 
chemical properties of crystalline hydrates has 
been concerned with inorganic compounds. The 
studies of Taylor and Henderson (2) on the vari- 
ous hydrates of calcium nitrate and of Hill (3) on 
calcium sulfate are examples of such studies. 
More recently several investigations concerned 
with studies of organic molecules in the anhydrous 


Received June 26, 1968, from Pharmacy Reasearch & De- 
velopment Division, Wyeth Laboratories, Philadelphia, 
PA 19101 


Accepted for publication August 7, 1968. 
Presented to Basic Pharmaceutics Section, APAA Academy 


of Pharmaceutical Sciences, Miami Beach meeting, May 
1968. 


and hydrated forms have been reported. An 
anhydrous form of phenobarbital and two of its 
hydrates were examined by Eriksson (4) for ap- 
parent solubility in water as a function of time. 
The relative dissolution rates of solvated and non- 
solvated crystal forms of several types of com- 
pounds of pharmaceutical interest, including 
steroids and xanthines were reported by Shefter 
and Higuchi (5). These workers also determined 
the thermodynamic properties of several of these 
crystal systems. 


EXPERIMENTAL 


Apparatus-A constant-temperature water bath 
equipped with Unitherm Haake constant-tempera- 
ture circulator' and a rotating-bottle apparatus,2 
Swinney hypodermic adaptor,s Millipore filtersS 
(pore sue 0.45 p ) ,  amber bottles, 120 ml. with poly- 
seal caps.' 


Compounds-In all the experiments anhydrous 
ampicillin, (Wyeth Laboratories batch C-10575, 
m.p. 203-204O) was used. The trihydrate form of 
ampicillin was prepared from the anhydrous form 
by the method of Austin et ul. (6). IR spectra and 
differential thermal analysis curves were obtained 
for this material. 


Procedure-An excess of drug, 2 g., in the appro- 
priate form was added to 100 ml. of distilled water 
previously equilibrated to the desired temperature. 


1 Brinkmann Instruments, Westbury, N. Y. 


a Millipore Corp., Bedford, Mass. 
4 Erno Products, Philadelphia, Pa. 


E. D. Menold Sheet Co., Lester, Pa. 







1946 


The bottles were rotated in a constant-temperature 
water bath maintained at the indicated temperature. 
Samples withdrawn at definite intervals were filtered 
through a Millipore filter and diluted immediately 
to avoid any precipitation of ampicillin in the filtered 
samples due to  supersaturation. The penicillin con- 
tent was determined by means of an iodometric titra- 
tion procedure as described below. To 2.0-ml. ali- 
quots containing 1 to 3 mg. of ampicillin, 2.0 ml. of 
1 N sodium hydroxide was added and samples were 
allowed to  stand at room temperature for 15 min. 
At the end of this time, 2.0 ml. of 1.2 N HCl was 
added followed by 10 ml. of 0.01 N iodine. After 
15 min., the excess of iodine was titrated using 0.01 
N sodium thiosulfate. For the blank determina- 
tions, to a 3.0-ml. sample, 10 ml. of 0.01 N iodine 
was added and titrated immediately. 


RESULTS AND DISCUSSION 


The solubility and dissolution behavior of the an- 
hydrous and trihydrate forms of ampicillin at 7.5, 
20, 30, and 40" are shown in Fig. 1. Similar data 
for the study conducted at 50" are shown in Fig. 2. 
These figures show the concentration of the anti- 
biotic attained in solution as a function of time in 
the presence of an excess of the solid phase in the 
appropriate form and under essentially constant 
agitation. One interesting feature of these studies 
is the inverse relationship noted between tempera- 
ture and solubility for the anhydrous form of the 
drug. The apparently greater dissolution rate 
observed for the anhydrous form at the lower tem- 
peratures cannot be attributed solely to the higher 
free energy content of this species since no serious 
attempt was made to maintain equal spec& surface 
areas of the two forms. However, microscopic 
examination of the materials employed showed the 
anhydrous and trihydrate forms to be substantially 
the same with regard to  particle size and shape and 
since the anhydrous form is significantly more 
soluble than the trihydrate form, the dissolution 
rate of the two forms is in the direction that would 
be expected on solubility considerations alone. I n  
addition, the study a t  50°,  which is above the transi- 
tion temperature of this system, shows the trihy- 
drate to have an apparently greater dissolution rate 
than the anhydrous form. This supports the con- 
tention that solubility is the dominant factor in this 
system. 


The dissolution behavior in water noted for the 
two forms of ampicillin suggest that the equilibrium 
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Fig. 1-The dissolution behavior of anhydrous and tri- 
hydrate crystalline forms of amfi'cdlin in water at 
temperatures ranging from 7.5 to Poo. Key:  0, an- 


hydrous; ., trihydrate. 


44 , 
0 1 2 3 4 5 6 7  


hr 


Fig. 2-The dissolution behavior of anhydrous and tri- 
hydrate crystalline forms of ampicillin i n  water at 50'. 


Key:  0, anhydrous; 0, trihydrate. 


solubility observed are good approximations of the 
true solubility of these crystals. Consequently 
the measurements made at the several temperatures 
permit calculation of the thermodynamic quantities 
involved in the transition of the anhydrous form to 
the trihydrate. An extensive treatment of the 
thermodynamic relationship involving polymor- 
phism and solubility is presented in reports by 
Shefter and Higuchi (5) and Higuchi et d .  (7). 


The apparent equilibrium solubilities observed 
over the temperature range 20 to 50' when plotted 
in the classical van't Hoff fashion gave a reasonably 
good linear relationship for both forms of the anti- 
biotic as shown in Fig. 3. 


The transition temperature for the trihydrate- 
anhydrous crystal system corresponds to the tem- 
perature at which the solubility of the two forms 
is equal. The transition temperature for this sys- 
tem is 42" as shown in Fig. 3. This plot also points 
up the fact noted earlier that the solubility of the 
anhydrous form decreases with an increase in tem- 
perature whereas that of the trihydrate exhibits the 
usual temperature-solubility relationship. 


The values of the heat of solution for each of the 
crystal forms was calculated from the slopes of the 
van't Hoff-type plot (Fig. 4) and were determined 
to  be - 1000 and 5400 cal./mole for the anhydrous 
and trihydrate forms, respectively. The enthalpy 
of hydration ( ~ A . H ) ,  the heat of solution of the 
anhydrous form minus the heat of solution of the 
hydrated species, was determined to be -6400 
cal. /mole. 


At constant temperature and pressure the free 
energy difference AFT, between the anhydrous and 


"1 TRANS TEMP 


I / T  s 10' 


Fig. 3-The van't Hoff-ty#e #lot for the anhydrous and 
trihydrate forms of ampicillin in water. Key:  0, 


anhydrous; 0,  trihydrate. 
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Fig. &The injtuence of seeding anhydrous ampicillin 
with 1% trihydrate crystals on the dissolution behavior 
in  water at 10'. Key: 0, anhydrous; 0,  trihydrate; 


A ,  anhydrous seeded with 1 % trihydrate. 


hydrated forms is determined by Eq. 1. 


(Eq. 1) 
C. (anhydrous) 
C. (trihydrate) 


AFT = R T l n  


where C. is the solubility of the form under considera- 
tion at a particular temperature T ,  and R is the gas 
constant. This AFT is a measure of the free energy 
change involved in conversion of the anhydrous 
crystal to  the trihydrate crystal. The AFT at 25 
and 37O (corresponding to room and body tem- 
peratures) have been determined to be -430 and 
- 140 cal./mole, respectively. 


The entropy change, AST, for the reaction in- 
volved in hydrate formation can be calculated by 
Eq. 2. 


The values computed for the hydration of the an- 
hydrous to trihydrate ampicillin crystals a t  25" and 
37' were -20.0 e.u. and -20.2 e.u., respectively. 
At the transition temperature of the anhydrous- 
trihydrate crystal system AF is equal to  zero and 
the entropy change can be calculated by Eq. 3. 


For ampicillin ASt,.,.. was determined to  be -20.3 
e.u. The hydrated species in this system contains 
three molecules of water and the possible intra- 
molecular hydrogen bond formation between these 
associated water molecules may account for the 
relatively large entropy change noted. It has been 
suggested that a hydrated ampicillin complex of 
this type may be responsible to  some extent for the 
relative stability of this compound in acidic solution 
(8). 


The thermodynamic values calculated for the 
anhydrous-trihydrate ampicillin system are sum- 
marized in Table I. 


As noted earlier the equilibrium solubilities ob- 
served in these experiments apparently correspond 
to  the solubilities of the anhydrous and trihydrate 
crystalline phases for the ampicillin molecule. At 
the temperatures utilized there was no evidence of 
conversion of the more soluble anhydrous form to the 
less soluble trihydrate specks as would be expected 
from the thermodynamic considerations. This 
may be due in part to the steric factors involved in 
the association of three molecules of water in the 
crystal system. 


However, at lower temperatures (10') the seeding 
of the anhydrous form with trihydrate crystals re- 


TABLE I-THERMODYNAMIC VALUES CALCULATED 
FOR THE ANHYDROUS-TRIHYDRATE AMPICILLIN 


SYSTEM 


Temp., Y A H ,  cal./mol- A F T ,  A S T .  
O C .  Anhydrous Trihydrate cal./molca e.u.O 


(- 1000) (5400) 
25 -430 -20.0 
37 -140 -20.2 
42 0 -20.3 


Calculated for the conversion from the anhydrous to 
trihydrate form. 


the 


sulted in a relatively rapid and complete conversion 
of the anhydrous to the trihydrate form, as shown 
by the decrease in solubility. These data are shown 
in Fig. 4. 


The relative ease of conversion of anhydrous to  
trihydrate ampicillin at the lower temperatures is 
to be expected, since the rate of phase transforma- 
tion in a given system depends on the solubilities of 
the forms at that temperature, the rates of solution, 
and the diffusion rates of the molecules in solution. 
The higher the solubility and the greater the dif- 
ference in solubilities of the two phases the greater 
will be the rate of transformation. At the lower 
temperatures the anhydrous form exhibits an in- 
creased solubility due to  its negative heat of solution. 
The trihydrate form shows a decrease in solubility 
at lower temperatures (positive heat of solution) 
which results in a relatively large difference in the 
solubilities for the two forms. 


Higuchi (1) pointed out that  the physiological 
activity and availability of a drug is often directly 
related to its thermodynamic activity in a system 
of this type. Recently Aguiar et al. (9) reported on 
the effect of polymorphism on the absorption of 
chloramphenicol from chloramphenicol palmitate. 
From the data presented in the present investigation 
it would be reasonable to expect an enhanced 
biological utilization of the anhydrous form of 
ampicillin compared to  the trihydrate form of this 
agent. In addition, since the anhydrous system is 
apparently stable to conversion at room and body 
temperature, these differences should be main- 
tained in the clinical situation. That  this is the 
case was shown in a recent report by Poole ct al. 
(10). In these investigations, various pharmaceuti- 
cal formulations of the drug in each form were 
administered to laboratory animals (beagle dogs) 
and to human subjects in a series of crossover experi- 
ments. The formulations containing the anhy- 
drous form of the penicillin resulted in blood serum 
levels of the antibiotic which were consistently 
earlier and significantly higher than those observed 
after administration of similar formulations con- 
taining the hydrated material. In every instance 
the area under the serum level-time curves was 
greater for the anhydrous form of the drug than 
for the hydrated substance indicating a more ef- 
ficient biological utilization of this form of the 
medicinal agent, The results of the in vivo evalua- 
tion of the oral suspensions of the two forms of 
ampicillin are summarized in Table 11. 


SUMMARY 


The solubility and relative rates of dissolutian 
of anhydrous ampicillin and ampicillin trihydrate 
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TABLE 11-PEAK SERUM LEVEL AND AREA UNDER 


ADMINISTRATION OF SUSPENSIONS OF ANHYDROUS 
THE BLOOD LEVEL-TIME CURVE AFTER ORAL 


AMPICILLIN AND AMPICILLIN TRIHYDRATE 


Area 
Peak Under 


Serum Peak Curve 


Ampicillin Species mcg./ml. min. X hr.) 
Form of Test Level, Time, (mcg./ml. 


Anhydrous' Dog 20.6 45 36.6 
Trihydrateb Dog 11.0 90 22.8 
Anhydrousa Human 2.2 60 6 .9  
Trihydrateb Human 1 .7  120 5.7 
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in distilled water have been determined over a tem- 
perature range of 7.5 to 50". Below the transition 
temperature, 42', the anhydrous form was found to 
be significantly more water soluble than the tri- 
hydrate. In addition, the solubility of the an- 
hydrous crystal was shown to be inversely related 
to temperature. 


The thermodynamic values have been calculated 
for the anhydrous-trihydrate ampicillin system. 
The greater thermodynamic activity Qf the anhy- 
drous form correlates with the observed enhanced 
biological availability noted with this crystal form 
of the antibiotic. 
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Potential Antitumor Agents I11 


Sodium Salts of a- "1-Heterocyclic Carboxaldehyde 
Thiosemicarbazones 


By KRISHNA C. AGRAWAL and ALAN C. SARTORELLI 


Sodium salts of four of the most active antineoplastic agents in a series of a-(N)- 
heterocyclic carboxaldehyde thiosemicarbazones have been prepared as a means of 
solubilizing for parenteral administration these extremely insoluble compounds. 
The sodium salt of 1-formylisoquinoline thiosemicarbazone (11) is soluble in non- 
aqueous vehicles for injection such as propylene glycol, whereas the sodium salts of 
5-hydroxy-1-formylisoquinoline thiosemicarbazone (HI), 3-hydroxy-~-formyl- 
pyridine thiosemicarbazone (IV), and 5-hydroxy-2-formylpyrid1ne thiosemicar- 
bazone (V) are readily soluble in water. Compounds 111 and IV, at the optimum 
effective dosage regimens, caused a greater prolongation of the survival time of mice 
bearing the L1210 lymphoma than did the parent derivatives, while I1 and V pro- 
duced antineoplastic activity a dnst  sarcoma 1 8 0  and the LlZlO lymphoma, respec- 


tively, equivafent to that of the parent compounds. 


VARIETY OF thiosemicarbazones of a-(N)-  (1-7). Several of these derivatives, especially 1- A heterocyclic carboxaldehydes has been pre- formylisoquinoline thiosemicarbazone (2, 3), its 
pared and tested for antineoplastic activity 5-hydroxy derivative (4), and both 3-hydroxy-2- 
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reactions between unsaturated lactones and 
reagents containing sulfhydryl groups. On the 
other hand, the difference in activity of the iodo- 
acetate I11 and the acetate I V  argues against a 
hydrogen bonding role for the lacetone carbonyl 
grOUP- 


The cardiotonic activity of cassaine V (9) 
(LD 1.15 mg./kg.), may be explained in a similar 
manner, as the a,O-unsaturated ester in this 
material is also a potential electrophilic reagent. 
In both cases, the function of the polycyclic por- 
tion of the molecule is presumably to induce an 
inhibitory specific conformational perturbation 
(10) in the enzyme. This is indicated by the 
known biological consequences of structural varia- 
tions in this part of the molecule ( l ) ,  as well as 
by the fact that simple unsaturated lactones (11) 
and simple sulfhydryl reagents (12) are dissimilar 
from cardiac glycosides in their effects. 


The extension of these studies to other electro- 
philic analogs is in progress. 


(11, Wright, S. E., “The Metabolism of Cardiac Glyco- 


(2) Klaus W ’ Zeil fur kafurwiss-med. Grundlagen- 


(3)’ Portius, H. J., and Repke. K., ArsneimUfel-Forsch., 10, 


(4) Glynn, I. M., J .  Physiol., 136, 148(1957). 
(5) Blome, W., Katz, A., and Reichstein, T., Pharm. Acla 


sides, C C Thomas Springfield 111.. 1960. pp. 10-18. 


.orsch. z , 4 3 ( i ~ a i j :  


1073(1964). 


Helu., 21, 325(1964). 
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Books- 


REVIEWS 


Treatise on Analytical Chemistry. Part I11 : Ana- 
lytical Chemistry in Industry. Vol. l. Edited by 
I. M. KOLTHOFF, P. J. ELVING, and F. H. STROSS. 
Interscience Publishers, Inc., 605 Third Ave., 
New York, NY 10016, 1967. xxiv 4- 455 pp. 
17 X 24.5 cm. 
The well-known and respected “Treatise on 


Analytical Chemistry” series edited by Kolthoff and 
Elving by now has reached encyclopedic proportions. 
However, when it came to Part I11 “Analytical 
Chemistry in Industry” the editors, as they state in 
the Preface, deferred for industrially important 
analytical methods and procedures to Snell and 
Hilton’s even larger “Encyclopedia of Industrial 
Chemical Analysis” by the same publishers. There- 
fore, the first volume of Part I11 with F. Stross as 
co-editor addresses selected topics to the organiza- 
tion builder, the laboratory designer, the production 
controller, and the safety conscious among others. 
The pharmaceutical analyst should approach this 
volume forewarned that there are few specific refer- 
ences to the pharmaceutical industry. The student 
eager to explore the attractiveness of industrial 


Price $17.50. 


employment should be told that the treatise is a 
“comprehensive account’’ but comprehensiveness is 
not apt to stimulate the imagination or inspire 
enthusiasm. Where is the analytical Watson to 
write “The Double Focus?” 


About individual contributions the following 
should be briefly reported: In  “Analytical Chemis- 
try and the Analytical Chemist in Industry” Royer 
and Maricle are of the opinion that “analytical 
chemistry, without doubt, entered industry through 
the Control Laboratory.” In “Methodology of 
Industrial Analysis” Spauschus makes the excellent 
point that  “the contributions of the analytical chem- 
ist to a research program will be most effective if he 
is given the opportunity to participate while the 
program is being planned.” In “Organization of 
Analytical Chemistry in the Industrial Research 
Laboratory” Kirklin makes very cogent comments 
on the controversial question whether to submit 
samples for reanalysis “openly” or “blindly.” Kirk- 
lin also presents a plethora of organization charts but 
wisely states that “changes in details of organization 
are made frequently in accordance with the demands 
of the work.” He should have added “and of prob- 
lems of personality.” I n  “Organization for Ana- 
lytical Chemistry in Production Control” the same 
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author has the control laboratories report t o  the 
plant manager, “Verboten” in the pharmaceutical 
industry! Kehoe in “Automation in Industrial 
Analytical Chemistry” gives five excellent theses 
which should be recommended reading for anybody 
considering or working on laboratory automation. 
Thesis number four states: “The best automatic 
analyzer still requires intelligent supervision to detect 
subtle errors and to recognize gradual decay of 
accuracy.” 


I hope that the instructive and well-written 
chapters on “Design of Laboratories for Analytical 
Chemistry” by Mellon, “Design of Laboratories for 
Radiochemical Work” by Fenninger and Hale and 
“Safety in the Analytical Laboratory” by Stalzer, 
Martin, and Railing find a wide readership since the 
information presented reaches beyond the confines 
of the analytical laboratory. 


“Development of Raw Material and Product 
Specifications” should be required reading for all 
purchasing agents. Patek makes the memorable 
point that “it  is almost impossible to develop a good 
purchase specification without the assistance of an 
analytical chemist.” In  the final chapter on “Test- 
ing of Consumer Products” by Schwartz and Gaffney 
the reader not only is treated to the cigarette puffing 
machine but also will learn that there is a gadget 
called the Handle-0-Meter to measure the fluffiness 
of towels. 


The print of the book is readable and the drawings 
are clear. However, the paper used does not lend 
itself too well to photographic reproduction. This 
particularly detracts from the nice gesture of pre- 
senting the authors’ portraits. 


The book then contains an abundance of informa- 
tion over a wide range of subjects. I can visualize 
that a future historian might use the volume as a 
rich source to  study the role and organization of 
analytical chemistry in the chemical process industry 
in the mid-20th century. To the contemporary 
pharmaceutical analyst the book offers a broad view 
of the adjoining pasture. 


Reviewed by K. Florey 
Squibb Institute for Medical Research 
New Brunswick, N .  J.  
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allied techniques. Part I11 deals with industrial 
scale equipment. Different authors discuss the 
Proabd Refiner, Newton Chambers’ Process, Ro- 
tary-Drum Techniques, Phillips Fractional-Solid- 
ification Process, and desalination by freezing. 
Part I V  deals with applications of fractional solid- 
ification. Ultrapurification and its relation to 
pharmaceuticals are discussed by Jannke et al. Chap- 
ters are devoted to  ultrapurity in crystal growth and 
to bulk purification. Part V is devoted to  the eco- 
nomics of fractional solidification, and Part VI con- 
tains tables listing the purification and operating 
parameters for zone melting of inorganic and organic 
compounds. A great many of the organic com- 
pounds are important pharmaceuticals. 


This book is of value because the basic knowledge 
and methods used to  produce chemicals of ultra- 
purity are presented. The processes required to  
produce ultrapurity are examined in detail. The 
material should be valuable to those in pharmaceu- 
tical and other industries in order to  develop and 
maintain strict specifications on raw materials. 
This book should prove to be valuable to  the re- 
searcher in producing ultra-pure crystals in either 
very small or large scale batches. 


The book is printed on paper which provides easy 
reading, and the print is of adequate size. The au- 
thors have used many fiqures to illustrate their con- 
cepts and discussions. 


I recommend this book as a reference to  the scien- 
tist in research, teaching, and industry. 


Reviewed by John A. Biles 
School of Pharmacy 
Universaty of Southern California 
Los Angeles, Calif. 


Fractional Solidification. Vol. I. Edited by M. ZIEF 
and W. R. WILCOX. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10019 1967. xvi + 
714 pp. 16 X 23.5 cm. Price $28.75. 
Fractional Solidification is the first of two volumes. 


Twenty-two authors from England and the United 
States have contributed to the text. The contribu- 
tions of Paul Jannke are of special interest to the 
pharmaceutical scientist. Each chapter is well doc- 
umented with references- majority being recent. 


Part I is de- 
voted to basic principles with contributions dealing 
with phase diagrams, mass transfer in fractional 
solidification, constitutional supercooling and micro- 
segregation, polyphase solidification, and heat trans- 
fer in fractional solidification. Part I1 deals with lab- 
oratory scale apparatus used in fractional solidiiica- 
tion with specifics that deal with batch zone and con- 
tinuous zone melting, progressive freezing and col- 
umn crystallization, and zone precipitation and 


The book is divided into six parts. 


Take as Directed. Edited by F. E. SHIDEMAN and 
written by JOHN P. Russo. The Chemical 
Rubber Company Press, 18901 Cranwood Park- 
way, Cleveland, OH 44128, 1967. xiv + 457 pp. 
16 X 2.3.5 cm. 
The editor has fuliilled the objective given on the 


book cover, “Our modern medicines explained for 
the layman.” Diseases and physiological condi- 
tions have been described clearly in terms the layman 
will understand. The fundamental information 
given about the drugs is presented in a sound, 
reasonable way that is a pleasant contrast to the 
dramatic presentations that frequently are offered 
to the lay public. This book is an excellent, simpli- 
fied discussion of drugs and their use in medical 
treatment today. Pharmacists and pharmaceutical 
scientists can confidently suggest this book in re- 
sponse to requests from laymen to recommend a 
simplied-yet authoritative-text discussing drugs 
in current use. 


Stuff review 


Price $14.75. 


Aromatic Amine Oxides. By EIJI OCHIAI. Trans- 
lated by Dorothy U. Mizoguchi. Elsevier 
Publishing Company, 52 Vanderbilt Ave., New 
York, NY 10017, 1967. 15 X 23 
cm. Price $30.00. 
In view of the frequently predictable chemical 


ix + 456 pp. 
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g. (63.8%); m.p. '210-212" (dec.). For analysis, 
the product was recrystallized from 90% aqueous 
methanol with light charcoaling, and again from 
80% aqueous methanol; m.p. 2112-213°; X~~f.,',,p, 
257 (e 15,200), X~~r.l:mr, 260 ( e  15,200), 
259 (E 15,000); i ~&, , - l l  3,400-3,100 (broad 
OH, NH), 1,610, 1,575 (C=C and C=N); [a ]y  


Anal.-Calcd. for C I I H ~ N ~ O ~ :  C, 46.97; H, 
5.38; N, 24.90. Found: C, 46.84; H, 5.36; N, 
25.50. 


Ax. 


-53" (C 1.01 H20). 
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(3) Zbid. 56 865(1967). 
(4) Ibid.' 54' 1637(1965). 
( 5 )  Bakir, B'. K.,  in "Chemistry and Miulogy of Purines " 


Ciba Foundation Symposium, Little, Brown, Bostun, Mas;., 
1957, p. 120. 


(6) Montgomery, J. A., and Thomas, H. J., Adu.  Curb. 
Chem., 17, 301(1962). 


(7) Kembarz, G., J. Prakl. Chem., 19.315(1963) ; through 
Chcm. Abs f r . ,  60, 1825g(1964). 
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Determination of Caffeine in Plasma 
by Gas Chromatography 
By F. L. GRAB* and J. A. REINSTEINt 


A gas chromatographic method has been developed for the rapid, pr cise, and sp !- 


cific determination of caffeine in plasma. The method overcomes the major draw- 
backs of previous methods for the determination of caffeine in body fluids, which 
were:. difficult isolation from interfering materials, a substantial blank error and low 
sensitivity. A standard response curve relating the signal-height ratio of caffeine 
to that of an internal standard, hexobarbital, permits quantitation of the amount 
of caffeine present. The method involves extraction of caffeine from plasma with 
chloroform, after the aqueous phase was adjusted to pH 11.5-12.0. The chloro- 
form extract was evaporated to dryness and the sample was redissolved in carbon 
disulfide. Two milliliters of plasma was used and caffeine was determined at a 


concentration of 0.2 5 mcg./ml. 


AFFEINE, due to its widespread occurrence in C beverages, is probably the drug consumed 
most today. There is, however, no rapid and 
sensitive method available for measuring this 
drug in biological fluids. Connors (1) reviewed 
many methods for the detection of xanthines, but 
these were generally not specific for caffeine. 
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The older methods involved extraction of caffeine 
followed by a gravimetric or volumetric assay 
(4). These were succeeded by the colorimetric 
murexide reaction of Tanaka and Ohkubo (5). 
In addition a number of reagents that form colors 
have been employed by the authors and by others 
in an attempt to develop more specific tests for 
the xanthines. These were used in conjunction 
with paper (1-3, 13) and thin-layer chromatog- 
raphy (17). The reagents include mercuric 
chloride, potassium ferrocyanide, mercuric 
acetate, Dragendorif's reagent, and an alkaline 
phosphotungstate reagent. Visualization of the 
spots has also been achieved under UV light at 
254 mp using fluorescent thin-layer plates (10, 
12, 17). Other methods include argentimetric 
(2), iodometric (l), solvent extraction (2, 8), ion 
exchange (2, 12), fionaqueous titrations (l), 
Kjeldahl ( l ) ,  and spectrophotometric (2, 6-9, 11, 
14, 16) methods. These have proved successful 
in measuring qualitatively, and in some cases 
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quantitatively, pure xanthines. They were used 
in detecting mixtures of some xanthines and 
xanthines mixed with a number of other drugs. 


Previously, the analytical method of choice in  
determining caffeine in biological systems has 
been spectrophotometry. The  original develop- 
ment was made by Ishler et a l .  (6) and since then 
most of the determinations of caffeine in blood, 
tissue, and urine were based on this approach 
(2, 7-9, 21-23). However, these methods do not 
possess the sensitivity or specificity required for 
estimating concentrations of this drug produced 
by  the ingestion of normal amounts of caffeine- 
containing beverages (2, 8, 21, 23). The  authors 
have attempted t o  use a spectrophotometric assay 
but  meaningful results could not be obtained 
at the concentration range of interest. The  
blank values were too high (relative to  caffeine 
blood levels) and variable. 


Gas chromatographic assays have been re- 
ported for many drugs in biological fluids (lG), 
and xanthines have been examined in  a number 
of GC systems (18, 19, 24-29). Such systems 
combine separation and quantitation of com- 
ponents and appear to  offer distinct advantages 
over other methods of analysis. 


EXPERIMENTAL 


Equipment-A Varian Aerograph series 1200 gas 
chromatograph with a flame-ionization detector and 
a Varian model 20 recorder set at 20 in. hr.-l was 
used. The column employed was a 1.9 m. (6 ft.) 
stainless steel helix, 0.32 cm. ( l / ~  in.) 0.d. packed with 
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Fig. 1-Typical chromatogram. Key: A ,  carbon 
disulfide; B, hexobarbital (Rt = 4.3); C, caffeine 


(Rt = 5.2). Column 3% OV 17. 
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Fig. ,?-Standard gas chromatogram response curve 
caffeine; internal marker, hexobarbital. 


30/, OV 17 on Chromosorb W 100-120 mesh AW/- 
DMCS H.P. (Applied Science lot 4223). The Nz 
gas flow rate was 30 ml./min. Operating tempera- 
tures were: oven, 200'; injection port, 260O; and 
detector, 260". Attenuations from 0.1 X 8 to 0.1 
X 64 were used. 


Reagents-(a) Caffeine (Eastman Organic) puri- 
fied by vacuum sublimation; ( b )  hexobarbital 
(Winthrop), the internal standard; ( c )  reagent 
grade carbon disulfide (MCB) further purified by 
distillation; ( d )  heparin solution, 1,000 units/ml. 
(free of preservatives); ( e )  2.5 N sodium hydroxide 
(Fisher Certified Reagent) ; (j) technical grade 
chloroform (Baker) freshly distilled. 


Standard Curve-Standard curves were obtained 
by preparing solutions of caffeine 0.764.0 mcg./100 
pl. and hexobarbital 2.0 mcg./100 pl. in carbon 
disulfide (20). Both caffeine and hexobarbital give 
sharp peaks with some slight tailing (Fig. 1). The 
standard curve given by the peak-height ratio of 
caffeine/hexobarbital versus caffeine concentration 
was linear and reproducible (Fig. 2). 


Preparation of Plasma Samples-A 5ml .  sample 
of blood was taken, added to 2 drops of heparin, and 
spun down in a centrifuge (IEC International Clini- 
cal Centrifuge) for 10 min. at 25003000 r.p.m. Two 
milliliters of plasma was pipeted into a 25-ml. 
round-bottom screw-cap Pyrex tube with a Teflon- 
lined cap. The pH was adjusted t o  11.5-12.0 with 
2.5 N sodium hydroxide. To this 10 ml. of chloro- 
form was added. The tubes were then agitated for 
16 min. and then centrifuged (IEC International 
Centrifuge series 2) for 10 min. a t  1,000 r.p.m. 
Using a 10-ml. hypodermic syringe with a 10-cm. 
(4 in.) cannula, 75% of the chloroform layer was 
withdrawn and placed into a conical ground-glass 
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stoppered 15ml. centrifuge tube. The chloroform 
extract was then evaporated to  dryness in a 60-80° 
water bath, mounted on a steam cone. Bumping 
was prevented by placing an antibumping chip, 
previously boiled in carbon disulfide, into the tube, 
just prior to  driving off the chloroform. One milli- 
liter of hexobarbital solution (2 mcg./ml.) in carbon 
disullide was pipeted into the tube. This solution 
was then concentrated to  approximately 100 81. by 
heating in the water bath at 40-60°. A 2 4 .  sample 
of this concentrate was then injected onto the 
column. 


RESULTS AND DISCUSSION 


Prior to  using the present assay to  determine 
plasma levels of caffeine after the ingestion of a cup 
of coffee, attempts were made t o  measure the con- 
centration of a known and unknown amount of 
caffeine in plasma. An accurately measured amount 
of caffeine was added to  two plasma samples, one 
containing an unknown amount of caffeine and the 
other containing no caffeine. The plasma samples 
were treated as described under Experimental. A 
linear plot was obtained for both plasma samples 
when the caffeine/hexobarbital-peak height ratio 
was plotted against caffeine concentration (Fig. 3). 
Theoretically both graphs should be parallel, dif- 
fering only in the intercept with the y axis. This 
was the case. The intercept was equal to the con- 
centration of caffeine present in the plasma samples 
before the additions were made. The sample which 
contained no caffeine originally passes through the 
origin, while the other intercepts the y axis at a 
peak-height ratio of 0.2. This corresponds to a 
caffeine concentration of 0.5 mcg./ml. 
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T A B L E  I-RECOVERY OF CAFFEINE 
ADDED TO PLASMA 


Caffeine Added, Caffeine Found, Recovery, 
mcg./ml. mcg./ml. % 
0.0 0.00 - 
0 . 5  0.49 98 
1.0 1.01 101 
2.0 1.95 98 
2.5  2.56 102 


The standard curve (Fig. 2) can be compared to 
the calibration curve (Fig. 3A), since the two graphs 
share a common abscissa. The slope of the latter 
is 75% of the former. Taking into account that a 
75% aliquot of the plasma extract was withdrawn, 
the values at each level of caffeine are identical for 
both curves. This indicates that the caffeine was 
quantitatively extracted (Table I). 


The above procedure was repeated in five other 
subjects who had abstained from caffeine-containing 
beverages for 36 hr. Plasma samples were obtained 
and a calibration curve was determined for each. 
The curves passed through the origin and possessed 
the same slope. This indicates that the method is 
reliable and may be used for estimating caffeine 
plasma levels. 
Absorption of CafFeine-Using the assay proce- 


dure, the absorption of caffeine, following the inges- 
tion by three subjects of coffee containing 100 mg. of 
the drug, was studied. Caffeine was detected within 
5 min. after ingestion. Peak plasma levels of 1.5-1.8 
mcg./ml. were seen 50-75 min. after the dose. It was 
found that absorption could be described by a 
pseudo first-order process. The intersubject vari- 
ation in the half-life of absorption was 8-17 min., 
while the intrasuhject variation was much smaller. 
Apparent metabolic half-lives varied from 3.5-6 hr. 
in two subjects and from 6-10.5 in a third (e.g., Fig. 
4). Detailed data on the absorption and metabolism 
of caffeine in the body will be reported in a subse- 
quent paper. 
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Fig. &Caffeine concentration after the ingestion 
of coffee containing 100 mg. of the drug. A graphical 
estimation of the metabolic and absorption (from the 
residual plot) half-lives are shown. Key: 0, ob- 
served duta, tl/p = 6.0 hr.; 0, residual data, t l l z a  = 


10.4 min. 
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SUMMARY 
A gas chromatographic method has been developed 


for the determination of caffeine in plasma. A 
standard response curve relating signal-height ratios 
of caffeine to hexobarbital permits a quantitative 
estimation of the amount of caffeine present. The 
method is more rapid and sensitive than any pre- 
viously reported. Plasma levels of caffeine after 
the ingestion of one cup of coffee have been studied 
and concentrations down to 0.25 mcg./ml. have 
been accurately determined. 
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Oxidation of Organic Compounds with 
Xenon Trioxide I 


Stoichiometric and Kinetic Studies Involving Cinnamyl Alcohol, 
Cinnamaldehyde, and Cinnamic Acid 


By HAROLD J. RHODES, REGINA P. SHIAU, and MARTIN- I. BLAKE 


The stoichiometry involved in the xenon trioxide oxidation of cis- and trans-cin- 
namyl alcohol, truns-cinnamaldeh yde, and trans-cinnamic acid to carbon dioxide 
and water was determined using an excess of xenon trioxide. The rate of oxidation 
of truns-cinnamaldehyde with xenon trioxide within the concentration range studied, 
was found to be iirst order with respect to xenon trioxide and zero order with respect 
to trans-cinnamaldehyde. The reaction rate is pH-dependent and inversely related to 


the ionic strength of phosphate buffer. 


TUDIES INVOLVING the preparation and oxi- solution have been cited in a n  earlier paper (I), S dizing properties of xenon trioxide in  aqueous which described the determination and stoichi- 
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rib cartilage in wive (15). Aspirin (16) also decreased 
sulfate exchange of chondroitin sulfuric acid. 


Wolf and his co-workers (18, 19) have demon- 
strated the role of vitamin A in the synthesis of 
mucopolysaccharide in rat colon segments. Re- 
cently, it was further shown (26) that a compound 
which appeared to  be an acidic metabolite of vitamin 
A and vitamin acid was a component of ATP- 
sulfurylase (ATP: sulfate adenyltransferase, EC2.7. 
7.4), an enzyme involved in the first step of activa- 
tion of sulfate. In the present study, it was shown 
that vitamin A promoted mucopolysaccharide syn- 
thesis in the granulation tissue of skin wound in rats. 
The effect of vitamin A and aspirin on acid muco- 
polysaccharide synthesis probably is another mecha- 
nism of action of these compounds on wound healing. 


SUMMARY 


The reversal of healing retardation action of 
aspirin by vitamin A and vitamin E has been 
demonstrated in rats. In  the absence of aspirin, 
vitamin A promoted healing. It also increased 
acid mucopolysaccharide synthesis in the granula- 
tion tissue. 


Inflammation and acid mucopolysaccharide syn- 
thesis are two essential features in the early stage 
of wound healing. Aspirin inhibited both features 
and vitamin A promoted both features. Two 
possible mechanisms of action of these two com- 
pounds are suggested. 
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Separation of Acetylsalicylic Acid and Salicylic Acid by Sephadex 
Gel Filtration 


By K. H. LEE, LEON THOMPKINS*, and MICHAEL R. SPENCER 


Acetylsalicylic acid and salicylic acid can be 
quantitatively separated by Sephadex gel 
filtration. A comparative study has been 
made by using different types of Sephadex 


gels. 


HE AMOUNT of acetylsalicylic acid (ASA) in the T biological tissues is generally determined as 
salicylic acid (SA) after it is hydrolyzed in the 
presence of the preexisted amount of SA (I). This 
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method has large error when SA present is in great 
excess of ASA, a situation which often occurs in 
practice. A few attempts have been made to  
determine ASA and SA separately. Rowland and 
Riegelman (2) described a gas-liquid chromatog- 
raphy method for the determination of SA and ASA 
(as its silyl derivative) in plasma. Earlier, Cotty and 
Ederma (3) introduced a direct method for the 
measurement of ASA in human blood. They re- 
moved SA by reaction with ceric ammonium nitrate 
from salicylates mixture. These methods require 
two extraction procedures to remove salicylates 
from plasma and also require the preparation 
of ASA or SA derivatives. Potter and Guy 
(4) described a simple method for the separation 
of plasma protein bound SA and free SA by sub- 
jecting plasma directly to  Sephadex gel filtration. 
This method, with modifications, can be used for the 
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quantitative separation of free ASA and free SA 
(5). In  the present paper theirnethod and also the 
results of a comparative study on the efficiency of 
several other types of Sephadex is reported. 


EXPERIMENTAL 


Chemicals and Materials-The acetylsalicylic 
acid, ACS grade was obtained from City Chemicals 
Corporation and the salicylic acid used was Baker 
analyzed reagent. Sephadex G-25-coarse, G-25- 
medium, C-25, A-25, G15,  and G-10 were prepared 
by Pharmacia Fine Chemicals Inc. 


Preparation of Column--The column was pre- 
pared in a special needle-type Pasteur pipet, 5 mm. 
i.d. The length of the pipet was about 3 cm. 
longer than the height of the gel bed. A small 
amount of Pyrex glass wool was placed in the bottom 
of the pipet and a slurry of well-soaked Sephadex 
was introduced into the column. The Sephadex 
was allowed to  settle under gravity and the height 
of the column was adjusted. A long stainless steel 
wire was used to  stir  the column and assist in uniform 
packing. A standard number 19-G hypodermic 
needle was then placed on the tip of the Pasteur 
pipet. The column was washed with phosphate 
buffer (0.1 M at pH 7.4). Every eight drops of 
effluent is equal to  0.1 ml. 


Fractionation of ASA and SA-Two-tenth milli- 
liter of a sample containing freshly prepared ASA 
(2 X lo-' M) and SA (8 X lo-' M) in phosphate 
buffer was introduced t o  the column from a long tip 
pipet. The concentration of the salicylates used are 
within the range present in biological fluid. As soon 
as the sample had disappeared from the surface of 
the gel bed, phosphate buffer was introduced for 
elution. A fraction collector (GME product) with 
drop counter was used to  collect l6drop (0.2-ml.) 
portions of the effluent. The effluent in each tube 
was diluted to  4 ml. and assayed in the spectro- 
photofluorometer (Aminco-Bowman), using an 
activating wavelength of 305 mp and detecting 
fluoresence at 405 mfi (4). All of the samples were 
saved in. their original tubes. Acetylsalicylate does 
not fluoresce, but can be measured after hydrolysis. 
The hydrolysis was carried out by adding one drop 
of concentrated ammonium hydroxide to each sample 
and then heating in a boiling water bath for 5 min. 
After cooling to  room temperature, the volume in 
each tube was readjusted to  4 ml. before assaying 
again in the fluorometer. For each type of Sephadex, 
the 100-mm. column was usually tried first and from 
the result obtained the decision was made to  choose 
columns of other lengths. For each type of Sepha- 
dex the authors filled three Pasteur pipets for each 
column length. The types of Sephadex studied in- 
cluded Gabmedium (G25m),  G25coarse ( G 2 5  
c), G15,  G10,  C-25 (carboxymethyl-Sephadex), 
and A-25 (DEAE-Sephadex). 


RESULTS AND DISCUSSION 
Sephadex G25,  with 100-mm. column length, as 


shown in Fig. 1, can separate ASA and SA into two 
distinct fractions, but the fractions are too close to 
each other. Two fractions that  are farther sep 
arated as shown in Fig. 2, are of practical importance. 
For example, if one uses the 200-mm. column of 
G 2 5  (Fig. 2) one may just collect the first 4 ml. (the 
first 20 tubes) and the next 2 ml. (next 10 tubes) 
of the effluent in two separate tubes, which will con- 
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Fig. &-Separation of A S A  and SA by Sephadex G- 
25-m., 5 X 100 mm. Key: X, S A  before hydrolysis; 


0, after hydrolysis. 


: U S A &  O S 1 0  $.,..,.", 


Fig. 2-Separation of A S A  and SA by Sephudex G- 
25-m. 5 X 200 mm. Key: X, S A  before hydrolysis; 


0, after hydrolysis. 


tain exclusively ASA or SA, for analysis, either 
fluorometrically or colorimetrically (6). 


For the convenience of comparing resolution with 
all of the types of Sephadex of different column 
lengths studied, the results are summarized in Table 
I. Let A indicate the volume of effluent collected 
before the appearance of ASA (see Fig. 2). This 
volume should be much greater than the void 
volume (Vo) of the Sephadex bed used, if the bio- 
logical fluid applied contains proteins. Plasma pro- 
teins combine with SA and they should be separated 
from free ASA. A small volume of effluent that 
comes out first, which is equivalent t o  the void 
volume, carries all of the plasma proteins, whether 
they are bound with drug or not. For the separa- 
tion of free ASA and free SA in urine or in other non- 
protein fluids, the volume of A is not important. 
Acetylsalicylic acid fraction is completely eluted at 
point B and SA begins to come out at point C 
and is completely eluted at point D. The dserence 
between B and A and the difference between D and 
C represent the volumes of the effluent containing 
all of the ASA and SA, respectively. The magni- 
tudes of (D - C) and (B - A) indicate the sizes of 
the fractions. The difference between C and B (C - 
B) should be large enough to insure the clear separa- 
tion of ASA and SA fractions. Point D indicates 
the total volume of eluent required for the fraction- 
ation. This volume should not be too large in order 
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TABLE I-SEPARATION OF ASA AND SA B Y  DIFFERENT TYPES OF SEPHADEX GEL FILTRATION 


Gel 
Type 


G 2 5 m  
G-25-m 


G 1 5  
G-25-c 


G-15 
G-10 
G-10 
C-25 
C-25 
C-25 


A-25 
A-25 


Particle Size 
Diameter, c 


50-150 
50-150 


100-300 
40-120 
40-120 
40- 120 
40-120 
40-120 
40-120 
40-120 
40-120 
40-120 


Bed 
Dimension, 


mm. 
5 x 100 
5 x 200 
5 x 100 
5 X 50 
5 x 100 
5 x 5 0  
5 x 100 
5 x 100 
5 x 200 
5 x 300 
5x50 
5 x 100 


I 


A 
1.2  
2 . 6  
0 . 8  
0 . 6  
1 .2  
0.6 
0 .8  
1 .2  
2.7 
4.0 
1 .o 
2 .4  


___ Volume of Effluent, ml.. ata- 
(VO) B C (C-B) 


(0.79) 1 . 8  1 . 8  (0) 
(1.57) 3.6 4 .3  (0.7) 


(0.29) 1 . 4  1 .4  (0) 
(0.59) 2 .2  3 . 6  (1.4) 
(0.35) 1 .9  2 .8  (0 .9)  


(0.79) 5 . 0  1 .0  (-4) 


io .7 i j  2.4 5 . 8  (3 .4 j  
- 2 . 0  2 . 0  (<O)  - 3.9 4 . 0  (0 .1 )  
- 5.4 6 . 0  (0.6) 
- 3.2  5 .2  (2.0) 
- 4.8 12.0 (7.2) 


Time --.-. Reqvired, 
D mtn. 
3 .O 45 
3 . 9  88 


2.6 12 
5.8 33 
7.2 36 


11.6 76 
3 .2  32 
5 . 8  59 
8 .2  123 


13.6 47 
> 16 


- - 


- 
See Fig. 2 or text for denotations. Each milliliter is equal to the effluent collected in five tubes. 


to avoid unnecessary dilution of the drugs and pro- 
longation of fractionation time. 


Sephadex G-10 and G15 are less porous than 
G-25, and will effect a better resolution of low molec- 
ular weight substances. Indeed, Sephadex G 1 5  of 
a 100-mm. column and G-10 of only 50-mm. column 
separated two salicylates as well as G 2 5  with 200- 
mm. column length. Sephadex C-25 (cation ex- 
changer) behaved just like G-25m and Sephadex 
A-25 (anionic exchanger, DEAE Sephadex) s e p  
arated salicylates most efficiently. A 50-mm. 
column of A-25 was sufficient for the separation. 


I t  is always preferable to  use a shorter column. 
The longer column has a slower flow rate and also 
it is difficult to  keep the bed uniform. The flow 
rate of different types of gel with equal column 
length may not be the same. The Sephadex G 2 5  
coarse has a higher flow rate, but it has lower resolu- 
tion power. Both G-10 and A-25 only need 50-mm. 
column. Sephadex G 1 0  has a higher flow rate and 
A-25 gives better resolution. 


The recovery of drugs was complete, since there is 
no irreversible retention of substance on the Sepha- 
dex column. When the amounts of ASA and SA 
were increased, the distribution of the drugs in the 


effluent was not changed, but the peaks of the 
fractions were increased. The time required for the 
filtration was very short and there was no detectable 
hydrolysis of ASA in the column. Sephadex gel 
filtration method for the separation of ASA and SA is 
very simple and practical. 
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TABLE 11-PEAK SERUM LEVEL AND AREA UNDER 


ADMINISTRATION OF SUSPENSIONS OF ANHYDROUS 
THE BLOOD LEVEL-TIME CURVE AFTER ORAL 


AMPICILLIN AND AMPICILLIN TRIHYDRATE 


Area 
Peak Under 


Serum Peak Curve 


Ampicillin Species mcg./ml. min. X hr.) 
Form of Test Level, Time, (mcg./ml. 


Anhydrous' Dog 20.6 45 36.6 
Trihydrateb Dog 11.0 90 22.8 
Anhydrousa Human 2.2 60 6 .9  
Trihydrateb Human 1 .7  120 5.7 
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in distilled water have been determined over a tem- 
perature range of 7.5 to 50". Below the transition 
temperature, 42', the anhydrous form was found to 
be significantly more water soluble than the tri- 
hydrate. In addition, the solubility of the an- 
hydrous crystal was shown to be inversely related 
to temperature. 


The thermodynamic values have been calculated 
for the anhydrous-trihydrate ampicillin system. 
The greater thermodynamic activity Qf the anhy- 
drous form correlates with the observed enhanced 
biological availability noted with this crystal form 
of the antibiotic. 
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Potential Antitumor Agents I11 


Sodium Salts of a- "1-Heterocyclic Carboxaldehyde 
Thiosemicarbazones 


By KRISHNA C. AGRAWAL and ALAN C. SARTORELLI 


Sodium salts of four of the most active antineoplastic agents in a series of a-(N)- 
heterocyclic carboxaldehyde thiosemicarbazones have been prepared as a means of 
solubilizing for parenteral administration these extremely insoluble compounds. 
The sodium salt of 1-formylisoquinoline thiosemicarbazone (11) is soluble in non- 
aqueous vehicles for injection such as propylene glycol, whereas the sodium salts of 
5-hydroxy-1-formylisoquinoline thiosemicarbazone (HI), 3-hydroxy-~-formyl- 
pyridine thiosemicarbazone (IV), and 5-hydroxy-2-formylpyrid1ne thiosemicar- 
bazone (V) are readily soluble in water. Compounds 111 and IV, at the optimum 
effective dosage regimens, caused a greater prolongation of the survival time of mice 
bearing the L1210 lymphoma than did the parent derivatives, while I1 and V pro- 
duced antineoplastic activity a dnst  sarcoma 1 8 0  and the LlZlO lymphoma, respec- 


tively, equivafent to that of the parent compounds. 


VARIETY OF thiosemicarbazones of a-(N)-  (1-7). Several of these derivatives, especially 1- A heterocyclic carboxaldehydes has been pre- formylisoquinoline thiosemicarbazone (2, 3), its 
pared and tested for antineoplastic activity 5-hydroxy derivative (4), and both 3-hydroxy-2- 
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further elucidate the structural requirements for 
biological activity expounded by French and 
Blanz (2), the authors have synthesized and tested 
for tumor-inhibitory potency a series of 5-substi- 
tuted 1-formylisoquinoline thiosemicarbazones 
(4), as well as a variety of derivatives with altera- 
tions in the side-chain of the molecule (7). These 
studies support the concept that an unsubsti- 
tuted formylthiosemicarbazone group adjacent to 
a heteroaromatic ring nitrogen atom is required 
for optimum antineoplastic activity. 


The biochemical basis for the growth-inhibitory 
activity of 1-formylisoquinoline thiosemicar- 
bazone has also been studied in this laboratory 
(8-10); this agent caused marked inhibition of 
the synthesis of DNA by preventing the con- 
version of ribonucleotides to deoxyribonucleotide 
forms. Blockade of the formation of RNA and 
protein also occurred, but these were considerably 
less sensitive to drug-induced inhibition. A 
similar mechanism of action appeared to be 
operative with both 3-hydroxy-2-formylpyridine 
thiosemicarbazone and 5-hydroxy-2-formylpyri- 
dine thiosemicarbazone (1 1). 


Although 1-formylisoquinoline thiosemicar- 
bazone has been shown to possess activity against 
transplanted tumors in mice when administered 
orally (3), the expectation of variable gastro- 
intestinal absorption of this relatively insoluble 
agent and related heterocyclic carboxaldehyde 
thiosemicarbazones would appear to preclude 
oral usage as the ideal route of administration. 
Thus, the ultimate utility of these heterocyclic 
carboxaldehyde thiosemicarbazones as antineo- 
plastic agents in man appeared to be limited by 
an inability to formulate the compounds for 
parenteral administration because of their great 
insolubility. A number of solvents, both polar 
and nonpolar, have been investigated in an effort 
to solubilize these drugs; only dimethyl sulfoxide 
appeared to be capable of achieving the degree of 
solubilization necessary for concentrations re- 
quired in tests of antineoplastic potency. How- 
ever, the use of dimethyl sulfoxide in man at 
present is questionable. Neither salt formation, 
such as the hydrochloride of B-amino-l-formyl- 
isoquinoline thiosemicarbazone (4), nor quaterni- 
zation of the heterocyclic nitrogen atom as in 3- 
hydroxy - 2 - formyl - 1 - methylpyridinium iodide 
thiosernicarbazone (2) resulted in the attainment 
of effective tumor-inhibitory compounds with 
adequate solubility. Furthermore, initial ef- 
forts to synthesize water-soluble derivatives, such 
as 1-formylisoquinoline thiosemicarbazone-5-sul- 
fonic acid, resulted in agents with decreased 
therapeutic potency (4). 
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DISCUSSION 


This report describes the preparation of sodium 
salts of four of the most active antitumor agents 
in this series. 1-Formylisoquinoline thiosemi- 
carbazone (I), when treated with sodium ethoxide 
in alcoholic solution, reacts to form the mono- 
sodium derivative (11) of the resonance-hybrid 
anion as shown in Scheme I. Compound I1 


s sH =N-NH-C-  = N - N = C -  


I IT 


Scheme I 


(sodium l-amino-4-isoquinolyl-2,3-diazabuta- 1,3- 
diene-1-thiol) is essentially a butadiene derivative 
in which the hydrogen atom of the -NH- group 
of the formyl thiosemicarbazone side-chain is ap- 
parently displaced in its lactim form by sodium. 
Compound I1 is, however, quantitatively hy- 
drolyzed in the presence of water to give the 
original thiosemicarbazone. Compound I is 
very sparingly soluble in alcohols and glycols, 
whereas Compound I1 is very soluble in these 
solvents. Thus, solutions of Compound I1 in 
propylene glycol were found to be suitable for 
parenteral administration and were employed in 
biological tests for carcinostatic activity. 


The sodium salts of the hydroxy derivatives 
shown in Scheme I1 were fabricated by dissolving 


fyNo CH=N NHC s NH2 kN CH= N NHCNH, : 
m Ip 


N o O D  CHzNNH 2 C NH2 


Y 


Scheme lT 


the thiosemicarbazones in equimolar 
NaOH solutions; excess water was 
under vacuum employing absolute 


aqueous 
removed 
ethanol. 


These compounds (111, IV, and V) are readily 
soluble in water. In accordance with the pre- 
vious findings that the substitution of electron- 
donating groups increased antitumor activity, 
while electron-withdrawing groups lessened anti- 
neoplastic activity (4); it was anticipated that 
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TABLE I-EFFECT OF SQDIUM SALTS OF HYDROXY DERIVATIVES OF a-( N)-HETEROCYCLIC CARBOXALDEHYDE 
THIOSEMICARBAZONES ON THE SURVIVAL TIME OF MICE BEARING L1210 LYMPHOMA 


Drug 


None 
5-Hydroxy-1-formylisoquinoline thio- 


semicarbazone 


Sodium 1-formylisoquinoline-5-01 thio- 
semicarbazone (Compound 111) 


3-Hydroxy-2-formylpyridine thiosemi- 
carbazone 


Sodium 2-formylpyridine-3-01 thiosemi- 
carbazone (Compound IV) 


5-Hydroxy-2-formylpyridine thiosemi- 
carbazone 


Sodium kformylpyridine-5-01 thiosemi- 
carbazone (Compound V) 


Dose, 
mg./kg." 


- 
30 
40 
50 
60 
80 


100 
32.5 
43.5 


65 
87 


109 
10 
20 
20 
30 
40 
60 
80 
11 
22 
22 
33 
44 
67 
89 
10 
20 
30 
40 
11 
22 
33 
44 


No. of 
Daily Av. A Av. Survival, 


X Doses wt.. % days * S.E. 
- 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


- 
2 
2 
2 
1 
1 
1 
2 
2 
1 
1 
1 
4 
4 
2 
2 
1 
1 
1 
4 
4 
2 
2 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 


. . -  


+16.3 
f5 .4  
+10.2 
f18.3 
+8.9 
f3 .2  
f18.7 
-7.4 
-10.8 
-16.0 
-14.4 
-16.7 
-4.0 
-5.3 
-1.6 
-2.7 
-2.4 


0.0 
-2.4 
-5.0 
-10.0 
-4.5 
-6.9 
+5.4 
f6.2 


0.0 
+0.9 
+l.O 


0.0 
-5.5 
+4.5 
$4.0 
-2.0 
-8.1 


9.7 f 1.6 (58)c 
13.9 f 0.9 (15) 
15.5 * 1.0 ii5j 
10.0 f 0.9 (4) 
13.6 f 1.1 (10) 
15.1 f 1.9 (10) 
12.4 f 1.4 (5) 
24.7 f 2.1 (13) 
24.3 f 1.7 (10) 
13.5 f 0.6 (10) 
16.4 f 1.6 (10) 
9.6 f 2.2 (5) 


18.1 f 1.2 (15) 
19.2 f 1.3 (5) 
22.2 f 1.9 (10) 
21.1 f 2.1 (10) 
17.1 f 0.7 (10) 
17.2 f 0.7 (10) 
16.8 f 0.3 (10) 
23.9 f 1.6 ii4j 
22.2 f 7.0 (5) 
28.8 f 2.9 (10) 
21.6 f 1.8 (9). 
10.5 f 0.2 (10) 
10.8 f 0.4 (10) 
13.9 0.6 (ioj  
24.6 f 2.0 (10) 
21.5 f 1.1 (10) 
27.6 f 3.0 (10) 
24.2 f 2.1 ( io j  
21.0 f 1.1 (10) 
23.4 f 2.8 (10) 
24.6 f 1.8 (10) 
21.2 f 1.1 (10) 


- 


Administered as indicated daily for 4 consecutive days, beginning 24 hr. after tumor implantation. Average weight 
change from onset to termination of drug treatment. The figure in parentheses indicates the number of mice employed. 


the stronger electron-donating properties of the 
phenoxide anion of Compounds 111, IV, and V 
might possibly serve to increase biological activity 
over the parent compounds. 


Biological Tests-Experiments were per- 
formed on 31- to 24-g. male C57BL X DBA 
Fl mice (Cumberland View Farms, Cumber- 
land, Tenn.). Transplantation of lymphoma 
L1210 ascites cells was carried out by with- 
drawing peritoneal fluid from a donor mouse 
bearing a 7-day tumor growth. The suspen- 
sion was centrifuged for 2 min. (1600Xg), 
the supernatant peritoneal fluid was decanted, 
a 10-fold dilution with isotonic saline was 
made, and 0.1 ml. of the resulting cell suspension 
(approximately 8 X lo6 cells) was injected intra- 
peritoneally into each animal. For any one ex- 
periment, mice were distributed into groups of 
five to ten animals of comparable weight and 
maintained throughout the course of the experi- 
ment on Purina laboratory chow pellets and water 
ad libitum. Experiments with more than five 
mice per group were performed at  least two times. 
Drugs were administered by intraperitoneal 


injection as indicated for 4 consecutive days be- 


ginning 24 hr. after tumor implantation. The 
hydroxy derivatives of a-(N)-heterocyclic car- 
boxaldehyde thiosemicarbazones were given in 
fine suspension following homogenization in 
absolute ethanol (adjusted so that the final con- 
centration of the drug solution was 5% with re- 
spect to ethanol) and 2-3 drops of a 20% aque- 
ous solution of polysorbate 80' and then made 
up to volume with isotonic saline. Compounds 
111, IV, and V were injected in solution in 
distilled water. Control tumor-bearing animals 
given injections of comparable volumes of vehicle 
were included in each experiment. Mice were 
weighed during the course of the experiment, and 
the percentage change in body weight from onset 
to termination of therapy was used as an indica- 
tion of drug toxicity. 


The effects of molar equivalent doses of these 
agents on the survival time of mice bearing 
lymphoma L1210 was used as a measure of 
therapeutic efficacy; the results obtained are 
shown in Table I. In most instances the daily 
frequency of drug administration appeared to be 
of importance, with treatment twice daily being 


1 Tween 80, Atlas Chemical Co., Wilmington. Del. 
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optimum. The sodium salts of 3-hydroxy-S- 
formylpyridine thiosemicarbazone and 5-hy- 
droxy- 1-formylisoquinoline thiosemicarbazone, at 
the optimum effective dosage regimens, appeared 
to prolong the life-span of tumor-bearing animals 
to a greater extent than did the parent com- 
pounds; the most dramatic difference was ob- 
tained with the more insoluble compound 5- 
hydroxy- 1-formylisoquinoline thiosemicarbazone, 
suggesting that the sodium salt of this agent was 
able to distribute itself more advantageously in 
vivo. The administration of the sodium salt of 
the most soluble of these a-(N)-heterocyclic 
carhoxaldehyde thiosemicarbazones, 5-hydroxy- 
2-formylpyridine thiosemicarbazone, did not in- 
crease the tumor-inhibitory potency of this 
derivative; thus, only the advantage of com- 
plete solubilization was attained by formation 
of the sodium salt of this agent. Preliminary 
results indicate that the sodium salt of l-formyl- 
isoquinoline thiosemicarbazone (Compound 11) 
administered in propylene glycol solution to mice 
bearing sarcoma 180 ascites cells was essentially 
equal in growth-inhibitory activity to the parent 
thiosemicarbazone (Compound I) employed in 
suspension. The sodium salts of the hydroxy 
derivatives appeared to cause, in general, a 
greater loss in host body weight than did the 
parent compounds ; however, no other observable 
toxicity, such as gross tissue damage at the in- 
jection site was produced by these compounds. 
It would appear, therefore, that the solubility 
and in some instances the increased antineoplastic 
activity of the sodium salts of these heterocyclic 
aldehyde thiosemicarbazones would make the 
sodium salts the drug form of choice in initial 
clinical trials of these agents. 
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TABLE 11-SODIUM SALTS OF e-( N)-HETEROCYCLIC 
CARBOXALDEHYDE THIOSEMICAREAZONES 


Com- -Anal.- 
pound Formula Calcd. Found 


EXPERIMENTAL 


Melting points were determined using a Thomas- 
Hoover capillary melting point apparatus and are 
uncorrected. Elemental analyses were performed 
by the Schwarzkopf Microanalytical Laboratory, 
New York, N.Y. The analytical data are listed in 
Table 11. 


Sodium Salt of 1-Formylisoquinoline Thiosemi- 
carbazone-1-Formylisoquinoline thiosemicarba- 
zone (2.3 g., 0.01 mole) was added in small portions 
with stirring to a solution of sodium ethoxide 
(prepared by dissolving 0.01 mole of sodium in 25 
ml. of absolute ethanol). The thiosemicarbazone 
slowly dissolved and the solution turned yellow. 
The reaction mixture was stirred for another 5 min. 
at room temperature and then excess solvent was 
removed under vacuum at 25' to leave an orange- 
colored thick syrup. This was triturated with 100 
ml. of anhydrous ether to yield a crystalline yellow 
precipitate, which was filtered, washed with anhy- 
drous ether, and dried at  80' to give 2.4 g. (95.2%), 


I1 CllHoNINaS C, 52.38 C, 52.03 
H, 3.57 H, 3.90 
S ,  12.70 S,  12.92 


I11 CIIH~N~N~OS.HZO C. 46.15 C. 46.00 
H.. 3.85 H. 4.24 
S,' 11.19 S,' 10.71 


IV CTH,N,NaOS-H20 C, 35.59 C, 35.71 
H, 3.81 H, 4.17 
S, 13.56 S, 13.14 


V C,H,N4NaOS.H20 C. 35.59 C. 36.62 
H; 3.81 H; 4.20 
S, 13.56 S, 13.20 


m.p. 214416" dec. Compound I1 is sensitive to 
moisture and is best stored over anhydrous CaClz. 


General Procedure for Sodium Salts of Hydrorg 
Derivatives of a-( N)-heterocyclic Carboxaldehyde 
Thiosemicarbazones-The hydroxy derivative of an 
a-( N)-heterocyclic carboxaldehyde thiosemicarba- 
zone (0.01 mole) was dissolved in a solution of 
sodium hydroxide (0.4 g., 0.01 mole) in 10 ml. of 
water. The mixture was filtered to remove sus- 
pended material and the water from the filtrate 
was removed under vacuum at 25' using absolute 
ethanol. The resultant syrupy liquid was dissolved 
in 5 ml. of absolute ethanol; addition of 100 ml. of 
anhydrous ether resulted in the precipitation of the 
sodium salt which was collected by filtration, washed 
with anhydrous ether, and dried under vacuum at 
80" over anhydrous calcium chloride. These com- 
pounds have 1 mole of water of crystallization and 
are hygroscopic; therefore, they should be stored in 
closed containers over CaClt. Compound I11 
melts at 213-216' with decomposition. Com- 
pounds IV and V initially collapse with frothing at 
182-185" and 192-194', respectively, and then de- 
compose at 208-212' and 220-222', respectively. 
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author has the control laboratories report t o  the 
plant manager, “Verboten” in the pharmaceutical 
industry! Kehoe in “Automation in Industrial 
Analytical Chemistry” gives five excellent theses 
which should be recommended reading for anybody 
considering or working on laboratory automation. 
Thesis number four states: “The best automatic 
analyzer still requires intelligent supervision to detect 
subtle errors and to recognize gradual decay of 
accuracy.” 


I hope that the instructive and well-written 
chapters on “Design of Laboratories for Analytical 
Chemistry” by Mellon, “Design of Laboratories for 
Radiochemical Work” by Fenninger and Hale and 
“Safety in the Analytical Laboratory” by Stalzer, 
Martin, and Railing find a wide readership since the 
information presented reaches beyond the confines 
of the analytical laboratory. 


“Development of Raw Material and Product 
Specifications” should be required reading for all 
purchasing agents. Patek makes the memorable 
point that “it  is almost impossible to develop a good 
purchase specification without the assistance of an 
analytical chemist.” In  the final chapter on “Test- 
ing of Consumer Products” by Schwartz and Gaffney 
the reader not only is treated to the cigarette puffing 
machine but also will learn that there is a gadget 
called the Handle-0-Meter to measure the fluffiness 
of towels. 


The print of the book is readable and the drawings 
are clear. However, the paper used does not lend 
itself too well to photographic reproduction. This 
particularly detracts from the nice gesture of pre- 
senting the authors’ portraits. 


The book then contains an abundance of informa- 
tion over a wide range of subjects. I can visualize 
that a future historian might use the volume as a 
rich source to  study the role and organization of 
analytical chemistry in the chemical process industry 
in the mid-20th century. To the contemporary 
pharmaceutical analyst the book offers a broad view 
of the adjoining pasture. 


Reviewed by K. Florey 
Squibb Institute for Medical Research 
New Brunswick, N .  J.  


Journal of Pharmaceutical Sciences 


allied techniques. Part I11 deals with industrial 
scale equipment. Different authors discuss the 
Proabd Refiner, Newton Chambers’ Process, Ro- 
tary-Drum Techniques, Phillips Fractional-Solid- 
ification Process, and desalination by freezing. 
Part I V  deals with applications of fractional solid- 
ification. Ultrapurification and its relation to 
pharmaceuticals are discussed by Jannke et al. Chap- 
ters are devoted to  ultrapurity in crystal growth and 
to bulk purification. Part V is devoted to  the eco- 
nomics of fractional solidification, and Part VI con- 
tains tables listing the purification and operating 
parameters for zone melting of inorganic and organic 
compounds. A great many of the organic com- 
pounds are important pharmaceuticals. 


This book is of value because the basic knowledge 
and methods used to  produce chemicals of ultra- 
purity are presented. The processes required to  
produce ultrapurity are examined in detail. The 
material should be valuable to those in pharmaceu- 
tical and other industries in order to  develop and 
maintain strict specifications on raw materials. 
This book should prove to be valuable to  the re- 
searcher in producing ultra-pure crystals in either 
very small or large scale batches. 


The book is printed on paper which provides easy 
reading, and the print is of adequate size. The au- 
thors have used many fiqures to illustrate their con- 
cepts and discussions. 


I recommend this book as a reference to  the scien- 
tist in research, teaching, and industry. 


Reviewed by John A. Biles 
School of Pharmacy 
Universaty of Southern California 
Los Angeles, Calif. 


Fractional Solidification. Vol. I. Edited by M. ZIEF 
and W. R. WILCOX. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10019 1967. xvi + 
714 pp. 16 X 23.5 cm. Price $28.75. 
Fractional Solidification is the first of two volumes. 


Twenty-two authors from England and the United 
States have contributed to the text. The contribu- 
tions of Paul Jannke are of special interest to the 
pharmaceutical scientist. Each chapter is well doc- 
umented with references- majority being recent. 


Part I is de- 
voted to basic principles with contributions dealing 
with phase diagrams, mass transfer in fractional 
solidification, constitutional supercooling and micro- 
segregation, polyphase solidification, and heat trans- 
fer in fractional solidification. Part I1 deals with lab- 
oratory scale apparatus used in fractional solidiiica- 
tion with specifics that deal with batch zone and con- 
tinuous zone melting, progressive freezing and col- 
umn crystallization, and zone precipitation and 


The book is divided into six parts. 


Take as Directed. Edited by F. E. SHIDEMAN and 
written by JOHN P. Russo. The Chemical 
Rubber Company Press, 18901 Cranwood Park- 
way, Cleveland, OH 44128, 1967. xiv + 457 pp. 
16 X 2.3.5 cm. 
The editor has fuliilled the objective given on the 


book cover, “Our modern medicines explained for 
the layman.” Diseases and physiological condi- 
tions have been described clearly in terms the layman 
will understand. The fundamental information 
given about the drugs is presented in a sound, 
reasonable way that is a pleasant contrast to the 
dramatic presentations that frequently are offered 
to the lay public. This book is an excellent, simpli- 
fied discussion of drugs and their use in medical 
treatment today. Pharmacists and pharmaceutical 
scientists can confidently suggest this book in re- 
sponse to requests from laymen to recommend a 
simplied-yet authoritative-text discussing drugs 
in current use. 


Stuff review 


Price $14.75. 


Aromatic Amine Oxides. By EIJI OCHIAI. Trans- 
lated by Dorothy U. Mizoguchi. Elsevier 
Publishing Company, 52 Vanderbilt Ave., New 
York, NY 10017, 1967. 15 X 23 
cm. Price $30.00. 
In view of the frequently predictable chemical 


ix + 456 pp. 
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SUMMARY 
A gas chromatographic method has been developed 


for the determination of caffeine in plasma. A 
standard response curve relating signal-height ratios 
of caffeine to hexobarbital permits a quantitative 
estimation of the amount of caffeine present. The 
method is more rapid and sensitive than any pre- 
viously reported. Plasma levels of caffeine after 
the ingestion of one cup of coffee have been studied 
and concentrations down to 0.25 mcg./ml. have 
been accurately determined. 
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Oxidation of Organic Compounds with 
Xenon Trioxide I 


Stoichiometric and Kinetic Studies Involving Cinnamyl Alcohol, 
Cinnamaldehyde, and Cinnamic Acid 


By HAROLD J. RHODES, REGINA P. SHIAU, and MARTIN- I. BLAKE 


The stoichiometry involved in the xenon trioxide oxidation of cis- and trans-cin- 
namyl alcohol, truns-cinnamaldeh yde, and trans-cinnamic acid to carbon dioxide 
and water was determined using an excess of xenon trioxide. The rate of oxidation 
of truns-cinnamaldehyde with xenon trioxide within the concentration range studied, 
was found to be iirst order with respect to xenon trioxide and zero order with respect 
to trans-cinnamaldehyde. The reaction rate is pH-dependent and inversely related to 


the ionic strength of phosphate buffer. 


TUDIES INVOLVING the preparation and oxi- solution have been cited in a n  earlier paper (I), S dizing properties of xenon trioxide in  aqueous which described the determination and stoichi- 
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trioxide oxidation of cis- and trans-cinnamyl 
alcohol, trans-cinnamaldehyde, and trans-cin- 
namic acid. T h e  stoichiometry of the oxidation 
of these compounds t o  carbon dioxide and water 
by  xenon trioxide was determined. In addition, 
for trans-cinnamaldehyde, the following were de- 
termined: the reaction order with respect t o  
xenon trioxide and aldehyde, the p H  profile for 
the reaction, and the effect of increasing ionic 
strength of phosphate buffer on  the reaction 
rate. 
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EXPERIMENTAL 


Apparatus-The p H  of reaction mixtures and buf- 
fers was determined with a Beckman pH meter, 
model 76A. 
Solutions and Reagents-Highly purified water, 


which was used for preparing all solutions and dilu- 
tions, was obtained by passing the vapors through 
a column of cupric oxide heated to 800". 


Xenon trioxide solution (0.02 M and 0.09 M) was 
prepared by diluting a concentrate (0.2 M) with 
highly purified water. The preparation of the con- 
centrated xenon trioxide solution by hydrolysis of 
xenon hexafluoride has been described by  Appelman 
and Malm (2). 


The following stock solutions of the compounds 
studied were prepared: 0.0020 M cis- and trans- 
cinnamyl alcohol, 0.0020 M ,  0.0060 M, and 0.0080 M 
trans-cinnamaldehyde, and 0.0020 M trans-cinnamic 
acid. 


Phosphate buffer solutions used in the kinetic 
studies were prepared in concentrations of 0.20 M ,  
0.50 M, and 0.75 M and at pH values ranging from 2 
to 6.8 from standard buffer solutions (Fisher 
Scientific Co., Fair Lawn, N. J.), monobasic potas- 
sium phosphate, dibasic potassium phosphate, phos- 
phoric acid, and potassium hydroxide. 


Sodium thiosulfate solution (0.0050 N) was pre- 
pared by diluting a standard 0.020 N solution 
(Fisher Scientific Co., Fair Lawn, N. J.). 


Sulfuric acid solution, 10% w/v, was prepared 
by diluting the concentrated form with highly puri- 
fied water. 


Potassium iodide and starch test solution were ob- 
tained from Fisher Scientific Co., Fair Lawn, N. J. 


All chemicals and solvents were reagent grade. 
Procedure-The stoichiometry involved in the 


xenon trioxide oxidation of cis- and trans-cinnamyl 
alcohol, trans-cinnamaldehyde, trans-cinnamic acid to  
carbon dioxide and water was determined by the fol- 
lowing procedure, which is a modified version of the 
one described in a previous paper (1). In each 
case, exactly 1.0 ml. of 0.02 M xenon trioxide, a 
known excess, was added by micropipet to a series 
of 50-ml. glass-stoppered conical flasks. Aliquots of 
the 2.0 X lo-' M substrate stock solution, ranging 
in volume from 0 to  1,OOO wl., followed by a sufficient 
quantity of highly purified water to  bring the total 
volume to  10 ml., were then added to the flasks. The 
flasks were stoppered and allowed to  stand at room 
temperature. Since the time required for complete 
oxidation depends on the nature of the substrate and 
its concentration, preliminary studies were run to 
determine these values. Complete oxidation was 
noted in 9 days for the alcohol, 12 for the aldehyde, 


and 13 for the acid. After the reaction had gone to  
completion, the excess xenon trioxide was determined 
by the method of Appelman and Malm (2), which in- 
volves acidifying the reaction solution with 4 ml. of 
diluted sulfuric acid (10% w/v), adding potassium 
iodide (1 g.), and titrating the triiodide formed with 
standard sodium thiosulfate (0.020 N or 0.005 N) 
from a 10-ml. buret graduated t o  0.01 ml. The end 
point sharpness was increased by addition, as it was 
approached, of three drops of starch T.S. to  serve as  
an indicator. The amount of xenon trioxide con- 
sumed in the oxidation was determined by subtract- 
ing the amount found in excess from that found in a 
flask to  which no substrate was added initially 
(blank). Thus, the millimoles of xenon trioxide re- 
acting were determined from the normality of the 
thiosulfate solution and the difference in the volumes 
consumed by the blank and the sample. The milli- 
moles of xenon trioxide consumed in the oxidation 
was then plotted against the millimoles of substrate 
taken. The slope and intercept of the plot were de- 
termined by regression analysis (1). 


The reaction between trans-cinnamaldehyde and 
xenon trioxide was used for the kinetic studies, 
rather than the alcohol, because of its more favor- 
able rate of oxidation. All experiments were carried 
out at 30 f 0.1' employing a large excess of the al- 
dehyde relative to xenon trioxide. The reaction rate 
was followed by noting the change in xenon trioxide 
concentration. Xenon trioxide was determined as 
described previously. The reaction was carried t o  at 
least 50% completion. The procedure is described 
below. 


Aliquots of a 6.0 X lo-' M trans-cinnamaldehyde 
stock solution containing 0.2 M phosphate buffer (pH 
5.35), ranging in volume from 60-180 ml., were 
pipeted into a series of 500-ml. glass-stoppered coni- 
cal flasks. With the exception of the last stock 
solution, a sufficient quantity of 0.2 M phosphate 
buffer (pH 5.35) was subsequently added to each to  
bring the volume to 180 ml. The flasks were then 
covered with glass stoppers and placed in a thermo- 
statically controlled heating bath previously ad- 
justed to  30 f 0.1". Xenon trioxide (200 PI., 0.09 
M) was added t o  each at zero time. Aliquots (15 or 
20 ml.) of the reaction mixture were removed a t  six 
time intervals ranging from 0.5 to  9 hr. The reaction 
was quenched by adding 1 g. of potassium iodide. 
The quantity of xenon trioxide was determined as 
previously described. 


To determine the reaction order with respect t o  
xenon trioxide the concentration of xenon trioxide re- 
maining in the reaction mixture was plotted against 
reaction time on semilogarithmic graph paper. The 
slope, determined by calculating the least-square re- 
gression line, was used t o  obtain the rate constant. 
The half-life of the reaction was calculated from the 
rate constant by the expression: h.5 = 0.693/k. 


To determine the reaction order with respect t o  
trans-cinnamaldehyde, the rate constants were deter- 
mined a t  various aldehyde concentrations. 


The pH profile was determined at 30 f 0.1 in 0.2 
M phosphate buffer at six pH intervals (1.4-6.8). 
Xenon trioxide solution (200 PI., 0.09 M) was added 
at zero time to each of six buffered solutions of truns- 
cinnamaldehyde (100 ml., 0.0060 M), previously ad- 
justed to  the desired p H  and temperature. The pH 
of the reaction mixture was then measured with a pH 
meter. The reaction was followed to at least 50% 
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completion. The rate constants of the reactions, de- 
termined as described previously, were then plotted 
against pH. 


The following procedure was used to determine the 
effect of the ionic strength of the phosphate buffer 
on the reaction rate of xenon trioxide with trans- 
cinnamaldehyde. Aliquots (200 ml.) of the stock 
solution (8.0 X M )  were pipeted into three 
volumetric flasks (250 nil.). Monobasic potassium 
phosphate was added to each in sufficient quantity 
to make the final phosphate buffer concentration 0.75 
M ,  0.50 M ,  and 0.20 M ,  respectively. The solutions 
were then adjusted to  pH 5.0 with potassium hy- 
droxide and diluted with water to  bring the volume 
to 250 ml. An aliquot (100 ml.) of each solution was 
then reacted with xenon trioxide solution (200 pl., 
0.09 M )  a t  zero time at a temperature of 30 f 0.1'. 
The reaction rates were determined as described 
previously. The reaction was followed to  at least 
50y0 completion. The rate constants and half-lives 
were calculated. The rate constants were then 
plotted against the ionic strength of the solution on 
semilogarithmic graph paper. 


RESULTS AND DISCUSSION 


The results of the oxidation of cis- and trans-cin- 
namyl alcohol, trans-cinnamaldehyde, and trans- 
cinnamic acid by xenon trioxide are shown graphi- 
cally in Fig. 1, where the number of millimoles of xe- 
non trioxide consumed is plotted against the number 
of millimoles of the alcohol, aldehyde, and acid taken. 
In each case the relationship is linear. Upon extra- 
polation, the straight line plots intercept the ordi- 
nate above the origin. The slope and y-intercept for 
each plot were calculated by least-square regression 
analysis. The analytical data are recorded in Table 
I. In the stoichiometric studies the substrates were 
oxidized completely to  carbon dioxide and water. 
Therefore, where the x- and y-axis values represent 
the millimoles of substrate and xenon trioxide con- 
sumed, respectively, the slope for each plot corre- 
sponds to  the stoichiometric ratio of the reactants 
involved in the oxidation. The ratio is characteris- 
tic of the compound oxidized. The theoretical values 
for the stoichiometric ratios (Table I) were derived 
on the basis of the chemical equation representing the 
complete oxidation of the particular compound. 
This is illustrated with the following example where 
7 moles of xenon trioxide are required t o  oxidize 1 
mole of cinnamaldehyde: 


C6HeCH=CHCH0 + 7Xe03 + 


9C02 + 4H20 + 7Xe 


The experimental results show less than 4 %  devia- 
tion from the theoretical values. 


Intercepts with the ordinate greater than zero were 
noted in all cases. This deviation may be attributed 
to secondary processes resulting from the formation 


Journal of Pharmaceutical Sciences 


Fig. 1-The stoichiom- 
etry of cinnamyl alco- 
hol, trans-cinnamalde- 
hyde, and trans-cinna- 
mic acid with xenon tri- 
oxide. Key: 0, cinna- 
my1 alcohol; X , trans- 
cinnamaldehyde; @, 


trans-cinnamic acid. 


TABLE I-SUMMARY OF THE STOICHIOMETRIC DATA 


v-Inter- Theoret- 
cept, ical 


moles X Slope, Slop:,e Devia- 
Substrate 101 m m tion, %, 


Cinnamyl alcohol 0.9169 7.423 7.333 1.23 
trans-cinnamalde- 


hyde 0.1971 7.204 7.000 2.91 
trans-Cinnamic 


acid 0.2314 6.415 6.667 3.77 
Based on compound being completely oxidized to carbon 


dioxide and water. 


of lower oxidation state xenon species such as xenon 
monoxide, XeO, which can react with water to form 
peroxide, and this in turn is capable of reacting with 
xenon trioxide to  form xenon dioxide, XeOz. Xenon 
dioxide is highly unstable, decomposing to  its com- 
ponent elements spontaneously. Appelman (3) has 
reported on the reactive properties of XeO and XeOz 
in connection with their interaction with X e S .  
I t  is not likely that upon binary collision the sub- 
strate will give up six electrons in one step to a sin- 
gle xenon trioxide molecule. A stepwise transfer of 
electrons probably occurs which will result in lower 
oxidation states of xenon capable of reacting with 
water as indicated above and thus producing inter- 
cepts greater than zero. 


The kinetic study of the oxidation of trans-cin- 
namaldehyde with xenon trioxide was carried out 
under such conditions that the quantity of aldehyde 
taken was in large excess relative to xenon trioxide. 
Therefore i t  can be assumed that the concentration 
of aldehyde remained essentially constant through- 
out the course of the reaction. The reaction rate 
may be expressed by the equation: 


A plot of the xenon trioxide concentration remaining 
in the reaction mixture versus time on semilogarith- 
mic graph paper should be a straight line. This is 
shown in Fig. 2. Thus, the reaction is first order with 
respect to  xenon trioxide. In view of the fact that 
the determinations were conducted under conditions 
where the concentrations of the species other than 
xenon trioxide were kept essentially constant, the re- 
action is actually pseudo-first order. 


In order to establish the reaction order with re- 
spect to trans-cinnamaldehyde, a series of experi- 
ments was conducted in which the concentration of 
the aldehyde was varied while the initial concentra- 
tion of xenon trioxide was kept constant. The data, 
as shown in Table 11, indicate no significant change 
in the reaction rate as the concentration of the alde- 
hyde was increased three fold. This indicates that 


1.51 


2 4 6 8  
REACTION TIME, hr. 


Fig. 2-Rate plot for the oxidation of trans-cinnamal- 
dehyde with xenon trioxide at p H  5.35. 
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TABLE 11-THE FIRST-ORDER REACTION RATES FOR 
THE OXIDATION OF traWS-CINNAMALDEHYDE WIT: 
XENON TRIOXIDE (1.0802 X 10-4M) AT 30 + 0.1 


AND pH 5.35 


1709 


Initial Concentration of Rate 
frans-Cinnamaldehyde, Constant, Half-life, 


moles X 10‘ X 105 hr.-l hr. 


21.4495 8.74 7.92 
32.1743 8 .22  8.42 
42.8990 8.14 8.51 
53.6238 8.53 8.12 
64.3485 8.20 8.45 


the reaction is independent of the aldehyde concen- 
tration within the concentration range studied. 
The reaction is, therefore, zero order with respect to 
the aldehyde. A possible explanation may be that 
the concentration of the aldehyde already present in 
the reaction mixture was so great that any further in- 
crease in concentration did not elicit a discernible ef- 
fect on the reaction rate. Another possibility may 
be the heterogeneity of the mixture. For instance, 
the solubility of truns-cinnamaldehyde is about 1.08 
X M; the concentration used in this study 
ranged from 2 to  6 X M. However, because of 
the monopotassium phosphate, some of the aldehyde 
may be “salted out” of solution. Although this 
would result in a lower concentration of aldehyde in 
solution, the “salted out” aldehyde would serve as a 
source of replenishment for that consumed by the 
oxidant and thus maintain its concentration in solu- 
tion nearly constant. 


The reaction rates for the oxidation of trans- 
cinnamaldehyde with xenon trioxide were deter- 
mined in 0.2 M phosphate buffer a t  various pH val- 
ues ranging from 1 to 7. The study was restricted 
to  acid conditions since xenon trioxide tends to  dis- 
proportionate in alkaline media to form perxenate 
and xenon gas. A plot of the rate constant variation 
with pH is shown in Fig. 3. I t  was noted that the re- 
action rate increased with ‘pH to a maximum at pH 
4.3, then decreased t o  a minimum at pH 5.5, and in- 
creased sharply above pH 5.5. The pH profile is in 
general agreement with the observations of Jaselskis 
and Vas (4) who studied the oxidation of certain 
diols with xenon trioxide. They noted poorer oxida- 


Fig. 3-Effect of @H on 
rate of oxidation of 
t r a n s -  cinnamalikhyde 
with xenon trioxide. 
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2 4t , , , , , , , , , 
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Fig. 4-Effect of buffer concentration on !he rate of 
reaction of trans-cinnamaldehyde with xenon hioxide 


at p H  5.35. 


tion at lower pH values. The maximum at pH 4.3 
as shown in Fig. 3 cannot be fully explained at this 
time. The reaction at this pH may be catalyzed by 
the HzPOI- species of the phophate buffer system. 
Calculations of the ionic species present as a function 
of pH indicate that the concentration of this ion is 
maximal at pH 4.6. The species of the xenon tri- 
oxide in aqueous solutions may also vary with pH 
and may represent an important factor in the oxida- 
tion reactions studied here. Further studies are re- 
quired to  clarify more fully the pH effects noted here. 


The effect of buffer concentration on the rate of 
oxidation of trans-cinnamaldehyde is shown graphi- 
cally in Fig. 4. The reaction rate was found to de- 
crease with increase in buffer concentration. In cal- 
culating the ionic strength for the reaction mixtures, 
the contribution of species other than the buffer was 
negligible. The effect of buffer concentration on the 
reaction rate may be attributed to  a primary salt 
effect. Since the activity coefficients of the ions 
present may be affected by increased ionic strength, 
this may be reflected in a change in rate constant. 
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Determination of Silicon in a Commercial Hand Lotion 
by Atomic Absorption Spectroscopy 


By ERNEST MARIO and RALPH E. GERNER 


A procedure for the extraction and quantitative determination of silicon by atomic 
absorption spectroscopy in a commercial hand lotion is described. After the com- 
plete removal of water, benzene is used to extract the silicon derivative (dimethyl- 
polysiloxane) from the sample. The benzene extract is then analyzed by atomic 
absorption spectrosco y utilizing a nitrous oxide/acetylene flame. The  method 
was verified by  the ad&tion of known quantities of octaphenylcyclotetrasiloxane to 
samples of known silicon content prior to  extraction. Standard curves obtained by 
plotting absorbance trersus p.p.m. sllicon were found to be linear in  the range of 0 to 


120 p.p.m. silicon. 


HE RAPIDLY INCREASING utilization of silicone T fluids in commercial beauty aids for skin protec- 
tion has pointed up the need for a more rapid and ac- 
curate method to analyze these products for silicon 
content. The classical acid digestion methods 
(1) are rather time consuming, and high tempera- 
tures are required to convert the silicon completely 
to silicon dioxide. The infrared methods (2) re- 
quire considerable sample clean-up and introduce the 
usual variables encountered with quantitative in- 
frared determinations. This paper describes the 
suitability of atomic absorption spectroscopy for the 
determination of silicon in a commercial hand lotion 
containing approximately 85y0 water. The method 
offers both speed and accuracy. 


EXPERIMENTAL 
A ppuratus-A Perkin-Elmer model 303 atomic ab- 


sorption spectrophotometer was utilized with a fuel 
mixture of nitrous oxide and acetylene. The high 
temperatures achieved with this fuel mixture were 
necessary since silicon is a refractory element. The 
nitrous oxide flow rate was held a t  approximately 
seven at the flowmeter and the pressure regulated to 
30 psig at the tank regulator. The acetylene flow 
rate was held a t  approximately six using the lower 
ball in a double ball flowmeter and the pressure regu- 
lated to 8 psig a t  the tank regulator. The flame was 
considered suitable when the red inner cone attained 
a height of approximately 1 in. (2.54 cm.). A hollow- 
cathode silicon lamp was used as the source of emis- 
sion. The measurement wavelength was approxi- 
mately 251 mp (maximized) in the ultraviolet region. 
The instrument was operated with a slit setting of 
three and a meter response setting of four. These 
parameters are dimensionless and will therefore vary 
from instrument to instrument. 


Materials-The commercial samples examined in 
this study were prepared with dimethylpolysil- 
0xane.l The dimethylpolysiloxane used in the 
specific lot of commercial material discussed in 
this paper was analyzed by atomic absorption spec- 
troscopy and found to contain 38.25y0 silicon. Octa- 
phenylcyclotetrasiloxane* was used as the internal 
standard. This material is currently used by the 
National Bureau of Standards as a primary standard 
for atomic absorption studies involving silicon. The 
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material was certified to  contain 14.15% silicon. 
Analytical reagent grade benzene was used through- 
out this study. 


Metkods-Samples of hand lotion containing ap- 
proximately 400 mg. of silicon were weighed ac- 
curately into a 250-ml. flat-bottom Pyrex flask 
equipped with a ground-glass neck. Several glass 
beads were added and a suitable glass elbow adapter 
affixed to  the flask. The mixture was heated gently 
until all water was volatilized. The residue remain- 
ing varied in color from light amber to  colorless de- 
pending on the rate of heating. The sample was 
allowed to cool and 100 ml. of benzene was added. 
The flask was stoppered and the sample extracted 
for 60 min. on a mechanical shaker. The extract 
was decanted through a cotton pledget into a 200- 
ml. volumetric flask. An additional extraction us- 
ing 50 ml. of benzene was performed for 30 min. in 
the same manner. This extract was added to  the 
200-ml. volumetric flask as described above and the 
flask and cotton pledget were rinsed with sufficient 
benzene to obtain 200 ml. Three milliliters of this 
solution was pipeted into a 100-ml. volumetric 
flask and diluted to  volume with benzene. Stan- 
dards, from which a linear calibration curve was ob- 
tained, were prepared by dissolving known amounts 
of octaphenylcyclotetrasiloxane in benzene. 


Internal recovery standards were prepared by 
mixing samples of hand lotion containing approxi- 
mately 400 mg. of silicon with known amounts of 
the octaphenylcyclotetrasiloxane standard. These 
internal recovery standards were heated to remove 
all water and extracted with benzene as described 
above. 


The samples and standards were read in an alter- 
nate manner throughout this study to  verify con- 
formance with the standard curve. The solvent 
(benzene) was aspirated after each test solution. 
Each test solution was aspirated three times and the 
absorbance values averaged. 


RESULTS AND DISCUSSION 
Table I contains the absorbance data obtained 


TABLE 1-CALIBRATION DATA FOR P.P.M. SILICON 
versus ABSORBANCE 


Sample No. p.p.m. Silicon Absorbance 
1 14 0.0801 
2 36 0.2034 
3 57 0.3233 
4 71 0.4034 
5 85 0.4763 
8 106 0.5901 
7 120 0.6720 
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TABLE 11-P.P.M. SILICON IN COMMERCIAL HAND 
LOTION 


Total 
p.p.m. p: .m. 


Sample Silicon &%zn SiHcon Total p m. 


(Tghe;r) 
Added (Theory) Silicon gound) 


1 None 57.0 66.2 56.8 
2 57.0 4 .3  61.3 62.0 62.0 
3 57.0 10.6 67.6 67.6 67.4 
4 57.0 21.2 78.2 80.0 78.0 
5 57.0 42.4 99.4 99.0 97.4 


No. 
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p.p.m. silicon and absorbance is lost above 75 p.p.m, 
silicon. This loss of linearity may be due to the 
formation of refractory oxides of silicon within the 
flame during aspiration. 


As can be seen in Table 11, the method is very 
reliable and accurate. The heating step to remove 
water (about 85% in the product examined) requires 
approximately 30 min. The overall procedure in- 
cluding standard preparations can be performed i n  
approximately 3 hr. 


SUMMARY AND CONCLUSION 


A rapid, accurate method for the determination of 
silicon in a commercial hand lotion has been de- 
veloped utilizing atomic absorption spectroscopy. 
In concentrations up to  120 p.p.m., silicon absorb- 
ance is linear with respect to  p.p.m. Critical param- 
eters are the flow rates of fuel and oxidizer, the ap- 
pearance of the flame, the requirement of complete 
removal of water prior t o  extraction with benzene, 
and the need for frequent aspiration of pure solvent 
(benzene) to  prevent instrument memory. 
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Mannich Bases of Vanillin Oxime 
By H. V. MAULDING, Jr.*, M. A. ZOGLIO, P. TURI, and R. LA POFF 


Synthesis of a group of 5-cycloalkyl- and 5-  
dialkylarninornethyl derivatives of vanillin 
oxime is reported. Results of microbio- 


logical tests are cited. 


HENOL AND CRESOLS are well-known antibac- P terial agents of long standing. It has pre- 
viously been shown that wdialkylamino-o-cresols 
exhibit significant activity against both bacteria and 
protozoa (1, 2). From these reports it was postu- 
lated that Mannich bases derived from vanillin 
oxime might fit the structural requirements neces- 
sary for possession of some degree of bacteriostatic 
effect. 


Mannich bases were obtained from reaction of the 
oxime of vanillin with paraformaldehyde and vari- 
ous secondary amines. 
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EXPERIMENTAL 


Vanillin oxime was prepared after the general 
method stated by Shriner and Fuson (3) and re- 
crystallized from ethanol-water, m.p. 115-117". 
Synthesis of phenolic Mannich bases was achieved 
by the procedure of Burckhalter el al. (Procedure I) 
(2). The hydrochloride salts were recrystallized 
from solvents listed in Table I. 


In the case of compound No. 4, Table I, the solid 
free base was obtained from the reaction mixture 
and recrystallized from ethanol, m.p. 181-184". 
It gave a correct elemental analysis and was con- 
verted to its hydrochloride by treating an ether 
solution of the amine with ethanolic HCl. The 
other bases were oils. 


pKa values were determined by differential plots 
of A pH/A V versus volume of 0.1 N NaOH titrant 
using approximately 50 mg. of the salt (4). 


Antimicrobial activity was measured on E. coli 
(A.T.C.C. No. 8739) after a slight modification of 
the turbidimetric assay method of Eisman and co- 
workers (5 ) .  








Determination and Thin-Layer Chromatography 
of Phenylbutazone in the Presence of 


Decomposition Products 
By H. D. BECKSTEAD, K. K. KAISTHA*, and S. J. SMITH 


An assay procedure for phenylbutazone involving acid and base shake-out followed 
by UV spectrophotometric measurement at 264 and 232 mM is described. The 
method enables potentially interfering substances such as other medicaments, ex- 
cipients, and dyes to be removed, and the quantities of phenylbutazone and its 
decomposition products to be determined. A thin-layer chromatographic system 
involving cyclohexane, chloroform, methanol, and acetic acid (60 : 30: 5 : 5 )  on Silica 
Gel GF is applied to screeningfhenylbutazone preparation and semiquantitative 


estimation of ecomposition products present. 


HE WIDE USAGE of the antiarthritic and an- T algesic compound phenylbutazone (4-n-butyl- 
1,2-diphenylpyrazolidine-3,5-dione) (I) has given 
rise to a large body of data on its in vivo proper- 
ties (1). Parallel to this, a varied collection of 
analytical procedures for determining the drug in 
pharmaceutical and biological media has ap- 
peared. 


Phenylbutazone was analyzed polarographi- 
cally by Kalvoda and Zyka (2), while hydrolysis 
of the drug followed by color formation of the 
resulting products was employed by Pulver (3), 
Pemberton (4), Hoehlein (5), and recently by 
Maggiorelli et al. (6). Simple colorimetric (7, S), 
halometric (9-ll), and gravimetric (12) pro- 
cedures have been utilized also. Direct UV 
analysis (13-16) including the automated pro- 
cedure employed by Ahuja et al. (17), titrimetry 
against chloramines (lS), and base (19, 20) also 
have been applied to phenylbutazone analysis. 


Titration of phenylbutazone with sodium 
hydroxide has been adopted as the official method 
of analysis by the British Pharmacopoeia 1963 (21) 
and the National Formulary XI1 (22). The 
compendia1 methods suffer from some short- 
c0mings.l The required initial extraction of the 
drug from tablets with acetone and/or ethanol as 
designated often does not give complete recover- 
ies. Traces of tablet-coating dyes occasionally 
are extracted also so that the titration endpoint- 
phenolphthalein pink-is obscured. Moreover, 
nonofficial phenylbutazone-aluminum hydroxide 
combinations cannot be assayed by the offi- 
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cia1 method. The BP and NF assays are in- 
adequate too in that they are not specific for 
phenylbutazone. That is, common decomposi- 
tion products, such as the carboxylic acid I1 and 
the a-hydroxycarboxylic acid 111, are titratable 
and will afford higher than actual assay results if 
present. Current spectrophotometric analyses of 
phenylbutazone similarly are nonspecific. Herr- 
mann recognized this in his work on phenyl- 
butazone metabolism (23). In formulations, 
decomposition of the drug can give rise to 4- 
hydroxyphenylbutazone (IV) and n-caproyl- 
hydrazobenzene (V) in addition to Compounds I1 
and 111, all of which can interfere with a UV 
spectrophotometric assay. 


I m 


E P 


To overcome the problems generated by the 
presence of decomposition products, other medic- 
inal agents and interfering dyes, a specific, precise, 
and accurate method of analysis for phenylbu- 
tazone and its preparations, involving acid-base 
shake-out followed by UV spectrophotometric 
measurement was sought. In addition, a thin- 
layer chromatographic procedure suitable for 
semiquantitative estimation of any decomposi- 
tion products present was investigated. 


EXPERIMENTAL 
Chloroform employed in the studies was analytical 


A Beckman model DU spectrophotometer was 
reagent grade used without further purification. 
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utilized for all analyses. When determining a (ab- 
sorptivity) values for decomposition products at 284 
mp (11.07) and 232 mp (48.4) the instrument was 
standardized against 1.439 X M potassium di- 
chromate in 0.01 N HzSO4 (0.04235 g. K2Cr2Ch/1. 
acid). Dichromate readings, when a values quoted 
in parentheses above were determined, were 0.522 
at 232 mp and 0.570 at 264 mp. 


Reference standard phenylbutazone was medicinal 
grade bulk drug which analyzed lOOyo by both the 
BP and N F  procedures, and was shown by TLC to 
be free of both contaminants and decomposition 
products. 


Analysis of Phenylbutazone-Preparation of Sam- 
files-weigh 20 tablets, calculate the average weight 
per unit, and grind to  80 mesh. For capsules deter- 
mine the weight of the contents of 20 capsules, cal- 
culate the average weight, and mix thoroughly. 
Analyze bulk drug and reference standard samples 
without further treatment. 


Determination-Formulations-Accurately weigh 
a portion of powdered tablet or capsule fill equivalent 
to  about 40 mg. phenylbutazone, and quantitatively 
transfer to a 250-ml. separator containing 20 ml. 0.1 
N NaOH. Add 12 ml. CHCl3 and rotate gently. 
Draw off the clear CHCL layer and extract this with 
six 15ml. portions of 0.1 N NaOH. Combine all 
NaOH solutions (discarding the CHCl,). Acidify 
the aqueous alkaline phase with 1.5 ml. concen- 
trated HCI. Extract the acidified solution with six 
25ml. portions of CHCla, combining the CHCla 
solutions in a 250-ml. volumetric flask. Make to 
volume with CHCI, and mix thoroughly. Filter 
this solution through Whatman paper No. 30 or 
equivalent, discarding the first 10 ml. of filtrate. 
Evaporate an accurately measured 10-ml. aliquot 
of the filtrate to dryness with a rotary film evapora- 
tor. With the aid of 0.1 N NaOH quantitatively 
transfer the residue into a 200-ml. volumetric flask. 
Make up to volume with 0.1 N NaOH and mix. 


Standard and Bulk Drug-Accurately weigh out 
about 40 mg. of standard phenylbutazone or bulk 
drug and proceed as above. Alternatively, dissolve 
the sample in 65 ml. CHCls in a 250-ml. volumetric 
flask. Make up to volume with freshly prepared 
acid-washed CHC13 (200 ml. CHCl, treated with 1.5 
ml. concentrated HCI) and mix. Proceed as above, 
starting at “Filter this solution, . . .” 


Measure the absorbance of both reference stan- 
dard and sample solutions against a blank of 0.1 N 
NaOH at 232 and 264 mp. 


Calculation4olve fir X and Y 


A . X  + 11.07 Y = IV  (Eq. 1)  


B . X  + 48.4 Y = z 0%. 2 )  
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where 


A = a of phenylbutazone standard a t  264 mp 
B = a of phenylbutazone standard at 232 mp 
W = absorbance of sample solution at 264 mp 
Z = absorbance of sample solution at 232 mp 
11.07 = a of decomposition product at 264 mp 
48.4 = a of decomposition product a t  232 mp 


x x 280 x 200 x av. wt. per unit 
10 lo00 wt. of sample taken 


= g. phenylbutazone per unit (Eq. 3) 


Y X 250 X 200 X av. wt. per unit - -  
10 lo00 wt. of sample taken 
= g. decomposition product present (Eq. 4) 


Percent phenylbutazone on basis of total drug 
and decomposition products present at time of 
formulation is: 


x 1 0 0  x+ y 
Percent decomposition product on basis of total 


drug and decomposition products present a t  time of 
formulation is: 


&y x 100 


Thin-Layer Chromatography-Preparation of 
Layers-Prepare chromatoplates with standard 
equipment for TLC (24). To obtain five plates 20 
X 20 cm., mix 25 g. Silica Gel GF (Merck) with 50 
ml. water. Apply the slurry to  plates (layer thick- 
ness ca. 250 p),  air dry, and then activate the 
chroniatoplates at 110” for 20 min. 


Solvent System-Cyclohexane-chloroform-meth- 
anol-glacial acetic acid (60:30: 5: 5). 


Detection Reagents-1. Short-wavelength UV 
light. 


2. Chlorine/o-toluidine (a) Chlorination: treat 
the developed dry chromatoplate with a Clz at- 
mosphere. When employing C11 gas from a cylin- 
der, chlorinate the plate for 5-10 min. If the gas is 
generated from equal volumes of 10% HCl and 1.5% 
KMnOl, expose the plate for 15-20 rnin. (b) Spray 
reagent: dissolve 0.16 g. o-toluidine in 30 ml. glacial 
acetic acid, make up to 500 ml. with distilled water. 
Dissolve 1 g. K I  in this solution. (c) Procedure: 
after chlorination allow the plate to stand in the air 
for 3-5 min. to  remove excess C12. Cautiously spray 
a corner of the chromatogram. If the background 
does not turn blue, complete the spraying process. 
Otherwise wait a few moments before proceeding. 


Folin-Ciocalteu (FCR) (a) Stock solution: to  
a solution of 10 g. sodium tungstate and 2.5 g. 
sodium molybdate in 70 ml. water add successively 
5 ml. 85% phosphoric acid and 10 ml. concentrated 
HCl. Reflux for 10 hr. then add 15 g. lithium sul- 
fate, 5 ml. water, and 1 drop bromine. Boil this 
solution for 15 rnin. Cool and make up t o  100 ml. 
in 8 volumetric flask. ( b )  Spray reagent I: 20% 
aqueous Na2C03. Spray reagent 11: dilute 1 
volgme stock solution with 3 volumes water. (c) 
Pracedure: spray with I, air dry, and spray with 11. 


Preparation of Sample-Weigh 20 tablets or 
capsules and determine the average weight per unit. 
Powder five tablets or mix the contents of five 
capsules, and transfer a weighed portion equivalent 
to  one unit to a 40-1111. centrifuge tube. Add 5 ml. 
SOYo ethanol containing 1% concentrated HCl. 
Mix thoroughly for 1 min. and centrifuge. 


Chromatographic Procedure for Decomposition 
P r o d u c t s 4 n  duplicate plates, spot 10 p1. of solu- 
tion t o  be examined adjacent to  each of decomposi- 
tion product standards equivalent to  3, 6, 9, 12, 15, 
18, and 21% of label claim for phenylbutazone. In- 
sert the plate in a suitable jar previously equilibrated 
with solvent, and allow the solvent to  rise to  a height 
of 15 cm. (time, about 40 min.). Air dry the plates 
and examine under UV light and/or treat each plate 
with one of the two spray reagents. Compare spot 
areas and color intensity. 


3. 
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DISCUSSION 


During routine analysis of both normal and alka2 
phenylbutazone formulations a number of difficulties 
were encountered and some doubts as to  the reli- 
ability of official analytical methods and the suit- 
ability of published assays were raised. Both the 
BP (21) and the N F  (22) procedures were applied 
and although simulated alka tablets gave satisfac- 
tory results (Table I) data for commercial formula- 
tions exhibited a broad analytical range. In addi- 
tion, values often were low, but these could be 
elevated when volumes of solvent greatly in excess 
of those stipulated in the monographs were utilized. 


The reliability of the cornpendial method could be 
questioned further when seven out of 16 brands 
of phenylbutazone, labeled BP or NF, which were 
obtained for analysis, could not be analyzed by the 
official methods.J This was due, apparently, to dyes 
extracted from tablet coatings interfering with the 
pink phenolphthalein end point of the cornpendial 
procedure. The dyes turned a dark blue color dur- 
ing titration. Skepticism regarding the pharma- 
copial procedure was heightened when examination 
of the two decomposition products (I1 and 111) con- 
firmed that these were extractable from the tablet 
mass of decomposed phenylbutazone (I) and, as 
expected, were titratable with sodium hydroxide. 
Thus, samples of drugs containing these would give 
higher than actual assay values. 


The BP and N F  procedures were found to  be 
inapplicable to  the analysis of alka phenylbutazone 
formulations. Application of the methods to these 
preparations afforded extremely low assay values- 
sometimes in the 20% range. This was probably 
due to  the insolubility of the drug-antacid complex 
in the formulation. 


Because of the shortcomings of the official method, 
the possibility of performing UV spectrophotometric 
analysis on phenylbutazone formulations in a man- 
ner similar to that of the other workers (16, 17, 20) 
was explored. However, this technique too a p  
peared fraught with pitfalls. I n  addition to de- 
composition products I1 and 111, which would inter- 
fere with the assay if present, two additional ones, 
IV and V, also could be present and would give rise 
to interference. In neutral ethanolic solutions, UV 
spectra of the four degradation products were found 
to earhibit Xmsx 236 mp while phenylbutazone showed 
Am=. 247 mp. In basic solution the latter was found 
to undergo bathmhromic and hyperchromic shifts 
to 264 mp‘ while the decomposition products suffered 
hypsochromic and hypochromic shifts to 2?2 mw 
(Tabh 11). Nevertheless, these artifacts still 
showed absorbance a t  264 mp. 
Assay of phenylbutazone in the presence of decotii- 


poiition products can be expected to indicate slightly 
higher than actual values for the drug if only direct 
spectrophotometric measurement a t  264 m r  is em- 
ployed. Data in Table 111 indicate that near 100% 
phenylbutazone, the error introduced by decom- 
position products will be small, but as the concentra- 
tion levels of the decomposition products increase the 
deviation becomes highly signscant. For instance 


*The term alka is used to designate those preparations 
containimp phenylbutnzone formulated with aluminum hy- 
droxide nnd magnesium carbonate or magnesium oxide. 


4 This maximum also was observed with neutral aqueous 
wlutione and the 255 mp maximum reported by other workers 
(16) could not be reproduced. 


See Footnote 1. p. 1952. 
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TABLE 11-MOLAR ABSORPTIVITY VALUES OF 
PHENYLBUTAZONE AND ITS DECOMPOSITION 


PRODUCTS 


0.1 N 
Neutral Solution 0.01 N NaOH NaOH 


Com- Amax. Am.*. 264 
pound m p  em.=. mp em.=. mr 
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sample this comparison would show up as 0.185 and 
0.93% differences, respectively, for determinations at 
the two wavelengths. Since TLC work (see below) 
has shown that decomposed samples seldom contain 
only one decomposition product, the error introduced 
by variation in molecular extinction values will be 
considerably less than the figures quoted. To  vir- 
tually eliminate the possibility of introducing such 
errors, an intermediate arbitrary value of e that is 
15,950 at 232mp (a 48.4) and 3,700 at 264 mp 
(a 11.07) for the contribution due to decomposition 
products was chosen. This reflects the fact that in 
decomposed phenylbutazone samples the carboxylic 
acid I1 is usually present in quantities comparable 
to the a-hydroxy analog I11 together with consider- 
ably smaller amounts of product IV. 


Phenylbutazone solutions containing known 
amounts of decomposition products were assayed by 
UV absorptivity at 264 and 232 mp. Table I11 
tabulates single analysis data obtained by direct 
measurement at 264 mp only, and results found by 
inserting spectrophotometer readings obtained at 
both wavelengths in the simultaneous equation 
and calculating the amount of phenylbutazone (see 
Experimental). The results indicate that values 
based on the one wavelength invariably are high. 


One of the major shortcomings of the BP and NF 
methods was the problem of isolating all the phenyl- 
butazone present in the sample. More than the 
specified volume of solvent often was required to 
effect complete isolation of the drug. Continuous 
extraction in a continuous extraction apparatus also 
was effective for regular phenylbutazone tablets. 
However, the drug could not be completely isolated 
from formulations containing aluminum hydroxide 
with this procedure (25). The solution appeared to 
lie in breaking up drug-excipient complexes. This 
could be accomplished by dissolving the sample in 
0.1 N acid or base. Subsequent isolation of drug 
by solvent extraction indicated that the procedure 
afforded quantitative recovery. 


Extraction was desirable from the point of view 
that i t  was a means of removing interfering dyes and 
other medicaments from the phenylbutazone for- 
mulation. By dissolving the specimen being assayed 
in 0.1 N base and extracting the resultant solution 
with chloroform, chloroform-soluble dyes, alkaloids, 
steroids, and other neutral and basic components 
could be removed from the formulation. The 
aqueous phase could then be made acidic and phenyl- 
butazone and decomposition products recovered, by 
extracting the acidic solutiori with CHCl, followed 
by evaporation of the organic solvetit. Water- 


~~ 


I 247 15,360 264 20,925 20,925 
I1 236 18,810 232 15,425 3,550 


I11 236 19,000 232 16,550 3,915 
IV 236 17,385 232 16,400 3,835 
V 236 18,455 236 14,890 3,080 


a decomposed sample of phenylbutazone assaying 
92-93y0 active ingredient will appear to be at lower 
pharmacopeial limits but, in fact, will be sub- 
potent. This discrepancy becomes still more 
significant when analysis of phenylbutazone by 
measuring the absorbance at 264 mp is utilized in 
accelerated stability and shelf-life studies. Data 
based on highly decomposed samples analyzed in 
this way will indicate that the drug is much more 
stable than is actually the case. 


Initial investigation indicated that the 264- and 
232mp absorbances of both phenylbutazone and the 
decomposition products obeyed Beer's law. As 
expected, addition of known amounts of decom- 
position products to a standardized phenylbutazone 
solution exhibited a direct additive effect on absorb 
ancy at these wavelengths. Thus it appeared that 
simultaneous equations could be applied to  the cal- 
culation of phenylbutazone in the presence of de- 
composition products. Values for standard phenyl- 
butazone and decomposition product would be con- 
stant in this, while the variables would be the ob- 
served absorbance value at 264 and 232 mp for the 
sample solution. Variations in the standard would 
be compensated for by altering these constants in 
calculations. 


Table I1 indicates the molar absorptivity ( E )  of 
decomposition products I1 to IV. n-Caproyl- 
hydrazobenzene (V) has a lower value, but is elim- 
inated during the analytical procedure. As this 
amide is a very minor decomposition product, no ap- 
preciable error is introduced in doing this. Varia- 
tion in composition with accompanying changes in 
e values at 264 mp between the decomposition prod- 
ucts could introduce differences of up to  0.0570 at 
this wavelength, and of 0.2% at 232 mp for a sample 
containing 97y0 phenylbutazone and 3% of only the 
highest (111) as compared to the lowest absorbing 
cktomposition product (11). 111 a lo"/, decomposed 


TABLE III-KECOVERIES OF P H E N Y L B U l A Z O N E  IN I'RESENCE OF L)ECOMPOSITION I'RODUCTS" 


Theoretical -Simultaneous Equation- -264 mp Peak Measurement- 
Content, Found, Recovery, Found, Recovery. 


.- 


mg. mg. % mg. % 


100.00 
88.88 
87.50 
85.71 
80.00 
77.77 
72.72 
70.00 
66.66 


100.00 
88.37 
88.34 
85.58 
78.27 
76.61 
70.91 
68.55 
65.75 


100.00 
99.42 


100.96 
99.85 
97.84 
98.51 
97.51 
97.93 
98.63 


100.00 
90.23 
90.52 
87.44 
81.52 
79.96 
75.21 
73.03 
71.04 


100.00 
101.52 
103.45 
102.02 
101.90 
102.81 
103.42 
104.33 
106.57 


T o  demonstrate the validity of the simultaneous equation, Compound I1 was used as the decomposition product. 
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most preparations contain a “reasonable” amount of 
phenylbutazone (Le. ,  a t  least 92.5% of the labeled 
amount) formulations may contain surprisingly 
large amounts of decomposition products. 


Investigation showed that cyclohexane-chloro- 
form-methanol-acetic acid (60: 30: 5: 5) on Silica 
Gel G F  was an ideal system for resolving and semi- 
quantitatively estimating phenylbutazone (I), its 
decomposition products I1 to V, and hydrazoben- 
zene, if present. Table I V  lists the Rj values ob- 
tained for phenylbutazone (I) decomposition prod- 
ucts I I  to V,  and a fifth degradation product shown 
as N-(a-hydroxycaproyl )-hydrazobenzene. In addi- 
tion, R, values for hydrazobenzene, a potential 
oxidation product, oxyphenbutazone (4-n-butyl- 
2 - (4 - hydroxyphenyl) - 1 - phenylpyrazolidine- 
3,5dione), and diethyl-n-butylamatonate, a syn- 
thesis intermediate, are included although none of 
these were detected in the samples examined. 


Viewing plates under short-wavelength UV light 
indicates immediately the presence of phenylbuta- 
zone and most of the decomposition products in the 
sample. Chlorinelo-toluidine gives blue- to violet- 
colored spots with 11, 111, and V, with a sensitivity 
level well below 1 mcg. Phenylbutazone stains 
yellow while 4-hydroxyphenylbutazone (IV) gives 
only a weak color reaction even a t  very high concen- 
trations. FCR affords colors with all of the com- 
pounds. Although it is not as sensitive as chlorinelo- 
toluidine for Compounds I1 and 111, requires time for 
some spots to develop, and gives halos around spots 
often making quantitation difficult, FCR is useful in 
indicating the presence of components which could 
be overlooked by both UV light and chlorine/+ 
toluidine. Estimation of 4hydroxyphenylbutazone 
( I V )  is facilitated by FCR. This visualizer also 
shows that a seemingly minor (by UV and chlorine/ 
o-toluidine) decomposition product appearing a t  RI 
0.35 in some samples is present in significant quanti- 
ties. 


Calibration experiments indicated that the level of 
decomposition products, I 1  to V, could be determined 
with an accuracy of 37, by the semiquantitative 
procedures employed. To assure that decom- 
position was not occurring in solution during TLC 
analysis, duplicate solutions of phenylbutazone 
tablets, alka formulations, and bulk drug in the 
spotting solvent were stored in a refrigerator and at  


TABLE IV-COMPOUND Rf VALUES (XlOO) OF 
PHENYLBUTAZONE AND RELATED COMPOUNDS 


Compound Rr 


I 
JI 


I11 
IV 
v 


N-(0-Hydroxycaproyl )- 
hydrazobenzerie 


Oxyphenbutazone 
Hydroazobenzene 


49 
18 
13 
25 
39 


35 
20 
75 


soluble dyes and quaternary alkaloidal material re- 
main in the aqueous phase. The thucrecovered drug 
and related compounds would then be determined 
by UV spectrophotometry in 0.1 N NaOH. Ap- 
plication of this procedure was found to give com- 
plete recovery of drug and decomposition products 
concomitant with removal of the interfering sub- 
stances. The procedure, too, was effective in re- 
moving traces of the seldom-encountered n-caproyl- 
hydrazobenzene (V) decomposition product. 


For routine use the initial (NaOH solution) stage 
of the exWaction procedure often can be by-passed 
without affecting recovery, accuracy, or precision. 
If the sample contains no known neutral medica- 
ments, is capsule material, or is tablet material 
whose dye is not CHCI, soluble (a small amount of 
powdered tablet in a test tube with CHCI, readily 
indicates this), simple sample dispersion in 0.1 N 
HCI followed by CHCla extraction affords recovery 
of all phenylbutazone and decomposition products 
present. The final stage of the determination is 
then performed in a manner identical to the two- 
stage shakeout, as described in the Experimental 
section. 


Alka formulations containing no medicaments 
other than phenylbutazone (and aluminum hydrox- 
ide gel) or alkali-soluble dyes can be assayed directly 
a t  264 and 232 ma after dissolving and diluting the 
samples in 0.1 N NaOH. 


Table I gives the results obtained for commercial 
and simulated phenylbutazone formulations. Both 
peak height measurement and simultaneous equation 
values are given. The data show that although 


TABLE V-DECOMPOSITION PRODUCT CONTENT OF PREPARATIONS CONTAINING A1(OH)3 - . - - 


Formulation 


A (contains alkaloids) 
B (contains steroid 


and alkaloid) 
B (contains steroid 


and alkaloidy 
C 
0 
D (contains alkaloids) 
I) (contains alkaloids)b 
E 
Fh 


Simultaneous 
Equation 
Value for 


~__  TLC Method %--- ---- Total % 


I1 111 IV V a Total Present 
Decomposition Product Decomposition 


2 
2 


15 


1 
1 


< 1  


1 
4 


‘I 


2 
2 


6 


1 
1 


<1 
3 


<1 
<1 


4 3 .88  
4 6.70 


21 28.06 


4 0.98 
3 2.95 
4 7.51 


17 24.61 
3 2.99 


11 10.20 


a + indicates presence of N-(a-hydroxycaproy1)-hydrazobenzene. No quantitation performed on this compound due to 
lack of sufficient standard. Sample at least 5 years old. 
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room temperature. Refrigerated solutions showed no 
decomposition of phenylbutazone after 24 hr. while 
those kept a t  room temperature showed some dete- 
rioration. Phenylbutazone samples spotted on TLC 
plates were found to  be stable. “Half-developing” 
a chromatoplate, drying i t  in a warm air stream, and 
then rechromatographing produced no detectable 
shadow or decomposition spots. 


Thirty-three brands of phenylbutazone tablets 
were examined with the TLC system. Thirty-two 
of these (labeled BP, NF, USP, and many without 
cornpendial designations) including 13 which were 
at least 5 years old exhibited only trace amounts 
(well under 0.5%) of decomposition products, I1 to 
V, relative to phenylbutazone. One of them con- 
tained about 6% decomposition products. In no 
case did the dyes present in tablet coatings inter- 
fere with the TLC method. Four samples of bulk 
drug, including one which was 10 years old, also 
were analyzed by TLC. One of them was com- 
pletely free of decomposition products while the 
three others contained trace amounts totaling well 
under 0.5%. 


All six phenylbutazone-aluminum hydroxide 
formulations examined (encompassing nine samples) 
contained decomposition products. In some cases 
the quantities could be described as high. Table V 
lists the levels of degradation products determined 
by semiquantitative TLC and compares these with 
the data found by the analytical method (based on 
the value of Y from the simultaneous equations). 
Agreement between the two methods is satisfactory. 
Where differences arise, these underline the specific- 
ity of the analytical method. Samples B, Bb, D, and 
Db give lower results by TLC since the values quoted 
do not include the quantity of decomposition product 
appearing at R f  0.35. 


The presence of large amounts of decomposition 
products of phenylbutazone in some alka prepara- 
tions together with acceptable levels of the drug 
appears to indicate that the manufacturers of these 
products include an overage at time of formulation, 
and that the drug in the formulation is unstable. 
Alternatively, the bulk drug utilized could have con- 
tained significant quantities of degradation products 
to  begin with, or were generated during manufactur- 
ing processes. Since normal phenylbutazone formu- 
lations (ie., no alkaline compound ingredients) 
labeled as conforming to cornpendial monographs 
contain no significant amounts of decomposition 
products, one can assume that the former alternative 
explains the analyses of the so-called alka formula- 
tions. 


The proposed method of phenylbutazone analysis 
has been found to be effective for the accurate anal- 
ysis of the drug in the presence of decomposi- 
tion products, other analgesics, antacid agents, 
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steroids, alkaloids. and quaternauy alkaloids. It 
also should be effective in analyzing the medicament 
when it is present in salt complexes containing p- 
chlorophenylether moieties (26). This procedure 
should be of value in more precise drug quality 
control and shelf-life testing. 
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author has the control laboratories report t o  the 
plant manager, “Verboten” in the pharmaceutical 
industry! Kehoe in “Automation in Industrial 
Analytical Chemistry” gives five excellent theses 
which should be recommended reading for anybody 
considering or working on laboratory automation. 
Thesis number four states: “The best automatic 
analyzer still requires intelligent supervision to detect 
subtle errors and to recognize gradual decay of 
accuracy.” 


I hope that the instructive and well-written 
chapters on “Design of Laboratories for Analytical 
Chemistry” by Mellon, “Design of Laboratories for 
Radiochemical Work” by Fenninger and Hale and 
“Safety in the Analytical Laboratory” by Stalzer, 
Martin, and Railing find a wide readership since the 
information presented reaches beyond the confines 
of the analytical laboratory. 


“Development of Raw Material and Product 
Specifications” should be required reading for all 
purchasing agents. Patek makes the memorable 
point that “it  is almost impossible to develop a good 
purchase specification without the assistance of an 
analytical chemist.” In  the final chapter on “Test- 
ing of Consumer Products” by Schwartz and Gaffney 
the reader not only is treated to the cigarette puffing 
machine but also will learn that there is a gadget 
called the Handle-0-Meter to measure the fluffiness 
of towels. 


The print of the book is readable and the drawings 
are clear. However, the paper used does not lend 
itself too well to photographic reproduction. This 
particularly detracts from the nice gesture of pre- 
senting the authors’ portraits. 


The book then contains an abundance of informa- 
tion over a wide range of subjects. I can visualize 
that a future historian might use the volume as a 
rich source to  study the role and organization of 
analytical chemistry in the chemical process industry 
in the mid-20th century. To the contemporary 
pharmaceutical analyst the book offers a broad view 
of the adjoining pasture. 


Reviewed by K. Florey 
Squibb Institute for Medical Research 
New Brunswick, N .  J.  
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allied techniques. Part I11 deals with industrial 
scale equipment. Different authors discuss the 
Proabd Refiner, Newton Chambers’ Process, Ro- 
tary-Drum Techniques, Phillips Fractional-Solid- 
ification Process, and desalination by freezing. 
Part I V  deals with applications of fractional solid- 
ification. Ultrapurification and its relation to 
pharmaceuticals are discussed by Jannke et al. Chap- 
ters are devoted to  ultrapurity in crystal growth and 
to bulk purification. Part V is devoted to  the eco- 
nomics of fractional solidification, and Part VI con- 
tains tables listing the purification and operating 
parameters for zone melting of inorganic and organic 
compounds. A great many of the organic com- 
pounds are important pharmaceuticals. 


This book is of value because the basic knowledge 
and methods used to  produce chemicals of ultra- 
purity are presented. The processes required to  
produce ultrapurity are examined in detail. The 
material should be valuable to those in pharmaceu- 
tical and other industries in order to  develop and 
maintain strict specifications on raw materials. 
This book should prove to be valuable to  the re- 
searcher in producing ultra-pure crystals in either 
very small or large scale batches. 


The book is printed on paper which provides easy 
reading, and the print is of adequate size. The au- 
thors have used many fiqures to illustrate their con- 
cepts and discussions. 


I recommend this book as a reference to  the scien- 
tist in research, teaching, and industry. 


Reviewed by John A. Biles 
School of Pharmacy 
Universaty of Southern California 
Los Angeles, Calif. 


Fractional Solidification. Vol. I. Edited by M. ZIEF 
and W. R. WILCOX. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10019 1967. xvi + 
714 pp. 16 X 23.5 cm. Price $28.75. 
Fractional Solidification is the first of two volumes. 


Twenty-two authors from England and the United 
States have contributed to the text. The contribu- 
tions of Paul Jannke are of special interest to the 
pharmaceutical scientist. Each chapter is well doc- 
umented with references- majority being recent. 


Part I is de- 
voted to basic principles with contributions dealing 
with phase diagrams, mass transfer in fractional 
solidification, constitutional supercooling and micro- 
segregation, polyphase solidification, and heat trans- 
fer in fractional solidification. Part I1 deals with lab- 
oratory scale apparatus used in fractional solidiiica- 
tion with specifics that deal with batch zone and con- 
tinuous zone melting, progressive freezing and col- 
umn crystallization, and zone precipitation and 


The book is divided into six parts. 


Take as Directed. Edited by F. E. SHIDEMAN and 
written by JOHN P. Russo. The Chemical 
Rubber Company Press, 18901 Cranwood Park- 
way, Cleveland, OH 44128, 1967. xiv + 457 pp. 
16 X 2.3.5 cm. 
The editor has fuliilled the objective given on the 


book cover, “Our modern medicines explained for 
the layman.” Diseases and physiological condi- 
tions have been described clearly in terms the layman 
will understand. The fundamental information 
given about the drugs is presented in a sound, 
reasonable way that is a pleasant contrast to the 
dramatic presentations that frequently are offered 
to the lay public. This book is an excellent, simpli- 
fied discussion of drugs and their use in medical 
treatment today. Pharmacists and pharmaceutical 
scientists can confidently suggest this book in re- 
sponse to requests from laymen to recommend a 
simplied-yet authoritative-text discussing drugs 
in current use. 


Stuff review 


Price $14.75. 


Aromatic Amine Oxides. By EIJI OCHIAI. Trans- 
lated by Dorothy U. Mizoguchi. Elsevier 
Publishing Company, 52 Vanderbilt Ave., New 
York, NY 10017, 1967. 15 X 23 
cm. Price $30.00. 
In view of the frequently predictable chemical 


ix + 456 pp. 








X-Ray Contrast Media 
Glutaric and Iminodiacetic Acids as Carriers of 


Iodinated Phenyl Ring 


By GAD SHTACHER* 


Iodinated derivatives of 3-phenyl-glutaric acid and N-benzyl-iminodiacetic acid 
were prepared. The free acids and their dimethyl esters were screened as potential 
intravenous and oral cholangiographic agents in cats and compared with presently 
available agents. The oral agents were present mostly in the intestines showing 
good X-ray intensity, with little or no visualization of the gall bladder and bile ducts. 
The X-ray intensity of the intravenous agents was not comparable to that obtained 
with sodium iodipamide. Attempted triiodination of 2- (3 ‘-aminopheny1)-trimethyl- 


enedinitrilo-tetraacetic acid failed, probably due to steric factors. 


N SEARCH FOR improved X-ray contrast agents I in intravascular radiography, attention was 
drawn to the biological properties of polyamino- 
polycarboxylic acids (1). Ethylenediaminetet- 
raacetic acid (EDTA), the prototype of the syn- 
thetic polyaminopolycarboxylic acid group, is not 
metabolized in mammals, and following its par- 
enteral administration, is very rapidly and almost 
completely eliminated unaltered through the 
kidneys. In considering the physicochemical 
properties of EDTA and structurally related com- 
pounds, their chemical stability as well as their 
high water solubility at physiologic pH are addi- 
tional essential properties required from intra- 
vascular radiopaque media. The chelating prop- 
erty of EDTA hasin fact been utilized a few years 
ago, to study the usefulness of lead-EDTA chelate 
as an X-ray contrast medium in animals and in 
man (2). This complex, however, proved to be 
quite unsafe due to release of free lead ions in oioo, 
thus resulting in heavy metal poisoning. Since 
the pharmacological as well as toxic effects of 
EDTA, and in particular its marked nephro- 
toxicity, have been attributed to its powerful 
chelating ability, which leads to the removal of 
essential metal ions, it seemed worthwhile to 
prepare lower and higher homologs of it, namely, 
iminodiacetic acid and trimethylenedinitrilo 
tetraacetic acid, respectively, linked to iodinated 
phenyl rings. The chelate stability const.ants of 
these complexing agents with various metal ions 
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are a thousand to a million times lower than those 
of EDTA (3), thus practically eliminating the 
danger of essential metals depletion. On the 
other hand, however, these compounds retain the 
characteristic biological and physicochemical 
properties of polyaminopolycarboxylic acids 
mentioned above. It was also hoped that a com- 
bination of an iodinated nucleus with the amino 
acid side chains would favor the hepato-biliary 
elimination of the iodinated compounds, following 
their intravascular administration. It has been 
repeatedly shown that presence of iodine atoms in 
organic compounds markedly enhance their bil- 
iary excretion, with a concomitant fall in their 
renal excretion (4). As part of the reaction se- 
quence leading to the preparation of 2-substituted 
phenyl-trimethylenedinitrilo-tetraacetic acid, io- 
dinated derivatives of 3-phenyl-glutaric acid were 
also prepared, since their structure resembles to 
some extent that of 3-(3’-amino-2’,4’,6’-tri- 
iodophenyl) -2-ethylpropionic acid (iopanoic acid), 
currently used for oral cholecystography. Glu- 
taric acid substituted in the a-position with a 3- 
amino-2,4,6-triiodobenzyl group was recently 
synthesized as a potential cholecystographic 
agent, but was found to be quite toxic (5). It 
was hoped that symmetrically substituted glu- 
t d c  acid will show lower toxicity combined with 
enhanced choleretic property. 


CHEMISTRY 


Charts I, 11, and 111 (Scheme I) represent the 
synthetic approaches to N-(3-acetamido-2,4,6-tri- 
iodobenzy1)-irninodiacetic acid (V),  3-(3’-acetamido- 
2’,4‘,6’-triiodophenyl)-glutaric acid (IX), and 2-(3’- 
nitropheny1)-trimethylenedinitrilo tetraacetic acid 
( XIV), respectively. 3-Amino-2,4,6-triiodobenzyl 
bromide (I) was prepared from 3-nitrobenzaldehyde 
in three steps consisting of catalytic reduction using 
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AcNH I 


Scheme I 


Adams’ platinum catalyst (6). iodination with iodine 
monochloride, followed by treatment with phos- 
phorus tribromide (7). 3-(3’-Nitrophenyl)-glutaric 
acid (VI), the starting material in Charts I1 and 111 
(Scheme I) was readily obtained from 3-nitro- 
benzaldehyde by piperidinecatalyzed condensation 
of thelaldehyde with 2 moles of ethyl acetoacetate, 
followed by alkaline hydrolysis of the resulting ethyl- 
3-nitrobenzylidenebis-acetoacetate (8).  The most 
practical approach to  the synthesis of 2-(3 ’-nitro- 
pheny1)-trimethylenedinitriilo tetraacetic acid 
(XIV), appeared in the alkylation of 2-(3’-nitro- 
pheny1)-trimethylene-diamine (XII) either with 
chloroacetic acid, or with methyl bromoacetate, fol- 
lowed by saponification of the resulting tetramethyl 
ester. The nitroaryl diamine (XII)  was successfully 
prepared by the Curtius degradation (9) starting 
with the corresponding dimethylester (X), and pro- 
ceeding through the dihydrazide intermediate (XI). 
Attempts to  synthesize the diamine (XII)  directly 
from 3-(3’-nitropheny1)-glutaric acid by the Schmidt 
reaction (10) failed. The final step in the reaction 
sequence of Chart 111, namely, triiodination of 2-(3‘- 
aminopheny1)-trimethylenedinitrilo-tetraacetic acid, 
using either iodine monochloride or potassium iodo- 
dichloride as  iodinating agents, was unsuccessful. 
Titration of an aliquot sample of the iodination reac- 
tion mixture, indicated that only one-third of the 
theoretical quantity of iodine monochloride had 
been consumed, It thus appears that steric hin- 
drance exerted by the trimethylenedinitrilo-tetra- 
acetic acid side chain, probably blocked positions 2 
and 6 on the benzene ring which were otherwise 
available for iodine substitution. Direct acetylation 
of either N-(3-amino-2,4,6-triiodobenzyl)-iminodi- 
acetic acid (111), or 3-(3’-amino-2’,4’,6-triiodo- 
pheny1)-glutaric acid (VII) to give the corresponding 
ar-acetamido derivatives, always led to a tarry 
product, presumably due to the formation of cyclic 


carboxylic anhydrides which later polymerized. 
Blocking of the carboxyl groups by methyl ester 
formation, enabled the acetylation reaction to pro- 
ceed smoothly in good yield, after which saponifica- 
tion of the acetylated products yielded the desired 
acetamido-triiodophenyl-carboxylic acids. 


PHARMACOLOGY * 
The acute toxicites of the test compounds are 


listed in Table I. The test compounds were screened 
as cholangiographic agents; three of them (IV, VIII, 
and IX) as oral agents, and three (111, V, and IX)  
as intravenous agents. Four mongrel cats were used 
for each compound tested. For intravenous cho- 
langiographic (i.v.c.) screening the cats were fasted 
24 hr. prior to dosing. Sixteen hours before the test, 
75 ml. of evaporated milk mixed with 25 ml. of bdp 
water was fed to the animals. All animals were 
dosed with 66 mg. iodine/kg. body weight. For oral 
cholangiographic screening the same procedure as 
for the i.v.c. screening was followed. The only 
variation was the fasting time which was extended 
to 32 hr., with the evaporated milk fed 6 hr. prior 
to dosing. Compounds IV and VIII were adminis- 
tered orally at a dose of 60 mg. iodine/kg. body 
weight. The X-ray intensity of the intravenous 
agents 111, V, and I X  was not comparable to that 
obtained with sodium iodipamide, the reference com- 
pound for intravenous cholangiography. The oral 
agents were present mostly in the intestines of the 
cats, showing good X-ray intensity. Only one cat 
treated with Compound IV showed good absorption 
with excretion of the test compound by way of the 
biliary system. However, visualization of the bile 
duct was vague and incomplete. 


Private communication. Van Derike, D. R. ,  Valenti, A., 
and Hoey, G. B.. Mallinckrodt Chemical Works, Pharmaceu- 
tical Division, St. Louis, Mo. 
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TABLE I-ACUTE TOXICITY AND DEGREE OF RADIO- 
GRAPHIC VISUALIZATION OF THE GALL BLADDER AND 


BILE DUCT OF THE VARIOUS CONTRAST MEDIA 


Compd. LDw Cholecystography 
NO. Structure (g./kg.)" Screening' 
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upon cooling. Two crystallizations of the crude 
product from methanol, furnished 43.2 g. (67y0 
yield) of an analytically and chromatographically 
pure substance, as long colorless plates, m.p. 8 9 . k  
90.5". 


Anal.-Calcd. for ClaH15IaNz04: C, 24.25; H, 
2.35; I, 59.10; N, 4.35; mol. wt. 644.0. Found: 
C, 24.40; H, 2.39; I, 59.35; N, 4.43; mol. wt. 
647.5. Infrared absorption spectra (CCl,) Amax. : 
2.89 p and 2.97 p (medium, N-H stretching vibra- 
tions), 3.40 p (medium, aliphatic C-H stretching 
vibration), 5.70 p (very strong, C=O stretching 
vibration of ester), 6.27 p (strong, probably over- 
lapping of N-H deformation absorption and aro- 
matic ring vibrations), 6.92 p (strong, aromatic 
C=C stretching vibration), 8.40 p (very strong, 
C-&C stretching vibration of ester). 


N- (2,4,6- Triiodo- 3 - aminobenzyl) - iminodiacetic 
Acid (III)-Saponification of the lert-imino dimethyl- 
ester (11) was performed in aqueous methanol, using 
2 N NaOH in 10% excess. The saponification was 
completed after 1&15 min. of reflux. The alkaline 
reaction mixture was cooled, extracted with ether, 
and acidified carefully with concentrated HCI to 
pH - 1. The precipitated imino acid was filtered, 
washed with water, and crystallized from a mixture 
of acetic acid-water. The pure product was ob- 
tained as colorless fine needles, m.p. 178-179" dec. 


And-Calcd. for CIIHIIIIN~OI: C, 21.45; H, 
1.80; I, 61.81; N, 4.55; mol. wt. 615.97. Found, 
C, 21.21; H, 2.01; I, 62.10; N, 4.48; mol wt.: 
618.0. 
N-(2,4,6-Triiodo-3-acetamidobenzyl)-imino 


tic Acid Dimethyl Ester (IV)-N-(2,4,6-Triiodo-3- 
aminobenzy1)-iminodiacetic acid dimethyl ester, 
32.2 g. (0.05 mole), was acetylated with 3 mixture of 
70 ml. of acetic anhydride, 70 ml. of glacial acetic 
acid, and 1 ml. of concentrated HzSO4. The reac- 
tion mixture was heated in an oil bath at 70" for 3 
hr., cooled, and poured into a mixture of ice water. 
The heavy brown oil which separated was extracted 
with chloroform. The chloroform after drying over 
anhydrous MgSQ was evaporated in vacuo, and the 
residue (the crude product) was obtained as a 
viscous yellow oil. On TLC (solvent, ethyl acetate), 
the crude product contained approximately 10-20% 
of the starting material. The crude product gradu- 
ally crystallized upon cooling, and after two crystal- 
lizations from benzene, 20.5 g. (600/, yield) of an 
analytically and chromatographically pure substance 
were obtained as  colorlcss tiny plates, m.p. 108-109'. 


Anal.-Calcd. for C~,HliLN205: C. 26 26; H, 
2.50; I, 55.50; N, 4.M; mol. wt. 685.06. Found: 
C, 26.31; H ,  2.37; I, 55.80; N, 4.19; rnol. wt. 
689.5. Infrared absorption spectra A( CHCh),,,. : 
2.93 p (medium, N-H stretching absorption of 
secondary amide), 3.33 p (strong, aliphatic, C-H 
stretching vibrations), 5.73 p (very strong, C=O 
stretching vibrations of ester), 5.88 p (strong, C=O 
absorption of anilide), 6.94 (strong, aromatic 
C=C stretching vibration), 8.37 p (very strong 
C-0-C stretching vibration of ester). 
N-(2,4,6-Triiodo-3-acetamidobenzyl)-hnhodiace- 


tic Acid (V)-The free amino acid was obtained by 
saponification of the corresponding dimethyl ester 
(1V)  in aqueous methanol (2 N NaOH, 10% excess), 
at 70" for 5 hr. The alkaline reaction mixture was 
cooled, extracted with ether, and carefully acidified 
to pH - 1 with concentrated HCl. The brown 


IV CH-N(CH,CO,Mek > 10. @ Not 
absorbe& 


V d  w6.O' Poorly 
visualizedP 


I 


m3.W Poorly 
visualizede 


N O  


i 
visualizationc 


i 


Mice. Cat. 'Oral administration. Exist in zwitter- 
ionic form. ' Intravenous administration. 


EXPERIMENTAL.* 


2,4,6-Triiodo-3-aminobenzyl Bromide (1)-This 
was prepared in 72% yield by treating the corre- 
sponding alcohol with phosphorus tribromide, ac- 
cording to  Hebkji and Kargsek (7). Dioxane was 
found to be a better solvent for crystallization of ( I )  
than chlorobenzene or tetrahydrofuran, m.p. 164- 
165' [lit. (7) m.p. 165" 1. 


N-(2,4,6- Triiodo- 3- aminobenzy1)- imimodiacetic 
acid Dimethyl Ester (11)-A mixture of 56.4 g. (0.1 
mole) of 2,4,6-triiodo-3-aminobenzyl bromide (I), 
and 32.2 g. (0.2 mole) of iminodiacetic acid di- 
methyl ester (11) dissolved in 350 ml. of dry dioxane 
was stirred and refluxed for 3 hr. The reaction mix- 
ture was protected from moisture and CO, by soda- 
lime tube. The hydrobromide salt of iminodiacetic 
acid dimethyl ester began to separate within a few 
minutes following rduxing. At the end of the 
reaction, the reaction mixture was cooled, the hydro- 
bromide salt collected by filtration (22.7 g., 94% 
yield), and the filtrate was concentrated in vucuo. 
The residue (the crude product) was obtained as a 
dark brown viscous oil which gradually solidified 


2 Melting points were determined on a Fisher-Johns melt- 
ing point apparatus. All melting and boiling points are re- 
ported as uncorrected values. Infrared spectra (Figs. 1 & 2) 
were recorded on a Perkin-Elmer Infrared spectrophotometer 
model 137 calibrated by pol styrene film. Chromatography 
was carriel out on layers of dlica Gel H(E. Merck AG.. Ger- 
many) at a thickness of 0.25 mm. The compounds were de- 
tected by iodine vapor. 
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Fig. 1-Infrared absorption spec- 
trum of 2-(3'-nitrophenyl)-tri- 
methybnediumine (XII), 10 mg./ 


ml. in chloroform. 


L 
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heavy oil which separated was washed several times 
with water and dried over NaOH pellets in vacua. 
The resulting solid product was then crystallized 
from a mixture of acetone-ether to  give colorless 
fine needles, m.p. 128-130" dec. Upon storing, the 
product slightly decolorized. 


Anal.-Calcd. for CnH&N2O6 -0.5 HIO: C, 23.41; 
H, 2.11; I, 57.09; N, 4.20; mol. wt. 667.1. Found: 
C,23.42; H,  2.16; I, 56.65; N,4.08; mol. wt. 670.5. 


Thin-layer chromatography (MeOH-AcOEt, 9: l),  
indicated the presence of a trace impurity with a 
higher Rf value. Attempts to  obtain V by direct 
acetylation of I11 yielded only tarry material. 


3-(3 '-Nitropheny1)-glutaric acid (VI)-This was 
prepared in 85% yield by a previously reported two- 
step procedure (8), m.p. 205-207" [lit. (8) m.p. 
204-205"]. 


3-(3'-Amino-2 ',4',6'-triiodophenyl)-glutanc acid 
(VI1)-A suspension of 10 g. of VI (0.04 mole) 
in 100 ml. of 2 N HCI was shaken with hydrogen 
and 1 g. of 5% Pd/C in a Parr low-pressure hydro- 
genator. After the theoretical quantity of hydrogen 
for reduction of the nitro group had been absorbed 
(ca. 2 hr.), the solution was filtered to remove the 
catalyst and the filtrate was diluted to 1 1. with 0.5 N 
HCl. Iodine monochloride, 23 g. (0.141 mole) in 30 
ml. of concentrated HC1 was added in one portion to 
the stirred solution at 55'. Appearance of the 
product as a heavy yellow to light brown granular 
precipitate began after about 4 hr. To complete the 
reaction, heating and stirring were continued for 6 
days, a second batch of 23 g. of ICI in 30 ml. of 
concentrated HCl being added on the third day. 
After cooling the reaction mixture, the precipitated 
product was filtered, washed with water, and crystal- 
lized from a mixture of methanol-water. Recrystal- 
lization from glacial acetic acid yielded 14.2 g. (59y0 
yield) of light cream-colored crystalline product, 
analytically and chromatographically pure, m.p. 
224-226" dec. 


Anal.--Calcd. for CIIHIOIINOI: C, 21.98; H, 
1.68; I ,  63.36; N, 2.33; mol. wt. 600.96. Found: 
C, 22.05; H, 1.70; I, 63.50; N, 2.25; mol. wt. 
597.7. 


The product is soluble in methanol, ethanol, and 
n-propanol; it  is only slightly soluble in isopropanol 
and acetone, and insoluble in chloroform, ethyl ace- 
tate, benzene, and toluene. Since direct acetylation 
of VII t o  yield 3-(3'-acetamid0-2',4',6'-triiodo- 
pheny1)-glutaric acid (IX) failed to give the desired 
product, IX was obtained by acetylation of the di- 
methyl ester of 3-(3'-amino-2',4',6'-triiodophenyl)- 
glutaric acid, and subsequent saponification. 


3 - (3'-Diacetamido- 2 ',4',6 ', - triiodophenyl) - glu- 
taric Acid Dimethyl Ester (VIU)-A mixture of 12 g. 
(0.02 mo1e)of the glutaric acid derivative (VII) in 100 
ml. of absolute methanol containing 1 ml. of con- 
centrated H&O, was gently refluxed for ca. 18 hr. 
The resulting red clear solution was cooled and then 
poured into 100 ml. of ice water. The dimethyl 
ester which separated as a heavy red-brown oil was 
extracted with chloroform. The chloroform extract 
was consecutively washed with sodium bicarbonate 
10% solution and water, and then dried over an- 
hydrous MgSO,. After evaporation of the chloro- 
form under reduced pressure, 10.1 g. (800/, yield) 
of the product was obtained as a very viscous, clear, 
red-colored oil, which was chromatographically pure 
(so1vent:methanol). The oily product did not 
crystallize during a long storage period in the cold 
and was used as such for the acetylation reaction. 
The dimethyl ester 12.6 g. (0.02 mole) was acetylated 
with 60 ml. of acetic anhydride containing 0.5 ml. 
of concentrated HzSOI. The reaction mixture was 
heated in an oil bath at 70" for 18 hr., cooled, and 
poured into 200 ml. of ice water. The heavy red- 
brown oil which separated was extracted with 
chloroform. The chloroform, after being washed 
with water and dried over anhydrous MgSO4, was 
evaporated under reduced pressure, and the residue 


800 2000 1500 1000 4000 
0.7 I I 1 


Fig. 2-Infrared absorption spec- 
trum of 2-(3'-aminophenyl)-tri- 
methyknedinitrilo-traacetu acid, 
tetraethyl ester, 10 mg./ml. in car- 


bon tetrachloride. 
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( the crude product) was obtained as a viscous, clear, 
red-colored oil which gradually crystallized on stor- 
ing in an ice box. Two crystallizations of the crude 
product, one from methanol and one from ether gave 
12.1 g. (85% yield) of an analytically and chro- 
matographically pure substance, in the form of color- 
less long plates, m.p. 102-103D. 


And-Calcd. for CId31813NOe: C, 28.63, H,  2.54; 
I ,  53.40; N, 1.96. Found: C, 28.54; H, 2.49; I, 
53.25; N, 1.92. 


The product is soluble to  a varying extent in most 
organic solvents. 


3-(3'-Acetamido - 2',4',6 '- triiodophenyl) - glutaric 
Acid (1X)-A suspension of 21.4 g.  of VIII (0.03 mole) 
in 60 ml. of 2 N NaOH, was stirred and heated to 
80' for 24 hr. Complete solution occurred after 
2 hr. The alkaline reaction mixture was then 
cooled, extracted with ether, and acidified with con- 
centrated HCl. A heavy, cream-colored semisolid 
separated. The aqueous solution was decanted and 
the viscous precipitate washed twice with distilled 
water and dried over KOH pellets in vacuo at 50" 
overnight. The resulting cream-colored crude 
product weighed 18.3 g. and melted in the range of 


1 14G160O. Two crystallizations from glacial acetic 
acid furnished 1 3  g. (67% yield) of analytically and 
chromatographically pure substance, in the form of 
colorless fine needles, m.p. 233-235' dec. Mixed 
m.p. with VII (the nonacetylated derivative), 
195-205' dec. 


And-Calcd. for Cl~HleIaN05: C, 24.28; H, 
1.88; I ,  59.22; N ,  2.18; rnol. wt.,643.0. Found: C, 
24.28; H, 1.88; I, 59.35; N, 2.16; rnol. wt.,645.5. 


The product is freely soluble in DMF, only 
moderately soluble in hot methanol, ethanol, and 
acetic acid, and insoluble in water and most other 
organic solvents 
3-(3'-Nitrophenyl>glutanc Acid Dimethylester 


(X)-A mixture of 25.3 g. (0.1 mole) of VI in 150 ml. 
of absolute methanol containing 4.5 ml. of concen- 
trated HzSO, was gently refluxed for cu. 20 hr. Fifty 
milliliters of methanol was then distilled off, and 
the resulting clear dark red solution was cooled in 
ice water. Within minutes, the entire solution be- 
came a thick crystalline paste of the dimethyl ester. 
The brown-colored crystalline product, after filtra- 
tion and thorough wash with water, was taken in 
chloroform, The aqueous filtrate was extracted 
with chloroform and the combined extracts were 
consecutively washed with sodium bicarbonate 10% 
solution and water and then dried over anhydrous 
calcium chloride. After evaporation of the chloro- 
form under reduced pressure, the residue was dis- 
tilled in high vacuum. The pure dimethyl ester was 
obtained as a yellowish clear distillate which crystal- 
lized on standing. Yield: 22.8 g. (81%), b.p. 163" 
(0.07 mm.), m.p. 65-66'. Crystallization from iso- 
propyl ether or methyl-cyclohexane gave colorless 
needles of the product, without affecting the melt- 
ing point. The dimethyl ester is soluble in most 
organic solvents except for ether, isopropyl ether, 
and methyl-cyclohexane from which it crystallizes 
o n  cooling. The NMR spectrum of (X)  in CDCI, 
(60 Mc., TMS reference standard), showed a doublet 
centered at 8 2.75 of spacing 7 C.P.S. due to the four 
protons of the two methylene groups, a singlet a t  
3.59 due to the overlapping of six protons of the two 
OCHa groups, triplet of triplets centered at 3.80 
of spacing 8 c.p.s due to the benzyl proton, and two 
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multiplets each accounting for two aromatic protons 
centered at 7.38 and 7.96, respectively. 


And-Calcd. for C&II5No6: c, 55.51; H, .5.38; 
N, 4.98. Found: C, 55.62; H,  5.28; N ,  5.03. 
3-(3'-Nitrophenyl)-glutaryl Hydrazide (=)--A 


solution of 28.1 g. (0.1 mole) of the dimethyl ester (X) 
in 150 ml. of methanol was added dropwise over a 
period of 0.5 hr. to  a boiling stirred solution of 8 g. 
(0.25 mole) of hydrazine in 30 ml. of methanol. After 
completion of the addition, boiling and stirring were 
continued for another 0.5 hr. "Seeding," or little 
scratching of the hot solution caused immediate 
crystallization of the product. After cooling in ice 
water, the white crystalline paste of the hydrazide 
was filtered and washed with methanol and ether. 
After drying in air and a t  80", the hydrazide 
weighed 26.7 g. (%yo yield), and was analytically 
pure, m.p. 184-186'. Crystallization from water 
or ethanol did not change the melting point. Since 
the preparation of hydrazides in the nitroaromatic 
series sometimes involves complications due t o  the 
reducing action of hydrazine, the presence of nitro 
group in the product (XI) was confirmed by infrared 
spectroscopy. The infrared spectra of 3-(3'-nitro- 
pheny1)-glutaryl hydrazide contained the expected 
characteristic group bands (two very strong ab- 
sorption bands at 6.57 p and 7.42 p characteristic of 
the valence vibrations of -C-N02). The hydra- 
zide is soluble in hot water and hot dioxane, and 
only slightly soluble in methanol, ethanol, or pro- 
panol. I t  is insoluble in chloroform, benzene, and 
ethyl acetate. 


And-Calcd. for CllHlsNsO4: C, 46.97; H, 5.38; 
N, 24.90. Found: C, 46.91, H, 5.52; N, 25.01. 
2-(3'-Nitrophenyl)-trimethylenediamine (XI1)-A 


mixture of 28.1 g. (0.1 mole) of the hydrazide (XI) in 
44 ml. of concentrated HC1,87 g. cracked ice, and 100 
ml. of chloroform was diazotized a t  -5' with 18 g. 
of sodium nitrite dissolved in 33 ml. of water. After 
completion of the reaction (m.  30 min.) the chloro- 
form layer was separated and the aqueous layer was 
extracted twice with 30-ml. portions of chilled 
chloroform. The combined chloroform extracts were 
dried over anhydrous calcium chloride. The dried 
solution of 2-(3'-nitrophenyl)-glutaryl azide was 
added to 100 ml. of dry toluene and warmed on a 
steam bath. As soon as the chloroform began to 
distil out, evolution of nitrogen commenced and 
continued at a vigorous rate. After all the chloro- 
form had been distilled out, the solution was re- 
fluxed strongly for about 1 hr. to complete the de- 
composition of the azide. To  the stirred, hot, dark 
brown solution of the isocyanate, 60 ml. of concen- 
trated HCI was added cautiously and immediately 
carbon dioxide began to evolve copiously. After 
the carbon dioxide evolution had ceased, the reaction 
mixture was refluxed for 24 hr. and then was con- 
centrated to  dryness in vucuo on a water bath. 
The residue of brown crystalline 2-(3'-nitropheny1)- 
trimethylenediamine dihydrochloride was suspended 
in 100 ml. of absolute ethanol, and the suspension 
was gently refluxed for a few minutes. After cool- 
ing to room temperature the salt was filtered and 
washed with absolute ethanol and absolute ether. 
After air drying and drying at 80" in vacuo for a few 
hours the crude product weighed 17.5 g. (6575 yield) 
and melted above 275". A small portion of the di- 
hydrochloride salt was crystallized from methanol- 
ethyl acetate mixture. The colorless crystalline 
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product after drying at 80' in vacuo melted above 
275'. 


And-Calcd. for CsH&lzN&: C, 40.31; H, 
5.64; N, 15.67; C1, 26.45. Found: C, 40.25; H, 
5.58; N, 15.85; C1,26.15. 


The dihydrochloride salt (17.5 9.) was dissolved in 
20 ml. of water and the solution was made strongly 
alkaline with 30% NaOH. The free diamine was ex- 
tracted with six 15-ml. portions of chloroform, dried, 
filtered, and distilled in VUCUO under Nz. The di- 
amine (XII)  was thus obtained as a clear yellow oil 
which on exposure to light turned dark red, b.p. 
135-137' (0.05 mm.). Yield: 9.76 g. (77y0 based 
on the dihydrochloride salt). Total yield: 50%. 


On standing overnight in the refrigerator, the di- 
amine solidified. 2-(3'-Nitropheny1)-trimethylene- 
diamine (XII)  is soluble in warm water and in most 
organic solvents except for ether, methylcylo- 
hexane, and carbon tetrachloride. Because of the 
pronounced tendency of this diamine to  form a 
carbonate on exposure to  the atmosphere its analysis 
is rather poor but still indicative. 


Anal.-Calcd. for C9H,3N302: C, 55.37; H, 6.71; 
N, 21.53; equiv. wt. 97.61. Found: C, 54.81;H, 
6.99; N, 20.83; equiv. wt. 99.25. 


The infrared spectra of the freshly prepared di- 
amine possessed characteristic bands in common for 
the functional groups. Amax. (CHCl,): 3.05 p (me- 
dium, N-H stretching vibrations), 3.40 p (strong, 
C-H stretching vibrations), 6.29 p (medium, 
probably overlapping of N-H deformation absorp- 
tion and aromatic ring vibrations), 6.56 p and 7.40 p 
(very strong, valence vibrations of -C-NOS), 
12.41 p and 14.60 p (medium, out-of-plane defonna- 
tion vibrations of three adjacent aromatic hydro- 
gens). 
2-(3'-Nitrophenyl)-trimethylenediuitrilo Tetraace- 


tic Acid Tetramethyl Ester ( X I I I F T o  a well-stirred 
suspension of 64.3 g. (0.42 mole) of methyl bromoace- 
tate and 44.5 g. (0.42 mole) of anhydrous NaZCOa in 
100 ml. of acetonitrile, a solution of 19.5 g. (0.1 mole) 
of 2-(3'-nitropheny1)-trimethylenediamine (XII) in 
25 ml. of acetonitrile was added over about 0.5 hr. 
at 20-25', while passing nitrogen through the reac- 
tion mixture. The reaction mixture was then 
stirred overnight and later refluxed for another hour. 
The inorganic salt was filtered and the solvent and 
excess of methyl bromoacetate were removed under 
reduced pressure on water bath. The crude prod- 
uct, obtained as a clear brown viscous oil, weighed 
46 g. (95% yie1d)and on TLC (solvent: ethyl acetate) 
gave one principal spot indicating at least 90% 
purity. A small sample of the crude amino ester 
upon distillation in high vacuum, b.p. 21&215" 
(0.05 mm.), yielded analytically pure substance as a 
yellow viscous oil. Infrared absorption spectra 
(CCl,) A,. : 3.32 p (strong, aliphatic C-H stretch- 
ing vibrations), 5.74 p (very strong, C=O stretch- 
ing vibrations of ester), 6.54 p and 7.43 p (strong, 
-C-N02 valence vibrations), 8.38 p and 9.71 p 
(very strong and strong, C-0-C stretching vibra- 
tions of acetoxyl group), 14.61 p (medium, aromatic 
C-H deformation vibration). 


The NMR spectrum of XI11 in CDCL (60 Mc. 
TMS reference standard) showed one rather broad 
peak a t  S 3.10 with a shoulder at a higher field, due 
to  the four protons of the two methylene groups, a 
singlet at 3.48 due to the overlapping of eight pro- 
tons of four methylene groups, a singlet at 3.69 due 


to  the overlapping of 12 protons of the four OCHa 
groups, and two multiplets each accounting for two 
aromatic protons centered at 7.53 and 7.95, respec- 
tively. 


Anal.-Calcd. for GIHZSNSOIO: C, 52.17; H, 
6.05; N, 8.69. Found: C, 52.59; H, 6.24; N, 8.37. 


The tetraethyl ester, b.p. 230-234' (0.04 mm.), 
yellow viscous oil. 


And-Calcd. for C*sHnNaOio: C, 55.65; H ,  
6.91; N, 7.79. Found: C, 55.25; H, 6.85; N, 8.09. 
2-(3 '-Nitropheny1)-trimethylenedinitrilo Tetraace- 


tic Acid (XJY)-Crude 2-(3'-nitropheny1)-trimethy- 
lenedinitrilo tetraacetic acid tetramethyl ester 
(XIII)  (48.4 g., 0.1 mole) dissolved in 100 ml. of 
methanol, was directly saponified with a NaOH solu- 
tion (20 g., 0.5 mole, dissolved in 125 ml. of water). 
The hydrolysis of the four ester functions was com- 
pleted within a few minutes, on boiling the reaction 
mixture. The clear dark red alkaline solution, was 
treated with active charcoal and refluxed for another 
15 min., then cooled, filtered, extracted with ether, 
and carefully acidified with 42.7 ml. of concen- 
trated HC1 (11.7 M ) .  The free amino acid (XIV) 
precipitated from the acidic (pH N 1) aqueous solu- 
tion as tiny particles. The amino acid was filtered, 
thoroughly washed with water and acetone, and then 
dried a t  80" for a few hours. The amino acid (XIV) 
obtained in this way as a white, finely divided 
crystalline powder is already analytically pure and 
crystallization from a mixture of DMF-water does 
not change its decomposition point. Yield: 36 g. 
(84%), m.p. 224-225' dec. 


And-Calcd. for CI~H~IN~OIO: C, 47.77; H, 
4.95; N, 9.83; equiv. wt. 213.68. Found: C, 
47.61; H, 4.85; N, 9.76; equiv. wt. 212.50. 


The amino acid is only slightly soluble in hot 
water and insoluble in most organic solvents except 
for DMF. 2-(3'-Nitrophenyl)-trimethylenedinitrilo 
tetraacetic acid was also prepared by a direct adapta- 
tion of Dwyer and Garvan's method (12) : alkyla- 
tion of 2-(3'-nitrophenyl)-trimethylenediamine 
(XII)  (0.1 mole), with an excess of sodium chloroace- 
tate (0.6 M) in strongly alkaline solution at room 
temperature. However, longer reaction time (ca. 4 
days) was necessary and lower yields (cu. 40%) 
were obtained compared with the previous method. 


Attempted Preparation of 2-(3'-Amino-2 ',4',6'-tri- 
iodopheny1)-trimethylenedhitrilo Tetraacetic Acid- 
A solution of 4.27 g. (0.01 mole) of the nitrophenyl de- 
rivative (XIV) in 35 ml. of 1 N HCl, was hydro- 
genated at room temperature in a Parr low-pressure 
hydrogenator, using 0.5 g. of 5% Pd/C. After the 
theoretical quantity of hydrogen for reduction of the 
nitro group had been absorbed, the solution was fil- 
tered to remove the catalyst. The filtrate was used 
for the iodination step without isolating the inter- 
mediate aminophenyl derivative. Employing either 
iodine monochloride or potassium iododichloride as 
iodinating agents did not yield the desired amino- 
triiodophenyl derivative. Titration of an aliquot 
sample of the iodination reaction mixture, indicated 
that only one-third of the theoretical quantity of 
iodine monochloride had been consumed, even after 
prolonged reaction time (1 week). 
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Assay of Vitamin E in Multivitamin Products 
Using Thin-Layer Chromatography 


By R. R. CRAWFORD, D. C. NARAMORE, and 0. K. ESMERIAN 


A method for the assay of vitamin E in multivitamin formulas is presented. The 
sample is saponified and the alpha tocopherol separated from interfering substances 
by thin-layer chromatography prior to measurement by ferric chloride-a.a’-di- 
pyridyl colorimetry. Assay results of 18 multivitamin formulas comprising three 
types of dosage forms are in reasonable agreement with label claims. The nature 


of some interfering substances is discussed. 


RESENT OFFICIAL methods for assaying vita- p min E (alpha tocopherol) employ oxidation 
by either ferric chloride or by ceric sulfate. The 
amount of alpha tocopherol is determined by the 
reaction of ferrous ions with cY,d-dipyridyl (red 
complex) or by titration with ceric sulfate until an 
excess of ceric ions oxidizes diphenylamine in- 
dicator. These methods were critically examined 
by Lehman before suggesting oxidation by ferric 
chloride as the method of choice for assaying 
vitamin E in pharmaceutical products (1). Both 
of these methods, however, are subject to inter- 
ference from other reducing materials, among 
which are antioxidants and vitamin A, included in 
most formulations. The results from these 
methods also include responses from the less bio- 
logically active nonalpha isomers of tocopherol 
present in those multivitamin products that use 
d-alpha tocopheryl acetate concentrate or mixed 
tocopherols concentrate as the vitamin E source. 
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Early work in this field was directed toward the 
assay of vitamin E in the presence of only vitamin 
A, culminating in the hydrogenation procedure re- 
ported by Fisher et al. (2), and included in the 
United States Pharmacopeia XVII (3). Paper 
chromatography has also been applied to vitamin 
A and E mixtures (4). Recent gas-liquid tech- 
niques for identification and estimation of to- 
copherols have been described (5-7) and applied 
by Pillsbury et al. (8) and by Bowman and West 
(9) to pharmaceuticals. Several recent references 
are found pertaining to thin-layer chromatogra- 
phy of tocopherols per se (lo), in biologic materials 
(1 I), in oils and plant tissues (12,13), and in serum 
(14). Castren has reported the determination of 
vitamin E in pharmaceuticals using TLC separa- 
tions (silica gel) followed by quantitative estima- 
tion of the developed spots by planimetry and 
visual observation (15, 16).l 


METHOD 
The method developed for multivitamin formula- 


tions containing vitamin E in potencies of from 0.15 


1 For a comprehensive review of vitamin E methodology, 
see Bunnell, R. H., “The Vitamins.” Vol. 6, Academic Press, 
New York, N. Y., 1967, pp. 261-316. for their many helpful suggestions. 
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TABLE 11-P.P.M. SILICON IN COMMERCIAL HAND 
LOTION 


Total 
p.p.m. p: .m. 


Sample Silicon &%zn SiHcon Total p m. 


(Tghe;r) 
Added (Theory) Silicon gound) 


1 None 57.0 66.2 56.8 
2 57.0 4 .3  61.3 62.0 62.0 
3 57.0 10.6 67.6 67.6 67.4 
4 57.0 21.2 78.2 80.0 78.0 
5 57.0 42.4 99.4 99.0 97.4 


No. 
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p.p.m. silicon and absorbance is lost above 75 p.p.m, 
silicon. This loss of linearity may be due to the 
formation of refractory oxides of silicon within the 
flame during aspiration. 


As can be seen in Table 11, the method is very 
reliable and accurate. The heating step to remove 
water (about 85% in the product examined) requires 
approximately 30 min. The overall procedure in- 
cluding standard preparations can be performed i n  
approximately 3 hr. 


SUMMARY AND CONCLUSION 


A rapid, accurate method for the determination of 
silicon in a commercial hand lotion has been de- 
veloped utilizing atomic absorption spectroscopy. 
In concentrations up to  120 p.p.m., silicon absorb- 
ance is linear with respect to  p.p.m. Critical param- 
eters are the flow rates of fuel and oxidizer, the ap- 
pearance of the flame, the requirement of complete 
removal of water prior t o  extraction with benzene, 
and the need for frequent aspiration of pure solvent 
(benzene) to  prevent instrument memory. 
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Mannich Bases of Vanillin Oxime 
By H. V. MAULDING, Jr.*, M. A. ZOGLIO, P. TURI, and R. LA POFF 


Synthesis of a group of 5-cycloalkyl- and 5-  
dialkylarninornethyl derivatives of vanillin 
oxime is reported. Results of microbio- 


logical tests are cited. 


HENOL AND CRESOLS are well-known antibac- P terial agents of long standing. It has pre- 
viously been shown that wdialkylamino-o-cresols 
exhibit significant activity against both bacteria and 
protozoa (1, 2). From these reports it was postu- 
lated that Mannich bases derived from vanillin 
oxime might fit the structural requirements neces- 
sary for possession of some degree of bacteriostatic 
effect. 


Mannich bases were obtained from reaction of the 
oxime of vanillin with paraformaldehyde and vari- 
ous secondary amines. 
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EXPERIMENTAL 


Vanillin oxime was prepared after the general 
method stated by Shriner and Fuson (3) and re- 
crystallized from ethanol-water, m.p. 115-117". 
Synthesis of phenolic Mannich bases was achieved 
by the procedure of Burckhalter el al. (Procedure I) 
(2). The hydrochloride salts were recrystallized 
from solvents listed in Table I. 


In the case of compound No. 4, Table I, the solid 
free base was obtained from the reaction mixture 
and recrystallized from ethanol, m.p. 181-184". 
It gave a correct elemental analysis and was con- 
verted to its hydrochloride by treating an ether 
solution of the amine with ethanolic HCl. The 
other bases were oils. 


pKa values were determined by differential plots 
of A pH/A V versus volume of 0.1 N NaOH titrant 
using approximately 50 mg. of the salt (4). 


Antimicrobial activity was measured on E. coli 
(A.T.C.C. No. 8739) after a slight modification of 
the turbidimetric assay method of Eisman and co- 
workers (5 ) .  
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TABLE I-MANNICH BASES OF VANILLIN OXIME 


CH=NOH 


0 


1245 


- 
H 


Yield, M.p.." -Analyses '- 
N O .  X % OC. Formula PKa Calcd. Found 
1 N(CHa): 22 197-199" CiiHi~NdXla 7.21 C, 50.7 50.5 


H, 6.6  6 .7  
N, 13.6 13.5 


'2 N(CdWz 56 184-186d CisHziNsClOa 7.14 C, 54.1 53.8 
H ,  7 .3  7 .4  
N, 12.3 12.0 


3 NC6Hio' 47 194-196O CirHziNzCIO, 7.25 c, 55.9 55.6 
H, 7.0  7 .4  
N, 9.3  9 .0  


4 NCIHsO' 62 189-192d CiaHisN2C104 6.52 C, 51.6 51.4 
H, 6 .3  6 . 3  
N, 9.3  9 .1  


Melting points are uncorrected. * Carbon. hydrogen and nitrogen analyses are through the courtesy of Mr. Urs Stoeckli. 
C Recrystallized from absolute ethanol-petroleum ether. Ir Recrystallized from absolute ethanol-etber. ' Piperidino. ' Mor- 
pholino. 
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Fig. 1-Plot of absorbance of E. coli suspension 
versus concentrations of antibacterial substances from 
Table I .  Key:  0 ,  compound 1; 0, compound 2; A, 
compound 3; 0, compound 4; 0, chhrobutanol. 


A stock culture of E. coli was maintained 
on trypticase soy agar slants. The 24-hr. growth 
from these slants was suspended in sterile 0.9% 
saline and the suspension adjusted t o  l0-12% 
transmission at 580 mp. A 1.5-ml. portion of this 
saline suspension was diluted with 100 ml. of trypti- 
case soy broth. 


Serial dilutions containing 4.0, 0.8, and 0.2 
mg./ml. of the test compounds along with chloro- 
butanol were prepared in a pH 5.8 phosphate buffer 


(USP XVII). Aliquots of these solutions (2.5 ml.) 
as well as a 2.5ml. quantity of the p H  5.8 buffer for 
control were mixed with 7.0-ml. portions of the 
inoculated broth. The tubes were incubated a t  
37' until the controls reached an approximate ab- 
sorbance of 0.350 at 530 mp. At this point growth 
was terminated by addition of 0.5 ml. of formalin in 
water (1:3) to all tubes and the solutions read at 
530 mp. The graph in Fig. 1 shows computed values 
obtained from 12 determinations. 


RESULTS 
The four derivatives of vanillin oxime appear to 


exhibit some inhibitory effect on the test organism. 
The slopes of the linear portions (Fig. 1) indicate 
this inhibition to be similar for all four compounds 
and they are significantly less active than chloro- 
butanol. 
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Tumor Localizing Agents VIII 
Radioiodinated Phenylalanine Analogs 


By R. E. COUNSELL, T. D. SMITH, W. DIGUILIO, and W. H. BEIERWALTES 


Use of the currently available G~elenomethionine-~~Se for external pancreatic photo- 
scanning is limited by the long biological half-life of the amino acid and the dense 
radiations arising from high liver concentrations of the compound. The present 
study was initiated in an effort to find superior pancreas-specific photoscanning 
agents. The approach presented here is based upon the previously established 
specificity of natural amino acids for pancreatic tissue. In the anticipation that this 
specificity might extend to other radiolabeled synthetic amino acids, ortbo-, meta-, 
and para-iodophenylalanine-l"I and the corresponding acetylated derivatives were 
synthesized for tissue distribution analysis. All three iodophenylalanineJ"1 iso- 
mers showed a specificity for pancreatic tissue in mice but not in dogs. Acetyla- 
tion of the radioiodinated amino acids caused no qualitative changes in the tissue 


distribution results in either species. 


OR SEVERAL YEARS a research program has F been directed toward the investigation of new 
radioscanning agents for selected tumors (1-5). 
A recognition of the current problems associated 
with presently available pancreatic radioscanning 
agents prompted the authors to synthesize and 
evaluate a series of radioiodinated phenylalanine 
derivatives for this purpose. 


The lack of suitable diagnostic agents for pan- 
creatic carcinoma was emphasized in a recent 
statistical, clinical, and pathological survey of the 
disease (6). It is the most difficult abdominal 
tumor to diagnose, and clinically correct diag- 
noses occur in only about 30% of autopsied cases. 
The prognosis of pancreatic carcinoma is poor 
mainly because existing diagnostic procedures 
confirm the pathological condition too late for 
proper treatment. 


Radiolabeled zinc (66Zn) compounds were used 
in previous attempts to design pancreas-specific 
radioscanning agents (7). Zinc-65 was expected 
to exhibit a predilection for pancreatic tissue be- 
cause zinc is a common constituent of insulin. 
Pancreatic concentrations of the radionuclide, 
however, were insufficient to be of clinical value. 


The demonstration that radiolabeled, natural 
amino acids concentratc in the pancreas shortly 
after intravenous administration (8, 9) initiated 
efforts to utilize this selectivity for the radio- 
diagnosis of pancreatic disorders. The elements 
(C, H, N ,  0, and S) present in natural amino 
acids, however, do not possess gamma-emitting 
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radionuclides suitable for external in vivo scan- 
ning purposes. Consequently, it  was necessary 
to examine synthetic amino acids for pancreatic 
selectivity. Reports have indicated that ex- 
ternally labeled synthetic amino acids such as 
3-i0dotyrosine-'~~I (10, 11) are not selectively 
taken up by the pancreas, presumably because 
these agents take no part in protein synthesis. 
On the other hand, Blau and Manske (10) demon- 
strated that I-selen~methionine-~~Se possessed 
biological properties very close to those of methi- 
onine and that i t  did, indeed, show a predilection 
for the pancreas. Selenium-75 also possessed the 
necessary gamma emissions suitable for external 
photoscanning. 


Subsequent clinical evaluations (1  1-26) of 
1-~elenomethionine-~~Se resulted in mixed conclu- 
sions about its value as a pancreatic scanning 
agent. Certain problems such as high concentra- 
tions of radioactivity in the liver, patient varia- 
tions in pancreas size and configuration, the 
distribution of radioactivity, and the long bio- 
logical half-life of l-~elenomethionine-~5Se were 
uniformly encountered. 


Published data indicating the pancreatic spec- 
ificity of other synthetic amino acids, such as 1- 
axninocyclopen bane- J4C-carhoxylic acid (2i-Z:)) 
and p-fluorophenylalanine-'4C (:3(),  : $ I ) ,  suggested 
the feasibility of utilizing other radionuclides in- 
corporated into synthetic amino acids. The suit- 
ability of iodine-125 and iodine-131 for external 
photoscanning and the reported pancreatic selec- 
tivity of phenylalanine-14C (9) suggested the syn- 
thesis of a series of radioiodinated phenylalanines 
for tissue distribution studies. 


The ortho-, meta-, and para-iodophenylalanines 
were prepared by the alkylation of diethyl 
acetamidomalonate and subsequent acid hydroly- 
sis and decarboxylation according to the method 
of Redemann and Dunn (32) (Scheme I). A11 


1958 







Vol. 57, No. 11, November 1968 


~ 


1959 


TABLE I-TISSUE DISTRIBUTION IN MICE 4 hr. AFTER INJECTION' (c.p.m./mg. TISSUE) 


1 "I Pancreas Liver Kidnev Melanoma Eves 


ortho 3823 411 622 807 646 
meta 1192 196 396 244 50 1 
para 496 91 205 132 114 


Dose, 10 pc./mouse. 


I V  V 


Scheme I-Syntheses of iodophenylalanines. 


three iodophenylalanine isomers (33-36) have 
been reported previously but were inadequately 
characterized. 


Radioiodinated derivatives were prepared by 
halogen exchange of the appropriate iodophenyl- 
alanine with Nalz6I in aqueous acetic acid. Ini- 
tial attempts to carry out the exchange reaction in 
this solvent resulted in partial N-acetylation of 
the iodophenylalanines. Similar reactions of 
amino acids with acetic acid have been reported 
(37). The acetylated derivatives were isolated 
by ion-exchange chromatography during model 
exchange reactions and their structures eluci- 
dated. In addition, the N-acetyl iodophenyl- 
alanines were synthesized according to a U. S. 
patent (38) (Scheme 11) and found to agree in all 
respects with the products isolated above. 


IY 


Scheitce It-Syntheses oJ N-acelyl iodophenylalanines 


Tissue Distribution Studies-The prelimi- 
nary studies to determine the biological distribu- 
tion of ortho-, meta-, and para-iodophenylalanine- 
lZ5I in mice (Table I) indicated that all three iso- 
mers displayed a predilection for pancreatic tissue. 
Moreover, para-iodophenylalanine exhibited pan- 
creatic specificity in mice when administered 
either intraperitoneally or intrdcardially. In 
contrast to these results, one previous study (39) 
reported an insufficient concentration of para- 
iodophenylalanine in the rat pancreas to be useful 
as a radiopaque media. In that report the pres- 


ence of para-iodophenylalanine in pancreatic tis- 
sue was based upon a chemical analysis for pro- 
tein-bound iodine. At the time of this writing, 
however, Ullberg and Blomquist (40) showed by 
autoradiography that mouse pancreas selectively 
concentrated para-iodophenylalanine-1z61 in good 
agreement with the authors' own data. The 
radioiodinated N-acetyl amino acid analogs 
showed a similar predilection for pancreatic tissue 
at  early time periods following administration. 


In contrast to the pancreatic selectivity of the 
radioiodinated amino acids in mice, none of the 
three iod~phenylalanine-*~~I isomers showed any 
selective localization in the pancreas of dogs 
(Table 11). Studies utilizing the N-acetyl 
derivative of meta-iodophenylalanine-1261 in dogs 
indicated that acetylation caused no significant 
change in tissue distribution. 


Similar species differences between mice and 
dogs in the pancreatic localization of synthetic 
amino acids have been reported previously. For 
example dl-l-aminocyclopentane-'4C-carboxylic 
acid has been shown to exhibit a pancreatic se- 
lectivity in mice but not in dogs (29). Studies 
are now in progress to resolve the dl-amino acids 
prepared in this investigation to see if the l-iso- 
mers show a similar species variation in distribu- 
tion. 


EXPERIMENTAL' 


Syntheses of Isomeric 1odophenylalanines-S- 
dium metal ( n  g.  atoms) was dissolved in absolute 
ethanol2 (8 n 1.). Dry solid diethyl acetamidomalon- 
ate ( n  mole) was added and the stirred reaction mix- 
ture refluxed for 0.5 lir. The formation of the sodio- 
malonate was evidenced by turbidity. Addition of 
the appropriate iodobenzyl bromide3 ( n  mole) 


1Melting points were taken on a Fisher-Johns melting 
puint a paratus and are corrected. NMR spectra were 
obtainez with a Varian A-60A spectrometer using 10% 
solutions and tetramethylsilane as internal reference. Ele- 
mental analyses were performed by Spang Microanalytical 
Laboratories, Ann Arbor, Mich. Thin-layer chromato- 
grams were run using 1-in. Eastman Chromatogram strips, 
type K301R with fluorescence indicator, and spots detected 
with UV light. Chromatograms of radioiodinated com- 
pounds were scanned with an Atomic Associates RCS-363 
radiochromatogram scanner. * Dry ethanol was prepared by thz magnesium ethoxide 
method reported in Vogel, A. I., Elementary Practical 
Organic Chemistry Part I: Small Scale Preparations," 2nd 
ed., Wiley, New York, N. Y., 1966, p. 158. 


,Prepared according to Weizmann, M.,  and Patai, S., 
J .  Am. Chem. Soc., 68. 150(1946). 
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ADMINISTRATION- (c.p.m./mg. TISSUE) 
TABLE 11-TISSUE DrSTRIBUTION OF IODOPHENYLALANINES I N  DOGS 1.5 hr. AFTER INTRAVENOUS 


126I-Cornpd. Pancreas Liver Blood Parathyroid Thyroid Adrenal Kidney 


o-Iodophenylalanine 1 . 5  1 . 5  7 . 2  0 . 8  1 . 0  1 . 5  2 . 7  
m-Iodophenylalanine 1.9  3 .1  10.7 1 . 7  3 . 4  1 .9  4 . 3  
p-Iodophenylalanine 3 . 4  4 . 6  11.1 1 .6  2 .9  3 . 5  11.1 
N-Acetyl-m- 


iodophenylalanine 1 . 0  2 .9  6.8  1 . 5  1 . 8  1 . 4  5 . 3  
(I Dose, 4fic./kg. 


was followed by a 4-hr. reflux period. Most of the 
alcohol was removed under reduced pressure and the 
reaction mixture diluted with water. Ether ex- 
traction afforded the crude alkylated diethyl- 
acetamidomalonate. A small fraction of the ether 
extract was dried (MgSO4, charcoal) and the crude 
residue remaining after removal of the ether was 
recrystallized from ethan~l-water~ and characterized 
(see Table 111). 


TABLE 111-INTERMEDIATE ACETAMIDOMALONATES 


I C. c Found, %" H 
Y . P . ,  


ortho 93.8-94.5 44.40 4.57 
meta 83-84.5 44.53 4.59 
para 132-135 44.46 4.74 
Anal.-Calcd. for CisHmINOs: C, 44.36; H, 4.65. 


The NMR spectra were consistent in all cases 
with the assigned structures. The spectra of all 
three isomers were identical except for the benzylic 
protons and the aromatic region. The benzylic 
protons of the ortho isomer (3.82 8) were shifted 
downfield by 14 C.P.S. with respect to the correspond- 
ing protons of the meta and para isomers (3.58 6). 
Such downfield shifts are typical of ovtho-substituted 
derivatives (3, 41). The aromatic resonance pat- 
terns were in good agreement with those reported 
for the iodotoluene isomers (41 ). 


The remaining ether extract was evaporated to  
dryness yielding a crude oily residue. This residue, 
without further purification was refluxed with 48% 
HBr (3 n 1.) for 8 hr. or until complete solution was 
effected. The solution was evaporated to dryness, 
diluted with a small amount of water, and brought to  
the isoelectric point5 with 28% ammonium hy- 
droxide. The flask was allowed to stand overnight; 
the solid iodophenylalanine was collected by filtra- 
tion and recrystallized from ethanol-water (see 
Table IV). The NMR spectra of the pure iodo- 
phenylalanines taken as 10% solutions in triiluoro- 
acetic acid were in good agreement with the re- 
ported spectra of phenylalanine taken in the same 
solvent (42). 


Syntheses of Isomeric N-Acetyl Iodophenyl- 
a l a n i n e s T h e  appropriate iodophenylalanine (200 
mg.) was suspended in 25% acetic acid (2 ml.) and 
three 0.1-ml. portions of acetic anhydride added to 


4 The first crystallizntinn was dillicult to  achieve. The 
products tend to form an initial oil which solidifies upvn 
standing. 


'The solution is titrated to the point of turbidity with 
NHiOH (to about pH 7). If excess NHiOH is accidentally 
added. the isoelectric point can be reached by evaporation of 
excess ammonia un a rotary evaporator. 


the vigorously stirred suspension at 10-min. inter- 
vals. The reaction temperature was maintained 
at 40". The subsequent addition of 10% HC1 
(2 ml.) was followed by continued stirring for 30 
min. The white solid product which formed was 
collected by filtration and recrystallized from etha- 
nol-water (see Table V). 
lZ6I Exchange of Iodophenylalanines-The 


iodophenylalanine (100 mg.) was dissolved in acetic 
acid (0.5 ml.) and water (3 ml.) containing Na'"I 
(-2 mc.). The mixture was magnetically stirred 
at 110" (external temperature) in a nitrogen atmo- 
sphere for 24 hr. The solvent was removed on a 
rotary evaporator and water (-2 ml.) was added 
to  suspend the solid residue and wash out residual 
Nal%I. The solid was collected by filtration, 
washed with water (-2 ml.) and recrystallized 
from ethanol-water. Chemical purity of the ex- 
changed product was verified by TLC (n-BuOH- 
H@-HOAc, 60:20:20) and IR spectra (KBr) 
comparisons with authentic material. Radio- 
chemical purity was confirmed by scanning thin- 
layer radiochromatograms. The product was taken 
up in 0.1 N HCI for specific activity determinations6 
and animal administration. 


Recovery, Sp. Act. 5% 
ortho 36.2 16 31 
ineta 45.2 16.8 25 
para 39.8 12.3 22 


lZ5I Exchange of N-Acetyl Iodophenylalanines 
The N-acetyl iodophenylalanine (100 mg. ) was 
dissolved in acetic acid (2 ml.) and water (1 ml.) 
containing NalzI (-2 mc.). The solution was 
magnetically stirred and heated to  110' (external 
temperature) in a nitrogen atmosphere for 24 hr. 
At the end of the heating period, the solvent was 
removed in vacuo. The solid residue was collected 
by filtration, washed with water (-3 ml.), and 
recrystallized from ethanol-water. The final ex- 
change product was identical with known material 
by melting point, IR spectra, and TLC analysis 
(n-BuOH-HzO-HOAc, 60: 20 : 20). Radiochrorna- 
togram scans of developed TLC strips indicated a 
radiochemically pure product. The final product 
was dissolved in ethanol (2 ml.) and the specsc 
activity determined.6 


Isomer mg. pc./mg. Exchange 


Recovery, Sp. Act. % 


ortho 63.5 15.1 53 
meta 57.6 15.4 49 


Isomer7 mg. ac./mg. Exchange 


8 Samples used Ior specific activity determinations were 
counted on a Beckman ambient temperature liquid scintilla- 
tion system model 200 in a dioxane cocktail composed of 
naphthalene, 100 g: PPO (Z$diphenyloxazole), 7 g.; and 
dioxane. a quantity h i c i e n t  to make 1,000 ml. 


7 The pura isomer was not exchanged. 
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TABLE IV-IODOPHENYLALANINES 


1961 


M.p.," Found,c yo 
I n OC. Yield, % b  C H 


ortho 
meta 
para 


0.013 23G234 30 37 41 3 56 
0.009 
0.017 


~~~ ~~ 


213.5-216.5 
223-226 


_. 


55 
68 


- .  . -~ 
37.43 
37.27 


3.58 
3.66 


Melting points of amino acids are dependent upon the method of determination (43). No special precautions were used * Yields are reported a s  the overall yield of pure product based upon the appropriate iodobenzyl, in these determinations. 
liromide. Anal.-Calcd. for C9HdNOr: C,  37.14; H, 3.46. 


TABLE V-N-ACETYL IODOPHENYLALANINES 


*zy-COO13 


NHCOCH. I 


M.p., Yield, Found, yo" 
I O C .  % C H 


ortho 185-187.5 31 39.97 3.71 
meta 172-174.5 69 39.84 3.65 
para 19C193.5 19 39.65 3.65 
Anal.-Calcd. for C I I H I ~ O ~ :  C, 39.66; H. 3.63. 
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author has the control laboratories report t o  the 
plant manager, “Verboten” in the pharmaceutical 
industry! Kehoe in “Automation in Industrial 
Analytical Chemistry” gives five excellent theses 
which should be recommended reading for anybody 
considering or working on laboratory automation. 
Thesis number four states: “The best automatic 
analyzer still requires intelligent supervision to detect 
subtle errors and to recognize gradual decay of 
accuracy.” 


I hope that the instructive and well-written 
chapters on “Design of Laboratories for Analytical 
Chemistry” by Mellon, “Design of Laboratories for 
Radiochemical Work” by Fenninger and Hale and 
“Safety in the Analytical Laboratory” by Stalzer, 
Martin, and Railing find a wide readership since the 
information presented reaches beyond the confines 
of the analytical laboratory. 


“Development of Raw Material and Product 
Specifications” should be required reading for all 
purchasing agents. Patek makes the memorable 
point that “it  is almost impossible to develop a good 
purchase specification without the assistance of an 
analytical chemist.” In  the final chapter on “Test- 
ing of Consumer Products” by Schwartz and Gaffney 
the reader not only is treated to the cigarette puffing 
machine but also will learn that there is a gadget 
called the Handle-0-Meter to measure the fluffiness 
of towels. 


The print of the book is readable and the drawings 
are clear. However, the paper used does not lend 
itself too well to photographic reproduction. This 
particularly detracts from the nice gesture of pre- 
senting the authors’ portraits. 


The book then contains an abundance of informa- 
tion over a wide range of subjects. I can visualize 
that a future historian might use the volume as a 
rich source to  study the role and organization of 
analytical chemistry in the chemical process industry 
in the mid-20th century. To the contemporary 
pharmaceutical analyst the book offers a broad view 
of the adjoining pasture. 


Reviewed by K. Florey 
Squibb Institute for Medical Research 
New Brunswick, N .  J.  
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allied techniques. Part I11 deals with industrial 
scale equipment. Different authors discuss the 
Proabd Refiner, Newton Chambers’ Process, Ro- 
tary-Drum Techniques, Phillips Fractional-Solid- 
ification Process, and desalination by freezing. 
Part I V  deals with applications of fractional solid- 
ification. Ultrapurification and its relation to 
pharmaceuticals are discussed by Jannke et al. Chap- 
ters are devoted to  ultrapurity in crystal growth and 
to bulk purification. Part V is devoted to  the eco- 
nomics of fractional solidification, and Part VI con- 
tains tables listing the purification and operating 
parameters for zone melting of inorganic and organic 
compounds. A great many of the organic com- 
pounds are important pharmaceuticals. 


This book is of value because the basic knowledge 
and methods used to  produce chemicals of ultra- 
purity are presented. The processes required to  
produce ultrapurity are examined in detail. The 
material should be valuable to those in pharmaceu- 
tical and other industries in order to  develop and 
maintain strict specifications on raw materials. 
This book should prove to be valuable to  the re- 
searcher in producing ultra-pure crystals in either 
very small or large scale batches. 


The book is printed on paper which provides easy 
reading, and the print is of adequate size. The au- 
thors have used many fiqures to illustrate their con- 
cepts and discussions. 


I recommend this book as a reference to  the scien- 
tist in research, teaching, and industry. 


Reviewed by John A. Biles 
School of Pharmacy 
Universaty of Southern California 
Los Angeles, Calif. 


Fractional Solidification. Vol. I. Edited by M. ZIEF 
and W. R. WILCOX. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10019 1967. xvi + 
714 pp. 16 X 23.5 cm. Price $28.75. 
Fractional Solidification is the first of two volumes. 


Twenty-two authors from England and the United 
States have contributed to the text. The contribu- 
tions of Paul Jannke are of special interest to the 
pharmaceutical scientist. Each chapter is well doc- 
umented with references- majority being recent. 


Part I is de- 
voted to basic principles with contributions dealing 
with phase diagrams, mass transfer in fractional 
solidification, constitutional supercooling and micro- 
segregation, polyphase solidification, and heat trans- 
fer in fractional solidification. Part I1 deals with lab- 
oratory scale apparatus used in fractional solidiiica- 
tion with specifics that deal with batch zone and con- 
tinuous zone melting, progressive freezing and col- 
umn crystallization, and zone precipitation and 


The book is divided into six parts. 


Take as Directed. Edited by F. E. SHIDEMAN and 
written by JOHN P. Russo. The Chemical 
Rubber Company Press, 18901 Cranwood Park- 
way, Cleveland, OH 44128, 1967. xiv + 457 pp. 
16 X 2.3.5 cm. 
The editor has fuliilled the objective given on the 


book cover, “Our modern medicines explained for 
the layman.” Diseases and physiological condi- 
tions have been described clearly in terms the layman 
will understand. The fundamental information 
given about the drugs is presented in a sound, 
reasonable way that is a pleasant contrast to the 
dramatic presentations that frequently are offered 
to the lay public. This book is an excellent, simpli- 
fied discussion of drugs and their use in medical 
treatment today. Pharmacists and pharmaceutical 
scientists can confidently suggest this book in re- 
sponse to requests from laymen to recommend a 
simplied-yet authoritative-text discussing drugs 
in current use. 


Stuff review 


Price $14.75. 


Aromatic Amine Oxides. By EIJI OCHIAI. Trans- 
lated by Dorothy U. Mizoguchi. Elsevier 
Publishing Company, 52 Vanderbilt Ave., New 
York, NY 10017, 1967. 15 X 23 
cm. Price $30.00. 
In view of the frequently predictable chemical 


ix + 456 pp. 







Vol. 57, No. 8, August 1968 


effect of the introduction of an N-oxide function 
into a compound, i t  is disappointing that so few 
biologically useful N-oxides have been found. The 
two amine oxides having the most widespread use, 
chlordiazepoxide and 2-mercaptopyridine 1-oxide, 
are not aromatic N-oxides despite the nomenclature 
of the latter. One of the chapters of Professor 
Eiji Ochiai’s “Aromatic Amine Oxides,” reviews 
in detail the attempts to employ N-oxidation in 
favorably altering biological properties. 


Other chapters of this comprehensive and infor- 
mative treatise cover the history, the preparation, 
and the reactions of the aromatic heterocyclic 
N-oxides. Electrophilic and nucleophilic substitu- 
tion of compounds containing N-oxides and the 
effects of an N-oxide function upon other substitu- 
ents are reviewed. 


As befits a true expert, Professor Ochiai has called 
upon another, Dr. C. Kaneko, to provide a chapter 
on the physicochemical properties of the amine 
oxides. The book is limited to the aromatic N- 
oxides as its title indicates, but aliphatic N-oxides 
receive some attention for the purposes of differen- 
tiation. 


It is a tribute to Professor Ochiai’s 1953 article 
in the Journal of Organic Chemistry (18,534) that so 
much of the western synthetic work recorded here 
was stimulated by that seminal review. Never- 
theless, a large part of the original work on N-oxides 
has been published in Japan, and it is helpful that 
experimental details for many syntheses are pro- 
vided in this volume. 


The personal identification of Professor Ochiai 
with this segment of organic chemistry-an iden- 
tification of a type that  is rare nowadays-makes 
this an especially attractive book. Its long-term 
usefulness makes it well worth owning. 


The translation is serviceable but is not always 
idiomatic and better editorial work by the pub- 
lisher might have changed such awkward usage as 
“active to substitution.” A grossly incomplete 
author index is included. The literature has been 
reviewed through 1963. 


R k e d  by Scott J. Childress 
Wyeth Laboratories, Inc. 
Radnor, Pa .  
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As in previous editions, all phases of immunology 
are developed or at least mentioned. The book in- 
cludes chapters on: Immunity and Immunology, 
Antibiotics and Antibody Specificity, Antigens, Cell 
Antigens, Blood Groups, Antibody-Antigen Reac- 
tions, Complement and Complement Fixation, 
Immediate Hypersensitivity, Delayed Hypersensi- 
tivity, Non-Immunological Equivalents of Hyper- 
sensitivity Reactions, Hypersensitivity and Im- 
munity, Immunological Tolerance and Intolerance, 
Autoimmunization and Disease, Immunity in Action, 
Practical Use of Immunity and Hypersensitivity, 
Laboratory and Clinical Technic, and Quantitation 
and Statistical Methods in Immunology. Compre- 
hensive references are provided at the end of each 
chapter for those individuals who wish to delve more 
deeply into the text material. 


Rmiewed by Frederick C. Bach 
Akon Laboratories 
Fort Worth, Texas 


Fundamentals of Immunology. 4th ed. By WIL- 
LIAM C. BOYD. Interscience Publishers, Inc., 605 
Third Ave., New York, NY 10016, 1966. xvii 4- 
773 pp. 15.5 X 23 cm. Price $14.95. 
“Fundamentals of Immunology” continues to be 


an excellent text for the beginning student and as 
indicated in the title, does not require previous 
knowledge of the subject. Exception must be taken 
to the phrase on the fly-leaf, “completely rewritten.” 
Although there has been updating in some chapters, 
it  might be more accurate to state that the book has 
been reprinted. It is difficult to know just how 
much material on laboratory and clinical techniques 
should be included in a book of this type, but it is 
this reviewer’s opinion that more techniques should 
have been added rather than deleted in this issue. 
This reviewer also feels that development of fluo- 
rescent antibody techniques and applications would 
have been advantageous to the reader. 


Peptides. Edited by  H. C. BEYERMAN, A. VAN DE 
LINDE, and W. M. VAN DEN BRINK. North-Hol- 
land Publishing Co., Amsterdam, Holland. 
Available in the U. S. from John Wiley & Sons, 
Inc., 605 Third Ave., New York, NY 10016, 
1967. xii + 292 pp. 15.5 X 23 cm. Price 
$14.50 
This book, the latest in the series of publications 


of the Proceedings of annual European Peptide 
Symposiums, is a welcome addition to  the desk of 
researchers interested in peptide work. There are 
eight sections land each section contains the presen- 
tations by authors intimately associated with the 
material presented. Bibliography of most of the 
articles in this book is most up-to-date and is in- 
tended t o  familiarize the reader with pertinent in- 
formation concerning various aspects of peptide 
chemistry. 


While the sections of this book devoted to  cou- 
pling methods, protecting groups, synthesis of pep- 
tideswith polymeric supports, and mass spectroscopy 
in peptide chemistry, are of general interest, the 
medicinal chemists, however, will benefit most from 
sections on sequential polymers, racemization, and 
biologically active peptides. Among the peptides 
with biological activity, a very interesting discussion 
is focused on the recent developments in the syn- 
thesis of biologically active corticotropin fragments. 
Several peptides with biological activity, such as 
human gastrin, glucagon, secretin, melittin, and 
others, have also been discussed from a synthetic 
and biological activity point of view. 


The only improvement in this book would have 
been the inclusion of subject index. 


Reviewed by A. Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica, N. Y. 


Emulsion Science. Edited by P n u n  SHERMAN. 
Academic Press, Inc., Ltd., Berkeley Square 
House, Berkeley Square, London, W.l.  U. S. 
Academic Press, Inc., 111 Fifth Avenue, New 
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Assay of Vitamin E in Multivitamin Products 
Using Thin-Layer Chromatography 


By R. R. CRAWFORD, D. C. NARAMORE, and 0. K. ESMERIAN 


A method for the assay of vitamin E in multivitamin formulas is presented. The 
sample is saponified and the alpha tocopherol separated from interfering substances 
by thin-layer chromatography prior to measurement by ferric chloride-a.a’-di- 
pyridyl colorimetry. Assay results of 18 multivitamin formulas comprising three 
types of dosage forms are in reasonable agreement with label claims. The nature 


of some interfering substances is discussed. 


RESENT OFFICIAL methods for assaying vita- p min E (alpha tocopherol) employ oxidation 
by either ferric chloride or by ceric sulfate. The 
amount of alpha tocopherol is determined by the 
reaction of ferrous ions with cY,d-dipyridyl (red 
complex) or by titration with ceric sulfate until an 
excess of ceric ions oxidizes diphenylamine in- 
dicator. These methods were critically examined 
by Lehman before suggesting oxidation by ferric 
chloride as the method of choice for assaying 
vitamin E in pharmaceutical products (1). Both 
of these methods, however, are subject to inter- 
ference from other reducing materials, among 
which are antioxidants and vitamin A, included in 
most formulations. The results from these 
methods also include responses from the less bio- 
logically active nonalpha isomers of tocopherol 
present in those multivitamin products that use 
d-alpha tocopheryl acetate concentrate or mixed 
tocopherols concentrate as the vitamin E source. 


Received May 22, 1968, from Distillation Products In- 
dustries, Division of Eastman Kodak Company, Rochester, 
NY 14803 ~~.~~ 


Accepted for publication July 18. 1968. 
Presented to the Drug Standards, Analysis and Control 


Section, APEA, Academy of Pharmaceutical Sciences, Miami 
Beach meeting, May 1968. 


The authors thank Mr. A. Baitsholts and Mr. R. Ardell 


Early work in this field was directed toward the 
assay of vitamin E in the presence of only vitamin 
A, culminating in the hydrogenation procedure re- 
ported by Fisher et al. (2), and included in the 
United States Pharmacopeia XVII (3). Paper 
chromatography has also been applied to vitamin 
A and E mixtures (4). Recent gas-liquid tech- 
niques for identification and estimation of to- 
copherols have been described (5-7) and applied 
by Pillsbury et al. (8) and by Bowman and West 
(9) to pharmaceuticals. Several recent references 
are found pertaining to thin-layer chromatogra- 
phy of tocopherols per se (lo), in biologic materials 
(1 I), in oils and plant tissues (12,13), and in serum 
(14). Castren has reported the determination of 
vitamin E in pharmaceuticals using TLC separa- 
tions (silica gel) followed by quantitative estima- 
tion of the developed spots by planimetry and 
visual observation (15, 16).l 


METHOD 
The method developed for multivitamin formula- 


tions containing vitamin E in potencies of from 0.15 


1 For a comprehensive review of vitamin E methodology, 
see Bunnell, R. H., “The Vitamins.” Vol. 6, Academic Press, 
New York, N. Y., 1967, pp. 261-316. for their many helpful suggestions. 
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to 15 I.U. or more per dosage unit consists of three 
major steps: 


(a) Saponification, extraction, and concentration 
of the alpha tocopherol into a relatively small volume 
of ether. 


(b) Separation of the alpha tocopherol from other 
ingredients reactive to ferric chloride by TLC. 


(c) Determination of the alpha tocopherol by 
ferric chloridea,a '-dipyridyl colorimetry. 


Reagents 
Ethanol, absolute; potassium hydroxide, pellets, 


85%; hydrochloric acid, 37%; ethyl ether, anhy- 
drous, ACS reagent grade; sodium sulfate, an- 
hydrous granular; toluene, Eastman White Label 
325; @p'-dipyridyl, 0.25% in ethanol; ferric chlo- 
ride, 0.1 yo in ethanol; 2',7'-dichlorofluorescein, 
0.004% in ethanol. 


Materials 
Thin-layera plates, 20 X 20 cm., silica gel with 


fluorescent indicator, 250 p ;  thin-layer developing 
apparatus, sandwich type; colorimeter, Evelyn, or 
other similar instrument having a constant, low- 
intensity light source and a direct reading, instanta- 
neously responding photocell and galvanometer, 
equipped with a 515 mp filter; UV light source, 2,540 


Procedure 
(a)  Saponification-In a 125-ml. saponification 


flask obtain a sufficient quantity of the dosage form to 
result in a total of preferably 8 to 16 I.U.8 of vitamin 
E as follows: 


Capsules-Place the required number into the 
flask. Add 10 ml. water, warm, and swirl until di- 
gested. 


Tablets-Precrush the required number in a mor- 
tar and transfer to the flask using 10 ml. water. 


Liquids-Using a suitable pipet, transfer the re- 
quired volume into the flask, and add 5 ml. water. 


Add 30 ml. of ethanol, attach an air condenser, and 
heat with steam to vigorous reflux. Slowly drop 5 g. 
KOH pellets through the condenser and reflux for 20 
min. Remove from heat and immediately add 10 
ml. HC1 dropwise through the condenser. Cool and 
transfer to a 500-ml. separator using 50 ml. distilled 
water followed by three 50-ml. portions of ether. 
Shake well for 2 min. Separate the ether layer and 
wash with four 100-ml. portions of distilled water. 
Dry the extract by passing it through a funnel con- 
taining sodium sulfate on filter paper, washing the 
cake well after passage with additional ether. Re- 
duce the ether volume sufficiently to  allow transfer to  
a 10-ml. or 25ml. volumetric flask. Make to a final 
concentration of alpha tocopherol of about 0.5 mg./ 
ml. 


(b) Chromatography-Using a suitable pipet, 
stripe a sufficient quantity of the ether solution 
(usually 100 to  300 pl.)  containing 80 to 120 mcg. 
alpha tocopherol on a silica gel plate previously acti- 


A. 


* Suitable are E. Merck plates, Silica Gel P-254. 
*The  following example for tablets labeled to  contain 


0.15 I.U./tablet illustrates deviations from the procedure 
when this very low potency product was assayed. 


Saponification: 10 tablets crushed and transferred to 
Bask with 30 to 40 ml. water, 110 ml. ethanol, and 7 g. 
KOH added for reflux. 14 ml. HC1 used for acidification. 
Ether extract transferred to  a 10-ml. volumetric 0ask (con- 
centration of alpha tocopherol of 0.1 mg./ml.). 


1 ml. of ether solution (containing 100 
mcg. alpha tocopherol) striped. 


Chromatography: 


1717 


vated for 20 min. at 100". The stripe should be 
placed parallel to and approximately 2 cm. from one 
edge of the plate and should extend for a distance of 
approximately 14 cm. Place a pilot spot of alpha 
tocopherol next to  the unknown. Develop the 
chromatogram with a migrating solvent of toluene to  
a distance of about 15 cm. Remove the plate, dry 
thoroughly with nitrogen, and spray with 2',7'-di- 
chlorofluorescein solution. Find the alpha tocoph- 
erol zone corresponding to  the standard at R, of 
about 0.5 by observing under UV light (2,540 A.). 
Outline the correct band with pencil and scrape the 
adsorbent into a 125ml. flask. Add 10 ml. ethanol, 
swirl for 3 min., and pass through filter paper (Eaton- 
Dikeman 617 is satisfactory) into a 25ml. volu- 
metric flask (low actinic) calibrated a t  23 ml. or into a 
25ml. graduated cylinder (low actinic, ground glass 
stopper). Repeat with three Pml. portions of al- 
cohol and make to  a final volume of 23 ml. 


(c) Colorimetry-Add successively to the flask or 
cylinder 1 ml. dipyridyl solution and 1 ml. ferric chlor- 
ide solution. Stopper the container and mix well. 
After 2.5 min., read the percent transmittance of the 
solution using a 515mp filter in the colorimeter. 
From a calibration chart, determine the correspond- 
ing amount of alpha tocopherol, in mcg.* Calculate 
the potency as follows: 


a = mcg. alpha tocopherol, from cali- 


b = final volume of ether extract, ml. 
c = volume of ether extract striped, 


aXb = d = mg. alpha tocopherol in final ether 


bration chart 


a1 . 


volume 
-- = potency, I.U./dosage unit 
n 


where f is the weight-unit relationship (17) for d- 
alpha tocopherol (f = 1.49) and dl-alpha tocopherol 
(j = 1.1) and n is the number of dosage units as- 
sayed. 


DISCUSSION 


Analyses in these laboratories of vitamin E in com- 
mercial multivitamin capsules and tablets had 
shown that the USP XVII assay procedure written 
for decavitamins was in some instances unsatis- 
factory. The USP procedure removes the inter- 
ference due to vitamin A but other reducing sub- 
stances lead to assay results for vitamin E that are 
sometimes several times too high. Clearly, some 
means of separation or a more specific assay method 
was needed. It seemed that TLC would have the 
capability of separating alpha tocopherol from the 
other reactants and still allow common methods of 
determination to  be used. 


Investigations were done to  determine an ad- 
sorbent-solvent system to separate alpha tocopherol 
from interfering substances in capsules and tablets. 
Information in the literature suggested that an 
optimum system would be found among two ad- 
sorbents (silica gel and alumina) and six solvents 
(hexaneethanol 9 : 1, ether, toluene, toluene-ether 
1 : 1, cyclohexane-ether 4: 1, cyclohexane-ethanol 
9: 1). Test strips of Eastman Chromagram sheets 


4 For procedures regarding colorimetry, see Lehman, R.  W., 
J .  Pharm. Sci., 53, ZOl(1964). 
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TABLE I-R, VALUE5 FOR ALPHA TOCOPHEROL ON 
TEST STRIPS, 100 p 


Test Strip Rr 


(6060 silica gel, 6063 alumina) (Eastman Kodak 
Co., Rochester, N. Y . )  were developed with these 
solvents using the unsaponifiable fractions from 
multivitamin-mineral formulations. Reducing 
substances were visualized by ferric chloride-di- 
pyridyl spray. Table I shows typical R, values, 
these obtained after chromatographing the un- 
saponifiable fraction of a multivitamin-mineral 
tablet labeled to contain 0.15 I.U. vitamin E/tablet. 
The best separations were obtained with alumina/ 
toluene, with silica gel/toluene, and with silica gel/ 
cyclohexaneether. The authors chose silica gel/ 
toluene for further investigation. 


Silica gel was quite effective for separating alpha 
tocopherol from other tocopherols. The unsaponifi- 
able fraction of a mixed tocopheryl acetate concen- 
trate was chromatographed. Of the total tocoph- 
erols in the concentrate, 87% was alpha and 13% 
was a mixture of nonalpha tocopherols. Gas-liquid 
chromatography (GLC) applied to the eluted alpha 
tocopherol band showed that only 0.1 % nonalpha 
tocopherols remained. 


Some loss of alpha tocopherol, presumably through 
oxidation, during the separation procedure can be 
expected. To  determine the loss, replicate quantita- 
tive chromatograms of d-alpha tocopherol were run 
on 250-p silica gel plates and the recoveries com- 
pared with the unchromatographed input. The re- 
sults from 10 determinations (Table 11) indicated 
that a 94.7% apparent recovery f l . 6 %  SD of alpha 
tocopherol could be expected. 


The presence of reducing materials in the thin- 
layer adsorbent that cc-elute with alpha tocopherol 
would result in an inflated recovery value. Several 
experiments were done in a manner similar to that 
noted above but in which ether only was striped. 
Assay of the eluted adsorbent band corresponding in 
size and position to  an alpha tocopherol band from 
250-11 silica gel gave values corresponding to about 3 
mcg. alpha tocopherol. Since approximately 100 
mcg. amounts of alpha tocopherol are striped ill thc 
recommended procedure, this value amounts to some 
3% of the total and is included in the 94.7% ap- 
parent recovery. The corresponding true recovery 
value was about 92%. 


In order to determine whether alpha tocopherol 
could in fact be recovered from multivitamin prepa- 
rations, a formulation was obtained typical of one 
designed for capsules but without any added vitamin 
E.6 TLC on Eastman Chromagram sheets (silica 
gel) of the unsaponifiable fraction indicated that no 
vitamin E could be detected by visualization with 
ferric chloride-dipyridyl spray solution. Without 
addition of alpha tocopherol, USP assay (without 
hydrogenation) indicated that 6 I.U. of apparent 
vitamin E/g. was present in the material. Vitamin 
E, as &alpha tocopheryl acetate concentrate, was 
added a t  2, 3, and 15 I.U./g. before saponification. 
Recoveries as obtained by the recommended proce- 
dure, shown in Table 111, were from 98 to  1 0 0 ~ o  of 
input after correcting for the apparent losses of alpha 
tocopherol during separation. 


The results of the assay procedure applied to 
multivitamin capsules, tablets, and liquids are given 
in Table IV. It can be seen that the total apparent 
amounts of vitamin E in the unsaponifiable fractions 
(unhydrogenated) ranged from about 1.5 to some 20 
times the labeled amount. After chromatography, 


5 Kindly supplied by R. P. Scherer Corp.. Detroit, Mich. 


Alumina 
Hexane-ethanol 9: 1 0.79 
Ether 0.82 
Toluene 0.37 
Toluene-ether 1 : 1 0.77 
Cyclohexane-ether 4: 1 0.34 
Cyclohexane-ethanol9 : 1 0.76 


Silica Gel 
Hexane-ethanol 9: 1 0.76 
Ether 0.95 
Toluene 0.61 
Toluene-ether 1 : 1 0.85 
Cyclohexane-ether 4 : 1 0.63 
Cyclohexane-ethanol9 : 1 0.80 


the assay results (corrected) were found to be gen- 
erally near label claim: in 14 of the 18 products, 
they lay between 94 and 110% of this figure. 


I t  was of interest to attempt to  determine the 
nature of the interfering substances in these formulas 
and some work was done in this area. The authors’ 
knowledge of vitamin A would lead them t o  infer 
that, since they did not completely remove i t  by hy- 
drogenation, higher ratios of vitamin A: alpha to- 
copherol should result in higher apparent amounts of 
alpha tocopherol in the unsaponifiable fractions. 
Table V shows that this is generally true. It should 


TABLE 11-REPLICATE RECOVERIES OF &ALPHA 
TOCOPHEROL BY THIN-LAYER CHROMATOGRAPHY 


Silica Gel. 250 p,  Yo 


93.8 
94.fi 
96.1 
97.0 
95.4 
‘33.0 
92.6 
95.7 
9G. 5 
92.7 
94.7[1/0 mean f l.GYo SD 
~ 


be remembered that riot only vitamin A but also bu- 
tylated hydroxyanisole (BHA) and, to some extent, 
butylated hydroxytoluene (BHT) blended with the 
vitamin A as antioxidants would be expected to in- 
terfere. Figure 1 illustrates a silica gel chromatc- 
gram used to  aid in identifying these substances. 
The spot from the unsaponifiable fraction corre- 
sponding closely in R, to  that of BHA was con- 
firmed as such by GLC and IR spectral data. The 
spot closest to  the solvent front contained BHT and 
anhydrovitamin A as shown by GLC and UV at+ 


TABLE 111-RECOVERIES OF VITAMIN E ADDED TO 
MULTIVITAMIN FORMULATION 


-Recovery, %- 
Input I.U./g.O Found Corrected 


15 
3 
2 


95 
94 
93 


100 
99 
98 


d-Alpha tocopheryl acetate concentrate. ‘Correction 
factor 0.95. 
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TABLE IV-VITAMIN E CONTENT OF MULTIVITAMIN FORMULAS POTENCY, I.U. PER DOSAGE UNIT 


Total 
Sample Label Emmerie- 7- Chromatographed Emmerie-Enpel 
Number Potency Engel Uncorrected Corrected" yo Label 


Caps u 1 e s 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 


Tablets 
12 
13 
14 
15 
16 


Liquids 
17 
18 


15 
15 
5 
5 
5 
3.7 
3 
2 
2 
1 
0.5 


15 
10 
7.5 
3 
0.15 


50 
5 


25.2 
26.2 
10.5 
12.4 
7.3 
6.8 


11.7 
4.0 
7.4 
1.3 
8.1 


22.7 
13.7 
11.2 
4.6 
2.2 


172.8 
103.5 


14.8 
14.6 
4.1 
4.8 
4.5 
3.6 
2.9 
2.1 
2.1 
0.97 
0.45 


15.0 
11.9 
7.3 
3.0 
0.16 


44.7 
6.0 


15.6 
15.4 
4.3 
5.1 
4.7 
3.8 
3.1 
2.2 
2.2 
1.0 
0.47 


15.8 
12.5 
7.7 
3.2 
0.17 


47.1 
6.3 


104 
103 
86 


102 
94 


103 
103 
110 
110 
100 
94 


105 
125 
103 
107 
113 


94 
126 


Correction factor 0.95. 


sorption, respectively (the anhydrovitamin A is 
formed upon acidification of the mixture with hydro- 
chloric acid). A summary of the Rj values of known 
interfering substances is found in Table VI. 


The authors have observed the presence of other 
reducing agents that have not been identified. For 
example, a thin-layer chromatogram of a multivita- 
min unsaponifiable fraction showed the presence of at 
least four reactive ingredients (Rj of 0, 0.25, 0.58, 
0.62) in addition t o  alpha tocopherol and antioxi- 
dants. I n  another example, a thin-layer chromato- 
gram of a hydrogenated multivitamin unsaponifi- 
able fraction revealed four strongly interfering mate- 
rials (R j  of 04.1). This latter example illustrates 
one instance where grossly high results were ob- 
tained with the USP XVII procedure. 


TABLE V-COMPARISON OF VITAMIN A : 
ALPHA TOCOPHEROL RATIO WITH TOTAL 


APPARENT VITAMIN E 


Units Vitamin A/Unit 
Vitamin E Total Emmerie-Engel 


(Label) Yo of Label 


Capsules 
1,000 
1,350 
1 ,670 
1.670 


145 
184 
166 
175 


2 500 200 
3 ; 000 
5,000 
5,000 
6,250 
8,300 


50,000 


133 
210 
248 
370 
390 


1,620 
Tablets 


400 
1,330 
1,670 
1,670 


33,400 


137 
149 
151 
154 


1,470 


Thus, it is possible that some seven or more reduc- 
ing materials, some of which are not removed by 
hydrogenation, can be present in a multivitamin 
formulation. 


The use of 250-1 thin-layer plates was necessary in 
some cases since overloading of 100 p thicknesses was 
encountered upon chromatographing suficien t 
amounts of certain capsule unsaponifiable fractions 
to  provide 80 mcg. or more alpha tocopherol. Over- 
loading appeared to be common with those formula- 
tions having large amounts of diluent oils. Three 
alternate methods that allow smaller amounts to  be 
chromatographed appear as possibilities to eliminate 
overloading if 100-p thicknesses are to  be employed: 
(a) more sensitive reagents, such as bathophenan- 
throline (12, 18) or 2,4,6tri(2'-pyridyl)-Striazine 
(18, 19), replacing cr,a'-dipyridyl; (b) alkaline ex- 
traction after saponification thereby eliminating 
most of the fatty acids; or (c) reducing the volume of 
the colorimetric reaction. 


l o  0 


0 0 


I I I 1 
UNSAP. ALPHA EHA BHT 


FRACTION TOCOPHEROL 


Fig. 1-Identification of some interjering materials 
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TABLE VI-R, VALUES OF INTERFERING SUBSTANCES 
250 f i  SILICA GEL-TOLUENE 


Substance R t  


Journal of Pharmaceutical Sciences 


(4) Brown, J. A., Anal. Chem., 25,774(1953). 
(5) Eisner, J., Iverson, J. L., and Firestone, D., J .  


(6) Slover, H. T., Shelley, L. M., and Burks, T. L . ,  


(7) Ishidawa, S.. and Katasui. G., Bifamin, 31, 445 


Assoc. O&. Agr. Chemisfs, 49, 580(1966). 


J .  Am.  Orl Chcmrsfs’ Soc., 44, 161(1967). 


(1965). BHT 0.97 
Anhydrovitamin A 0.97 
Alpha tocopherol 0.49 
BHA 0.38 
Beta tocopherol 0.32 
Gamma tocopherol 0.30 
Delta tocopherol 0.20 


Assays Other Than Multivitamins-Thin-layer 
separation should be applicable to most types of for- 
mulations in addition to multivitamins. One such 
application was to a liquid tonic formula labeled to 
contain 20 I.U. vitamin E, as &alpha tocopheryl 
acetate/oz. Assay of the unsaponifiable fraction 
prior to chromatography indicated 440 I.U. apparent 
vitamin E/oz. TLC revealed the large amount of 
reducing substances. Assay of the eluted alpha 
tocopherol band gave a reasonable result of 20.6 
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Alkaloids of Ocbrosiu macz~latu Jacq. 
(Ochrosia borbonicu Gmel.) 


Isolation of the Alkaloids and Study of the Antitumor Properties 
of 9-Methoxyellipticine 


By GORDON H. SVOBODA, GERALD A. POORE, a n d  MARILYN L. MONTFORT 


Inclusion in the authors’ phytochemical screening program of plants of the family 
Apocyfiaceae related to Gztbarantbas roseas G. Don seemed logical in view of the 
success realized with the Madagascan periwinkle. Screening of the appropriate 
extracts of Ocbrosia macalata elicited both oncolytic and neurosedative activities. 
The former was found M be associated with 9-methoxyellipticine, the latter with 
reserpine. While 9-methoxyellipticine ssesses experimental antitumor activity 
of a somewhat lesser order than some of available clinically active agents, it does 
exhibit a broader spectrum than most of these compounds. Its moderate degree of 
potency as an antitumor agent is expressed by its activity against several of the solid 


mouse neoplasms maintained in these laboratories. 


HE GENUS Ochrosia, family Apocynaceae, T consists of approximately 36 species of trees 
Received April 4, 1968, from the Lilly Research Labora- 


tories. Eli Lilly and Co., Indianapolis, I N  46206 
Accepted for publication July 11 1968. 
The authors thank the followin; individuals for their aid 


in the course of this investigation: D. R. Bedwell, R. E. 
Martello, and A. T. Oliver for laboratory assistance; Dr. 
H. A. Rose, K. E. Staten. and D. 0. Woolf, Jr., for physical 
data;  Miss E. D. Liljeblad for aid in preparing the manu- 
script. Special thanks are  extended to R. W. Kattau for 
mouse behavior studies, and to  Mrs. V. P. Bothwell, J. W. 
Mattingly, P. E. Craig, and E. F. Priller for asti tumor test- 
ing. 


or woody shrubs native to tropical Asia, Oceania, 
and the Mascarene and Seychelle Islands. 
Ochrosia maculata Jacq., a local name for which is 
“bois jaune” because of the bark and wood being 
yellow and bitter ( l ) ,  is a tree 6-12 m. (2C40ft.) 
in height, bearing 3 leaves (rarely 4) in a whorl, 
being oblong to oblong-lanceolate, 13.5-15.2 cm. 
(3-6 in.) long, obtuse or somewhat acute, glossy, 
and often spotted. The flowers are white, being 








Hemolysis by Nonionic Surface-Active Agents 
By TAMOTSU KONDO and MICHIKO TOMIZAWA 


The hemolytic actions of olyoxyethylene glycol monododecyl ethers, Cl2HZ6- 
(C2H~O),0H, have been stu&ed. The  amount required of  these agents to produce 
lysis was found to be linearly related to the red cell concentration within experi- 
mental error. This  was interpreted as showing the significant role of the adsorp- 
tion of nonionic agent molecules onto the red cells prior to lysis. T h e  average 


amount adsorbed of the agents necessary to  cause lysis was estimated. 


EMOLYTIC ACTIONS of nonionic surface-active H agents have been described by several authors 
(1-3). The mechanisms of the hemolysis, however, 
have not yet been well understood. 


Pethica and Schulman stressed the importance of 
the surface effects of nonionics (4). Thus, they 
claimed that the nonionics used in their work 
lysed on attaining surface pressures of 34 dynes/cm. 
or above. On the other hand, the present authors 
suggested a significant role of the adsorption of non- 
ionics onto the red cell membranes, because they 
found a proportionality between the hemolytic con- 
centration of polyoxyethylene carboxylates and the 
cell count (5) .  The estimation of the amount 
adsorbed of the nonionics, however, was not possible 
owing to the heterogeneity of the materials. 


Recently, polyoxyethylene glycol monoalkyl 
ethers have become available, which are homogene- 
ous with respect t o  alkyl and polyoxyethylene chain 
length. This has now made it possible to determine 
the amount of nonionics adsorbed. The aim of this 
study has been to confirm the adsorption mechanism 
and to  find a relation between the hemolytic activity 
and molecular structure of polyoxyethylene glycol 
monoalkyl ethers. 


EXPERIMENTAL 


Materials-The nonionic surface-active agents 
used were polyoxyethylene glycol monododecyl ethers 
having the general formula, Cl~H~(CzH~O),OH. 
These agents were synthesized by a successive con- 
densation reaction between carefully fractionated 
dodecyl alcohol and diethylene glycol and/or tri- 
ethylene glycol (6), and were generously supplied 
by Nihon Surfactants, Co., Ltd., Tokyo. The 
homogeneity of these nonionics were checked by 
gas or thin-layer chromatography. In  Table I are 
listed the critical rnicelle concentrations and cloud 
points of the nonionics, which are referred to as 
C12En for brevity. 


The red cell suspension used was prepared from 
dog blood as follows. Citrated blood was centri- 
fuged and the cells were washed three times with the 
phosphate-buffered isotonic saline (pH 7.4). The 
washed, packed cells were then suspended in the 
above medium to yield a suspension of a desired con- 
centration. A concentration of 1% v/v of the sus- 
pension was found in a hernocytorneter to corre- 
spond to  a cell count of 170-180 X 10B/ml. 


Hemolysis Techniques-The determination of 
the degree of hemolysis was done in the following 
way. Two milliliters of the cell suspension were 
pipeted into test tubes, into which an equal volume 
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of various concentrations of the nonionics was 
added quickly by a syringe to prevent any local 
lysis. The mixtures were then allowed to react 
for an hour in a water bath controlled at 27" or 37 f 
0.1" with shaking so that the adsorption of nonionic 
molecules attained an equilibrium as quickly as possi- 
ble. At the end of this period, the mixtures were 
immediately centrifuged to remove the unhemolyzed 
cells. The degree of hemolysis was estimated by 
determining spectrophotometrically the amount of 
hemoglobin released in the supernatant liquid. 


RESULTS AND DISCUSSION 


Hemolytic Activity-Effect of Polyoxyethylene 
Chain Length-Figure 1 shows the relation between 
the final percent hemolysis and the concentration of 
thenonionics studiedat a cell concentationof 5yOv/v. 


All the hemolysis curves are of the similar shape 
and they shift toward the higher concentration 
region as the chain length of polyoxyethylene be- 
comes longer. This means that the hemolytic ac- 
tivity of ClZE, decreases as the value of n increases. 
The same tendency was observed at all the cell 
concentrations studied. 


Effect of Cell Concentration-In general, as the cell 


TABLE I-CRITICAL MICELLE CONCENTRATIONS AND 
CLOUD POINTS OF NONIONIC SURFACE- 


ACTIVE AGENTS 


Cloud 
Point, Temp., 


Material OC. C.M.C. O C .  


Cl&I 55 8.0 X 10"M 30 
CizEi 70 8.8 X lO"M 30 
CnEe 82 1.4 X lO-'M 30 


100 


2 
5 
5 


cn 


0 


L 
I- 
Z w 
0 u 
W 
0 


0 


A B C  


I 


1.0 2.0 3.0 X I W M  
CitEn CONCENTRATION 


Fag. 1 -Percent hemolysis versus ClZE,, concentration 
curves for 57, red cell suspension at 37'. K e y :  A, n 


= 6; B, n = 7; C ,  n = 8. 
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0 1.0 2.0 3.0 X 10-'M 
CirEi CONCENTRATION 


Fig. 2-Shift of C&7 hemolysis curves with change in  
cell concentration at 27'. Key:  cell concentration yo 


v/v-A, 0.5; B, 1;  C, 2; D, 3; E, 4; F,  5. 


TABLE 11-C12Ep CONCENTRATIONS REQUIRED TO 
PRODUCE 100% HEMOLYSIS FOR 5% v/v RED 


CELL SUSPENSION 


Run 27oc. 37T. 
1 1.2 x 1 0 - 4 ~  0.96 x 10-4~4 
2 1.4 X 1 0 - 4 ~  1 . 2  X 10-4G 
3 1.3 x 1 0 - 4 ~  1.1 x 10 ' M  


concentration was raised, the hemolytic curves were 
shifted to  higher concentrations of the nonionics 
without change in shape. A typical example for 
CI& is given in Fig. 2. This result may rule out 
the possibility of the surface pressure mechanism, 
because the hemolytic concentrations are indepen- 
dent of surface tension of solutions. 


Effect of Temperature-The rise in temperature 
appeared to make the red cells more sensitive to 
the lyzing agents. Thus, the hemolytic concen- 
trations of the nonionics at 37' were lower than 
those at 27'. Table I1 gives the c12E7 concentra- 
tions to cause 100% hemolysis at both temperatures. 


In connection with these findings, it  is worth 
noting that the release of lipids from the red cell 
membranes was detected after shaking the cell 
suspension without the presence of surface-active 
agent in water bath for an hour. Moreover, the 
amount released of the lipids was observed to  in- 
crease as the temperature rose. It may be inferred, 
therefore, that the lipid release from the red cell 
membranes correlates with the adsorption of the 
nonionics in the hemolysis, especially at elevated 
temperatures. 


L 
0.5 1.5 2.5 


CELL CONCENTRATION, 96 v/v 


Fig. ~ - C I Z E ~  concentration required for various de- 
grees of hemolysis, cx, versus cell concentration at 37'. 
Key: hemolysis percent-A, 100; B, 90; C, 60; D, 


40; E, 20. 


0.70 1- 
3.6 4.0 4.4 4.8 x 10-&M 


EQUILIBRIUM CONCENTRATIdN OF CI& 


Fig. &Adsorption isotherms for ClnE,, at 27". Key: 
A, n = 6; B, n = 7; C, n = 8. 


Adsorption-The amount adsorbed of the non- 
ionics on the red cells was estimated by an indirect 
method proposed by Thron (S), because several 
attempts have failed to  determine it directly due 
presumably to  the presence of surface-active ma- 
terials released from the red cells. This method is 
based on the assumption that an individual cell 
undergoes lysis if and only if i t  adsorbs nonionic 
agent molecules in excess of a certain amount (not 
necessarily the same amount for different individual 
cells). If each cell comes into an adsorption equi- 
librium with its surroundings, then its uptake of the 
nonionic agent will be a function of the concentra- 
tion of unadsorbed nonionic agent. 


When the free nonionic agent concentration is b,, 
where z is a given yo hemolysis, the average amount 
adsorbed per cell has a corresponding value a,, and 
the total amount adsorbed by the cells is a,N,  N 
being the cell count per unit volume of the system. 
This quantity and the free nonionic agent concentra- 
tion, b,, make up the total amount of nonionics, czr 
required to produce x% hemolysis: 


cz = a,N + b, 


This equation means that a linear relation should 
hold between cZ and N. As shown in Fig. 3 the 
linear relation was obtained within experimental 
error. 


Using the values of a, and b,, determined by the 
least-square method at various degrees of hernolysis, 
an adsorption isotherm can be set up. The results 
for the nonionics used at  27" are shown in Fig. 4. 


As the polyoxyethylene chain length is decreased, 
the amount adsorbed necessary to cause lysis is also 
decreased. This will reflect an enhanced effective- 
ness in hemolysis of the nonionics with shorter 
polyoxyethylene chain. Thus, for example, the 
C12Es molecules are more easily adsorbed onto the 
red cells from the solution and more strongly in- 
corporated into the interior of cell membrane than 
are the C1& or Cl& molecules. In  other words, 
CL2E6 causes the complete lysis at lower concentra- 
tions than does C12E7 or C12ES. 


In Table 111 are given the amounts adsorbed of 
CI2E7 per cell at 100~o hemolysis. A decrease in the 
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TABLE 111-NUMBER OF C& MOLECULES be predominant (10). There still remains some 
ADSORBED PER CELL AT 1 0 0 ~ o  HEMOLYSIS doubt on this conclusion. I n  view of the limited 


scope of this study, however, any conclusion on 
the attacking site of the nonionics cannot be drawn. 


1 1.3  X 108 1 . 1  x 10s 


3 1 . 0  x 108 0.86 x 10s 


Run 27OC. 37T. 


2 1 . 2  x 108 1 . 0  x 108 REPERENCES 
(1) Glassman H. N. Science 111, 688(1950). 
(2) Deibler 6. E. Holrnes h. S. Campbell, P. L., an( 


(3) Hudgins, P. C.. and Patnode. R. A., J .  Exgf l .  Mcd.. 
Gans. J., J .  Adpl. Phjsiol., 14: 133(1659). 


107, 43(1958). 


53, 177(1953). 
amount adsorbed is clearly seen with a rise in (4) Pethica, B. A., and Schulman, J. H., Biochem. J . .  
temperature. 


As the slope of the adsorption isotherms a t  37" 
was generally steeper than that at 27", the rise in 
temperature would result in an increased tendency sci., 21 224(1966). 


the red cell surface from aqueous solution owing to  
the temperature-dependent hydration of the mole- 
cules, thereby promoting the hemolysis. A similar 


(5) Kondo, T., and Tomizawa, M., J .  Pharm. Soc. Japan, 


Ohba. N., to be published. 
(7) Koado, T., and Tomizawa, M.. J .  Colloid Interface 
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86,251(1966). 


of the adsorption of nonionic agent molecules onto 
Trons. Faraday SOC., 62,979(1966). 


a ~ l ~ s ~ ~ ;  ~ . p ~ ~ ~ . i ~ o ~ ~ ~ ~ ~ , a ~ i ~ ~ ~ ~ ~ ~ ~ ~ i ,  s.1 


adsorption behavior of the polyoxyethylene glycol 
monoalkyl ethers has been reported (9). The in- 
creased release of lipids from the red cells mentioned 
earlier may also contribute t o  a certain extent t o  the 
enhancement of the hemolysis at elevated tempera- 
tures. 


As to the attacking site of the polyoxyethylated 
nonionics molecules, Mima and co-workers have 
concluded, based on the monolayer experiments, that 
the cholesterol portion in the cell membrane would 


Keyphrases 
Hemolysis-nonionic surfactants 
Polyoxyethylene glycol monododecyl ethers- 


Temperature effect-hemolysis 
Erythrocytes-surfactant adsorption 
Spectrophotometry-analysis 
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Simple Method for Resuscitating Rats from Ether Overdosage 
By L. P. SANCILIO, P. KRAUS, C. MYERS, and L. WAGNER 


A simple method using compressed air for resuscitating rats from ether overdosage 
is described. Exposure to ether vapors for  5 5 and 90 sec., respectively, was lethal to 
70 and 100 percent of the animals. The compressed air technique afforded protec- 
tion to animals ex osed to the anesthetic for 5 5 ,  90, 120, and 150  sec., while the 
conventional hang technique was ineffective against the 5 5-  and 90-sec. exposure. 


URING THE PERFORMANCE of various experi- D mental techniques in rats, e.g., intrapleural 
injection ( l ) ,  cotton pellet implantation (2), and 
adrenalectomy (3), using ether as the anesthetic 
agent, marked respiratory depression leading to  
death sometimes occurs unless the animal is imme- 
diately hyperventilated. This study describes a 
simple and effective technique used in our laboratory 
for reviving rats manifesting respiratory arrest 
following exposure to  this anesthetic agent. 


METHOD 
Compressed air is required in performing this tech- 


nique. In our laboratory, the air is pressurized at 
60 p.s.i., and the tapered outlet (labcock) contains a 
valve to  regulate its flow. The depressed animal is 
placed in a prone position in the palm of the hand 
with the head held gently but firmly between the 
thumb and index finger. The valve is partially 
opened (approximately 25%), and the air directed 
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toward the rat's nostrils. The animal is moved back 
and forth rapidly across the stream of air to  allow for 
inflation and deflation of the lungs. Spontaneous 
breathing is usually restored within 30 sec. An 
excess of pressurized air must be avoided as this 
will inflate the gastrointestinal tract. 


The following study was undertaken to  demon- 
strate the superiority of the compressed air to  the 
manual technique. In the latter method, inter- 
mittent pressure was applied to  hyperventilate the 
animal by placing the thumb on one side and the 
index and ring fingers on the other side of the rib 
cage. 


Charles River CD rats (100-150 Gm.) of either 
sex were etherized in the following manner. One 
hundred milliliters of ether was poured into a 41-02. 
glass dressing jar (Aloe Medical), the base of which 
wasimmersed in a water bath maintained at 39". 
Ether was added periodically t o  replace that  which 
had evaporated. The animal was placed on a wire 
mesh platform 7.5 cm. (3 in.) from the floor of the 
jar. After covering the jar, the exposure time to the 
ether vapors was determined with a Universal timer. 








Androst-4-ene-3,1%dione-4-"C Metabolism by the 
Homogenates of the Chicken Uropygial Gland I 


Antibiotic Concentrations Necessary for Inhibition 
of Bacterial Growth 


By EDWARD L. RONGONE and FRANK M. FERRARO 


Supernatant fluid obtained from homogenates of chicken uropygial gland was in- 
cubated with androst-ri-ene-3,l 7-dione-4-14C in the presence of penicillin 
and streptomycin. Two metabolic products were isolated and identified by 
using preliminary thin-layer chromatography followed by gas chromatogra h y  of 
the free metabolites, trimethylsilyl ethers, o-methyloxime derivatives, and dougle de- 
rivatives on 1 percent SE-30 and 1 percent neopentyl glycol succinate (NGS) columns. 
Crystallization to constant specific activity was also used for the identification of the 
metabolites. The metabolites identified were 3a-hydroxy-5a-androstane- 17-one and 
%~-androstane-3a,l7~-diol. The isolated organisms from the supernatant fluid 
were highly susceptible to the activity of the antibiotics added to the incubation 
mixture for metabolic activity. T h e  minimal concentrations of the antibiotics re- 
quired to inhibit bacterial growth under the experimental conditions of this in- 


vestigation were determined. 


HE PRESENCE of microorganisms in  incubation T preparations for metabolic activity is always 
of concern to investigators. Unless sterile condi- 
tions are used throughout the incubation proce- 
dure, the only alternative is to add excessive 
amounts of antibiotics. Since i t  has been pre- 
viously demonstrated that the supernatant fluid 
obtained from homogenates of chicken uropygial 
gland is  capable of oxidizing the C-17 hydroxyl 
group of testosterone ( l ) ,  it is of interest to  deter- 
mine whether the supernatant fluid is also capable 
of reducing a C-17 carbonyl group. The present 
investigation concerns the demonstration of a 
lip-hydrogenase in the supernatant fluid ob- 
tained from homogenates of chicken uropygial 
gland, isolation of bacteria from the incubating 
medium prior to  the addition of antibiotics, and 
the determination of the minimal amounts of 
penicillin and streptomycin needed to prevent 
bacterial growth under the incubation conditions. 


EXPERIMENTAL 
Purification of Androst-Cene-3,17-dione-4- 


14C-Androst-4-ene-3,17-dione-4-14C was purchased 
from Nuclear-Chicago Corp. and purified by TLC 
on Silica Gel G in a chloroform-ethanol system, 
49 : 1. The resolved androst4ene-3, 17-dione-4-14C 
was eluted from the silica gel with absolute meth- 
anol and transferred to a 3-ml. centrifuge tube. 
One milliliter of benzene was added to the centrifuge 
tube and the radioactive compound then stored a t  
3" until used in the incubation procedures. 
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Gas Chromatography-A Beckman model GC4 
gas chromatograph equipped with a flame-ioniza- 
tion detector and glass columns 1.83 m. (6 ft.) 
long were used. The glass columns were packed 
with either 1% NGS (neopentyl glycol succinate) 
or 1% SE-30 (silicone rubber) on 100/120 mesh 
siliconized Gas-Chrom P (Applied Science Labora- 
tories, State College, Pa.). Conditions employed 
were: column temperature, 210"; injector tem- 
perature, 240"; detector temperature, 230"; N2 
input flow, 40 ml./min.; 0 2  output flow, 200 ml./ 
min.; H2 output flow, 50 ml./min. The recorder 
was a 25.4-cm. (10-in.) Beckman potentiometer set 
at 1 mv. and a speed of 0.5 in./min. Gas-Chrom P 
was prepared and coated with NGS and S E 3 0  
according to the technique of Horning et al. (2). 


Incubation Medium-The uropygial gland was 
removed immediately after decapitation (3 lb. 
cockerels or hens) and freed of fat, skin, connective 
tissue, sebum, and the uropygial duct. The remain- 
ing gland was homogenized in cold 0.10 M phosphate 
buffer, pH 7.2 (1 g. of trimmed gland/lO ml. of 
buffer) and the homogenate centrifuged at  5,000 
r.p.m. at 0" for 10 min. After the centrifugation, 
the cellular debris and the fatty layer were carefully 
removed and the remaining supernatant fluid was 
decanted into a cold flask. This supernatant con- 
sisted of mitochondria, microsomal, and phosphate 
soluble material of the chicken uropygial gland. It 
was used immediately for the metabolic investiga- 
tions. The only aseptic conditions used during this 
investigation were during the removal of the uro- 
pygial gland and the use of sterile phosphate buffer 
for homogenization of the gland. 


Incubation-Eleven milliliters of the supernatant 
fluid was used per flask. Thirty micrograms of 
andro~t-4-ene-3,17-dione4~~C, (200,000 c.p.m.) 
and 2 mg. each of triphosphopyridine nucleotide 
(TPN), citrate, and isocitrate were added to the 
supernatant fluid. The pH was readjusted to 7.2 
and 1 ml. was removed and examined for bac- 
teria. Penicillin (100,000 units) and streptomycin 
(166 mg.) were then added to the remainder 
and this mixture was incubated in a Warner-Chilcott 
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model 21-56 water bath at 37" for 24 hr. Control 
mixtures lacking supernatant fluid or androst-4- 
ene-3,17-dione-4J4C or antibiotics were prepared 
and incubated simultaneously. Experimental tubes 
were prepared either in duplicate or triplicate. 
After incubation, all tubes were checked for the 
presence of bacteria. Identification of the steroid 
metabolites was made only on tubes which were free 
of bacteria. The purity of the substrate, androst- 
4-ene-3,17-dione-4J4C, was rechecked immediately 
before its addition to  the incubation medium by TLC 
on silica gel as  previously described. The radio- 
chromatogram scan of the radioactive substrate 
demonstrated only one radioactive peak, thereby 
indicating that the substrate was chemically pure. 


Extraction and Identification of Steroid Metabo- 
lites-The materials and methods for the extraction 
and identification of the steroid metabolites are 
standard procedures which have been previously 
reported (1, 3). Procedures used for the identifica- 
tion of the steroid metabolites were TLC, GLC, 
and crystallization to  constant specific activity. 


Isolation of Bacteria-An aliquot of the super- 
natant fluid, used as the enzyme source, was ex- 
amined for the presence of bacteria by flooding 1 
ml. on the surface of a blood agar plate. The plate 
was incubated at 37" for 24 hr. The large number 
of colonies present could be divided on the basis 
of colonial morphology into four distinct types. 
Samples of each different colony type were isolated 
and transferred to brain heart infusion for identifica- 
tion. 


Enumeration d Bacterial Populations-A series 
of dilutions of the supernatant fluid, ranging from 
101 to lo7, were prepared through a 10-fold se- 
quence. Onemilliliter portions of the dilutions were 
flooded on the surface of agar plates prepared as 
described by Hentges (4) and incubated at 37" for 
24 hr. Bacterial colonies that developed on the 
agar were counted with an electronic colony counter. 


The population sizes of a 2Phr. broth suspension 
of each isolated organism were determined by the 
same technique. Since the suspensions presented 
counts considerably higher than those obtained 
from the supernatant fluid, each was diluted with 
sterile saline so that the number obtained by plate 
counts was comparable to  that previously deter- 
mined for the supernatant fluid. These concentra- 
tions of organisms were used for antibiotic sensitivity 
studies. 


Determination of Survival Time of Isolated 
Bacteria in Antibiotic Broth-Ten milliliters of each 
suspension of organisms received 100,000 units of 
penicillin and 166 mg. of streptomycin. These 
concentrations correspond with the experimental 
conditions used in the initial work of Rongone et al. 
(1). The suspensions were incubated at 37O in a 
water bath shaker, and at 0.5-hr. intervals 1-ml. 
samples were removed and flooded on the surface 
of dried agar plates which were incubated at 37" 
for 24 hr. 


Antibiotic Susceptibility of Isolated Bacteria- 
Test Tube Serial Dilution Technique-The technique 
as described in Bailey and Scott (5) was used with 
final antibiotic concentrations of 250, 100, 50, 25, 
12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.2, and <0.2units 
or mcg./ml. of broth culture medium. Each tube 
was inoculated with the isolated bacteria and the 
series incubated at 37" for 18-24 hr. Tubes were 
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ANDROST-4-ENE-3.17-DlONE + 
CHICKEN UROPYGIAL GLAND 


Fig. 1-A radiochromatogram scan of a residue ob- 
tained from an  incubation mixture from cockerel 
glands including penicillin and streptomycin, phos- 


phate buffer, and androst-4-ene-3,17-dione. 


examined macroscopically for evidence of turbidity 
and/or sediment. The lowest concentration of the 
antimicrobial agent which prevented growth was 
considered as the minimal inhibitory concentration 
(MIC) and expressed as units or mcg./ml. 


RESULTS AND DISCUSSION 


Steroid Metabolism-Analysis of control mix- 
tures, which were devoid of the enzyme preparation, 
by spectrophotometric procedures at 240 m p ,  re- 
sulted in recovery of 96-98% of added andros t4  
ene-3,17-di0ne-4-~~C. UV analysis at 240 mp of the 
residue obtained from the incubation medium con- 
taining substrate, cofactors, and enzyme preparation 
demonstrated that 65% of the conjugated system in 
Ring A was destroyed during the incubation proce- 
dure. This compared favorably with the metab- 
olism of testosterone (3) by the homogenates of the 
chicken uropygial gland suggesting that the com- 
pounds are metabolized a t  a similar rate, Although 
maximum metabolism of steroids by the supernatant 
fluid obtained from the homogenates of the chicken 
uropygialgland under the present conditions appeared 
to require from 6-8 hr., as indicated by spectrophoto- 
metric analysis, 24 hr. was chosen as a matter of con- 
venience and to insure that metabolic reactions would 
proceed to their last product in the isolated pathways. 
Only the C-19 steroids identified which possessed ra- 
dioactivity were considered to  be metabolites. Figure 
1 demonstrates a radiochromatogram scan of a resi- 
due obtained from an incubation mixture containing 
the supernatant fluid, penicillin, streptomycin, phos- 
phate buffer, and andro~t-4-ene-3,17-dione-P~~C 
on a thin-layer plate. The numbered peaks repre- 
sent the different radioactive products present in 
the residue. The numbered peaks in this figure cor- 
respond to the same Roman numerals in Figs. 2-4. 
Table I shows the Rj values of the radioactive peaks 
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Fig. 2-A radiochromatogram scan of a residue ob- 
tained from an  incubation mixture which contained 
phosphate buffer and androst-4-ene-3,17-dione only. 
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TABLE I-THE RJ VALUES OF THE RADIOA~IVE 
PEAKS 


Peak Fig. 1. Fig. 2, Fig. 3, Fig. 4, 
Number RI Ri RI Ri 


- 0.35 - 
0.47 
0.58 


I 0.15 0.10 0.11 0.11 
I1 0.47 


I11 0.66 - 
I V  0.75 
V 0.89 0.67 0.70 0.78 


VI 0.97 0.91 0.90 0.95 


- 
- - 
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Fig. 3-A radiochromatogram scan of a residue ob- 
tained from an  incubation mixture which contained 
cockerel glands, phosphate buffer, androst-d-ene-3,17- 


dione, but no antibiotics. 


in Figs. 1-4. It can be seen that the Rf values of 
the corresponding numbered peaks are not identical 
in all instances. This may be readily explained in 
that thin-layer plate chromatography is not as re- 
producible as other methods of chromatography. 
Therefore, in order to  determine whether the given 
numbered peaks were identical or similar to each 
other, the radioactive peaks were eluted from the 
thin-layer plates. Aliquots of corresponding num- 
bers from each plate were mixed and rechromato- 
graphed as before. In all instances only one radio- 
active peak was detected demonstrating that the 
peaks with identical numbers were similar to each 
other. Figure 2 is a radiochromatogram of a con- 
trol sample of andro~t4ene-3,17-dione4~~C with- 
out enzyme or antibiotics. It  is obvious that  there 
is a small amount of natural steroid breakdown 
which occurs during the incubation or extraction 
procedure since only Peak VI was present in the 
radiochromatogram scan of the substrate im- 
mediately prior to its addition to  the incubation 
medium. Therefore, Peaks I and V were not con- 
sidered to be enzymatic metabolites of pregnenolone. 
It is readily observed from Fig. 1 that three radio- 
active metabolites were partially resolved, two of 
which have been identified by gas chromatography 
procedures. Figure 3 demonstrates a radiochro- 
matogram of a residue obtained from an incubation 
mixture from cockerels which contained no anti- 
biotics. It is readily seen that the relative heights 
of the peaks in Fig. 1 differ from those of Fig. 3 indi- 
cating that bacterial enzymes or bacterial toxins 
may be the cause of this difference. The possibility 
also exists that the antibiotics used in this experi- 
ment may have been responsible for the slight dif- 
ference between Figs. 1 and 3. Therefore, an in- 
cubation was performed in which the steroid sub- 
strate was incubated with phosphate buffer and 
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ANDROST-4-ENE-3J7-DK)NE + 
PHOSPHATE BUFFER + ANTIBIOTICS 


Fig. 4-A radiochromatogram scan of a residue ob- 
tained f rom a n  incubation mixture which contained 
androst-4-ene-3,17-dWne, Phosphate buger, penicillin, 


and streptomycin. 


penicillin and streptomycin (Fig. 4). Figure 4 
demonstrates that under the experimental condi- 
tions, the antibiotics used per se had no effect on 
the metabolism of andro~t-4-ene-3,17-dione-4-~~C 
since Figs. 2 and 4 are almost identical. Fabian 
(6) has shown that strains of Staphylococcus aureus 
are capable of reducing the C-17 carbonyl of an- 
drost4ene-3,17-dione. 


Table I1 shows the relative retention times to 
cholestane of authentic steroids and the radioactive 
metabolites which were isolated by gas chromato- 
graphic techniques on 1% NGS columns. The 
table demonstrates that the relative retention times 
of the isolated metabolites are identical or almost 
identical to those of the authentic steroids. Table 
111 shows the steroid numbers of the authentic 
steroids and the isolated steroid metabolites cal- 
culated from data obtained by gas chromatographic 
techniques on 1% S E 3 0  columns. The table 
demonstrates that the steroid numbers of the 
isolated metabolites are identical Zr almost identical 
to those of the authentic steroids. 


This table also demonstrates, without doubt, that 
the supernatant fluid obtained from homogenates 
of chicken uropygial gland is capable of converting 
androst4ene-3,17-dione into 3a-hydroxy-5a-an- 
drostane-17-one and 5a-androstane-3a, 17Wiol. 
Further confirmation of the identification of the two 
metabolites was obtained by crystallization t o  con- 
stant specific activity techniques. 


It was previously demonstrated that the ho- 
mogenates of the chicken uropygial gland are capable 
of oxidizing a C-17 hydroxyl to a (2-17 carbonyl. 
This investigation demonstrated the presence of a 
178-hydrogenase. It also demonstrated that the 
homogenates of the uropygial gland from cockerels 
and hens destroyed equally well the conjugated 
system in Ring A of andro~t4ene-3,17-dione4'~C. 


REDUCTION STUDIES. RELATIVE RETENTION TIMES 
OF C-19 STEROIDS TO CHOLESTANE ON 1% NGS 


TABLE 11-IDENTIFICATION OF PRODUCTS FROM 


Androst-4- 3a-Hydroxy- 5a-Andro- 
ene-3,17- 5a-andro- stane-3aJ7B 


Compd. dione-4-14C stane-17-one diol 


TMSi" 
Authentic i- 0.915 0.312 
Isolated - 0.915 0.312 


O.M.O.b 
Authentic 2.88 2.75 - 


Isolated 2.86 2.74 


Authentic - 0.625 - 
- 0.625 - Isolated 


- 3.26 


3.23 
D.D." 


TMSi = Trimethylsilyl ether derivatives. * O.M.O. = 
o-methyloxime derivatives. D.D. = Double derivatives 
of trimethylsilyl ether and o-methyloxime. 
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TABLE 111-STEROID NUMBERS FOR COMPOUNDS 
IDENTIFIED FROM INCUBATION MIXTURES“ 


3 LI- 


1965 


TABLE IV-MINIMUM INHIBITORY CONCENTRATION 
OF ANTIBIOTICS AGAINST ISOLATED ORGANISMS 


Strepto- 
Penicillin, mycin. 


Organisms units/ml. mcg./ml. 
Androst- Hydroxy- 5P- 
4-eae- 5a- Aadro- 
3,17- andro- stane- 


dione- stane- 3a,17#- 
ComDd. 4-14C 17-one diol 


~~ 


Free 
Authentic 24.57 23.50 23.65 
Isolated 24.54 23.47 23.64 


- 23.60 24.51 Authentic 
Isolated - 23.62 24.50 


TMSi 


- O.M.O. 
Authentic 25.6’7 24.20 
Isolated 


Authentic 
Isolated - 24.31 


25.59 24.20 - 


- 24.30 - 
D.D. 


- 
- 


a Steroid numbers are obtained from data resulting from 
chromatography on 1 To SE-30 columns. Steroid numbers 
were determined by the method o f  Vanden Heuvel and 
Horning (7). 


Again it is of interest to note that the only metab- 
olites identified belong to the 5a-androstane family. 
This tends t o  suggest that the formation of the 5a- 
androstane series is the major route of metabolism 
for steroids, if not the only route, by the homoge- 
nates of the chicken uropygial gland. 


Identification of Isolated Bacteria-By means of 
colonial morphology and microscopic examination 
the bacteria present in the supernatant fluid were 
identified as: ( a )  Staphylococcus aureus, (b) Staphylo- 
coccus epidermidis, (c) aerobic spore-forming bacilli, 
and (d) Gramaegative pleomorphic rods (morphol- 
ogy highly variable). 


S. aureus and the spore-forming bacilli were P- 
hemolytic, whereas S. epidermidis and the Gram- 
negative rods were nonhemolytic. The coagulase 
test revealed S. aureus to be coagulase-positive and 
.S‘. epiderm idis coagulase-negative. 


I t  should be noted, that aseptic conditions were 
used to remove the chicken uropygial gland to pre- 
pare it for metabolic investigations. The bacteria 
isolated could possibly have been laboratory or 
environmental contaminants rather than part of the 
normal flora of the supernatant fluid. 
Survival Time-This portion of the project was 


concerned with the effect of antibiotics on the sur- 
vival of isolated bacteria. Approximately 2,200/ 
ml. of each of the species of isolated bacteria was 
used to inoculate brain heart infusion containing the 
antibiotics. 


The 2,200 bacteria/ml. was chosen as the bac- 
terial concentration for the survival time study be- 
cause at the end of the incubation period the total 
bacterial count was 2,20O/ml. It was observed 
that this bacterial contamination was found in ap- 
proximately 80% of the incubating tubes. One- 
half hour after inoculation, no viable bacteria could 
be isolated from any of the samples. This indicates 
that the concentration of antibiotics used with these 
suspensions rapidly destroys any contaminating 
bacteria. 


Antibiotic Susceptibility-Test Tube Serial Dilu- 
tion Technique-This quantitative method was used 


Staphylococcus aureus 0.20 3.12 
Staphylococcus epidermidis 1.56 50.00 
Aerobic spore-forming bacilli 6.25 6.25 
Gram-negative rods 100.00 250.00 


to  determine as accurately as possible susceptibili- 
ties of the cultures to  measured amounts of peni- 
cillin and streptomycin. The data presented in 
Table I V  are based on the minimum concentrations 
of the above-mentioned antibiotics inhibiting growth 
of the organisms under the experimental conditions 
used. I t  can be seen that a minimum concentra- 
tion of 100 units/ml. of penicillin and 250 mcg./ml. of 
streptomycir, were sufficient to destroy any or- 
ganisms isolated. 


The addition of excessive amounts of antibiotic 
mixture to the supernatant fluid insured favorable 
conditions for metabolic investigations. Although 
the concentrations used were far in excess of the 
concentrations necessary for inhibition of all iso- 
lated bacteria, the large amounts of added antibiotics 
had no apparent metabolic effect under the experi- 
mental conditions of this investigation. 


In  prolonged incubations of biological materials, 
bacterial growth may significantly affect metabolic 
results. These bacterial effects may be avoided by 
determining and using the lowest amounts of anti- 
biotics required to suppress the growth of likely 
contaminants. 
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effect of the introduction of an N-oxide function 
into a compound, i t  is disappointing that so few 
biologically useful N-oxides have been found. The 
two amine oxides having the most widespread use, 
chlordiazepoxide and 2-mercaptopyridine 1-oxide, 
are not aromatic N-oxides despite the nomenclature 
of the latter. One of the chapters of Professor 
Eiji Ochiai’s “Aromatic Amine Oxides,” reviews 
in detail the attempts to employ N-oxidation in 
favorably altering biological properties. 


Other chapters of this comprehensive and infor- 
mative treatise cover the history, the preparation, 
and the reactions of the aromatic heterocyclic 
N-oxides. Electrophilic and nucleophilic substitu- 
tion of compounds containing N-oxides and the 
effects of an N-oxide function upon other substitu- 
ents are reviewed. 


As befits a true expert, Professor Ochiai has called 
upon another, Dr. C. Kaneko, to provide a chapter 
on the physicochemical properties of the amine 
oxides. The book is limited to the aromatic N- 
oxides as its title indicates, but aliphatic N-oxides 
receive some attention for the purposes of differen- 
tiation. 


It is a tribute to Professor Ochiai’s 1953 article 
in the Journal of Organic Chemistry (18,534) that so 
much of the western synthetic work recorded here 
was stimulated by that seminal review. Never- 
theless, a large part of the original work on N-oxides 
has been published in Japan, and it is helpful that 
experimental details for many syntheses are pro- 
vided in this volume. 


The personal identification of Professor Ochiai 
with this segment of organic chemistry-an iden- 
tification of a type that  is rare nowadays-makes 
this an especially attractive book. Its long-term 
usefulness makes it well worth owning. 


The translation is serviceable but is not always 
idiomatic and better editorial work by the pub- 
lisher might have changed such awkward usage as 
“active to substitution.” A grossly incomplete 
author index is included. The literature has been 
reviewed through 1963. 


R k e d  by Scott J. Childress 
Wyeth Laboratories, Inc. 
Radnor, Pa .  


1453 


As in previous editions, all phases of immunology 
are developed or at least mentioned. The book in- 
cludes chapters on: Immunity and Immunology, 
Antibiotics and Antibody Specificity, Antigens, Cell 
Antigens, Blood Groups, Antibody-Antigen Reac- 
tions, Complement and Complement Fixation, 
Immediate Hypersensitivity, Delayed Hypersensi- 
tivity, Non-Immunological Equivalents of Hyper- 
sensitivity Reactions, Hypersensitivity and Im- 
munity, Immunological Tolerance and Intolerance, 
Autoimmunization and Disease, Immunity in Action, 
Practical Use of Immunity and Hypersensitivity, 
Laboratory and Clinical Technic, and Quantitation 
and Statistical Methods in Immunology. Compre- 
hensive references are provided at the end of each 
chapter for those individuals who wish to delve more 
deeply into the text material. 


Rmiewed by Frederick C. Bach 
Akon Laboratories 
Fort Worth, Texas 


Fundamentals of Immunology. 4th ed. By WIL- 
LIAM C. BOYD. Interscience Publishers, Inc., 605 
Third Ave., New York, NY 10016, 1966. xvii 4- 
773 pp. 15.5 X 23 cm. Price $14.95. 
“Fundamentals of Immunology” continues to be 


an excellent text for the beginning student and as 
indicated in the title, does not require previous 
knowledge of the subject. Exception must be taken 
to the phrase on the fly-leaf, “completely rewritten.” 
Although there has been updating in some chapters, 
it  might be more accurate to state that the book has 
been reprinted. It is difficult to know just how 
much material on laboratory and clinical techniques 
should be included in a book of this type, but it is 
this reviewer’s opinion that more techniques should 
have been added rather than deleted in this issue. 
This reviewer also feels that development of fluo- 
rescent antibody techniques and applications would 
have been advantageous to the reader. 


Peptides. Edited by  H. C. BEYERMAN, A. VAN DE 
LINDE, and W. M. VAN DEN BRINK. North-Hol- 
land Publishing Co., Amsterdam, Holland. 
Available in the U. S. from John Wiley & Sons, 
Inc., 605 Third Ave., New York, NY 10016, 
1967. xii + 292 pp. 15.5 X 23 cm. Price 
$14.50 
This book, the latest in the series of publications 


of the Proceedings of annual European Peptide 
Symposiums, is a welcome addition to  the desk of 
researchers interested in peptide work. There are 
eight sections land each section contains the presen- 
tations by authors intimately associated with the 
material presented. Bibliography of most of the 
articles in this book is most up-to-date and is in- 
tended t o  familiarize the reader with pertinent in- 
formation concerning various aspects of peptide 
chemistry. 


While the sections of this book devoted to  cou- 
pling methods, protecting groups, synthesis of pep- 
tideswith polymeric supports, and mass spectroscopy 
in peptide chemistry, are of general interest, the 
medicinal chemists, however, will benefit most from 
sections on sequential polymers, racemization, and 
biologically active peptides. Among the peptides 
with biological activity, a very interesting discussion 
is focused on the recent developments in the syn- 
thesis of biologically active corticotropin fragments. 
Several peptides with biological activity, such as 
human gastrin, glucagon, secretin, melittin, and 
others, have also been discussed from a synthetic 
and biological activity point of view. 


The only improvement in this book would have 
been the inclusion of subject index. 


Reviewed by A. Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica, N. Y. 


Emulsion Science. Edited by P n u n  SHERMAN. 
Academic Press, Inc., Ltd., Berkeley Square 
House, Berkeley Square, London, W.l.  U. S. 
Academic Press, Inc., 111 Fifth Avenue, New 
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TABLE 111-NUMBER OF C& MOLECULES be predominant (10). There still remains some 
ADSORBED PER CELL AT 1 0 0 ~ o  HEMOLYSIS doubt on this conclusion. I n  view of the limited 


scope of this study, however, any conclusion on 
the attacking site of the nonionics cannot be drawn. 


1 1.3  X 108 1 . 1  x 10s 


3 1 . 0  x 108 0.86 x 10s 


Run 27OC. 37T. 


2 1 . 2  x 108 1 . 0  x 108 REPERENCES 
(1) Glassman H. N. Science 111, 688(1950). 
(2) Deibler 6. E. Holrnes h. S. Campbell, P. L., an( 


(3) Hudgins, P. C.. and Patnode. R. A., J .  Exgf l .  Mcd.. 
Gans. J., J .  Adpl. Phjsiol., 14: 133(1659). 


107, 43(1958). 


53, 177(1953). 
amount adsorbed is clearly seen with a rise in (4) Pethica, B. A., and Schulman, J. H., Biochem. J . .  
temperature. 


As the slope of the adsorption isotherms a t  37" 
was generally steeper than that at 27", the rise in 
temperature would result in an increased tendency sci., 21 224(1966). 


the red cell surface from aqueous solution owing to  
the temperature-dependent hydration of the mole- 
cules, thereby promoting the hemolysis. A similar 


(5) Kondo, T., and Tomizawa, M., J .  Pharm. Soc. Japan, 


Ohba. N., to be published. 
(7) Koado, T., and Tomizawa, M.. J .  Colloid Interface 


(8) %hron, C .  D.9 J .  PharmacoL 145, 194(1964). 
(9) Corkill, J. M., Goodman, J. F., and Tate, J. R., 


86,251(1966). 


of the adsorption of nonionic agent molecules onto 
Trons. Faraday SOC., 62,979(1966). 


a ~ l ~ s ~ ~ ;  ~ . p ~ ~ ~ . i ~ o ~ ~ ~ ~ ~ , a ~ i ~ ~ ~ ~ ~ ~ ~ ~ i ,  s.1 


adsorption behavior of the polyoxyethylene glycol 
monoalkyl ethers has been reported (9). The in- 
creased release of lipids from the red cells mentioned 
earlier may also contribute t o  a certain extent t o  the 
enhancement of the hemolysis at elevated tempera- 
tures. 


As to the attacking site of the polyoxyethylated 
nonionics molecules, Mima and co-workers have 
concluded, based on the monolayer experiments, that 
the cholesterol portion in the cell membrane would 


Keyphrases 
Hemolysis-nonionic surfactants 
Polyoxyethylene glycol monododecyl ethers- 


Temperature effect-hemolysis 
Erythrocytes-surfactant adsorption 
Spectrophotometry-analysis 
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Simple Method for Resuscitating Rats from Ether Overdosage 
By L. P. SANCILIO, P. KRAUS, C. MYERS, and L. WAGNER 


A simple method using compressed air for resuscitating rats from ether overdosage 
is described. Exposure to ether vapors for  5 5 and 90 sec., respectively, was lethal to 
70 and 100 percent of the animals. The compressed air technique afforded protec- 
tion to animals ex osed to the anesthetic for 5 5 ,  90, 120, and 150  sec., while the 
conventional hang technique was ineffective against the 5 5-  and 90-sec. exposure. 


URING THE PERFORMANCE of various experi- D mental techniques in rats, e.g., intrapleural 
injection ( l ) ,  cotton pellet implantation (2), and 
adrenalectomy (3), using ether as the anesthetic 
agent, marked respiratory depression leading to  
death sometimes occurs unless the animal is imme- 
diately hyperventilated. This study describes a 
simple and effective technique used in our laboratory 
for reviving rats manifesting respiratory arrest 
following exposure to  this anesthetic agent. 


METHOD 
Compressed air is required in performing this tech- 


nique. In our laboratory, the air is pressurized at 
60 p.s.i., and the tapered outlet (labcock) contains a 
valve to  regulate its flow. The depressed animal is 
placed in a prone position in the palm of the hand 
with the head held gently but firmly between the 
thumb and index finger. The valve is partially 
opened (approximately 25%), and the air directed 


Received September 11, 1967, from the Therapeutics Re- 
search Division, Miles Laboratories, Inc., Elkhart. IN 46514 


Accepted for publication February 14, 1968, 


toward the rat's nostrils. The animal is moved back 
and forth rapidly across the stream of air to  allow for 
inflation and deflation of the lungs. Spontaneous 
breathing is usually restored within 30 sec. An 
excess of pressurized air must be avoided as this 
will inflate the gastrointestinal tract. 


The following study was undertaken to  demon- 
strate the superiority of the compressed air to  the 
manual technique. In the latter method, inter- 
mittent pressure was applied to  hyperventilate the 
animal by placing the thumb on one side and the 
index and ring fingers on the other side of the rib 
cage. 


Charles River CD rats (100-150 Gm.) of either 
sex were etherized in the following manner. One 
hundred milliliters of ether was poured into a 41-02. 
glass dressing jar (Aloe Medical), the base of which 
wasimmersed in a water bath maintained at 39". 
Ether was added periodically t o  replace that  which 
had evaporated. The animal was placed on a wire 
mesh platform 7.5 cm. (3 in.) from the floor of the 
jar. After covering the jar, the exposure time to the 
ether vapors was determined with a Universal timer. 







Vol. 57, No. 7, July 1968 1249 


TABLE I-EFFECTIVENESS OF THE COMPRESSED AIR 


FROM ETHER OVERDOSAGE 
AND HAND TECHNIQUES FOR RESUSCITATING RATS 


7% Survival- 
Ether -Treatment--- 


Time, No Air Hand 
Sec. No. Treat- Tech- T-ech- 


Animals ment nique mque 


Exposure Compressed 


Experiment No. 1 


90 
55 10 


10 


100 
90 10 


10 
120 10 - 100 


40 150 10 
Experiment No. 2 


30 55 10 
10 
10 0 90 
10 


- - 
- 20 


0 - 
- 


- 
- - 
- 
- - 


- - 
20 


0 


- - 
- - 
- - 


The animal was then removed and either placed in a 
prone position with its head turned to one side, or 
subjected to  the compressed air or hand techniques. 
Return of the righting reflex indicated resuscitation 
from the effects of the anesthetic. 


RESULTS AND DISCUSSION 
Exposure to  ether vapors for 55 sec. was lethal to  


70 and 80% of the animals, and for 90 sec. all the 
animals succumbed t o  the anesthetic (Table I). 
Those dying from the 90-sec. exposure showed no 
visible respiratory movements following removal 


from the jar, and death ensued shortly as indicated 
by no palpable heart beat. The compressed air 
technique resuscitated all animals subjected to  the 
ether vapors for 90 and 120 sec. and partially revived 
those exposed for 150 sec. In  contrast, the hand 
method afforded no significant protection to  animals 
exposed to  the anesthetic for either 55 or 90 sec. 
(Table I). 


These results clearly demonstrate the effective- 
ness of the compressed air technique and its super- 
iority to  the hand method. The compressed air 
method hyperventilates the animals and perhaps, 
activates those stimulatory reflexes present in the 
nasal and pharnygeal areas (4). 


The simplicity of this technique is clear, and it 
requires equipment commonly found in the labora- 
tory. 


REFERENCES 
(1) Sencilio. L. F., and Rodriguez, R., Proc. SOC. Exptl. 


(2) Wmter. C. A.. and Porter. C. C.. J .  Am. Pharm. Assoc.. 
Bwl. Mcd., 123,707(1966). 


Sci. Ed., 46,5~15(1957). 
(3) Ingle D. J and Griffith J. Q. “The Rat in Labora- 


tory Invesdgatio~,” 2nd ed., Hafne; Publishing Co., New 
York 1962.pp.444 445. 


(4)’ Oberholzer, j .  H., and Tofani, W. O., in “Handbook of 
Physiology.” vol. 11, American Physiological Society, Wash- 
ineon. D. C., 1960, p. 1125. 


Keyphrases 
Resuscitation method-rats 
Ether vapor-respiratory arrest 


A Spectrophotometric Method for the Analysis of Strychnine 
Phosphate in the Presence of Magnesium Stearate 


By JANEUE BARRETT, RAMONA PUCKETT, and R. D. POE 


A spectrophotometric technique for the analysis of strychnine phos hate in  the 
presence of  certain tablet excipients is reported. Tablets contaimng $e alkaloidal 
salt are well dispersed in water, basified, and extracted with chloroform. The 
chloroform solution of the free base is then reacted with bromothymol blue i n  pH 
7.65 buffer and the resultant colored product is quantified by the spectrophotometric 


technique. 


EVERAL METHODS are available for the analysis S of strychnine phosphate, but most of them have 
disadvantages for use in tablet analysis, such as a 
large sample size, lack of precision, tedious pro- 
cedure, or interference from other components pres- 
ent in the tablet. Among these methods are a 
picric acid method (l), a vanadate method (2), a 
titration method (3), a bromophenol blue method 
(4), a reduction and nitrite method (5 ) ,  and a silico- 
tungstic acid method (6). 


In some of the above methods, magnesium 
stearate gives a negative interference. This has 
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been overcome by  a bromothymol blue extraction 
procedure using chloroform, in which an aliquot of 
methanol is added t o  the extract prior to  making 
to  volume. This procedure is simple and gives 
accurate results when applied t o  tablet assays. 


EXPERIMENTAL 
Reagents-Chloroform A.R., methanol A.R., 


phosphate buffer p H  7.65 were used. Mix 50 ml. 
of 0.1 M sodium dihydrogen phosphate with 450 
ml. of 0.1 M disodium hydrogen phosphate. Bromo- 
thymol blue: Prepare 0.018% in pH 7.65 buffer 
and wash twice with chloroform before use. Am- 
monium hydroxide, 10% aqueous. Strychnine 
phosphate standard: the commercially available 
salt should be thoroughly investigated by the usual 
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TABLE VI-R, VALUES OF INTERFERING SUBSTANCES 
250 f i  SILICA GEL-TOLUENE 


Substance R t  


Journal of Pharmaceutical Sciences 


(4) Brown, J. A., Anal. Chem., 25,774(1953). 
(5) Eisner, J., Iverson, J. L., and Firestone, D., J .  


(6) Slover, H. T., Shelley, L. M., and Burks, T. L . ,  


(7) Ishidawa, S.. and Katasui. G., Bifamin, 31, 445 


Assoc. O&. Agr. Chemisfs, 49, 580(1966). 


J .  Am.  Orl Chcmrsfs’ Soc., 44, 161(1967). 


(1965). BHT 0.97 
Anhydrovitamin A 0.97 
Alpha tocopherol 0.49 
BHA 0.38 
Beta tocopherol 0.32 
Gamma tocopherol 0.30 
Delta tocopherol 0.20 


Assays Other Than Multivitamins-Thin-layer 
separation should be applicable to most types of for- 
mulations in addition to multivitamins. One such 
application was to a liquid tonic formula labeled to 
contain 20 I.U. vitamin E, as &alpha tocopheryl 
acetate/oz. Assay of the unsaponifiable fraction 
prior to chromatography indicated 440 I.U. apparent 
vitamin E/oz. TLC revealed the large amount of 
reducing substances. Assay of the eluted alpha 
tocopherol band gave a reasonable result of 20.6 
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Alkaloids of Ocbrosiu macz~latu Jacq. 
(Ochrosia borbonicu Gmel.) 


Isolation of the Alkaloids and Study of the Antitumor Properties 
of 9-Methoxyellipticine 


By GORDON H. SVOBODA, GERALD A. POORE, a n d  MARILYN L. MONTFORT 


Inclusion in the authors’ phytochemical screening program of plants of the family 
Apocyfiaceae related to Gztbarantbas roseas G. Don seemed logical in view of the 
success realized with the Madagascan periwinkle. Screening of the appropriate 
extracts of Ocbrosia macalata elicited both oncolytic and neurosedative activities. 
The former was found M be associated with 9-methoxyellipticine, the latter with 
reserpine. While 9-methoxyellipticine ssesses experimental antitumor activity 
of a somewhat lesser order than some of available clinically active agents, it does 
exhibit a broader spectrum than most of these compounds. Its moderate degree of 
potency as an antitumor agent is expressed by its activity against several of the solid 


mouse neoplasms maintained in these laboratories. 


HE GENUS Ochrosia, family Apocynaceae, T consists of approximately 36 species of trees 
Received April 4, 1968, from the Lilly Research Labora- 


tories. Eli Lilly and Co., Indianapolis, I N  46206 
Accepted for publication July 11 1968. 
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or woody shrubs native to tropical Asia, Oceania, 
and the Mascarene and Seychelle Islands. 
Ochrosia maculata Jacq., a local name for which is 
“bois jaune” because of the bark and wood being 
yellow and bitter ( l ) ,  is a tree 6-12 m. (2C40ft.) 
in height, bearing 3 leaves (rarely 4) in a whorl, 
being oblong to oblong-lanceolate, 13.5-15.2 cm. 
(3-6 in.) long, obtuse or somewhat acute, glossy, 
and often spotted. The flowers are white, being 
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about 0.8 cm. ( I /a  in.) across, with calyx lobes 
ovate. The fruit is bright red and reputedly 
poisonous. 


The various species of this genus have been 
rather severely handled by taxonomists, produc- 
ing a confusing state of botanical nomenclature 
and classification. The following classification 
of Pichon (2, 3) is the one usually accepted: 
family, Apocynaceae, subfamily, Plumerioideae; 
tribe, Rauuolfieae; subtribe, Ochrosiinae. 


The botanical name now usually considered as 
being correct for this plant is Ochrosia maculata 
Jacq., having a distribution restricted to the 
Mascarene and Seychelle 1slands.I 0. borbonua 
Gmel. is considered to be a direct synonym, as is 
Cerbera undulata (4). However, 0. borbonica has 
in the past been considered as being a synonym 
for the Pacific 0. oppositifolia (Lamk.) K. Schum., 
a distinct species which is stated to occur from 
the Mascarene Islands to Polynesia. Conse- 
quently, the early chemical investigations re- 
corded as being performed on 0. borbonica should 
probably be referred to as 0. muculata rather than 
to 0. ofifiositifoh'a, inasmuch as the early French 
workers were interested in the use of the Mas- 
carene group species as a tonic and febrifuge. 


Planchon (5) has referred to the bark and 
leaves of 0. muculata (described as 0. borbonica) 
as having been used in Reunion, Mauritius, and 
the Mascarene Islands as a bitter tonic, stomachic, 
and febrifuge. Ochrosine, a substance isolated 
by Boissard, has been found by Vinson (5) 
to be tonic and analeptic. Carrieu [quoted by 
Barquissau (5)] found that when the bark 
was used medicinally, i t  was not toxic even in high 
doses and that it was no more effective in the 
treatment of intermittent fevers than were other 
bitter tonics. It appeared to be cardiotonic, 
acting as a diuretic and augmenting the impulsive 
force of the heart. Vinson considered it to be a 
good remedy for anemia. 


A defatted ethanolic extract of the barkZ 
showed moderate experimental antitumor ac- 
tivity against adenocarcinoma 755, as well as a 
CNS depressant and vasodilator activity in the 
mouse behavior test (6). Subsequent applica- 
tion of a sequential extraction technique using 
n-hexane, benzene, ether, and ethanol provided 
extracts which elicited other biological activities, 
e.g., weak serotonin-like effects, anti-idamma- 
tory, diuretic, and nonreserpine-like CNS de- 
pressant responses. It was, however, the anti- 
tumor activity and the CNS depressant effects 
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1 Personal communication from Dr. Julian A. Steyermark, 
Botanical Institute. Caracas, Venezuela. based on informa- 
tion provided by the Royal Botanic Gardens at Kew. 


2 The drug used in this investigation was obtained from the 
Meer Corporation, New York. N.  Y. 


which prompted the major phytochemical effort 
which ensued. 


9-Methoxyellipticine has been isolated from 
this species by two other groups of investigators 
(7, 8) and its effect against the L-1210 leukemia 
has been described (7). Other species of this 
genus have also yielded this alkaloid as indicated 
by the following documentation: Section 1 ,  
Lactaria: 0. elliptica Labill. (9, 10); 0. coccinea 
(Teijsm. and Binnend.) Miq. [Excauatia coccinea 
(Tejsmann and Binnendijk) Mgf.] (10); 0. 
moorei F. Muell. (11); Section 2, Echinocaryon: 
0. glomerata Valeton (1 1) ; 0. ofifiositifolia 
(Lamk.) K. Schum. (12); Section 3, Phrag- 
mochrosia: contains only one species, 0. afioensis 
Elmer, which has not yet been examined. 


Reserpine has been obtained from the leaves of 
0. pozveri Bailey (11) and from the bark of 0. 
coccinea (13). Its isolation from 0. maculata 
is herein reported for the first time. 


A number of different extraction and purifica- 
tion techniques were investigated, including the 
selective extraction and gradient pH tech- 
niques which proved to be so useful in the investi- 
gation of the alkaloids of Catharanthus roseus G. 
Don (14, 15). However, neither of these proved 
to be of any special value in the present investiga- 
tion. While a number of probe runs utilizing a 
variety of techniques were used, the following 
procedure was the one eventually considered to 
be the best for the authors' purposes. 


Extraction of the bark with ammoniacal ben- 
zene yielded an extract from which relatively 
pure 9-methoxyellipticine deposited during con- 
centration. Eventual extraction of the bark with 
ethanol yielded an extract which showed both 
antitumor and CNS depressant activities. Addi- 
tional quantities of 9-methoxye1lipt:cine were iso- 
lated therefrom using classical techniques. It- 
was, however, necessary to utilize column chroma- 
tography to isolate reserpine. All fractions were 
monitored with TLC and biological activities 
were checked primarily with the X-5563 plasma 
cell myeloma and with mouse behavior patterns. 


EXPERIMENTAL 


Coarsely ground bark (100 kg.) was extracted by 
stirring with one 400-1. portion of benzene and 4 1. 
of concentrated ammonium hydroxide. Two sub- 
sequent benzene extractions of 400 1. each were 
run and combined with the first. Concentration 
in uacuo yielded two crops of yellow-gold needles, 
7.612 g. and 3.150 g., at 4 1. and 800-ml. volumes, 
respectively. Interpretation of the physical data 
(X-ray, UV, and IR spectra) indicated that these 
two crops of crystals were mainly 9-methoxy- 
ellipticine. TLC using the system of ethyl acetate- 
ethanol (9: 1) on Silica Gel G indicated Q-methoxy- 
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tively inactive in all tests. The yields of the corre- 
sponding extracts from the leaves were 47.67, 
26.99, and 47.95 g., respectively. Both the am- 
moniacal benzene and ether extracts showed slight 
anti-inflammatory activity and the latter showed 
slight antibacterial activity as well. The ethanol 
extract displayed slight antibacterial activity. 
No other biological responses were noted. The 
benzene extract was subjected to column chromatog- 
raphy on Al2Oa. No crystalline entities were ob- 
tained. Details of the above work are not warranted. 
9-Methoxyellipticine-Recrystallization of 26.94 


g. of crude alkaloid from hot methanol (600 ml./g.) 
yielded 13.36 g. of first crop material as fine blades 
showing both parallel extinction and oblique ex- 
tinction with negative elongation. A second crop 
of 2.36 g. was obtained from the mother liquor. 
The physical data for this recrystallized material 
agreed in all respects with those for the authentic 
a l k a l ~ i d . ~  Such data have been sufficiently well 
documented so as to preclude repetitive presentation 
here. 


The structure for 9-methoxyellipticine (I)  has been 
reported as 9-methoxy-5,1l-dimethyl-6H-pyrido- 
[4,3-b] -carbazole (10). 


ellipticine to be the major component in both 
cases. 


Concentration of the benzene crude mother liquor 
(CML) in wcuo yielded 279.3 g. of a dark brown 
syrup which was found to possess moderate anti- 
inflammatory activity (carageenin-induced edema), 
a weak reserpine-like CNS depression in mice, and 
antitumor activity against the adenocarcinoma 755. 


A 10-g. aliquot of this crude mother liquor was 
dissolved in 500 ml. of EtC12, an equal volume of 
1% H~SOI was added, and the EtCl2 was removed 
in vucuo. The acid HpO-insoluble material was 
filtered off and held for further examination. The 
aqueous acid phase was extracted with 500-ml. 
portions of EtClz at pH levels of 1.0, 3.5, and 8.2. 
Only the lower two showed weak reserpine-like 
depression. While TLC indicated the possible 
presence of reserpine, none could be isolated in 
crystalline form. The insoluble material cited 
above showed activity against the AC755 and TLC 
indicated that it was probably caused by the pres- 
ence of 9-methoxyellipticine or a close relative. 
None was isolated in crystalline form. 


Extraction of the bark with three 400-1. portions 
of ether gave 75.71 g. of a dark brown syrup which 
showed weak reserpine-like CNS depression and 
oncolytic activity against the X-5563 myeloma. 
A work-up of a 10-g. aliquot in a manner analogous 
to  that just described did not yield any crystalline 
isolates. 


Final extraction of the drug involved the use of 
three 400-1. portions of 95Yfl ethanol. The combined 
extracts were concentrated in vacuo to approximately 
11 1. A 50-ml. aliquot of this concentrate yielded 
17.36 g. of dried residue which elicited a weak CNS 
depression in mice and a serotonin-like bluing of 
the skin. Some activity was also shown against the 
P-1534 leukemia. 


A 2.2-1. aliquot of the ethanol extract concen- 
trate, containing approximately 763.8 g. of extrac- 
tive, was extracted with one 8.8-1. and two 4.4-1. 
portions of lYfl H,SO*. The combined aqueous acid 
extracts were extracted at  the existing p H  of 0.7 
with one 16-1. and two 8-1. portions of EtC12, 
yielding 15.0 g. of a dark brown gum. Although this 
extract elicited a weak reserpine-like depression in 
mice, the alkaloid could not be isolated therefrom 
directly. A 10-g. aliquot, when chromatographed on 
300 g. of partly deactivated Alcoa F-20 alumina 
(Table I), yielded 0.099 g. of off-white, rod-like 
crystals from methanol which proved to be reserpine. 


Two subsequent EtC& extractions were performed 
at pH levels of 3.2 and 8.6 as previously described. 
The residue from the pH 3.2 extract (13.78 g.) 
proved to be of no interest and was eventually 
discarded. Concentration in vucuo of the EtC12 a t  
pH 8.6 to an approximate volume of 1.2 1. yielded 
16.30 g. of insoluble material which was shown to be 
mainly 9-methoxyellipticine. Concentration of the 
crude mother liquor yielded 24.9 g. of dried material 
which was eventually discarded. 


A flow diagram for the extraction scheme is 
presented in Scheme I. 


Both the roots and leaves (1.5 kg. each) were 
extracted in an analogous manner. The yields of 
ammoniacal benzene, ether, and ethanol extracts 
from the roots were 1.33, 1.0, and 13.36 g., respec- 
tively. A weak diuretic activity wa5 observed for the 
ethanol extract, the other two extracts being rela- 


H 
I 


Reserpine-Mctlianol recrystallization of the 
reserpine obtained from thc column previously de- 
scribed yielded 0.051 g. of colorless rods. Physical 
measurements, as well as biological effects and 
potency, were identical in all respects to those for 
authentic reserpine previously isolated in these 
laboratories. 


BIOLOGICAL PROPERTIES 


The experimental antitumor properties exhibited 
by 9-methoxyellipticine are of a somewhat lesser 
order than some of the presently available clinically 
active compounds and are certainly less than those 
of acronycine (17). I t  does, however, exhibit a 
broader spectrum than most clinically active agents 
in use today. Its moderate degree of potency is 
expressed in its activity against a number of solid 
mouse neoplasms maintained in these laboratories. 


Methodology-Procedures for animal tumor test- 
ing in these laboratories have been previously de- 
scribed (18) and consist essentially of subcutaneous 
trocar implantation of solid tumors in the axillary 
region and intraperitoneal inoculation of ascitic and 
leukemic cells with standard cell inocula. Treat- 
ment is normally initiated 24 hr. later, exceptions 
being made for the S-5563 myeloma, S 9 1  melanoma, 
Ridgeway osteogenic sarcoma, and the Shionogi 
carcinoma 115. In the case of the X-5563 myeloma 
treatment was initiated 3 days postimplantation, 
whereas with the other three systems i t  was initiated 


3 Kindly supplied by Ur. C. C. G. Culvrnor, C.S.I.K.O. 
Melbourne, Australia. Also see Reference 16. 
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TABLE I-CHROMATOGRAPHY OF WEAK BASE FRACTION FROM &'OH EXTRACT 
L 


Volume, Wt.,  Wt., Crystallizing 
Fraction Eluting Solvent ml. g. Compound g. Solvent 


1 Chloroform 205 0.25 Oil - - 
2 Chloroform 90 1.17 Reserpine 0.051 Methanol 


Chloroform 90 1.27 Reserpine 0.048 Methanol 
4-19 Chloroform 6,645 2.29 Amorphous residues - - 3 


20-30 Chloroform-methanol 2,685 0.29 Amorphous residues - - 
- - 


(99 : 1) 


(19: 1) 
31-38 Chloroform-methanol 3,480 0.31 Amorphous residues 


39 Methanol 1,050 0.91 Amorphous residues - - 


5 days postimplantation, this delay being occasioned 
because of the very slow rate of initial growth. 


tumor inhibition of the solid tumor treated versus 
the control (T/C). When evaluating results for the 


(The dispersant is a polyoxyethylated fatty acid that 
is HnO-miscible and nontoxic when diluted to the 


Activity of the alkaloid is expressed in terms of proper concentration of 1:  10 with either sterile 
distilled H20 or sterile physiological saline solution.) 
9-Methoxyellipticine was insoluble in saline, sesame 


Burk (100 kg.) 
I NHIOH 


I benzene 
ext'ract 


1st crop (7.6f2 g.) 


lmethoxyellipticinel 
2nd crop (3.150 g.) 


I extract mother liquor (279.3 g.) 
I 


acid extract insolubles L EtCIt 


pH 1.0 pH 3.5 pH 8.2 


\ I /  
no crystalline isolates 


benzene-extracted- drug 


ether 


ethanol 


et herhxtract 


extractables (75.71 g.) mqc 


analogous 
work-up concentryte (11 1.) 


uo crystalline isolates 2.2-1. aliquot (~763.8 9.) 


I I 
acid extract insolubles 


1 I 


chromatography 


pH 0.7 (15.0 8.)  pH'3.2 (13.78 g.) pH 8.6 


mother 
liquor 


no crystalline isolates 
scheme I 


leukemias and ascites forms, activity is expressed 
in terms of percent prolongation of life of the 
treated animals versus the controls (T/C). 


Preparation of 9-Methoxyellipticine for Testhg- 
This alkaloid was relatively insoluble in almost all 
of the standard testing vehicles, but this circum- 
stance did not prevent its being tested. A suitable 
suspension was prepared by grinding the compound 
with small volumes of a nonionic dispersant' to 
obtain a suitable uniform suspension and diluting 
with additional diluent to the desired dosage volume. 


4 Marketed as Bmulphor by General Aniline and Film Corp.. 
Melrose Park, Ill. 


oil, olive oil, gum acacia, and carboxynicthylccllu- 
lose and no satisfactory suspensions therein could 
be obtained. 


ANTITUMOR ACTIVITY OF 
9 -METHOXYELLI PTICINE 


The authors' experience with this alkaloid has 
shown it to possess activity against a relatively 
broad spectrum of mouse neoplasms, 10 of 17 
systems having responded to a somewhat narrow 
range of dose levels. Furthermore, it  was demon- 
strated to be active in certain cases by both the 
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TABLE 11-EXPERIMENTAL TUMOR SPECTRUM OF 9-METHOXYELLIPTICINE 


Tumor 


L-1210 leukemia 
L-1210 leukemia 111 
C-1498 leukemia 
P-1534 leukemia 
AKR leukemia 
B-82 leukemia, solid 
Freund ascites 
$180 ascites 
Taper hepatoma, ascites 
Adenocarcinoma 755 
Mecca lymphosarcoma 
X-5563 myeloma 
Gardner lymphosarcoma 
C3H mammary 
High malignancy clone 
$91 melanoma 
Ridgeway osteogenic 


Walker 256, carcino- 


Walker 256, ascites 


sarcoma 


sarcoma 


Host, 10 
Animals 


DBA/2 
DBA/2 
C57B 1 16 
DBA/2 
AKR 
C58B 1 16 
CAF' 
CAF' 
C3H 
C57B1/6 
AKR 
C3H 
C3H 
C3H 
C3H 
DBA/1 


AKR 


Rat 
Rat 


1.p. Dosage, 
mg./kg./day 


12 x 1 x 10 
12 x 1 x 10 
18 x 1 x i n  ~. ..  ~ .. 
24 X 1 X 10 
18 X 1 X 10 
18 X 1 X 10 
18 x 1 x 10 
2 4 X l X  
l S X 1 X  
6 0 X l X  
1 2 X 1 X  
1 2 X 1 X  
1 8 X 1 X  
2 4 X l X  
1 8 X l X  
2 4 X l X  


10 
10 
10 
10 
10 
10 
10 
10 
10 


24 X 1 X 14 


30 X 1 X 10 
30 X 1 X 10 


Av. Wt. Change, 
z.. T/C - 


-0.61-0.2 
-0.5/+2.8 


-1.7/+1 . O  
-3.6/+ 1.4 
-0.3/+1.6 
+3.5/+8.8 
-3.1/-0.3 
+3.0/+3.6 


+1.0/+2.6 


+O. 1/+0.3 


-4.4/+2.8 


-3.8/ -2.2 
- 1.5/+6.0 
-2.8/+3.6 
-4.6/-0.1 
- 5.2/+0.6 


-2.5/+1.3 


-2.0/+4.1 
+11.6/51.4 


Av. Tumor 
Size, 


mm.. T/C 
Av. Life, 


T/C 


- 
5.6118.0 


14.9/22.0 
4.2/9.4 


15.313 1 .8 
18.8/30.7 
3.9/9.2 


015.5 


8.9/7.9 


8.9/14.3 
- 


16.7115.5 
13.9/11.0 
18.8/14.0 
20.0/15.8 
11.2/13.2 


17.6/17.1 
10.0/11.3 
13.7110.6 


- 


- 


- 
21.3111.6 


Activity.' z 
0 


26 
34 
26 
0 
0 
0 
0 


29 
69 (7) 
32 (10) 
55 (7) 


a The number in parentheses indicates survivors on solid tumors, indefinite survivors at 45 days on leukemia or ascitic 
tests. ' Five rats used. Two indefinite survivors at 29 days postinoculation, Inoculated with ascites form. 


intraperitoneal and oral routes. The corresponding 
dose ranges were from 12-24 mg./kg. and 24-36 
mg./kg., respectively. 


This alkaloid is active against a lymphocytic 
leukemia and several solid tumors which are not 
responsive to  the oncolytic alkaloids from Cutharun- 
thus roseis G.  Don. Its inability to  show significant 
activity against most of the ascites systems lends 
credence to  the assumption that its antitumor 
activity may not be due to  direct cytotoxic action. 


Activity Against the 61210 111 Leukemia- 
Unlike many other antitumor agents there does not 
appear to be a system of choice in determining its 
efficacy. It may be noteworthy, however, to cite 
its activity against the L-1210 111 leukemia. This 
particular tumor was made resistant to 6-mercapto- 
purine by workers a t  the Sloan-Kettering Institute 


of Cancer Research. 9-Methoxyellipticine is one of 
the few compounds tested in these laboratories which 
has shown any activity against this neoplasm, both 
intraperitoneally and orally. 


Activity Against the Walker Rat Tumor 2 5 6  
This test was conducted in young Sprague-Dawley 
rats, the tumor being maintained in both the solid 
and ascites form. Significant activity was demon- 
strated against both forms, indefinite survivors being 
obtained in the case of the ascites form, 4 of 10 rats 
having survived for 29 days since the time of im- 
plantation. At the time of sacrifice no ascites fluid 
could be detected in any of the animals. 


Lack of Activity Against 7,12-Dimethylbenz(a)- 
anthracene-induced Tumors-Huggins et ul. (19) 
have shown that a single oral dose of this carcinogen, 
dissolved in Sesame oil, administered to virgin 


TABLE 111-DOSE RESPONSE, ORAL THERAPY OF 9-METHOXYELLIPTICINE 


Tumor 


Av. Tumor 
Dosage Av. Weight Size, Av. Life, Acti ity,' 


mg./kg./day Change, g. ,  T/C mm., T/C T/C % 


L-1210 leukemia 111 18 X 1 X 10 
24 X 1 X 10 
36 X 1 X 10 


P-1534 leukemia 18 X 1 X 10 
24 x 1 x 10 
36 X 1 X 10 


X-5583 myeloma 6 X l X 1 0  
12 x 1 x 10 
18 X 1 X 10 


Gdrdner Iymphosarcoma 18 X 1 X 10 
24 X 1 X 10 
36 X 1 X 10 
18 x 1 x 10 
24 X 1 X 10 
36 X 1 X 10 
18 x 1 x 10 
24 X 1 X 10 
36 x 1 x 10 


C3H mammary 


High malignancy clone 


+ 0.7/+2.0 
- 0.5/+2.0 
- 2.4/+2.0 
-0.5/+1.1 


+0 .8 /+1 .1  
- 1.6/-2.0 
- 5.0/ -2.0 
-5.2/-2.0 


-3.7/+6.3 
- 2.9/+6.3 
- 1.8/+6.3 
-6.4/+6.3 


-/+6.3 
-3.51-3.6 
- 4.81-3.6 
-5.8/-3.6 


-0.8/+1.1 


+ 1.3/+6,3 


5.9110.7 
6.8110.7 
6.9110.7 


25.6/31.8 
18.0)31.8 
15.7/31.8 
20.1/29.9 


6.5/29.9 


2.617.2 
4.217.2 
0.9/7.2 


-129.9 


14.1/10.4 36 
13.9/10.4 34 
13.1/10.4 26 
17.2/15.0 0 
15.9115.0 0 
19.8/15.0 32 


45 ( 8 )  - 
- 37 (10) 
- 36 (10) 


0 - 
43 (7) 
51 (6) 
33 (6) 
78 (1) 


- N.S." 
64 (9) 


88 (10) 


- 
- 
- 
- 


- 
42 ( 8 )  - 


a The number in parentheses indicates survivors on solid tumors, indefinite survivors at 45 days on leukemia or  ascitic 
tests. ' No survivors a t  end of treatment period. 
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Sprague-Dawley rats 50 days old induced breast 
tumors within 21-120 days of feeding. When testing 
against these tumors, 9-methoxyellipticine was 
found to be inactive at 30 mg./kg. i.p. and 60 mg./ 
kg. per 0s. Furthermore, some weight loss and 
toxicity were evidenced in both regimens. 


The biological data are summarized in Tables I1 
and 111. 


SUMMARY 
The oncolytic and CNS depressant activities 


first encountered in the authors’ screening program 
with certain extracts from Ochrosia maculutu Jacq. 
(0. borbonica Gmel.) have been found to be asso- 
ciated with 9-methoxyellipticine and reserpine, 
respectively. 9-Methoxyellipticine possesses a 
relatively broad spectrum of antitumor activity, 10 
of 17 mouse neoplasms tested having responded. 
Both intraperitoneal and oral activity have been 
noted. Significant activity was seen against both 
the ascites and solid forms of the Walker rat 
carcinosarcoma 256. 
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Synthesis and Preliminary Evaluation of a 
New Quinuclidine Derivative as a 


Radioprotective Agent 
By WARREN SHAPIRO, MARTIN F. TANSY, and SAMUEL ELKIN 


7,1 O-Ethano-l-thia-4,7-diazaspiro 14.51 decane dihydrochloride was prepared by 
the condensation of 3-quinuclidone hydrochloride with 2-aminoethanethiol hy- 
drochloride. The compound was shown to have potential radioprotective prop- 
erties against alethal dose of X-radiation in mice. Optimumprotecuon was obtained 
in a group of mice pretreated iatraperitoneally with 0.20 mg./g. of 7,10-ethano-1- 
thia-4,7-diazaspiro I4.51 decane dihydrochloride 15 min. prior to exposure, where 
58.3 percent survived. A toxicity study showed the i.p. LDWI of the compound to 


be 295 mg./kg. with a dose range of 257-339 mg./kg. (p < 0.05). 


NTEREST IN quinuclidine, 1-azabicyclo [2.2.2]- 
octane, and its derivatives has been fairly re- 


cent. Although this molecule was first synthe- 
sized in 1909 (l), it received little attention until 
World War 11. At that time, because of the 
shortage of quinine and the need for substitutes, 
quinuclidine became an important tool in the 


The greatest amount of synthetic work has been 


logic activity reported to date has included spas- 
molytic (2, 31, central nervous system stimulation 
(4), and ganglionic blockade (5). 
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Serotonin Infusion in Rats with Experimental 
Renovascular Hypertension 


By EDWIN R. FISHER and PAUL 0. KEVERLINE 


Simultaneous, constant infusion of serotonin (1 00 mcg./kg./min.) and angiotensin 
(2 mcg./kg./min.) for 2 hr. in  normotensive rats resulted i n  a diminution of the 
pressor response noted with angiotensin alone. A more marked depression oc- 
curred following infusion of serotonin in rats with established renovascular hyper- 
tension and this agent failed to influence blood pressure i n  rats with unilateral renal 
artery constriction that did not develop hypertension. Serotonin and/or angio- 
tensin i n  the doses employed did not affect the degree of granularity of renal 
juxtaglomerular cells in  these situations. These findings fail to  support the view 
relating some instances of hypertension in  man to the combined effects of serotonin 


and subpressor amounts of angiotensin 11. 


UBTOTAL OCCLUSION of the superior mesenteric S artery in dogs has been observed to augment 
hypertension resulting from unilateral renal artery 
constriction (1). T h e  former procedure alone 
has no effect on blood pressure (2). A high inci- 
dence of renal artery insufficiency or intrinsic 
renal disease has recently been reported in  pa- 
tients with occlusive disease of the superior mes- 
enteric artery (3). Some normotensive individ- 
uals with known renal or renovascular altera- 
tions have been observed to  develop arterial hy- 
pertension following onset of insufficiency of the 
superior mesenteric artery (3). It has been sug- 
gested that the hypertension i n  this situation may 
be induced b y  serotonin by increasing the pressor 
response t o  relatively small increases in angioten- 
sin or b y  decreasing its inactivation by  angioten- 
sinase (3). Experimental occlusion of the supe- 
rior mesenteric artery results in an increased 
release of intestinal serotonin into the portal cir- 
culation (4). However, no data are available 
concerning the pressor effect of simultaneous 
infusions of serotonin and angiotensin in normo- 
tensive rats or of serotonin in  rats in which reno- 
vascular hypertension was successfully or unsuc- 
cessfully induced by  unilateral renal artery con- 
striction. Such information would appear per- 
tinent t o  considerations relating some instances of 
renovascular hypertension to  hyperserotonemia 
resulting from mesenteric insufficiency. 


MATERIALS AND METHODS 


Female Wistar rats weighing 200-250 g. were used 
in all experiments. These were housed in individual 
cages and allowed water and a standard ratio ad 
libitum. 


All infusions were performed for 2 hr. using a 
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Harvard pump adjusted to deliver 0.0247 ml./min. 
into a PE-50 polyethylene catheter whose tip was 
directly placed into the left femoral vein. Animals 
were lightly anesthetized with ether during the ex- 
periment and an airway was maintained with a small 
indwelling tracheal catheter. Groups of 10 rats 
received either isotonic saline; 2 mcg./kg./min. of 
angiotensinl; 100 mcg./kg./min. serotonin ( s h y -  
droxytryptamine creatinine sulfatej2; or similar con- 
centrations of both simultaneously. All solutions 
were prepared in isotonic saline. Preliminary 
studies revealed that smaller doses of angiotensin 
(1 mcg./kg./min.) failed to consistently evoke a 
pressor response in untreated rats even when per- 
fused for as long as 5 hr. Infusions of larger doses 
of serotonin (200 mcg./kg./min.) result in prompt 
bronchospasm, severe vasodepression, episodes of 
apnea, and death in 90% of untreated rats, those 
simultaneously infused with 2 mcg./kg./min. of 
angiotensin, or those with established renovascular 
hypertension. Smaller doses of serotonin (50 
mcg./kg./min.) failed to  influence the blood pres- 
sure of untreated animals and did not alter the pres- 
sor responses of rats to  simultaneous infusion of 
2 mcg./kg./min. of angiotensin. Infusion of this 
dose of serotonin and/or angiotensin for 5 hr. 
resulted in subsequent decline in blood pressure, 
apnea, and death. 


Rats subjected to  unilateral renal artery constric- 
tion with a silver clip also received an infusion of iso- 
tonic saline or serotonin in the concentrations noted 
above, regardless of whether induction of hyperten- 
sion was successful. Rats whose constricted kidneys 
exhibited infarction at the time of sacrifke were ex- 
cluded from analysis. 


Blood pressure was constantly monitored from the 
right femoral artery during the infusion. A PE-50 
polyethylene catheter was inserted into the artery 
and attached to  a pressure transducer in sequence 
with a transducer amplifier and Viso-Cardiette 
recorder. 


Animals were exsanguinated at the conclusion of 
the infusion and blood urea nitrogen (BUN), hema- 
tocrit, and serum Na, K, and C1 determined by 
standard methods. Kidneys were fixed in Helly's 
fluid and sections stained for the estimation of 
juxtaglomerular cell granularity (JGI) (5). 


Hypertensin, Ciba Pharmaceutical Co., Summit, N. J. 
Sigma Chemical Co., St. Louis, Mo. 
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striction that did not develop hypertension exhibited 
a response to serotonin almost identical to  that ob- 
served in unoperated, normotensive rats receiving 
this agent (Fig. 2). No change was noted in rats 
with unilateral renal artery constriction infused with 
saline. 


No significant differences in hematocrit, BUN, 
serum Na, K, or C1 were noted among the various 
groups of infused rats. All values were also com- 
parable to  those obtained from unoperated, normo- 
tensive controls in this laboratory. Similarly, 
no statistically significant difference ( p  > 0.05) in 
JGI was observed in rats infused with angiotensin 
and/or serotonin and those receiving only saline 
(Table I). 


JGI of unclipped kidneys of rats with established 
renal hypertension were significantly ( p  < 0.01) 
less than those of clipped kidneys (Table I). These 
latter were significantly greater than control values 
(p <0.01). No difference in JGI of clipped or un- 
clipped kidneys from rats with unilateral renal artery 
constriction that  did not develop renal hypertension 
was evident. Serotonin infusion in these latter 
animals failed to influence JGI. 


DISCUSSION 


Serotonin is generally regarded as a vasodepressor 
(6, 7). Such activity was observed only in pre- 
liminary studies with larger doses than that em- 
ployed in the definitive investigations and was 
invariably accompanied by severe bronchospasm, 
apnea and death in 90% of the animals. The signif- 
icance of dose-response relationships with this agent 
has been emphasized (8). Although pressor re- 
sponses to serotonin vary in different species, the 
immediate, slight depression of blood pressure 
promptly followed by restoration to normal levels 
noted in this study coincides with the pattern ob- 
served by Page (9) in the rat. Development of 
compensatory cardiovascular reflexes or tachy- 
phylaxis following constant infusion of angiotensin 
noted in rats in this study has also been noted pre- 
viously in dogs (10). On the other hand, a depres- 
sor effect of serotonin was more perceptible when ad- 
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Fig. 1-Effect of constant infusion of serotonin and/or 
angiotensin on blood pressure of normotensive rats 
(average of 10 rats/group). Key:  -' . .-, saline; 
-, angiotensin; - - -, angzo- 


tensin and serotonin. 
- ' - , serotonin; 


RESULTS 


As indicated in Fig. 1 slow infusion of isotonic 
saline failed to significantly alter blood pressure in 
normotensive controls. Administration of angio- 
tensin resulted in an immediate pressor response of 
30 f 5 mm. Hg ( p  < 0.01) which lasted for ap- 
proximately 5-10 min. Subsequent readings were 
slightly but not significantly ( p  > 0.05) elevated 
above control values for approximately 50 min., at 
which time pressure returned to normal. Adminis- 
tration of serotonin was followed by an immediate, 
insignificant ( p  > 0.05) depression of blood pressure 
followed by a slight (10 mm. Hg), statistically in- 
significant ( p  > 0.05) increase that was maintained 
for approximately 40 min., at which time pressures 
returned to control values (Fig. 1). Infusion of both 
angiotensin and serotonin together resulted in a 
prompt, slight (10 mm. Hg) insignificant ( p  > 
0.05) increase in pressure followed within 5 min. by 
slight depression of blood pressure which was most 
marked (14 mm. Hg) at 0.5 hr. (Fig. 1). 


The effect of serotonin on blood pressure of rats 
with established renal hypertension was character- 
ized by an immediate, significant ( p  < 0.01) de- 
pression to normotensive levels followed by a signif- . 
icant ( p  < 0.05) rise reaching its maximum of 
20-48 mm. Hg a t  15 min. This elevation, which was 
subsequently sustained at  this level, was never 
noted to exceed the initial hypertensive pressure 
(Fig. 2). Animals with unilateral renal artery con- 


F J -  
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Fig. 2-Effect of constant infusion of serotonin on 
blood pressure of hypertensive and normotensive rats 
with unilateral renal artery constriction (average of 
10 ratslgroup). Key:  -3 . .- , hypertensive-saline; 
- , hypertensive-serotonin; - . -, normotensive- 


serotonin; - - - , normotensive-saline. 


TABLE I-JUXTAGLOMERULAR INDEXES (JGI) 
FOLLOWING INFUSION OF SEROTONIN AND/OR 


UNILATERAL RENAL ARTERY CONSTRICTION 
ANGIOTENSIN I N  RATS WITH AND WITHOUT 


Clipped Unclipped 
Infusion No. JGI Kidney Kidney 


Nonconstricted 
Saline 10 
Angiotensin 10 
Serotonin 10 
Angiotensin + sero- 


tonin 10 
Constricted- 


hypertensive 
Saline 10 
Serotonin 10 


Constricted- 
normo- 
tensive 


Saline 10 
Serotonin 10 


33 f 12" 
29 f 10 
26 f 14 


33 f 11 


55 f 19 10 f 4 
5 7 f 1 7  7 f 5  


3 2 f l l  3 0 f 6  
2 9 f 7  2 8 f 4  


Standard deviation. 
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ing the first week of treatment after which time re- 
turn to control values was noted. 
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Toxicity of Emetine to Isolated 
Chick-Heart Cells 


By W. DAVID WATKINS* and WALLACE 


Embryonic 


L. GUESS 


Isolated beating embryonic chick-heart cells were cultured and observed in vitm to 
investigate the toxic s ecificity of emetine for the myocardium. The results of this 
investigation indicate$ that emetine exerts its toxic effects by at least two modes of 
action: at high concentrations, a physical disruption of the plasma membrane of the 
cell; and, at lower concentrations, an intracellular inhibition of the process of form- 
ing high-energy phosphate compounds. The site of this inhibition is thought to 
occur at the enzymatic oxidation of substrates, other than succinate, mediated by 


nicotinamide-adenine dinucleotide (NAD). 


METINE HYDROCHLORIDE is a compound which E has classically been used in the treatment of 
amebic dysentery. Although its use for this 
purpose has been largely superceded by more 
effective and less toxic drugs, it  is still used to 
treat certain types of arnebiasis which are re- 
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fractory t o  treatment by  the therapeutic alterna- 
tives. 


The  predominance of toxicities resulting from 
emetine involve the cardiovascular system, and 
most investigators today agree that the typical 
cardiovascular symptoms of emetine toxicity are 
due t o  a direct myocardial depression. Attention 
has been called to the apparent hypersensitivity 
of the heart toward emetine (I). 


Wenzel (2) has recently presented a relatively 
comprehensive review of the literature concerning 
emetine cardiotoxicity. Significant toxic mani- 
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Sprague-Dawley rats 50 days old induced breast 
tumors within 21-120 days of feeding. When testing 
against these tumors, 9-methoxyellipticine was 
found to be inactive at 30 mg./kg. i.p. and 60 mg./ 
kg. per 0s. Furthermore, some weight loss and 
toxicity were evidenced in both regimens. 


The biological data are summarized in Tables I1 
and 111. 


SUMMARY 
The oncolytic and CNS depressant activities 


first encountered in the authors’ screening program 
with certain extracts from Ochrosia maculutu Jacq. 
(0. borbonica Gmel.) have been found to be asso- 
ciated with 9-methoxyellipticine and reserpine, 
respectively. 9-Methoxyellipticine possesses a 
relatively broad spectrum of antitumor activity, 10 
of 17 mouse neoplasms tested having responded. 
Both intraperitoneal and oral activity have been 
noted. Significant activity was seen against both 
the ascites and solid forms of the Walker rat 
carcinosarcoma 256. 
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Synthesis and Preliminary Evaluation of a 
New Quinuclidine Derivative as a 


Radioprotective Agent 
By WARREN SHAPIRO, MARTIN F. TANSY, and SAMUEL ELKIN 


7,1 O-Ethano-l-thia-4,7-diazaspiro 14.51 decane dihydrochloride was prepared by 
the condensation of 3-quinuclidone hydrochloride with 2-aminoethanethiol hy- 
drochloride. The compound was shown to have potential radioprotective prop- 
erties against alethal dose of X-radiation in mice. Optimumprotecuon was obtained 
in a group of mice pretreated iatraperitoneally with 0.20 mg./g. of 7,10-ethano-1- 
thia-4,7-diazaspiro I4.51 decane dihydrochloride 15 min. prior to exposure, where 
58.3 percent survived. A toxicity study showed the i.p. LDWI of the compound to 


be 295 mg./kg. with a dose range of 257-339 mg./kg. (p < 0.05). 


NTEREST IN quinuclidine, 1-azabicyclo [2.2.2]- 
octane, and its derivatives has been fairly re- 


cent. Although this molecule was first synthe- 
sized in 1909 (l), it received little attention until 
World War 11. At that time, because of the 
shortage of quinine and the need for substitutes, 
quinuclidine became an important tool in the 


The greatest amount of synthetic work has been 


logic activity reported to date has included spas- 
molytic (2, 31, central nervous system stimulation 
(4), and ganglionic blockade (5). 
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Preparation of 7, lO-Ethano-l-thia-4,7-diazaspiro 
[4.5jdecane Dihydrochloride-Into a 300-ml. round- 
bottom flask equipped with a stirrer, condenser, 
drying tube, and heating mantle was added 1.36 g. 
(0.02 mole) of 2-aminoethanethiol hydrochloride and 
150 ml. of dry benzene. This mixture was heated 
until solution was complete and 1.88 g. (0.02 mole) of 
3-quinuclidone hydrochloride was added. The mix- 
ture was refluxed with stirring for 20 hr. during 
which time a white precipitate formed. The mix- 
ture was filtered and filtrate discarded. The residue 
was recrystallized three times from dry methanol and 
anhydrous ether to yield a white crystalline product. 
Yield, 4.0 g. (77.8%); m.p. 250-255'. 


And-Calcd. for C9H&laN&3: C, 42.02; H,  7.05; 
C1, 27.57; N, 10.89; S, 12.47. Found: C, 42.00; 
H,7.23; C1,27.51; N, 10.61; S, 12.42. 


In 19-51, I3acq and his co-workers, in Belgium, 
reported on the efficacy of a decarboxylation 
product of cysteine as a protective substance 
against X-radiation (6). The compound vari- 
ously known as B-mercaptoethylamine, 2-amino- 
ethanethiol, and 2-aminoethylmercaptan, is now 
commonly referred to  as cystearnine. It is con- 
siderably more effective than cysteine on a weight 
basis, but it is also more toxic. 


It appears there is a high degree of structural 
specificity with regard to the radioprotective 
activity of the compounds of the cysteine- 
cysteamine group. The sulfur atoms must be 
present as free sulfhydryl groups, disulfide groups, 
or derivatives which can undergo rapid intramo- 
lecular rearrangement under physiological condi- 
tions t o  give cysteamine derivatives possessing a 
free SH group (7). 


Kaluszyner et al. (8) suggest that thiazolidines 
decompose in vivo t o  mercaptoamines and 
exert protection in this manner. It was therefore 
decided to synthesize a spiro thiazolidine deriva- 
tive of quinuclidine as a potential precursor of free 
sulfhydryl groups. The following compound was 
prepared : 


H CI- ' 


Such a compound could be an active radioprotec- 
tant without the toxicity of some of the aforemen- 
tioned agents. 


EXPERIMENTAL 


All melting points are uncorrected. Analysis was 
performed by Schwarzkopf Microanalytical Labora- 
tory, Woodside, N. Y. 


3-Quinuclidone Hydrochloride-Prepared by the 
method of drob and Zergenyi (10). 


PHARMACOLOGY 


Toxicity-The i.p. LDjo of 7,10-ethano-l-thia-4,7- 
diazaspiro [4.5] decane dihydrochloride was deter- 
mined by the method of Litchfield and Wilcoxon 
(11). Six groups of 10 mice were used. The i.p. 
LDx and dosage range in mg./kg. were determined 
hy a rapid graphic method (see Table I and Fig. 1). 


Radiation and Protection-Approximately 400 
CBF male mice, 8-10 weeks of age at radiation time, 
arranged into groups of 12, weighing 17-27 g., 
were used for these experiments. The hybrid strain 
was obtained from the Cumberland View Farms 
Colony, Clinton, Tenn. They were kept in the lab- 
oratory for an acclimatization period of 7 days before 
use. The estimated X-ray LDlw for these animals is 
825 r. For X-ray exposure, 12 mice were placed in 
perforated 50-ml. plastic tubes, radially positioned 
around a circular leucite turntable and rotated at 24 
r.p.m. directly under the X-ray tube. Whole-body 
X-radiation was administered with a General Elec- 
tric Maxitron 300 X-ray unit at 300 kVp and 20 ma. 
with 0.625 mm. Cu and 3.30 mm. A1 added filtration 
and at a rate of 353 r/min. as measured in air with a 
Victoreen dosimeter. The target-to-animal distance 
was 50 cm. and the dose rate given is the value near 
the center of the mouse. The room temperature was 
maintained close to 25' throughout these experi- 
ments. After a single exposure to X-radiation, the 
mice were housed in suspended galvanized metal 
cages, two/cage, and they were observed over a 


TABLE I-SOLUTION OF THE DOSE-EFFECT CURVE OF 7,10-ETHANO-1-THIA-4,7-DIAZASPIRO- 
[4. SIDECANE DIHYDROCHLORIDE 


Dose. Observed Expected Observed Minus Contribution 
mg./kg. DeadITested" % Deadb % Dead Expected to x 2 c  


450 8/10 80 84 4 0.012 


3.50 6/10 60 67 7 0.023 
3 0 0  .5/10 50 52 2 0.0010 
250 4/10 40 31 9 0.035 
200 0/10 0 7 . 5  0 . 3  0.000 


400 4/10 40 77 37 0.75 


(7.2%) 


aTotalanimnls = 60; No. ofdoses, K = 6;  animals/dose = 60/6 = 10. bLDwfromgraph (Fig. 1):  LDs4 = 450 mg./kg.. 
LDw = 295mg. , 'kg. ,Ll)~ = 220mg./kg. Slope = S = [(LDsr/LDso) + (LDw/LDd1/2 = [(450/295) -I- (295/220)1/2 = 1.43. 
fLDm = S 2 - 7 7 / 4 / " ,  = S2.77/450, = 1.15. N' = number of animals tested whose expected effects are between 16 and 84. 
N' = 50. LD50 range: LDw X fLDbo = (295) X (1.15) = 339 mg./kg.; LDso i fLDw = (295)/(1.15) = 257 mg./kg.; 
LDw and 19/20 confidence limits: 295(257-339) mg./kg. Total: 0.822. xz = 0.822 X 10 = 8.22. df, n = K - 2 = 
4. ( x ) 2  from Table I1 (12) for n of 4 = 9.49; 8.22 is less than 9.49, therefore the data are not significantly heterogeneous. 
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the protective action of a single postradiation intra- 
peritoneal injection of the test compound against 
radiation lethality was determined. The next three 
series of experiments were patterned after the first, 
except that  these mice received the test substance, 
reference, and vehicle by oral intubation. 


RESULTS AND DISCUSSION 


7,lO-Ethano-l-thia-4,7-diazaspir0[4.5]decane di- 
hydrochloride was prepared by the condensation of 
3-quinuclidone hydrochloride with P-aminoethane- 
thioll in dry benzene. 


The IR spectra of carbonyl groups of saturated 
aliphatic six-membered ring ketones usually show an 
absorption band between 1725 cm.-l and 1705 cm.? 
(9). The spectrum of 3-quinuclidone hydrochloride 
shows this characteristic carbonyl absorbance at 
1725 cm.-*. The absence of this band in the spec- 
trum of 7,10-ethano-l-thia-4,7-diazaspiro[4.5] decane 
dihydrochloride is indicative of structural change. 
The structure was confirmed by elemental analysis. 


The toxicity study showed the i.p. LD6o of 7,lO- 
ethano-1-thia - 4,7 - diazaspiro[4.5]decane dihydro- 
chloride to  be 295 mg./kg. with a dose range of 257- 
339 mg./kg. ( p  < 0.05) in mice. 


I n  the first series of radiation experiments opti- 
mum protection was obtained in the group of mice 
pretreated with 0.20 mg./g. of 7,lO-ethano-1-thia- 
4,7-diazaspiro [4.5]decane dihydrochloride admin- 
istered intraperitoneally 15 min. before the beginning 


~ , I ,  I 


200 250 XK) 350 450 


DOSE, mg./kg. No. 3128 LIXARITHMIC PROBABILITY 


Fig. I-Dose effect line of 7,10-ethno-l-thia-4,7- 
diazasp:ro[4.5]decane dihydrochloride. 


period of 1 month. The pellet form of Purina labo- 
ratory chow and tap water was available ad libitum. 


In the first series of experiments each of a group of 
12 mice was injected i.p. with 0.02 mg./g. of 7,lO- 
ethano-I-thia-4,7-diazaspiro [4.5]decane dihydro- 
chloride (dissolved in isotonic saline; final at pH 3.5) 


TABLE 11-COMPARATIVE EFFECTIVENESS O F  ORAL AND PARENTERAL DOSES OF 7,1@ETHANO-1-THIA-4,7- 
DIAZASPIR0[4. SIDECANE DIHYDROCHLORIDE WITH MEA AGAINST A LETHAL DOSE 


OF X-RADIATION (12 MICE/GROUP) 


i.p. -Intubation- 
Davs Survivinrr No. Mice Davs SurvivinP: No. Mice 


Saline, radiated 


Saline, not radiated 
MEA 
0.2 mg./g., postradiation 
0.02 mg./g., postradiation 
0 .2  mg./g., 15 min. before radiation 
0.02 mg./g., 15 min. before radiation 
0.2 mg./g., 24 hr. before radiation 
0.02 mg./g., 24 hr. before radiation 


15 1 17 0 
18 0 
30 12 30 12 
30 11 30 6 
30 1 22 0 
15 0 19 0 
30 7 21 0 
13 
15 
15 


0 20 
0 17 
0 21 


0 
0 
0 


while a second group received 0.2 mg./g. of the test 
compound. 


As already indicated these doses of the test com- 
pound were below the threshold of toxic, i .e.,  lethal, 
dose for mice, administered by this injection route. 
A third group was injected intraperitoneally with an 
equivalent volume (0.2 ml.) of saline only. A fourth 
group was injected v i a  the same route with cystea- 
mine hydrochloride (0.24 mg./g.). The latter 
served as reference. A fifth group of control mice 
was kept at all times to determine what percentage, 
if any, of the radiation mortality could be attributed 
to the well-known “cage effect.” Twenty-four hours 
later, the first four groups were exposed together to 
an X-ray dose of 825 r. This experimental series 
was then repeated with four additional groups of 
mice of comparable number injected intraperi- 
toneally with the same test compound in identical 
concentrations, the same reference, and physiologiaal 
saline just 15 min. before they were exposed to the 
825 r of X-rays. In the third series of experiments 


of exposure to 825 r where 58.3% survived (see 
Table I1 and Fig. 2). However, in the group of 
mice pretreated with 0.02 mg./g. of the test com- 
pound 15 min. prior to exposure, there was no signifi- 
cant increase in survival. At the doses of 0.20 mg./ 
g. and 0.02 mg./g., 7,10-ethano-l-thia-4,7-diazaspiro- 
[4.5]decane dihydrochloride was not effective in in- 
creasing survival when it was administered intra- 
peritoneally 24 hr. before or immediately after ex- 
posure of mice to 825 r. All of the saline-treated 
control mice died within 18 days of exposure to 825 r. 
The entire group of untreated control mice survived 
30 days indicating that none of the deaths in the ex- 
posed groups of mice were due to  the “cage effect.” 


At doses of 0.20 mg./g. and O.O2/mg./g., 7,lO- 
ethano-1-thia - 4,7 - diazaspiro [4.5]decane dihydro- 
chloride was not effective in increasing survival when 
it was administered by oral intubation 15 min. be- 
fore, 24 hr. before, or immediately following expo- 


1 Obtained commercially from the Aldrich Chemical Co. 
Inc., Milwaukee, Wisc. 
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The synthesis and radioprotective action of several 
analogs of 7,10-ethano-l-thia-4,7-diazaspiro[4.5]- 
decane dihydrochloride will be reported in a later 
publication. 
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sure of mice to 825 r. Since the absorption and fate 
of the test compound has not yet been established, it 
is not known whether the failure to protect was due 
to the route of administration or the lack of absorp 
tion of the compound in the form of the dihydro- 
chloride salt. 


The mechanism(s) by which 7,lO-ethano-1-thia- 
4,7-diazaspiro [4.5] decane dihydrochloride enhances 
the radiation resistance of rodents is not clear. 
However, the fact that the agent provides protection 
when it is administered intraperitoneally 15 min. 
before radiation exposure, places it in the same 
category as the classical chemical radioprotectors 
such as cysteine, cysteamine, or AET which are only 
effective when administered immediately before 
radiation. 
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Preliminary Pharmacology of Ellagic Acid 
from Jnglans nigrct (Black Walnut) 


By U. C. BHARGAVA, B. A. WESTFALL, and D. J. SIEHR* 


A crystalline compound was isolated from Jngkzns niwu which by comparison 
with the known compound was found to be ellagic acid. The ellagic acid injected 
(i.p.) produced significant sedation, ataxia, potentiated sodium entobarbital sleep- 
ing time, and protected mice from death after electroconvubve shock. Intra- 
venous injection of ellagic acid caused a fall in blood pressure and an elevation of 
the T wave, whereas the heart and res iration rate iniually increased followed by a 
decrease. The ellagic acid Y d u &  no significant effect on isolated duodenal 


an uterus segments of the rat. 


URING THE isolation of sedative principles was obtained and characterized as ellagic acid by D from Jugluns nigra, a crystalline compound comparing it with the known compound. Ellagic 
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effect of the introduction of an N-oxide function 
into a compound, i t  is disappointing that so few 
biologically useful N-oxides have been found. The 
two amine oxides having the most widespread use, 
chlordiazepoxide and 2-mercaptopyridine 1-oxide, 
are not aromatic N-oxides despite the nomenclature 
of the latter. One of the chapters of Professor 
Eiji Ochiai’s “Aromatic Amine Oxides,” reviews 
in detail the attempts to employ N-oxidation in 
favorably altering biological properties. 


Other chapters of this comprehensive and infor- 
mative treatise cover the history, the preparation, 
and the reactions of the aromatic heterocyclic 
N-oxides. Electrophilic and nucleophilic substitu- 
tion of compounds containing N-oxides and the 
effects of an N-oxide function upon other substitu- 
ents are reviewed. 


As befits a true expert, Professor Ochiai has called 
upon another, Dr. C. Kaneko, to provide a chapter 
on the physicochemical properties of the amine 
oxides. The book is limited to the aromatic N- 
oxides as its title indicates, but aliphatic N-oxides 
receive some attention for the purposes of differen- 
tiation. 


It is a tribute to Professor Ochiai’s 1953 article 
in the Journal of Organic Chemistry (18,534) that so 
much of the western synthetic work recorded here 
was stimulated by that seminal review. Never- 
theless, a large part of the original work on N-oxides 
has been published in Japan, and it is helpful that 
experimental details for many syntheses are pro- 
vided in this volume. 


The personal identification of Professor Ochiai 
with this segment of organic chemistry-an iden- 
tification of a type that  is rare nowadays-makes 
this an especially attractive book. Its long-term 
usefulness makes it well worth owning. 


The translation is serviceable but is not always 
idiomatic and better editorial work by the pub- 
lisher might have changed such awkward usage as 
“active to substitution.” A grossly incomplete 
author index is included. The literature has been 
reviewed through 1963. 


R k e d  by Scott J. Childress 
Wyeth Laboratories, Inc. 
Radnor, Pa .  
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As in previous editions, all phases of immunology 
are developed or at least mentioned. The book in- 
cludes chapters on: Immunity and Immunology, 
Antibiotics and Antibody Specificity, Antigens, Cell 
Antigens, Blood Groups, Antibody-Antigen Reac- 
tions, Complement and Complement Fixation, 
Immediate Hypersensitivity, Delayed Hypersensi- 
tivity, Non-Immunological Equivalents of Hyper- 
sensitivity Reactions, Hypersensitivity and Im- 
munity, Immunological Tolerance and Intolerance, 
Autoimmunization and Disease, Immunity in Action, 
Practical Use of Immunity and Hypersensitivity, 
Laboratory and Clinical Technic, and Quantitation 
and Statistical Methods in Immunology. Compre- 
hensive references are provided at the end of each 
chapter for those individuals who wish to delve more 
deeply into the text material. 


Rmiewed by Frederick C. Bach 
Akon Laboratories 
Fort Worth, Texas 


Fundamentals of Immunology. 4th ed. By WIL- 
LIAM C. BOYD. Interscience Publishers, Inc., 605 
Third Ave., New York, NY 10016, 1966. xvii 4- 
773 pp. 15.5 X 23 cm. Price $14.95. 
“Fundamentals of Immunology” continues to be 


an excellent text for the beginning student and as 
indicated in the title, does not require previous 
knowledge of the subject. Exception must be taken 
to the phrase on the fly-leaf, “completely rewritten.” 
Although there has been updating in some chapters, 
it  might be more accurate to state that the book has 
been reprinted. It is difficult to know just how 
much material on laboratory and clinical techniques 
should be included in a book of this type, but it is 
this reviewer’s opinion that more techniques should 
have been added rather than deleted in this issue. 
This reviewer also feels that development of fluo- 
rescent antibody techniques and applications would 
have been advantageous to the reader. 


Peptides. Edited by  H. C. BEYERMAN, A. VAN DE 
LINDE, and W. M. VAN DEN BRINK. North-Hol- 
land Publishing Co., Amsterdam, Holland. 
Available in the U. S. from John Wiley & Sons, 
Inc., 605 Third Ave., New York, NY 10016, 
1967. xii + 292 pp. 15.5 X 23 cm. Price 
$14.50 
This book, the latest in the series of publications 


of the Proceedings of annual European Peptide 
Symposiums, is a welcome addition to  the desk of 
researchers interested in peptide work. There are 
eight sections land each section contains the presen- 
tations by authors intimately associated with the 
material presented. Bibliography of most of the 
articles in this book is most up-to-date and is in- 
tended t o  familiarize the reader with pertinent in- 
formation concerning various aspects of peptide 
chemistry. 


While the sections of this book devoted to  cou- 
pling methods, protecting groups, synthesis of pep- 
tideswith polymeric supports, and mass spectroscopy 
in peptide chemistry, are of general interest, the 
medicinal chemists, however, will benefit most from 
sections on sequential polymers, racemization, and 
biologically active peptides. Among the peptides 
with biological activity, a very interesting discussion 
is focused on the recent developments in the syn- 
thesis of biologically active corticotropin fragments. 
Several peptides with biological activity, such as 
human gastrin, glucagon, secretin, melittin, and 
others, have also been discussed from a synthetic 
and biological activity point of view. 


The only improvement in this book would have 
been the inclusion of subject index. 


Reviewed by A. Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica, N. Y. 


Emulsion Science. Edited by P n u n  SHERMAN. 
Academic Press, Inc., Ltd., Berkeley Square 
House, Berkeley Square, London, W.l.  U. S. 
Academic Press, Inc., 111 Fifth Avenue, New 







1454 


York, N Y  10003, 1968. 16 X 23.5 cm. x 4- 
496 pp. Price 115s $21.00. 
Emulsion Science is divided into five sections or 


chapters as follows: (1) Principles of Emulsion 
Formation, by E. S. R. Gopal; (2) The Theory of 
Stability of Emulsions, by J. A. Kitchener and P. R. 
Mussellwhite; (3) General Properties of Emulsions 
and their Constituents, by Philip Sherman; (4) 
Rheology of Emulsions, by  Philip Sherman; (5) 
Electrical Properties of Emulsions, by Tetsuya 


Journal of Pharmaceutical S h m s  


volume. There is evidence that the familiar non- 
agreements as to  the meaning of words such as 
tranquilizer, relaxant, antidepressant are present 
between the various authors. This, however, should 
not detract from the main value of the series: the 
presentation in one place of large numbers of 
chemically related compounds with many of their 
comparative pharmacologic effects. The chapter 
on morphine-like analgesics is outstanding. The 
chemical anatomy of the many compounds is 
clearly described. There is a precise definition of 
the meaning of “morphine-like action.” There is 
no attempt made to  describe the morphinelike 
compounds clinically. This volume, like the h t ,  
is recommended for all serious students of phar- 
macology and pharmaceutical chemistry. 


Reviewed by R. P. Ahlquist 
Medical College of Georgia 
Augusta, Ga. 


Hanai. 
The author-editor has done an excellent job in 


correlating and unifying the contributions of the 
other authors. The text is well organized and com- 
prehensive with good continuity and a minimum 
of overlap. The first three sections are primarily 
descriptive, but sufficiently quantitative t o  give 
adequate depth to  the subjects covered. While 
some differences in style and organization may be 
expected, only a minimum is actually encountered. 
For example, demulsi6cation is discussed in Section 
1 while Section 2 is devoted entirely to emulsion 
stability. Section 1 includes a discussion on choice 
of emulsifying agents while Section 3 includes a 
detailed discussion of the HLB system. Careful 
attention has been given to minimizing repetition in 
such instances. 


The first three sections cover about 217 pages of 
the text, while the latter two sections are more 
theoretical and quantitative, occupying about 260 
pages of the text. The section on rheology is rather 
unique in its approach to rheological properties. 
Much of the discussion is based on structural effects 
within the emulsion, not merely on measurement 
data. 


Each section of the text is well documented and 
contains sufficient breadth and depth t o  maintain 
the interest of a broad cross-section of readers. 


Reviewed by Robert V. Petersen 
College of Pharmacy 
The University of Utah 
Salt Lake City, Utah 


Drugs Affecting the Central Nervous System. Vol. 
2 of the Medicinal Research Series. Edited by 
ALFRED BURGER. Marcel Dekker, Inc., 95 Madi- 
son Ave., New York, NY 10016, 1968. xv + 
437 pp. 16 X 24 cm. Price $19.75. 
This second volume of a series continues the 


structural approach t o  drugs affecting the central 
nervous system. Eight chapters cover the general 
topics of narcosis, morphine-like analgesics, anti- 
depressants, psychotomimetic agents, 1,hbenzodia- 
zepine derivatives, centrally acting muscle relaxants, 
and substituted phenothiazines. The chapter on 
psychotomimetic agents by Albert Hofmann is of 
considerable interest. It covers not only his per- 
sonal discovery of the effects of LSD, but is an ex- 
cellent review of the naturally occurring psycho- 
mimetic drugs. As would be expected, the relation- 
ship between chemical structure and clinical action, 
value, or use is not a major contribution of this 


Churacterisatwn and Manipulation of Powders. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, London, W.C.l., England, 1967. viii f 
180 pp. 14 x 22 cm. Price 50s. (1s. 6d. p/p). 
This book is a copy of the handbook prepared 


for a one-week postgraduate course in Powder 
Technology. The course was organized by the 
Pharmaceutical Society of Great Britain and di- 
rected by Professor E. Shotten of the School of 
Pharmacy, University of London in April 1966. 
The book contains outlines of the lectures given by 
ten recognized authorities in the field of powder 
technology, plus 37 experiments and three demon- 
strations. The experiments and demonstrations 
were written by thirteen scientists, most of whom are 
well-known in the pharmaceutical field. 


The book is intended to be a practical manual 
for industrial pharmacists and others who are 
interested in the characterization and manipulation 
of powders. The lectures and experiments cover a 
broad area including particle size analysis, surface 
area measurement, particle cohesion, size reduction, 
mixing, granulation, fluidization, classification, 
crystallization, etc. Unfortunately, as noted in 
its Introduction, this book does lack balance, 
polish, and accurate syntax. The reader will find 
some of the experiments confusing, especially those 
describing operation of apparatus which is not 
named or described. There is also a lack of con- 
tinuity which is not helped by placing the lecture 
outlines in the back of the book. The brevity of 
the course and size of the book also results in the 
omission of much important technology. 


Despite these shortcomings, this book does pro- 
vide an assemblage of information which should be 
useful to  teachers and other workers in this field. 


Reviewed by Manford J. Robinson 
Research and Development Division 
Smilh Kline & French Laboratories 
Philadelphiu, Pa .  
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ing the first week of treatment after which time re- 
turn to control values was noted. 
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Toxicity of Emetine to Isolated 
Chick-Heart Cells 


By W. DAVID WATKINS* and WALLACE 


Embryonic 


L. GUESS 


Isolated beating embryonic chick-heart cells were cultured and observed in vitm to 
investigate the toxic s ecificity of emetine for the myocardium. The results of this 
investigation indicate$ that emetine exerts its toxic effects by at least two modes of 
action: at high concentrations, a physical disruption of the plasma membrane of the 
cell; and, at lower concentrations, an intracellular inhibition of the process of form- 
ing high-energy phosphate compounds. The site of this inhibition is thought to 
occur at the enzymatic oxidation of substrates, other than succinate, mediated by 


nicotinamide-adenine dinucleotide (NAD). 


METINE HYDROCHLORIDE is a compound which E has classically been used in the treatment of 
amebic dysentery. Although its use for this 
purpose has been largely superceded by more 
effective and less toxic drugs, it  is still used to 
treat certain types of arnebiasis which are re- 
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fractory t o  treatment by  the therapeutic alterna- 
tives. 


The  predominance of toxicities resulting from 
emetine involve the cardiovascular system, and 
most investigators today agree that the typical 
cardiovascular symptoms of emetine toxicity are 
due t o  a direct myocardial depression. Attention 
has been called to the apparent hypersensitivity 
of the heart toward emetine (I). 


Wenzel (2) has recently presented a relatively 
comprehensive review of the literature concerning 
emetine cardiotoxicity. Significant toxic mani- 
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festations of the drug include: electrocardio- 
graphic changes, ventricular fibrillation, di- 
minished systolic force, tachycardia, and myo- 
cardial fatty degeneration and necrosis. Progres- 
sive cloudy swelling of the myocardium has also 
been reported (3) in  conjunction with emetine 
administration. 


A variety of investigations has been designed 
and undertaken t o  delineate the biochemical 
mechanism of emetine cardiotoxicity. Grollman 
(4) reported that emetine inhibits protein synthe- 
sis in  a variety of cell types including mammalian 
L-cells and reticulocytes. It was demonstrated 
that  emetine acts by  inhibiting the aminoacyl- 
sRNA transfer reaction in  protein biosynthesis. 
The  suggested site of action of emetine is in the 
enzymatic formation of the peptide bond on the 
polyribosome. 


Emetine has been shown (5) t o  inhibit the 
NAD-dependent  oxidation of substrates b y  rat- 
heart homogenates, while the production of NAD 
has been shown to not be significantly altered. 


Work done to  date on emetine cardiotoxicity 
has generally been undertaken at three levels of 
biological organization: (a) the intact heart; (b) 
myocardial tissue; and (6) the heart homogenate. 
Certainly each of these approaches has offered 
valuable information necessary i n  the total 
toxicity evaluation of this compound. 


There existed an apparent gap in  the research 
efforts to date; none had reported the effects of 
emetine upon the heart cell per se. Since the cell 
is the functional "building-block" of organized 
life, i t  seemed reasonable that  the explanation of 
toxicity should ultimately be  found here also. 
Kelatively recent advances in cell culture tech- 
niques have provided a unique means of further 
identifying and investigating such cellular 
toxicity. 
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suspension was then centrifuged with a clinical cen- 
trifuge a t  three-fourths speed for 5 min., the trypsin 
solution decanted off, and the remaining packed cells 
washed twice by resuspension and centrifugation in 
PBS solution. Following the second washing, the 
cells were resuspended for the final time in Eagle's 
basal medium (BME 1 X )  (6) supplemented with 
5y0 calf serum and 1% I-glutamine. The quantity 
of this basal medium used for the final suspension was 
1.5 ml. of media per embryonic heart used. The 
approximate concentration of this suspension was 
106 cells/ml. as determined by hemocytometer 
count. 


A portion of the resulting heart-cell suspension 
was injected into sterile Sykes-Moore tissue culture 
chambers (Belco Glass, Inc., Vineland, N. J .)  which, 
after cell settling and attachment to the glass cover- 
slip, yielded a maximal working population of iso- 
lated cardiac cells. The remaining suspension was 
cultured in a sterile prescription bottle and incu- 
bated at 35' in a 5% COZ atmosphere. This cul- 
ture provided the conditioned medium required for 
the cell-perfusion experiments described below. 


Preparation of Isolated Atrial and Ventricular 
Cells-To develop the technique of visually dis- 
tinguishing isolated beating atrial and ventricular 
cells, cultures were prepared from embryonic atrial 
and ventricular tissue, respectively, and charac- 
terized. 


Cell Perfusion Procedure-A preliminary series 
of control cell-perfusion studies was performed to 
assure that any observed cellular effects following 
perfusion with emetine or other compounds could 
be related entirely to the particular compound, and 
not to  certain environmental factors, such as 
changes in necessary nutrients, or tonicity effects. 
Preliminary experimentation and the work of others 
(7) indicated that various cellular alterations in 
response to fresh media could be prevented by 
perfusing with conditioned media. Such a condi- 
tioned medium was prepared by removing the cell- 
free fluid phase from the relatively large culture of 
heart cells. Multiple cell perfusions with this con- 
ditioned media produced no detectable variation 
in function or structure. As a result, conditioned 
medium was used to prepare all perfusion solutiotis 
used in this investigation. 


To obtain useful and valid information from this 
study, i t  was necessary to prepare perfusion solu- 
tions which not only contained accurately deter- 
mined quantities of perfusate compound, but which 
also closely approached the composition and tonicity 
of the original culture medium. Compounds to be 
perfused were accurately weighed and dissolved in 
PBS solution (1X). Serial dilutions of these solu- 
tions were prepared by taking a small, yet ac- 
curately measurable volume (0.1 ml.), and combining 
with this a relatively large volume (0.9 ml.) of con- 
ditioned media. The resulting perfusate fluid satis- 
fied the above requisites. 


It has been shown (8) that perfusion of 1 ml. 
through a 0.7-ml.-capacity Sykes-Moore chamber 
would result in 65y0 perfusate retention within the 
chamber. Perfusion of 2 ml. through the chamber 
results in esseiitially a complete inedium change. 
In this report, all concentrations of perfused com- 
pound refer to the delivered concentration retained 
in the chamber following the perfusion process. 


Perfusion of the cells contained within each cliaiii- 


MATERIALS AND METHODS 


Culture Procedures-The routinely cultured 
contracting chick embryo heart cells were prepared 
from the hearts of 12-24 white leg-horn chick em- 
bryos 10-13 days in ovo. Aseptic techniques were 
used throughout all experimental procedures. The 
whole hearts were excised, placed in a phosphate- 
buffered saline solution (PBS 1 X )  (6), trimmed free 
of contiguous noncardiac tissue and membranes, 
and rinsed with PBS solution. The pooled hearts 
were placed in 10 ml. of freshly prepared 0.1% 
trypsin solution. Cell dispersion was initiated by 
gently forcing the cardiac tissue out of a 20-ml. 
syringe and into a flask. This flask and contents 
were iiicubated for 30 min. with frequent gentle agi- 
tation, then removed from the incubator. Gentle 
passage of the mince in and out of the syringe for 
about 5 rnin. was ordinarily sufficient time to  com- 
plete the cell dispersion process. The resultant cell 
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ber could be initiated any time following cell attach- 
ment to the glass coverslip (15-20 hr.). The solu- 
tions and equipment to be used in the perfusion 
procedure were placed inside the microscope stage 
incubator for 15 to 30 min. so temperature equilib- 
rium could be attained and thereby avoid physical 
perfusion alteration of the beating cells as much as 
possible. The inoculated chamber was firmly affixed 
to the microscope stage, and the cell(s) to be ob- 
served were located in the visual field. Perfusion 
of the cells was then performed using the procedures 
of Sykes and Moore (9). 


Microscopy and Photography-All observations 
were made using a Nikon light-field inverted phase 
contrast microscope with stage encased in a thernio- 
statically controlled incubator maintained at 35”. 
Photomicrographs were taken with a Nikormat 
FS 35mm. camera using Kodak plus-X Panatomic 
film. 


Drug Standardization-The quality and purity 
of emetine hydrochloride’ used in this study were 
confirmed by IR and UV spectroscopy, melting 
point determinations, and differential thermal 
analysis. 


RESULTS 


The design of this experimental procedure was 
such that the following parameters associated with 
the functional status of the myocardial cells could be 
obswed:  (a) rate of beat (b.p.m.), (b) apparent 
strength of beat, (c) synchrony of beat, and (d) mor- 
phology. 


Simply counting the b.p.m. of single cardiac cells 
represented a sensitive index of toxicity because, in 
essence, this analyzed the final effect of the drug on a 
delicate and highly organized enzyme system. 
Evidence indicating that the observed beat is an 
enzyme-regulated system stems from the observa- 
tions (10) that in single cells, hydrogen ion con- 
centration, temperature, salts, substrates, serum 
proteins, metabolic inhibitors, and a variety of 
chemical compounds affect the beating rate. There- 
fore, any alteration in beating rate was considered 
the initial indicator of toxicity, and cell lysis was 
taken to be the terminal manifestation of toxicity. 


Rate of beating was recorded as b.p.m. and treated 
as strictly numerical data, and as such was relatively 
simple to  collect. Recording cellular morphological 
changes also presented no significant problems in 
that photomicrographic techniques provided a 
means of recording at chosen intervals the condition 
of any cell in culture. Preliminary experience in- 
dicated that the apparent strength of beat and syll- 
clirony of beat, although purely qualitative pa- 
rameters under these experimental conditions, were 
equally as vital to the measurement of cellular 
toxicity as rate of beat and morphology. 


In most cultures, only a small proportion of the 
total population were observed to  beat. This beat- 
ing ranged from intermittent, irregular “twitches” 
to steady, deep rhythmic contractions at rates up 
to about 120 b.p.m. The majority of the beating 
cells, however, exhibited a beating range of about 
30-80 b.p.m. It should be noted that each iso- 
lated beating cell maintained a rate independent 
of the other cells in the culture. 


1 Pfaltz and Bauer, Inc.. Flushing, N. Y., and Ruger Chem- 
cal Co., Inc.. Long island City. N. Y. 
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The characteristics of the untreated atrial and 
ventricular cell types used in the present study have 
been described by Mercer and Dower (11). 


Observations of Emetine-Dosed Heart Cells- 
Emetine concentrations of 10” M or greater had 
severe and apparently equivalently toxic effects 
upon the beating atrial and ventricular cells. The 
inhibitory effects of emetine on beating were im- 
mediate and complete. In  fact, the intended 
perfusate dosage could not be completely delivered 
before the cells terminated beating. After cessation 
of the converted contractions which formed the 
normal cellular beating pattern, weak irregular 
twitches were observed within the cytoplasmic re- 
gions. These occasionally continued up to the time 
of cell lysis. Within 10 min. after perfusion, the 
cells began retraction of the web-like pseudopodial 
projections and hyaloplasmic veil. Also, the entire 
cell, which under normal conditions was flattened 
and/or extended, slowly drew itself into a more com- 
pact, rounded form. Often the release of attach- 
ments of peripheral area during this rwnding process 
were observable as rapid breaks, with subsequent 
withdrawal of the cellular component toward, and 
into the rounding cell. Cell lysis was almost al- 
ways preceded by a rapid extrusion of the cytoplas- 
mic contents into a portion of the plasma membrane. 
These large, spherical swellings are termed “super- 
ficial vacuoles.” Normally, after the formation of 
these superficial vacuoles, only a short period of 
time elapsed prior t o  cell lysis, after which the super- 
ficial vacuoles were observed to remain intact and 
float freely in the media. In most cultures dosed 
with this level of emetine, a few cells of the population 
were observed to  lyse within 3045 min. Usually 
the first cells to  undergo lysis were those which con- 
tained dense, heavy granules and were highly 
vacuolized. Progressive lysis of the cell population 
could be observed for 48 hr., after which no intact 
cells remained. Throughout this, and all other pro- 
cedures, the pH was buffered between approximately 
7.2 and 7.4. Most of the damage to the beating 
myoblasts occurred within the first hour after dosing. 
The cells which most effectively resisted the pro- 
longed effects of emetine were those which were non- 
beating and fibroblastic in nature. No further cell 
growth was observed in the period following drug 
perfusion. 


Cells dosed with emetine concentrations less than 
10-6 M responded differently than described above 
with the higher doses. Figure 1 illustrates the 
morphological effects 6 hr. after perfusion with 
M emetine. Minutes after dosing, the portions of 
the plasma membrane normally engaged in pino- 
cycotic activity, known as the “hyaloplasmic veil,” 
were slowly retracted into the cell. The phe- 
nomenon known as “blebbing” was observed, but 
apparently this process could initiate at any time 
after cell perfusion. This process manifested itself 
as small swellings occurring on the plasma-mem- 
brane. These “blebs” would remain as such for 
intervals up to 2 or 3 min., after which they ap- 
peared to be resorbed back into the contour of the 
plasma membrane. While some blebs were being 
resorbed, others would spontaneously arise a t  ap- 
parently random sites of the plasma membrane 
which were exposed to the emetine. No superficial 
vacuolization or cell lysis was observed in the early 
portions of the observations. Figure 8 is a graphical 
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Fig. I-Cardiac cell blebbing observed 6 hr. after perfusion with 10” M emetine. Photographs taken at 5-mitt. 
intervals (1,ooOX ). 


illustration of the typical immediate effects of 10“ 
M emetine upon the beating rate of atrial and ven- 
tricular cells. It can be seen that the rate of beat 
decreased rapidly and progressively in both cell 
types. The strength of beat and synchrony of beat 
of the atrial cells was significantly iriore affected 
than the corresponding ventricular cells. The 
atrial cells appeared to maintain a regular rate, while 
superimposed on this rate were single or short bursts 
of weak, rapid contractions. 


Observations up  to 4 days after emetine dosing 
revealed progressive increases in the degree of 
vacuolization and signs of cell damage in doses rang- 
ing from 10” to 10-8 M. Cell growth and pro- 
liferation were observed to decrease at these dosage 
ranges also. 


M and 10-8 M 
enietinc exhibitrtl short-teriii responses similar, 


Ventricular cells dosed with 


“ O R  100 


TIME, min 


Fig. 2-Effect upon beating rate of M emetine. 
Key:  0, atrial cell; A, ventricular rell; and t , per- 


fusion. 


yet not as pronounced, as those observed at the 
The atrial cells appeared to  resist the 


effects of M and 10-8 M emetine for periods 
of about 12 hr., afterwhich were observed progressive 
decreases in rate, strength, and rhythmicity of beat 
similar to that found at the 10” M emetine level. 


Reversal Studies with Emetine-Dosed Cells- 
Having observed and characterized the usual effects 
of various concentrations of emetine upon both the 
atrial- and ventricular-type cells, i t  was decided to 
use M emetine for subsequent studies. It was 
this concentration that elicited an observable toxic 
response from both atrial and ventricular beating 
cardiac cells. Subsequent experimentation con- 
sisted of perfusing the emetine-depressed cells with 
various compounds to determine their effects as 
possible toxicity-reversing agents. All initial per- 
fusions with agents to counteract emetine toxicity 
were perforiiied after the beating rate of the ob- 
served etiietine-dosed cells had decreased to ap- 
proximately one-half the preprocedural control rate. 


Effect of Emetine Removal-The initial perfusion 
experiments consisted of removing the emetine 
from the culture chamber by washing with con- 
ditioned media containing no additional solutes. 
When compared to control cells dosed with emetine, 
multiple perfusion with conditioned media gave no 
observable protection against the toxicity, in terms 
of lengthened cell life, strengthening or retention of 
beating function, or reinitiation of beating after 
drug-induced cessation. 


In order to evaluate and correlate the procedures 
reported by a variety of authors, using heart 
homogenates, isolated organs, or whole animals as 
test subjects, it  was decided to appraise the activities 
of several biochemical compounds upon the eme- 


M level. 
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Effects of Embryonic Chuk-Heart Extract-The re- 
sults of perfusion with an embryonic chick-heart 
extract indicated a slight, yet detectable, emetine- 
reversal effect. 


Effects of A TP-Compared with the data obtained 
using the NADH as the perfusate compound, ATP 
at a dose of 10- M evoked a relatively brief, intense 
reversal of the emetine toxicity. The concentration 
of ATP eliciting niaximum reversal was approxi- 
mately 10-fold less than the most effective concen- 
tration of NADH. 


I t  should be noted that the work of Harary and 
Farley (16) has demonstrated that cells such as 
those used in this study do respond to exogenous 
ATP and NADH, giving indirect support to the 
belief that these compounds do diffuse into the cells. 


Effects of Other Compou?~ds-None of the following 
compounds had significant effects upon atrial or 
ventricular cells: Adenine (10” M), flavin-adenine 
dinucleotide (FAD) (10- M), reduced FAD 
(10” nil), and nicotinamide and lo* M). 


Fig. 3-Effect upon beating rate of lo-‘ M emetine 
followed by M NADH. Key:  A,  atrial cell; 0, 
ventricular cell; emetine perfusion; t , NADH 1’ perfusion. 


tine-poisoned cells used in this investigation. Con- 
trol studies with adenosine triphosphate (ATP) 
and reduced nicotinamide-adenine dinucleotide 
(NADH) revealed that no significant effects on 
normal cells was elicited by these compounds in the 
dose ranges used. 


Effect of NAD and NADH-Emetine-dosed cells 
were perfused with either NAD or NADH. No 
effects were observed with NAD a t  concentrations 
of lo4, 10-6, or lo-‘ M. NADH, on the other 
hand, induced significant stimulation of beating 
rate, apparent strength of beat, and synchrony of 
beat. Figure 3 graphically illustrates the effect of 
10-5 M NADH upon both atrial- and ventricular- 
type cells which had been previously dosed with 
lo4  M emetine. Following perfusion, the effects 
of the NADH were observable within 5-15 min. 
NADH appeared to possess more pronounced 
effects upon the ventricular cells than the atrial 
cells, although it should be noted that the atrial 
cells were not depressed as much as the ventricular 
cells. The total effects of NADH upon the ob- 
served emetine-dosed cells appeared to be a reversal 
of the symptoms chosen in this investigation to  be 
considered toxicities. This reversal included three 
of the four measured parameters-rate of beating, 
synchrony of beat, and apparent strength of beat. 
No morphological differences were observable a t  the 
phase contrast level. 


Following addition of the NADH to the cell en- 
vironment, the cells would typically exhibit a brief 
time lag of usually from 5-10 min. before showing 
signs of response. After this brief period, the 
emetine reversal could be observed for periods last- 
ing usually about 30-45 min. 111 a few instances, 
however, NADH reversed the observed toxic effects 
of emetine for periods up to several hours. Follow- 
ing the periods of emetine reversal the beating cells 
reverted back to a depressed status similar to that 
observed prior to the perfusion of NADH. Also 
noted was that the rate of beating following the 
effects of NADH was practically identical to the rate 
just prior to the NADH administration. After 
varying lengths of time, the rate of beating would 
diminish progressively until either cell death or ad- 
ditional NADH perfusion. After 24 hr., and in some 
experiments, 48 hr., further addition of NADH 
(also M )  to  the depressed cells restored the rate, 
apparent strength, and rhythmicity of beat to  a 
level at least equal to that obtained after the first 
administration of NADH. Often the observed 
reversal a t  this same time was in excess o f  reversals 
seen shortly after initiating the emetine toxicity. 
XADH (lop5 M) provided apparent protection 
against the effects of emetine (lod M )  for periods 
up to 5 days after dosing. 


DISCUSSION AND CONCLUSIONS 


The results of this investigation indicate that 
emetine possesses a t  least two possible modes of 
action upon the intact heart cell. The first, ob- 
servable by phase-contrast microscopy in a relatively 
short period of time, occurs only at higher emetine 
concentrations, and is probably a nonspecific physi- 
cal activity upon the plasma membrane. The 
second mode appears to be quite specific, and is 
believed to inhibit the production of high-energy 
phosphate compounds by the electron transport 
system. 


Nonspecific Membrane Activity-Maintenance 
of an ionic membrane potential is known to be a 
requisite of the beating character of the cell types 
used in this investigation (12). Levinson and 
Green (13), also using cultured chick-heart cells, 
suggest that cell membrane injury from enzymatic 
trauma may result in swelling due to a loss of dif- 
ferential permeability to small electrolytes such as 
sodium and potassium. It seems reasonable, then, 
that the observed immediate cessation of beat is 
caused by an electrochemical imbalance resulting 
from the functional disruption of the cell mein- 
brane. I t  is also reasonable to assume that the 
irritation of the plasma membrane involves some 
mode of activity other than strictly a pH effect, or 
a phenolic-type protein denaturation since the 
media was buffered a t  pH ’7.2-7.4, and since emetine 
is a nonphenolic alkaloid. One possible mode of 
activity upon the cel,l membrane in view of the 
abrupt change in activity observed between 
and lo-‘ M suggests a possible inhibition of en- 
zymes of the plasma membrane. These enzymes, 
which catalyze and control the permeability of the 
membrane to most cotnpounds, may be subject to 
inhibition by emetine only when the critical con- 
centration of M is attained. 


Inhibition of Cellular High-Energy Phosphate- 
Whereas the physical irritation observed in the 
previous discussion appears to  be totally based 011 


mctril~rane phenornet ion, the second type of rc- 
sportse to emetine is probably a result of the intra- 
cellular activities of the compound. 


The importance of the TCA cycle and electroti- 
transport system in providing sullicient energy to 
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support the periodic cellular contraction of cultured 
heart cells has been demonstrated by Harary and 
Farley (14). Succinate is oxidized directly by FAD, 
while the remaining TCA intermediates are oxidized 
first by NAD, which is in turn oxidized by FAD. 
The primary advantage of the NAD-mediated step 
resides in a considerable increase in ATP production. 
Succinate oxidation with concurrent inhibition of 
the oxidation of other normally occurring metab- 
olites, results in an inhibition of heart muscle 
respiration (15). I t  is, therefore, apparent that a 
compound which inhibits the oxidation of NAD- 
mediated substrate, yet has no effect upon the 
succinoxidase system, would depress the energy- 
requiring processes of the myocardial cells. 


Several facets of the experimental results from 
this investigation clearly indicate that cellular ATP 
production is seriously limited under the influence 
of emetine. The observed parameters of toxicity 
were reversed with NADH and NADPH. Per- 
fusion of ATP had a similar, yet more rapid, in- 
tense, and short-lived reversal effect upon the beat- 
ing activity of the emetine-dosed cells. I t  should 
be recalled that NADH must act throughout the 
electron transport system of the mitochondrion to 
produce the large amounts of ATP essential for 
myocardial activity. On the other hand, exog- 
enously added ATP apparently by-passes the 
mitochondria1 system and passes directly to the 
contractile myofibrils of the cell. This is then 
manifested as strengthening of beat and a rapid in- 
crease in the beating rate. 


Applying this same concept, i t  is also logical that 
a longer time lag is observed before NADH reversal 
than ATP reversal. NADH represents potential 
ATP, while ATP, of course, is capable of utilization 
the moment i t  enters the cell. A t  this point, it 
should be noted that the investigations of Harary 
and Farley (16) offer indirect evidence that ATP 
does indeed permeate the ATP-deficient cell. 


Of equal significance are the results in which NAD 
and NADP (oxidized forms) had no observable effect 
upon the emetine-dosed cells. This suggests that 
the activity of emetine is upon an enzyme, because 
uncatalyzed reduction of NAD requires relatively 
strong chemical measures which would not be avail- 
able within the intact cell. In  the absence of a 
functional enzyme system, exogenous NAD or 
NADP would, therefore, not be reduced and could 
provide no additional hydride to the electron trans- 
port system. In support of this view is the work of 
Marino el al. (17), who reported that the addition of 
NAD did not prevent electrocardiographic changes 
in the guinea pig heart after emetine administration. 
On the other hand, the results of this investigation 
and the work of Marino (18) indicate that embryonic 
heart extract has a reversal effect upon the observed 
emetine toxicity. Such an extract contains rela- 
tively high amounts of NADH and ATP, and would, 
thrrefore, be expected to elicit results similar to 
those observed when NADH is administered alone. 


Additional indirect evidence that the emetine- 
dosed cell apparently lacks the ability to produce 
ATP was observed after performing two of the 
control experiments. Perfusing either ATP ( 1 W 6  
M) or NADI-I (10P M )  into previously untreated 
cultures of beating cells resulted in no observable 
response. The cells simply continued to maintain 
the beating function as though 110 extracellular 
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changes had occurred. The cells apparently were 
producing sufficient amounts of high-energy phos- 
phate compounds to  efficiently maintain the func- 
tional status. Following emetine dosage ( lo+  
M), however, the cells appeared to  rapidly utilize 
the exogenously provided NADH or ATP. This 
difference in response to exogenously provided 
NADH or ATP in normal cells and emetine-dosed 
cells, was interpreted as a facilitative mechanism 
of the cell to maintain chemical and functional 
homeostasis. This was indicated by the observa- 
vations that  the normal cell, which produced suf- 
ficient endogenous ATP and NADH, had no ap- 
parent need for these compounds. However, when 
cellular energy production was impaired by emetine, 
the cell apparently turned to the ATP and NADH 
provided in the extracellular environment. 


Two concepts have been proposed concerning the 
cause of cell blebbing, which was seen to occur at 
emetine doses of 10” M and less. The concept of 
Levinson and Green concerning cellular osmotic 
changes due to plasma membrane damage, has 
been discussed previously. Lettre (19). on the 
other hand, suggests that the plasma membrane, 
which requires ATP to maintain its integrity, re- 
ceives an inadequate supply of the high-energy 
phosphates. The resultant weakening of the mem- 
brane is then manifest as the localized areas of 
spontaneous cell blebbing. 


Lettre’s concept appears to  better explain the 
results observed at the lower emetine doses. More 
specifically, emetine enters the cell and effects an 
inhibition of the production of ATP by the electron 
transport system. The resultant decrease in ATP 
is then manifest first as relatively slow retraction of 
the hyaloplasmic veil. Soon following is progressive 
decrease in apparent strength, rhythmicity, and 
rate of beat, followed by cell blebbing, cessation of 
cell proliferation, and ultimately cell death. If the 
activity of emetine at  this dosage level were directly 
upon the plasma membrane, as apparently was the 
case in the higher dosage levels, one would expect 
to see blebbing soon after emetine contacted the 
cells. However, such is not the case. Usually the 
blebbing phenomenon occurs at delayed periods after 
perfusion. 


Based upon the reports of other authors (no) ,  
little biochemical significance can be placed upon 
the incidence of vacuolization in these cultured cells. 
However, the dose-related onset and degree of 
vacuolization of these emetine-treated cells lends 
itself to the concept of Yang el al. (21), who re- 
ported that the vacuole is an attempt by the cell 
to dilute the drug which is acting upon the cell. 


Conclusions of Biochemical Effects of Emetine- 
The results of this study support, a t  the cellular 
level, the above-described findings of other investiga- 
tors who used subcellular homogenates as the 
experimental system. The data suggest that 
emetine cardiotoxicity observed in witro is primarily 
due to an affinity of the drug for the energy-produc- 
ing portions of the cardiac tissue. 


This study suggests that these isolated beating 
rells possess two levels of energy priorities, and 
budget the available ATP accortlingly. Most 
funclamental to the survival of the cell is structural 
maintenance. However, only a relatively small 
portion of total cell energy is actually necessary for 
this function. The second level is maintenance of 
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the complete metabolism of the fatty acids being 
actively transported into the cell. The pathological 
result would be the observed fatty degeneration. 


The dose-related inhibition of emetine upon cell 
growth, maintenance, and proliferation observed in 
this investigation indicates a likely inhibition of 
protein syntheses. Grollman (4) indicates that 
emetine may possess some structural similarity to 
the glutarimide antibiotics and acts similarly by 
physically binding a t  the ribosome and thereby in- 
hibiting the aminoacyl-sRNA transfer reaction in 
protein biosynthesis. The results of this investiga- 
tion neither confirm nor negate the possibility that 
emetine may act at the ribosomal level. However, 
i t  is suggested that the proposed concept of NADH 
inhibition by emetine is of more fundamental con- 
sequence to the cell. While protein synthesis may 
concomitantly be inhibited, i t  appears that the 
apparent inhibition of energy production more con- 
vincingly explains the cardiotoxic propertitx of this 
compound. 
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Fig.  4-Proposed site of cardiotoxic efects of emetine. 


the contractile characteristics. These cells have 
differentiated to such an extent that the metabolism 
has been routed so as to provide continuously large 
quantities of energy For this latter function. From 
the observations of this study, it appears that rapid 
decreases in the available ATP supply, such as 
those induced by emetine, prevent the ability of the 
cell to “dedifferentiate.” That is, enzymatic 
changes necessary to compensate For the drastic 
alteration in available energy cannot occur rapidly 
enough to maintain the cellular functions. Al- 
though much smaller quantities of ATP are pro- 
duced, the same energy priorities exist. Inadequate 
energy is, therefore, provided to  either of the above- 
mentioned energy levels and the result is a loss of 
cellular function and integrity. 


The proposed site of inhibition of cellular energy 
production is illustrated in Fig. 4. The results 
suggest that exogenous NADH by-passes the point of 
inhibition. It should be pointed out that despite 
the apparent functional ability of the electron 
transport system, the inhibition by emetine remains 
a major insult to the ability of the cell to efficiently 
produce high-energy phosphate compounds. This 
was evidence by the slow, yet progressive decreases 
in beating function observed when emetine and 
NADH were perfused simultaneously. 


Pathological Implications of the Proposed Modes 
of Action-The apparent inhibition of mitochondria1 
activity by emetine points the way for a tentative 
explanation of pathological disturbances related 
to emetine toxicfty. This niay range from main- 
tenance of electrolyte gradients, through fat and 
protein metabolism, to the maintenance of the 
cellular structure. 


The reported gastrointestinal side-effects and 
prostration caused by emetine would be a direct 
result of the physical membrane effect associated 
with this drug. Goodman and Gilman (22) also 
believe the reported skeletal muscle effects are 
based solely upon the irritant effects upon the par- 
ticular areas of drug administration. 


The reported abnormalities in cardiac function 
indicate that emetine possesses a degree of pref- 
erential toxicity for the ventricular portions of the 
heart. The results of the present in vitro study have 
indicated also that  isolated atrial cells can resist the 
toxic effects of emetine more effectively than ven- 
tricular cells. 


Emetine has been reported to cause progressive 
cloudy swelling and fatty degeneration of the heart. 
It would be expected that emetine inhibition of 
NADH oxidation in the mitochondria would prevent 
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TABLE I-EFFECTIVENESS OF THE COMPRESSED AIR 


FROM ETHER OVERDOSAGE 
AND HAND TECHNIQUES FOR RESUSCITATING RATS 


7% Survival- 
Ether -Treatment--- 


Time, No Air Hand 
Sec. No. Treat- Tech- T-ech- 


Animals ment nique mque 


Exposure Compressed 


Experiment No. 1 


90 
55 10 


10 


100 
90 10 


10 
120 10 - 100 


40 150 10 
Experiment No. 2 


30 55 10 
10 
10 0 90 
10 


- - 
- 20 


0 - 
- 


- 
- - 
- 
- - 


- - 
20 


0 


- - 
- - 
- - 


The animal was then removed and either placed in a 
prone position with its head turned to one side, or 
subjected to  the compressed air or hand techniques. 
Return of the righting reflex indicated resuscitation 
from the effects of the anesthetic. 


RESULTS AND DISCUSSION 
Exposure to  ether vapors for 55 sec. was lethal to  


70 and 80% of the animals, and for 90 sec. all the 
animals succumbed t o  the anesthetic (Table I). 
Those dying from the 90-sec. exposure showed no 
visible respiratory movements following removal 


from the jar, and death ensued shortly as indicated 
by no palpable heart beat. The compressed air 
technique resuscitated all animals subjected to  the 
ether vapors for 90 and 120 sec. and partially revived 
those exposed for 150 sec. In  contrast, the hand 
method afforded no significant protection to  animals 
exposed to  the anesthetic for either 55 or 90 sec. 
(Table I). 


These results clearly demonstrate the effective- 
ness of the compressed air technique and its super- 
iority to  the hand method. The compressed air 
method hyperventilates the animals and perhaps, 
activates those stimulatory reflexes present in the 
nasal and pharnygeal areas (4). 


The simplicity of this technique is clear, and it 
requires equipment commonly found in the labora- 
tory. 
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A Spectrophotometric Method for the Analysis of Strychnine 
Phosphate in the Presence of Magnesium Stearate 


By JANEUE BARRETT, RAMONA PUCKETT, and R. D. POE 


A spectrophotometric technique for the analysis of strychnine phos hate in  the 
presence of  certain tablet excipients is reported. Tablets contaimng $e alkaloidal 
salt are well dispersed in water, basified, and extracted with chloroform. The 
chloroform solution of the free base is then reacted with bromothymol blue i n  pH 
7.65 buffer and the resultant colored product is quantified by the spectrophotometric 


technique. 


EVERAL METHODS are available for the analysis S of strychnine phosphate, but most of them have 
disadvantages for use in tablet analysis, such as a 
large sample size, lack of precision, tedious pro- 
cedure, or interference from other components pres- 
ent in the tablet. Among these methods are a 
picric acid method (l), a vanadate method (2), a 
titration method (3), a bromophenol blue method 
(4), a reduction and nitrite method (5 ) ,  and a silico- 
tungstic acid method (6). 


In some of the above methods, magnesium 
stearate gives a negative interference. This has 
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been overcome by  a bromothymol blue extraction 
procedure using chloroform, in which an aliquot of 
methanol is added t o  the extract prior to  making 
to  volume. This procedure is simple and gives 
accurate results when applied t o  tablet assays. 


EXPERIMENTAL 
Reagents-Chloroform A.R., methanol A.R., 


phosphate buffer p H  7.65 were used. Mix 50 ml. 
of 0.1 M sodium dihydrogen phosphate with 450 
ml. of 0.1 M disodium hydrogen phosphate. Bromo- 
thymol blue: Prepare 0.018% in pH 7.65 buffer 
and wash twice with chloroform before use. Am- 
monium hydroxide, 10% aqueous. Strychnine 
phosphate standard: the commercially available 
salt should be thoroughly investigated by the usual 
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TABLE 11-RECOVERY OF STRYCHNINE PHOSPHATE 
IN THE PRESENCE OF MAGNESIUM STEARATE 


Amount of Magnesium Percentage of Strychnine 
Stearate Added, mg. Phosphate Found 


2 103 
4 102 
8 100 


12 100 
Average 101 


TABLE I-RECOVERV OF STRYCHNINE PHOSPHATE 
FROM LOT 1 BY VARIOUS METHODS 


Method“ 
1 
2 
3 
4 
5 


Average 
Percentage 


Found 


Code number ex lanation: 1, bromothymol blue method 
with no methanol, 8, modified bromothymol blue method 
with methanol added, 3, bromophenol blue, 4, ammonium 
vanadate method, and 5, picric acid method. ‘Averages 
of four to six samples. CCalculated from absorbances at 
the 400-mfi peak. dCalculated from absorbances at the 360- 
mfi peak. 


techniques of melting point, infrared, ultraviolet 
spectroscopy, and thin-layer chromatography to 
assure its purity and identity as a “house standard.” 


Preparation of Standard-Accurately weigh ap- 
proximately 43.2 mg. of dry strychnine phosphate 
standard. Dilute to 200.0 ml. with water and mix 
well. Pipet 4.0 ml. of the standard into a 125-ml. 
separator. 


Preparation of Sample-Stir two tablets (0.432 
mg. strychnine phosphate per tablet) in 7 ml. of 
water until well disintegrated. Transfer quantita- 
tively with a small amount of water to a 125ml. 
separator. 


Procedure-Add 0.5 nil. of the ammonium hy- 
droxide to each separator. Extract four times with 
20 ml. of chloroform, combining the extracts in 150- 
ml. beakers. Evaporate the extracts to about 5 
ml. on the steam bath. Cool and transfer to a 125- 
ml. separator, washing each beaker with about 5 ml. 
of chloroform, and adding these washings to  the cor- 
responding separator. Add 10 ml. of pH 7.65 buffer 
and 10 ml. of bromothymol blue reagent to each 
one and to  a third separator containing 10 ml. of 
chloroform. Shake well and allow to separate. 
Transfer the chloroform layers to 50-ml. volumetric 
flasks. Add 15.0 ml. of methanol to each volumetric 
flask. 


Extract the buffer layers again with two further 
9-ml. portions and one 5ml .  portion of chloroform, 
and drain the chloroform extracts into the volu- 
metric flasks each time. Make to volume with chlo- 
roform. Mix well and determine the absorbance 
against the reagent blank at approximately 410 nip 
on a suitable spectrophotometer, using I-cm. cells. 
Calculate against the standard. 


DISCUSSION AND RESULTS 


Two lots of a tablet containing strychnine phos- 
phate have been analyzed using the above method. 
The first lot was also analyzed by several other 
procedures. Comparison of the results by the 
different procedures is listed in Table I. The 
second lot, analyzed by the modified bromothymol 
blue method, gave an average recovery of 100% 
for three assays. 


To  ascertain whether lot No. 1 was actually low, 
or whether all of the techniques were inapplicable to 
the tablet in question, individual samples of the 
other ingredients (calcium glycerophosphate, di- 
basic potassium phosphate, lactose, starch, and 
acacia) were weighed to approximately the amounts 
present in the tablet. These samples were added 


individually to aliquots of the standard and were 
assayed against the standard. (The procedure used 
was the bromothymol blue without the addition of 
methanol.) Only magnesium stearate gave any 
appreciable difference. The others gave an average 
recovery of 99%. A precipitate was noticed in the 
magnesium stearate extract. The addition of meth- 
anol cleared the extract. 


Further work indicated that the addition of 
methanol to  blank, standard, and sample gives good 
results. 


The results in Table I1 were obtained using the 
methanol modification of the bromothymol blue 
method for analysis of strychnine phosphate in the 
presence of varying amounts of magnesium stearate. 


Investigations comparable to  the above were con- 
ducted using calcium stearate, zinc stearate, and 
stearic acid. The recovery of strychnine phosphate 
averaged 101% in the presence of 2-10 mg. of zinc 
stearate. The recoveries in the presence of calcium 
stearate and stearic acid were not quantitative by 
the procedure described above. However, addition 
of 1.5 ml. of ammonium hydroxide in lieu of the 
stated 0.5 ml. and filtration (Whatman No. 40) after 
the dye-alkaloid extraction resulted in an average 
recovery of 100% in the case of calcium stearate 
but only 92% in the case of stearic acid. 


Although the picric acid method and the bromo- 
phenol blue method gave comparable results, the 
modified bromothymol blue method was found to 
be preferable for the tablet being analyzed because 
i t  was less tedious than the bromophenol blue 
method and more precise than the picric acid 
method. (One or more washing steps were ab- 
solutely essential to  remove interference in the 
picric acid method.) 
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(4) Grabowicz, W., and Kania, K. ,  Chcm. Anal., Warsaw, 
9,661(1964): through Anal. Abstr., 12,6676(1965). 


(5) Sne!l.,F. D., and Snell, C. T.. “Colorimetric Methods 
of Analysis, vol. 4, 3rd ed., D. Van Nostrand Company, 
Inc., New York. N. Y..  1954, p. 481. 


(6) Ibid. ,  pp. 481482. 
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The synthesis and radioprotective action of several 
analogs of 7,10-ethano-l-thia-4,7-diazaspiro[4.5]- 
decane dihydrochloride will be reported in a later 
publication. 
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sure of mice to 825 r. Since the absorption and fate 
of the test compound has not yet been established, it 
is not known whether the failure to protect was due 
to the route of administration or the lack of absorp 
tion of the compound in the form of the dihydro- 
chloride salt. 


The mechanism(s) by which 7,lO-ethano-1-thia- 
4,7-diazaspiro [4.5] decane dihydrochloride enhances 
the radiation resistance of rodents is not clear. 
However, the fact that the agent provides protection 
when it is administered intraperitoneally 15 min. 
before radiation exposure, places it in the same 
category as the classical chemical radioprotectors 
such as cysteine, cysteamine, or AET which are only 
effective when administered immediately before 
radiation. 
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Preliminary Pharmacology of Ellagic Acid 
from Jnglans nigrct (Black Walnut) 


By U. C. BHARGAVA, B. A. WESTFALL, and D. J. SIEHR* 


A crystalline compound was isolated from Jngkzns niwu which by comparison 
with the known compound was found to be ellagic acid. The ellagic acid injected 
(i.p.) produced significant sedation, ataxia, potentiated sodium entobarbital sleep- 
ing time, and protected mice from death after electroconvubve shock. Intra- 
venous injection of ellagic acid caused a fall in blood pressure and an elevation of 
the T wave, whereas the heart and res iration rate iniually increased followed by a 
decrease. The ellagic acid Y d u &  no significant effect on isolated duodenal 


an uterus segments of the rat. 


URING THE isolation of sedative principles was obtained and characterized as ellagic acid by D from Jugluns nigra, a crystalline compound comparing it with the known compound. Ellagic 
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tract from hulls of Juglans nigra has a depressant 
property in  different species of animals. Perhaps 
the use of walnuts as a vermifuge in  the past also 
might be related to the immobilizing effect of the 
extracts on worms (2). Fiedler and Hildebrand 
(3) studied the pharmacology of ellagic acid t o  
some extent and showed that infusion of ellagic 
acid caused a fall in blood pressure and an in- 
crease in respiration in the guinea pig. Similar 
results were found in the dog by Botti and 
Ratnoff (4). Blumenberg et al. (5) fed rats with 
ellagic acid (50 mg./kg., orally) u p  to  a maximum 
of 45 days. Histological examination of liver and 
other tests showed no evidence of toxicity in 
animals. 


In this present study, some additional pharma- 
cological properties of ellagic acid were estah- 
lished. 
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EXPERIMENTAL 


Isolation and Properties of Ellagic Acid-Two 
kilograms of hulls of Juglans nigra were extracted 
(6) with diethyl ether-butanol mixture (4: 1). The 
extract was evaporated under vacuum and triturated 
with 59;b acetic acid. The acetic acid solution was 
extracted several times with diethyl ether-butanol 
mixture. The organic solvent phase was collected 
and washed several times with NaHCOs solution 
at pH 7.5 and the alkaline solution was acidified 
and extracted with diethyl ether-butanol mixture. 
During the evaporation of the organic solvent phase 
under vacuum, a small quantity of dark brown pow- 
der was obtained. It was washed with cold ethanol, 
dried, and was crystallized from a large volume of 
acetone as pale yellow crystals (10 mg. crystals 
per kg. of hulls). In  succeeding experiments, i t  was 
found that the yield of the yellow crystalline ma- 
terial could be increased (35 mg. crystals per kg. of 
hulls) with reproducible results, if the residue was 
triturated with 40% glacial acetic acid and the sol- 
vent, after filtration, evaporated in a flash evapora- 
tor. Most of the crude crystals separated during 
the evaporation. Additional crystalline material 
was recovered on cooling. The crude material was 
recrystallized from pyridine. 


The high melting point‘ (dec. >360°), the blue 
coloration with ferric chloride, a positive Greiss- 
meyer reaction (7), its behavior on a paper chro- 
matogram (8), and the I R  and UV absorption spec- 
tra of the crystalline compound isolated from black 
walnut hulls were properties identical to  those 
of an authentic sample* of ellagic acid. I R  and UV 
absorption spectra were compared using a Beckman 
I R  7, and a Cary model 14 spectrophotometer, 
respectively. 


Anal.-Calcd. for CI&Os.2H20: C, 49.7; H, 
2.96. Found: C, 48.61; H,  3.21. 


This material was almost insoluble in the usual 


1 Melting point was determined by the Galbraith Labora- 
tories, Inc., Knoxville, Tenn., using Arthur Thomas ap- 
oatatus. 
‘An authentic specimen of ellagic acid was purchased 


a Microanalysis of ellagic acid was also conducted by the 
from Aldrich Chemical Co., Milwaukee, Wisc. 


Galbraith Laboratories. 


organic solvents and water, but dissolved in hot 
pyridine and produced a yellow solution in aqueous 
NaOH. For injection walnut ellagic acid was dis- 
solved in 0.1 N NaOH solution and the pH adjusted 
to 10 for most of the preparations. A high pH 
was essential to keep ellagic acid in solution. 


Animals-Swiss Webster male mice (30-40 g.) 
and Wistar male (220-280 g.) and nonpregnant 
female rats (170-220 g.) were used. Mice were 
housed in groups of five and rats in four. On their 
arrival from the farm, they were fed Purina chow 
and water ad libitum. At least a week was allowed 
after the shipment before the animals were used. 
The rats were anesthetized with sodium pento- 
barbital (50 mg./kg. i.p.) for blood pressure measure- 
ment, and were killed by concussion for isolated 
tissue preparations. 


Spontaneous Activity-A “jiggle” type activity 
cage was used for measuring activity. The vibra- 
tions originated by the movements of the mouse in 
the cage were picked up by a phonograph-type 
crystal pick-up cartridge and converted into elec- 
trical impulses which were recorded automatically 
by a counter. Ninety minutes after ellagic acid 
administration (1-20 mg./kg. i.p.) a mouse was 
placed in each activity cage and after 30 sec. 
activity counts were measured for 5 min. 


Ataxia-For measuring muscular incoordination, 
a rotating rod of diameter 3.5 cm., with a speed of 
5 r.p.m. and located 10 in. above the table was 
used (9). Immediately after measuring the spon- 
taneous activity, the mouse was transferred to the 
rotating rod and the time required for falling off 
(before 5 min.) for each mouse was recorded. Two 
opportunities were given to  each mouse on the rotat- 
ing rod, and if the given mouse remained for more 
than 5 min. in either of the two attempts, “yes” was 
recorded, otherwise “no.” From these observations 
the proportion of mice remaining on the rotating 
rod was calculated. 


Sodium Pentobarbital Sleeping Time-Ninety 
milligrams of ellagic acid/kg. of body weight was 
injected (i.p.) 90 min. prior to sodium pentobarbital 
administration. Then a dose of 50 mg./kg. of 
sodium pentobarbital was injected (i.p.) for narcosis. 
After the mice lost the righting reflex, they were 
left on their backs and their tails were pinched 1 cm. 
distal to the anus every 5 min. Pressure of pinching 
the tails was kept approximately the same every 
time. The sodium pentobarbital sleeping time was 
the time from loss of the righting reflex to return of 
the righting reflex. 


Anticonvulsive Activity--At the peak response 
period which was 90 min. after the ellagic acid 
administration (180 mg./kg. i.p.), electroconvulsive 
shock of 24 ma. for 0.2 sec. (ax.) was applied 
through ear clips (with electrode paste) to each 
mouse (10). The abolition of seizure (tonic extensor) 
was indicative of anticonvulsant effect of drug. 
Usually after such electroshock, the untreated mouse 
dies. Therefore, the number of animals protected 
by ellagic acid from this type of death was calculated. 


Blood Pressure-Blood pressure in rats was 
measured through the femoral artery using a 
Statham pressure transducer. Respiration was 
recorded by inserting one end of tubing into the 
trachea and connecting the other elid to  a volumetric 
pressure transducer (PT-5-A). Lead I1 was used 
for recording the ECG. All responses were recorded 
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by polygraph (Grass). Heart rate was calculated 
from the ECG. Five milligrams of ellagic arid/kg. 
was injected into the femoral vein and not more 
than 0.5 ml. solution was injected at one time. 


Rat Duodenum-Two duodenal segments, ap- 
proximately 3 cm. long, were taken about 1 cm. 
distal from the pyloric region of the stomach. 
These were suspended in Tyrode's solution and 
maintained a t  a temperature of 37". The solution 
was aerated by means of a steady stream of 02. 
One preparation was used as control and another as 
experimental. Recordings of duodenal activity of 
five animals were obtained by means of a force 
displacement transducer attached to  polygraph 
(Grass). After obtaining normal responses, ellagic 
acid (0.01 mg./ml.) was added to one of the prepara- 
tions and the other was considered as a control. 


Rat Uterus-A uterine segment 3 cm. in length 
was removed from each uterine horn of 5 animals 
and they were treated in similar manner as the 
duodenal segments except 0.05 mg./ml. ellagic 
solution was added instead of 0.01 mg./ml. 


RESULTS AND DISCUSSION 


A crystalline product was isolated from the hulls 
of Juglans nigra whose elemental analysis, melting 
point, UV, and IR spectra were identical to those 
of synthetic ellagic acid as shown in Figs. 1 and 2. 
The crystalline material could not be separated 
from synthetic ellagic acid when the substances 
were cochromatographed on paper. 


Injection of ellagic acid in amounts from 1 
mg./kg. to 20 mg./kg. caused a progressive increase 
in sedation as shown in Fig. 3. When the animals 
were placed on the rotating rod, there was a signifi- 
cant decrease in the proportion of mice (which re- 
ceived ellagic acid) remaining on the rotating rod as 
illustrated in Fig. 4. Mlagic acid injected (90 
mg./kg. i.p.) 90 min. prior to  sodium pentobarbital 
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Fig. 1-IR spectra of natural and synthetic ellagic 
acid in mineral oil. Key:  top, synthetic ellagic acid; 


bottom, ellagic acid from black walnut. 
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Fig. 2-U V absorption spectra of natural and syn- 
thetic ellagic acid i n  absolute alcohol and NaOH solu- 
tion. Key:  Top (absolute alcohol); bottom ( in  NaOH 
solution); . . . , synthetic ellagic acid; -, ellagic acid. 
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Fig. 3-Eflect of ellagu acid on spontaneous activity i n  
mzce. Each bar was obtained from the mean f 
S.E.M. of the 18 animals. Statistical signijicance 
(p value) was calculated by comparing the experi- 


mental group with the control. 







Vol. 57, No. 10, October 1968 


Nil0 


1731 


z 
0 


P 4 0 5  P=.005 


"- 
CONTROLlmg./kg. 5mg./kg. 10mg./kg. 20mg./kg - ELLAGIC ACID- 


Fig. 4-Effect of ellagic acid on muscular incoordina- 
tion i n  mice. Each bar was obtained from the propor- 
tion f S.E.P. of the 21 animals which received "yes." 
Statistical signi$cance (p value) was calculated by 
comparing the experimental group with the control. 


injection appeared to  potentiate significantly ( p  
< 0.001) the sleeping time (control: 34.5 f 3.6 
min. S.E.M.; experimental: 64.5 zk 4.2 min. 
S.E.M.), but without sodium pentobarbital, the 
mice receiving ellagic acid did not sleep at all. 
Ellagic acid (180 mg./kg. i.p.) did not show any 
anticonvulsive activity (xe test). However, the 
number of mice remaining alive after electroconvul- 
sive shock was increased. Seven out of 17 
animals remained alive in the controls as compared 
to  14 out of 17 animals in the experimental group. 
These types of action seem to be more like tran- 
quilizers than sedatives. Furthermore, as there 
are very few drugs which protect from electroshock, 
ellagic acid might be potentially useful in this area. 


As illustrated in Fig. 5, intravenous injection of 
ellagic acid (5 mg./kg.) in rats caused a fall in blood 
pressure, whereas an equal volume of saline at pH 
10 produced no change in pressure. In most of the 
animals there was a lag period of approximately 20 
sec. before blood pressure began to fall and the 
maximum drop in blood pressure was approximately 
1 min. after drug administration. Five minutes 
later blood pressure approached a steady level 
which was somewhat less than a control level. 
Heart rate first increased and then decreased and 
the decrease was more pronounced. Respiration 
rate first increased then decreased and after 5 
min. no significant difference from the control was 
observed. During the blood pressure fall, the ampli- 
tude of respiration was also increased. In  the ECG, 
the T wave was elevated approximately after 2 min. 
of ellagic acid administration. Similar results were 
obtained by other workers using guinea pig and 
dog (3, 4). 


t,oC I P 
P -4 I . /  


5mg./k: ELLAGIC ACID TIME, min. 


Fig. 5-Effect of ellagic acid on blood pressure, heart 
rate, and respiration rate i n  rats. Each point was 
obtained from the mean f S E  of the 10 animals. 
Statistical significance (p value) was calculated by 


testing the differences. 


There was no apparent effect observed when 
ellagic acid in a concentration of 0.01 mg./ml. was 
added in the tissue bath of duodenal segments. 
There was a slight increase in amplitude and rate 
of contractions of rat uterine strips in some of the 
animal preparations used, but there was incon- 
sistency in these results. Therefore, not much 
weight could be put on this experiment unless a 
large number of animals were studied and the 
animals divided according to  estrus and nonestrus 
cycle, since the sexual cycle can play an important 
part in response to uterine tone and frequency 
of contractions (11). 


Pharmacological tests of ellagic acid on a broader 
scale are currently in progress. In  order to evaluate 
other active principles present in Juglans nigra, 
crude fractions (6)  such as strong acids and weak 
acids were also injected into rats (i.v.). Like ellagic 
acid both strong acids and weak acids (20 mg./kg. 
i.v.) produced a fall in blood pressure, elevation of 
the T wave, and respiration rate initially increased, 
then decreased. However, after injection of strong 
acids the onset of the blood pressure fall was much 
slower and the maximum drop observed occurred 
between 3 and 3.5 min. after administration of 
strong acids, whereas after injection of weak acids 
the return of blood pressure toward normal was 
much slower. 


SUMMARY 


1. A crystalline compound isolated from black 
walnut hulls was found to  be ellagic acid. 
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2. Intraperitoneal injection of ellagic acid in 
mice produced significant sedation, ataxia, potentia- 
tion of sodium pentobarbital sleeping tirile. arid pro- 
tected the animals from death after elcctroconvulsive 
shock. 


3. Intravenous injection of ellagic acid decreased 
blood pressure and elevated the T wave. Whereas 
heart and respiration rate initially increased then 
decreased. 


4. In ozfro studies indicated that ellagic acid 
appeared to have no apparent effect on activity of 
t h e  duodenal segment and  uterus of the rat. 
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Influence of Dimethyl Sulfoxide (DMSO) on the 
Percutaneous Absorption of Salicylic Acid 


and Sodium Salicylate from Ointments 
By JOSEPH M. STELZER, JR.*, JOHN L. COLAIZZI, and PAUL J. WURDACK 


Dimethyl sulfoxide (DMSO), 1 5  percent by weight, was incorporated into selected 
ointment bases containing 10 percent salicylic acid or 11.6 percent sodium salicy. 
late. Percutaneous absorption was studied by determining salicylate blood levels 
in New Zealand white rabbits at regular intervals for 8 hr. following application 
of the ointment to the shaved intact skin and confinement by a specially designed 
bandage. DMSO in hydrophilic ointment and hydrophilic petrolatum produced 
more rapid drug absorption and higher salicylate blood levels than the control 
systems. Polyethylene glycol ointment and a polyoxyethylene ( 2 0 )  stearyl ether gel 
with DMSO did not produce any significant change in the absorption pattern. The 
salicylate blood levels obtained from percutaneous absorption of sodium salicylate 
in hydrophilic ointment containing DMSO were lower than with control systems. 
In the case of hydrophilic petrolatum, there were no significant differences in ab- 
sorption patterns of sodium salicylate with or without DMSO. Sodium salicylate 
did not appear to be absorbed from polyethylene glycol ointment whether or not 


DMSO was included. 


MONG FACTORS which influence percutaneous A absorption, Barr (1) included such factors 
as the condition of the skin, the thermodynamic 
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properties of the medicament, the effects of 
moisture, the effects of surfactants, the effects of 
pH, and the effects of the vehicle. He indicated 
that organic solvents such as ether, chloroform, 
benzene, and acetone penetrate the skin with 
ease and enhance the percutaneous absorption of 
a drug. 


The object of the following research was to 
determine whether dimethyl sulfoxide (DMSO), 
a relatively nontoxic organic solvent, would alter 
the percutaneous absorption patterns of salicylic 
acid and sodium salicylate when incorporated 
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York, N Y  10003, 1968. 16 X 23.5 cm. x 4- 
496 pp. Price 115s $21.00. 
Emulsion Science is divided into five sections or 


chapters as follows: (1) Principles of Emulsion 
Formation, by E. S. R. Gopal; (2) The Theory of 
Stability of Emulsions, by J. A. Kitchener and P. R. 
Mussellwhite; (3) General Properties of Emulsions 
and their Constituents, by Philip Sherman; (4) 
Rheology of Emulsions, by  Philip Sherman; (5) 
Electrical Properties of Emulsions, by Tetsuya 


Journal of Pharmaceutical S h m s  


volume. There is evidence that the familiar non- 
agreements as to  the meaning of words such as 
tranquilizer, relaxant, antidepressant are present 
between the various authors. This, however, should 
not detract from the main value of the series: the 
presentation in one place of large numbers of 
chemically related compounds with many of their 
comparative pharmacologic effects. The chapter 
on morphine-like analgesics is outstanding. The 
chemical anatomy of the many compounds is 
clearly described. There is a precise definition of 
the meaning of “morphine-like action.” There is 
no attempt made to  describe the morphinelike 
compounds clinically. This volume, like the h t ,  
is recommended for all serious students of phar- 
macology and pharmaceutical chemistry. 


Reviewed by R. P. Ahlquist 
Medical College of Georgia 
Augusta, Ga. 


Hanai. 
The author-editor has done an excellent job in 


correlating and unifying the contributions of the 
other authors. The text is well organized and com- 
prehensive with good continuity and a minimum 
of overlap. The first three sections are primarily 
descriptive, but sufficiently quantitative t o  give 
adequate depth to  the subjects covered. While 
some differences in style and organization may be 
expected, only a minimum is actually encountered. 
For example, demulsi6cation is discussed in Section 
1 while Section 2 is devoted entirely to emulsion 
stability. Section 1 includes a discussion on choice 
of emulsifying agents while Section 3 includes a 
detailed discussion of the HLB system. Careful 
attention has been given to minimizing repetition in 
such instances. 


The first three sections cover about 217 pages of 
the text, while the latter two sections are more 
theoretical and quantitative, occupying about 260 
pages of the text. The section on rheology is rather 
unique in its approach to rheological properties. 
Much of the discussion is based on structural effects 
within the emulsion, not merely on measurement 
data. 


Each section of the text is well documented and 
contains sufficient breadth and depth t o  maintain 
the interest of a broad cross-section of readers. 


Reviewed by Robert V. Petersen 
College of Pharmacy 
The University of Utah 
Salt Lake City, Utah 


Drugs Affecting the Central Nervous System. Vol. 
2 of the Medicinal Research Series. Edited by 
ALFRED BURGER. Marcel Dekker, Inc., 95 Madi- 
son Ave., New York, NY 10016, 1968. xv + 
437 pp. 16 X 24 cm. Price $19.75. 
This second volume of a series continues the 


structural approach t o  drugs affecting the central 
nervous system. Eight chapters cover the general 
topics of narcosis, morphine-like analgesics, anti- 
depressants, psychotomimetic agents, 1,hbenzodia- 
zepine derivatives, centrally acting muscle relaxants, 
and substituted phenothiazines. The chapter on 
psychotomimetic agents by Albert Hofmann is of 
considerable interest. It covers not only his per- 
sonal discovery of the effects of LSD, but is an ex- 
cellent review of the naturally occurring psycho- 
mimetic drugs. As would be expected, the relation- 
ship between chemical structure and clinical action, 
value, or use is not a major contribution of this 


Churacterisatwn and Manipulation of Powders. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, London, W.C.l., England, 1967. viii f 
180 pp. 14 x 22 cm. Price 50s. (1s. 6d. p/p). 
This book is a copy of the handbook prepared 


for a one-week postgraduate course in Powder 
Technology. The course was organized by the 
Pharmaceutical Society of Great Britain and di- 
rected by Professor E. Shotten of the School of 
Pharmacy, University of London in April 1966. 
The book contains outlines of the lectures given by 
ten recognized authorities in the field of powder 
technology, plus 37 experiments and three demon- 
strations. The experiments and demonstrations 
were written by thirteen scientists, most of whom are 
well-known in the pharmaceutical field. 


The book is intended to be a practical manual 
for industrial pharmacists and others who are 
interested in the characterization and manipulation 
of powders. The lectures and experiments cover a 
broad area including particle size analysis, surface 
area measurement, particle cohesion, size reduction, 
mixing, granulation, fluidization, classification, 
crystallization, etc. Unfortunately, as noted in 
its Introduction, this book does lack balance, 
polish, and accurate syntax. The reader will find 
some of the experiments confusing, especially those 
describing operation of apparatus which is not 
named or described. There is also a lack of con- 
tinuity which is not helped by placing the lecture 
outlines in the back of the book. The brevity of 
the course and size of the book also results in the 
omission of much important technology. 


Despite these shortcomings, this book does pro- 
vide an assemblage of information which should be 
useful to  teachers and other workers in this field. 


Reviewed by Manford J. Robinson 
Research and Development Division 
Smilh Kline & French Laboratories 
Philadelphiu, Pa .  








Synthesis and Antibacterial Activity of Certain p-Aminoketones 
By RAJENDRA S. VARMA and W. LEWIS NOBLES 


A series of p-aminoketones has been synthesized under the conditions of the Mannich 
reaction. Most of the compounds have exhibited antibacterial activity. 


8-AMINOKETONES (Mannich bases) have been 
synthesized and screened as antispasmodics, local 
anesthetics, analgesics, and antibacterial agents 
(1-11). In a recent article from this laboratory the 
authors described the synthesis of a group of 8- 
aminoketones derived from l-(N-p-hydroxyethyl-4- 
piperidyl)-3-(4-piperidyl) propane (12). Several of 
these compounds have exhibited antibacterial and 
antiviral activity (13). In this communication the 
synthesis and antibacterial activity of 8-aminoke- 
tones obtained from 4(3-phenylpropyl)-piperidine is 
described. 


BIOLOGICAL DATA 
The p-aminoketones listed in Table I were 


screened in nitro against four organisms: Pseudo- 
monas aeruginosa, Staphylococcus aureus, Myco- 
bacterium smegmalis, and Klebsielh pneumonhe by 
agar diffusion technique. Filter paper disks (6.35 
mm. diameter) saturated with the solution (20 mg./ 
ml.) of the test compound were placed on the agar. 
After 72 hr. of incubation, the zones of inhibition 
around the disks were measured. The results are 
recorded in Table I. A negative sign indicates no 
observable inhibition. 


EXPERIMENTAL 


Melting points were recorded on a Thomas- 
Hoover capillary melting point apparatus and are 
uncorrected. Infrared spectra were observed on a 
Perkin-Elmer model 137 spectrophotometer in 
Nujol mull. Microanalyses were performed by 
Galbraith Laboratories, Inc., Knoxville, Tennessee. 


@-Amhoketone Hydrochlorides-Proceduve A- 
PPhenylpropylpiperidine (5.07 Gm. ; 0.025 mole) 
was dissolved in 5 ml. of ethanol. To this solution 
concentrated hydrochloric acid (2.5 ml. ) was added 
followed by 5 ml. of 37% formalin and 0.025 mole 
of the appropriate ketone. The resulting reaction 
mixture was refluxed for 4 hr. At the end of this 
period some solvent was evaporated under vacuum. 
The contents were then diluted with 50 ml. of 
acetone. Refrigeration of the contents yielded the 
desired product. 


Procedure B-A mixture of 0.025 mole of 4-(3- 
phenylpropy1)piperidine hydrochloride, 0.025 mole 
of the ketone, and 1 Gm. of paraformaldehyde in 
10 ml. of ethanol containing two drops of concen- 
trated hydrochloric acid was heated under r d u x  for 
2 hr. Another 0.5 Gm. of paraformaldehyde was 
added, and the refluxing continued for 3 hr. At the 
end of this period the contents were poured into 50 
ml. of acetone, efter removing some solvent. The 
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product obtained after overnight refrigeration was 
recrystallized from a suitable solvent. 


4 - Phenylpropylpiperidioethyl - 4 - bromophenyl- 
carbinol Hydrochloride (Compound 14)-8-4-(3- 
Phenylpropyl) - piperidine - 4 - bromopropiophenone 
hydrochloride (13.5 Gm., 0.03 mole) was neutralized 
with 10% aqueous sodium hydroxide with cooling. 
The product obtained was filtered and washed 
thoroughly with cold water until washings were 
free from alkali. After air drying, the product was 
suspended in 100 ml. of methanol in a 1-L. flask. 
Three and eight-tenths grams of sodium boro- 
hydride, dissolved in 50 ml. of methanol, was added 
slowly with stirring. During the additions the 
temperature was kept below 50". The reaction mix- 
ture was stirred for an additional 2 hr. and then left 
a t  room temperature overnight. It was filtered and 
the filtrate evaporated to dryness under vacuum. 
Fifty milliliters of water was then added to  the re- 
sidual solid. The resulting mixture was extracted 
with ether. The extract, after washing with water, 
drying over magnesium sulfate, and evaporating the 
ether, yielded a viscous oil which soon solidified. 
It was dissolved in 10 ml. of ethanol, acidified with 
concentrated hydrochloric acid, and poured into 100 
ml. of acetone. Overnight refrigeration of the acidi- 
fied solution gave the desired product. An analytica: 
sample was prepared by recrystallizing from ethanol- 
acetone, m.p. 173-174O; yield, 4.05 Gm. (30%). 
IR: 3333 cm.-' (OH). 


Anal.-Calcd. for G3H31BrClNO: C, 61.00; 
H, 6.90; N,  3.09. Found: C, 61.29; H, 7.14; N, 
3.00. 


DISCUSSION 


4-(3-Phenylpropyl)-piperidine was converted to  
the hydrochloride salt and condensed with formalde- 
hyde and several substituted ketones. Paraformal- 
dehyde, as well as aqueous formalin, yielded satis- 
factory products. The Mannich base hydrochlor- 
ides were usually isolated from the reaction mixture 


KETONES: MICROBIAL SPECTRUM 
TAELE I-ANTIBACTERIAL ACTIVITY OF ~-AMINO- 


- .- 
K. pneu- 
monia.? 


Compound S. aureus P..aeru- ATCC .M. smeg- 
No.' K257 ganosa 8052 malis 


1 + + + + + 2 + + + 3 
4 + + + + 
5 + + + + + + 6 + 


+ 7 
8 


+ 9 
10 + + 
11 + + + i 
12 - + + + 
13 + + + + 
14 + + + + 


- 
- - - 


- + 
+ - - - 


- 
- - 
- - - 


- 


As in Table 11. A negative sign indicates no inhibition. 
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TABLE II-&AMINOKETONES 
0 


Com- 
pound 


No. 
1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


R 
Phenyl 


CChlorophen yl 


CMethylphenyl 


4Fluorophenyl 


4Nitrophenyl 


PEthoxyphenyl 


4-Phenylphenyl 


3-Nitrophenyl 


4-Hydroxyphenyl 


3-Hydroxyphenyl 


3,4,5Trimethoxy- 


4Bromophenyl 


ZThenyl 


phenyl 


7% Analysis- 
Calcd. Found 


C, 74.26 74.48 
H,  8.13 8.25 
N. 3.77 3 76 
C,' 67.96 67 72 
H, 7.19 7.22 
N, 3 .45 3.47 
C, 74.66 74.47 
H. 8.36 8 211 
N; 3.63 3162 
C, 70.85 70.87 
H, 7.50 7.68 
N, 3.59 3.70 
C, 66.25 66.12 
H. 7.01 7 18 
N: 6.72 6:56 
C, 72.16 71.95 
H. 8.24 8.22 
N: 3.37 3.41 
C; 77.75 77.51 
H,  7.65 7.49 
N, 3.13 3.15 
C; 66.25 66.46 
H, 7.01 7.25 
N. 6.72 6.60 
c,' 71.20 71349 
H,  7.80 7.84 
N, 3.61 3.49 
C. 71.20 71.14 
H.. 7.80 7.99 
N; 3.61 3150 
C, 67.61 67.50 
H, 7.86 8.02 
N; 3.03 3.04 
C; 61.25 61.08 
H, 6.48 6.50 
N, 3.11 3.09 


H, 7.55 7.72 
N, 3.62 3.77 


CziHz~ClNOS'/zHz@ C, 65.16 65.55 


Yield," 
% 
53 


64 


46 


44 


48 


60 


44 


40 


51 


49 


52 


51 


33 


M.p., "C. 
173-174 


190-192 


190 


179-181 


175-176 


190-191 


199-200 


159-161 


208-209 


176-178 


171-172 


192-193 


165-166 


Infrared 
C = O  
1685 


1680 


1680 


1675 


1680 


1670 


1670 


1695 


1670 


1690 


1665 


1695 


1650 


+ 
NH 


2475 


2450 


2450 


2500 


2400 


2530 


2500 


2600 


2600 


2600 


2400 


2500 


2500 


Yields are of the products obtained after first recrystallization. Recrystallized from ethanol. Recrystallized from 
aqueous ethanol-acetoue. Recrystallized from ethanol-cetone. 


by adding acetone to  i t  and refrigerating overnight. 
I t  was observed that while using 4-phenylaceto- 
phenone, the best results were obtained when some 
of the solvent was distilled from the reaction mix- 
ture before the addition of acetone. The period re- 
quired to refrigerate the reaction mixture in order to 
get a solid product varied considerably. While 
using 3-nitroacetophenone, a solid product was ob- 
tained after 4 days of refrigeration. Prolonged re- 
frigeration resulted in improved yields. The p- 
aminoketone from 4-bromoacetophenone was re- 
duced to the corresponding r-amino secondary alco- 
hol by sodium borohydride. Infrared spectra of the 
8-aminoketones exhibited characteristic absorption 
bands for carbonyl and NH (14). No carbonyl ab- 
sorption was observed in the infrared spectrum of 
the aminoalcohol; instead, absorption due to OH 
group, as expected, was observed. 


+ 


SUMMARY 
Thirteen 6-aminoketones have been synthesized 


using 4-(3-phenylpropyl)-piperidine and several 


ketones under Mannich reaction conditions. One 
8-aminoketone (No. 12, Table 11) has been reduced 
to  the corresponding 7-amino secondary alcohol by 
sodium borohydride. Antibacterial activities have 
been determined for all compounds described herein. 
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Influence of Starch Concentration on the Disintegration 
Time of Tolbutamide Tablets 


By K. C. COMMONS, A. BERGFN, and G. C. WALKER 


Disintegration tests were performed on tablets com ressed from 16/20,40/60, an 
60/80 mesh granulations prepared by the method of dry granulation to contain 2 5 I 
mg. of tolbutamide and corn starch concentrations of 6, 7,  8 , 9 ,  and 10 ercent in 
each granulation size. I t  might be expected that disintegration time woulf; decrease 
as the percentage of starch in the tablet increased. This does not appear to be the 
case for tolbutamide tablets. Instead, there appears to be a critical starch con- 


centration for different granulation sizes. 


N A NUMBER of instances, poor tablet formulation I has been shown to cause a significant variation 
in gastrointestinal absorption and physiological 
availability of the active ingredient (1-3). Variables 
in the formulation and processing include such fac- 
tors as particle size and shape, binders, diluents, dis- 
integrating agents, lubricants, compression rate, and 
compression pressure as well as physical features of 
the dosage form itself. Alteration of any of these 
factors may influence the disintegration time, dis- 
solution rate, and clinical effectiveness of com- 
pressed tablets. 


Disintegrating agents have been widely used in 
compressed tablets as substances or mixtures of 
substances added to a tablet to facilitate its break- 
up or disintegration following administration (4). 
There have been many classifications of disintegrat- 
ing agents but one of the more recent is that of 
Feinstein and Bartilucci ( 5 )  who divided them into 
starches, clays, celluloses, algins, or gums. Fakouhi 
et al. (6) point out that disintegrating agents gen- 
erally fall into three classes: (a) agents that react 
with moisture to  constitute a foam, (b) effervescent 
substances that react with moisture to form a gas, 
and ( G )  substances that react with moisture to swell 
(most common). The most commonly used agent 
has been starch from various sources but partic 
ularly corn or potato starch. 


A study was undertaken to determine the in- 
fluence of corn starch concentration on the dis- 
integration of tolbutamide tablets prepared from 
various size granules by direct compression. 


EXPERIMENTAL. 
Tolbutamide powder (USP XVI, 100 mesh) was 


dried at 100’ for 24 hr. Approximately 1 Gm. of 
powder at a time was compressed at 10,OOO lb. 
gauge pressure in a Carver hydraulic press using 
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8/4-in. flat-face punches. The slugs were granulated 
using a Fitzpatrick mill and the granules sieved for 
5 min. through 16, 20, 40, 60, and 80-mesh screens 
using an automatic sieve shaker. Granule sizes were 
designated 16/20,40/60, and 60/80 which refers to a 
passage through the first sieve size number designa- 
tion and retention on the second sieve. The 
tolbutamide granules and corn starch (USP XVI, 
moisture content 9.2% w/w) were thoroughly mixed 
to give granulation-starch mixtures containing 6, 7, 
8, 9, and 10% corn starch. Compressed tablets of 
250-mg. tolbutamide content were prepared from 
the various granule-starch combinations using 3/r 


in. shallow concave punches at 2,000 lb. gauge 
pressure in the Carver press. Tablets and granules 
were assayed, and disintegration tests performed, 
using the methods as outlined in the USP XVII (7). 


RESULTS AND DISCUSSION 


Table I shows the average disintegration time of 
compressed tablets prepared from different granule 
sizes and containing varying percentages of corn 
starch. This information is presented graphically 
in Fig. 1. 


It might be expected that disintegration time 
would decrease as the percentage of starch in the 
tablet is increased. This does not appear to be the 
case for tolbutamide tablets. Instead, there ap- 
pears to be a critical starch concentration for differ- 
ent granulation sizes when granulations are prepared 
by methods involving dry granulation and com- 


TABLE I-AVERAGE DISINTEGRATION TIMES IN 
MINUTES OF TOLBUTAMIDE TABLETS 


Starch -ranule Size 
Concn., 


% 16/20 20/40 40/60 60/80 
- - 6 >30 >30 


7 2.3  22.3 >30 >30 
8 1.1 8 .8  28.8 >30 
9 


10 
0.4 0.3 1.9 2.1 


- 0.7 1.0 - 








Drug Stutzdurds 
Morphine Determination in Kaolin 


Pectin Formulations 
By RONALD L. HOUTMAN 


A method has been developed for the quantification of morphine in  kaolin pectin 
formulations containing opium. The  method consists of lyophilizing the suspen- 
sion, washing of the solids with ammonia methanol, complexing with bromothymol 


blue, extraction, silanization, and gas chromatography. 


HE ALKALOIDS of opium are frequently for- T mulated with kaolin and pectin for the symp- 
tomatic relief of acute nonspecific diarrhea. The 
suspensions combine the  adsorbent and detoxi- 
fying demulcent action of kaolin and pectin with 
the sedative and analgesic effects of opium alka- 
loids. 


A number of assay methods are available for 
the quantification of opium alkaloids (1-3). 
Brochmann-Hanssen and Svendsen (4) describe 
the gas chromatography of opium alkaloids 
and Brochmann-Hanssen and Furuya (5) 
identified the alkaloids using a combination of 
gas, thin-layer, and paper chromatography. No 
procedure, however, has been reported involving 
the quantification of opium alkaloids in  kaolin 
pectin suspensions. Bracey and Selzer (6) de- 
scribed a method combining liquid-liquid extrac- 
tion and column chromatography for the deter- 
mination of microgram quantities of belladonna 
alkaloids i n  kaolin pectin suspensions. Similar 
methods, when applied t o  the extraction of mor- 
phine from these suspensions, met with little suc- 
cess i n  this laboratory. 


This paper presents a method for simple elu- 
tion of morphine from the lyophilized kaolin 
pectin formulation. The  morphine is then com- 
plexed with bromothymol blue (7, 8) and the 
complex extracted with chloroform to remove 
interfering excipients. The morphine is mea- 
sured by gas chromatographing the trimethyl- 
silyl derivative. Since the concentration of mor- 
phine in opium extracts is known (1 0%) the assay 
of the extracts in  the product is based on the 
quantification of morphine. 


EXPERIMENTAL 


Instrument-An F & M model 402 gas chromato- 
graph equipped with a flame-ionization detector and 
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tion of mass spectral data. 


glass columns, 1.2 m. long X 3 mm. i d .  was used 
for this work. The columns were packed with 3.8y0 
SE-30 on 80-100 mesh Diatoport S. The carrier gas 
was helium at  a flow rate of approximately 50 ml./ 
min. Hydrogen and air flows were adjusted for 
maximum response. The column was operated 
isothermally a t  200°, the flash heater a t  220°, and 
the detector at 260O. The recorder was equipped 
with a model 227 disk chart integrator for peak 
area measurements. 


Solvents and Reagents-The following reagent 
grade materials were used : chloroform, dimethyl- 
forrnamide, sodium hydroxide, citric acid mono- 
hydrate, sodium phosphate dibasic anhydrous, 
anhydrous methanol, and ammonium hydroxide. 
Other rezgents used were tetraphenyl tin, bromo- 
thymol blue,2 hexamethyldisilazane,a and tetra- 
methylammonium i ~ d i d e . ~  


Solutions-Dye-Buffer Solution-Prepare 500 
ml. of a water solution containing 200 mg. bromo- 
thymol blue, 3.2 ml. of 0.1 N sodium hydroxide, 
577.5 mg. of citric acid monohydrate, and 6.32 g. of 
sodium phosphate dibasic anhydrous. The pH of 
the resulting solution should be between 7.2 and 7.4. 


Internal Standard Solution-Prepare a dimethyl- 
formaniide solution containing 1 mg./ml. of tetra- 
phenyl tin. 


Reference Solution-Transfer an accurately 
weighed portion of morphine sulfate equivalent to 
about 100 mg. of morphine and dissolve i t  in exactly 
100 ml. of water. Transfer 2.0 ml. of this solution 
to a separator, add 20 ml. of dye-buffer solution, 
and extract with four 30-ml. portions of chloroform, 
Take the combined chloroform extracts to  dryness. 
Dissolve the residue in exactly 2.0 ml. of internal 
standard solution, add 2 nil. of hexamethyldisila- 
zane, 10 nig. of tetramethylammonium iodide, and 
allow i t  t o  stand for 2 hr. 


Sample Preparation-Accurately measure and 
lyophilize a volume of well mixed sample equivalent 
to about 2 mg. of morphine. To  lyophilize or 
freeze-dry the sample, shell freeze it in a dry ice- 
acetone bath and place the sample in sufficient 
vacuum to maintain the frozen condition until the 
water is r e m ~ v e d . ~  Quantitatively transfer the 
residues to a 2.5 X 40 cm. glass column with a 


1 Aldrich Chemical Co.. Milwaukee, Wisc. 


3 Applied Science Laboratories, Inc., State College, Pa. 
Eastman Organic Chemicals, Rochester. N. Y. 


Matheson Coleman and Bell, Cincinnati, Ohio. 
Freeze dryer, model FDC-6-Vl5 MKS. available from 


Thermovac Industries, Inc., was used in this laboratory. 
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TABLE I-DETERMINATION OF OPIUM IN KAOLIN 
PECTIN FORMULATIONS 


For- 


tion (Label) Found 
mula- Opium Content 


U 20.0 mg./30 ml. 19.4 mg./30 ml. 
P 15.0 mg./30 ml. 15.2 mg./30 ml. 
D 34.0 rng./30 ml. 23 .5  mg./30 ml. 


fritted disk. Wash the solids with 250 nil. of 5(& 
ammonia methanol and evaporate the eluate to 
dryness. Dissolve the residue in 10 ml. of dye- 
buffer solution and 20 ml. of chloroform. Transfer 
this mixture to a separator and rinse with similar 
portions of dye-buffer solution and chloroform. 
Extract the dye with the chloroform and repeat with 
three additional 30-1111. portions of chloroform and 
take the combined extracts to dryness. Dissolve 
the residue in 2.0 ml. of the internal standard solu- 
tion, add 2 ml. of hexamethyldisilazane, 10 mg. of 
tetramethylammonium iodide, and allow it to stand 
For at least 2 hr. 


Chromatography-Chromatograph 5 pl. each of 
the sample and reference preparations. Using the 
conditions described under Instrument, retention 
times of 10 and 18 min. were obtained for morphine 
and the internal standard, respectively. 


Calculations-Calculate the mg. of morphine 
in each 30.0 ml. of the formulation from the formula: 


RI X A XAO 
R1 X B 


where 


Ri = 


Rt = 


A =  


B =  


sample morphine peak area/internal stan- 
dard peak area 
reference morphine peak area/internal 
standard peak area 
weight in milligrams of morphine in the 
reference preparation 
volume in milliliters of the formulation 
used in the sample preparation 


RESULTS AND DISCUSSION 


The desirable absorptive properties of kaolin 
pectin formulations makes difficult the quantitative 
removal of morphine for analysis. Several ap- 
proaches to  wet extraction including salting out and 
complexing met with little success. Removal of the 
water by lyophilization from the clays apparently 
reduces their adsorptive properties permitting 
elution of morphine with an ammonia-methanol 
mixture. The complexing with bromothymol blue 
and subsequent extraction are necessary to separate 
the morphine from water-soluble excipients. The 
tetramethylammonium iodide is added to  break the 
morphine bromothymol blue complex prior to silani- 
zation. There is no apparent chromatographic 
response from the bromothymol blue. 


A sample was  prepared in this laboratory contain- 
ing 1.95 mg. of morphine/30 ml. of formulation. 
Ten replicate assays of this sample showed 99.57” 
recovery with a coefficient of variation of 1.96%. 


Three commmercial preparations were assayed 


Fig. 1-Chromatogram of an assay preparation from 
a kaolin pectin formulation. Key: A ,  solvent; B ,  


morphine; C, internal standard. 


by this procedure and the results are shown in 
Table I. 


Figure 1 shows a chromatogram resulting from 
the assay of Formulation D. Combination gas 
chromatography-mass spectrometry ( LKB-9OOGC- 
MS) was used to verify the morphine trimethylsilyl 
derivative peak. No effort was made to determine 
the nature of the excipient peaks. 
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York, N Y  10003, 1968. 16 X 23.5 cm. x 4- 
496 pp. Price 115s $21.00. 
Emulsion Science is divided into five sections or 


chapters as follows: (1) Principles of Emulsion 
Formation, by E. S. R. Gopal; (2) The Theory of 
Stability of Emulsions, by J. A. Kitchener and P. R. 
Mussellwhite; (3) General Properties of Emulsions 
and their Constituents, by Philip Sherman; (4) 
Rheology of Emulsions, by  Philip Sherman; (5) 
Electrical Properties of Emulsions, by Tetsuya 


Journal of Pharmaceutical S h m s  


volume. There is evidence that the familiar non- 
agreements as to  the meaning of words such as 
tranquilizer, relaxant, antidepressant are present 
between the various authors. This, however, should 
not detract from the main value of the series: the 
presentation in one place of large numbers of 
chemically related compounds with many of their 
comparative pharmacologic effects. The chapter 
on morphine-like analgesics is outstanding. The 
chemical anatomy of the many compounds is 
clearly described. There is a precise definition of 
the meaning of “morphine-like action.” There is 
no attempt made to  describe the morphinelike 
compounds clinically. This volume, like the h t ,  
is recommended for all serious students of phar- 
macology and pharmaceutical chemistry. 


Reviewed by R. P. Ahlquist 
Medical College of Georgia 
Augusta, Ga. 


Hanai. 
The author-editor has done an excellent job in 


correlating and unifying the contributions of the 
other authors. The text is well organized and com- 
prehensive with good continuity and a minimum 
of overlap. The first three sections are primarily 
descriptive, but sufficiently quantitative t o  give 
adequate depth to  the subjects covered. While 
some differences in style and organization may be 
expected, only a minimum is actually encountered. 
For example, demulsi6cation is discussed in Section 
1 while Section 2 is devoted entirely to emulsion 
stability. Section 1 includes a discussion on choice 
of emulsifying agents while Section 3 includes a 
detailed discussion of the HLB system. Careful 
attention has been given to minimizing repetition in 
such instances. 


The first three sections cover about 217 pages of 
the text, while the latter two sections are more 
theoretical and quantitative, occupying about 260 
pages of the text. The section on rheology is rather 
unique in its approach to rheological properties. 
Much of the discussion is based on structural effects 
within the emulsion, not merely on measurement 
data. 


Each section of the text is well documented and 
contains sufficient breadth and depth t o  maintain 
the interest of a broad cross-section of readers. 


Reviewed by Robert V. Petersen 
College of Pharmacy 
The University of Utah 
Salt Lake City, Utah 


Drugs Affecting the Central Nervous System. Vol. 
2 of the Medicinal Research Series. Edited by 
ALFRED BURGER. Marcel Dekker, Inc., 95 Madi- 
son Ave., New York, NY 10016, 1968. xv + 
437 pp. 16 X 24 cm. Price $19.75. 
This second volume of a series continues the 


structural approach t o  drugs affecting the central 
nervous system. Eight chapters cover the general 
topics of narcosis, morphine-like analgesics, anti- 
depressants, psychotomimetic agents, 1,hbenzodia- 
zepine derivatives, centrally acting muscle relaxants, 
and substituted phenothiazines. The chapter on 
psychotomimetic agents by Albert Hofmann is of 
considerable interest. It covers not only his per- 
sonal discovery of the effects of LSD, but is an ex- 
cellent review of the naturally occurring psycho- 
mimetic drugs. As would be expected, the relation- 
ship between chemical structure and clinical action, 
value, or use is not a major contribution of this 


Churacterisatwn and Manipulation of Powders. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, London, W.C.l., England, 1967. viii f 
180 pp. 14 x 22 cm. Price 50s. (1s. 6d. p/p). 
This book is a copy of the handbook prepared 


for a one-week postgraduate course in Powder 
Technology. The course was organized by the 
Pharmaceutical Society of Great Britain and di- 
rected by Professor E. Shotten of the School of 
Pharmacy, University of London in April 1966. 
The book contains outlines of the lectures given by 
ten recognized authorities in the field of powder 
technology, plus 37 experiments and three demon- 
strations. The experiments and demonstrations 
were written by thirteen scientists, most of whom are 
well-known in the pharmaceutical field. 


The book is intended to be a practical manual 
for industrial pharmacists and others who are 
interested in the characterization and manipulation 
of powders. The lectures and experiments cover a 
broad area including particle size analysis, surface 
area measurement, particle cohesion, size reduction, 
mixing, granulation, fluidization, classification, 
crystallization, etc. Unfortunately, as noted in 
its Introduction, this book does lack balance, 
polish, and accurate syntax. The reader will find 
some of the experiments confusing, especially those 
describing operation of apparatus which is not 
named or described. There is also a lack of con- 
tinuity which is not helped by placing the lecture 
outlines in the back of the book. The brevity of 
the course and size of the book also results in the 
omission of much important technology. 


Despite these shortcomings, this book does pro- 
vide an assemblage of information which should be 
useful to  teachers and other workers in this field. 


Reviewed by Manford J. Robinson 
Research and Development Division 
Smilh Kline & French Laboratories 
Philadelphiu, Pa .  
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Influence of Starch Concentration on the Disintegration 
Time of Tolbutamide Tablets 


By K. C. COMMONS, A. BERGFN, and G. C. WALKER 


Disintegration tests were performed on tablets com ressed from 16/20,40/60, an 
60/80 mesh granulations prepared by the method of dry granulation to contain 2 5 I 
mg. of tolbutamide and corn starch concentrations of 6, 7,  8 , 9 ,  and 10 ercent in 
each granulation size. I t  might be expected that disintegration time woulf; decrease 
as the percentage of starch in the tablet increased. This does not appear to be the 
case for tolbutamide tablets. Instead, there appears to be a critical starch con- 


centration for different granulation sizes. 


N A NUMBER of instances, poor tablet formulation I has been shown to cause a significant variation 
in gastrointestinal absorption and physiological 
availability of the active ingredient (1-3). Variables 
in the formulation and processing include such fac- 
tors as particle size and shape, binders, diluents, dis- 
integrating agents, lubricants, compression rate, and 
compression pressure as well as physical features of 
the dosage form itself. Alteration of any of these 
factors may influence the disintegration time, dis- 
solution rate, and clinical effectiveness of com- 
pressed tablets. 


Disintegrating agents have been widely used in 
compressed tablets as substances or mixtures of 
substances added to a tablet to facilitate its break- 
up or disintegration following administration (4). 
There have been many classifications of disintegrat- 
ing agents but one of the more recent is that of 
Feinstein and Bartilucci ( 5 )  who divided them into 
starches, clays, celluloses, algins, or gums. Fakouhi 
et al. (6) point out that disintegrating agents gen- 
erally fall into three classes: (a) agents that react 
with moisture to  constitute a foam, (b) effervescent 
substances that react with moisture to form a gas, 
and ( G )  substances that react with moisture to swell 
(most common). The most commonly used agent 
has been starch from various sources but partic 
ularly corn or potato starch. 


A study was undertaken to determine the in- 
fluence of corn starch concentration on the dis- 
integration of tolbutamide tablets prepared from 
various size granules by direct compression. 


EXPERIMENTAL. 
Tolbutamide powder (USP XVI, 100 mesh) was 


dried at 100’ for 24 hr. Approximately 1 Gm. of 
powder at a time was compressed at 10,OOO lb. 
gauge pressure in a Carver hydraulic press using 
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8/4-in. flat-face punches. The slugs were granulated 
using a Fitzpatrick mill and the granules sieved for 
5 min. through 16, 20, 40, 60, and 80-mesh screens 
using an automatic sieve shaker. Granule sizes were 
designated 16/20,40/60, and 60/80 which refers to a 
passage through the first sieve size number designa- 
tion and retention on the second sieve. The 
tolbutamide granules and corn starch (USP XVI, 
moisture content 9.2% w/w) were thoroughly mixed 
to give granulation-starch mixtures containing 6, 7, 
8, 9, and 10% corn starch. Compressed tablets of 
250-mg. tolbutamide content were prepared from 
the various granule-starch combinations using 3/r 


in. shallow concave punches at 2,000 lb. gauge 
pressure in the Carver press. Tablets and granules 
were assayed, and disintegration tests performed, 
using the methods as outlined in the USP XVII (7). 


RESULTS AND DISCUSSION 


Table I shows the average disintegration time of 
compressed tablets prepared from different granule 
sizes and containing varying percentages of corn 
starch. This information is presented graphically 
in Fig. 1. 


It might be expected that disintegration time 
would decrease as the percentage of starch in the 
tablet is increased. This does not appear to be the 
case for tolbutamide tablets. Instead, there ap- 
pears to be a critical starch concentration for differ- 
ent granulation sizes when granulations are prepared 
by methods involving dry granulation and com- 


TABLE I-AVERAGE DISINTEGRATION TIMES IN 
MINUTES OF TOLBUTAMIDE TABLETS 


Starch -ranule Size 
Concn., 


% 16/20 20/40 40/60 60/80 
- - 6 >30 >30 


7 2.3  22.3 >30 >30 
8 1.1 8 .8  28.8 >30 
9 


10 
0.4 0.3 1.9 2.1 


- 0.7 1.0 - 
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tablets made using 12-30-mesh granules had longer 
disintegration times than the smaller mesh sizes. 
However, tablets made from granules smaller than 
30 mesh showed decreased disintegration times. It 
is possible that the nature of the bonding is different 
between tablets and that the binders have different 
actions. In the case of magnesium trisilicate 
tablets the small hard core together with the nature 
of the substance probably prevented penetration of 
the center by water. 


When starch is incorporated into a tablet, it is 
found in the channels between the granules. Starch 
is a relatively incompressible substance and tends t o  
increase the porosity of the tablet. If there were no 
starch present in the channels, the tolbutamide 
granules would be deformed under compression to  
partially block the channels. Tablets were pre- 
pared from corn starch soaked in a saturated aqueous 
iodine solution and dried. Fracture of the tablet 
followed by macroscopic and microscopic examina- 
tion suggested that the starch grains form con- 
tinuous chains along the channels between the 
granules even a t  concentrations below those re- 
quired to  make the tablet disintegrate. However, 
it appears that as  the percentage of starch is in- 
creased, thicker chains of starch are formed in the 
pore channels, thus enlarging the pores. This pore 
enlargement could allow water to enter the tablet 
more readily. Patel and Hopponen (12) have shown 
that where contact of starch grains in the inter- 
particle spaces is continuous, disintegration is most 
rapid. They have also found that dried corn starch 
increased in volume by 78y0 when suspended in 
water. This increase in volume strongly suggests 
that swelling is the principal mechanism of action of 
corn starch as a disintegrator. Wurster and Seitz 
(13) have demonstrated that a small pore size which 
could be occluded by air would hinder entry of water 
into the tablet. This would be particularly true in 
the case of a hydrophobic substance such as tol- 
butamide. In this case, disintegration of the tablet 
would be slowed but could continue as the pores are 
enlarged by expanding starch grains near the surface 
of the tablet. Wurster and Seitz concluded that 
capillarity itself does not appear to have a dis- 
integrating effect although it may be a factor in aid- 
ing entry of water into the tablet when pore size is 
favorable. 


The critical starch concentration may have prac- 
tical significance in both wet and dry. granulation 
procedures, but particularly in view of the increasing 
tendency to use methods of dry granulation and 
direct compression in the pharmaceutical industry. 
Similar results have been secured using acetyl- 
salicylic acid, salicylamide, and phenylbutazone. 
Preliminary in  vivo studies using acetylsalicylic acid 
have shown good correlation between disintegration, 
dissolution, urinary excretion, and critical starch 
concentration. These results will be published 
shortly. 
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Fig. I-Disintegration times, determined by the USP 
X VI method, of tolbutamide tablets prepared from 
different granule sizes and containing varying corn 
starch concentrations. Key:  A ,  16/20 granules; 
B .  20 /M granules; C,  40160 granules; 11, 60/80 


granules. 


pression. I n  most cases, tablets failed to dis- 
integrate a t  a particular percentage of starch but 
disintegrated when the starch concentration was 
increased by about 1%. For example, tablets pre- 
pared from 16/20-mesh granules containing 6% corn 
starch failed to disintegrate within 30 min., whereas 
tablets containing 7% corn starch disintegrated in an 
average time of 2.3 min. 


Curlin has suggested that the disintegration of 
tablets containing starch is due to  capillary action 
(8). The more widely held view is that disintegra- 
tion is caused by absorption of water by the disinte- 
grating agent and development of pressure within 
the tablet caused by swelling or expansion of the 
disintegrating agent (8-10). Fakouhi et al. (6) in 
their studies of lactose tablet disintegration with 
powdered corn cob, powdered redwood bark, wood 
flour, powdered Douglas fir, methylcellulose, and 
corn starch point out that a decrease in disintegra- 
tion time would be expected with an increase in 
concentration of the agent, but in the case of methyl- 
cellulose, redwood bark, and Douglas fir this was not 
experienced. The authors suggest that these sub- 
stances possess adhesive or binding properties with a 
tendency to  form adhesive gels when hydrated thus 
suggesting an optimum or maximum quantity of 
these substances beyond which tablet disintegration 
will be retarded. The mechanism of disintegration 
action for all agents is probably the same, i .e. ,  swell- 
ing in contact with water and subsequent rupture 
but with the necessary absorption of sufficient 
moisture. Forlano and Chavkin (11) used separate 
granulations of sodium bicarbonate, lactose, and 
magnesium trisilicate in mesh sizes ranging from 6-8 
to 140-200 in increments of 2 mesh sizes with one at  
200 mesh and finer to  study the influence of granule 
size and capping in compressed tablets. In the case 
of sodium bicarbonate and lactose tablets, granules 
of 16-60 mesh showed the longest disintegration 
times. As the granule size decreased below 60 mesh 
the disintegration time decreased with an unexpected 
rise a t  100-140 mesh, followed by a decrease at  
140-200 mesh. In  the case of magnesium trisilicate, 
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Influence of Metallic Ions on the Antituberculous 
Activity of Isonicotinoyl Hydrazones 


By V. A. E. VOYATZAKIS*, G. S. VASILIKIOTISt, G. KARAGEORGIOU$, and IR. KASSAPOGLOUS 


Eleven isonicotinoyl hydrazones were prepared and they were tested in uitro as anti- 
tubercular agents. The  effects of cupric and cobalt ions on their activity were inves- 


tigated. 


HE SPECIFIC activity of isonicotinic acid hy- T drazide (isoniazid I )  against tubercle bacilli sug- 
gests interference with an essential metabolite. I t  
has been shown (1, 2) that isoniazid combines with 
cupric ions to give 1 : 1 Cu-isoniazid complex (11) 
and 1 : 2, respectively. It also has been claimed that 
the action of isoniazid against M. tuberculosis i n  
vitro is increased when copper is supplied in excess 
of that normally present in the medium (2). 


Moreover it has been shown (3) that 8-hydroxy- 
quinoline (oxine) and related substances are toxic 
to  bacteria only when traces of iron or copper ions 
are present in the medium. In this case the 1: 1 
metal complex has been shown to be the true toxic 
agent (4). The hypothesis was put forward that 
oxine is active due to  the combination with these 
metal ions in the medium and that the complexes 
thus formed catalyze the oxidation of essential cell 
constituents. Cobalt can prevent injury to  the cells, 
and it was suggested that this ion may be an essential 
cell constituent whose function is to protect, from 
oxidative destruction a vitally important chemical 
group. However, Albert (5) pointed out that while 
chelation might play some part in the activity of 
isoniazid, there must be some more important factor 
since the closely related picolinic acid hydrazide was 
less effective against tubercle bacilli but showed a 
metal affinity 10ato 100 times that of isoniazid. 


Youatt (6) who investigated the effect of cupric ions 
on the uptake of hydrazides, found that copper 
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prevented the development of strains resistant to  
isoniazid and increased the sensitivity to hydrazides 
of a strain which was already resistant to isoniazid. 
Stimulation of isoniazid uptake was still observed if 
the cells were exposed to  copper ions and then 
washed before the addition of the isoniazid. This 
suggests that copper may first be bound to the cell 
and that chelation may occur on or in the cell. 


Among the most active derivatives of isoniazid 
are its hydrazones. Fox and Gibas (7) have shown 
that 1-isonicotinoyl-2isopropylidene hydrazone was 
very active against tubercle bacilli. Shchukina 
et al. ( 8 )  synthesized a number of isonicotinoyl hy- 
drazones from aldehydes and ketones. Their 
biological tests, as antitubercular agents indicated 
that some of these are more active i n  Gvo and far less 
toxic in mice. Sah and Peoples (9) reported also 
that a large number of isonicotinoyl hydrazones 
possess very high i n  vivo activity against M. tubercu- 
losis, H 37 Rv, higher than that of streptomycin, and 
a t  least of the same order of magnitude as isoniazid. 
Recently Chakravarty, Bose, and Bose (10) syn- 
thesized some isonicotinoyl hydrazones which 
showed antituberculous activity comparable to  
that of isoniazid (Table I). 


(a )  the synthesis 
of 11 isonicotinoyl hydrazones derived from 
substituted aromatic aldehydes and ketones having 
the general formula (111); (b) their microbiological 
examination i n  Vitro as antitubercular agents, and 
( c )  the influence of cupric and cobalt ions on their 
activity. 


In this paper there is reported: 


EXPERIMENTAL 


Preparation of Isonicotinoyl Hydrazones-The 
hydrazones used in this study were synthesized ac- 
cording to the method of Sah and Peoples (9). All 
of them were recrystallized twice from methanol 
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2. Intraperitoneal injection of ellagic acid in 
mice produced significant sedation, ataxia, potentia- 
tion of sodium pentobarbital sleeping tirile. arid pro- 
tected the animals from death after elcctroconvulsive 
shock. 


3. Intravenous injection of ellagic acid decreased 
blood pressure and elevated the T wave. Whereas 
heart and respiration rate initially increased then 
decreased. 


4. In ozfro studies indicated that ellagic acid 
appeared to have no apparent effect on activity of 
t h e  duodenal segment and  uterus of the rat. 
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Influence of Dimethyl Sulfoxide (DMSO) on the 
Percutaneous Absorption of Salicylic Acid 


and Sodium Salicylate from Ointments 
By JOSEPH M. STELZER, JR.*, JOHN L. COLAIZZI, and PAUL J. WURDACK 


Dimethyl sulfoxide (DMSO), 1 5  percent by weight, was incorporated into selected 
ointment bases containing 10 percent salicylic acid or 11.6 percent sodium salicy. 
late. Percutaneous absorption was studied by determining salicylate blood levels 
in New Zealand white rabbits at regular intervals for 8 hr. following application 
of the ointment to the shaved intact skin and confinement by a specially designed 
bandage. DMSO in hydrophilic ointment and hydrophilic petrolatum produced 
more rapid drug absorption and higher salicylate blood levels than the control 
systems. Polyethylene glycol ointment and a polyoxyethylene ( 2 0 )  stearyl ether gel 
with DMSO did not produce any significant change in the absorption pattern. The 
salicylate blood levels obtained from percutaneous absorption of sodium salicylate 
in hydrophilic ointment containing DMSO were lower than with control systems. 
In the case of hydrophilic petrolatum, there were no significant differences in ab- 
sorption patterns of sodium salicylate with or without DMSO. Sodium salicylate 
did not appear to be absorbed from polyethylene glycol ointment whether or not 


DMSO was included. 


MONG FACTORS which influence percutaneous A absorption, Barr (1) included such factors 
as the condition of the skin, the thermodynamic 
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properties of the medicament, the effects of 
moisture, the effects of surfactants, the effects of 
pH, and the effects of the vehicle. He indicated 
that organic solvents such as ether, chloroform, 
benzene, and acetone penetrate the skin with 
ease and enhance the percutaneous absorption of 
a drug. 


The object of the following research was to 
determine whether dimethyl sulfoxide (DMSO), 
a relatively nontoxic organic solvent, would alter 
the percutaneous absorption patterns of salicylic 
acid and sodium salicylate when incorporated 
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into hydrophilic ointment USP, polyethylene 
glycol (PEG) ointment USP, hydrophilic petro- 
latum USP, and a polyoxyethylene (20) stearyl 
ether1 (PSE) gel system. 


Biologically, DMSO has demonstrated a broad 
spectrum of activities including the enhancement 
of penetration through plant and animal mem- 
branes (2). DMSO has been suggested for 
possible use as an analgesic agent, anti-inflamma- 
tory adjunct, bacteriostatic agent, diuretic, 
tranquilizer, potentiator of other compounds, 
and penetrant carrier (3). DMSO was reported 
to facilitate the transport of sodium salicylate, 
sodium sulfadiazine, aminophylline, Evans blue 
dye, and sodium heparin across the mucous 
membrane of a dog's bladder (4). By recording 
the presence or absence of a physiologic reaction 
in adult humans after topical application, 
Stoughton and Fritsch (5) presented evidence 
that DMSO caused an increase in cutaneous 
absorption in the order of 25-fold for hexopyrro- 
nium ion in 20% DMSO, 25-fold increase for 
naphazoline hydrochloride in 50% DMSO, and 
a fivefold increase for fluocinolone acetonide in 
25% DMSO. Kligman (2) concluded from his 
experimentation that if DMSO is to be clinically 
useful, quite concentrated solutions, perhaps 80 
to 90% would be required to accelerate the rate of 
topical medicaments such as corticosteroids 
through the skin. 


The mechanism of increased membrane perme- 
ability effected by DMSO is essentially unknown. 
Jacob et al. (4) has pointed out that the carrier 
mechanism brought about by DMSO might be 
related to the facts that it is a weak base and that 
i t  forms complexes with various substances. 
The attraction of DMSO for water should also 
be considered as a possible factor involved in 
altered membrane permeability in the presence 
of DMSO. 


Dimethyl sulfoxide is relatively nontoxic. 
Block (6) indicates that i t  is nonirritating and 
nontoxic to skin of rabbits. Jacob and Rosen- 
baum (7) have summarized some of the known 
toxicologic information on DMSO. It has been 
reported that a topical application of 90 to 100% 
DMSO with occlusive covering to human skin 
resulted in a papulovesicular reaction After 1 hr. 
of occlusion which disappeared in a few hours. 
The vesiculating ceases abruptly whea the con- 
centration is reduced to 80% or lower (2). In 
later toxicity studies, Rubin and Barnett (8) 
noted unusual lenticular changes id animals 
tested. Changes in the lens were characterized 
by division of the lens into two zones, a central 
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area simulating a lens nucleus and a peripheral 
area. These changes were noted after 90 days 
of dermal application of 4 ml. 100% DMSO/kg. 
of body weight/day in rabbits and swine. No 
such changes have been noted in humans (9, 10). 
Kleberger (11) applied DMSO to the skin of five 
human subjects in daily doses ranging from 30 to 
800 ml. No change in lens structure was noted. 
He suggested that the refractive changes seen in 
animals might be due to the extremely large 
doses of DMSO received. 


EXPERIMENTAL 


Preparation of Ointments-Salicylic acid2 and 
sodium salicylate,2 previously reduced to fine 
powders in a ball mill, were each passed through a 
No. 80 mesh sieve and dried at 50" in a heated 
vacuum desiccatora for at least 48 hr. before use. 
The ointments prepared contained 10% (w/w) 
salicylic acid or 11.6%4 (w/w) sodium salicylate 
and 15'% (w/w) of medicinal grade dimethyl 
sulfoxide.s Each ingredient was accurately weighed 
and incorporated into the various ointment bases. 
Bases used were hydrophilic ointment USP XVII, 
hydrophilic petrolatum USP XVII, polyethylene 
glycol ointment USP XVII, and a polyoxyethylene 
(20) stearyl ether gel system.6 


Test Animals-The test ointment containing 
DMSO was compared to a control ointment that 
was similar in all respects to the test ointment 
except that it did not contain DMSO. Each set of 
ointments was applied to two pairs of New Zealand 
white rabbits weighing between 2.8 and 3.6 kg. 
The rabbits were randomly selected without regard 
to sex. Each rabbit was used only four times and 
received the same ointment base in each test. Only 
one pair of rabbits was utilized during any one 
experimental day due to space and time limitations. 
The two ointments compared on that  day differed 
with respect to the presence of DMSO in the one, 
and its absence in the other. Within each pair, 
the rabbits were alternated weekly. The rabbit 
receiving the test ointment for the 6rst test run 
received the control ointment for the second run and 
vice versa. For two of the four experimental runs 
each rabbit received the test ointment with DMSO, 
while for the other two runs, the same rabbit re- 
ceived the control ointment without DMSO. 
A 7-day rest period ensued before reapplication of 
ointments. The animals were maintained on Purina 
rabbit chow and water ad libitum and housed in- 
dividually in an animal room maintained at a tem- 
perature of approximately 20' and at a relative 
humidity of approximately 50%. Twenty-four 
hours prior to the application of the ointment to the 


2 Analytical reagent grade, Mallinckrodt Chemical Works, 


8 Model No. 68351, Precision Scientific Co., Chicago, 
St. Louis, Mo. 


Ill. 
4 11.6% sodium salicylate is equivalent to 10% salicylic 


acid. 
5 Generously supplied by Crown Zellerbach Corp., 


Camas, Wash. 
6 The gel was prepared by adding 1 part water to 3 parts 


PSE. The water and PSE were separately heated to 70° 
on a steam bath. The two were then removed from the 
heat and added together with stirring until gel was formed. 
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TABLE I-BLOOD SALICYLATE CONCENTRATIONS OBTAINED PROM OINTMENTS CONTAINING SALICYLIC  ACID^ 


-Hydrophilic Ointment, mg. %-- -Hydro hilic Petrolatum, mg. %-- 
Time, hr. Testb Control Test B Control 


0 . 5  
1 
2 
3 
4 
5 
6 
7 
8 


0 . 5  
1 
2 
3 
4 
5 
6 
7 
8 


2.68 f 0.83 
6.33 f 1.89 


10.44 f 2.42 
10.41 f 1.61 
9.21 f 1.54 
7.53 f 2.27 
6.24 f 2.21 
5.31 f 2.07 
3.80 f 1.46 


-PEG Ointment, 
Test 


0 .34  f 0.17 
0.09 f 0.03 
0.31 f 0.03 
0.47 f 0.16 
0.83 f 0.54 
0.69 f 0.30 
1.14 f 0.58 
1.08 f 0.49 
0.92 f 0.49 


0.75 f 0.22 
2.38 f 0.83 
3.91 f 0.65  
5.49 f 0.86 
5.45 f 1.09 
5.81 f 1.39 
4.23 f 1.03 
4.06 f 1.07 
2.80 f 0.88 
mg. %- 


0.03 f 0.03 
0.13 f 0.05 
0.12 f 0.05 
0.50 f 0.14 
0.30 f 0.07 
0.38 f 0.22 
0.52 f 0.10 
0.19 f 0.07 
0.94 f 0.36 


Control 


3.53 f 0.51 
6.80 f 0.53 
8.71 f 0.49 
9 .68  f 0.80 
8.72 f 0.31 
7.52 f 0.96 


0.55 f 0.34 
1 . 0 1  f 0.39 
1.63 f 0.32 
2.50 f 0.29 
3.32 f 0.64 
3 .38  f 0.39 


6.20 f 0.97 
5.01 f 0.84 
5.00 f 0.74 


PSI3 
Testb 


1.18 f 0.73 
1.89 f 1.35 
2.54 f 1 . 0 0  
2 .51 f 0.87 
2.66 f 1.10 
2.11 f 0.78 
2 .38  f 0.55 
1.36 f 0.30 
1.50 f 0.49 


3.56 f 0.66 
3.73 f 0.76 
3.82 f 1.03 


Gel, mg. yo------- 
Control 


0.76 f 0.36 
0.66 f 0.29 
1.27 f 0.57 
2.50 f 1.19 
1.84 f 0.87 
1.45 f 0.69 
1.91 f 0.69 
1.41 f 0.43 
2.01 f 0.92 


aAverage of eight determinations with standard error of the mean. bContains 10% salicylic acid and 15% DMSO in 
ointment base. Contains 10% salicylic acid in ointment base. 


rabbit, hair was removed with an animal clipper’ 
from the skin of the ears and the dorsal area between 
the forelegs and hind legs on both sides of the spine. 


Application of Ointment-A specially prepared 
bandage restricted and controlled the area of con- 
tact between the ointment and the skin of the rabbit. 
The edges of an 8.35 X 14.7 cm. piece of aluminum 
foil were doubled over and flattened 1 cm. on each 
side to produce a rectangular plate measuring 6.35 X 
12.7 cm. with a 1-cm. reinforced margin. An 
accurately weighed 5.00-g. sample of the selected 
ointment was uniformly spread over one surface 
of the plate whose opposite side was centered on an 
8.9 X 20 cm. strip of adhesive tape. The entire 
assembly was then applied to the shaved dorsal 
skin of the rabbit and adjusted to conform to the 
contours of the area. To insure adequate contact 
between the ointment and the skin and to minimize 
contamination, the assembly was covered with two 
elastic bandages.8 The bandage arrangement em- 
ployed was adapted from Stolar et al. (12). The oint- 
ment remained in contact with the skin for the &hr. 
experimental period, during which time the rabbit 
did not receive food or water. 


Procedure-Blood samples were withdrawn and 
tested for blood salicylate concentration. One-half 
milliliter of blood was withdrawn from the marginal 
ear vein of the rabbit at the following time periods: 
prior to application of ointment, 0.5 hr. after oint- 
ment application, and at hourly intervals for 8 hr. 
after application of the ointment. The 0.5 ml. of 
blood was collected in a syringe0 containing 0.1 ml. 
of heparin USP,’o 5,000 units/ml. This blood and 
heparin mixture was added to 5.0 ml. of the com- 
bined protein precipitant-color reagent in a cen- 
trifuge tube and analyzed for salicylate content 
according to the method described by Trinder (13). 


7 Model No. A-2 with size 40 head, John Oster Manu- 


8 Readi-flex bandages generously supplied by Parke, 


0 Glaspak disposable tuberculin syringe, Becton, Dickin- 


10 Generously supplied by the Upjjohn Co., Kalamazoo, 


facturing Co.. Milwaukee, Wisc. 


Davis & Co.. Detroit, Mich. 


son, and Co., Rutherford, N. Y. 


Mich. 


After centrifugation and filtration the colorimetric 
analysis for salicylate was performed at a wave- 
length setting of 540 mp using a Spectronic “20”11 
spectrophotometer. The absorbance reading ob- 
tained from the blood sample withdrawn prior to 
application was considered the zero reading and 
was subtracted from the other readings to account 
for any absorbance contributed by any constituents 
in the blood other than the salicylic acid. The 
salicylate content of the sample was obtained from 
a standard curve previously prepared by treating 
0.1 ml. of heparin and 0.5-ml. quantities of sodium 
salicylate solutions containing the equivalent of 
10, 20, 30, 40, and 50 mg. yo of salicylic acid, with 
5.0 ml. of color reagent. 


Statistical inferences drawn concerning the results 
obtained in this study were based upon a randomized 
blocks design analysis of variance at a 95% level 
of significance, using two treatments and four 
blocks (14). 


RESULTS 


DMSO, 15% by weight, was incorporated into 
the four selected ointment bases (Table I) containing 
10% (w/w) salicylic acid. 


A stiff, white ointment resulted when hydrophilic 
ointment was combined with 10% salicylic acid. 
The addition of 15% DMSO altered the consistency, 
producing a slightly softer ointment. Figure 1 
illustrates the altered percutaneous absorption 
pattern of salicylic acid obtained upon the addition 
of DMSO to hydrophilic ointment. The statistical 
analysis of the results illustrated in Fig. 1 showed 
that the salicylate blood levels obtained with the 
ointments containing DMSO were significantly 
higher than with the controls for the determinations 
made 1, 2, 3, and 4 hr. following application of 
ointment. Statistical analysis of the data illustrated 
in Figs. 2 and 3 indicates that the addition of DMSO 
in a 15% (w/w) concentration produced no signifi- 
cant change in the absorption pattern of salicylic 


1’ Bausch and Lomb. Kochester. N. Y. 
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Fig. 1-Effect of DMSO on 
percutaneous absorption of 
1Oyo salicylic acid from 
hydrophilic ointment. Key:  


0- - -, control. 
@--, 15% DMSO added; 


'I;, . , * , . . , 
0 0 1  2 3 . 0 6 ,  II 


TIYE. k 


acid when added to PEG ointment or to PSE gel, 
both containing 10% salicylic acid. PEG ointment 
with 10% salicylic acid was a stiff, glossy white 
ointment that softened slightly when 15% DMSO 
was added. When 10% salicylic acid was combined 
with the PSE gel system, the gel liquified. After 
standing undisturbed for 15 min. the system again 
congealed. The addition of 15y0 DMSO caused 
the gel to liquify again and at room temperature it 
remained in this condition. This resultant liquid 
system, when refrigerated at 10-15', congealed. 


Fig. 2-Effect of DMSO on 
percutaneous absorption of 
10% salicylic acid from 
polyethylene glycol oint- 
ment. Key: @--, 15y0 
DMSO added; 0 - -, con- 


trol. 


T l M .  h 


Figure 4 indicates that a more rapid drug absorp- 
tion and higher salicylate blood levels were achieved 
when 15% DMSO was added to hydrophilic petro- 
latum containing 10% salicylic acid. The statistical 
analysis of the study involving the percutaneous 
absorption of salicylic acid from hydrophilic petro- 
latum showed that the blood levels obtained with 
the ointments containing DMSO were significantly 
higher than with the controls up to and including 
the determinations performed 5 hr. after initial 
ointment application. The absorption was approxi- 
mately four times greater than that obtained when 
no DMSO was present. Hydrophilic petrolatum 


4 Fig. .?-Effect of DMSO on 
percutaneous absorption of 
10% salicylic acid from a 
polyoxyethylene (20) steuryl 
ether pd. Key: @--, 15% 
DMSO added; 0 - -, con- 


trol. 


Fig. 4-Effect of DMSO 
on percutaneous absorption 
of loyo salicylic acid from 
hydrophilic petrolatum. 
Key: @--, 15% DMSO 
added; 0- - -, control. 


containing 10% salicylic acid formed a smooth, 
translucent ointment. Upon addition of 15% 
DMSO no change in the ointment consistency was 
noticed. After standing for 24 hr., droplets of 
DMSO appeared on the surface of the ointment. 
The droplets of liquid could be reincorporated into 
the ointment by additional mixing. 


Hydrophilic ointment and hydrophilic petrolatum 
both containing 11.6% sodium salicylate and 15% 
DMSO, were compared to  control ointments without 
DMSO, as indicated in Table 11. The blood level 
patterns obtained in these studies with sodium 
salicylate are shown in Fig. 5 (hydrophilic ointment) 
and Fig. 6 (hydrophilic petrolatum). Statistical 
analysis showed that DMSO appeared to  signifi- 
cantly decrease percutaneous absorption of sodium 
salicylate from hydrophilic ointment after about 5 
hr. from the time of ointment application. The 
results of the study with hydrophilic petrolatum 
showed no statistically significant differences be- 
tween the ointments containing DMSO and the 
controls. The preparations containing the hydro- 
philic ointment as the base were opaque white and 
had the same smooth consistency. The two sodium 
salicylate ointments prepared with hydrophilic 
petrolatum were smooth and white with no notice- 
able change in consistency resulting from the addi- 
tion of 15% DMSO. 


A stiff, glossy white ointment resulted when 
sodium salicylate in an 11.6% (w/w) concentration 
was added to polyethylene glycol ointment. The 
addition of 15% DMSO caused a slight softening 
of the ointment. Sodium salicylate did not appear 
to be significantly absorbed from polyethylene 
glycol ointment whether or not DMSO was present. 


DISCUSSION 


A statistical analysis of the results of this study 
indicated that DMSO functioned as a penetrant 
carrier, enhancing the percutaneous absorption of 
salicylic acid from both hydrophilic ointment and 
hydrophilic petrolatum. DMSO appeared, how- 
ever, to have a reverse effect on the percutaneous 
absorption of sodium salicylate from hydrophilic 
ointment. In the case of sodium salicylate, thc 
salicylate blood levels observed when DMSO was 
incorporated into the hydrophilic systems were 
lower than with the control ointment. Figures 2 and 
3 indicate that DMSO appeared to  produce only a 
slight increase in the percutaneous absorption pat- 
tern of salicylic acid from polyethylene glycol 
ointment and the polyoxyethylene (20) stearyl 
ether gel, but this increase was not found to bc 
statistically significant. In addition, the-slight 
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TABLE II-BLOOD SALICYLATE CONCENTRATIONS OBTAINED FROM OINTMENTS CONTAINING 
SODIUM SALICYLATE~ 


-Hydrophilic Ointment, mg. %-- YHydrophi l i c  Petrolatum, mg. %-- 
Time, hr. Testb Control Test Control 


12, 


11. 


10. 


9-  


e -  
E 


r7. 


2 6 -  


a '  
2- 


0 . 5  0.20 f 0.20 0.19 f 0.12 0.13 f 0.13 O f 0  
1 0.40 f 0.40 0.44 f 0.16 O f 0  O f 0  
2 0.19 f 0.12 0.56 f 0.21 0.13 f 0.07 0.33 f 0 . 2  
3 0.44 f 0.16 1.20 f 0.48 0 .13  f 0.13 O f 0  
4 0.51 f 0.28 2.23 f 0.34 0.29 f 0.21 0.61 f 0.15 
5 0.66 f 0.27 2.95 f 0.63 0.41 f 0.19 1.40 f 0.39 
6 0.91 f 0.19 3.19 f 0.25 0.19 f 0.12 1.46 f 0.33 
7 0.88 f 0.05 3.39 f 0.23 0 .74  f 0.22 2.09 f 0.48 
8 1.38 f 0.33 4.03 f 0.47 1.11 f 0.43 2.83 f 0.56 


Fig. 5-Effect of DMSO 
on percutaneous absorption 
of 11.60/, sodium salicylate 
from hydrophilic ointment. 


ro Key:  a-, 15% DMSO 
added; 0 - -, control. ,,o. 0-4' 


2: ?'' 


a Average of eight determinations with standard error of the mean. bContains 11.6% sodium salicylate and 15% UMSO 
in ointment base. Contains 11.6% sodium salicylate in ointment base. 


decrease that resulted in the percutaneous absorp- 
tion pattern when sodium salicylate was incorporated 
with DMSO and hydrophilic petrolatum was 
found not to  be statistically significant. DMSO 
appeared to have no effect on sodium salicylate 
absorption from polyethylene glycol ointment. 


The 10% salicylic acid in the ointment systems 
was completely solubilized by the quantity of 
DMSO added to  the ointment, but only about one- 
third of the quantity of 11.670 sodium salicylate 
was solubilized in the same volume of DMSO. 
The addition of DMSO resulted in significantly in- 
creased absorption for both hydrophilic ointment 
and hydrophilic petrolatum which might be at- 
tributed to  the ability of DMSO to solubilize 
salicylic acid and then serve as  a penetrant carrier 
for it. 


Salicylic acid, which is lipid-soluble, penetrates 
more readily through the skin than the nonlipid- 
soluble sodium salicylate (15). Skin membrane 
permeability is thought to be determined largely 
by the lipid-protein structure of the cellular mem- 
brane. I t  is known that various organic solvents 
penetrate the skin with ease and enhance percu- 
taneous absorption of lipid-soluble drugs (16). 
Solvents can increase permeability by solubilizing 
lipoidal materials of the cell wall (15). This solu- 
bilization may be induced by DMSO, thereby 
facilitating the passage of both the DMSO and dis- 
solved drugs. Substances that are lipid-soluble 
penetrate the cell wall because of its lipoidal nature, 
on the other hand the uptake of water by cell 
membrane protein provides entry for water-soluble 
substances (17). Dimethyl sulfoxide is extremely 
hygroscopic and causes dehydration of the skin. 
This dehydration may free the skin membrane of 
water, permitting a more rapid absorption of the 


lipid-soluble salicylic acid through the membrane. 
However, dehydration would produce a reverse 
effect on water-soluble sodium salicylate since the 
sodium salicylate would have a tendency to remain 
in the water which was extracted from the skin 
into the ointment base, and thus not pass through 
the membrane. Kligman (2) indicated that DMSO 
will cross the dermal barrier rapidly and in high 
concentrations. Substitution of DMSO for bound 
water in the protein barrier, thereby causing re- 
versible configuration changes of these proteins, was 
suggested by Rammler and Zaffaroni (18) as a pos- 
sible mode of action. This displacement of protein- 
bound water could possibly further account for the 
fact that DMSO caused a reduction, rather than an 
increase, in the percutaneous absorption of sodium 
salicylate from hydrophilic ointment as observed in 
this study. 


As discussed by Stolar el e l .  (12), the type of 
ointment base does exert a very significant in- 
fluence on the extent of percutaneous absorption of 
both salicylic acid and sodium salicylate. Higuchi 
(19) suggested that activity coefficient plays a 
major role in absorption. Drugs held firmly by the 
vehicle, such as when the drug forms a complex 
with the vehicle, exhibit a low activity coefficient. 
Therefore the rate of release from such a drug- 
vehicle combination is slow. An example of this 
phenomenon is provided by the complexation of 
salicylic acid with PEG ointment thus providing a 
reservoir which releases the drug very slowly (20). 
The data of this present study indicated that DMSO 
apparently has little effect upon the release of 
salicylic acid from this complex with PEG polymers. 
The negligible results obtained with sodium sali- 
cylate and PEG ointment might also be due to 
similar type complexation. The PSE gel systems 


0 


Fig. 6-Effect of DMSO 
on percutaneous absorption 
of ll.6YO sodium salicylate 
.from hydrophilic petro- 
latum. Key: e--, 15% 
DMSO added; 0. - -, con- 


trol. 


I- 


00 I 2  3 4 5 6 ? 8 
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responded in a somewhat similar inanncr as thc 
PEG ointments. Relatively low salicylate blood 
levels were obtained with this gel, but it appeared 
that the blood levels obtained were somewhat 
higher than with PEG ointment. This may be due 
to a less intense complexation occurring in the case 
of the surfactant polymer than in the case of PEG. 


SUMMARY 


1. Dimethyl sulfoxide, in a 150/, concentration, 
enhanced the percutaneous absorption of salicylic 
acid from hydrophilic ointment USP XVII and 
hydrophilic petrolatum USP XVII. 


Dimethyl sulfoxide, in a 15% concentration, 
hindered the percutaneous absorption of sodium 
salicylate from hydrophilic ointment USP XVII. 


Salicylic acid is slowly released from poly- 
ethylene glycol ointment USP XVII and a polyoxy- 
ethylene (20) stearyl ether gel system. 


Dimethyl sulfoxide, in a 15% concentration, 
had little effect upon the release of salicylic acid or 
sodium salicylate from polyethylene glycol oint- 
ment USP XVII. 


2. 


3. 


4. 
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Analysis of Steroids VIII 
Determination of Conjugated Ketosteroids in Pharmaceutical 


Preparations Using the Sodium Borohydride Method 


BY SANDOR GOROG 


A simple and rapid ultraviolet spectrophotometric method has been developed 
for fhe determination of A4-3-keto- and A h  4-3-ketosteroids in pharmaceutical prep- 
arauons. The method consists of the reduction of the C-3 carbonyl group with 
sodium borohydride, followed by the determination of the decrease of absorbance 
due to the reduction measured by diflerential spectrophotometry. Other active 
components or excipients of the reparation whose absorbances are not changed 


by sodium borohydride 80 not interfere with the determination. 


A 4 - 3 - K ~ ~ o  AND A1,(-3-KET0 bonding systems 
very often occur in various kinds of steroid drugs. 
Their simplest determination is carried out spec- 
trophotometrically. In some cases the direct 
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spectrophotometric measurement can be done 
without any difficulties with the aid of the inten- 
sive absorption band at about 241 mp, log t = 4.2 


The spectrophotometric determination is dis- 
turbed either by the spectra of other components 
present in the pharmaceutical preparation or by 
the excipients if they have light absorption, 14 


(1). 








Stability Determination of Hornatropine 
Hydrobromide by Direct Cerimetric Titration 


By LESTER CHAFETZ and  ROBERT E. DALY 


Using ceric nitrate as the titrant, the difference in titer between saponified and un- 
hydrolyzed ali uots of homatro ine solutions provides a measure of intact drug in 
the presence o?its mandelic aci jhydrolysis product. The titration is conducted on 
chilled solutions to circumvent interference by tropine, the other hydrolysis product, 
which is slowly oxidized by the titrant at room temperature. The proposed proce- 
dure is highly selective for the drug in the presence of its hydrolysis products, other 
tropine esters, and most other organic nitrogenous bases. The cerimetric titration 


method is rapid, absolute, and stability indicating. 


OMATROPINE IS A synthetic homolog of the H solanaceous alkaloid atropine in which the 
tropic acid moiety of the ester alkaloid is replaced 
by d,l-mandelic acid. It is used in medicine as 
an ophthalmic anticholinergic agent, having the 


0 OH 


H 
Hornatropine 


Atropine 


advantage over atropine of a shorter duration of 
activity (1). Since the hydrolysis products of 
homatropine, i.e., tropine and mandelic acid, are 
inactive, the findings of Patel and Lemberger (2) 
that homatropine hydrolyzes a t  the pH of tears 
a t  several times the rate of atropine provide a 
rational basis for its shorter activity. 


Patel and Lemberger (2) followed the rates of 
hydrolysis of homatropine under various experi- 
mental conditions by means of UV spectro- 
photometry after separation of intact mandelate 
ester from free mandelic acid by solvent extrac- 
tion. Their scheme provides a valid stability 
method for homatropine, for the mandelic acid 
moiety comprises the UV chromophore. How- 
ever, the procedure is somewhat tedious, and 
current practice requires the preparation or pro- 
curement of a reference standard for spectro- 
photometric comparison. Because the UV spec- 
trum is benzenoid, the method is relatively non- 
selective. 
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The assay for homatropine hydrobromide 
ophthalmic solution in USP XVII (3) does not 
discriminate between intact and hydrolyzed 
homatropine. The prescribed method is acetous 
perchloric acid titration of base extracted with 
chloroform from ammoniacal solution. (Mea- 
surements in the authors' laboratories-which 
will be described more fully in a future communi- 
cation-indicate that tropine is well extracted 
from alkaline solution by chloroform. The parti- 
tion coefficient, C C H C I J C H ~ O ,  is 0.55.) 


Chafetz and Gaglia (4) reported the direct 
titration of mandelic acid with ceric nitrate in 
dilute nitric acid and suggested application of the 
method to the assay of homatropine and other 
arylglycolate esters. The reaction was found to 
be highly selective for the free arylglycolic acids; 
their esters are not oxidized by ceric nitrate. 
Taken with quantitative data showing that homa- 
tropine is stable to hydrolysis in dilute acid and 
very labile a t  high pH (2), these observations 
afford a rational basis for an absolute assay of 
homatropine hydrobromide by direct cerimetric 
titration. A procedure for the determination of 
homatropine in the presence of its hydrolysis 
products and common preservatives and stabiliz- 
ing agents is presented here and proposed for 
compendia1 use. 


EXPERIMENTAL 


Reagents and Supplies-Homatropine hydro- 
bromide USP (Merck and Co., Inc.), chlorobutanol, 
and benzalkonium chloride (both USP) were used 
as received. The titrant was 0.05 N ceric nitrate, 
a 2.45% solution of ceric ammonium nitrate (G. 
Frederick Smith Co.) in 1 N nitric acid. I t  was 
standardized against primary standard ferrous 
ethylenediammonium sulfate (G. Frederick Smith 
Co.) as previously described (4). Nitroferroin 
T.S. was used as the end point indicator; it was 
prepared by dissolving 150 mg. of 5-nitro-1,lO- 
phenanthroline in 15 ml. of freshly made aqueous 
1.4y0 ferrous sulfate. 


Assay-Dissolve an accurately weighed sample 
of homatropine hydrobromide in distilled water or 


1977 







1978 


suitably dilute an accurately measured volume of 
homatropine hydrobromide ophthalmic solution 
to obtain a concentration of about 8 mg./ml. 
Transfer a 10.0-ml. aliquot of the solution or dilution 
to a 100-ml. beaker, add 5 ml. of 1 N sodium hy- 
droxide, and heat the solution just to  boiling on a 
hot plate. Add 10 ml. of 1 N nitric acid, dilute the 
solution to 50 ml. with water, and cool i t  to  &5O 
in an ice bath. Concomitantly add 5 ml. of 1 N 
nitric acid to a second 10.0-m1. aliquot of the solution 
or dilution, dilute it to 50 ml. with water, and chill 
it in an ice bath. Add 1 drop of nitroferroin indica- 
tor to  each of the beakers, and titrate the solutions 
to the disappearance of the pink color while stirring 
magnetically, using 0.05 N ceric nitrate as titrant 
from a 10-ml. buret. Similarly, titrate a blank 
consisting of 50 ml. of 0.1 N nitric acid and 1 drop of 
indicator, and make any indicated corrections. 
(The indicator requires acidity for a sharp color 
change.) Each milliliter of 0.05 N ceric nitrate is 
equivalent to 8.907 mg. of CleH2,N03.HBr. 


The titer of the saponified aliquot is a measure 
of the total amount of intact and hydrolyzed drug; 
the titer of the unsaponified aliquot affords a value 
for hydrolyzed ester. Thus, the difference in titers 
is equivalent to unhydrolyzed homatropine. 


Stability Evaluations-No samples of homa- 
tropine hydrobromide ophthalmic solution were 
available to the authors for this study. In order to  
demonstrate the applicability of the method to  
partially degraded samples, solutions of the drug 
buffaed at pH 9.95 were heated at 30” for periods 
of time monitored by means of a stopwatch, the 
saponification reaction was quenched by addition 
of nitric acid, and the samples were assayed for 
intact homatropine as described above. The ap- 
parent first-order rate constant obtained was com- 
pared with that calculated by the equation de- 
veloped by Patel and Lemberger (2). 
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TABLE I-COMPARISON OF USP ANDTCERIMETRIC 
METHODS FOR HOMATROPINE 


% CIC.H~NOI.HB~ 


RESULTS A N D  DISCUSSION 


Accuracy and Precision-A comparison of the 
results obtained by the proposed method with the 
USP XVII acetous perchloric acid titration method 
for homatropine hydrobromide is presented in 
Table I. An average of 99.3 + 0.3% ( R S D )  
was obtained by the cerimetric method. The 
precision was comparable to that previously reported 
(4) for mandelic acid in methenamine mandelate, 
and it is comparable to  the result of 99.2 + 0.33’% 
( R S D )  obtained in the USP assay. It may be 
noted that the cerimetric and USP methods measure 
different parts of the homatropine molecule. The 
titer for the unsaponified aliquot in the cerimetric 
determinations of homatropine hydrobromide bulk 
drug was the same as for the indicator blank, in- 
dicating no hydrolysis. 


Selectivity-It has been noted previously (4) that, 
although ceric nitrate is a highly selective oxidant 
under the specified conditions, it is by no means 
specific. Tropine was found to be slowly oxidized 
at room temperature. Good values were obtained 
for the mandelic acid content of homatropine at 
room temperature, but the indicator end point was 
transient. This interference was circumvented by 
performing the titration on a chilled solution. 


Chlorobutanol and benzalkonium chloride, two of 
the commonly used preservatives for ophthalmic 


~~ 


USP XVII method 


Proposed cerimetric 


99.6, 99.1, 99.5, 98.7, 


98.8, 98.8, 99.6, 99.0, 


99.6, 99.3, 99.3, 99.6, 


99.3, 99.0 


titration 99.3, 99.6 


99.6, 99.6 


solutions, were found to be unaffected by the ceric 
titrant. Many of the easily oxidized preservatives 
such as parabens could be removed by solvent ex- 
traction from the acidified solutions if they were 
present. 


Previous work (4, 5) has shown that tropic acid, 
the acid moiety of the natural solanaceous alkaloids, 
is not oxidized by ceric salts, therefore, the test for 
Atropine and Other Solanaceous Alkaloids in the 
USP XVII monograph would be unnecessary if ceri- 
metric titration were used for the assay of homa- 
tropine. The selectivity inherent in the assay 
method would also eliminate the need for the test for 
Most Other Alkaloids in the homatropine hydro- 
bromide monograph. 


Use in Stability Evaluations-The kinetic study 
reported by Patel and Lemberger (2) on homatropine 
hydrolysis demonstrated that solutions of the drug 
have limited stability at the pH range recommended 
in USP XVII. Thus, the availability of aconvenient 
method for stability evaluation of homatropine 
solutions is of more than theoretical interest in 
assessing product potency. 


The general rate equation ( 2 )  affords a calculated 
first-order rate constant of 6.6 X min.-’ for the 
hydrolysis of homatropine a t  pH 9.95 and 30”. The 
average of four duplicate samples taken over a period 
of about 100 min. yielded an estimate of 6.0 X 


min.-’ for this constant. 


SUMMARY AND CONCLUSIONS 
Cerimetric titration of mandelic acid liberated 


by the saponification of homatropine is proposed as 
an assay for homatropine hydrobromide and 
homatropine hydrobromide ophthalmic solution. 
The titration is conducted on a chilled solution to 
circumvent interference of the tropine component 
of the saponification products, for tropine is slowly 
oxidized at room temperature. The selectivity 
of the oxidation reaction for arylglycolic acids elim- 
inates the need for the tests for Atropine and Other 
Solanaceous Alkaloids and Most Other Alkaloids 
in the USP XVII monograph for homatropine 
hydrobromide. The proposed assay has the im- 
portant advantage in comparison with the USP 
XVII procedure of being stability indicating. Like 
the official assay, the proposed method is absolute, 
i e . ,  it does not require use of a reference standard. 
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Technical Articles 


Study on Dosage Variations of Individual Capsules 
and Tablets of Desipramine and 


Imipramine Hydrochloride 
By S. AHUJA, C. SPITZER, and F. R. BROFAZI 


Automated methods of analyses based on UV absorption of desipramine and imipra- 
mine hydrochloride were developed in order to obtain information on intercapsule 
and intertablet variations of the following six dosage forms: desipramine hydro- 
chloride capsules 10, 25, and 5 0  mg. and imipramine hydrochloride tablets 10, 25, 
and 5 0  mg. The automated methods require the use of an automatic analyzer and 
the same manifold is used for all six dosage forms. A careful review of the results ob- 
tained on individual capsules and tablets reveals that almost all of the capsules 
and tablets analyzed by these methods were within f 1 5  percent limits of the indicated 


dosage. 


HE PHARMACEUTICAL INDUSTRY has long been T interested in obtaining more information on 
drug content of individual tablets or capsules to 
assure high standard of drugs, from the stand- 
point of production, quality control, and thera- 
peutic activity. This information is necessary 
for establishing suitable control measures in 
production and quality control in order to obtain 
reasonable dosage uniformity of drugs. 


Analytical methods which are based on the 
analysis of sample composites cannot provide re- 
liable indications of content uniformity because 
they express product dosage on individual dosage 
forms, whereas the analyses are actually run on 
sample composites. Therefore, such analyses 
not only average out small variations in compo- 
sition between individual tablets or capsules, but 
may also mask large deviations. 


Quantitative analysis of the active ingredient 
itself, in each of the individual capsules or tab- 
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lets, should provide a good approach for studying 
dosage variations. However, this approach was 
rather difficult to carry out until the recent intro- 
duction of automated methods of analyses. 


The automated methods of analyses based on 
UV absorption of desipramine hydrochloride' 
[10,11- dihydro - 5 - (3-methylaminopropyl) - 5H- 
dibenz [ b , f ]  azepine hydrochloride] and imipra- 
mine hydrochloride2 [10,11- dihydro - 5 - (3-di- 
methylaminopropyl) - 5H-dibenz [b,f]azepine hy- 
drochloride] were developed with the object of 
gaining information on intercapsule and inter- 
tablet variations on the following six dosage 
forms: (a) desipramine hydrochloride capsules 
(hard gelatin) 10, 25, and 50 mg., and (b)  imipra- 
mine hydrochloride tablets (sugar coated) 10, 25, 
and 50 mg. 


A variety of methods (1-8) have been used for 
the analysis of desipramine and imipramine 
hydrochloride. For several years manual UV 
methods have been used for the analysis of these 
compounds in these laboratories. These pro- 


' Pertofrane Geigy Chemical Corp. Ardsley N .  Y. * Tofranil, Geigy Chemical Corp., Ardsley, N. Y. 








Membrane Filter Technique for Testing the 
Bactericidal Activity of Iodophors 


By JAW-HUEY HORNG KO and RAYMOND W. VANDERWYK 


A method has been devised for determining the contact killing time of a water- 
soluble antiseptic or disinfectant agent using a membrane filter as the test organism 
carrier. The method is useful i n  comparing the bactericidal activity of different 
concentrations of an agent since the number of organisms killed following a 
specific contact time can readily be determined on a percentage basis compared 
to that of a control. The problems of bacterial clumping, “wild plusses,” and 
carry-over bacteriostasis are eliminated. A suspension of the test organism was 
filtered through a membrane filter, a solution of the agent was added, was allowed to 
remain i n  contact with the test organism for a specific time, and was filtered. The 
treated membrane was washed with a neutralizer, was rinsed, and was incubated 
on nutrient agar. The number of surviving organisms, if any, was determined 
by colony count. Solutions of povidone-iodine as  well as commercial products 
containing it were tested against Stapbybxoccus aureus, FDA 209, ATCC 6538. 
Solutions containing a 1 : 15,000 concentration of available iodine gave a kill of 


99.91 percent following a 1-min. contact. 


REVIEW of the history and descriptions of the A methods currently used to test the bactericidal 
activity of antiseptics, disinfectants, and sanitizers 
has been published by Lawrence and Block (1). 
The Association of Official Agricultural Chemists 
recognizes two methods for testing disinfectants : 
the AOAC phenol coefficient method (2), originally 
devised in 1929, and the AOAC use-dilution method 
(3). introduced in 1953. Both of these methods 
measure the ability of an agent to  elicit a 100% 
kill of the test organism. In 1961 Ortenzio and 
Stuart (4) introduced a modification of the use-dilu- 
tion method where the percentage kill of various 
dilutions of test organism could be determined and 
where a result within 95% confidence limits is 
claimed. Two other methods which depend upon 
percentage kill and which are employed mostly for de- 
termining the effective dilutions of sanitizing agents 
are the Chambers modification of the Weber and 
Black method ( 5 )  and the modified Cade and Hal- 
vorsen method (6). All of the methods for evaluat- 
ing bactericidal agents in use today show certain 
disadvantages and defects which are well known to 
workers in this field. This is evident from the many 
modifications in technique which have been made 
from time to time. In  the seed tube to broth culture 
transfer techniques, the phenomenon of “wild 
plusses” is of frequent occurrence. In  such in- 
stances, particularly with the quaternary ammonium 
compounds it often happens that one subculture 
will show growth while another one made from a less 
concentrated disinfectant solution or one made 
from the same solution after a shorter contact time 
will show no growth. Bacterial clumping and ad- 
herence to the sides of the seed tube have been sug- 
gested as reasons for these inconsistencies. 


The problem of carry-over due to the bacterio- 
static action of the test agent when transferred to 
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subculture tubes must also be contended with. 
High activity substances such as quaternary am- 
monium compounds, mercurials, and iodophors must 
be neutralized by adding inactivators to  the sub- 
culture medium. One can never be sure about the 
effect of neutralizers unless additional tirne-con- 
suming control measures are taken. These steps 
involve making sure that the inactivator completely 
neutralizes the agent and at the same time does not 
itself inhibit bacterial growth. Kayser and van der 
Ploeg (7) have shown that sodium thiosulfate 
(0.25%) in an agar medium will completely inhibit 
the growth of some strains of S. aweus. They sug- 
gest that its use be avoided in growth media de- 
signed to neutralize iodine in disinfection efficiency 
tests. When stainless steel cylinders of the speci- 
fications described in the official use-dilution method 
(1) are used as carriers, the problem usually can be 
solved only by making additional transfers to 
secondary subculture tubes. 


In an attempt to overcome some of these diffi- 
culties, a membrane filter technique was devised. 
It can be used to test any water-soluble agent which 
can be removed from a cellulose ester-type of mem- 
brane filter by washing with water or which can be 
inactivated rapidly by an appropriate neutralizer 
or both. I t  simplifies the determination of per- 
centage kill, if this determination is sought after, 
eliminates the phenomenon of “wild plusses,” and 
avoids the carry-over effect. The test agent selected 
was polyvinylpyrrolidone-iodine’ (PVP-I) (povi- 
done-iodine), and commercially available products 
containing it, 


EXPERIMENTAL MATERIALS 


Test Organism-Staphylococcus aureus FDA 209, 
ATCC No. 6538. Maintain stock cultures on 
nutrient agar slants by monthly subcultures. 
Incubate new stock transfer 2 days a t  37’; then 
store a t  2-5”. From the stock culture inoculate a 
tube of brain heart infusion broth (BBL) and 
make at least 4 consecutive daily transfers in- 
cubating a t  3 7 O ,  before using culture for testing. 
Use 22-26 hr. culture of organism growth in BHI 
at 37’ in test. Mix well by high speed agitation 
on a Vortex Genie (Scientific Industries, Inc., Spring- 
field, Mass.) for 1 min. before using. 


1 Betadine, Purdue Frederick Co., Yonkers, N. Y. 
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Culture Media-Braiti heart infusion broth 
(BBL) for daily transfers of test organism and 
Trypticase Soy agar (BBL) for colony counts. 


Inactivator (Neutralizer)-Dissolve 0.5 g. of so- 
dium thiosulfate in 100 ml. of distilled water and 
sterilize by autoclaving. 


Filtering Apparatus-Millipore membrane filter 
holder (XX1004700) used with a filter membrane 
(DAWG 04700). Assemble with a liter flask and 
sterilize with steam under pressure. Plastic Petri 
dishes (60 X 20 mm.). 


Transfer Loop-Make a 4 m m .  i.d. single loop 
a t  end of 5-7.5 cm. (2-3 in.) Pt or P t  alloy wire No. 23 
B and S gauge. 


PROCEDURE 


Dilutions of PVP-Iodine-Prepare an aqueous 
stock solution of the PVP-iodine material (powder 
or solution) in sterile distilled H20 such as to 
represent a 1 : 1,000 concentration of available iodine. 
Set up a series of 10 sterile culture tubes in a rack 
and prepare 5-ml. quantities of each of the 10 dilu- 
tions shown in Table I. 


Preparation of Test Organism-Transfer a loopful 
of a 22-26 hr. old broth culture of S. aureus to  
100 ml. of BHI broth. Mix well. This suspension 
(contact suspension), containing between 2 X lo4 
and 4 X lo4 organisms/ml., is used for testing the 
activity of the PVP-iodine dilutions. Dilute the 
contact suspension in BHI (1:lOO) and mix well. 
This is used as the organism numbers control sus- 
pension and also to  determine the effectiveness of the 
inactivator. 


Organism Numbers and Inactivator Controls- 
Assemble a sterile filtering apparatus with mem- 
brane. Place 5 ml. of sterile H20 in the funnel, 
add 2 ml. of organism numbers control suspension, 
swirl to mix, and filter by suction so as to form a 
layer of bacteria evenly spread over the membrane 
surface. Prepare five such membranes and place 
on Trypticase Soy agar. Incubate a t  37" for 24 hr. 
Count the colonies on each plate, obtain the av- 
erage, multiply by 100, and use this figure in 
calculating the percentage kill for the PVP-iodine 
dilutions. Filter 5 ml. of the most concentrated 
solution of PVP-iodine through a sterile membrane. 
Neutralize the iodine remaining on the membrane 
by overlaying with 10 ml. of inactivator. Filter 
after a few seconds of contact. Rinse immediately 
with 20-25 ml. of sterile H20.  Impregnate the 
membrane by filtering 2 ml. of organism numbers 
control suspension. This is the "wash" control. 
Incubate at 37' for 24 hr. and compare the colony 


Fit other end in suitable holder. 


Joiirnnl of Plinrmuceiiticnl Srimces 


TABLE I-PERCENTAGE KILL OF PVP-1 SOLUTIONS 
OF VARYING CONCENTRATIONS OF AVAILABLE 
IODISE AGAISST S. aureus AFTER A l-rnrs.  CONTACT 


Avail. I Colony Count To Kill 


1:1,000 
1 : 2,000 
1 : 4,000 


0 100 
0 100 
1 99.99 


1 : 6; 000 12 99.95 
1 : 8,000 20 99.93 
1: 10,000 24 99.92 
1: 15,000 32 99.91 
1 : 20,000 262 98.23 
1 : 25,000 335 99.01 
1 : 30,000 4,180 87.07 
Control 3.39 x 104 - 


J 9 s L  


99.4 
\\k\ 
\\I\\ 


1 2 4 6 8 10 I5 20 25 30 
CONC 4 V A l L  IODINE I 10'' 


Fig. 1-Percentage kill of P VP-I products against 
S. aureus after I-min. contact. Key:  1 ,  mouthwash; 


2, solution; 3, surg. scrub; 4 ,  shampoo; 5, douche. 


count with the average of the five controls. There 
should be no significant difference in colony counts 
showing that the iodine had been inactivated and 
the Na&Oa had been removed. 


OPERATING TECHNIQUE 


Prepare an organism impregnated membrane for 
each PVP-iodine solution to  be tested using 2 ml. of 
contact suspension for each membrane. The mem- 
branes can be prepared, dried, and stored aseptically 
a t  2-5" for several days prior to the test, if desired. 
When prepared extemporaneously, pack the contact 
suspension in an ice bath when not in use to inhibit 
bacterial growth. Remove any vacuum in the 
filtering flask and overlay an impregnated membrane 
with 5 ml. of each dilution of test agent. After 
exactly 60 sec. of contact, pour 10 ml. of inactivator 
into the funnel and filter rapidly. Immediately 
flush with 20-25 ml. of sterile HzO. A contact 
period other than 60 sec. may be used if desired. 
Place the treated membranes on Trypticase Soy 
agar contained in 60-mm. Petri dishes and incubate 
at 37" for 24 hr. Count the number of colonies, if 
any, and determine the percentage reduction over 
the numbers control. The same filtering apparatus 
can be used for each membrane providing the plat- 
form and funnel are well rinsed between each change 
of membranes. 


RESULTS AND DISCUSSION 
Using this method, aqueous solutions of PVP- 


iodine containing the amounts of available iodine 
shown in Table I were prepared and tested. The 
percentage kill for each dilution is shown and the 
killing power can easily be assessed. Similarly five 
commercial products were tested and their activities 
were compared. 


The membrane filter technique seems to present 
certain features which are an improvement over the 
AOAC methods of testing for bactericidal activity, 
particularly for soluble antiseptics and disinfectants. 


1. I t  eliminates the questionable pour plate 
technique for determining viable cell counts. 
Every organism contacted by the agent is cultured 
for viability not just an aliquot portion. Therefore, 


The results are shown in Fig. 1. 


* Betadine products, Purdue Frederick Co., Yonkers, 
N. Y. 
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there can be no “skipping” or “wild plusses,” a 
phenomenon often seen when aliquot amounts are 
subcultured. 


2. When a diluted bacterial suspension is 
filtered through a membrane, the organisms form an 
even, thin layer over its surface and they cannot 
be removed by washing as from stainless steel car- 
riers. This distribution more closely resembles the 
spread of bacteria on human skin, mucosa, and con- 
taminated surfaces. The problem of cell clumping 
which often occurs with bacteria suspended in solu- 
tions of quaternary ammonium compounds is 
eliminated completely. 


There is no possibility of any carry-over of 
PVP-iodine activity, since available iodine is neu- 
tralized and thoroughly rinsed from the organism 
prior to culturing. The effectiveness of the neu- 
tralization can easily be determined without delay. 
Since the neutralizer is also removed by washing, the 
possibility of any interference with the growth of the 
test organism is eliminated. 
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Mechanism of Flow Improvement 
by the Addition of Fine Particles 


to Bulk Solids 


Sir: 


The flowability of a bulk particulate solid may 
be improved by the addition of a small proportion 
of fine particles. These fine particles, or glidants, 
may be chemically similar or dissimilar to the 
materialwith which they are admixed (1). In the 
former case the term “fines” may be used to de- 
scribe the glidant particles. 


Gold et al. (2) suggest that fine particles may 
act as glidants by filling the void spaces between 
particles, in addition to reducing interparticulate 
cohesive forces and reducing surface rugosity (3). 


Now it can be shown that the voidage of a 
random array of spheres is 0.38 and 0.26 for a 
close packed array (4). Provided the size ratio 
of fine: coarse particles is less than 0.4 -F 0.6, fine 
particles percolate into the interstitial void 
spaces. Thus, increasing the percentage of fines 
im a granulation should increase the bulk density 
until the void spaces are full. 


Figure 1 is representative of a number of binary 


mixtures of magnesia and shows that the bulk 
density [determined by the British Standard 
Method ( 5 ) ]  increases as the intergranular voids 
are filled and then decreases due to bed expansion 
by the fine component. 


If the flowing bulk solid is considered as a con- 
tinuum, then it should follow that the higher the 
bulk density the greater the mass flow rate since 
more material can flow through the orifice due 
to a closer packing. 


The flowability of the binaries outlined in Fig. 
1 have been determined (3) and it can be seen 


FINE POWDER, % w/w 


Fig. 1-The changes in bulk density in binary mixtures 
consisting of coarse granules (0.0561 cm.) with in- 
creasing concentrations of fine powders. Arithmetic 
meun diameter of fine powders. Key: A, 0.0158 
cm.; 0, 0.0090 cm.; X, 0.0059 cm.; @, 0.0048 cm. 








JOURNAL OF 


Pharmaceutical 
Sciences 


A publication of the American Pharmaceutical Association 


Published monthly under the supervision of the 
Committee on Publications with the approval of the Cotlncil 


Committee on Publications 


LINWOOD F. TICE, 


WILLIAM S .  APPLE 
GROVER C. BOWLES 
HENRY M .  BURLAGE 


chairman 


HUG O ~ H . ~ S C H A E F  E R 


Editor 


EDWARI) <:. FELDMANN 


Associate Editor 


SAMUEL W. GOLDSTEIN 


Assistant Editor 


ROBERT F. STEEVES 


Editorial Assistant 


JUDITH HEKIiMANN 


Editorial Advisory Board 


J. H. BURCKHALTER 
TROY C. DANIELS 


GEORGE P. IIAGER 
W .  W. HILTY 


THOMAS J.  MACEK 
VARRO E .  TYLER, J R .  


INDEX TO VOLUME 51 


INDEX T O  AUTHORS 
INDEX TO SUBJECTS 


JANUARY TO DECEMBER, 1962 








Vol. 57, No. 7, July 1968 1255 


lishing Co., Easton, Pa., 1965. (13) Wurster, D. E., and Seitz. J. A., J .  Pharm. Assoc., 
(8) Curlin, L. C., J .  Am. Pharm. Arsoc., Sci. Ed., 44, Sci.Ed..49.335(1980). 


16(1955). I I 
. I  


(9) Billups, N.  F.. and Cooper, B. F., Am. J .  Pharm.. 136, 
25(1964). Keyphrases I 


~~ 


Tolbutamide tablets-disintegration I Corn starch grains-channel formation 


(10) YHusa‘s Pharmaceutical Dispensing,” 6th ed.. Mack 


(11) Forlano, A. J., and Chavkin, L., J .  Am. Pharm. 
Publishng Co., Easton. Pa.. 1966. 


Assoc., Sci .  Ed. ,  49, 67(1960). 
(12) Patel, N. It., and Hopponen, R. E., J .  Pharm. Sc i . ,  


55. 1065(1866). 


Influence of Metallic Ions on the Antituberculous 
Activity of Isonicotinoyl Hydrazones 


By V. A. E. VOYATZAKIS*, G. S. VASILIKIOTISt, G. KARAGEORGIOU$, and IR. KASSAPOGLOUS 


Eleven isonicotinoyl hydrazones were prepared and they were tested in uitro as anti- 
tubercular agents. The  effects of cupric and cobalt ions on their activity were inves- 


tigated. 


HE SPECIFIC activity of isonicotinic acid hy- T drazide (isoniazid I )  against tubercle bacilli sug- 
gests interference with an essential metabolite. I t  
has been shown (1, 2) that isoniazid combines with 
cupric ions to give 1 : 1 Cu-isoniazid complex (11) 
and 1 : 2, respectively. It also has been claimed that 
the action of isoniazid against M. tuberculosis i n  
vitro is increased when copper is supplied in excess 
of that normally present in the medium (2). 


Moreover it has been shown (3) that 8-hydroxy- 
quinoline (oxine) and related substances are toxic 
to  bacteria only when traces of iron or copper ions 
are present in the medium. In this case the 1: 1 
metal complex has been shown to be the true toxic 
agent (4). The hypothesis was put forward that 
oxine is active due to  the combination with these 
metal ions in the medium and that the complexes 
thus formed catalyze the oxidation of essential cell 
constituents. Cobalt can prevent injury to  the cells, 
and it was suggested that this ion may be an essential 
cell constituent whose function is to protect, from 
oxidative destruction a vitally important chemical 
group. However, Albert (5) pointed out that while 
chelation might play some part in the activity of 
isoniazid, there must be some more important factor 
since the closely related picolinic acid hydrazide was 
less effective against tubercle bacilli but showed a 
metal affinity 10ato 100 times that of isoniazid. 


Youatt (6) who investigated the effect of cupric ions 
on the uptake of hydrazides, found that copper 
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prevented the development of strains resistant to  
isoniazid and increased the sensitivity to hydrazides 
of a strain which was already resistant to isoniazid. 
Stimulation of isoniazid uptake was still observed if 
the cells were exposed to  copper ions and then 
washed before the addition of the isoniazid. This 
suggests that copper may first be bound to the cell 
and that chelation may occur on or in the cell. 


Among the most active derivatives of isoniazid 
are its hydrazones. Fox and Gibas (7) have shown 
that 1-isonicotinoyl-2isopropylidene hydrazone was 
very active against tubercle bacilli. Shchukina 
et al. ( 8 )  synthesized a number of isonicotinoyl hy- 
drazones from aldehydes and ketones. Their 
biological tests, as antitubercular agents indicated 
that some of these are more active i n  Gvo and far less 
toxic in mice. Sah and Peoples (9) reported also 
that a large number of isonicotinoyl hydrazones 
possess very high i n  vivo activity against M. tubercu- 
losis, H 37 Rv, higher than that of streptomycin, and 
a t  least of the same order of magnitude as isoniazid. 
Recently Chakravarty, Bose, and Bose (10) syn- 
thesized some isonicotinoyl hydrazones which 
showed antituberculous activity comparable to  
that of isoniazid (Table I). 


(a )  the synthesis 
of 11 isonicotinoyl hydrazones derived from 
substituted aromatic aldehydes and ketones having 
the general formula (111); (b) their microbiological 
examination i n  Vitro as antitubercular agents, and 
( c )  the influence of cupric and cobalt ions on their 
activity. 


In this paper there is reported: 


EXPERIMENTAL 


Preparation of Isonicotinoyl Hydrazones-The 
hydrazones used in this study were synthesized ac- 
cording to the method of Sah and Peoples (9). All 
of them were recrystallized twice from methanol 
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TABLE 111-EFFECTS OF COBALT IONS ADDED TO 
HYDRAZONES 


Compd. Inhibition Compd. Inhibition 
A-1 +f5 A-7 - b  


A-2 +++ A-8 ++ 
A-3 +++ A-9 ++ 


A-10 + 
A-6 +++ Coe+ (80 y/mI.) c 
A-5 A-4 ++ ++ A-11 ++ 


alone 


TABLE I-ISONICOTINOYL HYDRAZONE DERIVATIVES 


X Compd. R X 
' i m p  H A-7 H &OH 


A-2 H 2-OH A-8 H 4-NOs 
A-3 H 2-C1 A-9 CHI &OH- 
A-4 H 2-NO2 A-10 CHI 4-C€hO 
A-5 H 3-OH A-11 CHa 4-CHI 
A-6 H 4--N(CHa)r 


before use and their melting points were in agree- 
ment with those given in the literature (9); their 
infrared absorption spectra have already been re- 
ported (11). 


Microbiological Examination-Test organism. 
Stock strains: (a) A strain (M K1) of M. tuberculosis 
isolated from a patient before any treatment. This 
strain was sensitive to  isoniazid in concentration of 
0.1 y/mL and was catalase and peroxidase positive; 
(b )  A strain (M K2) of M. tuberculosis isolated 
from patient treated with isoniazid. It was resis- 
tant to  isoniazid (10 y/ml.) and was catalase and 
peroxidase negative. In vitro test: Compounds 
were incorporated with Lowenstein-Jensen medium 
before its coagulation a t  80". Their concentration 
is expressed in y/ml. of medium. Thereafter, they 
were inoculated with a culture of M. tuberculosis 
grown in the same medium and incubated a t  38' 
for 28 days. Control tubes containing only strain 
culture were maintained for comparison. All these 
specimens were incubated a t  38' for 28 days again. 
In each case cultures of both strains were tested with 
0.1 y, 1 y, and 10 y/mL of compound and then again 
with the same concentration but with the addition, 
separately of 1 y, 10 y, 20 y, 40 y, and 80 y of cupric 
or cobalt ions, derived respectively from CuSO4 or 
cOfi04 solutions. Stability'tests were performed to 
find out the rate at which compounds and isoniazid 
became inactivated by incubation a t  38'. The r e  
sults suggest that the proportionate loss of activity 
was of about the same order for all compounds and 
isoniazid. 


RESULTS AND DISCUSSION 


Strain M K1 was sensitive to all of these com- 
pounds in concentration of 0.1 y/ml., while strain 
M K2 was resistant to them even in 10 y/mL So 
the results mainly concern the resistant strain M K2 
and the activity of these compounds is comparable 
to isoniazid. Cupric ion alone, in concentration 
above 60 y / d . ,  inhibited completely the develop- 


TABLE 11-EFFECT In Vitro OF Cue+ ( ~ O ~ / M L . )  
ON THE BACTERIOSTATIC ACTIVITY OF ISONICOTINOYL 
HYDRAZONES (0.1 ~ / M L . )  BY USING ISONIAZID 


RESISTANT STRAIN M K2 


Compd. 
A- 1 
A-2 
A-3 
A-4 
A-5 
A-6 
A-7 
A-8 
A-9 
A-10 
A-11 
Cu++ (60 -y/ml.) alone 


Inhibition + +" +++ +++ ++++ ++ +++ ++ ++ 
+++ 
+++++ 
- b  


- 
~~ 


Each + represents 20% of inhibition. No inhibition at 
all. 


Each 4- represents 20% of inhibition. No  inhibition at 
10-20 colonies observed against -500 of the control all. 


tube. 


ment of cultures in both cases while cobalt ion was 
ineffective up to  80 y/mL In mixtures with isonico- 
tinoyl hydrazones, the first notable influence of 
Cu*+ appeared in the range of 20 y/mL added to 0.1 
y/mL of these compounds. Results are summarized 
in Table 11. There was a complete inhibition, in all 
cases, by the addition of 40 y/mL of cupric ions. 
About the same results were obtained with 1 y/ml. 
and 10 y/ml. of these compounds. 


Effects of cobalt ions (40 y/ml.) added to  a con- 
centration of 0.1 y/mL of hydrazones are sum- 
marized in Table 111. 


By adding 80 y / d .  of Coe+, to  the tested com- 
pounds, still 10-20 colonies were observed against 
to 400-500 of the control tube. 


In  the mixtures used in this study, the concentra- 
tion of free cupric ions was well below that which 
would cause inhibition by them done. There is 
also a possibility of formation of cupric chelates with 
hydrazones and then the concentration of free Cu*+ 
will be even lower and will depend of course on its 
affinity to the ligand, on pH, ratio of ligand to metal, 
stability constants, and acid dissociation constants 
of the ligand. 


Since the results of the inhibition due to added 
cupric ions to  the strains studied were independent 
of the concentration of the compound used (between 
0.1 y / d .  and 10 y/ml.) there is some evidence that 
free cupric ion may be responsible for the stimula- 
tion of isonicotinoyl hydrazone uptake as well as 
in the case of isoniazid (6). 


Thus, development of the resistant strain M K2 
was supressed and the critical quantity of cupric 
ions, under the experimental conditions was 20 y/mI. 
even in the presence of 0.1 y/mL of the drug. Of 
course there are variations of the activity of these 
drugs and research on their Cu complex stability 
constants is continuing and the results shall be 
published in due time. 
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Potential Diazo Reagents for Colorimetric Determination 


By TIBOR U R B h Y I  and JOSEPH A. MOLLICA 


The diazonium derivatives of 27 substituted aromatic amines were investigated as 
reagents for colorimetric determination. The phenolic moiety used in the study 
was the estrogen, estradiol. Their applicability was determined on the basis of 
speed, sensitivity, color stability, and reproducibility of the coupling reaction. 
Usin these criteria, the diazotization product of 4-amino-6-chloro-m-benzene- 
disulfonamide appeared to be the most suitable colorimetric reagent for the com- 


pounds containing a phenolic hydroxyl group. 


RAPID AND SENSITIVE method for the determina- A tion of estrogens is based on their ability to 
couple with diazotized amines. This communica- 
tion considers the results of investigations regarding 
the suitability of various substituted aromatic 
amines as analytical reagents for compounds having 
coupling capability. Under the experimental condi- 
tion employed, Pamino-6chloro-mbenzenedisul- 
fonamide appeared to  be the most promising re- 
agent. The mechanism for the formation of its 
diazonium compound and its application to  the 
analysis of several estrogens was reported previously 
(1, 2). 


The following criteria for suitability were estab- 
lished: the coupling reaction should be rapid at room 
temperature, the color produced should be relatively 
stable, and the method should be sensitive. Since 
speed, sensitivity, and reproducibility were the 
objectives, the same reaction conditions were em- 
ployed for all amines. Although these conditions 
were not optimum for all amines tested, this pro- 
cedure was selected since the goal was to  find suitable 
analytical reagents and not to investigate the re- 
action for each amine. 


EXPERIMENTAL 


A Beckman DU spectrophotometer was used to 
determine the absorbance values, and a Cary model 
11 spectrophotometer was used to record the 
absorption spectra. 


All compounds were of reagent grade quality and 
were used without further purification. 


Reagents and Solutions-Aromatic amines : a 
7 X M solution of the amine was prepared in 
either methanol or 1 N hydrochloric acid. Sodium 
nitrite, 1% aqueous solution; hydrochloric acid, 1 N; 
sodium acetate 2 N; sodium hydroxide 0.1 N a n d  1 
N .  The estradiol solution was prepared as follows: 
about 50 mg. of estradiol, accurately weighed, was 
dissolved in 50 ml. of methanol and then this solu- 
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tion was diluted 10-fold with 0.1 N sodium hydrox- 
ide; concentration approximately 0.1 mg. /ml. 


Procedure-Into a 10-ml. volumetric flask were 
pipeted 1 ml. of the aromatic amine solution, 1 ml. 
of sodium nitrite solution, and 1 ml. of 1 N hy- 
drochloric acid. The solution was mixed well and 
allowed to stand for 1 to 2 min. Then, 1 ml. of 
estradiol solution and 2 ml. of sodium acetate 
solution were added, mixed, and the resulting 
solution allowed to stand for exactly 6 min. The 
contents of the flask were diluted to  volume with 
1 N sodium hydroxide solution. A blank solution 
was prepared in the same manner except that 1 ml. 
of 0.1 N sodium hydroxide was used in place of the 
estradiol solution. The absorbance of the sample 
solution was measured against the blank solution at  
the wavelength of the absorption maximum in 1-cm. 
cells. 


DISCUSSION 


The coupled products yielded absorption spectra 
with maxima in the range 450-550 mp. The spectra 
were all similar to  the spectrum of Pamino-6- 
chloro-m-benzenedisulfonarnide and estradiol which 
was published previously (2). The apparent molar 
absorptivity values in Table I were obtained by 
dividing the absorbance of the coupled solution, 
measured at the wavelength of absorption maximum, 
by the concentration of the amine employed. The 
molar absorptivity values reported are only apparent 
values since for many of the compounds investi- 
gated, the absorbance continued to increase after the 
6-min. reaction time. This is due to  either in- 
complete coupling and/or side reactions of the 
diazotized amine (3, 4). As stated in the introduc- 
tion, the purpose of this study was not to investigate 
the mechanism of reaction, but to  find a suitable 
analytical reagent. However, some conclusions 
regarding the effect of substituent groups on color 
intensity can be drawn. Comparisons of the molar 
absorptivity values indicate that substitution 
strongly influences the intensity of the coupled 
product, e.g., 3 and 4, 13 and 15, 23 and 24; not 
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responded in a somewhat similar inanncr as thc 
PEG ointments. Relatively low salicylate blood 
levels were obtained with this gel, but it appeared 
that the blood levels obtained were somewhat 
higher than with PEG ointment. This may be due 
to a less intense complexation occurring in the case 
of the surfactant polymer than in the case of PEG. 


SUMMARY 


1. Dimethyl sulfoxide, in a 150/, concentration, 
enhanced the percutaneous absorption of salicylic 
acid from hydrophilic ointment USP XVII and 
hydrophilic petrolatum USP XVII. 


Dimethyl sulfoxide, in a 15% concentration, 
hindered the percutaneous absorption of sodium 
salicylate from hydrophilic ointment USP XVII. 


Salicylic acid is slowly released from poly- 
ethylene glycol ointment USP XVII and a polyoxy- 
ethylene (20) stearyl ether gel system. 


Dimethyl sulfoxide, in a 15% concentration, 
had little effect upon the release of salicylic acid or 
sodium salicylate from polyethylene glycol oint- 
ment USP XVII. 


2. 


3. 


4. 
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Analysis of Steroids VIII 
Determination of Conjugated Ketosteroids in Pharmaceutical 


Preparations Using the Sodium Borohydride Method 


BY SANDOR GOROG 


A simple and rapid ultraviolet spectrophotometric method has been developed 
for fhe determination of A4-3-keto- and A h  4-3-ketosteroids in pharmaceutical prep- 
arauons. The method consists of the reduction of the C-3 carbonyl group with 
sodium borohydride, followed by the determination of the decrease of absorbance 
due to the reduction measured by diflerential spectrophotometry. Other active 
components or excipients of the reparation whose absorbances are not changed 


by sodium borohydride 80 not interfere with the determination. 


A 4 - 3 - K ~ ~ o  AND A1,(-3-KET0 bonding systems 
very often occur in various kinds of steroid drugs. 
Their simplest determination is carried out spec- 
trophotometrically. In some cases the direct 
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spectrophotometric measurement can be done 
without any difficulties with the aid of the inten- 
sive absorption band at about 241 mp, log t = 4.2 


The spectrophotometric determination is dis- 
turbed either by the spectra of other components 
present in the pharmaceutical preparation or by 
the excipients if they have light absorption, 14 


(1). 
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ml. of methanol for 15 min. and then boil for 2 min. 
After cooling add 5 ml. of the stock solution and 
dilute to  volume with methanol. Determine the 
absorbance of this solution a t  240 mp using the 
former solution as a blank. 


The concentration of the active ingredient in the 
sample is calculated from the following equation : 


mg. of 19-nortestosterone phenylpropionate per ml. 
formulation = 2000A/a 


where a = 42.1, the absorptivity of the active 
ingredient a t  240 mp. 


Determination of Progesterone in Injectable 
Formulations2-Composilion A-An oil solution 
containing 12.5 mg. of progesterone and 2.5 mg. of 
estradiol monobenzoate per ml. with benzyl alcohol 
as the preservative. 


Treat 2 ml. of the injection solution exactly as 
described above for 19-nortestosterone phenyl- 
propionate. 


The concentration of progesterone is calculated 
as follows: 


such cases the spectrophotometric measurements 
are generally combined with chromatographic 
separations (2), or the spectrum is shifted toward 
the longer wavelengths by  means of a reaction 
by  one of the condensation types, where selective 
measurements can be made (3,4). 


In this paper a new method is presented which 
permits the  quantitation of conjugated keto- 
steroids in the presence of accompanying sub- 
stances with absorbing properties. A method 
for the specific spectrophotometric determination 
of conjugated ketosteroids (5) has been recently 
published. T h e  method essentially is the reduc- 
tion of the C-3 carbonyl group of the A4-3-keto- 
steroids with sodium borohydride. This  results 
in the disappearance of the conjugation band 
in the ultraviolet spectra of the  compound. 
Thus, if the  spectrum of the test substance is 
taken and a solution of the same concentration 
as the sample is used as a blank, but treated with 
sodium borohydride, the absorbance measured at 
about 241 mp gives the contents of conjugated 
ketosteroids, even i n  the presence of impurities 
showing absorption characteristics, provided tha t  
the  latter dq not change their spectra on treat- 
ment with sodium borohydride. In this case the 
light absorption due to  the impurities is can- 
celled out, and the measured absorbance is 
characteristic of the contents of conjugated 
ketosteroids. 


This principle has been successfully applied t o  
check the contents of active ingredients in a 
number of pharmaceutical preparations. 


EXPERIMENTAL 


The assay of some characteristic examples from 
among the preparations of Chemical Works of 
G. Richter Ltd , Budapest, will be described. 


Reagents and Apparatus-The sodium boro- 
hydride and solvents, methanol and ethanol, used 
were of analytical grade. Sodium borohydride was 
weighed into the reaction flask as a solid; in each 
instance 0.1 g. f 5% was used. Hydrochloric 
acid, 1 N .  001 N, aqueous solution. Sodium 
hydroxide, 1 N ,  aqueous solution. Spectromom 202 
spectrophotometer was used in this study. 


Determination of 19-Nortestosterone Phenyl- 
propionate in Oil-Injectable Formulations-Thor- 
oughly shake 1.00 ml. of the injection solution, con- 
taining 25 mg. of the active ingredient,’ for 5 min. 
with 100 ml. of methanol and allow to stand until 
the oil has settled. Transfer 5 nil. of the stock soh- 
tion to a 100-ml. volumetric flask, add 5 ml. of 
methanol followed by 0.1 g. of sodium borohydride. 
After the sodium borohydride has been dissolved 
allow the mixture to stand for 15 min. and dilute 
to volume with methanol. 


Weigh 0.1 g. of sodium boroliydride into ailother 
10&1111. volumetric flask. Allow to stand with 10 


mg. of progesterone per ml. formulation = 
1000A/u 


where a = 54.1, the absorptivity of progesterone 
at 240 mp. 


Composition B-An aqueous solution containing 
12.5 mg. of progesterone and 2.5 mg. of estradiol 
monobenzoate per ml. and containing emulsifiers. 


Dilute 2 ml. of the injection with sufficient 
methanol to  make 100 ml. Treat this stock solu- 
tion exactly as described above for 19-nortestosterone 
phenylpropionate. Determine the absorbance at 
250 mp. 


The concentration of progesterone is calculated 
from the equation for Composition A. In this 
case a = 42.7, the absorptivity of progesterone a t  
250 mp. 


Determination of Prednisolone in Ointments- 
The contents are 0.5% prednisolone and 0.2% 
methyl p-hydroxybenzoate in a hydrophilic oint- 
ment. 


Dissolve 2.5 g. of the formulation by heating 
with 50 ml. of ethanol. Dilute the solution with 
ethanol to  make 100.0 ml. To a 10-ml. aliquot of 
this stock solution add 1 ml. of 1 N sodium hy- 
droxide and 0.1 g. of sodium borohydride and reflux 
for 1 hr. After cooling add 5 ml. of 1 N hydro- 
chloric acid and dilute the solution with ethanol to  
make 100 ml. 


Carefully add 5 ml. of 1 N hydrochloric acid to 
a mixture of 0.1 g. sodium borohydride and 1 ml. 
of 1 N sodium hydroxide. When the evolution of 
hydrogen has ceased, add 10 ml. of the stock solu- 
tion and dilute with ethanol to 100 ml. Determine 
the absorbance of the solutions at 243 mp, using the 
solution boiled with sodium borohydride as the 
reference. 


The prednisolone content is calculated as follows: 


yo prednisolone = 100A/a 


where a = 41.0, the absorptivity of prednisolone 
at 243 nip in ethanol solution and 11,’ is the weight. 
in g. of the sample. 


1 Nerobolil, Richter tradename 2 Limovan, Richter tradename. 
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TABLE I-SPECTROPHOTOMETRIC ANALYSIS OF STEROIDS IN DIFFERENT FORMULATIONS 


No. of -Contents of Active Ingredient- 
Formulation Investigated Tests Pound" Declared 


19-Nortestosterone phenylpropionate in oil injection 6 24.62 f 0.17 mg./ml. 25 mg./ml. 
Progesterone in oil injection 4 12.42 i 0.10 mg./ml. 12.5 mg./ml. 
Progesterone in aqueous emulsion injection 5 12.66 f 0.24 mg./ml. 12.5 mg./ml. 


Prednisolone in tablets 5 1.975 f 0.014 mg./tab. 2 mg./tab. 
Prednisolone in ointment 7 0.491 i 0.0059'% 0.5% 


Average f standard deviation. 


Determination of Prednisolone in Tablets-The 
active ingredients are 100 mg. of phenylbutazone 
and 2 mg. of prednisolone per 0.3-g. tablet.s 


Extract 1 g. of the finely pulverized tablet by 
shaking for 2 hr. with 60 ml. of 0.01 N hydrochloric 
acid. Filter the extract into a 100-ml. volumetric 
flask, wash with 3 X 10 ml. of 0.01 N hydrochloric 
acid, and dilute to  volume with 0.01 N hydrochloric 
acid. To a 10-ml. aliquot of the stock solution 
add 2 ml. of 1 N sodium hydroxide followed by 0.1 g. 
of sodium borohydride. Heat the solution for 1 hr. 
on a steam bath. After cooling add 4 ml. of 1 N 
hydrochloric acid and dilute the solution with water 
to  make 50 ml. 


Dissolve 0.1 g. of sodium borohydride in 10 ml. of 
water in another 50-ml. volumetric flask. Carefully 
add 4 ml. of 1 N hydrochloric acid followed by 2 ml. 
of 1 N sodium hydroxide and 10 ml. of the stock 
solution. Dilute t o  volume with water. The 
absorbance of the solution is determined a t  248 mp 
against the solution heated with sodium boro- 
hydride. 


The following equation is used for the calculation: 


mg. of prednisolone per tablet = 
500A X av. wt./tablet 
a X wt. of the sample 


where a = 39.7, the absorptivity of prednisolone 
at 248 mp in aqueous solution. 


RESULTS 
Table I summarizes typical analyses of five 


formulations. 
From the data of Table I i t  is seen that the 


standard deviation does not usually exceed =kl% 
with the exception of the aqueous emulsion contain- 
ing progesterone, where the standard deviation has 
increased 1.9% owing to  the difficulties described 
in the Discussion, and the difference from the 
declared contents of active ingredients is less than 
*2%. 


DISCUSSION 


In every case stock solutions were prepared by 
adequate extraction of the formulations. An aliquot 
was taken from the stock solution and submitted 
t o  reduction by sodium borohydride. This solution 
was used as a blank. The test solution was pre- 
pared by adding a n  aliquot of the same volume of 
the stock solution to sodium borohydride previously 
decomposed either with hydrochloric acid or by 
boiling with methanol, and the solution obtained 
was diluted in the same way as the blank. 


The reduction of A4-3-ketosteroids was accom- 
plished according t o  the method described previ- 


4 Rheosolone, Richter tradename. 


ously (5): in methanol solution, with a large 
excess of sodium borohydride, at room temperature 
for 15 min. With A'XLketosteroids only a partial 
reduction takes place under such conditions. For 
this reason, in the case of formulations containing 
prednisolone, the reduction was carried out at the 
boiling point. Since sodium borohydride de- 
composes very quickly in methanol under these 
conditions, ethanol or water was used instead of 
methanol as a solvent and sodium hydroxide was 
employed as a stabilizer. In this manner a quan- 
titative reaction can also be achieved in the above- 
mentioned cases. 


The pH value of the test solution does not affect 
the results. Therefore, in the case of A4-3-keto- 
steroids the measurements were made in mild 
alkaline solution produced by the decomposition 
products of sodium borohydride. I n  the case of 
prednisolone in aqueous medium, the measurements 
were made in the solution which had been made 
alkaline to  stabilize the sodium borohydride; in 
ethanolic medium, owing to the poor solubility of 
the decomposition products of sodium borohydride 
in alkaline ethanol, the measurements were made 
after acidifying with hydrochloric acid. 


The only prerequisite to  obtaining correct results 
in this manner is that the other active ingredients 
and excipients used should not change their ab- 
sorbance at about 241 mp on treatment with sodium 
borohydride. This condition was fulfilled with the 
preparations studied. 


Special mention must be made of the oil, Oleum 
helianthi, very often used as a solvent for steroid 
hormones. The active ingredient of the oil injection 
was extracted simply by shaking the injection with 
a 50-100-fold quantity of methanol. After the 
separation of the oil, the methanol solution was 
tested. It was found that the active ingredient can 
be completely extracted by a single extraction. 


However, other substances showing absorption 
are also extracted from the oil by methanol. There- 
fore direct measurement is impossible even in the 
absence of other absorbing components (19-nortes- 
tosterone phenylpropionate injection). Curve a ,  
Fig. 1, indicates the spectrum of this formulation; i t  
was taken after extraction and dilution (as described 
in Experimentat?) but without treatment with 
sodium borohydride. It can be seen that the 
spectrum shows large distortion in comparison with 
the spectra of Ac3-ketosteroids. Curve b is the 
spectrum of the solution reduced with sodium 
borohydride, showing the spectrum of the sub- 
stances extracted from the oil (background), while 
the differential spectrum (Curve c) which was 
taken as described in Experimental, is in good agree- 
ment with the spectrum of 19-nortestosterone 
phenylpropionate (6). 


There is only a small irregularity in the differential 
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Fig. 1 -Determination of 19-nortestosterone phenyl- 
propionate i n  oily injection. Key: a ,  spectrum of 
diluted stock solution without treatment with sodium 
borohydrade; b ,  spectrum after treatment with sodium 
borohydride; c, differential spectrum of the solutions 


a and b. 


curve, namely, the shoulder of small intensity that 
occurs a t  about 280 mp, where 19-nortestosterone 
phenylpropionate has no measurable absorption 
at this concentration. 


The differential spectra of the methanolic extracts 
of various oil samples treated with sodium boro- 
hydride were recorded to clarify this question. 
It was found that a differential spectrum appears 
with a small but reproducible intensity. The 
maximum of this spectrum is a t  about 280 mp, 
and the differential absorbance measured at 240 mp 
can be neglected under the given conditions. 


This effect can be more distinctly seen on Curve c, 
Fig. 2, where the differential spectrum of the oil- 
injectable formulation of progesterone is presented. 
In this case the concentration of the active ingredient 
is half that in the case of 19-nortestosterone phenyl- 
propionate injection, and thus the relative concen- 
tration of impurities is doubled. In this case the 
error was not yet significant, but oily injections 
containing smaller quantities of active ingredient 
cannot be tested with the desirable precision. The 
absorption band, Am.,. 230 mp (7), of estradiol 
monobenzoate and the aromatic fine structure of 
benzyl alcohol hmas. 252, 258, 264, 268 mp. can 
readily be recognized on Curve b, Fig. 2. The latter 
also can be seen on Curve a. 


In  the cases described above the background 
eliminated by differential spectrophotometry at 
240 mp did not amount to  507, of the differential 
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Fig. 3-Determination of progesterone in aqueous 
emulsion injection. See Fig. 1 for key. 


absorbance. However, the measurement could also 
be accomplished with the aqueous emulsion injection 
containing progesterone, where the value of the back- 
ground (Curve b, Fig. 3), owing to  the auxiliaries 
used in the preparation of the emulsions, is a 
multiple of the value of the differential spectrum 
(Curve c). In this case the measurement, because 
of the high absorbance of the blank, was not made 
at  the peak but at the slope of the spectrum of pro- 
gesterone, namely a t  250 mp. The error in this 
case slightly exceeded that observed with the other 
preparations tested. 


In the case of the prednisolone-containing oint- 
ment, the interfering effect of methyl phydroxy- 
benzoate had to be prevented. The spectrum of 
this compound [A,.,. 258 mp, a = 109.2 (8)] can 
be identified in Curve b, Fig. 4. The differential 
spectrum (Curve c) shows appropriate agreement 
with the spectrum of prednisolone. 


In the test with tablets containing prednisolone 
and phenylbutazone, the problem was due to  the 
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Fig. 2-Determination of progesterone i n  oil injec- 
tion. See Fig. 1 for key. 


220 240 260 280 300 
WAVELENGTH, rnp 


Fig. 4-Determination of prednisolone i n  ointment. 
See Fig. 1 for key. 







Vol. 57, No. 10, October 1965 1741 


220 240 260 280 300 
WAVELENGTH, mp 


Fig. 5-Determination of prednisolone i n  tablets. 
See Fig. 1 for key. 


presence of a %fold quantity of phenylbutazone 
having nearly the same absorbance at about 240 mp 
as the prednisolone. In the presence of both active 
ingredients (alcohol extraction), the measurements, 
owing to the high background absorbances, could 
only be made in dilute solutions. The sensitivity 
and precision of the method was extremely de- 
creased by this circumstance. To avoid this, an 
attempt was made to  select the extractio?. This 
could be achieved by the use of a 0.01 N solution of 
hydrochloric acid. I n  this solution prednisolone 
dissolves satisfactorily for the purpose given, while 
phenylbutazone being present a t  this acidity 
quantitatively in the keto form is dissolved only 
slightly. Thus the extraction of prednisolone 
becomes nearly selective. The small amount of 
phenylbutazone extracted has carbonyl groups of 


acid hydrazide type, which do not react with sodium 
borohydride, therefore the differential curve (Curve 
c, Fig. 5) is suitable for the correct estimation o f  
prednisolone. The background (Curve b )  is charac- 
teristic of the spectrum of phenylbutazone mea- 
sured in alkaline solution [Amax. 264 mp (9)]. 
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Effect of Physostigmine upon the Output of 
Catecholamines from the Adrenal Gland of the Rat 


By C. L. KAUL and R. S. GREWAL 


An investigation has been made on the effect of physostigmine on the output of 
catecholamines from the adrenal gland of the rat. Physostigmine (20 mcg. i.v.) 
causes three- to fourfold increase in the catecholamines output from the adrenal 
gland of the rat. This effect is mediated centrally as no increase was seen in the 
pithed animals. It is concluded that this peripheral release of catecholamines 
does not play any significant role in the hypertensive response of physostigmine 


in the rat. 


NTRAVENOUS administration of physostigmine I causes an appreciable rise in blood pressure 
in iin urethan-anesthetized rat (1, 2). This 
pressor response of physostigmine has been 
mainly attributed to central adrenergic stimula- 
tion and is absent or much less in pithed animals 
(2). Although the hypertensive response of 
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physostigmine is mainly central, there is some 
evidence to suggest that some peripheral action 
may also be involved (24).  MedakoviE and 
VaragiE (5) have also postulated that liberation 
of epinephrine and norepinephrine from the 
adrenals does not seem to play a significant role 
in the hypertensive response to physostigmine, 
as the response to  physostigmine was the same in 
normal or adrenalectomized animals. 
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Study on Dosage Variations of Individual Capsules 
and Tablets of Desipramine and 


Imipramine Hydrochloride 
By S. AHUJA, C. SPITZER, and F. R. BROFAZI 


Automated methods of analyses based on UV absorption of desipramine and imipra- 
mine hydrochloride were developed in order to obtain information on intercapsule 
and intertablet variations of the following six dosage forms: desipramine hydro- 
chloride capsules 10, 25, and 5 0  mg. and imipramine hydrochloride tablets 10, 25, 
and 5 0  mg. The automated methods require the use of an automatic analyzer and 
the same manifold is used for all six dosage forms. A careful review of the results ob- 
tained on individual capsules and tablets reveals that almost all of the capsules 
and tablets analyzed by these methods were within f 1 5  percent limits of the indicated 


dosage. 


HE PHARMACEUTICAL INDUSTRY has long been T interested in obtaining more information on 
drug content of individual tablets or capsules to 
assure high standard of drugs, from the stand- 
point of production, quality control, and thera- 
peutic activity. This information is necessary 
for establishing suitable control measures in 
production and quality control in order to obtain 
reasonable dosage uniformity of drugs. 


Analytical methods which are based on the 
analysis of sample composites cannot provide re- 
liable indications of content uniformity because 
they express product dosage on individual dosage 
forms, whereas the analyses are actually run on 
sample composites. Therefore, such analyses 
not only average out small variations in compo- 
sition between individual tablets or capsules, but 
may also mask large deviations. 


Quantitative analysis of the active ingredient 
itself, in each of the individual capsules or tab- 
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lets, should provide a good approach for studying 
dosage variations. However, this approach was 
rather difficult to carry out until the recent intro- 
duction of automated methods of analyses. 


The automated methods of analyses based on 
UV absorption of desipramine hydrochloride' 
[10,11- dihydro - 5 - (3-methylaminopropyl) - 5H- 
dibenz [ b , f ]  azepine hydrochloride] and imipra- 
mine hydrochloride2 [10,11- dihydro - 5 - (3-di- 
methylaminopropyl) - 5H-dibenz [b,f]azepine hy- 
drochloride] were developed with the object of 
gaining information on intercapsule and inter- 
tablet variations on the following six dosage 
forms: (a) desipramine hydrochloride capsules 
(hard gelatin) 10, 25, and 50 mg., and (b)  imipra- 
mine hydrochloride tablets (sugar coated) 10, 25, 
and 50 mg. 


A variety of methods (1-8) have been used for 
the analysis of desipramine and imipramine 
hydrochloride. For several years manual UV 
methods have been used for the analysis of these 
compounds in these laboratories. These pro- 


' Pertofrane Geigy Chemical Corp. Ardsley N .  Y. * Tofranil, Geigy Chemical Corp., Ardsley, N. Y. 
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Fig. 1-Flow diagram. 


cedures were automated by the use of the auto- 
matic analyzer. 


EXPERIMENTAL 
Materials and Methods-Figure 1 shows a flow 


diagram of the analytical system including tubing 
sizes. The Solidprep sampler is programmed to 
operate a t  a rate of 13 samples/hr. The sample 
(tablet or capsule) is deposited in a cup placed on 
the turntable of the sampler. In turn, each 


changeover procedures. Thirteen determinations 
can be made per hour with the automated methods 
as compared to  1 0  per day with the manual methods. 


RESULTS AND DISCUSSION 


A linear relationship was observed between the 
concentration of imipramine and desipramine hydro- 
chloride and absorbance in the range of concentra- 
tions studied for this investigation. The precision 
of the method was checked by running standards and 
synthetic formulations (prepared in a manner 
similar to commercial formulations). Table I shows 
the precision of the results obtained on standards in 
various concentrations. 


The percentage recovery (an average of 10 in- 
dividual determinations) of two synthetic formula- 
tions, each containing 50 mg. of imipramine and 
desipramine hydrochloride, was 100.270 (SD = 
f 0 . 9 4 )  and 100.1% (SD = f 0 . 9 1 ) ,  respectively. 
By running placebos of these formulations, it could 
be shown that there was no significant interference 
from the excipients. Examples of the recordings 
obtained for these formulations are shown in Figs. 
2 and 3. 


In order to study dosage variation a very large 
number of individual capsules (590) and tablets (730) 
were analyzed by these methods. The distribution 
of dosage in each of these dosage forms is presented 


TABLE I-PRECISION OF THE AUTOMATED METHODS 


N O .  Sample 


1 Imipramine HCl, 50 mg.a 
2 Iinidramine HC1, 25 mg." 
3 Imipramine HCI, 10 mg.b 
4 Desipramine HC1, 50 mg.O 
5 Desipramine HCI, 25 mg.' 
6 Desipramine HCl, 10 mg! 


No. 
Results Determina- 


(Av. Abs.) tions 


0.372 10 
0.176 10 
0.152 10 
0.403 10 
0.191 10 
0.170 10 


Range 
Expander s D 
- f 0 . 0 0 4  
- f0.003 


2 x  f 0 ,003 
- f 0 . 0 0 4  
- f O . O O 1  


2 x  f 0 . 0 0 2  


a In solid form. * In solution form. 


sample is dumped into the homogenizer and homog- 
enized with 125 ml. of 307, 3A alcohol4 and a 0.9 
ml./min. sample (segmented with air) is pumped 
from the sampler. The sample is diluted with 
30y0 3A alcohol, mixed, and filtered with the con- 
tinuous filter. About 17% of i t  is resampled and 
diluted with additional 307, 3A alcohol, segmented 
with air, mixed with two double mixers, and then 
passed through a time delay coil. 


The suitably diluted sample thus obtained is 
passed through a 15-mm. tubular continuous flow 
cell and its absorbance is recorded a t  an appropriate 
wavelength (imipramine = 250 mp and desipramine 
= 252 mp). Standards are run at various intervals 
to provide a means of sample concentration calcula- 
tion and also to keep a check on any instrumental 
variations. The same manifold is used for all of the 
formulations and can handle concentrations of 
imipramine and desipramine ranging from 10 to 50 
mg. per sample (tablet or capsule). Range Ex- 
pander at 2 X  setting is used only for 10-mg. dosage 
forms. 


The manifold was designed so that it can handle 
all six dosage forms without any loss of time in 


AutoAnalyzer, Technicon, Chauncey, N. Y. 
4 U S  Industrial Chemical, Newark, N. J.  


in the form of a histogram in Figs. 4-9, where the 
ordinate indicates the number of capsules or tablets, 
and the ahcissa, the number of milligrams of active 
ingredient present in an individual capsule or tablet. 
The capsules and tablets used for this study were 
randomly selected from several production batches, 
where possible, in order to obtain a good overall 
picture of dosage variation. The results on inter- 
batch and intrabatch variations will be the subject 
matter of another publication. The results of the 
present investigations are summarized in Table 11. 


Of the 590 individual desipramine capsules ana- 
lyzed, over 9475 were within f l O %  limits of the 
indicated dosage while 100% were within f15Yo  
limits of indicated dosage. Of the 730 individual 
imipramine tablets analyzed, over 90Y0 were within 


Fig. 2-Typical recording of desipramine capsules, 
10 mg. 
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10.1 


TABLE 11-DOSAGE VARIATION O F  DESIPRAMINE C A P S U L E S  A N D  IMIPRAMINE TABLETS 


yo Capsules o r  Tablets Within Indicated Uosage- F 


Dosage, -f 2%- -* 5%- -* lo%-- -* 15%- w. Tabs. Caps. Tabs Caps. Tabs. Caps. Tabs. Caps. 


10 27.7 32.5 57.4 65.0 90.3 96.7 99.4 100.0 
25 38.1 49.7 79.6 67.8 99.2 94.1 100.0 100.0 
50 45.2 42.0 82.9 88.7 99.0 100.0 100.0 100.0 


- 


- 


1( 


Fig. 3-Typical recording of imipramine tablets, 50 
mz. 


&lo% limits of indicated dosage, and all except one 
tablet (10 mg.) were within *15% limits of indi- 
cated dosage. The results, therefore, very strongly 
suggest that in the case of these capsules, the con- 
tent uniformity is a t  least as good, if not better than 
that of tablets, in the dosage range studied for these 
formulations. 


The current specifications for tablets requiring a 
content uniformity test are: the first 10 tablets ana- 
lyzed out of a representative sample of 30 tablets (or 
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Fig. &Histogram of desipramine capsules, 10 mg. 
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Fig. 5-Histogram of desipramine cepsules, 25 mg. 


29 out of 30 tablets) should be within the limits of 
85 and 115y0 of the average of the specified toler- 
ances in the monograph. A content uniformity 
test for capsules is presently being considered for 
the new editions of USP and NF. Needless to say, 
these capsules and tablets would have passed the 
content uniformity test of tablets of the compendia. 
Furthermore, these results provide some indications 
as to the type of specifications that could be set for 
capsules. 


rng./CAPSU L E  


Fig. 6-Histogram of desipramine capsules, 50 mg. 
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Fig. 7-Histogram of imipramine tablets, 10 mg. 


CONCLUS ONS 


A careful review of the results obtained from a 
large number of individual capsules and tablets 
reveals that of the 1,320 individual capsules and 


!6.0 27.2 
26.6 27.8 


mg./TABLET 


Fig. 8-Histogram of imipramine tablets, 25 mg. 
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Fig. 9-Histogram of imipramine tablets, 50 mg. 


tablets analyzed by the automated methods, only 
one tablet (10 mg.) was found to be outside the 
=k1570 limits of the indicated dosage. Therefore, 
it  may be logically concluded that with these for- 
mulations and with the equipment used to manu- 
facture these tablets and capsules,' it is possible to 
produce capsules with dosage uniformity comparable 
to that of tablets. 
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there can be no “skipping” or “wild plusses,” a 
phenomenon often seen when aliquot amounts are 
subcultured. 


2. When a diluted bacterial suspension is 
filtered through a membrane, the organisms form an 
even, thin layer over its surface and they cannot 
be removed by washing as from stainless steel car- 
riers. This distribution more closely resembles the 
spread of bacteria on human skin, mucosa, and con- 
taminated surfaces. The problem of cell clumping 
which often occurs with bacteria suspended in solu- 
tions of quaternary ammonium compounds is 
eliminated completely. 


There is no possibility of any carry-over of 
PVP-iodine activity, since available iodine is neu- 
tralized and thoroughly rinsed from the organism 
prior to culturing. The effectiveness of the neu- 
tralization can easily be determined without delay. 
Since the neutralizer is also removed by washing, the 
possibility of any interference with the growth of the 
test organism is eliminated. 
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Mechanism of Flow Improvement 
by the Addition of Fine Particles 


to Bulk Solids 


Sir: 


The flowability of a bulk particulate solid may 
be improved by the addition of a small proportion 
of fine particles. These fine particles, or glidants, 
may be chemically similar or dissimilar to the 
materialwith which they are admixed (1). In the 
former case the term “fines” may be used to de- 
scribe the glidant particles. 


Gold et al. (2) suggest that fine particles may 
act as glidants by filling the void spaces between 
particles, in addition to reducing interparticulate 
cohesive forces and reducing surface rugosity (3). 


Now it can be shown that the voidage of a 
random array of spheres is 0.38 and 0.26 for a 
close packed array (4). Provided the size ratio 
of fine: coarse particles is less than 0.4 -F 0.6, fine 
particles percolate into the interstitial void 
spaces. Thus, increasing the percentage of fines 
im a granulation should increase the bulk density 
until the void spaces are full. 


Figure 1 is representative of a number of binary 


mixtures of magnesia and shows that the bulk 
density [determined by the British Standard 
Method ( 5 ) ]  increases as the intergranular voids 
are filled and then decreases due to bed expansion 
by the fine component. 


If the flowing bulk solid is considered as a con- 
tinuum, then it should follow that the higher the 
bulk density the greater the mass flow rate since 
more material can flow through the orifice due 
to a closer packing. 


The flowability of the binaries outlined in Fig. 
1 have been determined (3) and it can be seen 


FINE POWDER, % w/w 


Fig. 1-The changes in bulk density in binary mixtures 
consisting of coarse granules (0.0561 cm.) with in- 
creasing concentrations of fine powders. Arithmetic 
meun diameter of fine powders. Key: A, 0.0158 
cm.; 0, 0.0090 cm.; X, 0.0059 cm.; @, 0.0048 cm. 
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reached above which cohesive bridging will occur 
and thus a maximum is obtained in the relation- 
ship of flow rate to percentage fine component 
(2,3). 


Gold et a2. (2) show that the flowability of 
fine lactose particles is increased by the addition 
of silica, talc, and magnesium stearate. On the 
basis of the theory that flow rate depends upon 
the stability of the natural free fall arch, these 
additives may act in two ways. First, i t  is likely 
that the frictional characteristics of the glidant 
lead to a reduction in particle-particle interaction 
within the arch and this may explain the be- 
havior of the silica and talc glidants. However, 
it is unusual for magnesium stearate to produce 
glidant action (1) due to its long hydrocarbon 
tail increasing particle-particle interaction; i t  
is, of course, a useful lubricant within the tablet 
die. Thus it is possible that a second mech- 
anism of action applies in that the glidant may be 
of sufficiently large particle size to physically sep- 
arate the fine particles of the granulation and 
thereby reduce the influence of cohesive bridging. 


FINE POWDER, 4% w/w 


Fig. 2-The efect of fine powders on the jlow rate of a 
coarse granulation (0.0561 cm.) from a horizontal- 
based hopper through an orifice of diameter 1.353 cm. 
Arithemetic mean diameter of fine powders. Key: 
A, 0.0158; 0,0.0090 cm.; X, 0.00fi9 cm.; .,0.0048 


cm. 


(Fig. 2) that the maxima in the two sets of graphs 
do not correspond, i.e., improvement in flow rate 
cannot simply be due to void space filling. 


Adopting a particulate approach to the kine- 
matics of flow, i t  may be shown that particles in 
the bulk flow downwards and inwards towards 
an arch situated above the orifice from which 
they are discharged under the influence of gravity 
(6). This arch continuously forms and collapses 
producing a fluctuating voidage at  the orifice. 
The stability of the arch and hence the rate of 
flow depends upon the number of particle com- 
ponents in its structure, ie., particle size. 


Now the interposition of fine particles between 
the coarse components of an arch will increase the 
points of interparticulate slippage due to a dis- 
placement of their centers of mass. In addition, 
the frictional characteristics of the fine compo- 
nent will affect the coefficient of rolling friction of 
the constituent particles of the arch. Clearly, a 
limiting concentration of fine particles must be 
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HIS ARTICLE attempts to review the current T knowledge of sulfonamides (SNS), their 
structure-activity relations, and the mode of 
action involved. The problem of the mode of 
action and the relationship between structure and 
biological and antibacterial action of SNS, which 
was detected in 1933, are still not completely 
elucidated. Therefore, it would appear necessary 
to discuss all important experimental results con- 
cerning these problems. However, this is im- 
possible considering that Northey (1) (review, 
1948) required 200 pages to discuss the results 
that were available. Hundreds of publications 
about the synthesis of new compounds, their 
chemotherapeutic activity, their biological prop- 
erties, and their kinetic and enzymatic approaches 
have been published since then to give an insight 
into the mode of action. This demonstrates the 
importance of SNS, which have revolutionized 
the treatment of bacterial infections. Only some 
of the important facts can be discussed in this 
paper, which includes a subjective selection. 


There are several statements of many authors 
concerning the problem of structure-activity rela- 


1 In this review SNS is used as abbreviation for Nhubsti- 
tuted sulfanilamides. 
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cokinetic) and through the bacterial membrane 
and (b) the chemical reaction which causes bac- 
terial death or inhibition of growth. The reac- 
tion may induce sequential biochemical reactions 
in bacterial metabolism. 


The classification of chemotherapeutics by 
their mode of action can be based only on the 
chemistry of the chemical reactions involved in 
the antibacterial action. As long as the chemistry 
of the responsible reaction is not clarified, the 
classification of the chemotherapeutic is doubtful. 
What are the criteria which decide if an anti- 
bacterial compound belongs to the group of SNS? 
There are substituted SNS, the substituents of 
which have an antibacterial activity by them- 
selves, for instance sulfanilthiocarbamide (3), 
some sulfathiazoles, sulfathiadiazoles, and sulfa- 
pyridine (4-7), sulfa-3,5-dibromobenzene (8), 
and some sulfapyrimidine derivatives (9, 10). 


If the antibacterial activity of the substituents 
gets the upper hand, the compound does not 
belong to the group of SNS with respect to the 
mode of action. Two criteria which are not 
identical can be used for classification: the 


tionships of dzerent chemotherapeutics, but 
among these statements, none has general valid- 
ity. Definite results and answers to this question 
can be expected only if one restricts his attention 
to a very closely related group of chemical sub- 
stances. SNS belong to such a group and have 
been studied in great detail. Setting up an ex- 
tensive theory of the mode of action of chemo- 
therapeutic agents is not only an academic prob- 
lem, it should also give quantitative meaning to 
the chemical, physicochemical, and biological 
properties of the compound for the therapeutic 
effects. This can serve not only as a basis for the 
development of new drugs, but also for the evalua- 
tion of different drugs. The increasing diacul- 
ties in clinical screening tests (2) necessitate exact 
experimental standards. 


The mode of action of chemotherapeutics, 
including all chemical, physicochemical, and 
biochemical reactions involved, can be divided 
into the pharmacodynamic, toxicological, and the 
antibacterial mode of action. The antibacterial 
mode of action consists of (a) the transport mech- 
anism to the place of bacterial infection (pharma- 


TABLE I-CLASSIFICATION OF 4-AMWOBENZOIC ACID ANTAGONISTS AND OTHER SULFONAMIDES WITH 
ANTIBACTERIAL ACTIVITY 


H , N e c o - - R  4-Aminobenzoyla derivatives 
4-Aminobenzoic acid an- 


tagonists (Psubsti- 
tuted aniline deriva- 
tives) 


PAminosalicylic acids 


Other ring substituteda 4-amino- 
benzoic acid derivatives 


R 


H,N-(=+SO,--OH 4-Aminophenylarsonic acid 


Other Psubstituted aniline deriva- 
tives, not sulfone derivatives 


Sulfanilic anilines (“sulfones,” DDS 
H 2 N o m 2 O N H - ’  derivatives )b 


Other sulfanilic acid derivatives (not 
sulfonamidesy 


0-CHI 


Other sulfonamides with p - N H < q o - c H 3  m-Sulfanilamidesc 


antibacterial action, H,N 
which are not 4-amincl- 
benzoic acid antago- 
nists P(Amino-methyl)c benzol sulfona- 


H , N - - C H ~ ~ S O , - - N H ~  mide (homosulfanilamide) 


4-Aminobenzoic acid derivatives. 4-Sulfanilic acid derivatives. Benzolsulfonamides. [Reproduced with permis- 
sion from Jahresber. Borslel. 5. 651(1961).1 
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antagonism of PABA against the antibacterial 
activity of SNS (11, 12) and the cross-resistance 
against sulfanilamide (13). By testing the cross- 
resistance of sulfanilamide and PAS resistant 
strains, it is possible to obtain a differentiation 
of the group of PABA antagonists (Table I). 
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CHEMICAL. STRUCTURE AS REASON FOR 
BIOLOGICAL ACTION 


Structure Specificity of the Activity of PABA 
and PAS-If the antagonistic action of 
PABA is used as a criterion for the activity of 
one group of compounds, knowledge is needed 
of the structure specificity of the action. In the 
following the rules of Johnson, Green, and Pauli 
(14), Zetterberg (15), Hossack (16), and o t h e r s  
completed with some additional facts-are given. 
1. The antagonistic action against SNS is af- 


forded by the amino group in the 4 position of the 
carboxyl group (17,18). 


Exchange of the amino group for other 
substituents with the exception of the nitro or 
acetyl amino group results in ineffective com- 
pounds (18). 


Exchange of the benzene ring for other ring 
systems causes loss of activity (19). 


Monosubstitution in the 3 or 2 position of 
the PABA molecule by halogen, alkyl, and alkoxy 
substituents results either in bacteriostatic com- 
pounds (20-22) or compounds with antagonistic 
action against SNS. There are completely dif- 
ferent statements about the activity of these com- 
pounds in the literature; PAS belongs in this 
group of compounds. 
5. Variation in the carboxyl group by ex- 


change or substitution results in compounds which 
may possess either antagonistic properties (local 
anesthetics) (23-25), antibacterial, or no activity 
(26-30). 


6. Simultaneous variation at  the amino group 
and substitution a t  the benzene ring results in 
inactive compounds. 


As previously stated, among the PABA deriva- 
tives are compounds which may act as antagonists 
against SNS, others which have antibacterial 
properties, and others which are inactive. Some 
of these compounds are judged differently by dif- 
ferent authors, using different concentrations of 
the drug or different strains. These results are 
explainable according to Ariens et al. (31, 32) by 
two independent qualities of PABA, PABA de- 
rivatives, and SNS, the so-called “ai3inity” (recip- 
rocal of the dissoaation constant of the com- 
pound-receptor complex), and the “intrinsic” ac- 
tivity (metabolic activity). 


2. 


3. 


4. 


Structure Specificity of the Activity of SNS- 
Northey (1) developed the following rules 
about the structure specificity of SNS. These 
rules are based on a tremendous mass of 
literature available from several large chemical 
companies and have been completed by the addi- 
tion of some new results. The sequence used is 
the same which is used for PABA and its deriva- 
tives. 


1. SNS antagonized by PABA possess an 
amino group in the 4 position of the sulfone group. 
2. Exchange of the amino group by H--, 


HO-, RO-, HOOC-, H2N--S0rI alkyl, or 
halogen substituents causes loss of activity or re- 
sults in compounds which are not antagonized by 
PABA (homosulfanilamide) . N4-derivatives are 
active if the free amino group is obtainable either 
hydrolytically or enzymatically. 


Exchange of the benzene ring for other ring 
systems decreases the activity of SNS. 


SNS substituted in the benzene ring are 
mostly inactive; however, there are exceptions 


Exchange of the S o a H  group for NH-, 
-CN, -SOaH (see, however, 35), -AsO&, 
-NH-CO-CH3, or -NO* results in inactive 
compounds. The activity maintains-in some 
cases, however, it decreases-if the sulfonamide 
group is exchanged for S O d i ,  -S02CaH4-R, 


3. 


4. 


(33,34). 
5. 


-SO-caH4-NHp, --S--S-C~HI-NH~, -SO 
-SO-CaH4-NH2, -%(CHs)2, -SD-CH2 
-C&i-NH2, -CO-NH2, ~O<CIH~-R,  
or -PO(OH)2 (28,36-38). 


Monosubstitution in the N1 position results in 
essentially more active compounds as compared to 
the action of sulfanilamide. The most active 
compounds were obtained with substituents 
belonging to a heterocyclic system. Acylderiva- 
tives at  the N1-nitrogen atom are active in most 
cases (39). The rule that disubstitution at the 
“-nitrogen decreases the activity (40, 41) cor- 
responds to the hypothesis of Bell and Roblin 
(41, 42). However there are some exceptions 
(41, 43-45). One of the most active SNS in udro 
is sulfanil- (3,4-dimethyl-isoxazole-5-) -acetamide 
(see Table 11). 


Simultaneous variation at  the amino and 
sulfonamido group performing Assumptions 2 and 
5 results in in uiuo active compounds. 


Table I shows some chemotherapeutics and 
their classification using the given rules. The 
structure specificity of the antibacterial action of 
SNS is not easily seen; the same holds true for 
the structure specificity of the antagonistic action 
of PABA and its derivatives. The only rule that 
can be accepted with certainty is that the benzene 


6. 
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TABLE 11-MINIMUM INHIBITION CONCENTRATION 
(MIC) OF SOME STJLFONAMIDES AND THEIR N1- 


ACETYL DERIVATIVES 


MHK, 
E .  coli 


rmole/l. Substance 
ZSulfanilamido-pyridine 
N1-Acetyl-2-sulfanilamido-pyri- 


2-Sulfanilamido-5-methyl-pyri- 


N1-Acetyl-2-sulfanilamido-5- 


2-Sulfanilamido-5-ethyl-pyrimi- 


N1-Acetyl-2-sulfanilamido-5- 


2-Sulfanilamido-5isopropyl- 


N1-Acetyl-2-sulfanilamido-5-iso- 


2-Sulfanilamido-Smethox y-pyri- 


N1-Acetyl-2-sulf anilamido-5- 


2-Sulfanilamido-3-methoxy- 


dine 


midine 


methyl-pyrimidine 


dine 


eth yl-pyrimidine 


pyrimidine 


propyl-pyrimidine 


midine 


methoxy-pyrimidine 


pyrazine 
N1-Acetyl-Zsulf anilamido-3- 


methoxy-pyrazine 


pyrimidine 


dimethoxy-pyrimidine 


pyrimidine 


dimethoxy-pyrimidine 


zole 


meth yl-isoxazole 


isoxazole 


dimethyl-isoxazole 


zole 


phenyl-pyrazole 


PSulfanilamido-2,6-dimethoxy- 


N1-Acety14sulfanilamido-2,6- 


4-Sulfanilamido-5,6-dimethoxy- 


N1-Acety14sulf anilamido-5,6- 


3-Sulfanilamido-5methyl-isoxa- 


N1-Acetyl-3-sulfanilamido-5- 


5-Sulfanilamido-3,4-dimethyl- 


N’-Acetyl-5sulf anilarnido-3,4- 


5-Sulfanilamido-1-phenyl-pyra- 


N1-Acetyl-5-sulfanilamido-1- 


pKad 
8.4 
- 


6.8 
- 


6 . 7  
- 


6.7 
- 


6.5 
- 


6.1 
- 


5.9 


- 


5.83 


- 


5.7 
- 


4.9 
- 


5.8 
- 


8 


4 


1 


1 


1 


1 


1 


1 


2 


1 


2 


0.5 


1 


1 


1 


1 


1 


1 


2 


0.5 


1 


0.5 


[Reproduced with permission from Arzncimiffel-Forsch., 16, 
1417(1966).] 


ring and the primary aromatic amino group are 
essential for the biological action. The same is 
valid for some other PABA antagonists as for in- 
stance 4-aminobenzene-arsenic-acid (27, 46), di- 
aminobenzil(36). Obviously the aromatic amino 
group in the 4 position in SNS is an important or 
decisive factor for the antibacterial action. 
Other conclusions are uncertain, for instance, the 
necessity of an electronegatively charged sub- 
stituent (but not ionized) in the para-position of 
the amino group, and the distance of the charge 
from the amino group must be the same as that 
of the amino group in PABA (41). 


There is no doubt that the aromatic amino 
group of PABA antagonists is involved in a 
chemical reaction at the site of action (35). 
Until now the assumption was made that sulfa- 
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nilamide and PABA have the same partner in 
reaction. It has been reported that a twofold 
binding according to Scheme I takes place: 


R 
I H+ 


Scheme I 
This picture of the geometrical similarity of 
PABA and sulfonamide molecules obviously was 
influenced by the ideas of Bell and Roblin (41), 
see however Allhaume (47,48). 


There is no experimental proof for such a two- 
fold binding. It is better not to call the amino 
group “haptophore” according to Ehrlich (49) or 
“toxophile” according to Albert (50), but prefer- 
ably it should be called the reactive group of 
the molecule. An explanation will be attempted 
for the different antibacterial activities of SNS by 
the different reactivities of their primary aro- 
matic amino groups. A criterion for the reactivity 
is the “affinity constant” according to Ariens (31). 
The affinity constant of the amino group in a cer- 
tain chemical reaction is influenced by intramole- 
cular forces of the molecule. Therefore, i t  is not 
necessary to look for a special name for the rest of 
the molecule as long as the mode of action is dis- 
cussed. Another question is the meaning of the 
rest of the molecule for transport mechanism (see 
protein binding, lipid partition, and ionization). 


If the structure specificity of SNS is considered 
from this point of view it is unlikely that struc- 
tural formulas written in the normal one-dimen- 
sional form can contribute to the solution of the 
question. Even a qualitative grouping of sub- 
stituents in electropositive and electronegative 
properties is not sufficient (50). Physical and 
chemical parameters are needed which describe 
the condition of the amino group under the influ- 
ence of certain substituents, for instance, u-func- 
tions according to Hammett (51), rate constants 
according to Hirsch (52), Kohn and Harris (53), 
Seydel (43, 54), Brown et al. (55), Garrett (56), or 
optical data for electronic distribution from UV 
spectra (57-59), I R  and NMR spectra (43, 44, 
60-62), crystal optical measurements (47), and 
LCAO calculations (63-67). In considering this 
question, only a few of Northey’s (1) critically 
discussed mode of action“theories” are of interest. 
A hypothesis may keep its value if the above- 
mentioned criteria about the membership of a 
compound to the group of SNS are considered and 
correct assumptions are made about the reaction 
mechanism. 
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Independent from the metabolic reactions in 
which SNS may be involved, the question of 
whether there are any physical or chemical prop- 
erties of SNS which correlate with the observed 
antibacterial activity in vitro will be discussed. 
The problem is answered if the minimum inhibi- 
tory concentration (MIC) can be calculated by 
physical or chemical parameters without excep- 
tion. Bell and Roblin (41) have tried to solve 
this problem. 


CHEMICAL REACTIVITY OF THE PABA 
ANTAGONISTS 


First, some hypotheses and experimental re- 
sults concerning the reactivity of the primary 
aromatic amino group will be discussed. In con- 
tradiction to the statement of Bell and Roblin 
(41), there exists a different chemical reactivity 
of the primary aromatic amino group of different 
SNS. This can be expressed in reaction rates, 
pKa values, or electron-density measurements. 


Tschesche (68) has developed a hypothesis that 
SNS are competing with PABA by forming a 
Schiff base with a pteridinealdehyde. The de- 
gree of displacement is a function of concentra- 
tion; the involved reaction was not considered 
to be enzymatic but chemical, delivering the fol- 
lowing compound: 
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the same as the sequence of their minimum in- 
hibitory concentration in vitro. 


A very similar hypothesis was formulated by 
O’Meara, McNally, and Nelson (71), Bell, Cocker, 
and O’Meara (72, 73), and Forrest and Walker 
(74, 75) based on the assumption that SNS was 
reacting with reductone-an assumed precursor in 
pteridinealdehyde synthesis-to form a Schiff 
base. Forrest and Walker (75) were able to sup- 
port the assumption that the Schiff base from 
reductone and PABA is a precursor of folic acid by 
synthesizing pteridine carboxylic acid from 2,4,5- 
triamino-6-hydroxypyrimidine and reductone. 
Bell (72) suggested that this reaction was not only 
blocking folic acid synthesis but also several other 
reactions where reductone was involved as 
metabolic compound. 


According to O’Meara et al. (71) the chemo- 
therapeutic activity of SNS and its susceptibility 
to the antagonistic action of PABA runs parallel 
with the stability of the schiff base formed with 
glucoreductone. Only qualitative data about the 
stability are given including a statement that the 
Schiff base of sulfathiazole is about two times 
more stable than the Schiff base of PABA. 


Bell et al. (73), however, obtained the opposite 
result. They heated a mixture of the Schiff base 
of sulfathiazole and reductone in sodium acetate 
with PABA. After 5 min. they obtained crystals 
which were identified as the Schiff base of PABA 
and reductone. This result was taken as evidence 
that SNS can be displaced in Schiff base by PABA 
in the physiological pH range and therefore would 
be a chemical explanation of the antagonism. 
However, there are some objections against this 
experiment. Reductones were easily oxidized, no 
exclusion of nitrogen was reported, and the reac- 
tion was carried out in heterogeneous mixture. 
Therefore, the results obtained not only include 
stability but also solubility constants. The 
solubility of the Schiff base is very low and differs 
with different SNS components. 


Schiff base formation proceeds in a step reac- 
tion, mainly catalyzed by hydroxonium and 
other oxonium ions (76-78). It is a complex 
reaction mechanism strongly dependent on pH 
and changing type of mechanism as a function 
of pH (79). Therefore, it is more convenient to 
follow the rate of hydrolysis. Rate constants 
from such kinetic studies of the hydrolysis of 
Sch8 bases from PABA and SNS with 3-methyl- 
reductone were obtained by Seydel et al. (44, 54). 
The sequence of rate constants is similar to the 
semiquantitative data of O’Meara et al. (71); an 
example is given in Fig. 1. For all studied com- 
pounds a minimum of hydrolysis was observed 


*-NH-R 


This compound was considered to be insoluble, 
thus crystallizing and accumulating within the 
bacterial cells. In 1950 Tschesche (69) was able 
to show, that 2-amino-6,9-dioxy-pteridinealde- 
hyde (8) and other pteridines can antagonize the 
inhibition caused by sulfathiazole. The hydroly- 
sis of the Schiff base is very slow according to 
Tschesche. From experiments of Wacker, 
Trebst, and Simon (70) with radioactive SNS, it 
was not possible to make certain that a Sch8 base 
of that type was formed. This does not mean, 
however, that the reaction postulated by Tsche- 
sche is not possible. It is very likely that under 
the conditions of the wash process used by Wacker 
et al. (70) a Schiff base could be hydrolyzed. 
That is even more likely because the action of 
SNS is considered to be of the bacteriostatic type, 
which means the bacteria can be liberated from 
the drug by washing the cells. If the hypoth- 
esis is correct, then the sequence of the reactiv- 
ity of SNS with the pteridinealdehyde should be 
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between pH 5 and 7. Most of the Schiff bases of 
SNS studied were more stable than the Schiff base 
of PABA, but this does not mean that a chemical 
antagonism of PABA and SNS is not possible. 
The PABA-reductone compound may be metabo- 
lized under i n  Yivo conditions thus changing the 
equilibrium of hydrolysis in favor of the forma- 
tion of the SchiE base. The antagonism of PABA 
and SNS may have a metabolic kinetic character 
in contradiction to the assumption of a more 
static equilibrium (31, 80, 81). It was not possi- 
ble, however, to isolate reductone from bacteria 
(82), and it is known from studies of Brown (83) 
and Jaenicke and Chan (84) that the biosynthesis 
of folk acid does not include Schiff base forma- 
tion, followed by hydration of the double bond. 
Even in vivo, it  was not possible to hydrate the 
double bond of the Schiff base (85). Whatever the 
reliability of these results may be-with respect 
to the mode of action-they show that the amino 
groups of SNS are the reactive groups and that 
there is a differentiation of the reactivity by the 
structure of the rest of the molecule. The induc- 
tive or conjugative effect of different substituents 
on the N1-nitrogen atom of SNS on the primary 
amino group is shown by some other parameters. 
Jacobson (86) has studied the effect of substrate 
structure on the activity of pigeon liver acetyl 
transferase and compared the effectiveness of 
several aniline derivatives as acetyl acceptors and 
donators. The rate of acetyl transfer was seen to 


Fig. 1-Apparent firsborder plots of Schiff base solvolysis o j  some suljonamides, Moo, p H  6.0 phosfihate buffer. 


decrease as the electronegativity of the @ra sub- 
stituent decreased; the relative rate of the ac- 
ceptors was vice versa. Among the compounds 
studied were sulfanilamide and PABA, with a 
rate of 6: 1 (see Table 111). 


IONIZATION AND DIPOLE 


Ionization of the Amino Group-Although 
not all of the bacteriostatic acting PABA 
antagonists possess an ionizing group with a 
negative charge (-SOrNH-), all of them have 
a primary amino group with a basic character. 
Tolstoouhov (87) reported that the basic pKal’ 
values of all active sulfonamides are in the range 


TABLE 111-COMPARISON OF VARIOUS DERIVATIVES 
AS ACETYL ACCEPTORS* 


Acetyl Acceptor Relative Rate 
Aniline 0.70 
+Methylaniline 1.00 
pchloroaniline 1.09 


. pBromoaniline 1.12 
+Nitroaniline 0.34 
+Aminohippuric acid 0.25 
Sulfanilamide 0.18 
pAminosalicylic acid 0.15 
pAminobenzoic acid 0.03 
Sulfanilic acid 0.01 


a Reaction conditions were as follows: 0.1 M Tris pH 8.1; 
0.01 M EDTA pH 8.  0.03 M cysteine HCl(neutra1ized). 5 X 
10-6 M acetyl-AABS, A-00 enzyme; and 1 X 10-4 M acetyl 
acceptor amine and temperature 29O. Reaction was followed 
at 400 mr. [Reproduced with permission from J .  Biol. 
Chcrn., 236, 343(1901).] 
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of 1.64-2.34, the most active compounds having a 
basic pKal’ in the narrow range of 1.91-2.84. 
Most emphasis was put on the different pKal’ 
values of p-, m-, and o-sulfanilamide (pKal‘ 2.16, 
2.89, 1.80), which would explain quite simply thc 
differences in therapeutic activity. The best 
correlation to activity was obtained by pHi = 
(pKa1 4- pKdz)/2. 


The earlier results of Bell and Roblin (41), ob- 
tained with a larger number of SNS, do not con- 
firm the results of Tolstoouhov (87). This how- 
ever may be due to insufficient data. In an ex- 
cellent paper Yoshioka (88) reported the basic 
pKal’ values of a homologous series of N1-aryl- 
sulfanilamides. The same compounds were used 
by Seydel (45, 54, 62) for structure-activity 
studies. Thus, i t  was possible to correlate the 
basic pKal’ values reported by Yoshioka (88) 
with the minimum inhibition concentrations re- 
ported by Seydel. Figure 2 gives the relationship 
between those parameters. There is an approxi- 
mate linear relationship between the MIC and the 
basic pKal’ of the N1-arylsulfonamides. The 
pKal’ values of the homologous series of com- 
pounds were found to have a linear relationship to 
the a-Hammett values of the substituents: 


log K N I I ~ +  = 0.212 (a + 0.48Aa-R) - 1.815 


The transmission of the additional resonance 
effect was considered to be of the cross-conjuga- 
tion type rather than by a function of -NH- 


S O r  like -C=C-- (6G, 88). 
Ionization of the Sulfonamido G.roup-Bel1 


and Roblin (41, 42) were the first to look for 
an explanation for the different activity of SNS. 
The theory of Bell and Roblin published in 
1942 is the most important and stimulating one 
for investigations of structure-activity correla- 
tions of SNS. The theory was modified and dif- 
ferentiated by Cowles (89), Fox and Rose (go), 
Schmelkes et al. (91), Brueckner (92), and Klotz 
(93). The authors stated a functional connection 
between the acid dissociation constant (pKa2‘) 
and the MIC of SNS. Since then this connection 
has not been questioned (Fig. 3). 


Different hypotheses were developed to explain 
the observed relation between the acid pKaz’ 
values and the in vitro MIC of SNS. Attention 
was paid to a possible connection between pKaz’ 
and the MIC of SNS by the observation of the 
pH dependency of the inhibitory activity (94) and 
the antagonizing effect of PABA. 


Fox and Kose (90) discovered that the ratio of 
the MIC of sulfanilamide, sulfathiazole, and 
sulfapyridine to the antagonistic concentration 
of PABA varied in the range of 5,OOO:l-8: 1. 
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Fig. 2-Correlation between the basic dissociation con- 
stant (pKa,)  (88) of some N1-beneenesulfonumides and 
their minimum inhibition concentration ( M I C )  against 


E. coli. 


However, if only the ionized fraction at  pH 7 was 
considered instead of the total concentration, the 
scattering of the ratio was limited to 1.4: I up to 
G.4 : 1. The conclusion was derived that only the 
ionized fraction of the MIC is responsible for the 
antibacterial action. Schmelkes et al. (91) re- 
ported that the MIC of sulfanilamide decreased 
with increasing pH of the culture medium, 
whereas the activity of sulfadiazine decreased 
with increasing pH. Cowles (89) considered only 
the negatively charged form of SNS as active and 
only the neutral form as able to penetrate the 
bacterial cell wall. Brueckner (92) differentiated 
this hypothesis by the assumption of different 
intra- and extracellular pH values. The results 
of his experiments only indicate that the molecu- 
lar fraction of a sulfonamide solution may play an 
important role in determining the intracellular 
concentration of the active fraction and that the 
influence of pH must have a more complex basis 
than a simple change in the concentration of SNS 
ions in culture media. To interpret these re- 
sults, knowledge is needed of the intracellular 
pH of the bacterial cell and its change as a func- 
tion of extracellular pH. 


Bell and Roblin (41, 42) explained the de- 
pendency between pKa2‘ and the MIC by the 
assumption that “the more negative the SO2 
group of N1-substituted sulfonamide derivatives 
thc niore lmcteriostatic the compound will be.” 
The acid dissociation constants were sliowri to 
furnish an indirect measure of the negative char- 
acter of the SOz group. The hypothesis of Bell 
and Koblin stated that the unionized molecules 
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Fig. 3-Plot of the minimum inhibition concentration (MIC, pmolell.) against the acid dissociation constant 
(pKa,) of sulfonamides compared with the theoretical curves of Cowles (89) and Brueckner (92) (.  * ), and of 
Bell and Roblin (41 )  (- --). [Reproduced with permission from Z. Naturforsch., 15b, 628(1960).] 


had a bacteriostatic activity too, however essen- 
tially weaker than the ionized form. Further it 
was supposed that increasing acidity of a com- 
pound decreased the negativity of the sulfone 
group, thus decreasing the bacteriostatic activity 
of the charged and uncharged molecules. Plot- 
ting the MIC against the pKaz’ values of several 
sulfonamides, Bell and Roblin found a bell- 
shaped curve with a minimum for the MIC at 
pKaz’ 6.7. This relationship was used to predict 
the MIC of a suIfonamide by measuring its 
pKa9’ value (Fig. 3). There are, however, several 
exceptions to this hypothesis in addition to the 
exceptions, sulfaguanidine and sulfanilurea, al- 
ready stated by Bell and Roblin. 


1. There are SNS with pKaz’ values as low 
as 5.0 or more and still as active as those with 
pKa values of 6-7. There are SNS with the same 
pKaz’ but different MIC (44) (see Fig. 4). A 
striking example is N1-(3,4-dimethylbenzoyl)- 
sulfanilamide which has a MIC of 2 4  pmoles/l., 
the pKaz’ being 4.52 (4.86), and the 2,5- and 
2,4-isomers which have a MIC of 22.5 Nmoles/l., 
the pKaz’ being 4.7 [5.1] and 4.6 [5.05], respec- 


tively (I, 61) .  The pKaz’ values in brackets are 
determined according to Bell and Roblin (41), 
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Fig. 4-Rehtwn between the acid dissocation (PKa,‘) 
and the in vitro activity against E. coli of different 


sulfonnmides (0) and of benzenesulfonamzdes ( X  ). 
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for the others a photometric titration method was 
applied. 


It is possible to show in a very homologous se- 
ries of SNS that there is a linear relationship of the 
pKaz' and the MIC (45, 54) (see Fig. 4). Using 
pKaz' values and MIC data obtained by Bell 
and Roblin (41), Seydel et al. (43), and Seydel 
and Wempe (61), the bell-shaped curve for the 
pKaz'-MIC relation can be separated into linear 
functions with different slopes (positive and nega- 
tive) for certain series of substituents (95) (Fig. 
5). This provides little evidence in support of a 
definite pKa2' which a sulfonamide must possess 
in order to exhibit maximum activity. 


N1-dimethylsulfanilamide is as active as 
sulfanilamide. 


N1-acetylated SNS are as active or even 
more active than the unacetylated derivatives 
(Table 11) (45). This type of compound has no 
acidic dissociation constant. The polarization of 
the S O 2  group should be less in the case of the N1- 
acetylated derivatives. 


There are compounds with a sulfonamide 
mode of action which do not possess a sulfon- 
amido group, i.e., aminophenylsulfones (96), 
sulfanilic acid (35), and amino benzil (36), or 
aminophenyl ketones (37,28). 


Furthermore there is no experimental proof 
that there is a correlation between the degree 
of polarization of the SOz group and the anti- 
bacterial activity of SNS (see 32, 34, 35). There- 
fore it is suggested that the hypothesis of Bell 
and Roblin fulfills only a minimum condition 
for the MIC. It is possible to predict from the 
pKa2' the MIC of SNS within certain limits of 
accuracy, but there is no proof for the mode of 
action theory invotved. 


Although the relation of ionization to the anti- 
bacterial activity and to the mode of action of 
SNS is very complex, there is no question about 
the importance of ionization to the physicochemi- 
cal properties of SNS. The pKaz' of SNS is 
directly related to the solubility, the distribution, 
the partition coefficient and the reabsorption in 
the kidneys, the permeability of membranes, and 
the protein binding, to mention only some of the 
important factors. The solubility is of interest 
with respect to the toxicologic (crystalluria) 
(97-100) and the pharmaceutical (absorption) 
properties of SNS. Therefore the solubilities of 
SNS have been studied very often (97-104) ; the 
functional dependency of pH, pKaz', the solubil- 
ity(s), and the base solubility(s,) is given by the 
following equation: 


s = s.(l + l o p H  - PK.) 


The distribution has an important influence on 
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Fig. 5-Correlation between the acid dissociation 
(pKa*') and the minimum inhibition Concentration 
(MIC) ,  Key: 0,  sulfanilamdo (substituted) thi- 
azoles, +meh and/or parasubstituted N'-benzoyl- 
sulfanilamides, 0, orthosubstituted N1-benzoylsulfanil- 
amides; A, 2-sulfanzlamido (substituted) pyrimidines; 
X I  2-sulfanilamide (substituted) pyridines; 0,  "-(sub- 
stituted) phenylsulfanilamides; Nl-(substztuted) 
methylsulfanilamides [Reproduced with permission 


from J. Pharm. Sci., 56, 640(1967).] 


the therapeutic effect of SNS; the time needed to 
reach equilibrium is a function of pH. Sulfathia- 
zole, with pKa; of 7, established its equilibrium 
between blood plasma and erythrocytes in uitro 
in about 4 min., whereas sulfanilacetamide with a 
pKa2' of 5.3 needs about 1 hr. (105, 106). 


The partition coefficient plays an important 
role in the reabsorption of SNS in the kidneys 
(107). Dependency of the partition coefficient 
(Q) on the pKh' is given by the following equa- 
tion : 


Q=- mo - m1 (1 + 1OpH - PK.) 
ml 


In a detailed study Dettli et al. (108) and PML- 
noff et al. (109) were able to demonstrate the 
change of the excretion rate of SNS by acidifying 
or alkalizing the urine. The importance of the 
dissociation constant for the transport of chemo- 
therapeutic agents through membranes is known 
from several studies (92, 110) and is discussed for 
SNS by Brueckner (92), and Brown (35), and 
many other authors. 


Dipole Moment of SNS-Kumler and Hal- 
verstadt (111) published a paper about the 
dipole moment of sulfanilamide and related 
compounds. They stated that there is a con- 
tribution of about 3% of the resonance struc- 
ture in sulfanilamide. Later, Kumler and Dan- 
iels (1  12) and Kumler and Strait (1 13) proposed a 
theory that a coplanar amino group resulting 
from a resonance form 


W+&N€IZ 


0- 
is the main factor effecting activity (see also 114, 
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115). According to this hypothesis 3-amino- 
benzene-sulfonamide is inactive because of the 
inability to build a resonating form; 2-amino- 
benzene-sulfonamide is inactive in spite of the 
ability to form a resonance structure, but a hydro- 
gen bond is established between the amino group 
and the SOz group with the consequence of reduc- 
tion of the active resonance form. Kumler and 
Daniels (112) explained the low activity of sulfa- 
nilurea and the very high activity of sulfaguani- 
dine, which are exceptions of the theory of Bell 
and Roblin (41) by a resonance form of the ion 
in which the charge goes mainly to the oxygen 
rather than to the SO2 group in case of the sulfanil- 
urea, and by a negative charge appearing on the 
amide nitrogen in case of the sulfaguanidine. 
This increases the negativity of the SO2 group 
which in turn enhances the coplanar amino res- 
onance form of sulfaguanidine. Since publica- 
tion of these papers, the resonance hypothesis has 
been disproved by the papers of Bell, Bone and 
Roblin (116), Quan et al. (33), Quan et al. (34), 
and by NMR measurements, showing that in the 
case of sulfaguanidine the following form exists 
(117): 


/NH* 


\NH, 
H~N-@I~-N=c - 


From the paper of Yoshioka et al. (88), however, it 
appears very likely that there is a resonance effect 
of the R group through the entire molecule and 
that substituents with a large effect increase the 
activity of SNS (45). The resonance however is 
not performed by a SO2 group acting like 


I 1  
-.C=C-- 


but by cross-conjugation (88). 


SPECTRAL DATA AND LCAO 
PARAMETERS OF SULFONAMIDES AND 


THEIR PRECURSOR SUBSTANCES IN 
SYNTHESIS 


W Optical Properties and Structure of 
SNS-The reactivity of a functional group in a 
molecule depends on the total structure of the 
molecule which determines the properties of the 
compound, for instance, the absorption spec- 
tra. UV, IR, and NMR spectra are of special 
interest because of the relation to the properties 
of the nucleus and electron density; this again is 
related to the reactivity of a functional group. 
Kimmig (57) was the first to study the UV spectra 
of SNS. He noted that the absorption maxima 
of active SNS were in the range of 33,00040,000 
cm. -1 (300-250 mcc> ; with increasing activity the 
maxima shifted toward 33,000 an.-'. The UV 
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absorption spectra of SNS have been studied by 
several authors (34, 58, 59, 118-123). It was not 
possible, however, to deduce a general rule for the 
relation between the position of maximum absorb- 
ance and the activity. This is based partly on 
the fact that the absorbance of the heterocyclic 
substituents is stronger and shifted toward longer 
wavelengths (124) in contrast to the absorbance 
of the important sulfanilamide moiety which is 
shifted to 38,000 or 40,000 cm.-' and is weak in 
most cases. The group of interest, the amino 
group, has no absorbance in the UV range; there 
is only a certain influence of the primary amino 
group on the benzene ring absorbance. 
IR Data of the Sulfone Group and the Aro- 


matic Amino Group-Therefore it is much 
more promising to study the I R  spectra of 
SNS. Vibration frequencies in the infrared 
characterize the relation between two or three 
adjacent nuclei in a molecule influenced by 
other nuclei of the molecule. It is known from 
several IR-relationship studies that the stretching 
frequencies arising from vibrations localized in 
functional groups attached to an aromatic ring 
can be related to the electronic nature of the ring 
substituent constant (125). 


Many IR measurements of SNS were done for 
assay methods of drug analysis (126,127). Other 
IR measurements were performed to study the 
imido-amido tautomerism (128) or to see if there 
is any change of the electronegativity of the SO2 
group (43,44,60), which may be correlated to the 
in witro activity of SNS according to the hypo- 
thesis of Bell and Roblin. IR vibrations are suit- 
able for the study of the physical properties of 
the SOz group because of the absence of mass and 
coupling effects (129). There are two IR absorp- 
tion frequencies of the S O 2  group, the symmetrical 
stretching frequency (130) which is little dected 
by changes in the molecule (1,128-1,665 cm.-'in 
studied SNS), and the asymmetrical frequency 
(131), which is in the range of 1,360-1,260 an.-' 
in SNS. The exact position of these two fre- 
quencies is determined by the electrical character 
of the substituents adjacent to the sulfur atom. 
From the position of the IR frequencies it is pos- 
sible to calculate two parameters with a descrip- 
tive physical meaning, the force constant K and 
the bond angle e. For both parameters no cor- 
relation with the in witro activity of the corre- 
sponding sulfonamide was obtained (43, 44, 60, 
61). Some of the most active sulfonamides have 
force constants for the S==O bond of 9.8.105 
dyne/cm., i .e. ,  the degree of polarization is small. 


These data are limited by the fact that these 
measurements must be performed principally in 
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solid state. Therefore, the data include associa- 
tion effects. The same is true for the IR  data ob- 
tained from the vibration frequencies of the pri- 
mary aromatic amino group, which show some 
correlation to the activity of SNS (43, 44). How- 
ever, data obtained from an additional sequence 
of SNS (61) and data obtained by Brandmiiller 
(60) did not support these findings. 


IR and NMR Data of the Aromatic Amino 
Group of the Precursor Substances in Syn- 
thesis (Amines)-To avoid the difficulties aris- 
ing from the insolubility of SNS in nonpolar 
solvents, it seems better to study the substituents 
rather than the complete sulfa drug (45, 62, 132). 
For this purpose one may split the sulfonamide 
molecule according to the dotted line B, study- 
ing for example substituted chlorobenzene, which 
may be used for the synthesis of sulfa drugs. 
Since it is known for sulfathiazole and sulfa- 
pyridines (40, 124) and for some 4-sulfapyrimi- 
dines and sulfaphenazole (133, 134) that the sub- 
stituents may be bound to the ”-nitrogen atom 
by a double bond, it seems to be more appropriate 
to split the sulfa drug molecule according to the 
dotted line A, thus studying the substituted 
anilines. 


To keep the model as simple as possible, anilines 
were chosen which were substituted in the ortho, 
metu, and para positions. As shown by Fig. 6 
there is an approximately linear relationship be- 
tween the u-Hammett values of the substituents 
in the anilines and the MIC of the corresponding 
sulfonamides. Similar approaches for other sys- 
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tetns have been made by Hansch (135, 136), 
Zahradnick (137), and Borek et al. (138). It can 
be seen from Fig. 6 that the more positive the 
o-Hammett constant of the amine the more active 
the corresponding sulfonamide. The IR data ob- 
tained from the stretching frequencies of the 
amino group of the anilines were used to calculate 
the force constant, the bond angle, and the “s” 
character of the nitrogen orbitals of the N-H 
bond expressed as coefficient b. The constant b 
is the coefficient of the 2s orbital of nitrogen in the 
hybrid (125, 139). 


Plotting the b values of the amines against the 
logarithm of the MIC of the corresponding SNS, 
an approximately linear relationship was ob- 
tained (Fig. 7) (45, 62, 132). The aniline deriva- 
tives with ortho substituents deviated from the 
line in most cases. This behavior can be explained 
by intramolecular hydrogen binding; the hydro- 
gen binding causes a larger bond angle than can 
be attributed only to the delocalization of the 
lone electron pair. 


More detailed and more sensitive data for all 
protons of the amines were obtained from NMR 
measurements (54, 132). The shielding effect 
of electrons as a function of the substituents were 
easily followed in these simple molecules. Very 
small energy differences can be verified; asso- 
ciation effects were excluded by dilution tech- 
nique. Plotting the chemical shift of the amino 
group protons as a function of substituents against 
the log MIC of the corresponding SNS, a linear 
relationship was obtained (Fig. 8)  (132). The 
chemical shift of the amino group was directly 
related to the pKa of the anilines. 


It can be concluded that it is possible to predict 
the i n  vitro activity of SNS from structural param- 
eters of the basic amines using either NMR or IR 
data or o-Hammett constants for calculation; 


0 = ortho-R 
v = meta-R 
= = para - R  100: \ 


z 


1: 


-.6 --.i -.2 . o . +.i +A +k -+.it . +i  -+i2 -+it, 


Fig. 6-Relation between 
the corrected u-Hammett 
(210) of the anilines used 
for the synthesis of sulfm- 
amides and the minimum 
inhibition concentration of 
the corresponding sulfon- 
amides against E. coli 
(p.mole/l. ) [Reproduced 
wath permission from 
Arzneimittel-Forsch., 16, 


1447 (1966).] 


6- HAMMETT or TAFT of the amines 
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T = meta - R  
= para-R 


b 
F i t .  7-Correlation between the b values of the andines used for the synthesis and the logarithm of the minimum 
inhibition concentration ( M I C )  of the corresponding sulfonamides. [Reproduced with permission from Mol. 
Pharmacol., 2, 259(1966).] 


this means one can estimate the in vitro activity 
of S N S  before synthesis. 


Parameters of Crystal Optical Measure- 
ments-All&aume (47) has evaluated from 
crystal optical measurements the interatomic 
distances and bond angles of sulfanilamide, 
4,4'-diaminodiphenylsulfone, p-aminobenzamide, 
and p-aminobenzoic acid. It was concluded by 
Alleaume that the data support the hypothesis 
that the different configuration of the primary 
aromatic amino group may be responsible for the 
antibacterial activity of SNS. According to 
Alleaume the configuration of the primary amino 
group is more of the type spa than sp2. A hyper- 
conjugation of the substituents at the "-nitrogen 
atom is very likely thus influencing the electron 
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Chemical shifl in pprn of the anilines (H7Hg) 


Fig. 8-Relationship between the chemical shift 
(p.p.m ., T M S  as internal standard, CHCls solution) 
of the anilines (7H8H) and the minimum inhibition 
concentration of the corresponding sulfonamides 


against E .  cob. 


distribution of the primary amino group. More 
substances have to be measured to come to a final 
conclusion. It was very clearly shown, however 
(Fig. 9), that the interatomic distances of the 
nitrogen atom of the amino group from the ben- 
zene carbon are different in PABA on one side and 
sulfanilamide and diaminodiphenylsulfone on the 
other side; this is in agreement with the observed 
different pKal' values (87,88) .  


Large differences were observed for the bond 
angle and the interatomic distances of the car- 
boxyl group and the sulfone group. This again 
makes the proposed similarity (41) of these two 
functional groups very unlikely. 


Parameters from LCAO Calculations-Fol- 
lowing the successful application of quantum 
chemistry to organic chemistry (140-142) and 
biochemistry (143, 144), greater interest in this 
method has also been shown in drug research. 
First calculations have been done for sulfonamide 
molecules (63-67) and for the sulfone group (66, 
145). The data of Schnaare and Martin (63) and 
Foernzler and Martin (64) show some degree of 
correlation between the acidic dissociation con- 
stant and the electronic charge at the N1-nitrogen 
atom. The linear relation which was expected, 
however, was not obtained. The electronic 
charge calculated for the oxygen atom of the sul- 
fone group was nearly constant for about 50 dif- 
ferent sulfonamides; the oxygen of the sulfone 
group of the unsubstituted sulfanilamide was 
more negatively charged than, for instance, the 
SO2 of N1-phenylsulfanilamide. This latter re- 
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Fig. %-Atomic distances 
and valence angles of 4- 
aminobenzamide, sulfanil- 
amide, dkminodiphenyl- 
sulfone, and 4-amino-ben- 
zoic acid according & Al- 
ldaume (1966,1967). Key: 
I ,  4-aminobenzamide; 11, 
sulfanilamide monohy- 
drate; 111, sulfanilamide a,  
crystallized from butanol; 
I V ,  sulfanilamide 8, crys- 
tallized from methanol; V, 
sulfanilamide 7,  crystal- 
lized from isoamyl alcohol; 
VI, VII dkminodiphenyl- 
sulfone; VIII,  4-amino- 
benzoic acid [ F r h  Al- 
ldaume, M., Doctoral dis- 
sertation, University of 


Bordeaux, 1967).] 
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sult is in contradiction to the hypothesis of Bell 
and Roblin. 


The obtained data for the electronic charge of 
the primary aromatic amino group, however, show 
that the parameters used in these calculations are 
not correct, and the obtained correlation even 
between pKaz' and the N1-nitrogen atom is doubt- 
ful. As shown by the pKal' values of the aroma- 


tic amino group, there are different electronic 
charges a t  the "-nitrogen atom. If differences 
of 0.12 pKa units for the acid dissociation (NI- 
nitrogen atom) can be described by LCAO method 
then it should be asked why these differences in 
electronic charge are not described for the N4- 
nitrogen atom. One reason for these difficulties 
is the treatment of the SOz group in LCAO cal- 
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culations. Including the contribution by the sul- 
fur d-orbitals in the overall conjugation, Cam- 
marata (65) was able to  show in three selected 
sulfonamide-type compounds that variation in 
charge at the primary aromatic amino group does 
occur. 


RELATIONSHIP BETWEEN CHEMICAL 
STRUCTURE OF SNS AND THEIR 


RIOLOGICAL A N D  PHARMACOKINETIC 
PROPERTIES 


Besides the in vitro activity many other factors 
are involved in the estimation of the in oioo 
activity of SNS. In  spite of the prediction of 
Bell and Roblin in 1942 (41) that no sulfonamide 
with a higher activity could be expected (and this 


is certainly true) and in spite of the evaluation of 
penicillin which was able to  displace SNS from the 
market for a short time, better SNS were de- 
veloped in 1950 and 19(iO and play an important 
role in the therapy of infections. This was pos- 
sible by changing special pharmacokinetic factors, 
thus reducing the dosage required for therapy 
(Tables IV and V). These pharmacokinetic 
factors are mainly absorption, distribution, and 
elimination coefficients and protein binding, to 
name some of them, The functional connection 
of these parameters and their meaning for the 
dosage regimen of SNS have been studied by 
Biinger et al. (146), Dettli (147), Diller (148), 
Dost (149, 150), Garrett (151), Krtiger-Thiemer 
(152-154), Nelson (155, 156), Swintosky (157), 
Wagner (158), and many other authors and is 


TABLE IV-DEFINITIONS AND DETERMINATIONS OF THE BIOLOGICAL CONSTANTS NECESSARY FOR THE CAL- 
CULATION OF THE DOSAGE SCHEDULES O F  SULFA DRUGS 


No. Biological Constants Symbol Unit Experimental Methods of Determination 
Evaluation of the curve of blood content 


(PO.) in blood plasma of humans 


c’ k0l 


1 Rate constant of absorption k ’01 h-1 
2 Rate constant of elimination; k’,i h-l 


3 Coefficient of distribution relative A‘ ml./g. 
time of half elimination t’Xl% h 


to the blood plasma 


1 
4 Drug concentration in plasma K ”  pmolell. 


5 Maximum specific binding capa- p pmole/g. 


6 Minimum inhibition concentra- p pmolell. 


water at half saturation bind- 
ing 
city of the plasma proteins 


tion 
7 Proportionality constant between u - 


p and cmin. for a therapeutical 
effect of 95’34 


[Reproduced with permission from Chcmolhnopia. 10, 61 (1965). J 


Name 
Kelfizin 
Sinomin, 
Gantanol 
Sulfadiazine 


Kynex 
Sulfamerazine 


Durenat, 
Kiron 


Sulfuno, 
Nuprin 


Madribon 
Sulfanilamid 


Evaluation of bound and free drug in humaii 
blood plasma by ultrafiltration, dialysis, 
or ultracentrifugation. Calculation by 
the law of mass action 


Evaluation of p against E. coli or other 
pathogen bacteria in a medium free of 
antagonists 


In analogy calculated from the dosage 
schedules of other clinically effective sulfa 
drugs 


TABLE V-CALCULATION OF MAINTENANCE DOSEe 


K B M Maint. dose 
l’noz r D (mg). M ~ I .  pm’he/ cmin. (pmole/ (#Val/ 


Wt. 1. = pu 1.) 9.) A (ml./g.) cmln. A W r )  (h) (h) calc. used 
280 1.6 16 366 18.2 4.29 0 .21  4.48 0.90 0.32 60 24 90 500 


A’ 1000. 


253 0 . 9  9 536 26.3 4.33 0.22 2.28 0.95 1.24 10 12 190 1000 
250 1.0 10 892 16.0 2.19 0.92 2.50 2.01 0.27 17 6 100 1000 


280 1 . 0  10 114 23.2 14.0 0.19 2.80 2.66 0.60 35 24 320 500 
264 0 . 9  9 72 7 . 4  7.33 0.36 2.38 2.64 0.25 23.5 8 110 1000 


12 220 


0.92 24 410 


0.61 


280 2 .0  20 119 18.6 10.3 0.26 5 .60  2.68 0.57 37 24 600 500 


267 3.4 34 348 27.0 6.36 0.25 9.08 1.58 1.10 11 12 1110 500 
310 0 . 8  8 11 20.5 80.7 0.17 2.48 13.7 0.49 41 24 1170 500 
172 128 1280 700 7 . 0  1.20 0.69 220 0.83 0.76 9 8 9700 1000 


M 
a G = 70 kg.; w = 0.9337; p = 70 g./l.; A - ( w  + A ) . A ’ ;  D = G. looo .cmi.:A.4(r); 4 = 


~. * A = ( w  + e-). [Reproduced with permission from Chcmo- 


K + CL’U 


lheropia, 10, 61(1965).J 







Vol. 57, No. 9, September 1968 1469 


given by the following equation (152) : 


Among these pharmacokinetic factors, the pro- 
tein binding (binding to albumin) is of great im- 
portance. The phenomena of protein binding 
have been discussed several times in the literature. 
There is no doubt about the importance of protein 
binding for the antibacterial action, because of the 
inactivity of the bound fraction (159-165); in 
addition there is an influence on the pharmacoki- 
netics (for example, excretion rate and metabo- 
lism), demonstrated especially in so-called long- 
acting SNS (98, 166-169). However, there is no 
proof for the theory of Klotz (93) that the degree 
of protein binding is related to the activity and, 
thus, to the mode of action. As shown by Davis 
(162), Klotz (170), Goldstein (171), Kriiger- 
Thiemer (98, 152), Nakagaki et al. (172), and 
others, protein binding of drugs may be described 
with sufficient accuracy by the law of mass action, 
which is sometimes identified with the adsorbance 
isotherm of Langmuir (173). The law of mass ac- 
tion for protein binding may be written as follows: 


where GI, drug concentration in plasma water; 
c,', drug concn. in water; K1, apparent dissocia- 
tion constant of drug-protein complex. 81, specific 
binding capacity of plasma proteins (pval./g.) ; p ,  
protein content of blood plasma (g./l.) ; w, water 
content of blood plasma (ml./ml.). 


For the achievement of the two parameters of 
protein binding @ and K1, several methods were 
developed, for example, ultrafiltration, dialysis, 
gel filtration (174, 175), and ultracentrifugation 
techniques (1 76). The importance of the type of 
binding involved, electrostatic (ionic type of 
binding) or hydrophobic, dipole, or van der 
Waal type of binding is still open to question. 
Scholtan (177) discussed an important influence 
of hydrophobic binding in highly bound SNS 
which possess alkyl or alkoxy groups. According 
to Scholtan, the reaction energy of the binding 
reaction is proportional to the molecular refrac- 
tion of the substance. In a homologous series 
the protein binding increases from alkyl to alkoxy 
to halogen substituents (Table VI). On the 
other hand, papers of Klotz (170), Nakagaki et al. 
(172), Dettli and Spring (178), Kriiger-Thiemer 
et al. (152, 179), and Biinger et ul. (146) show that 
a stoichiometric type of binding occurs. The 
constant 0, the specific binding capacity of plasma 


TABLE VI-BINDING CAPACITY OF HUMAN BLOOD 
SERUM FOR ALKOXY, ALKYL, AND HALOGEN 
DERIVATIVES OF %SULFAPYRIMIDINES AT 37" 


A F O  
Posi- K 10-8 cal./ 


No. Substituent tion K l./mole mole 


8 


10 
11 
12 
13 
14 


H 
CHa 
CaHI 
CaHi is0 
GHii 
CsHc 
OCHa 
OCiHs 
OCaHt 
0Cd-h is0 
OCiHi 
c1 
Br 
J 


5 
5 


0.75 
4.1 
9.5 
28.8 


5.0 
19.0 
60.0 
14.5 
120 
17 
34 
118 


237 
280 


1.3 
7.1 
16.4 
50.0 
445 
483 


33.0 
104.0 
25.1 
208.0 
29.4 
59.0 
205.0 


8.65 


4,430 
5,480 


8:OlO 
8,070 
5,640 
6 400 
?:lo0 
6,240 
7.550 
6,370 
6 770 


3% 


7:550 


[Reproduced with permission from Anmcimittcl-Forsch., 
14, 348(1964).1 


proteins, seems to be the same for all studied 
sulfonamides; the value corresponds to the ratio 
of two molecules of drug to one molecule of pro- 
tein. Moreover, the binding afiinity of SNS 
was estimated to be about 6 Rcal./mole (172). 
From this number it may be concluded that elec- 
trostatic forces are the most important factors 
involved, which means that the dissociation con- 
stant of SNS strongly affects the protein binding. 


Many studies on structure-protein ailinity rela- 
tions have been conducted (168, 177, 180). The 
substances used, however, did not belong to a 
homologous series of compounds or if they did, 
only alkyl or alkoxy groups with different lengths 
of the hydrocarbon chain were studied and com- 
pared. The influence of the ionization was stud- 
ied by Seydel (45, 132, 181) using N1-methylated 
or N1-acetylated SNS. In both types of com- 
pounds the protein binding was strongly de- 
creased (Table VII). The accuracy of the pro- 
tein-binding determination in the case of the N1- 
acetyl derivative was limited because of the 
instability of the compound. In a very closely 
related series of compounds the influence of the 
type of substituent and of the position of the 
substituent was studied (45, 132, 181). The 
influence of different types of substituents was 
clearly demonstrated (Table VIII). In addition 
there was a strong influence of the position of the 
substituent. Obviously the ortho substitution 
resulted in the lowest protein binding among the 
isomers. This may be explained, at least in part, 
by a steric hinderance of the "-nitrogen atom, 
which is involved in protein binding by electro- 
static forces. The strong overlapping of a me- 
thoxy group can be demonstrated by a stereo 
model. However, this phenomenon is not limited 
to the benzene sulfonamides. The influence of the 
position of the substituent on protein binding can 
be demonstrated also with two pairs of isomeric 
heterocyclic SNS which are on the market (Table 
IX). It is difficult to explain these results ac- 
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TABLE VII-PROTEIN BINDING OF SULFONAMIDES AND THEIR N1-METHYLATED 
OR NI-ACETYLATED DERIVATIVES 


- 


Substance 


cording to Scholtan (177) by hydrophobic 
binding. In addition the data do not support 
the studies of specific molecular interactions 
of SNS and protein, shown by NMR relaxation 
measurements published by Jardetzky (182). 
Jardetzky was using the broadening of the signals 
originating from the p-aminophenyl moiety in his 
studies, whereas the lines originating from the 
substituent ring hydrogens are not involved. 
The influence of this moiety on protein binding, 
however, is clearly shown by the data given above. 
Moreover the N1-hydrogen is very quickly ex- 
changed and is not observable in NMR and the 
stated binding energy of 6 Kcal./mole (172) is not 
coincident with a van der Waal binding type. 


Another parameter which may be important 
for pharmacokinetic properties of the molecule 
is the partition coefficient, the lipid solubility. 
The importance of the lipid partition was shown 
by Koizumi et al. (107) and used by Kriiger- 
Thiemer (183) in a new clearance model. Higher 
lipid solubility means a higher rate of reabsorp- 
tion in the kidneys, thus increasing the half-life 
of the drug and decreasing the dosage required. 
A large number of experimental results obtained 
for different SNS were published by Rieder (184). 
Because of the very different substituents used 
in this study, i t  is difficult to evaluate structure 
relationships. In a homologous series the influ- 
ence of the length of the hydrocarbon chain can 
be demonstrated (181) (Table X) and again there 
seems to be a certain influence of the position of 
the substituent. In a comparison of the partition 
coefficients of isomers, the ortho-substituted com- 
pound was found to have an increased lipid 
solubility. This might be due to steric hinder- 


- 


MIC 
Gmole/l.] 


E .  coli 


Protein Binding 
Free SNS Co 


% bmole/l. 1 


0 . 6  10.5 72 


2 128 73 106 


1 11 180 


1 -42 56 


ance of ionization thus increasing lipid solubility. 
Further studies are necessary to come to a final 
conclusion. 


MODE OF ACTION OF SNS 


The data discussed above do not give an answer 
to the mode of action. The developed structure- 
activity correlations do not include, for instance, 
that the N1-nitrogen atom is the reactive center 
of SNS. From the data it may be derived that 
there are correlations between the physicochem- 
ical properties of the "-nitrogen atom and the 
reactive center, which is very likely the primary 
aromatic amino group. 
In the following the discussion will be restricted 


to the action of SNS on bacterial strains which 
are inhibited by SNS and the inhibition of which 
can be antagonized by PABA or by p-amino- 
benzoyl glutamic acid (82). 


What is known about the antibacterial action 
of SNS besides the structural properties necessary 
for action? 


1. The inhibition by SNS is bacteriostatic, 
which is not the case for several other drugs like 
penicillin or isoniazid. This was shown by ex- 
periments of Muir et al. (185) and Hirsch (52) 
using a Warburg equipment. Using concentra- 
tions in the range of the minimum inhibitory 
concentration, it was shown in a kinetic approach 
that there is no death of bacterial cells. It was 
also shown that the antagonistic effect of PABA 
is reached in the range of the same molarity as 
the concentration of sulfathiazole applied for 
inhibition. The bacteriostatic effect of sulfa 
drugs can only be obtained in growing cultures. 
Other studies of a kinetic nature to obtain growth 
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TABLE VIII-CORRELATION BETWEEN TYPE AND POSITION OF THE SUBSTITUENT AND THE pKan', R f  VALUE, 
AND PROTEIN BINDING OF SOME SUBSTITUTED BENZENE SULFANILAMIDES 


pKa' 


Rf Value 
CHClr/CHrOH 


80:15 
Silica Gel 
GF 251  


6.97 0.56 


'CH3 


7.67 


7.20 


8.56 


8.28 


8.29 


9.25 


9.05 


9.34 


9.34 


0.52 


0.67 


0.58 


0.55 


0.71 


0.54 


0.52 


0.62 


0.61 


% 
Unbound" 


(c.lOO)/ 
C' 


14.5 


20.4 


18.3 


8 .1  


12.5 


18.6 


15.6 


20.4 


25.2 


22.9 


8.72 0.58 25.7 


9 9.43 0.65 32.3 


OCH, 


a Range of concentration used was 100-400 pmoles/l. Data given are averaged values from 4 runs. 


rates and to establish the influence of sulfa drugs 
on the growth rate were done by Kohn and Harris 
(53, 186). A more sophisticated approach is that 
of Garrett et al. (56), using the Coulter-counting 
technique for studying the change of growth rates 
by changing sulfa drug concentration and re- 
versibility of drug action by dilution technique or 
addition of PABA. 


2. Inhibition of growth by sulfa drugs does not 
occur immediately, contrary to the activity of 
many other drugs. Evidence was obtained by 
respiration curves (52, 53, 186, 187), and a lag 


phase of about 1-2 hr. was observed. More 
accurate data were obtained by Garrett (56), 
who was able to show that this lag phase is 3.7 =t 
0.3 generation times. The same lag time was 
obtained for the different SNS and was inter- 
preted as being the result of the depletion of 
stored PABA metabolites (56). After a sequen- 
tial addition of SNS, however, there is again a lag 
phase until the new steady state is established. 


3. The antagonism between sulfa drugs and 
PABA has been shown by several authors. The 
antagonistic action of PABA took place imme- 
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TABLE IX-CORRELATION BETWEEN POSITION OF THE SUBSTITWNT AND THE pKa' AND PROTEIN BINDING 
OF SOME SULFONAMIDES USED IN THERAPY 


(K elfizin ) 


(Durenat) 


6.1 


6.54 


54.5 


12.7 


'OCH3 


(Fanasil) 5.75 14.5 


(Madribon) 5.95 6.2 


a Range of concentration used was 200-400 pmoles/l. Data given are averaged values from several runs. 


diately, whereas the action of sulfa drug needed 
a lag phase of about 4 mitosic divisions. 


In accordance with the well-established bac- 
teriostatic nature of the mode of action of sulfa 
drugs, Wacker et al. (70) could not detect any 
metabolic transformation or fixation of sulfanil- 
amide using the isotope tracer technique. Since 
the discovery of the competitive antagonism of 
PABA (11) against the antibacterial activity of 
the sulfa drugs, this antagonism has been inter- 
preted by all authors in such a way that SNS 
displaces the PABA from its site of action at  an 
unknown enzyme system (188) which would be 
necessary for the biosynthesis of the tetrahydro- 
folk acid (THFA). As already pointed out, Bell 


and Roblin (41) have taken a theoretical approach 
to relate the chemical structure and the strength 
of the antibacterial activity of SNS. The theory 
is based on the assumption that the sulfonamide 
molecule with a more polarized SO2 group has 
more structural similarity to the bacterial growth 
factor PABA, thus fitting in a receptor on an 
enzyme surface. There is no proof, however, for 
a structure similarity of the SO2 group and the 
carboxy group (see 32, 34, 35). The physico- 
chemical part of the hypothesis of Bell and Roblin 
(41) was based on analogies rather than on actual 
measurements of properties of the SO2 group. 


Other review articles concerning the mode of 
action problems of SNS have been published by 


TABLE X-PARTITION COEFFICIENT [Q = (co + cl)/cl] (1 + l o p H  - pKa) OF SOME HOMOLOGOUS AND ISOMERIC 
SULPONAMIDES IN THE SYSTEM OCTANOL/WATER 


~ _ _ _  _- 
Q K 


c1 I O D H - P K ~ )  
'?Lc' K ( l  + Co CI 1 +  


2-Sulfapyrimidi tie 190 85.5 5.1-6.4 1.05 1.22 1.28 
190 la, 6.56-6.4 2.44 0.9 2.20 
357.6 170.8 5.1-6.4 1.05 1.09 1.14 
357.6 220.5 6.56-6.4 2.44 0.62 1.52 


2-Sulfa-5methvl-~vrirni- 50.7 19.2 5.1-6.8 1.02 1.64 1.67 


Sirbstance prnole/l. rmole/l. y H  - pKa 10Q"-pK* 


< 


dine 50.7 27.6 6156-6.8 i .67 0.84 1.32 
&Sulfa-&ethyl-pyrimidine 364.8 43.0 5.1-6.7 1.02 7.49 7.68 


364.8 78.0 6.56-6.7 1.72 3.68 6.34 
404.8 58.79 5.1-6.7 1.02 5.90 6.05 


2-Sulfa-&isopropyl- 


2-Sulfa-5methoxy- 


2-Sulfa-3-methox y-pyrazine 
4-Sulfa-2,6-dimethoxy- 


4-Sulfa-5,6-dimethoxy- 


pyrimidine 


pyrimidine 


pyrimidine 


pyrimidine 


404.8 87.97 6 . 5 6 6 . 7  1.72 3.60 6.20 
372.9 62.2 6.50-6.7 1.63 4.99 8.14 
484 29.4 5.1-6.6 1.03 15.46 15.9 
484 47.4 6.56-6.6 1.91 9.21 17.8 
217.0 65.6 5.1-6.9 1.02 2 .3  2.34 
217.0 100.4 6.56-6.9 1.46 1.16 1.64 


6,615 4,110 7.3-6.1 16.85 0.366 6.16 


3,630 1,725 7.4-6.1 20.95 0.52 10.89 


16,600 12,800 7.4-5.75 45.67 0.296 13.5 
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Work and Work (189), Tschesche (82), Mietzsch 
and Behnisch (115), Kallinich (81), Sexton (190), 
Wacker (191), and Albert (192). All studies in 
this field have been done without the knowledge 
of the reaction chain of the biosynthesis of THFA. 
Jaenicke and Chan (84) and Brown et al. (55, 83, 
193) published experimental data which gave 
proof for the biosynthesis in E. coli along the fol- 
lowing reaction sequence (Fig. 10). Starting 
from a pyrimidine derivative, probable guanosine 
(I) (194, 195), 2-amino-4-hydroxy-6-hydroxy- 
methyl-7,8-dihydropteridine (11) was synthesized. 
In a cell-free enzyme extract of E. coli, to which 
adenosintriphosphoric acid (ATP) and Mg2+ ions 
were added, the alcohol reacted in a two-step 
reaction with ATP and ADP to form the cor- 
responding monophosphoric ester (IV) and pyro- 
phosphoric ester (V) according to Jaenicke and 
Chan (84) or the pyrophosphoric ester was formed 
enzymatically by the transfer of a pyrophosphate 
group from ATP to hydroxymethyldihydropteri- 
dine according to Weisman and Brown (196). 
The pyrophosphoric ester then combined with 
p-aminobenzoyl glutamic acid(PAG)or PABA to 
form dihydrofolic acid (DHFA) or dihydropteroic 
acid, respectively. 


The same reaction took place if formylpteri- 
dine, formyltetrahydropteridine (III), or hydroxy- 
methylpteridine was used as the substrate (55, 
84) ; formylpteridine was many times more active 


1473 


Fig. 10-Pathway for the biosynthesis of DHFA ac- 
cording 10 Jaenicke and Chan (1960) (-) and reac- 
tions which might inkrfere wrth the biosynthesis of 
DHFA ( -  . ). [From Jahresber. Borstel, 5 ,  651 


(1961 ).] 


than hydroxymethylpteridine (55). It may be 
correct to assume that a tautomeric equilibrium 
or a disproportion of the aldehyde and the alcohol 
exists in watery solutions (74, 75, 84, 193, 197). 
Dihydro- or tetrahydrofolic acid may act in a 
similar way as a biological redox system (198). 


Brown (35) has used a cell-free enzyme extract 
in a detailed study of the inhibition of “folate 
synthesis” by different SNS and of the antago- 
nistic action of PABA. The main results were: 


1. The enzymatic inhibition indexes (SNS/ 
PABA) were calculated to be 18 and 0.71 for 
sulfanilamide and sulfathiazole, respectively, 
whereas the index published in other papers from 
studies with bacterial cultures stated 1 : 1000. 
2. In general the sequence of effective inhibi- 


tors of enzymatic synthesis of “folate” was the 
same as in growth inhibition. The exception was 
sulfanilic acid, which was quite effective in 
inhibiting folate synthesis but had no effect on 
growth. 


3. A procedure was developed to prove 
whether or not the inhibition was of the competi- 
tive type. From the results it can be seen that 
the degree of inhibition was different depending 
on the addition of PABA at the same time as 
sulfonamide or after a preliminary incubation 
time. PABA (O.O(i7 mmole) did not reverse the 
inhibition of folate synthesis by sulfathiazole 
(0.017 mmole) in the reaction mixture from which 
PABA was omitted in the iirst incubation time 
(2 hr.). On the other hand when PABA (0.007 
mmole) and sulfathiazole (0.017 mmole) were 
added to the reaction mixture at the same time, 
little inhibition occurred. According to Brown, 
“the experiment described above indicated that 
the sulfonamide inhibition could not be described 
solely as a competitive type” (Table XI). The 
results were interpreted by Brown in such a way 
that the irreversible effect might be due merely 
to depletion of pteridine substrate. 
4. Almost complete enzymatic activity was 


recovered by dialyzing the enzyme system which 
had been exposed to sulfathiazole during the first 
incubation period and after new addition of 
hydroxymethyltetrahydropteridine in the second 
incubation period. “The fact indicates that the 
enzyme was not inactivated irreversibly by reac- 
tion with sulfathiazole.” (Table XI.) 


These results indicate that there is not only 
competition on the receptor site, as suggested by 
Wood (12) and Bell and Roblin (41). In this 
case there should be no dependency on the 
sequence of incubation of sulfonamide and PABA. 
5. In another experiment the relation of incu- 


bation time to the irreversible inhibition of 
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FOR IRREVERSIBLE INHIBITION BY SULFATHIAZOLE OF 
“FOLATE” SYNTHESIS 


(Reaction mixtures were prepared and incubation 
procedures were followed as described in Table XI.) 


Component Omitted from First Polate 


TABLE XII-PTERIDINE AND MG++ REQUIREMENTS 


and Added Before Second Equivalents 
Incubation Produced, mcg. 


None 5.6 


p-Aminobenzoate, hydroxymethyl- 
tetrahydropteridine 6.0 


Hydroxymethyltetrahydropteridine 5.0 
p-Aminobenzoate, MgClz 5.1 
MgClz 5.1 


p-Aminobenzoate 1 .2  


TABLE XI-IRREVERSIBLE INHIBITION BY 
SULFATHIAZOLE OF “FOLATE” SYNTHESIS“ 


- 
Folate 


Component Added Equiva- 
Component Between First lents 


Reaction Omitted in First and Second Pro- 
Mixture Incubation Incubation duced, 


No. Period periods mcg. 
1 Sulfathiazole None 5.8 
2 None None 5.2 
3 Sulfathiazole, p -  p-Aminobenzoate 6.4 


4 9-Aminobenzoate #-Adnobenzoate 1.1 
5” Sulfathiazole, 9- All components. 6.5 


aminobenzoate 


aminobenzoate except enzyme 
and sulfathia- 
zole 


except enzyme 
and sulfatbia- 


6 p-Aminobenzoate All components. 5.5 


zole 


OThe complete reaction mixture contained p-aminobenzoate. 
0.067 mM. hydroxymethyltetrahydropteridine 0.033 mM‘ 
ATP, 3.3 mM, TPN, 0.067 mM; MgClz, 6.7 m’M; sulfathi: 
azole, 0.017 mM; phosphate buffer, 0.07 M ;  mercapto- 
ethanol, 67 mM; and enzyme preparation equivalent to 6 mg. 
of protein; the total volume of each reaction mixture was 
1.5 ml. The first incubation was for 2 hr. anaerobically a t  
37” in special tubes. Missing components were then added 
to the reaction mixtures (except for Reaction Mixtures 5 and 
6; see footnote b) by means of a syringe equipped with a hy- 
podermic needle in order not to disturb anaerobic conditions, 
and the reaction mixtures were reincubated for 2 hr. a t  37”. 


After the first incubation period, these reaction mixtures 
were dialyzed for 16 hr. against 2000 vol. of 0.1 M phosphate 
buffer. New substrates and cofactors were then added to 
the dialyzed solutions, and the reaction mixtures were in- 
cubated a second time. [Re roduced with permission from 1. 
Bid .  Chem., 237, 536(1962).r 


folate synthesis by sulfathiazole was studied. 
It was shown that sulfathiazole needs about 
2 hr. for full irreversible inhibition, which means 
the reaction between the sulfonamide and the 
pteridine derivative is relatively slow. (The 
concentration used is 0.017 mM sulfathiazole and 
0.033 mM hydroxymethyltetrahydropteridine.) 
Marked inhibition occurred after approximately 
30-60 min. It is interesting to note that about 
the same time was observed in kinetic studies of 
growth inhibition by SNS (52, 53, 56), whereas 
the antagonistic action of PABA occurred im- 
mediately. 


6. The irreversible inhibition can be overcome, 
at  least to a certain degree, by increasing the 
concentration of the hydroxymethyltetrahydro- 
pteridine. In the author’s opinion this cannot 
be interpreted as a competition on the enzyme 
surface between PABA and sulfonamide. The 
antagonistic effect of pteridine substrates was 
also observed in growing cultures (69, 197). 


7. In an isotope tracer experiment in a cell-free 
enzyme extract where hydroxymethyltetrahydro- 
pteridine (0.17 mM and ~ulfanilic-~~C acid 
(0.67 mM) were incubated, one or two radio- 
active compounds were obtained with different 
R, values. The nature of these compounds is 
unknown, but suggested to be a reaction product 
between sulfanilic acid and the pteridine alcohol. 
The reaction requires Mg2+ ions (Table XII). 


[Reproduced with permission from J .  B id .  Chem., 237. 536 
(1962).] 


It should be mentioned that Wacker et al. (70) 
did not succeed in isolating such a product from 
bacterial cultures after incubation of sulfanil- 
amide-C1‘, whereas they were able to isolate a 
folic acid analog after incubation of p-amino- 
salicylic acid (199). 


Under the assumption that the pathway for the 
biosynthesis of tetrahydrofolic acid and coenzyme 
F (84) is correct and that an equilibrium between 
the alcohol and the aldehyde of the pteridine 
component exists, a hypothesis about the mode 
of action was developed (44), which may explain 
the observed phenomena of the antibacterial 
action of SNS and even 4-aminosalicylic acid 
without the assumption that PABA and SNS 
compete in an antagonistic reaction at the same 
receptor (Fig. 10). Both of the models are in 
agreement with the kinetically derived equations 
for the apparent first-order steady-state growth 
rate (56). 


1. Sulfanilamide and other aromatic amines 
inhibit the biosynthesis of coenzyme F by forming 
Schiff bases (Fig. 10, reaction sequence 9, 10,11) 
with formyltetrahydropteridine, which is part of 
a direct reaction sequence (2, 4, 5, 7) or in equi- 
librium with the corresponding alcohol. The 
relative strength of the inhibitor compounds de- 
pends on their affinity for the aldehyde compo- 
nent, according to the different reactivity of the 
primary amino group and their possible ability to 
permeate into the bacterial membrane (35, 56, 
89, 92). Different heats of activation obtained 
by Garrett (56), in a kinetic study of growth 
inhibition by sulfathiazole (AHa = 4.3 Kca1.l 
mole) and by sulfisoxazole (AHa = 15.9 Kca1.l 
mole) were interpreted in such a way “that the 
receptor site-drug interaction or active transport 
process have greater significance in the suliisoxa- 
zole than in the sulfathiazole.” The AH,, value 
for sulfathiazole justifies the assumption that the 
passive diffusion process into the bacterial cell is 
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rate determining. This is not confirmed, how- 
ever, by the pKa; values being 4.9 for sulfisoxa- 
zole and 6.8 for sulfathiazole. Later there was 
no difference in lag phase of 3.7 generation times 
observed. 


The rate of formation of Schiff base depends 
on the law of mass action. If there is sufficient 
concentration of sulfonamide, the equilibrium is 
changed in the direction of the Schiff base. 
Under these conditions the concentration of alde- 
hyde component decreases and the formation of 
folk acid also, but it is not completely blocked. 
This would explain why there is no fixed mini- 
mum inhibitory concentration in vitro. It would 
also explain the fact that inhibition does not occur 
immediately (52, 53, 56, 187). The antagonistic 
action of PABA, however, does occur imme- 
diately. 


2. 4 - h i n o  benzoic acid exerts its physiological 
function and the antagonistic function against 
SNS in the reaction step 6 or 7 for 4-aminobenzoyl 
glutamic acid, respectively. 


3. All substituted p-aminobenzoic acids, which 
do not inhibit the reaction 6 and 7 and which 
are incorporated in an active coenzyme F analog 
may act like PABA as antagonists of SNS [see 
p-aminosalicylic acid (PAS) in enterococci (199) ] 
and the antagonistic action of PAS (200). 


4. If a substituted PABA derivative is incor- 
porated in a precursor of coenzyme F, like PABA, 
however, the further synthesis of the enzyme is 
blocked or the activity of the coenzyme F is 
decreased or completely absent, then this PABA 
derivative acts like an inhibitor of bacterial 
growth. The relative strength of the inhibitory 
effects depends on two parameters, the a lk i ty  
of the compound to the other compound involved 
in the rate-determining step and on the metabolic 
activity of the coenzyme F analog (32). These 
compounds may act like SNS and form Schiff 
bases (see Statement 1). 


5. The relation between PABA and the effect 
of compounds which act as in Statement 4 depend 
on the concentration used. In the range of low 
concentrations PABA acts as an antagonist if 
the affinity and the metabolic activity is stronger 
than that of the inhibitors. At high concentra- 
tions PABA acts like an inhibitor (see Statement 


6. A certain limit of concentration of coenzyme 
F is necessary for a normal metabolism. Con- 
centrations which are too high or too low disturb 
bacterial growth. 


The new assumption of this hypothesis is that 
SNS and PABA do not compete in the same 
reaction. The competitive antagonism between 
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PABA and SNS occurs along the reaction chain 
9,  3, 4, 5, 7, and 6,  and is not a direct one. Some 
experimental results shall he disciissed concerning 
this hypothesis. 


The PABA antagonists can be divided into 
two groups, those which react like sulfanilamide, 
etc. (see Statement 1) and compounds which 
react like compounds mentioned under Statement 
4 [e.g., 4-aminosalicylic acid which can be incor- 
porated in a coenzyme F analog (199) and salicylic 
acid which can be aminated in the 4 position by 
some bacterial strains (199)j. The division of 
the compounds into these two groups is supported 
by some bacteriological experiments (43, 44). 
According to these results SNS is much more 
active against a strain of Mycobacterium smeg- 
matis than against some strains of Mycobacterium 
tuberculosis and Mycobacterium bovis, and the 
activity of 4-aminosalicylic acid is the reverse. 
This is in contradiction to the relatively close 
relation of the MIC of different sulfonamides on 
different bacterial strains. The relatively strong 
inhibitory effect of PABA against Mycobacterium 
smegmatis is striking, whereas this compound has 
nearly no inhibitory effect against Mycobacterium 
tuberculosis. Therefore the inhibitory effect of 
PABA, which was already noted by Woods (ll),  
belongs to the sulfonamide type (see State- 
ment 1 and Reaction 10 in Fig. 10). The 
inhibitory effect of PABA occurs only a t  much 
higher concentrations than those which afford 
antagonistic action against SNS. Therefore it 
could be assumed that this inhibition is caused 
by Schiff base formation. The experimental 
results support the assumption that the folic acid 
metabolism is dserent in Mycobacterium tuber- 
culosis and Mycobacterium smegmatis. 


The 4-aminosalicylic acid (PAS) holds a special 
position (see Statement 4). The experimental 
results may be explained by the assumption that 
the metabolic activity of the PAS analog of 
coenzyme F is nearly the same as that of the 
natural coenzyme F, therefore, PAS may act in 
these bacterial strains (E. coli, enterococci) ac- 
cording to Statement 3 of the hypothesis. This 
explains that the antibacterial activity of SNS 
against Staphylococcus can be antagonized either 
by PABA or by PAS (200). 


With Statement 6 of the hypothesis it may be 
possible to explain the results of Emmerson and 
Cushing (201) and Emmerson (202, 203) and 
Zalokar (204) about mutants of Neurospora 
crassa which either need SNS or SNS and PABA 
for growth. The results were interpreted as 
showing that the mutant was producing too much 
PABA, and the excess PABA was producing a 
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toxic compound. This process should be more 
easily inhibited by sulfonamide than the normal 
function of PABA. According to the new hy- 
pothesis it is very likely that the toxic compound 
is an excess of coenzyme F. It is well known 
that sulfonamide-resistant strains produce much 
more PABA (205, 206) and that other sulfon- 
amide-resistant strains need folk acid, which is 
not the case in normal strains (207, 208). The 
antagonistic action of PABA against PAS is 
essentially weaker (209) and can be taken as 
support of the hypothesis. 


The given examples, however, are not sufficient 
to prove the hypothesis which was developed 
before the data of Brown (35) were available. 
Nevertheless most of these data can be interpreted 
by this hypothesis. It should be noted that the 
experiments done by Brown do not correspond 
to the steady-state condition in growing cultures. 
Only if the reactions are operating in the prox- 
imity of their equilibrium is there possible validity 
to the assumption of an indirect competitive 
antagonism along the given reaction chain (see 
Fig. 10). 


SB - SNS .K3* Kq Kg - KeaK7 * DHF - -  - 
DHF PAG * Ks 


where SB = Schiff-base; DHF = dihydrofolic 
acid; SNS = sulfonamide; PAG = 4-amino- 
benzoylglutamic acid. The final decision of 
whether PABA and SNS do compete in an 
enzymatic reaction for the same compound or 
whether the competitive antagonism between 
PABA and SNS is not direct but occurs along a 
reaction sequence is still open. The final con- 
clusion will be the identification of the compound 
which was found by Brown (35) in his isotope 
tracer experiment but could not be detected by 
Wacker (70). This contradiction may be inter- 
preted in favor of the second assumption. This 
means that the difference of the experimental 
findings of Wacker (70), who used growing cul- 
tures, and Brown (35), who used cell-free enzyme 
extracts, might be explained in such a way that 
the product which is formed in both experiments, 
was hydrolyzed by the necessary washing process 
used by Wacker (70). This is possible only if 
the metabolic compound is a Schiff base type, 
but not if a covalent bond exists. Under the 
experimental conditions used by Brown (35), a 
washing procedure was not necessary and the 
Schiff base could be detected. On the other hand 
it should be mentioned that the need for Mg2+ 
ions is in favor of an enzymatic reaction. The 
hypothesis of the mere receptor-blocking action 
of SNS and the importance of the polarity of the 
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SO2 group according to Bell and Roblin (41) is 
not supported by the experimental findings of the 
last few years. The results support the assump- 
tion that the primary aromatic amino group is a 
decisive factor. 
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Research Articles 


Solvolysis of 5 -Halomidines and Related Nucleosides 
By EDWARD R. GARRETT and GERALD J. YAKATAN* 


The neutral and alkaline solvolyses of uridine (UD) derivatives substituted in the 5 
position with I (IUD), Br (BUD), Cl (CUD), and CHs (MUD) were followed spec- 
trophotometrically. The order of reactivity was IUD > BUD >CUD > UD >>> 
MUD (essentially stable). Ribosylbarbituric acid (RBA) was identified as a prod- 
uct of solvolysis of IUD and BUD in strong alkali and is itself unstable. The halo- 
uridines also degrade to nonchromophoric compounds. The rate-pH profiles for 
all the halouridines are similar and can be explained by hydroxyl ion attack on both 
the undissociated and dissociated halouridine. Hydroxyl ion attack on the undis- 
sociated species leads to the formation of nonchromophoric products. Hydroxyl 
ion attack on the dissociated s ecies forms RBA. 5-Hydroxyuridine (OHUD) and 
dihydropyrimidines are postufated as intermediates. The lability of the halogen 
substituent enhances the ease of solvolysis. The rate of alkaline solvolysis of BUD 
is the same as the rate of bromide ion production and shows that the reaction inter- 
mediates are highly unstable. The arabino and lyxo derivatives of 5-fluorouracil 
are solvolyzed faster than all of the halouridines. The Arrhenius parameters for all 


compounds were determined. 


EVERAL NUCLEOSIDES have been shown to be S active chemotherapeutic agents in the treat- 
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ment of viral diseases (1, 2 ) .  Quantitative 
studies on the stability of nucleosides and the ef- 
fects of structure and substituents should provide 
insight into their possible metabolic transforma- 
tions, and they are of pharmaceutical importance 
for the estimation of maximum stability and inhi- 
bition of the formation of toxic side products (3, 


* NIH Predoctoral Fellow (1965), Fellowship No. 5-F1- 
GM-29, 944. 
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Potential Diazo Reagents for Colorimetric Determination 


By TIBOR U R B h Y I  and JOSEPH A. MOLLICA 


The diazonium derivatives of 27 substituted aromatic amines were investigated as 
reagents for colorimetric determination. The phenolic moiety used in the study 
was the estrogen, estradiol. Their applicability was determined on the basis of 
speed, sensitivity, color stability, and reproducibility of the coupling reaction. 
Usin these criteria, the diazotization product of 4-amino-6-chloro-m-benzene- 
disulfonamide appeared to be the most suitable colorimetric reagent for the com- 


pounds containing a phenolic hydroxyl group. 


RAPID AND SENSITIVE method for the determina- A tion of estrogens is based on their ability to 
couple with diazotized amines. This communica- 
tion considers the results of investigations regarding 
the suitability of various substituted aromatic 
amines as analytical reagents for compounds having 
coupling capability. Under the experimental condi- 
tion employed, Pamino-6chloro-mbenzenedisul- 
fonamide appeared to  be the most promising re- 
agent. The mechanism for the formation of its 
diazonium compound and its application to  the 
analysis of several estrogens was reported previously 
(1, 2). 


The following criteria for suitability were estab- 
lished: the coupling reaction should be rapid at room 
temperature, the color produced should be relatively 
stable, and the method should be sensitive. Since 
speed, sensitivity, and reproducibility were the 
objectives, the same reaction conditions were em- 
ployed for all amines. Although these conditions 
were not optimum for all amines tested, this pro- 
cedure was selected since the goal was to  find suitable 
analytical reagents and not to investigate the re- 
action for each amine. 


EXPERIMENTAL 


A Beckman DU spectrophotometer was used to 
determine the absorbance values, and a Cary model 
11 spectrophotometer was used to record the 
absorption spectra. 


All compounds were of reagent grade quality and 
were used without further purification. 


Reagents and Solutions-Aromatic amines : a 
7 X M solution of the amine was prepared in 
either methanol or 1 N hydrochloric acid. Sodium 
nitrite, 1% aqueous solution; hydrochloric acid, 1 N; 
sodium acetate 2 N; sodium hydroxide 0.1 N a n d  1 
N .  The estradiol solution was prepared as follows: 
about 50 mg. of estradiol, accurately weighed, was 
dissolved in 50 ml. of methanol and then this solu- 
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tion was diluted 10-fold with 0.1 N sodium hydrox- 
ide; concentration approximately 0.1 mg. /ml. 


Procedure-Into a 10-ml. volumetric flask were 
pipeted 1 ml. of the aromatic amine solution, 1 ml. 
of sodium nitrite solution, and 1 ml. of 1 N hy- 
drochloric acid. The solution was mixed well and 
allowed to stand for 1 to 2 min. Then, 1 ml. of 
estradiol solution and 2 ml. of sodium acetate 
solution were added, mixed, and the resulting 
solution allowed to stand for exactly 6 min. The 
contents of the flask were diluted to  volume with 
1 N sodium hydroxide solution. A blank solution 
was prepared in the same manner except that 1 ml. 
of 0.1 N sodium hydroxide was used in place of the 
estradiol solution. The absorbance of the sample 
solution was measured against the blank solution at  
the wavelength of the absorption maximum in 1-cm. 
cells. 


DISCUSSION 


The coupled products yielded absorption spectra 
with maxima in the range 450-550 mp. The spectra 
were all similar to  the spectrum of Pamino-6- 
chloro-m-benzenedisulfonarnide and estradiol which 
was published previously (2). The apparent molar 
absorptivity values in Table I were obtained by 
dividing the absorbance of the coupled solution, 
measured at the wavelength of absorption maximum, 
by the concentration of the amine employed. The 
molar absorptivity values reported are only apparent 
values since for many of the compounds investi- 
gated, the absorbance continued to increase after the 
6-min. reaction time. This is due to  either in- 
complete coupling and/or side reactions of the 
diazotized amine (3, 4). As stated in the introduc- 
tion, the purpose of this study was not to investigate 
the mechanism of reaction, but to  find a suitable 
analytical reagent. However, some conclusions 
regarding the effect of substituent groups on color 
intensity can be drawn. Comparisons of the molar 
absorptivity values indicate that substitution 
strongly influences the intensity of the coupled 
product, e.g., 3 and 4, 13 and 15, 23 and 24; not 
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TABLE I-SUBSTITUTED AROMATIC AMINES FOR DETERMINATION OF ES~-ROGENS 


Compound 


(1) Aniline 


(2) o-Chloroatiiline 


(3) p-Chloroaniline 


(4) o-Nitroaniline 


p- Nitroaniline 


Benzidine 


Sulfanilic acid 


0- Arninobenzenesulfonic acid 


Metanilic acid 


3-Amino-p-tolueaesulfonic acid 


4-Amino-m-toluenesulfonic acid 


5-Amino-o-toluenesuIfonic acid 


6-Amino-m-toluenesulfonic acid 


2-Amino-4-chloro- benzenesulfonic 
acid 


( 15) 2-Arnino-5-nitro-benzenesulfoiiic 
acid 


(16) 2-Amino-4-nitro-benzoic acid 


( 17) 6-Amino-4-chloro-m-toluene- 
sulfonic acid 


( 18) 2-Amino-p-benzenedisulfonic 
acid 


Structural Formula 


NH, 


HO,S-@H, - 


p H  


p 
NHI 


n,N 


CH .W,H 


HIN 


Initial 
Solvent 


MeOH 


MeOH 


MeOH 


MeOH 


MeOH 


MeOH 


1 N H C I  


1 N H C l  


1 N H C I  


1 N H C l  


1 N H C l  


1 NHCI 


1 N HCI 


MeOH 


MeOH 


MeOH 


MeOH 


1 N H C l  


Wavelength 
Abs. Max. 


NC 


465 nip 


465 nip 


500 mp 


525 mp 


KC 


490 mp 


NC 


490 mp 


450 mp 


450 mp 


510 mp 


NC 


sc  


537 mp 


450 mp 


sc  


475 mu 


Apparent 
Molar 


Absorp- 
tivitya 


NC 


2,040 


1,500 


3,130 


2,940 


s c  
2,380 


S C  


2,180 


680 


680 


730 


s c  


S C  


8,210 


708 


sc 


1,020 


- 


(Continued on nexf  pogc.) 
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TABLE I (Conlinued) 
- -  


Compound 


( 19) 4-Amino-6-chloro-m-benzene- 
disulfonic acid 


(20) Sulfanilamide 


(21) 2-Amino-4-chlorobenzenesulfon- 
amide 


(22) 4-Amino-m-benzenedisulfon- 
amide 


(23) 4-Amino-6-chloro-m-benzene- 
disulfonamide 


(24) 4-Amino-6-chloro-N1,iV3- 
dimethyl-m-benzenedisulfon- 
amide 


(25) 4-Amino-5-chloro-m-benzene- 
disulfonamide 


(26) 2-Amino- 1 - naph thalenesu lfon ic 
acid 


(27) 4-Amino-1-naphthalenesulfonic 
acid 


Initial Wavelength, 
Structural Formula Solvent Abs. Max. 


MeOH 500 mp Hou HO,S NH2 


MeOH 487 m p  


CI 


MeOH 475 mp 


H1 


MeOH 480 m p  


I 


MeOH 500 m p  


CH,HNO$ NH, 


\ 
CI 


Apparent 
Molar 


Absorp- 
tivity' 


6,560 


4,440 


1,630 


4,134 


8,170 


MeOH NC NC 


MeOH 470 m p  1,768 


MeOH NC NC 


MeOH NC NC 


a Determined after a coupling reaction time of 6 min. in pH 5 acetate buffer. N C  = No color. 


only the substituent group, but also its position rela- 
tive to the amine function affects the intensity, e.g., 
7 and 8, 15 and 16, 23 and 25. In  general, the most 
sensitive amines were those possessing electron-with- 
drawing groups ortho and/or para to  the amine func- 
tion. The relative effects of various substituents on 
the intensity of the coupled product are in general 
agreement with the observations of Zollinger for 
various azo dyes (5). 


The authors recognize that without more kinetic 
data the interpretation of the above-mentioned 
effects is limited. The data are consistent with what 
one could predict based on substituent effects on 
spectral properties or reaction rates. 


Taking this into consideration, it is still felt that 
the data in Table I will be of value to other workers 
who may be desirous of utilizing a coupling proce- 
dure. The amines tested should react in an analogous 
manner regardless of the phenolic moiety. With 
perhaps slight adjustment of experimental conditions 


to suit particular cases, amines numbered 15, 19, 
20. 22, and 23 should be more suitable as diazonium 
reagents than those numbered 1, 10, 11, 12, 16, 18, 
and 21. 


SUMMARY 


1. Twenty-seven aromatic amines have been 
investigated as potential diazo reagents for the 
colorimetric determination of phenolic compounds. 
The criteria for suitability established were speed, 
sensitivity, and reproducibility. 


2. The compound 4-amino-6-chloro-m-benzene- 
disulfonamide was considered the most suitable 
based on the criteria established. Although com- 
pound 15 has a greater apparent molar absorptivity, 
it was not selected as the most suitable since the 
color produced was not as stable as that produced 
with compound 23. 


3. Amines with electron withdrawing groups 
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ortho and/or para to the amine group possess the 
greatest potential. 
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Potentiometric Determination of Fluoride Ion in Toothpastes 
by a Specific Ion Activity Electrode 


By NORMAN SHANE and DENNIS MIELE 


A simple, specific potentiometric method is described for the assay of toothpastes 
for free fluoride ion in concentrations of about 0.1 percent, equivalent to 0.22 per- 
cent sodium fluoride or 0.4 percent stannous fluoride. The ionic fluoride content 
of the toothpastes is determined by relating the potential obtained with a fluoride 
electrode i n  an aqueous dispersion of toothpaste to a calibration curve constructed 
by adding known scaler amounts of fluoride to a blank toothpaste formulation. 


HE DETERMINATION of fluoride ion concentration T in toothpastes has ordinarily required steam 
distillation as a separation procedure and titration 
by thorium nitrate for the fluoride ion using a colored 
dye as an indicator. The classical Willard-Winter 
distillation (l), as modified by Grimaldi et d. (2), 
Singer and Armstrong (3), and Wade and Yama- 
mura (4), has been the basis for most analytical 
procedures. Following distillation, spectrophoto- 
metric methods utilizing the blue complex formed 
between the fluoride ion and the cerium (111) salt 
of 3-amino-methyl-alizarin-N,N-acetic acid have 
been employed by Bellack et al. (5). Also, Harley 
and Revinson (6) and Calkins (7) have used high- 
frequency titration techniques, and other methods 
are described in review articles by Fishman et al. 
(8). Frant (9) explained the theory and operation 
of the fluoride ion electrode. In  contrast to the 
potentiometric method as explained in this paper, 
Lingane (10) showed a titration method for fluoride 
ion employing the fluoride electrode. 


The specific method for free fluoride ion described 
in this paper requires no separation steps. Fluoride 
ion is detected in toothpastes in the range of 0.1% 
F- ion equivalent to  0.22% NaF and o.4oyO SnF2. 
An important consideration in this analysis is that 
the fluoride must be present as a free ion. The 
fluoride ion activity electrode model 94-09, de- 
veloped by Orion Research, Inc., was used as easily 
as a conventional pH electrode with an Orion 
digital meter, model 801. A standard glass sleeve 
calomel reference electrode was employed in con- 
junction with the fluoride electrode. The electrodes 
were immersed in an aqueous mixture of toothpaste 


Received January 29, 1968. from the Analytical Research 
and Develo ment Laboratory, Bristol-Myers Products, Hill- 
&A- N T  n7&7 
I ---, -. , - . -- . 


Accepted for publication March 18 1968. 
The authors gratefully acknow1;dge the assistance of 


Dr. J. H. Wood in writing this paper. 


so as to measure the activity of ionized (free) fluoride 
in terms of concentration. By use of an appropriate 
calibration curve, the concentrations of F- ion 
from NaF and SnF2 were determined. 


EXPERIMENTAL. 


Apparatus and Reagents-Fluoride electrode, 
model 94-09, obtained from Orion Research, Inc., 
Cambridge, Mass.; Orion Research meter 801; 
Beckman calomel electrode (with glass sleeve); 
50-ml. Nalgene centrifuge tube; 100-ml. volumetric 
flask; 150-ml. beaker; Sargent magnetic stirrer. 


Stirrer-Made from an electric toothbrush with a 
special made paddle. This paddle is a 10.1-cm. 
aluminum shaft and has a 3.2 mm. diameter. Two 
Ens, each 2.5 cm. long and 1.9 cm. wide, are located 
a t  the stirring end. 


NaF Stock Solution for Calibration Curve180 
mg. NaF/100 ml. aqueous solution (0.18% NaF),’ 
200 mg. NaF/100 ml. aqueous solution (0.20% 
NaF), 220 mg. NaF/100 ml. aqueous solution 
(0.22% NaF), 240 mg. NaF/100 ml. aqueous solu- 
tion (0.240/, NaF), 260 mg. NaF/100 ml. aqueous 
solution (0.26% NaF). 


SnF2 Stock Solution for Calibration Curve-To 
each solution is added 400 mg. of malic acid as a 
stabilizer. Deoxygenated water is used so as to 
further prevent oxidation of the stannous ion. 
320 mg. SnFz/100 ml. aqueous solution (0.32% 
SnF2),P 360 mg. SnFz/100 ml. aqueous solution 
(0.36% SnF2), 400 mg. SnFz/100 ml. aqueous solu- 
tion (0.4070 SnF2), 440 mg. SnR/100 ml. aqueous 
solution (O.44y0 SnF2), 480 mg. SnF2/100 ml. 
aqueous solution (0.48y0 SnF2). 


PROCEDURE 


For NaF and SnFz Calibration-Weigh approxi- 
1 1  ml. of these solutions represent 0.18%. 0.20%. ctc., 


* 1 ml. of these solutions represent 0.320/,, 0.36%. clc.. 
of NaF based on 1 g. of paste. 


of SnFs based on 1 g. of paste. 








Vol. 57, No. 10, October 1965 1741 


220 240 260 280 300 
WAVELENGTH, mp 


Fig. 5-Determination of prednisolone i n  tablets. 
See Fig. 1 for key. 


presence of a %fold quantity of phenylbutazone 
having nearly the same absorbance at about 240 mp 
as the prednisolone. In the presence of both active 
ingredients (alcohol extraction), the measurements, 
owing to the high background absorbances, could 
only be made in dilute solutions. The sensitivity 
and precision of the method was extremely de- 
creased by this circumstance. To avoid this, an 
attempt was made to  select the extractio?. This 
could be achieved by the use of a 0.01 N solution of 
hydrochloric acid. I n  this solution prednisolone 
dissolves satisfactorily for the purpose given, while 
phenylbutazone being present a t  this acidity 
quantitatively in the keto form is dissolved only 
slightly. Thus the extraction of prednisolone 
becomes nearly selective. The small amount of 
phenylbutazone extracted has carbonyl groups of 


acid hydrazide type, which do not react with sodium 
borohydride, therefore the differential curve (Curve 
c, Fig. 5) is suitable for the correct estimation o f  
prednisolone. The background (Curve b )  is charac- 
teristic of the spectrum of phenylbutazone mea- 
sured in alkaline solution [Amax. 264 mp (9)]. 
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Effect of Physostigmine upon the Output of 
Catecholamines from the Adrenal Gland of the Rat 


By C. L. KAUL and R. S. GREWAL 


An investigation has been made on the effect of physostigmine on the output of 
catecholamines from the adrenal gland of the rat. Physostigmine (20 mcg. i.v.) 
causes three- to fourfold increase in the catecholamines output from the adrenal 
gland of the rat. This effect is mediated centrally as no increase was seen in the 
pithed animals. It is concluded that this peripheral release of catecholamines 
does not play any significant role in the hypertensive response of physostigmine 


in the rat. 


NTRAVENOUS administration of physostigmine I causes an appreciable rise in blood pressure 
in iin urethan-anesthetized rat (1, 2). This 
pressor response of physostigmine has been 
mainly attributed to central adrenergic stimula- 
tion and is absent or much less in pithed animals 
(2). Although the hypertensive response of 
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physostigmine is mainly central, there is some 
evidence to suggest that some peripheral action 
may also be involved (24).  MedakoviE and 
VaragiE (5) have also postulated that liberation 
of epinephrine and norepinephrine from the 
adrenals does not seem to play a significant role 
in the hypertensive response to physostigmine, 
as the response to  physostigmine was the same in 
normal or adrenalectomized animals. 
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square were carried out for assay. Three samples 
were usually collected from each rat, one a t  0 hr. 
before giving physostigmine and the other two 
a t  30 and ti0 rnin. after giving physostigmine. 
Control experiments were carried out without 
physostigmine and the samples were collected at 
0, 30, and 60 min. and were assayed against nor- 
epinephrine to see if there were any increase in the 
amount of catecholamines released during this time. 


To confirm whether the effect of physostigmine 
was central or peripheral, a set of experiments 
(Series 4) was done using pithed animals and in 
this set also three samples of blood were collected 
and assayed as described above. In these experi- 
ments the blood flow was very low and a longer 
period of collection (40 min.) was necessary to 
collect approximately the same volume of blood so 
that an assay could be carried out and the rate of 
heparinized saline infusion had also to be increased 
(0.24.3 ml./min.). 


For the estimation of total catecholamines from 
the adrenal gland, extraction of the tissues was car- 
ried out by perchloric acid and the extract after cen- 
trifugation was assayed on the spinal cat (blood pres- 
sure) using epinephrine as a standard. 


Drug3 used-Epinephrine acid tartrate; 2- 
norepinephrine-&hydrogen tartrate; physostigmine 
salicylate; and propranolol. 


All concentration and doses of these drugs refer 
to their salts except for epinephrine and norepi- 
nephrine where it is expressed as a free base. Doses 
o f  physostigmine are expressed per rat. 


Physostigrnine is known to increase the output 
of epinephrine (I& 15-fold) frotn the cat adrenals 
(6). According to these authors, this effect is 
mediated centrally, as no increase in  the output 
of epinephrine was demonstrated when the 
splanchnic and other nerve supply to  the adrenal 
glands was cut. Since physostigmine is known 
to cause central adrenergic stimulation in the rat, 
i t  is possible that this effect is conveyed to the 
periphery through established sympathetic path- 
ways and one would expect i t  to cause a release 
of catecholamines from the rat adrenals (as has 
been shown in the case of cats). This release of 
catecholamines could possibly contribute to  the 
hypertensive effect of physostigmine. 


The purpose of the present work was to see if 
physostigmine increased the output of catechol- 
amine from the adrenal gland in  the rat and if 
this output contributes t o  its hypertensive 
response. Therefore i t  was also thought desir- 
able to compare the pressor response of epi- 
nephrine, norepinephrine, and physostigmine in 
normal and adrenalectomized animals to see i f  
there are any differences in  the response of the 
cardiovascular system under these conditions. 
Finally the effect of @-blocker on the hypertensive 
response of physostigmine in normal and adrenal- 
ectomized rats was also investigated. 


METHODS 


Adult male rats (C.F. strain) weighing from 300- 
340 g. (Series 1-3) and 250 g. (Series 4) were used. 
They were anesthetized with urethan (1.5 g./kg.). 
Four series of experiments were carried out in these 
animals. In  the first series the pressor response to 
20 mcg. of physostigmine was measured in normal 
and adrenalectomized animals. In the second 
series pressor response to intravenous injection of 
epinephrine and norepinephrine was measured in 
normal and adrenalectomized rats. In both these 
sets of experiments the blood pressure was recorded 
from a common carotid artery by a mercury man- 
ometer writing on a smoked kymograph. In the 
third series of experiments the total catecholamines 
were measured as norepinephrine from the venous 
effluent of the main adrenal vein (side branch tied) 
during control period and after intravenous in- 
jection of 20 mcg. of physostigmine. In these 
experiments both the jugular veins were cannulated, 
one for injection of the drugs and the other for 
giving continuous infusion of heparinized saline 
(0.1 ml./min.) till the end of theexDeriment. Blood 


RESULTS 


Results of the first group of experiments show that 
pressor responses to 20 mcg. of physostigmine in 
adrenalectomized animals is slightly but significantly 
higher than the controls (Table I). There was 
however no significant difference in the pressor 
responses of epinephrine or norepinephrine in normal 
and adrenalectomized animals a t  different time 
intervals (Table 11). 


The effect of physostigmine on the catecholamine 
output is shown in Table 111. From this table it 
can be seen that there is a 34-fold increase in the 
amount of catecholamine output measured as 
norepinephrine. This increase in the catecholamine 
output was seen 0.5 hr. after intravenous injection 
of physostigmine and persisted up to 1 hr. when 
the last sample of blood was collected. In  a set 
of control experiments where no physostigmine was 
given, there was some increase in the amount 
of catecholamine output in the blood collected a t  
1 hr. However, the difference between the two 
means was not statistically significant. In pithed 
animals, the control levels of catecholamines were 
lower than the normal animals and physostigmine 
produced no significant increase in the output of 


0.5-0.7 ml., was collected in about 30 min. from a 
cannulated adrenal vein in a cold centrifuge tube, 
containing heparin. The plasma was separated by To PHYSoSTIGMINE (20 mcg.) IN AND 
centrifugation (about 2,000 r.p.m.) and it was 
assayed against norepinephrine on the blood pres- 
sure of a pithed rat. As the volume of the plasma 
was very small, the unknown plasma sample was 
bracketed between two or three doses of standard 
norepinephrine. In  some experiments where the values are the * SEM. bFigures in the 
volume of plasma was higher, two lines Of a Latin c p  < 0.01. 


TABLE (mm. Hg) 


ADRENALECTOMIZED RATS" 


Treatment B.P. Rise. mm. Hg 


54.20 f 3.19 (14)b 
66.3 f 2.73 (lop 


Normal 


brackets indicate the number of observations. 
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TABLE 11-BLOOD PRESSURE RESPONSES (mm. Hg) To CPINI~PIIRINE (0.5 mcg.) AND NORRPINRPHRINE (0.6 
mcg.) I N  NORMAL AND ADRENALRCTOMIZED RATS' 


c Normal - 
0 hr. - -  0.5 hr. - -  1 hr.- 


Epinephrine Norepinephrine Epinephrine Norepinephrine Epinephrine Norepinephrine 


Normal 
39.30 f 4.47 42.60 f 5.77 39.10 f 4.99 34.00 f 4.49 40.10 f 6.76 31.60 f 4.54 


Adrenalectomized 
52.60 f 4.22 43.30 f 8.92 54.00 f 7.44 35.30 f 8.08 40.30 f 5.09 31.30 f 5.54 


All values are the means f SEM of determinations on 6 rats. 


TABLE 111-CATECHOLAMINE OUTPUT PROM THE ADRENAL VEIN IN CONTROL RATS 
AND RATS GIVEN PHYSOSTIGMINE" 


Dose, Concn., mcg./ml., Calcd. as nor epinephrine^ - 
Treatment Drug mcg. 0 br. 30 min. 60 min. 


Control - - 0.16 f 0.03 (8)b 0.22 f 0.04 (9) 0.26 f 0.05 (9) 
Normal rats Physostigmine 20 0.20 f 0.02 (15) 0.65 f 0.11 (12). 0.86 f 0.18 (11p 
Pithed rats Physostigmine 20 0.023 f 0.002 (6) 0.027 f 0.006 (6) 0.021 f 0.006 (6) 


I' All values are the means f SEM. Figures in the brackets indicate the number of observations. p < 0.001. 


catecholamines (Table 111). Since the catechol- 
amine concentration was lower in the plasma of 
the pithed animals, i t  was also of interest to  see if 
pithing itself produced any significant effect on the 
catecholamine content of the rat adrenals. The 
results of these experiments are shown in Table IV. 
From this table it can be seen that there is a sig- 
nificant reduction in the catecholamine content of 
adrenal gland after pithing. 


The experiments reported with propranolol 
(Table V) show that in both normal and adrenal- 
ectomized animals, propranolol potentiated the 


TABLE IV-THE EFFECT OF PITHING" ON THE 
CATECHOLAMINE CONTENT OF RAT ADRENALS~ 


Treatment Concn., mcg./g. 


Control 931.0 f 40.4 (21)c 
Pithed 676.0 f 30.0 (ll)d 


"The animals were pithed under light ether anesthesia 
and were kept on artificial respiration for 0.5 hr. before 
the adrenals were taken out. All values are the means zk 
SEM. 'Figures in the brackets indicate the number of 
observations. Six adrenals from 3 rats were used for each 
observation. d p  < 0.001. 


hypertensive response of physostigmine slightly. 
In adrenalectomized animals, with the higher dose 
of propranolol the increase in the pressor response 
was significantly higher than the normal rats (65%). 


Varagif et al. (7) have also reported slight increase 
in the pressor response of physostigmine in rats 
given propranolol (21.7 mg./kg.). 


DISCUSSION 


The results presented in this paper show that 
intravenous administration of physostigmine in 
normal rats increases the output of catecholamines 
from the adrenals. This increase in the output of 
catecholamines was absent in pithed animals, 
indicating thereby that physostigmine produces the 
effect centrally and no peripheral action is involved. 
Similar results have been reported by Stewart and 
Rogoff (6) in cats. 


The lower concentration of catecholamines found 
in the plasma of pithed animals is probably related 
to the fact that  a significant reduction in the total 
catecholamine content of the adrenal gland occurs 
after pithing. It perhaps also indicates that 
central adrenergic mechanisms have a certain tonic 
influence on the release of adrenal medullary hor- 
mones and in the absence of this central influence, 
as happens in pithing, the amount of hormone 
release is less. Another contributory factor would 
be reduction in the blood supply to the adrenals 
consequent to the lowering of blood pressure after 
pithing. Harvey et al. (8) have also reported low 
values of plasma catecholamines in pithed dog 


TABLE V-EFFECT OF PROPRANOLOL (100 AND 200 mcg./kg.) ON THE HYPERTENSIVE RESPONSE 
OF PHYSOSTICMINE (20 mcg.) IN NORMAL AND ADRENALECTOMIZED R A T S ~  


7 B.P. Response. mm. Hg 7 


Normal 100 55.61 f 5.09 (6)* 71.10 f 10.98 (6) 
Normal 200 54.30 f 6.10 (6) 65.20 =k 3.70 (5) 
Adrenalectomized 100 59.10 f 5.60 (6) 76.30 f 5.96 (6) 
Adrenalectomized 200 52.60 f 6.90 (6) 87.30 f 9.70 (6). 


Treatment Dose, mcg./kg. Before Propranolol After Propranolol 


' All values are the mean z t  SEM. Figures in the brackets indicate the number of observations. p < 0.05. 
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pressor response of physostigmine in the adrenal- 
ectomized animals as compared to controls is seen. 
This could not be attributed to the change of 
sensitivity of the cardiovascular system, after 
adrenalectomy, since pressor responses of epineph- 
rine and norepinephrine were the same in both 
normal and adrenalectomized animals. This is 
further supported by experiment with propranolol 
where an increase in the pressor response of physo- 
stigmine occurred. The slight but significant (fi  < 
0.05) increase in the pressor response in the adrenal- 
ectomized animals is difficult to explain with the 
data available. 
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In Vitro Utilization of Diethylstilbestrol 
bv Rat Liver 


J 


By MARiA GABALDON, JUAN SANCHEZ, and ANTONIO LLOMBART, JR. 


A technique is described for the study of the utilization of diethylstilbestrol (DES) 
by rat liver in vitro. T h e  disappearance of DES and the seasonal variations were 
determined on liver slices and homogenates. A chromatographic identification of 
diethylstilbestrol monoglucuronide (DESGA) as a reaction product in the assays of 
slices was carried out. The effect of liver reincubation with saline phosphate 
buffer, of phenylmercuric acetate, and of u r i g n e  diphosphate glucuronic acid on 
DES utilization by liver was studied. The possibility of a DES utilization pathway 
other than monoglucuronide formation is discussed. A thin-layer chromato- 


graphic study was carried out with DES and DESGA. 


IETHYLSTILBESTROL ((.,a' - diethylstilbene- 
diol) is a n  orally active synthetic estrogen 


that has been utilized in  therapeutics to  produce 
prostatic tumor regression; it inhibits glutamate 
dehydrogenase by  breaking the enzyme into in- 
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active subunits (I), uncouples oxidative phos- 
phorylation with mitochondria1 volume expan- 
sion ( 2 ) ,  and inhibits electron transport between 
cytochromes h and c (3). 


a1 Mar. Valencia, Spain. 








An Apparatus and Method for the Coating of 
Solid Particles 


By MANFORD J. ROBINSON, GEORGE M. GRASS, and RUSSELL J. LANTZ 


A method for the coating of discrete solid particles and a diagram of the apparatus 
used is presented. In this process, solid articles are educted from a fluidized 
bed by a turbulent gas jet, separated into &Crete units, and transported upward 
through a converging cone into a coating application zone. In this zone, the solid 
particles are contacted by discrete liquid droplets comprising the coating material. 
These liquid droplets are entrained in a downward moving airstream which has a 
greater velocity than the upward moving solid particles. The velocity differential 
removes the wetted solid particles from the coating zone and returns them to the 
fluid bed. The coating liquid is spread over the surface of the solid particles in this 
bed prior to their reeduction into the turbulent gas jet. The cycle is repeated until 


coatings of the desired kind and thickness are obtained. 


OATING PHARMACEUTICAL DOSAGE forms or C their component particles is an old and exten- 
sive practice. The purpose of coating has been to 
modify chemical or physical properties, such as 
taste, appearance, solution rate, reactivity, sensi- 
tizing or imtation potential, flowability, compres- 
sibility, dusting propensity, etc. Methods or ap- 
paratus used in the pharmaceutical industry to 
coat solid particles include rotating pans (I), fluid 
and spouted beds (2, 3), and tablet presses (4). 
Coacervation (5), spray-drying (6-8), and emul- 
sification (9) have been used to entrap or encap- 
sulate solid particles. 


The vast majority of coating is done in rotating 
pans. This predilection for one apparatus is due, 
in part, to tradition and to this industry's large 
investment in pan coating equipment and tech- 
nology. It is also because the more esoteric pro- 
cesses are often complex, costly, and in some in- 
stances have minimal advantage over pan coating. 
This combination of factors has resulted in a 
tendency for the pharmaceutical industry to coat 
only those particles which can be handled in a 
rotating pan. This is unfortunate because i t  
limits the obvious utility of coating to large mono- 
sued particles, and limits the coating materials to 
a few nonadhesive substances. It appeared de- 
sirable to develop a simple, inexpensive apparatus 
and method capable of coating most of the solid 
particles used in the pharmaceutical industry 
with a wide variety of coating materials. This re- 
port describes and outlines the method of opera- 
tion for a coating device developed in this labora- 
tory (10). This device has been used to coat 
solid particles that have mean diameters ranging 
from about 10 to l o 3  with materials having 
widely different properties. It is simple, inex- 
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pensive, and appears to have desirable character- 
istics not possessed by other coating equipment. 


Subsequent reports will present an evaluation 
of coated particles prepared using this device and 
illustrate the utility of using coated particles in 
the formulation of pharmaceutical dosage forms. 


DISCUSSION 
Description of the Coating ApparatukA sche- 


matic drawing of a laboratory size particle coating 
unit is shown in Fig. 1. It consists of a conical base 
(A), vertical casing (B), expanded upper section (C), 
and a gas-vapor exhaust system (D). The bottom 
of the unit contains a receptacle for air inlet nozzles 
(E) of varying cross-section and design. A converg- 
ing tube (F) is centered in the vertical column and 
this tube can be moved vertically up or down. An 
air ring (G) with a series of holes on its inner surface 
is located between the conical base and vertical 
casing; the air inlet holes are slightly above the base 
of the converging tube. A vertically adjustable tube 
(H) is centered in the expanded upper section and 
this tube contains gas and liquid feed lines. The 
lower end of tube H is designed to accept atomizing 
nozzles of varying design. The center of the 
atomizing nozzle is in precise alignment with the 
centers of E and F. The gas vapor exhaust system 


, 
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Fig. I-A schematic representation of the particle 
coating device. 
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Fiz .  2-The laboratory model particle coating device. 


contains two frame-supported cloth bags enclosed in 
cylindrical caps. These caps contain outlets which 
are connected with flexible hoses to an exhaust 
blower. Combination sight and fill ports are located 
in the top and side of the expanded upper section. 
Air actuated vibrators' are attached to B and C. 
All metal parts are fabricated from stainless steel. 


The gas and liquid feed systems are also shown in 
Fig. 1. Liquid wetted parts are either glass or 
stainless steel. Compressed air is obtained from a 
compressor* capable of supplying 100 s.c.f.m. a t  100 
psia. Air entering the device is filteredS and dried 
to a dew point of -40'C. bypassing i t  through a silica 
gel c01umn.~ Gases other than air, such as riitrogen 
or carbon dioxide, are obtained from pressurized cyl- 
inders. A thermostatically controlled heater6 hav- 
ing a range of 150-550'F. is used to heat the gas 
when indicated. Solutions of the coating material 
are pumped to the atomizing nozzle by a triplex 
metering pump.6 Flowmeters7 are used to measure 
both gas and liquid flow and this flow is controlled 
by conventional valves and pressure gauges. Pho- 
tographs of a laboratory and pilot unit are shown in 
Figs. 2 and 3. 


1 Vibrolator. Martin Engineering Co., Neponset, Ill., and 
Piston Vibrator, Branford Vibrator Co., h-ew Britain, Conn. 


2 Gardner nenver. Ouincv. Ill. . - ~ - ~ ~ _ ,  ~ 
_ _  . 


a Dollinger, Rochester, N. Y. ' Oriad, C. M. Kemp Mfg. Co., Glen Burnie. Md. 
5 Chromalox, Edwin L. Weigand Co., Pittsburgh, Pa 
6 Wallace and Tiernan, Belleville, N. J. 
7 Fischer-Porter, Warminster, Pa. 


Fig. 3-The pilot model particle coating device. 


Operating Procedure-The coating process can be 
subdivided into distinct phases. These phases in- 
clude: (a) separating of the particle assemblage into 
discretely separate units of the desired size, ( b )  
applying of liquified coating material onto the sur- 
face of these units, (t) spreading of the coating 
material uniformly over the surface of the units, ( d )  
continuing of phases a through c until the re- 
quired coating thickness is obtained, and (e) solidify- 
ing of the coating and collecting of the coated 
particles. The flow of particles in the coating device 
is shown schematically in Fig. 1. Particles intro- 
duced through an inlet port form a dense phase bed 
in the annular space between the walls of the vertical 
column B and the converging tube as shown in Fig. 
4. The particles are fluidized by the action of the 
vibrators and this fluid state can be augmented by 
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FLUIDIZING GAS (GI 


1- MOTIVE GAS 


Fig. 4-A schematic representation of the particle 
collection and separation section. 


passing gas through the holes in the air ring G. A jet 
of gas moving through nozzle E educts particles from 
the base of this bed as distinctly separate units and 
transports these units upward through the converging 
tube F. The frequency and amplitude of vibration, 
gas velocity, and particle flow rate are adjusted to 
provide particles of the desired size. The volume of 
gas moving through nozzle E is also adjusted so that 
the particle velocity inP  exceeds the saltation or 
choking velocity but does not reduce the solid vol- 
ume concentration below about 1.5%. 


A solution of coating material and entraining gas 
moves under pressure through the tubing in H. The 
coating solution is atomized by a nozzle a t  the tip of 
H, as shown in Fig. 5. The gas velocity is adjusted 
so that it exceeds the velocity of the droplets and the 
spray of particles issuing from the outlet of tube F. 
The spray angles and distance between F and the 
liquid atomizing nozzle are adjusted to give maxi- 
mum particle to droplet contact. The velocity of 


I I r i -  tfflUEN’ 
l D U C l 0 R  111 


COATING f lUID 


i - COATING 
A P P L I c A ~ ~ o N  ZONE 


Fig. 5-A scheniatic representulion of Ihe coding 
uppliculion seclion. 


the opposed gas streams creates a zone of intense 
mixing in which there is essentially no solidification 
of liquid particles. The velocities of the two op- 
posed gas streams are controlled so that the down- 
ward motive force is greater. This results in the 
particles being scrubbed out of the upwardly moving 
gas stream and returned to the dense phase fluid bed. 
As the wetted particles move downward through this 
bed, they are again deagglomerated and the liquified 
coating is spread over the surface of the separated 
particles. 


The particles are continuously cycled in this man- 
ner until the desired amount of coating has been 
applied. The liquid feed is then stopped and addi- 
tional drying gas admitted through the air ring G. 
When the solvent has evaporated the particles can 
be removed through a port in the base section A. 
At this point, it is also possible to continue coating 
with a second material if desired. 


A powder may be added during the coating cycle. 
This is accomplished by adding the solids to  the top 
of the fluid bed during coating, or by mixing them 
with the liquified coating material, and then reduc- 
ing the particle-separating forces to a level at which 
the added particles are not separated in the coating 
cycle. 


Comparison of Coating Processes-A major 
difference between this coating method and others 
(rotating pan, fluid, and spouted bed) is the range and 
control of the particle-separating forces. The need 
for range and control is most clearly seen when the 
factors associated with particles separation are con- 
sidered. To separate a particle from an assemblage 
requires that the separating force exceed the 
forces holding the assemblage together. In a bed of 
particles, the force resisting separation is the sum of 
the particle(s) weight plus the interparticle adhesive 
forces. The latter are related to properties of the 
particles and of the coating material. In the absence 
of coating material, particles agglomerate primarily 
because of van der Waals’ attractive forces and/or 
adsorbed fluid. Electrostatic bonding forces are 
usually negligible (11, la). These bonding forces 
act at points of particle contact and the area of 
contact depends on bed density, particle size, and 
particle shape. When an agglomerate has been 
separated into units of the desired size, and sufficient 
coating material applied to entirely cover the surface 
of the particle, the adhering force is proportional to 
the tensile strength of the liquified coating film. 
Depending on the properties of the coating material, 
this film tensile strength may increase or decrease 
as it solidifies. From this generalized description, 
i t  can be seen that the separating force needed to 
coat particles must vary considerably and will 
depend on the properties of substance to be coated 
and the coating materials. 


The limitation of space does not permit a complete 
presentation of the theory and supporting experi- 
mental data associated with particle separation in 
this or other coating processes. Factors associated 
with particle separation in fluid beds have been re- 
viewed in detailed by Zenz and Othmer (13). These 
factors will also be discussed in subsequent publica- 
tions, in which theory and experimental data associ- 
ated with solid particle coating in rotating pans and 
in this particle coating device will be presented. 
Differences in particle separation in various coating 
devices can be illustrated by comparing the relation- 
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this unit, i t  will break up into units with dimensions 
that are dependent on the magnitude of G, and $. 
If $ is large relative to  G,, these units will be ag- 
glomerates. As shown in Fig. 4, these units fall into 
and form a dense phase bed, whose mass (essentially 
plug) flow is controlled by the frequency and ampli- 
tude of vibration, use of fluidizing gas, and the cross- 
sectional area of the outlet. Vibration or fluidiza- 
tion may augment particle separation but the major 
separating force is the turbulent jet into which these 
particles are educted. Gas flow from this jet can be 
adjusted to provide the velocity needed for particle 
transport and separation (Eq. 3). The conveying 
gas velocity is relatively uniform in the converging 
nozzle, because the flow is turbulent. The volume 
flow of conveying gas is controlled by the cross-sec- 
tional area (or design) of the inlet nozzle (E). By 
controlling gas velocity and bed flow it is possible to 
reduce agglomerates to particles having a D, as 
small as 5 p,  and to transport the deagglomerated 
particles upward through the converging tube with- 
out saltation, choking, or slugging. The motion of a 
particle as it leaves the converging nozzle is described 
by the relationship 


inertial force + drag forces = -gravitational force 


(Eq. 4) 
It is obvious from the foregoing that the magnitude 
of these forces is associated with the relationship 
between G, and $. In addition to the force of grav- 
ity, the upward motion of the particles is opposed 
by the downward motion of the coating liquid drop- 
lets and their entraining gas stream. The inertial 
force (Fi) for both particles and droplets is given by 


ship between particle weight (G,) and the interparti- 
cle adhesive forces ($). I n  a fluid or spouted bed a 
major force for particle separation is the drag result- 
ing from the interaction among the particle and up- 
ward flowing gas. This drag force is given (12) by 


F d  = a '/2 C d p ~ A p V j '  0%. 1) 
For particle separation to occur 


Fd = G, + $ (Eq. 2 )  


The superficial gas velocity ( V f )  to provide this drag 
then is 


However, at the required superficial gas velocity the 
ability to fluidize or spout a bed of particles and the 
quality thereof is determined by the relative mag- 
nitudes of G, and $ (12). When $ is large relative 
to G, the bed may not fluidize or spout because there 
is insufficient particle flow to break up the channels 
created by the upwardly moving gas stream. Al- 
ternatively, particle flow may be of a stick-slip type 
which results in an erratic, surging, slugging bed; 
this type of bed is poorly adapted for coating. 
Under this limiting condition ($ >> G,), there will 
also be considerable elutriation of particles from the 
bed, because the superficial gas velocity required for 
particle separation must be greater than that re- 
quired for conveying. Since G p  is proportional to 
particle size (D,) there is a limit below which parti- 
cles cannot be coated in either a fluid or spouted bed 
coater. This lower limit varies with the material 
used (both particle and coating), but in the authors' 
experience, the limiting value for D, is near lo2 p. 


When particles are coated in a rotating pan, there 
is a similar relationship between G, and $. When a 
bed of particles is rotated in a pan, that part of the 
bed adjacent to the wall is carried to a given height 
by wall friction or baffles. A t  this height the particles 
will flow or fall back into and through the bed. The 
particles closest to the wall will travel the greatest 
distance and will return to the bed under essentially 
free fall conditions. I t  is this condition of particles 
falling on and through the bed that provides, to a con- 
siderable extent, the mixing and separation required 
for coating. The size of the units which separate a t  
a given height depends on the relationship between 
G, and $. If the weight of a single particle is greater 
than $, the particles separate and flow through the bed 
as individual units. If it is 1101, thc particles will 
separate as agglomerates, which will either nwve to 
the front of the pan or be compacted to form aggre- 
gates. These aggregates will increase in size until 
G, is larger than $. There are also separating forces 
in a coating pan which are associated with (a) the 
weight of the bed above a given assemblage of parti- 
cles and ( b )  the centrifugal force (torque) which in- 
duces the particles in a bed to rotate. Although 
related to particle weight (size) and Ic., these separat- 
ing forces are probably small when $ is large relative 
to G p .  In the writers' experience,the limiting value 
for D ,  in a coating pan is about two to  three times 
that of a fluid or spouted bed coater. 


The relationship between G, and $ is considerably 
less critical for the particle coating device (PCD). 
When an assemblage of particles is introduced into 


dv Fi = M -  d t  


A droplet inertial force greater than that of the 
solid particle can be obtained by control of droplet 
size and velocity. This is done in the PCD by 
proper selection and operation of the atomizing 
nozzle. For example if a two-fluid educting-type 
nozzle is used, droplet size and velocity are related to 
gas velocity and liquid feed rate (14). I t  is also 
possible to vary the gas velocity flowing from tube H, 
and thus create a net downward drag on the wetted 
particles in the area of opposing gas flow. Through 
control of these variables, upward particle motion is 
arrested and redirected towards the wall of the ex- 
panded chamber, as illustrated in Fig. 5. However, 
there is always a net upward flow of gas plus vapor to 
the exhaust. The drag created by this upward flow 
is sufficient to elute particles having low values of 
G ,  from the particle assemblage as it flows towards 
the wall. These particles are either suspended in 
the expanded section or carried upward into the bag 
collectors; they are not coated. In practice, it has 
been found that this loss is significant only when the 
majority of particles have D, less than about 5 p, 
probably because there is considerable agglomeration 
of particles in the coating zone, which reduces elutri- 
ation and increases G,. 


Examples of Coated Particles-Through control of 
particle separation and transport, it is possible to 
coat particles having a large range of G, and $, and 
also to use coating materials having large differences 
in film tensile strength. The utility of the I'CD is il- 
lustrated by the following examples of coated solid 
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Fig. 6- Uncoated and ethycellulose coated sugar pellet:. 


particles. Photomicrographs of sugar pellets ranging 
in D p  from 710-840 p which have been coated with 
ethylcellulose* are shown in Fig. 6. The solution 
rate of sugar from these pellets is shown in Table I. 
Solution rates were determined using the method of 
Souder and Ellenbogen (15). 


TABLE I-DISSOLUTION OF SUGAR FROM ETHYL- 
CELLULOSE-COATED PELLETS 


--yo Dissolved, hr.-- 
2 4.5 


% 
Run No. Coatina 0.5 - 


1 10.4 24 65 81 
2 10.3 20 65 81 


10.2 19 66 80 
81 


3 


80 
4 10.7 


10.7 
81 


5 
6 10.6 


- - 
- - 


- - 


TABLE 11-SOLUTION TIMES FOR ENTERIC-COATED 
ACETYLSALICYLIC ACID CRYSTALS 


-% .Dissolved- 
U S P  Gastnc USP Intestinal 


Fluid after Fluid after 
Run KO. %, Coatina 4 hr. 15 min. 


~ _ _ _ _ _  


1 36.6 9 99 
" 37.2 4 99 
3 38.4 7 98 
> 


USP standards. Photomicrographs of acetamino- 
phen particles coated with 12-hydroxystearyl al- 
coholll are shown in Fig. 9. These closely sized 
particles were obtained by spray drying and had 
D p  = 15 p prior to coating. The solution rate of 
acetaminophen in USP intestinal fluid at 37OC. is 
shown in Fig. 10. The size distributions for micron- 
ized saccharin and for saccharin coated with 12- 
hydroxystearyl alcohol are shown in Fig. 11. The 
dissolution of the coated saccharin particles in dis- 
tilled water at 25OC. is shown in Fig. 12. 


Photomicrographs of acetylsalicylic acid crystals 
coated with cellulose acetate phthalateg are shown 
in Fig. 7. The solution times for these enteric- 
coated crystals are given in Table 11. Figure 8 
shows the rate of Cot  evolution when NaHCOa par- 


min 


Fig. 8-Rate of COz evolution from NaHCOa crystals 
coated with hydrogenated castor oil. Key: NaHC03:  


HCO, @-@,2:1;  m, 1 :1. 


Fig. 9- Uncoated and coated particles of acet- 
aminophen. Fig. 7- Uncoated and C-A-P coated acetylsalicylic 


acid crystals. 
These few examples illustrate typical particles 


which have been coated using the p&ticle-coating 
device. They are representative of the majority of 
the solid particles found in the pharmaceutical in- 
dustry. It is interesting that this flexibility was 
tained with a simde device without the need 


ticles coated with hydrogenated castor oillo are in- 
tensively agitated in 0.1 N HC1 solution. The 
acetylsalicylic acid and NaHC03 crystals were ob- 
tained from commercially available powders meeting 


- .  ~ 


to employ a variety of complex, expensive coating 
sEthocel, Std. Ethoxy 10 cps. Dow Chemical Co., procedures. 
s C-A-P, Distillation Products, Rochester, N. Y. 
10 Castor Wax, Baker Castor Oil C o . ,  Bayonne. N. J. 


Midland. Mich. 


11 Ado1 45, Ashland Chemical Co., Minneapolis, Minn. 
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Fig. 10-Solulion rate of coated acelantinophen par- 
ticles in  USP artificial inlestinal fluid. 


I 
10 100 


4, ~r 


Fig. 11-Size distribution of micronized and 
saccharin particles. Key:  - - -, uncoated; 


coated. 


coated 
- 


SUMMARY 


The description and method of opcration for a 
solid particle coating device has been presented. I t  
appears that, by control of particle separation and 
transport, it is possible to coat particles ranging in 
size from about 10 to loa f i  in diameter wi th  a variety 
of coating materials. I t  is believed that this devel- 
opment should contribute to coating technology in 
the pharmaceutical industry. Subsequent reports 
will present an evaluation of coated particles pre- 
pared in this coating device and illustrate the utility 
of using coated particles in the formulation of phar- 
maceutical dosage forms. 


NOMENCLATURE 
A ,  = effcctive particle cross-sectional area 
c d  = dragcoefficient 
D,  = representative particle dianicter 
Fa = dragforce 
Fi = inertialforce 


1 I 
0 1 2 3 4 5 6  


hr. 


Fig. 12-Solution rate of coated saccharin particles 
in distilled water. 


G p  = particle weight 
M = mass 
1 = time 
v = velocity 
V j  = superficial velocity 
a = constant 
p /  = density of the gas 
J. = effective interparticle force 
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N-Ethylanhalonine was prepared by ethylation 
of Ia with diethyl sulfate (removing unreacted Ia 
by acetylation) and was found to be identical 
(IR, GLC, mass spectra) with natural 16.' The 
prepared Ic picrate showed the same m.p., mixed 
m.p., and IR spectrum as the picrate of natural 
Ic suggesting that they were of the same optical 
configuration. 


Anal.-Calcd. for CzoHasN40~~: C, 50.21; H, 
4.64; N, 11.71. Found: C, 50.23; H, 4.G3; N, 
11.76. 


The ethiodide of Ic (m.p. 203-204') derived 
from Ia showed a negative Cotton effect with the 
first maximum at 289 mp [a]::, = -232' (c = 
0.52, HzO); cf. the methiodide of natural lopho- 
phorine (Ib, containing ca. 10% Ic) first maxi- 
mum at 289 mp [a]::, = -257' (c = 0.016, 
&O). 


Alkaloids containing N-ethyl group are ex- 
tremely rare in nature (7), occurring mainly in ter- 
penoid alkaloids (8), e.g., delpheline, aconitine, 
and lycoctonine, where their presence is clearly 
related to acetate biosynthesis. 


Battersby et al. (9) have recently shown that 
the 1 -methyl group of tetrahydroisoquinoline 
cactus alkaloids is not derived from methionine. 
Although acetate is a logical alternative [cf the 
presence of N-acetylmescaline in the plant (10) ] 
randomization of the label during l-14C acetate 
feedings was observed. However, the N-ethyl 
group of Ic is more obviously derived from ace- 
tate than C1 and its attached methyl group and 
tracer experiments are in progress to determine 
this point. 


An examination of the mother liquor from 
which isolation of additional Ia was reported by 
us (1 1) , has indeed revealed the occurrence of the 
N-acetyl derivative (Id). The latter compound 
was identified by comparison with synthetic Id 
(m.p. 151.5-153"; [a]::g = 206') using the com- 
bined GLC-mass spectra technique. 


Anal.-Calcd. for CI4Hl7NOI: C, 63.87; H, 
6.51; N, 5.32. Found: C, 63.93; H, 6.64; N, 
5.32. 


By employing the same method the presence 
of Id has also been demonstrated in a neutral 
fraction of the peyote cactus. The occurrence 
of Id in the plant suggests that it may be a pre- 
cursor of Ic. Biosynthesis of Ic and other peyote 
alkaloids is currently being studied. 


Peyote Alkaloids VI. 
Peyophorine, a 


Tetrahydroisoquinoline Cactus 
Alkaloid Containing an 


N-Ethyl Group 


Sir: 


During a recent investigation (1-3) of the 
peyote cactus (Lophophora williamsii) alkaloids, 
anhalonine (Iu) and lophophorine (Ib) were iso- 
lated in addition to eight other compounds. How- 
ever, gas chromatography' of the "purified" I b  
hydrochloride (m.p. 233-235.5O; [a]::, = -13.6O 
(C = 0.59, Hs0); lit. (4)[a]::, = -9.47O (C = 
1, HaO)] and the base { [a]::, = -45°;[a]::, = 


-83.7O (c = 0.82, CHCb); lit. (5) [a]::, = 
-47O (c = 1, CHCla)} disclosed the presence 
(ca. 10%) of a new alkaloid. The structure of 
this alkaloid, designated peyophorine, was clearly 
established as N-ethylanhalonine (Ic), the N- 
ethyl homolog of Ib, by its characteristic mass 
spectrum [base peak m/e a t  234 (P-CHa)] com- 
pletely analogous with I b  [base peak m/e at  220 
(P-CH1), cf. pilocereine (S)]. The same com- 
pound Ic was also found in authentic samples ob- 
tained from the collection of Spaeth and co- 
workers as well as a sample acquired from a 
commercial source. To eliminate the possibility 
of an artifact (e.g., ethanol plus acid, etc.) ,  de- 


CHsO / Ia ( R = H )  wN\~ Ib Ic (R (R=C,H,) = CH,) 


Lo CH, 
0 


Id (R=COCHJ 


fatted plant material was extracted with ethanol- 
free chloroform and the chloroform-soluble hydro- 
chlorides were found to contain ca. 20y0 Ic (com- 
pared to Ib) as determined by the combined 
GLC-mass spectrum. 


Ic was separated from Ib by TLC on Silica Gel 
G using benzene-n-propanol-triethylamine (65 : 
20: 1) and the isolated purified oily base afforded 
a crystalline picrate m.p. 155-15(io.a 


'GLC-mass spectra were determined on the LKB-Pro- 
ducter mass spectrometer using a 183-cm. (6-ft.) column 
containing 3% OV-7 on 100 mesh G a s  Chrom Q a t  200' a t  a 
helium flow rate of 15 ml./min. Mass s ectra were obtained 
a t  70 ev., 100 Namp. trap current a t  f.5 kv., accelerating 
voltage. 


2 Authentic sample of lophophorine hydrochloride from 
the collection of the late Prof. E. Spaeth was obtained from 
Smith, Kline and French Laboratories, and a sample of the 
base hydrochloride was furnished by S. B. Penick & Co. 


*The identification of Ic in the "purified" sample of Ib sug- 
gests that the recently reported (1) quaternary alkaloid 
lophotine, the iodide of which was found to  be identical with 
the methiodide of the isolated Ib,  is a mixture of the metho- 
derivatives of Ib and Ic. 


(1) Kapadia, G. 5.. Shah, N. J., and Zalucky, T. B., J .  
Pharm. Scr., 57, 254(1968). 


4 The same compound was obtained by lithium aluminum 
hydride reduction of N-acetylanhalonine (see text). During 
the ethylation of Ia with diethyl sulfate a minor reaction 
product isolated was identified by NMR and mass spectro- 
metry as N-carboethoxyanhalonine. The formation of the 
latter compound is presumed to be due to the reaction of a 
halonine with phosgene (from chloroform, used as a solvent) 
and ethanol (from diethyl sulfate). 
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Books- 
REVIEW 


Dictionary of Pharmaceutical Sciences and Tech- 
niques. Vol. 1. By A. SLIOSBERG. American 
Elsevier Publishing Co., Inc., 52 Vanderbilt 
Avenue, New York, NY 10017, 1968. approx. 
1000 pp. 16.5 X 23 cm. Price $30 
This dictionary is the first attempt to give the 


equivalents in English, French, Italian, Spanish, 
and German, of technical terms which are used in 
pharmaceutical technology. Approximately 7500 
major entries with cross-referencing of English 
synonyms are included. The book is made up of 
a basic table of the English terms, with the synonyms 
arranged alphabetically, and then followed by the 
translations in the other languages. The terms 
in the languages other than English are included in 
an index with a reference back to  the numbered 
item in the basic table where the several translations 
are found. 


This is the first of two volumes; the second 
volume will be “Materia Medica” and publication 
is expected in about two years. Dr. Sliosberg has 
also authored a similar work in five languages on 
mediciiic entitled “The Medical Dictionary.” 


Sla ff review 


. Ictinowiyc-in: Nuhire,  Forntcztion, und . - ld id ies .  
Edited by S. A. WAKSMAN. Interscience P u b  
lishers, Inc., 605 Third Avenue, New York, NY 
10016, 1968. ix + 231 pp. 16 X 23.5 cm. 
Price $8.95. 
The isolation in 1940 of actinomycin by Waksman 


and Woodruff was the result of a comprehensive 
screening program on the production of antimicro- 
bial substances by soil-inhabiting microorganisms 
especially the ;lciinoirzycetes. Although niatiy hull- 


dreds of antibiotics have been described in the 28 
years since the initial actinomycin report, more re- 
search is now probably underway concerning the 
biological properties, clinical uses, chemistry, and 
biogenesis of this antibiotic than any other single 
antibiotic presently being examined. The contrib- 
utors to this monograph have summarized current 
research progress on actinomycin chemistry (A. W. 
Johnson), actinomycin biogenesis (E. Katz), effects 
of actinomycin on virus replication (A. J. Shatkin), 
actinomycin action on experimental tumors (Ch. 
Hackmann), and clinical use of actinomycin (S. 
Farber, A. T. Mitus, and D. A. Karnofsky). Other 
chapters include an evaluation of actinomycin in 
developmental biology (P. R. Gross), the history of 
actinomycin (S. A. Waksman), and modification of 
the immune response by actinomycin (W. J. K. 
Tannenberg and R. S. Schwartz). Some aspects of 
large-scale production are also included in a chapter 
by H. B. Woodruff and S. A. Waksman. 


Each chapter contains previously unpublished 
facts, hypotheses, and conclusions which should 
stimulate discussion by those readers previously 
unacquainted with the present knowledge of this 
interesting antibiotic. Although the monograph 
does not contain all the available information on this 
antibiotic, those who carefully read the clearly 
written chapters and consult the bibliography will 
quickly grasp the essential features and properties of 
this important an ti biotic. 


The monograph contains few typographical errors 
and is reasonably free of other errors. The adequate 
subject index and bibliography (more than 700 
references) are of use to both the newcomer and the 
antibiotic expert. This monograph should be in- 
cluded in any library on antibiotics. 


Rnkued by David Perlman 
College of Pharmacy 
1 rniorrsily of IVisronsin 
Mudison, llY.53706 
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Solvolysis of 5 -Halomidines and Related Nucleosides 
By EDWARD R. GARRETT and GERALD J. YAKATAN* 


The neutral and alkaline solvolyses of uridine (UD) derivatives substituted in the 5 
position with I (IUD), Br (BUD), Cl (CUD), and CHs (MUD) were followed spec- 
trophotometrically. The order of reactivity was IUD > BUD >CUD > UD >>> 
MUD (essentially stable). Ribosylbarbituric acid (RBA) was identified as a prod- 
uct of solvolysis of IUD and BUD in strong alkali and is itself unstable. The halo- 
uridines also degrade to nonchromophoric compounds. The rate-pH profiles for 
all the halouridines are similar and can be explained by hydroxyl ion attack on both 
the undissociated and dissociated halouridine. Hydroxyl ion attack on the undis- 
sociated species leads to the formation of nonchromophoric products. Hydroxyl 
ion attack on the dissociated s ecies forms RBA. 5-Hydroxyuridine (OHUD) and 
dihydropyrimidines are postufated as intermediates. The lability of the halogen 
substituent enhances the ease of solvolysis. The rate of alkaline solvolysis of BUD 
is the same as the rate of bromide ion production and shows that the reaction inter- 
mediates are highly unstable. The arabino and lyxo derivatives of 5-fluorouracil 
are solvolyzed faster than all of the halouridines. The Arrhenius parameters for all 


compounds were determined. 
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ment of viral diseases (1, 2 ) .  Quantitative 
studies on the stability of nucleosides and the ef- 
fects of structure and substituents should provide 
insight into their possible metabolic transforma- 
tions, and they are of pharmaceutical importance 
for the estimation of maximum stability and inhi- 
bition of the formation of toxic side products (3, 


* NIH Predoctoral Fellow (1965), Fellowship No. 5-F1- 
GM-29, 944. 







Vol. 57, No. 9, September 1968 


TABLE I-COMPOUNDS USED IN THIS STUDY 
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Kinetic Procedures-Appropriate quantities of 
the nucleosides to produce final concentrations of 


M were weighed into volumetric flasks and 
diluted to volume with nitrogen-purged distilled 
water. From these stock solutions, aliquots were 
taken and diluted with alkali of appropriate con- 
centration or with an appropriate buffer solution to 
produce, in general, a 6nal nucleoside concentration 
of lop4 M. The solutions of alkali and buffer were 
previously equilibrated at  the temperature of the 
study. 


The reactions were maintained in constant- 
temperature baths controlled within 0.1' at selected 
temperatures between 60 and 80' and samples with- 
drawn a t  suitable time intervals. Spectra were 
recorded on the Cary model 15 recording spectro- 
photometer or spectrophotometric readings were 
taken on the Beckman model DU-2 spectrophotom- 
eter. Matched spectrophotometric cells (1.00 
cm.) were employed for all measurements and a 
slit width of 0.10 mm. was used. The principal 
ultraviolet spectral data for the 5halouridines have 
been reported previously (8, 11). Alkali solutions 
were prepared by dilution of a standardized NaOH 
stock solution with nitrogen-purged distilled water. 
The NaOH solution was standardized by titration 
with a standard perchloric acid solution on the 
Sargent model D recording titrator. All reactions 
run in buffer solutions were maintained at constant 
ionic strength of 0.15. 


pH and pK. Measurements-The pH values of 
the NaOH solutions at  the temperatures of study 
were calculated from activity coefficient data 
available in the literature (12). The pH values of 
the buffer solutions were measured directly on a 
Beckman Zeromatic pH meter using Beckman high 
temperature electrodes and a thermostated cell to 
contain the buffer solution at the temperature of 
study. The pH meter was standardized with 
standard buffers at  the same temperature. The 
pK.'s of the 5-halouridines were determined by 
titration of 0.05 meq. of the nucleoside with a 
standard NaOH solution on the Sargent model D 
recording titrator. The measurements were carried 
out in a thermostated cell a t  80'. 


Paper Chromatography-Paper chromatograms 
were prepared from Whatman No. 1 chromatog- 
raphy paper. The chromatograms were usually 
spotted with 25 HI. of sample and developed for 
more than a 12-cm. travel of solvent front in a 
t-butyl alcohol-methyl ethyl ketone-water-ammo- 
nium hydroxide (40:30:20: 10) solvent which had 
previously been reported as useful for the separation 
of nucleosides and related compounds (13). They 
were then dried, and the resulting separation was 
viewed under a short wavelength ultraviolet light. 
The chromatograms were also placed in an iodine 
chamber to visualize spots which did not possess 
an ultraviolet chromophore. The nucleosides were 
identified by comparison of R/ values of the un- 
known with known standards spotted on the same 
chromatogram. Freshly prepared Ehrlich's reagent 
(14) was used to identify 1-8-D-ribofuranosylbar- 
bituric acid (15). 


Bromide Ion Measurement-An Orion bromide 
ion activity electrode, model 94-35, was used with 
a calomel reference electrode and a Beckman Zero- 
matic pH meter to follow bromide ion production 
from solvolysis of lo-* hf BUD in 0.40 N NaOH at 


Compd. X RI R2 Ra Rc Rs 


5-Bromouridine (BUD 
5-Chtorouridine ( 
bMethvluridine I 
5-Hydroxpuridine 


1-/3-D-RibofuranosyIbar- 
(OHUD) OH OH H OH H H 


bituric acid (RBA) H OH H OH H OH 
1-/3-~-Lyxofuranosyl-6- 


1-8-D-Arabinofuranosyl- 
fluorouracil (FUL) F H OH H OH H 


5-fluorouracil (FUA) F H OH OH H H 


4,6,7).  These studies may also provide informa- 
tion regarding new synthetic routes for derived 
compounds. 


This quantitative investigation of the chemical 
transformations of the 5-halouridines is one aspect 
of the authors' continuing study of the solvolytic 
reactions of pyrimidine and purine nucleosides 
and their derivatives (4-10). The purpose of 
this paper is to report on the kinetics and possible 
mechanisms of solvolysis of the 5-substituted 
halouridines and the determination of the per- 
tinent thermodynamic parameters. The major 
emphasis was on derivatives of uridine (UD) sub- 
stitutedin the 5 position with I (IUD), Br (BUD), 
C1 (CUD), and CHs (MUD). The structures of 
some of the pyrimidine nucleosides discussed are 
given in Table I. 


EXPERIMENTAL 


Materials-IUD, BUD, CUD, MUD, and 5 
hydroxyuridine (OHUD) were purchased from 
Calbiochem and were all certified as chromato- 
graphically homogeneous by the company. UD 
was purchased from Nutritional Biochemicals 
Corporation, an elementary analysis, C, H, and N 
was provided, and the compound was used without 
further purification. Dr. T. Ukita of the University 
of Tokyo kindly provided a sample of the sodium 
salt of 1- j3-~ ribofuranosylbarbituric acid which was 
used in the paper chromatography studies. Dr. J. 
J- Fox of the Sloan-Kettering Research Institute 
supplied 1-8-D-ribofuranosylbarbituric acid mono- 
alcoholate (SKI No. 30,057) for use in the kinetic 
studies on this compound. Dr. Fox also provided 
samples of 1-(j3-D-lyxofuranosyl)-&fluorouracil(FUL) 
and l-(@-D-arabinofuranosyI);5fluorouracil(FUA). 
All other materials employed in this study were of 
analytical reagent grade. 
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80". Aliquots of the degrading solution were taken 
as  a function of time and diluted with 0.5 N HC104 
to give a pH of about 1. The resultant potential 
was used t o  determine bromide ion concentration. 
The calibration curve was constructed from the 
measured potentials of known amounts of NaBr 
prepared in a similar manner with the same ionic 
strength and p H  values. 


RESULTS 


Rate Constants-The kinetic parameters describ- 
ing the solvolysis of the 5-halouridines in alkali and 
the alkaline buffer region were determined by follow- 
ing the loss of absorbance, A ,  of the ultraviolet 
chromophore as a function of time. The spectra of 
IUD and BUD showed a decided hypsochromic 
shift in Amax. as solvolysis proceeded in strong alkali. 
A small residual absorbance, A,, was noted in some 
cases at the completion of the reaction. Typical 
spectral changes as a function of time are given for 
IUD, BUD, and CUD in 0.40 N NaOH in Figs. 
1-3. Plots of In (A - A,) at the Amax. versus time 
were reasonably linear for all studies according to 
the first-order expression: 


(Eq. 1) 
where do is the absorbance at zero time and k is 
the apparent first-order rate constant. However, 
similar plots at lower wavelengths for IUD and BUD 


la (A - A,) = In ( A o  - A,) - kt 
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indicated the possibility of a sequential process 
where the intermediate possessed an ultraviolet 
chromophore. 


Subsequent experiments, to be discussed later in 
this paper, revealed the identity of this intermediate 
and permitted the determination of the spectrum of 
this compound. Once this was known, i t  was 
possible to  choose a wavelength to obtain the ap- 
parent first-order loss of the original nucleoside 
without spectral interference from the intermediate. 
The rate constants obtained by this method and 
the conditions under which they were obtained are 
listed in Tables I1 and 111. 


Several typical first-order plots at various alkali 
concentrations according to Eq. 1 at a wavelength 
where only IUD absorbs, i .e.,  290 mp, are shown 
in Fig. 4. Reactions run with a fourfold increase in 
substrate concentration, in the absence of oxygen, 
and protected from light showed no significant 
changes from the apparent first-order rate constants 
obtained when these parameters were not controlled 
(see footnotes to Table 11). No significant ionic 
strength effects or buffer catalysis were observed 
in any of the buffer regions for the solvolysis of 
the halouridines (see footnotes to Table 11). 


UD, FUL, and FUA degraded in alkali with no 
apparent perturbation of the Amax. values 263, 268, 
and 272 mp, respectively. These compounds 
solvolyze more rapidly than the halouridines and 
plots according to Eq. 1 where A, - 0 are linear and 
parallel for data obtained at several wavelengths. 
The obtained rate constants are given in Table 111. 


The alkaline solvolysis of 5hydroxyuridine was 
complex. The A,. of 303 mp in alkali (or the 
Am=. of 278.5 mH of the acidified samples) decreased 
with time with complete destruction of the chromo- 
phore. First-order plots of the data showed good 
linearity at lower temperatures, but apparent sequen- 
tial rates were observed a t  higher temperatures 
(Table 111). 


Rate-pH Profiles-The rate-pH profiles for all of 
the Bhalouridines were similar. The profiles were 
constructed from the apparent first-order rate 
constants, K, and the pH values a t  80' (Table 11) 
and are shown in Fig. 5. The rate-pH profiles 
indicate specific hydroxyl-ion catalysis as well as 
a pH independent region of solvolysis. The apparent 
first-order rate constant at a given pH can be defined 
as in Eq. 2. 


WDwlnllh, '* 
Fig. I-Tyfiical spectral changes for the solvol ysis 
lo-' M 5-iodouridine in 0.4) N NaOH at 80'. 
The curves are labeled as to minutes after the start of 


the reaction. 
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Fig. 2-Typical spectral changes for the solvolysis of 
lo-' M 5-bromouridine in 0.40 N NaOH at 80'. 
The curves are labeled as: o minutes after the start of 


the reacttbn. 


Fig. 3-Typical spectral changes for the solvolysis of 
M 5-chlorouridine in 0.40 N NaOH at 80'. 


The curves are labeled as to hours after the start of the 
reaction. 
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TABLE 11-APPARENT FIRST-ORDER RATE CONSTANTS, 10% IN SEC.-', FOR THE SOLVOLYSIS OF SOME 
PYRIMIDINE RIBOSIDES AT 80.0' 


c IUD - c BUD - -CUD- c. RBA- c- UD' - 
PH" Medium Calcd. Exptl. Calcd. Exptl. Calcd. Exptl. Calcd. ExptI. Exptl. Calcd. 
6.00 Phosphate buffer - - 0.080 0.125 0.052 0.086 - - - - 
6.87* Phosphatebuffer 0.539 0.570 0.478 0.546 0.299 0.311 1.40 1.41 - - 
7.09 Phosphatebu5er 0.730 0.823 0.688 0.757 0.426 0.443 1.40 1.47 - 
7.69 Phosphatebu5er 1.83 1.82 1.39 1.34 0.825 0.779 1.40 1.40 - 
7.91 Phosphatebu5er 2.30 2.19 1.60 1.69 0.924 0.859 1.41 1.36 - - 
8.28 Phosphatebuffer 2.94 2.69 1.86 1.96 - - - - - - 
9.08 Biearbonatebuffefl 3.42 3.28 2.07 2.01 1.18 1.16 1.51 1.57 - - 
9.40 Bicarbonatebuffefl 3.66 3.50 2.09 2.12 1.19 1.19 1.63 2.13 - - 
9.65" Bicarbonatebuffd 3.67 3.60 2.13 2.17 1.21 1.23 1.81 3.45 - - 
9.90 Bicarbonatebu5efl 3.74 3.80 2.14 2.32 1.22 1.28 2.13 3.70 - - 
10.54 0.01N NaOH 3.95 3.72 2.36 2.94 1.28 1.52 4.48 4.11 - - 
11.20 0.05N NaOH 4.76 5.01 3.59 4.18 1.56 1.94 13.5 15.8 0.189 0.156 
11.4Qd 0.10NNaOH 6.50 6.00 4.51 4.81 1.89 2.49 21.4 24.1 0.326 0.270 
11.75 0.20N NaOH 7.89 8.00 7.28 7.18 2.46 2.70 30.7 31.6 0.491 0.421 
12.05. 0.40N NaOH 13.1 11.0 11.9 9.49 3.71 3.51 41.9 37.2 0.601 0.630 
12.23 O.6ON NaOH 16.2 16.1 14.2 14.3 - - - - - - - - 0.701 0.840 12.35 0.79N NaOH - 


- - 


- - - - - 
~~~ 


The pH values of the phosphate and bicarbonate bu5er solutions were read a t  SOo on a pH meter standardized at  that 
temperature. The other pH values were calculated from pH = f iKw - fiOH where pOH = - log y [NaOHl where the activity 
coefficient, y, and the pKw values were obtained from the literature (12). *Additional values at this pH were: BUD, 0.20 M 
buffer, p = 0.36, lWk = 0.566; 0.30 M buEer, p = 0.36, lOsk = 0.530. 'Additional values at this pH were: BUD, p = 0.10. 
lWk = 2.12; 0.10 M bu5er. p = 0.21, 10% = 2.21: IUD, p = 0.21, 0.10 M buffer, 10% = 2.21: IUD, p = 0.21, 0.10 M 
buffer, 106k = 3.70: CUD, p = 0.10. 10% = 1.28; p = 0.21, 0.10 M buffer, 10% = 1.28: RBA, p = 0.21, 0.10 M buffer, 
10% = 3.70; p = 0.32, 0.15 M bufier, lWk = 4.50. IUD protected from light, lWk = 6.10; BUD with solution purged 
with nitrogen f o r  3 min. after each sample was removed, lOrk = 4.71. 'Fourfold increase in initial concentration (4 X 10-4 
M) gave lWk = 9.91 for BUD and 11.5 for IUD. 'The experimental data are subject to  some error resulting from silica 
formation in reaction vessels which prevented the accurate determination of any A values. @ All bicarbonate-carbonate 
buffers in rate-pH profile were 0.05 M. [COr-I at the various pH values were: 9.08, 0.004 M; 9.40, 0.016 M ;  9.65. 0.028 M; 
9.90, 0.039 M. 


TABLE 111-APPARENT FIRST-ORDER RATE CONSTANTS, 10% IN SEC.-', AND THERMODYNAMIC PARAMETER s 
FOR THE SOLVOLYSIS OF SOME PYRIMIDINE NUCLEOSIDES AT VARIOUS TEMPERATURES 


-IUD- c- BUD - -CUD- RBA UD FUL" PUAb OHUD 
0.4 N pH 0.4 N pH 0.4 N pH 0.4 N 0.4 N 0.4 N 0.4 N 0.4 N 


OC. NaOH 9.81' NaOH 9.81' NaOH 9.81' NaOH NaOH NaOH NaOH NaOHf 
80 11.0 3.70 9.49 2.30 3.51 1.28 37.2 0.601 - - 101 


14.8 
75 7.90 2.26 5.76 1.45 1.92 0.788 - 0.382 - 
70 4.61 1.44 3.47 0.865 1.14d 0.484 17.4' 0.256 27.8 77.7 67.6 


6.92 
14.0 38.0 24.7 60 1.94 - - - 


4.98 - - 5.54 16.1 1.97 50 
40 
AH4 (kcal./mole) 20.4 22.7 24.4 23.7 24.3 23.7 20.5 21.2 18.8 18.8 15.2 
Log p 8.67 9.61 11.1 10.0 10.6 9.77 9.26 7.90 8.48 8.91 5.52 


- - 
0.414 - 6.37 - 


- - - - - - - - - - 
- 2.30 6.12 - - - - 


Additional values were: 0.20 N NaOH, 25O, 0.303; borate buffer, pH 9.45, SOo, 15.2. 
' 71.0'. 


*Borate buffer, pH 9.55, SOo, 89.0. ' OHUD is susceptible to  oxidative degradation and oxygen was not ex- 
Higher temperatures gave apparent sequential rates and estimates of the rate constants obtained 


'Biearbonate-carbonate bufier. 
cluded in these experiments. 
by polyexponential analysis are given. 


69.4'. 


AHRO and log P values are for the slower reaction. 


Fig. 4-Typkul apparent firstorder plots for the 
solvolysis of 5-iodouridine in various NaOH con- 
centrations at 80". The absorbance values, A, were 
?peasure# @ 290 mp and A, i s  the final asymptotic 


absorbance. 


.O 


x) -t 
I; j ,  


6 r I 9 m 11 m II 
w ' 


Fag. 5-Rate-pH profiles for the solvolysis of some 
pyrimidine nucleosides at 80'. Key: A ,  RBA; 
B ,  IUD; C, BUD; D,  CUD; E, UD. The open 
and closed circles for Line F show the dependence on 
pH of the apparent jirst-order rate constants f o r  the 
production of RBA from I UD and B UD, respectively. 
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The catalytic constant and an estimate of the sugar 
pKa' of uridine are given in Table IV. 


The rate-pH profile for RBA is also different from 
those of the halouridines. In this case, the second 
pKa' is implicated in the rate-pH profile since the 
second pKa' for this compound has been reported 
to be 12.4 at 25" (15) and would he even lower a t  
80". A d d n i t e  bending of the profile in strong 
alkali can be observed. One of the kinetically 
equivalent expressions that fit the RBA data for 
p H  values >6.8 >pKa'l = 3.6 at 25' is 


k = (k'a + k'oa[OH-I)fu- (Eq. 9) 
The Eq. 9 can be rewritten in terms of the second 
pKa of RBA as: 


k = (ko  + koa [OH-] 1 f u  + {k"o + k'oa [OH-] fu- 


(Eq. 2) 
where k o ~  and k ' o ~  are the bimolecular rate con- 
stants for hydroxyl ion attack on the undissociated 
(fu) and dissociated (fu- ) halouridine, respectively, 
and ka and k"0 are the apparent first-order rate 
constants for water attack on the undissociated 
and dissociated species, respectively. Hydroxyl ion 
attack on the undissociated species is kinetically 
equivalent to  water attack on the monoanion (16), 
and water attack on the undissociated species is 
either nonexistent or negligible, so that Eq. 2 can be 
written: 


k = k o a [ O H - ]  fu 4- k ' o ~ [ O H - l  fu- (Eq. 3) 


or as its kinetic equivalent: 


k = (k'o + k ' ~ a [ O H - l I f u -  (Eq. 4) 
The Eq. 3 can be rewritten by substituting for f,, 
and fu- in terms of the equilibrium constant, K., 
for the dissociation of the halouridine to  the mono- 
anion (14): 


at pH values <9.5, the profiles can be fit by the first 
term of Eq. 5, i.e., 


At p H  values >9.5, the second term of Eq. 5 con- 
tributes to  the observed first-order rate constant. 
The bimolecular rate constants which produce the 
best fits of the rate-pH profiles and the kinetic 
pKa values determined from the profiles are given 
in Table IV. The rate constants calculated from 
the values of Table IV and Eq. 3 are shown in 
Table I. The calculated fits obtained for the 5- 
halouridines are consistent with the experimental 
data. 


The rate-pH profile for uridine (Fig. 5) is different 
from those for the 5-halouridines. The profile 
definitely bends over a t  high pH values and indicates 
that another pKa' (attributable to  the sugar 
moiety) influences the rate of reaction. An expres- 
sion that fits the uridine data is 


or its kinetic equivalent 


TABLE IV-CATALYTIC RATE CONSTANTS FOR THE 
SOLVOLYSIS OF SOME PYRIMIDINE NUCLEOSIDES AT 


80" 
- 


i un  BUD CUD RBA u n  
pKa"' 7 .75  7 . 4 0  7.35 11.85b 12.1' 
kon 3.16 3.56 2.29 - - 
lWk'a 4.15 2.09 1.20 1.40 - 1O'k'OH 2.82 3.02 0.955 39.8 0.479 


a Values reported are determined from best fit of rate-pH 
profile. pKa' values determined by titration without con- 
trol of ionic strength at SOo were: IUD, 7.98; BUD, 7.65; 
CUD, 7.63. bValue reported is for second pKa' a t  SOo. 
Literature value at 25O is 12.4 (15). 'Value is attributed to 
sugar pKa' at SOo. 


Values for the best fit of this profile and the ap- 
propriate constants are also found in Tables IV and 
11, respectively. The discrepancies observed in 
the bicarbonate buffer region could only be due to  
catalysis by buffer species since RBA has no pKa 
in this pH region. The observed buffer catalysis is 
denoted by a dashed line in the rate-pH profile for 
RBA (Fig. 5). Buffer catalysis was confirmed by 
observing an increase in the apparent first-order 
rate constant with increasing buffer concentration 
a t  constant pH (footnote to  Table 11). The inter- 
cept of a plot of k,,,. versus buffer concentration is 
the apparent first-order rate constant in the absence 
of buffer effects according to: 


kapp.  = khyd.  + huff. [BUFFER] (Eq. 11) 


The value obtained for k,,,. was consistent with 
the calculated value for RBA solvolysis at this pH 
obtained from Eq. 9. The smooth curve in the 
rate-pH profile in the bicarbonate buffer region is 
drawn in agreement with this information. 


Dependence of Rate on Temperature-Estimates 
of the Arrhenius parameters for the solvolysis of 
several pyrimidine nucleosides were obtained from 
the slopes and intercepts of plots of the logarithm of 
the apparent first-order rate constants, k, versus 
the reciprocal of the absolute temperature, T, in 
accordance with the expression : 


log k = log P - AH.12.303 RT (Eq. 12) 


where R is 1.987 cal. deg.-l mole-' and the various 
k, AHu, and log P values a t  several pH values are 
given in Table 111. Typical Arrhenius plots are 
shown in Fig. 6. 


Identification of Reaction Intermediate-The 
possibility existed that an intermediate from the 
alkaline solvolysis of haloaridines might be a 
barbituric acid derivative such as I-B-D-ribo- 
furanosylbarbituric acid which had been recently 
synthesized (15). Halouracils do form barbituric 
acids on attack by alkali (17, 9). Evidence that 
this compound was an intermediate in the alkaline 
solvolysis of the halouridines was obtained in the 
following manner: 


(a )  Ukita and co-workers (15) reported that RBA 
had pKa's of 3.6 and 12.4 and a Am.,. in alkali a t  
263 mp. By performing in sita spectrophotometric 
pKa measurements on samples of IUD and BUD 
degraded in 0.40 N NaOH at 80" for 1 hr., the 
authors observed a pKa of 3.7 and another pKa' 
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Fig. 6-Typical A rrhenius plots for several pyrimidine 
nucleosides in  0.4 N NaOH. Key: A ,  RBA; B ,  
CUD; C ,  IUD;  D ,  B U D ;  E ,  UD; n = 5 for lines 


A,C,and D;  n = 6 for B and E.  


attributable to the undegraded halouridine. The 
degraded mixture also showed a Am=. a t  264 mp in 
strong alkali. 


(b) The concentration of IUD at any time could 
be determined from its absorptivity value, 6, at a 
wavelength where the products of degradation did 
not absorb. The calculated absorbance due to  
IUD at any time can be subtracted from the total 
absorbance (Fig. 2) at each wavelength to  permit 
the plotting of these differences against wavelength. 
The plots for several time intervals a t  every 5 mp 
from 330 to  230 mp showed the presence of a 
chromophore with a sharp maximum at 264 mp 
consistent with the RBA and different from the 
spectrum of barbituric acid. The ratios of the 
absorbances of these difference spectra at any two 
wavelengths gave constant values which were con- 
sistent with the spectra of RBA obtained with the 
same solvent conditions. 


(c) The molar absorptivity of RBA in acid solu- 
tion is negligible (18) but is high in alkaline solution 
(15,470 in N NaOH) (18). This was consistent with 
the experimental observation that acidified alkaline- 
degraded BUD showed only the spectrum of BUD 
with no perturbation of the hmx. of BUD in acid 
solution. Conversion of the acid solution back to  
alkaline p H  values regained the original spectra 
shown in Fig. 3 with definitive indications of the 
RBA chromophore. The low E value of RBA in acid 
solution does not permit its spectral observance in 
low concentrations. 


(d) Paper chromatography of alkaline degraded 
IUD and BUD demonstrated two spots having 
ultraviolet absorption. One spot was identified as 
the undegraded halouridine by comparison with a 
standard. The other spot immediately turned 
orange on spraying with Ehrlich's reagent, a 
characteristic reaction for barbituric acid derivatives 
(15). If left untreated overnight, the RBA spot 
turned yellow on the chromatogram, another 
characteristic reaction of barbituric acid derivatives 
(19). The spot attributed to  the undegraded nucleo- 
side neither turned yellow on standing nor was 
colored orange by Ehrlich's reagent. The RI 
value for RBA in the developing system used was 
0.40 and a standard spot of pure RBA had exactly 
the same value. The R f  value for barbituric acid 


under the same conditions was 0.30. No chromato- 
graphic evidence for the formation of the corre- 
sponding halouracils was obtained and indicated 
that lysis of the sugar moiety did not occur. 


( e )  Fox and his co-workers have reported that  
they have recently succeeded in preparing RBA 
from the alkaline treatment of BUD (18). The 
sample of RBA he provided was used in the authors' 
kinetic studies on this compound. 
(f) The ultraviolet spectra of degrading IUD and 


BUD indicate only a hypsochromic shift which 
never reaches the Amax. reported for RBA. This is 
entirely consistent with an RBA intermediate since 
i t  has been shown that RBA degrades in alkali 
faster than the halouridines and there can never be 
a very large amount of RBA present a t  any time. 
Only the hypersensitivity of the spectrum to RBA 
caused by the large E value of RBA in relation t o  
those of the halouridines allows the intermediate 
to be seen at all. 


(g) The halouracils degrade under similar condi- 
tions (9) at rates only one-fifth of those for the 
halouridines. There was no spectral evidence of 
halouracil appearance and thus indicated that lysis 
of the sugar moiety did not occur, a t  least until 
after the pyrimidine ring had been cleaved. 


Estimation of Rate Constants for Parallel Re- 
actions-As was described previously, plots of In 
(A - A , )  ueisus time at 265 mp indicated a sequen- 
tial process was taking place during solvolysis of the 
halouridines. This suggested that a model describ- 
ing the kinetics of solvolysis of the halouridines, 
XUD, might be: 


XUD - RBA __+ Nonchromophoric 
ki ka 


or rapidly degrading 
products (NC) 


(Eq. 13) 
The apparent first-order rate constants, Kz, were 


obtained by following the loss of the chromophore 
due t o  RBA under conditions equivalent t o  those 
used to study the halouridine solvolysis. These 
values appear in Table 11. If the only hydrolysis 
product of the halouridines is RBA, then the con- 
centration of RBA a t  any time can be predicted 
from the obtained values of the rate constants, k t ,  
for the loss of XUD; kz for the solvolysis of RBA, 
and the initial concentration of the halouridine, 
[XUDlo, by (9): 


RBAPRED = [XUDlo k ~ l  k1 (e-kit - e-kd) 


(Eq. 14) 
When these calculations were carried out over a 
wide range of sample times and the calculated 
concentration of RBA converted to absorbance due 
to RBA, it was observed that the predicted value 
for the absorbance of RBA at any time was greater 
than the actual absorbance due t o  RBA as calculated 
from spectral observations by: 


where A& is the total absorbance at 264 mp at 
any time and A : .  is the absorbance at 264 mp 
due t o  IUDyat any time. A::,!' can be obtained 
from : 


A&:A = Ara - AiLD (Eq. 15) 


This information indicated that not all of the 
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solvolyzed halouridine was going through the RBA 
intermediate. Since RBA was the only chromo- 
phoric product observed, it has been postulated 
that parallel reactions exist according to: 
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The value obtained for k'oH was 2.47 X 
l./mole-sec. at 80.0'. 


Preliminary Studies on Buffer Catalysis of RBA 
Degradation-Preliminary investigations on the 
buffer catalysis of RBA observed in the bicarbonate 
buffer region (Table 11, Fig. 5) indicated that car- 
bonate ion is the catalytic species while bicarbonate 
ion has an inhibitory effect on catalysis. If the 
difference between the experimental rate constant 
and the rate constant calculated on the basis of 
Eqs. 3 or 5 (Table 11) is due only to bicarbonate 


For this case, the actual concentration of RBA pres- 
ent at any time, RBAAcT, can be formulated (9): 


where kl = kRBA -k kNC.  The ratio of the values 
RBAACT/RBAPRED at any time from Eqs. 18 and 
14 is 


The actual absorbance, AfE = ERB~RBAAcT, 
can be calculated from Eq. 15 and the predicted 
absorbance, eRBA RBAPRED, can be calculated 
from Eq. 12 since the E value for RBA is known. 
Thus the ratio of Eq. 19 can be determined. From 
this ratio and the known apparent first-order rate 
constant, kI, for the loss of XUD, ~ R B A  can be 
calculated. The apparent first-order rate constant 
to  nonchromophoric products, kNc = kl - kRBA 
can also be estimated. 


The values of these ratios were obtained over wide 
intervals of A versus time plots. The resultant 
rate constants and the yields of RBA at different 
pH values are presented in Table V. The apparent 
first-order rate constants for RBA solvolysis were 
more than 10 times greater than the apparent 
first-order rate constants for CUD solvolysis in 
strong alkali. This explains why no RBA was 
observed and why there were no spectral shifts 
during CUD solvolysis. 


It is interesting to note that the rate constants for 
the production of RBA from both IUD and BUD 
follow the same kinetic dependency, 


kRBA = k'oa[OH-] fu- (Eq. 20) 


TABLE V-RATE CONSTANTS AND YIELDS IN THE 


PRODUCTS AT 80.0' 


% 


SOLVOLYSIS OF 5-IODO AND 5-BROMOURIDINE TO 
RIBOSYLBARBITURIC ACID AND NONCHROMOPHORIC 


pHa 106kib 1oLkZc RBA %NC 1WkRBA l@kac 
IUD 


10.54 3.72 4.11 5 95 0 . 1 9  3 .53 
11.20 5.01 15.8 17 83 0.86 4 . 1 6  


11 .75  8 . 0 0  31.6 ,4<l 51 3.92 4.08 
12.05 11.0 37.2 53 .I7 5 .83 6 . 1 7  


i i .4!)  6 . 0 0  2 4 . 1  20 i i  1 . 7 4  4.215 


B U  D 
. ., . . . - . . . . . . - . 
11.20 4.18 1.5.8 14 '& 0.67 4 . 1 4  
11.48 4 . 8 1  24.1 31 69 1.49 3.32 
11.75 7 . 1 8  31.6 42 58 3.02 4 . 1 6  
12.05 9.49 37.2 28 72 2.66 6.83 


'pH values are calculated from pH = pKw - pOH where 
$OH = -log yNaOHINaOH] using appropriate values at 80". 
hoverall apparent first-order rate constants for solvolysis of 
IUD and BUD. 'Apparent first-order constants for the 
solvolysis of RBA to nonchromopboric products. 


Thus, a plot of kdirr./[CO~'] versus [H+] should 
be a straight line with a positive slope equal to 
kHcoa-/Ke and an intercept of kcor. 


Such a plot was constructed from the six bi- 
carbonate buffer studies of Table I1 and its foot- 
notes. Five of these studies lay on a straight line 
of negative slope. This was indicative of the fact 
that C03' was a catalytic species and that the 
presence of the undissociated acid, HCG-, inhibited 
rather than catalyzed the reaction. Estimates at 
80" of kcol' and kHcoa-/Ka were 45.3 X 10" 
and -3.64 X 106, respectively. The phenomenon 
of inhibition of solvolysis by weak acids has been 
observed previously in such cases as acetic acid 
inhibition of anhydride solvolysis (20). 


DISCUSSION 


The order of reactivity of the halouridines to 
alkaline solvolysis is IUD > BUD > CUD. Uridine 
(UD) is solvolyzed about 5-6 times more slowly 
than CUD in strong alkali while MUD is stable for 
5 days in 0.40 N NaOH at 80.0'. These observa- 
tions would indicate that the lability of the halogen 
substituent in the bposition of the pyrimidine ring 
enhances the ease of the solvolysis. The ability of 
the halogen to act as a leaving group under these 
conditions rather than its electronegative &ect on 
making the 6position susceptibile to  hydroxyl ion 
attack is supported by the fact that the rate con- 
stants for the formation of RBA are of the same 
magnitude for BUD as for IUD (Table IV and Fig. 
5). This was also observed for barbituric acid forma- 
tion from bromo and iodouracil (9). 


The fact that barbituric acid and halouracil for- 
niation is not observed definitely indicates that the 
lysis of the sugar moiety from halouridine does not 
occur, at least until after degradation or cleavage of 
the pyrimidine ring. 


The possible routes of solvolysis of the halouri- 
dines consistent with the kinetic and spectra data 
are given in Scheme I. The observed production 
(only in strong alkali) of RBA (V) from IUD and 
BUD must be formulated in agreement with 
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the derived kinetic dependency (Eq. 20) as a direct 
hydroxyl ion attack a t  CS of the monoanion and 
subsequent dehydrohalogenation (I1 + I11 + 


IV + V). 
The kinetic dependency for RBA formation 


(Eq. 20) denies the rate-determining hydration of the 
5,6 double bond on the monoanion. It would not, 
however, deny water attack on the dianion which 
would be kinetically indistinguishable from hydroxyl 
ion attack on the monoanion, if the halouridine may 
exist as a dianion a t  high pH values ( i e . ,  a t  pH 
values where a sugar hydroxyl can be ionized) (21). 
The fact that the rate-pH profiles for IUD and BUD 
do not bend over a t  high pH values indicates that 
an ionized sugar hydroxyl is not involved in an 
intramolecular nucleophilic attack at CS of the 
pyrimidine base. However, Lipkin and co-workers 


(22) have reported the formation of a 6,5'-anhydro- 
ribosylbarbituric acid by "alkaline hydrolysis of 
5-iodouridines" which may be a consequence of a 
secondary dissociation of the sugar moiety (Scheme 
11). 


Fox (17) has reported -40% yield of a 6,5'- 
anhydro-2',3'-0-isopropylidene-5-iodouridine with 
N alkali a t  55'. It has been hypothesized that the 
isopropylidene group forces the sugar ring into a 
conformation that favors cyclization to form 6,5'- 
anhydronucleosides (23, 24, 17). When Fox treated 
BUD and IUD with alkali under the same condi- 
tions employed for their isopropylidenated deriva- 
tives, the reaction was much slower, but "UV data 
indicated that some 6,5'-anhydrc+ribosylbarbituric 
acid had formed" (17). The authors have no in- 
formation on the spectral characteristics or alkaline 
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monoanion. The profile describing the formation 
of RBA (Fig. 5) calls for hydroxyl ion attack on 
the halouridine monoanion. Thus, the rate-pH 
profile of the halouridines seems to represent the 
sum of two different reactions, one of which occurs 
throughout the entire p H  range studied and the 
other (formation of RBA) occurring only in strong 
alkali. 


RBA is not formed in the bicarbonate or phos- 
phate buffer regions. It was not observed spectrally 
even though it is solvolyzed in these regions at the 
same or slower rates than the parent halouridine 
(Fig. 5), and it has a much higher absorptivity 
coefficient than the halouridines. 


The formation of OHUD and/or unstable di- 
hydropyrimidine derivatives probably accounts for 
the solvolysis of the halouridines in the buffer 
regions. Isobarbituric acid has been prepared from 
bromouracil by treatment with sodium bicarbonate 
(25, 9). Wang (25) also reported that OHUD was 
prepared from BUD in over 60% of the theoretical 
yield using lead oxide and postulated VII as an 
intermediate. OHUD degrades very rapidly in the 
bicarbonate buffer region at SO" and would not be 
observed spectrally. 


The fact that UD and MUD are highly stable t o  
alkaline solvolysis does not deny the possibility of 
a reversible hydration of the 5,6 double bond but 
further emphasizes the need for an electronegative 
5-substituent that can take part in an elimination 
or substitution reaction, and aid in facilitating the 
ring opening at the 3,4 position. 


The authors have also presented some data on 
the alkaline solvolysis of FUA and FUL, the 5- 
fluoro arabino and lyxo analogs of uridine. These 
compounds solvolyze much more quickly than all 
the halouridines which can be explained on the basis 
of Fox's mechanism (27) where intramolecular 
nucleophilic attack by the 2'-hydroxyl anion is 
facilitated sterically to give the 6,2'-anhydro- 
nucleoside. Subsequent tautomerization and ring 
cleavage a t  the 3,4-position of the pyrimidine base 
(27) produces a compound with no ultraviolet 
absorption spectrum. This compound can be 
converted by a much slower process to  1-(&~- 
arabinofuranosyl)-2-oxo-4-imidazoline- 4 - carboxylic 
acid which does have a chromophore (30). FUA 
degrades faster than FUL even though FUL has 
both the 2' and 3' sugar hydroxyls in the "up" 
position and lyxose has a lower pK than arabinose 
(21). It may be argued that the lyxose anion, where 
the 2' and 3' hydroxyls are vicinal, may be stabilized 
by a hydrogen-bonded Smembered ring (31). 
Thus, the lyxo analog may have a less concentrated 
negative charge on a specific alkoxide ion and not 
react as rapidly as the arabino analog in which the 
negative charge may be more localized at the 2' 
position. 


stability of 6,5'-anhydro-ribosylbarbituric acid. 
Thus, it  cannot be denied that there is the possibility 
that RBA may be formed by solvolysis of the 6,5' 
anhydro intermediate whose formation results on 
intramolecular condensation of the dianion in the 
rate-determining step. This reaction rate constant 
for this process would have to  be very large since 
the second pKa' of the halouridine is not kinetically 
observed. 


Hydration of the 5,6 double bond of the halouridine 
monoanion and subsequent dehydrohalogenation 
could produce compound VIII, 5-hydroxyuridine 
(OHUD). This compound is extremely unstable 
in the presence of alkali and is susceptible to 
oxidative degradation. OHUD degrades rapidly in 
0.40 N NaOH a t  SOo showing a nonlinear semi- 
logarithmic plot of absorbance versus time which 
may be interpreted as a sequential reaction, A + 


B + C, where the estimated rate constants are 
given in Table 111. There is no apparent shift in 
the Am.,. of the OHUD chromophore with time. 
The halouridines degrade much more slowly under 
equivalent conditions and any OHUD produced 
could not be observed spectrally. It is not un- 
reasonable to  assume that some OHUD is formed in 
this system, since 5-hydroxydeoxyuridine has 
been observed as a product of the alkaline solvolysis 
of iododeoxyuridine (7) and the isopropylidenated 
derivatives of IUD and BUD (17). Wang (25) also 
states that OHUD could be formed from BUD. 


The formation of unstable dihydropyrimidine 
compounds may also be responsible for the fraction 
of the reaction that does not go through RBA. 
Cleavages of 5,6 dihydropyrimidine nucleosides in 
alkali at the 3,4 position are well-documented (26) 
and may lead to  nonchromophoric products similar 
to one isolated from the alkaline treatment of 
arabinopyrimidine nucleosides (27). The dihydro- 
pyrimidines degrade so rapidly in alkali that  it  
would be impossible to  observe these intermediates 
spectrally. Sander has shown, for example, that 
dihydrouracil degrades about 500 times faster at 
25" than IUD does at SO" (28), whereas uracil has 
high stability (9). It would also be possible for VI 
to yield VIII by dehydration (25). The postulated 
intermediates 111, IV, and VII must be highly re- 
active since the rate constant for the loss of BUD 
as obtained from the production of bromide ion as a 
function of time is essentially the same as that 
obtained spectrally for the loss of BUD. Lozeron 
and co-workers (29) have shown that 5-fluoro-6- 
hydroxyuracil, a product isolated from the photo- 
chemical degradation of Sfluouracil, is extremely 
unstable in strong alkali at low temperatures and 
opens at the 3,4 position. 


The possible formation of RBA from the solvolysis 
of CUD in strong alkali could not be monitored 
since RBA degrades so much faster than CUD 
(Fig. 5). However, the shape of the rate-pH 
profile for CUD is the same as that for IUD and 
BUD although the rate constants are of a lower 
order of magnitude. 


If one looks a t  the rate-pH profiles in terms of the 
formation of RBA and nonchromophoric products, 
an interesting phenomenon can be observed. The 
profile for the formation of nonchromophoric prod- 
ucts seems to  follow the values predicted by Eq. 6, 
ie., hydroxyl ion attack on the undissociated mole- 
cule or its kinetic equivalent, water attack on the 
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Use of 3-Azabicyclo[ 3.2.1loctane in the 
Mannich Reaction 


By N. D. POTTI* and W. LEWIS NOBLES 


The preparation of a group of ketonic Mannich bases utilizin 3-azabicyclo(3.2.1)- 
octane as the amine component is described. Also reportetare the syntheses of 
several r-amino secondary and tertiary alcohols obtained from these Mannich bases 
by sodium borohydride reduction and the Grignard reaction, respectively. These 
compounds are being screened for possible pharmacodynamic and chemotherapeutic 


activity. 


ZABICYCLIC RING SYSTEMS are often found in A alkaloids, many of which are medicinally 
useful, e.g., morphine, atropine, etc. During the 
past two decades numerous 3-azabicyclic com- 
pounds were synthesized and tested for useful 
therapeutic activities (1-12). Many of them 
possessed hypotensive and antibacterial activi- 
ties. 


Nobles and his associates found interesting 
pharmacological activities associated with deriva- 
tives of complex amines like 3-azabicyclo[3.2.2] 
nonane I (6-8, 12); heptamethyleneimine I1 
(13); and octamethyleneimine I11 (14). 
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Certain ketonic Mannich bases derived from 
such complex amines possessed an unexpected 
high order of antibacterial activity (15). The 
object of the present investigation was to extend 
the study with the complex amine, 3-azabicyclo- 
[3.2. lloctane (IV). A convenient laboratory 
method of preparation of this mine  is reported 
elsewhere (16). 


Promising pharmacological properties of 0- 
aminoketones prompted several groups of work- 
ers to continue their studies with several of the 
derivatives of 0-aminoketones (7-8,13,14, 17-19). 
Among these derivatives were included several 
?-amino secondary and tertiary alcohols. In 
general, these alcohols were reported to be more 
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ortho and/or para to the amine group possess the 
greatest potential. 
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Potentiometric Determination of Fluoride Ion in Toothpastes 
by a Specific Ion Activity Electrode 


By NORMAN SHANE and DENNIS MIELE 


A simple, specific potentiometric method is described for the assay of toothpastes 
for free fluoride ion in concentrations of about 0.1 percent, equivalent to 0.22 per- 
cent sodium fluoride or 0.4 percent stannous fluoride. The ionic fluoride content 
of the toothpastes is determined by relating the potential obtained with a fluoride 
electrode i n  an aqueous dispersion of toothpaste to a calibration curve constructed 
by adding known scaler amounts of fluoride to a blank toothpaste formulation. 


HE DETERMINATION of fluoride ion concentration T in toothpastes has ordinarily required steam 
distillation as a separation procedure and titration 
by thorium nitrate for the fluoride ion using a colored 
dye as an indicator. The classical Willard-Winter 
distillation (l), as modified by Grimaldi et d. (2), 
Singer and Armstrong (3), and Wade and Yama- 
mura (4), has been the basis for most analytical 
procedures. Following distillation, spectrophoto- 
metric methods utilizing the blue complex formed 
between the fluoride ion and the cerium (111) salt 
of 3-amino-methyl-alizarin-N,N-acetic acid have 
been employed by Bellack et al. (5). Also, Harley 
and Revinson (6) and Calkins (7) have used high- 
frequency titration techniques, and other methods 
are described in review articles by Fishman et al. 
(8). Frant (9) explained the theory and operation 
of the fluoride ion electrode. In  contrast to the 
potentiometric method as explained in this paper, 
Lingane (10) showed a titration method for fluoride 
ion employing the fluoride electrode. 


The specific method for free fluoride ion described 
in this paper requires no separation steps. Fluoride 
ion is detected in toothpastes in the range of 0.1% 
F- ion equivalent to  0.22% NaF and o.4oyO SnF2. 
An important consideration in this analysis is that 
the fluoride must be present as a free ion. The 
fluoride ion activity electrode model 94-09, de- 
veloped by Orion Research, Inc., was used as easily 
as a conventional pH electrode with an Orion 
digital meter, model 801. A standard glass sleeve 
calomel reference electrode was employed in con- 
junction with the fluoride electrode. The electrodes 
were immersed in an aqueous mixture of toothpaste 
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so as to measure the activity of ionized (free) fluoride 
in terms of concentration. By use of an appropriate 
calibration curve, the concentrations of F- ion 
from NaF and SnF2 were determined. 


EXPERIMENTAL. 


Apparatus and Reagents-Fluoride electrode, 
model 94-09, obtained from Orion Research, Inc., 
Cambridge, Mass.; Orion Research meter 801; 
Beckman calomel electrode (with glass sleeve); 
50-ml. Nalgene centrifuge tube; 100-ml. volumetric 
flask; 150-ml. beaker; Sargent magnetic stirrer. 


Stirrer-Made from an electric toothbrush with a 
special made paddle. This paddle is a 10.1-cm. 
aluminum shaft and has a 3.2 mm. diameter. Two 
Ens, each 2.5 cm. long and 1.9 cm. wide, are located 
a t  the stirring end. 


NaF Stock Solution for Calibration Curve180 
mg. NaF/100 ml. aqueous solution (0.18% NaF),’ 
200 mg. NaF/100 ml. aqueous solution (0.20% 
NaF), 220 mg. NaF/100 ml. aqueous solution 
(0.22% NaF), 240 mg. NaF/100 ml. aqueous solu- 
tion (0.240/, NaF), 260 mg. NaF/100 ml. aqueous 
solution (0.26% NaF). 


SnF2 Stock Solution for Calibration Curve-To 
each solution is added 400 mg. of malic acid as a 
stabilizer. Deoxygenated water is used so as to 
further prevent oxidation of the stannous ion. 
320 mg. SnFz/100 ml. aqueous solution (0.32% 
SnF2),P 360 mg. SnFz/100 ml. aqueous solution 
(0.36% SnF2), 400 mg. SnFz/100 ml. aqueous solu- 
tion (0.4070 SnF2), 440 mg. SnR/100 ml. aqueous 
solution (O.44y0 SnF2), 480 mg. SnF2/100 ml. 
aqueous solution (0.48y0 SnF2). 


PROCEDURE 


For NaF and SnFz Calibration-Weigh approxi- 
1 1  ml. of these solutions represent 0.18%. 0.20%. ctc., 


* 1 ml. of these solutions represent 0.320/,, 0.36%. clc.. 
of NaF based on 1 g. of paste. 


of SnFs based on 1 g. of paste. 
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mately five I-g. samples of the paste8 without NaF 
or SnFz into five 50-ml. centrifuge tubes. Add 45 ml. 
of water to each tube. For the SnFz calibration, 
deoxygenated water is required. For the NaF ex- 
periment 1 ml. of 0.18%, 0.20%, 0.22010, 0.24%, 
and 0.26% stock solutions of NaF are added to the 
five tubes, respectively. For the SnFz experiment, 
1 ml. of O.32y0, 0.36y0, 0.40%, 0.44%, and 0.48% 
stock solution of SnFz is added. Stir each tube 
vigorously for 1.5 min. with the stirrer to disperse 
the paste in the solution. Pour this suspended solu- 
tion into a 100-ml. volumetric flask and dilute to 
volume with water. In the case of SnFz deoxy- 
genated water must be used. Transfer the solution 
to a 150-ml. beaker containing a magnetic stirring 
rod and stir to ensure homogeneity. Immerse the 
fluoride and calomel electrodes into the beaker and 
record the millivolt reading obtained from the re- 
search meter. Temperature control of the meter 
should be set to ambient conditions. A working 
curve is obtained by plotting the mv. reading 
against ’% NaF or % SnFz on one-cycle semi- 
logarithmic graph paper. A calibration curve 
should be prepared a t  least once a day. With the 
Orion meter, the original calibration curve can be 
shown on the mv. scale. If the reading on a standard 
solution changes by a few mv., and experience 
shows that the slope does not change, readings can 
then be taken on the REL mv. scale which is ad- 
justed so that the standard still reads the same, and 
the same curve can be used. The same standard 
solutions can be used for the calibration curves. 


For NaF Samples-Laboratory samples are run 
in the same manner as explained for the calibration 
curve. It should be noted that the fluoride 
electrode should be conditioned to the fluoride 
concentration that is to be determined. For NaF 
pastes, the mv. reading will become steady within 
1 min. 


For SnFz Samples-Laboratory samples are 
analyzed in the same manner as explained for the 
calibration curve. I t  takes 4 -5 min. to condition the 
electrode to SnF2 so as to obtain steady readings. 
After a long period of time (about 10 min.) the milli- 
volt reading will start to increase, indicating a re- 
duction of the free fluoride ions due to complexation. 
It is imperative to read the mv. reading at the 
steady-state condition. 


RESULTS 
The data obtained for the calibration curves of 


NaF and SnFz pastes are shown in Tables I and 11. 
The results are the average composite of five dif- 
ferent experiments; each experiment was done on 
5 different days. The toothpastes without the 
NaF and SnFz were used to give the proper back- 
ground for constant ionic strength conditions. NaF 
or SnFz were then added to the toothpastes and 
millivolt readings were taken. During a given day, 
the experiment was repeated and the readings were 
reproduced. The chart indicates linearity with re- 
spect to the semilog plot of mv. verszls yo NaF or 
SnFz for an average composite of five experiments in 
both cases (Fig. 1). However, because the method 
depends on direct measurements, the variability of 


* For the NaF paste the formulation is similar to that given 
in References I1 and 12 as formulation No. 3 shown to be 
clinically active as anticaries dentifrice (11-13).’ For the SnFt 
paste the formulation is that given in RC~CYG#CGJ I I  and 12 as 
formulation No. 4, accepted as clinically active anticaries 
dentifrice (11.12, 14). 
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Fig. 1-Semilog plot of the percentage of NaF or 
SnF2 versus mu. readings for an average composite of 
j ive  experiments. Key: -, NaF; - - -. SnF2. 


the electrode characteristics, such as change of junc- 
tion potential, may occur. For this reason, it is 
advisable to calibrate the meter once every day. 


Laboratory samples of the cited toothpastes, in- 
cluding NaF or SnFz are shown in Tables I and 11, 
which were run by the standard distillation method of 
Willard-Winter (1) with thorium nitrate titration 
using chrome azurol S as the indicator and by the 
fluoride electrode method. The distillation methed 
for total fluoride, including the titsation which, in 
the authors’ opinion, gives a poor end point, takes 
about 40-45 min. The fluoride electrode method 
can be completed in 5-9 min. Since the chart is 
based on the % NaF or % SnFz for 1 g. of paste, 
the calculations for the samples are obtained by 
the graph reading of the respective percentages 
divided by the weight of the samples. 


The statistical data of the corresponding tests, 
as shown in Tables I and 11, indicate that there is 
no significant difference between the two methods. 


DISCUSSION 
The fluoride ion electrode is used to measure the 


fluoride activity regardless of sample ionic composi- 
tion or total ionic Strength. As described by Kiel- 
land (15), the relationship of activity to concentra- 
tion of the ionized (free) fluoride is obtainable by an 
appropriate calibration curve. The electrode does 
not respond to fluorides which are bound or com- 
plexed. Since t h e e  pastes contain no calcium or 
other ions capable of removing fluoride, the total 
fluoride is equivalent to the free fluoride ion level. 


A concentration working curve is prepared by 
plotting potential measurements of known NaF or 
SnR concentration standards on semilogarithmic 
graph paper. Since the electrode responds to the 
activity and not to the concentration of the fluoride 
ion, the working curve is prepared for fluoride solu- 
tions which contain other ions, if the standards 
approximate the unknowns in composition. The 
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TABLE 11-STANNOUS FLUORIDE“ 


Yo SnFa mv. 


TABLE I-SODIUM FLUORIDE“ 
-. 


% NaF mv. 
0.18 
0.20 
0.22 
0.24 
0.26 


Samples Analyzed 


22.5 
20.2 
17.8 
15.4 
13.6 


Fluoride 
Samole Wt. of SamDle. E. mv. Distillation Electrode . -  


A 1.0144 18.3 
B 1.0331 16.6 
C 1.0223 17.1 
D 1.0541 17.7 
E 1.1621 13.9 
F 1.0132 20.1 
G 0.9997 19.5 
H 1.1356 16.5 
I 1.1512 17.2 


0.21 0.21 
0.22 0.22 
0.23 0.22 
0.20 0.21 
0.23 0.22 
0.19 0.19 
0.21 0.20 
0.20 0.20 
0.19 0.19 


0.32 
0.36 
0.40 
0.44 
0.48 


23.8 
21.8 
19.7 
17.6 
15.5 


Samples Analyzed 


Sample Wt. of Sample, 
A 1.0142 
B 0.9998 
C 1.0761 
D 1.0150 
E 1.1012 
A 1.1112 
B 1.0815 
C 1.0514 
D 1.0723 ~ . _. 


1.2142 14.0 o.ii 0.21 E 1.0615 
0.9987 19.4 0.21 0.21 F 1.0431 


J 
A 
B 1.0122 18.8 0.22 0.21 G 0.9971 
C 1.0141 19.4 0.23 0.20 H 1.1341 
D 0.0185 17.7 
E 1. igI3 14.5 
F 1.1382 17.0 
G 1.0415 19.3 
H 1.1626 17.0 
I 1.1718 18.6 


1.0859 15.9 
1.2613 16.0 


L 1.0172 18.4 
M 1.0185 20.3 
N 0.9817 21.3 
0 1.0831 17.8 


0.20 0.21 I 1.1562 
1.1314 
1.0516 
1.0723 


0.23 0.21 
0.19 0.20 JF 


G 0.21 0.20 
0.20 0.19 
0.19 0.18 
0.21 0.22 
0.19 0.19 


0.18 0.20 
0.19 0.19 
0.19 0.20 


0.20 0.21 


H 1.1512 
I 1.1823 


1.2114 k 1.2176 
L 1.1152 
M 1.1921 
N 1.1891 
0 1.0117 


a Calibration based on average composite of five experi- 
ments for 1-g. sample of paste. Calculation for samples 
analyzed: gra h reading/wt. of sample = % NaF;  ZI = 
0.2052; 2, = 8.2036; d = 0.0016; SD = 0.0020; 1 test = 
0.8000 for 25  samples. 


activity depends on the total ionic strength of the 
sample. Errors will result if the standards are 
prepared with pure NaF or SnFz, and unknowns con- 
taining relatively high concentrations of other ions. 
The calibration curves for the determination of 
NaF or SnFz were based on adding known amounts 
of the given NaF or SnFz to  nonfluoride paste in 
order to fulfill the ionic strength requirement for 
the calibration curve. The activity of the working 
curve is a straight line within the working range. 


The mathematical relationship of voltage to 
activity is shown by the Nernst equation: 


where E = measured potential, E ,  = constant due 
to the system calibrated, 2.3 RT/F = Nernst factor, 
59.2 mv. a t  25’, R and F are constants, T = tem- 
perature in OK., F- = fluoride ion activity in the 
sample solution. 


The Orion meter is readable to fO . l  mv. Since 
the voltage is proportional to the log of the fluoride 
activity by the Nernst equation, the instrument is 
sensitive to about 0.5 mv. chansre Der 0.01% NaF 


g. mv. 
19.6 
20.6 
19.6 
19.4 
17.3 
19.5 
20.0 
19.4 
19.1 
17.0 
18.6 
17.6 
19.2 
19.8 
18.1 
17.9 
17.1 
18.1 
17.6 
16.1 
17.2 
17.7 
18.6 
17.2 
20.8 


Fluoride 
Distillation Electrode 


0.36 0.37 
0.37 0.37 
0.36 0.36 
0.37 0.39 
0.39 0.40 
0.36 0.35 
0.37 0.35 
0.36 0.37 
0.37 0.37 
0.39 0.41 
0.40 0.40 
0.40 0.42 
0.35 0.36 
0.36 0.34 
0.40 0.38 
0.40 0.40 
0.40 0.41 
0.35 0.36 
0.36 0.36 
0.40 0.38 
0.37 0.37 
0.38 0.39 
0.37 0.35 
0.40 0.38 
0.39 0.38 


Calibration based on average composite of five experi- 
ments for 1-g. sample of paste. * Calculation for samples 
analyzed: graph reading/Wt. of sample = % SnF2; f r  = 
0.3772; i z  = 0.3768; d = 0.0004; S D  = 0.0027; I test = 
0.1512 for 25 samples. 


and 1 mv. per 0.01% SnFz in the paste in the region 
of the analysis. 
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pressor response of physostigmine in the adrenal- 
ectomized animals as compared to controls is seen. 
This could not be attributed to the change of 
sensitivity of the cardiovascular system, after 
adrenalectomy, since pressor responses of epineph- 
rine and norepinephrine were the same in both 
normal and adrenalectomized animals. This is 
further supported by experiment with propranolol 
where an increase in the pressor response of physo- 
stigmine occurred. The slight but significant (fi  < 
0.05) increase in the pressor response in the adrenal- 
ectomized animals is difficult to explain with the 
data available. 


REFERENCES 
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and these low values have been partly attributed 
by these authors to the pithing of the animals. 


The peripheral release of catecholamines (epi- 
nephrine and norepinephrine) does not seem to play 
any significant role in the hypertensive response of 
physostigmine (5, 9). This observation is based 
on the fact that these authors did not find any 
difference in the pressor response of physostigmine 
in normal as well as in the adrenalectomized 
animals. They further suggested (9) that although 
physostigmine is known to increase the output of 
epinephrine from the adrenals of the cat (6) i t  is 
unlikely that this effect occurs in the rat. These 
results contradict their statement that physo- 
stigmine will not increase the peripheral release of 
catecholamines from the adrenals of the rat. The 
results presented in this paper clearly demonstrate 
such an effect in the rat. 


The authors have shown that catecholamines are 
being released following injection of physostigmine 
and if these were contributing to the hypertensive 
response then one would have seen a bigger rise of 
blood pressure following physostigmine injection in 
normal animal with intact adrenals than in adrenal- 
ectomized animals. In  fact the experiments showed 
an increase in the pressor response of physostigmine 
in adrenalectomized animals. Therefore these 
results show that release of catecholamines from the 
adrenal glands does not contribute to  the hyper- 
tensive response of physostigmine. 


Some doubt also exists in the literature as to 
whether the adrenal medullary secretion plays any 
significant role in the cardiovascular regulations 
(10). Since most of the catecholamine present in 
the adrenal medulla is adrenaline (85%) (ll),  it  is 
possible that its effect on 8-adrenergic receptors 
in certain vascular beds leads to vasodilation and 
masks the vasoconstriction effect. This could 
probably explain why a significant increase in the 
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In Vitro Utilization of Diethylstilbestrol 
bv Rat Liver 


J 


By MARiA GABALDON, JUAN SANCHEZ, and ANTONIO LLOMBART, JR. 


A technique is described for the study of the utilization of diethylstilbestrol (DES) 
by rat liver in vitro. T h e  disappearance of DES and the seasonal variations were 
determined on liver slices and homogenates. A chromatographic identification of 
diethylstilbestrol monoglucuronide (DESGA) as a reaction product in the assays of 
slices was carried out. The effect of liver reincubation with saline phosphate 
buffer, of phenylmercuric acetate, and of u r i g n e  diphosphate glucuronic acid on 
DES utilization by liver was studied. The possibility of a DES utilization pathway 
other than monoglucuronide formation is discussed. A thin-layer chromato- 


graphic study was carried out with DES and DESGA. 


IETHYLSTILBESTROL ((.,a' - diethylstilbene- 
diol) is a n  orally active synthetic estrogen 


that has been utilized in  therapeutics to  produce 
prostatic tumor regression; it inhibits glutamate 
dehydrogenase by  breaking the enzyme into in- 
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active subunits (I), uncouples oxidative phos- 
phorylation with mitochondria1 volume expan- 
sion ( 2 ) ,  and inhibits electron transport between 
cytochromes h and c (3). 


a1 Mar. Valencia, Spain. 
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In spite of its important activity at physiolog- 
ical and enzymatic levels, and of its use in medi- 
cine and veterinarian practice, very little is known 
about its metabolism and mechanism of action. 
Reports by Zondek (4), Engel (5), Riegel (G), and 
Hopwood (7) showed that liver in uitro is capable 
of utilizing DES; however, in no case is the nature 
of the reaction involved nor the type of product 
formed mentioned, only the loss of estrogenic ac- 
tivity of DES after the incubation period with 
liver being ascertained by means of biological 
assay. 


Other studies point to the role of DES as a ty- 
rosinase (8) and horseradish peroxidase (9) sub- 
strate but no mention is made of the reaction 
products, except to the appearance of water sol- 
uble metabolites. 


Experiments with 14C-labeled DES have 
demonstrated that this compound, like the nat- 
ural estrogens, enters the enterohepatic circula- 
tion and is eliminated to a high degree through 
feces (10). Knoche (11) using 14C- and sH-la- 
beled DES in rats studied the in viuo oxidation 
with production of labeled HeO and COZ and four 
radioactive metabolites. 


The excretion of DES in the urine as a mono- 
glucuronide (DESGA) is well known (12), but the 
enzymatic mechanism of glucuronide formation 
has not been subjected to detailed investigation. 
Zimmerberg (13) studied the quantitative DES 
utilization by rat liver slices and attributed sub- 
strate disappearance to conjugation processes 
with glucuronic acid and the sulfate but the reac- 
tion products were not identified. Hartiala (14) 
employing chromatography, indirectly pointed 
out the formation of DESGA in rat  duodenal 
mucosa slices. Dutton and Storey (15) showed 
the formation of a small amount of glucuronide in 
rat liver homogenates. 


The present report presents a systematic study 
of DES disappearance following incubation period 
with rat  liver slices and homogenates. Starting 
from the incubation mixture, the technique em- 
ployed allows for the determination of DES 
without DESGA interference or any other phe- 
nolic compounds. The amount of DES consumed 
was calculated by difference with a blank incu- 
bated without substrate and added after protein 
precipitation. 


A thin-layer chromatographic study of DES 
and DESGA was performed for qualitative as well 
as semiquantitative identification of reaction 
products. 


EXPERIMENTAL 


Chemicals-DES and uridine diphosphate glu- 
curonic acid (UDPGA) were provided by Sigma 


Chemical Co. and tris(hydroxymethy1)aminometh- 
ane (tris) and phenylmercuric acetate, by Schuch- 
ardt. All solvents were redistilled and diethyl 
ether was maintained free from peroxides by storage 
over ferrous sulfate and was freshly distilled before 
use. 


Animals-Wistar male rats of 240-280 g. were 
sacrificed by cervical dislocation and the livers 
immediately removed and washed with 0.15 M KCI- 
3.2 X M KHCOt previously cooled to 0". 
Slices of 250 mg. each were obtained with a Stadie- 
Riggs hand microtome and 15% homogenates were 
prepared with 0.15 M KC13.2 X M KHCOa 
in a Potter-Elvhjem homogenizer cooled to 0'. 


Preparation of DESGA-DESGA was obtained 
from the urine of rabbits fed DES at a daily rate of 
500 mg. for 5 days. Following the procedures given 
by Dodgson et 41. (12), a chromatographically pure 
product of m.p. 176" was obtained after three 
crystallizations from benzene-acetone. The pres- 
ence of glucuronic acid in the product was dem- 
onstrated by hydrolysis with concentrated HCI 
vapors and elution of the hydrolyzed product on 
Silica Gel FHZM plate with ethyl acetate-2-propanol- 
water (6:2.5:1.5). Two spots were found: a 
red spot on the site of application similar to the 
one yielded by DES when given the same treatment, 
and another spot with the same Rf as glucuronic 
acid. 


Thin-layer Chromatography-The plates used in 
the thin-layer chromatography were Silica Gel G 
and Merck precoated Silica Gel FHzM. They 
were heated for 30 min. at 110" before use. The 
Merck precoated plates were observed at  254 ma. 


For the detection of glucuronic acid, 2% aniline 
phthalate in water-saturated n-butanol was used; 
for the detection of DES the following methods 
were applied: (a) direct observation after 2 days 
of exposure to daylight; ( b )  1% IZ in methanol; 
(c) 50% HeSO, v/v followed by heating for 3 min. 
at 100"; ( d )  equal volumes of 1% FeCh and 1% 
potassium ferricyanide mixed before use followed 
by application of 10% HC1, and (e) 0.5 N Folin- 
Ciocalteu's reagent and exposure to ammonia 
vapor. The last four detecting agents can be also 
used for the detection of DESGA. 


Solubility Determination-Aliquots of a DES 
solution containing 2 mg./ml. in acetone were 
placed. in tubes and evaporated to dryness. Five- 
milliliter portions of the solutions in which DES 
solubility was to be determined were added to the 
residue. The tubes were hermetically sealed and 
shaken at  25" for 24 hr. The contents were filtered 
only where an excess of DES occurred and the 
latter ascertained in triplicate by the method out- 
lined below. 


Calibration Curve for DES-A modified Tubis 
technique (16) has been employed for the deter- 
mination of DES. A standard curve was obtained 
by treatment of 1 ml. DES solution containing 
from 0 to 65 mcg./ml. in 30% ethanol with 4 ml. 
of 4% Na2COa . 10HrO in 0.1 N NaOH and 0.25 ml. 
of 1 N Folin-Ciocalteu's reagent. The contents 
were shaken and readings taken at 540 ma after 
45 min. a t  20". A linear function was obtained 
over the range studied. 


DES Determination in the Incubation M i x t u r e  
One milliliter of 20% trichloroacetic acid and 4 ml. 
of ethanol were added to 5 ml. of the incubation 
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mixture, Over a 10-min. period and the eontents 
filtered. Five milliliters of a freshly prepared Z(r, 
NaHCOa was added to  an aliquot of 5 ml. from 
the filtrate, toward formation of the sodium salts 
of DESGA and of the other acids so as to  prevent 
their removal by diethyl ether. The mixture was 
extracted twice with 10-ml. portions of diethyl 
ether. The ether was removed on the water bath 
and the aqueous alcoholic residue evaporated under 
vacuum a t  a temperature below 45'. The solid 
residue was lacking in any substance which could 
interfere with subsequent DES determination. 


Two milliliters of 30% ethanol, 8 ml. of 4% 
NazCOa.lOHlO in N NaOH, and 0.50 ml. of N 
Folin-Ciocalteu's reagent were added to  the solid 
residue. The contents were shaken and readings 
taken at 540 mp after 45 min. a t  20". Reagent 
volumes double those described for the calibration 
curve were used so that readings should be within 
the limits of the standard curve. In order that the 
amount of DES determined could be related to  
total DES the former was multiplied by 2 (correc- 
tion factor for using an aliquot of 5 ml. from the 
filtrate) and by 2 again (correction factor for using 
double the amount of reagents as in the calibration 
curve). The amount of DES utilized by the liver 
was calculated as the difference between the blanks 
incubated without DES and with DES after precip- 
itation with trichloroacetic acid and the samples in- 
cubated with DES for 90 min. at 37O. Assays were 
done in triplicate. 


Isolation of DESGA from the Incubation Mix- 
ture-An incubation volume five times greater than 
in the assays of slices was used in conjunction with 
the DESGA analysis. The reaction was stopped 
with 5 ml. of 12 N HaPOi and 20 min. later, 20 ml. 
of ethanol was added and following a period of 20 
min. the mixture was centrifugated and concen- 
trated to a volume of 10 ml. Four extractions were 
carried out with 10-ml. portions of diethyl ether 
and the pooled ethereal layers were washed with 
2 ml. of 0.01 N HaPo4 and then concentrated to 5 
ml. They were extracted with three 5-ml. portions 
of a saturated NaHCOa solution. The aqueous 
portion was washed with 3 ml. of ether, acidified 
with 2.7 ml. of 12 N HaPo,, and then extracted 
with four 20-ml. portions of ether. The pooled 
etheral layers were washed with 4 ml. of 0.01 N 
Hap04 and evaporated to  dryness. The residue 
was dissolved in 80% ethanol and an aliquot applied 
to the Silica Gel FHzu plate. The plate was com- 
pletely developed with benzene-ethanol (6 : 4) in 
order to separate contaminating substances with 
less polarity; once dry it was developed with ethyl 
acetate-2-propanol-water (6:2.5: 1.5) or n-butanol- 
acetic acid-water (6:2:2). A spot of the same 
R, as the standard DESGA, which is absent in the 
blank, was detected. 


TABLE I-& VALUES OF DES AND DESGA 


Rf in Solvent Systems" 
1 2 3 4  5 6  


Journal of Pharmaceuticat Sciences 


TABLE 11-DES SOLUBILITY IN 
AQUEOUS ALCOHOLIC SOLUTIONS" 


Solvent Solubility, mg./ ml. 


DES 0.39 1.00 1.00 0.72 0.90 0.95 
DESGA 0.00 0.82 0.30 0.00 0.00 0.90 


" Solvent systems employed were: I ,  benzene-ethanol 
(9: 1) .  2, I-butanol-acetic acid-water (6:2:2); 3,  ethyl 
acetaie2-propanol-water (6:2.5: 1.5) ; 4, chloroform-ethanol 


Water 
10% Ethanol 
200/0 Ethanol 
307, Ethanol 
30% Propylene glycol 
40% Propylene glycol 
500/, Propylene glycol 
600/, Propylene glycol 
TOO/, Propylene glycol 


0.012 
0.030 
0.083 
0.496 
0.036 
n. 135 
0.4") 
1.212 
3.57" 


Percentages refer to v/v, 


RESULTS 


Thin-layer Chromatography-Table I presents 
Rf values for DES and DESGA with the different 
solvents used. The detection limits for DES with 
the methods applied were: for 1, 4,  and 5, 0.60-0.90 
mcg.; for 2, 0.20 mcg., and for 3, 1.00-1.30 mcg. 
(see Experimental). 


Solubility Determinations-Table I1 presents 
DES solubilities in water solutions of ethanol and 
propylene glycol. 


Utilization by Liver-Table 111 shows DES 
utilization by rat liver slices in the presence and 
absence of phenylmercuric acetate, and inhibitor 
of UDP-glucuronate glucuronyltransferase (acceptor- 
unspecific), EC 2.4.1.17 (17) and the seasonal varia- 
tions observed. Table I V  depicts DES utilization 
by rat liver homogenates in the presence and absence 
of UDPGA, and the seasonal variations observed. 


DISCUSSION 


The amount of DES consumed by rat liver slices 
cannot be exclusively attributed to  monoglucuronide 
formation since the actual amount of the latter 
detected was far lower than the theoretically ex- 
pected one, should all DES have been transformed 
into DESGA. The utilization of DES in the 
presence of inhibitor and by liver previously in- 
activated by preincubation further supports the 
same assumption. The difference between the 
amount of DES utilized in the absence and presence 


TABLE 111-DES UTILIZATION BY RAT LIVER 
SLICES" 


DES 
Consumed, mcg. 


Conditions Mean f S D  P d  


Spring 
Without inhibitor (1O)b 44.40 & 7.85 
With inhibitor (10) 35.12 f 7.30 <0.025 
Without inhibitor (8p 17.32 f 10.10 <O . O l  


Without inhibitor (7) 44.24 =t 8.50 
With inhibitor (7) 40.64 f 7.96 >0.2 


Autumn 


"The comnosition of the incubation mixtiire P- 


follows: Nadl, 96.3 mM; ~ KC1,4~~m-G;-NTHC& 6..c-m.?; 
MgCh.6HzO 9.9 m M .  NazHPO4.2HzO 19.8 mM. HCI 
4 mM. DES' 0.149 m i l .  phenylmercurir acetate 0:5 mM: 
3% v i v  propilene glycol: liver slice, 250 ma.; finh volumd, 
5 ml.; pH, 7.4; incubation with shaking a t 3 7 O  for 90 min. 
'"umbers in parentheses indicate number of animals used. 


Assay done after slice preincubation with saline phosphate 
buffer for 24 hr. at 37'. dLevel of significance, Student 1 
test; p value compared with the assay performed in the 
absence of inhibitor. 


(8: 2); 5 ,  benzene-ethanol (6: 4); 6, methanolacetic acid- 
water (8: 1: 1). 
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TABLE IV-DES UTILIZATION 
BY RAT LIVER HOMOGENATES‘ 


DES 
Consumed. mcg. 


Conditions Mean f SD P‘ 
Spring 


With UDPGA ( 7 r  
Without UDPGA (7) 7.36 f 5.56 <0.01 


21.40 f 8.17 


Autumn 


Without UDPGA (7) 0.00 
With UDPGA (7) 0.00 


a The composition of the incubation mixture was a s  follows: 
Tris 35 mM. MgCh-6H10 10.5 mM; UDPGA, 0.67 mM: 
DES, 0.149 mM: 3% v/v’propylene glycol; 15% homog- 
enate, 1 ml.; final volume, 5 ml.; pH, 7.4; incubation with 
shaking a t  37” for 90 min. *Numbers in parentheses in- 
dicate number of animals used. OLevel of significance. 
Student 1 test; p value compared with the assay performed 
in the presence of UDPGA. 


of inhibitor is statistically significant ( p  < 0.025) 
in the experiments carried out in spring and relates 
to the amount of DESGA detected. The same 
experiments carried out in autumn did not yield 
statistically significant differences ( p  > 0.2). 


Jellinck (8) using l4CC-labeled DES and tyrosinase 
pointed out that after the incubation of the mixture 
production of water-soluble metabolites ensued, a 
phenomenon that was accentuated by the presence 
of proteins, not affected by thiol reagents and totally 
inhibited by potassium cyanide. The latter finding 
is of interest considering that Zimmerberg (13) 
obtained complete DES recoveries from incubation 
mixtures of rat liver slices and cyanide. It is 
possible that in the present report the DES disap- 
pearance in the presence of phenylmercuric acetate 
could be due to an oxidative process that would 
transform DES into a water-soluble metabolite and 
which might explain the incomplete recovery of 
DES by ether extraction. 


The DES disappearance in the liver system in- 
activated by preincubation at 37’ for 24 hi. can 
be interpreted as an adsorption phenonenon on 
proteins. Similar retention phenomena upon in- 
active proteins have been described for DES by 
Riegel et at. (6) with boiled liver and in the case of 
estrone by Jellinck (18, 19) with boiled liver, albu- 
min, and hemin. 


As far as the rat liver homogenates is concerned, 
the difference between the amount of DES con- 
sumed in the presence and absence of UDPGA is 
statistically significant ( p  < 0.01) and it seems 
logical to attribute this difference exclusively to  
the formation of glucuronide. The disappearance 
of DES in the absence of UDPGA, which is very 
variable, can be due to  residua! levels of UDPGA 
or other unknown pathways of utilization. Non- 
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enzymatic phenomena do not seem to play any 
role at all, as there has not been any case of DES 
disappearance in experiments undertaken in autumn. 


Seasonal variations, although previously de- 
scribed, are not too well known. Dutton (20) and 
Hartiala (21) have pointed out greater glucuronyl- 
transferase activity in winter than in spring with 
o-aminophenol as substrate. Periodic variations 
have been observed in relation t o  synthetic hypo- 
glycemic drugs (22) the toxicity being greater from 
December to March. No explanation for the 
phenomenon observed in this study can be ad- 
vanced at the present time. 
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Notes 


Mannich Bases from 2-Phenylindolizines 111. 1,3-Bis(dialkyl- 
aminomethyl) -2 -phenylindolizines 


By WILLIAM B. HARRELL* and ROBERT F. DOERGE 


In seeking new therapeutic agents derived from indolizines, four new Mannich 
bases derived from 2-phenylindolizine have been synthesized. Preliminary pharma- 
cological screening of 3-diethylaminomethyl-1,2-diphenylindolizine, a compound 
previously reported in these studies, has been carried out and the results are given. 


HE STRUCTURAL ANALOGY between indolizines T with dialkylaminomethyl side chains and cer- 
tain biologically interesting indoles has been pointed 
out in previous publications by the authors (1, 2). 
It is suggested that compounds such as reserpine, 
lysergic acid diethylamide, and psilocin might owe 
their activity in part to the presence of a certain 
spatial arrangement between the indole nitrogen 
and the extraindole nitrogen: 


/ \ 
/ \ 


N-C=C-C-C-N 


In Part I of this study the preparation of a series 
of Mannich bases derived from 2,3-disubstituted 
indolizines was reported. One compound in the 
series, l-diethylaminomethyl-3-methyl-2-phenyl- 
indolizine, was tested and found to  exhibit central 
nervous system depressant activity. 


In these studies the Mannich reaction (3) has been 
employed because it is a convenient way to  introduce 
dialkylaminomethyl side chains a t  the C-1 or C-3 
positions of the indolizine nucleus. The primary 
purpose of this study was to  synthesize a number of 
Mannich bases derived from selected 2-phenyl- 
indolizines and to  evaluate them for possible activity 
on the central nervous system. If significant ac- 
tivity was observed, an attempt to  correlate chemical 
structure with activity would be made. 


To date three types of Mannich bases derived from 
2-phenylindolizines have been synthesized. These 
compounds have the general structures represented 
below. The structural analogy between Types I 
and I11 with lysergic acid diethylamide (IV) is also 
shown; thus it will be of interest to  deter- 
mine whether the presence of the grouping, 


N-C===C-C-C-N has any influence on 
/ \ 


/ \’ 
the activity of these compounds. 
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IV 111 


The syntheses of Types I and I1 have been re- 
ported in previous publications by the authors (1, 
2) .  In addition to  the activity previously reported 
for l-diethylaminomethyl-3-methyl-2-phenylindoli- 
zine, a compound of Type I, the following preliminary 
pharmacological data have been obtained for 3- 
diethylaminomethyl-1,2-diphenylindolizine (V), a 
compound of Type 11: 


V 
When injected intraperitoneally in mice as a solution 
in propylene glycol, the compound, in doses of 10 
mg./kg. body weight, exerted a pronounced central 
nervous system depressant effect. The animals did 
not appear to sleep and were easily aroused. Spon- 
taneous motor activity was measured through the 
use of a photoelectric cell activity cage and was 
found to be decreased in mice. Rats, when given 
the compound intraperitoneally in propylene glycol 
exhibited a loss of aggressiveness. The compound 
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(0.075 mole), and 0.1 ml. of 50% sodium hydroxide 
was allowed to stand in an ice bath for 20 min. The 
mixture was added slowly with shaking to a flask 
containing 2 g. 2-phenylindolizine (0.01 mole) dis- 
solved in 50 ml. N,N-dimethylformamide. The 
flask was stoppered and allowed to stand at room 
temperature for 72 hr. Water was added in excess 
very slowly to  the reaction mixture and the product 
precipitated as a heavy oil. Excessive shaking was 
avoided during the addition of water to prevent the 
formation of an emulsion. After allowing to stand 
overnight, the aqueous layer was carefully decanted. 
The semisolid residue was dissolved with heating 
in a minimum amount of hot ethanol. Water, 
equivalent to  about 10% of the volume of the 
alcoholic solution, was added while the solution was 
still hot. After allowing to  cool to room tempera- 
ture, the clear solution was placed in the freezing 
compartment of the refrigerator. The product 
crystallized after 2 days in the refrigerator. The 
product was removed by filtration and washed with 
50y, ethanol. The yield was 2.7 g. (88%). Upon 
recrystallization from hot ethanol the compound 
gave m.p. 68.5-69.5". 


1,3 - Bis(pyrrolidinomethy1) - 2 - phenylindolizine 
(VI1)-A mixture containing 10 ml. dioxane, 1.8 
g. pyrrolidine (0.025 mole), and 1.8 ml. 37% aqueous 
formaldehyde (0.023 mole) was allowed to  stand a t  
room temperature for 15 min. To this mixture was 
added 0.97 g. 2-phenylindolizine (0.005 mole) and, 
after swirling occasionally for about 1 hr. to dissolve 
the indolizine, the resulting solution was allowed to  
stand for 48 hr. a t  room temperature. The mixture 
was poured into an evaporating dish and cold air 
was blown over the surface to remove the solvent. 
When evaporation was nearly complete, the oily 
residue was washed with water and dried over 
anhydrous sodium sulfate. The sodium sulfate 
was removed by filtration, washed with 5-7 ml. 
ether, and the filtrate placed in the freezer compart- 
ment of the refrigerator. After 3 days, the inside 
of the flask was scratched with a glass stirring rod and 
returned to the freezer. Crystals appeared within 
1 hr. The mixture was allowed to remain in the 
freezer for 4 hr. longer to allow crystallization to be 
completed. The product was removed by suction, 
washed with cold ethanol, and recrystallized from 


showed no significant anticonvulsant activity by the 
supramaximal electroshock method using mice. 
The LDso was found to  be 215 mg./kg. body weight 
using mice. 


A more extensive biological evaluation of these 
compounds and others prepared in this study is 
currently being carried out and the results will be 
reported elsewhere. 


Reports in the literature on the utilization of the 
Mannich reaction with indolizines have been very 
scarce and the scope of such investigations has been 
limited. Rossiter and Saxton (4) prepared 1- 
dimethylaminomethyl - 2,3 - dimethylindolizine by 
treating 2,3-dimethylindolizine with formaldehyde 
and dimethylamine. Carbon and Brehm (5), fol- 
lowing the method of Rossiter and Saxton, reported 
the synthesis of 3-acetyl-1-dimethylaminomethyl- 
indolizine. To date no other Mannich bases derived 
from indolizines have been reported in the literature, 
except those previously described by the present 
authors. In these studies the syntheses of Mannich 
bases which involved the C-1 position have been de- 
scribed, the C-3 position, and both the C-1 and C-3 
positions of the indolizine nucleus. A mechanism 
by which indolizines participate in the Mannich re- 
action in forming Mannich bases at these two po- 
sitions (1, 2) has been proposed. In continuing 
medicinal chemical investigation of indolizines, 
further studies involving the Mannich reaction are 
planned. 


EXPERIMENTAL 


All melting points were taken on a Thomas- 
Hoover capillary melting-point apparatus and are 
uncorrected. Elemental analyses were provided 
by Weiler and Strauss Microanalytical Laboratory, 
Oxford, England. Preliminary pharmacological 
screening of V was carried out with the assistance of 
Dr. Edward J. Eugere a t  Texas Southern University. 


Mater ia l sThe  parent indolizine employed in the 
syntheses of the Mannich bases in this series was 
2-phenylindolizine (Table I). This compound was 
prepared by the Chichibabin synthesis (6) and has 
been previously reported in the literature (7). 


1 ,J-Bis(dimethylaminornethyl)-2-phenylindolizine 
(V1)-A mixture containing 20 ml. dimethylamine 
(0.11 mole), 6 ml. of 37% aqueous formaldehyde 


TABLE I-MANNICH BASES PREPARED 
R 


R 
_-  


Empirical Yield, Kecrystn. 
Compd. Formula R M.p., QC. qo Solvent 
VI C20H2BNB (CH3)zNCHz- 68.5-69.6 88 Ethanol 


vI1  C24H29N3 10Gi-107 70 Acetone-water D-CHI- 
98.5-99.5 85 Ethanol 


N-CHI- 


15G-157 81 Ethanol 
C VIII C26H33N3 


IX Cz4HmN30z 


~~ 


LN-CHL- 


~ - 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
- 


-Anal., %- 
Calcd. Found 
78.14 78.05 
8.20 8.09 


13.67 13.86 
80.18 80.24 
8.13 8.24 


11.69 11.68 
80.58 80.53 


8.58 8.57 
10.84 10.74 
73.63 73.75 
7.47 7.56 


10.73 10.84 
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cold acetone-water. The yield was 1.2 g. (70%), 
m.p. 10€-107°. 


1,3 - Bis(piperidinomethy1) - 2 - phenylindolizine 
(VIII)six milliliters of 37% aqueous formaldehyde 
(0.075 mole) and 8.4 g. piperidine (0.10 mole) were 
combined with 75 ml. dioxane. One-tenth milliliter 
of 50To sodium hydroxide was added and the mix- 
ture was allowed to stand for 15 min. at room tem- 
perature. Two grams 2-phenylindolizine (0.01 
mole) was dissolved in the mixture which was then 
allowed to stand at room temperature for 48 hr. The 
reaction mixture was transferred to an evaporating 
dish and cold air was blown across the surface. 
Evaporation was accompanied by vigorous scratch- 
ing with a glass rod. The crystalline product which 
was obtained during the evaporation process was 
removed by filtration and washed with 50yo ethanol. 
The yield was 3.3 g. (85%). On recrystallization 
from hot ethanol the compound gave m.p. 98.5 
99.5O. 


1,3 - Bis(morpholinomethy1) - 2 - phenylindolizine 
(=)-Six milliliters of 37% aqueous formaldehyde 
(0.075 mole) and 8.7 g. morpholine (0.10 mole) were 
combined with 75 ml. dioxane. One-tenth milliliter 
of 50% sodium hydroxide solution was added and 
the mixture was allowed to  stand for 15 min. at 
room temperature. Two grams 2-phenylindolizine 
(0.01 mole) was added and the flask swirled to 
achieve solution. The reaction mixture was allowed 
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to stand a t  room temperature for 48 hr. and then 
transferred to an evaporating dish. Evaporation 
was carried out by blowing cold air across the surface 
accompanied by vigorous scratching with a glass rod. 
The crystalline product obtained was removed by 
filtration and washed with 500/, ethanol. The yield 
was 3.2 g. (81%). The product was recrystallized 
from ethanol and gave m.p. 156-157'. 
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Effect of Perfusion Rate and Distribution Factors on Drug 
Elimination Kinetics in a Perfused Organ System 


By RENPEI NAGASHIMA and GERHARD LEVY* 


The effects of flow rate and volume of perfusate on the elimination of a drug  from a 
perfusion fluid by an organ or tissue such as the liver, kidney, or intestine are ex- 
amined. I t  is shown that the volume of perfusate (or the apparent volume of dis- 
tribution of a drug) has a pronounced effect on the rate constant for the decline of 
drug concentration i n  the perfusate, but that perfusion rate has an effect only if the 
concentration of drug in  the perfusate leaving the organ is appreciably lower than 


the concentration in  the fluid entering the organ. 


ANY KINETIC studies of drug absorption or M metabolism are carried out by perfusing a 
segment of intestine, or an organ such as the liver, 
and determining the change in the concentration of 
the drug in the perfusate as a function of time. Two 
important variables in such experiments are the 
volume of perfusate and its rate of flow through the 
organ. These variables are encountered also in 
vivo since blood flow rate can be affected by shock, 
in certain disease conditions, and by some drugs, and 
since the apparent volume of distribution of drugs 
(which is analogous in certain respects to the per- 
fusate volume in in vitro studies) differs as a func- 
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tion of plasma protein concentration, type and 
concentration of drug, and other factors. The 
pharmacokinetic analysis to  be presented here will 
deal specifically with the isolated perfused liver 
system, but the principles which will be outlined 
apply equally to  the other systems mentioned above. 


The liver is viewed as a tissue with numerous 
parallel channels through which perfusate flows. 
The concentration of drug in the perfusate leaving 
the liver is lower than the drug concentration in the 
fluid entering the liver, due to  biotransformation of 
the drug in that tissue. This decrease in the drug 
concentration is a function of the activity of the 
biotransformation process (assuming that drug 
transfer from perfusate to  liver is not rate limiting), 
and the contact time of a given increment of per- 
fusate with liver tissue (1). If the elimination is a 
zero-order process, the drug concentration in the 
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Dictionary of Pharmaceutical Sciences and Tech- 
niques. Vol. 1. By A. SLIOSBERG. American 
Elsevier Publishing Co., Inc., 52 Vanderbilt 
Avenue, New York, NY 10017, 1968. approx. 
1000 pp. 16.5 X 23 cm. Price $30 
This dictionary is the first attempt to give the 


equivalents in English, French, Italian, Spanish, 
and German, of technical terms which are used in 
pharmaceutical technology. Approximately 7500 
major entries with cross-referencing of English 
synonyms are included. The book is made up of 
a basic table of the English terms, with the synonyms 
arranged alphabetically, and then followed by the 
translations in the other languages. The terms 
in the languages other than English are included in 
an index with a reference back to  the numbered 
item in the basic table where the several translations 
are found. 


This is the first of two volumes; the second 
volume will be “Materia Medica” and publication 
is expected in about two years. Dr. Sliosberg has 
also authored a similar work in five languages on 
mediciiic entitled “The Medical Dictionary.” 


Sla ff review 


. Ictinowiyc-in: Nuhire,  Forntcztion, und . - ld id ies .  
Edited by S. A. WAKSMAN. Interscience P u b  
lishers, Inc., 605 Third Avenue, New York, NY 
10016, 1968. ix + 231 pp. 16 X 23.5 cm. 
Price $8.95. 
The isolation in 1940 of actinomycin by Waksman 


and Woodruff was the result of a comprehensive 
screening program on the production of antimicro- 
bial substances by soil-inhabiting microorganisms 
especially the ;lciinoirzycetes. Although niatiy hull- 


dreds of antibiotics have been described in the 28 
years since the initial actinomycin report, more re- 
search is now probably underway concerning the 
biological properties, clinical uses, chemistry, and 
biogenesis of this antibiotic than any other single 
antibiotic presently being examined. The contrib- 
utors to this monograph have summarized current 
research progress on actinomycin chemistry (A. W. 
Johnson), actinomycin biogenesis (E. Katz), effects 
of actinomycin on virus replication (A. J. Shatkin), 
actinomycin action on experimental tumors (Ch. 
Hackmann), and clinical use of actinomycin (S. 
Farber, A. T. Mitus, and D. A. Karnofsky). Other 
chapters include an evaluation of actinomycin in 
developmental biology (P. R. Gross), the history of 
actinomycin (S. A. Waksman), and modification of 
the immune response by actinomycin (W. J. K. 
Tannenberg and R. S. Schwartz). Some aspects of 
large-scale production are also included in a chapter 
by H. B. Woodruff and S. A. Waksman. 


Each chapter contains previously unpublished 
facts, hypotheses, and conclusions which should 
stimulate discussion by those readers previously 
unacquainted with the present knowledge of this 
interesting antibiotic. Although the monograph 
does not contain all the available information on this 
antibiotic, those who carefully read the clearly 
written chapters and consult the bibliography will 
quickly grasp the essential features and properties of 
this important an ti biotic. 


The monograph contains few typographical errors 
and is reasonably free of other errors. The adequate 
subject index and bibliography (more than 700 
references) are of use to both the newcomer and the 
antibiotic expert. This monograph should be in- 
cluded in any library on antibiotics. 


Rnkued by David Perlman 
College of Pharmacy 
1 rniorrsily of IVisronsin 
Mudison, llY.53706 
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Use of 3-Azabicyclo[ 3.2.1loctane in the 
Mannich Reaction 


By N. D. POTTI* and W. LEWIS NOBLES 


The preparation of a group of ketonic Mannich bases utilizin 3-azabicyclo(3.2.1)- 
octane as the amine component is described. Also reportetare the syntheses of 
several r-amino secondary and tertiary alcohols obtained from these Mannich bases 
by sodium borohydride reduction and the Grignard reaction, respectively. These 
compounds are being screened for possible pharmacodynamic and chemotherapeutic 


activity. 


ZABICYCLIC RING SYSTEMS are often found in A alkaloids, many of which are medicinally 
useful, e.g., morphine, atropine, etc. During the 
past two decades numerous 3-azabicyclic com- 
pounds were synthesized and tested for useful 
therapeutic activities (1-12). Many of them 
possessed hypotensive and antibacterial activi- 
ties. 


Nobles and his associates found interesting 
pharmacological activities associated with deriva- 
tives of complex amines like 3-azabicyclo[3.2.2] 
nonane I (6-8, 12); heptamethyleneimine I1 
(13); and octamethyleneimine I11 (14). 


Received March 5, 1988, from the Department of Pharma- 
ceutical Chemistry School of Pharmacy, University of Mis- 
sissippi, University’, MS 38677 


Accepted for publication May 27, 1968. 
Abstracted in part from a dissertation presented by N. D. 


Potti to the Graduate School of the University of Mississippi 
in Dartial fulfillment of the Doctor of PhilosoDhv dearee re- _ _  - 
quiiements. 


Buffalo, NY 14203 
* Present address: Roswell Park Memorial Institute, 


I II III Iv 


Certain ketonic Mannich bases derived from 
such complex amines possessed an unexpected 
high order of antibacterial activity (15). The 
object of the present investigation was to extend 
the study with the complex amine, 3-azabicyclo- 
[3.2. lloctane (IV). A convenient laboratory 
method of preparation of this mine  is reported 
elsewhere (16). 


Promising pharmacological properties of 0- 
aminoketones prompted several groups of work- 
ers to continue their studies with several of the 
derivatives of 0-aminoketones (7-8,13,14, 17-19). 
Among these derivatives were included several 
?-amino secondary and tertiary alcohols. In 
general, these alcohols were reported to be more 
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stable than the corresponding ketones and some of 
them more active, exhibiting additional pharma- 
rological properties. Luts and Nobles (13) re- 
ported remarkable analgesic activity for 1-(p- 
chlorophenyl) -3- (1 -heptamethyleneimino) - 1 - pro- 
panol (V), the corresponding ketone having no 
such activity. 


V 
In  this paper the preparation of a number of 
P-aminoketones and several y-aminoalcohols is 
reported. 


DISCUSSION 


The p-aminoketones synthesized in this study are 
listed in Table I. These compounds have been pre- 
pared by the well-known Mannich reaction (20). 
The appropriately substituted aromatic ketone, 
paraformaldehyde, and 3-azabicyclo[3.2.1] octane 
hydrochloride reacted to give very good yields of the 
desired product. 


Under the general conditions described in the 
experimental section, 4-methylpropiophenone did 
not give the expected paminoketone, but resulted 
in the formation of the methylenebisamine di- 
hydrochloride (Vl). Similar observation was re- 
ported by Varma and Nobles (21) while attempting 
the Mannich reaction of indan-l,3-dione using 3- 
azahicyclo[3.2.%]nonane. 


VI 
Despite the extensive studies, the mechanism of this 
reaction is not conclusive. The mechanistic .aspect 
has been dealt with in a recent report (22). 


A selected group of 0-aminoketones in Table I was 
reduced to the corresponding ?-amino secondary 
alcohol. The reduction was effected by treating a 
rnethanolic solution of the 8-aminoketone with a 6% 
solution of sodium borohydride in methanol (Scheme 
I). 


Scheme I 


These compounds were characterized as hydro- 
chlorides and are listed in Table 11. 


The third group of compounds described in this 


paper are the 7-amino tertiary alcohols (Table 111). 
These alcohols were synthesized by the Grignard 
reaction on selected 8-aminoketones, using three 
different Grignard reagents. (Scheme 11.) 


Scheme ZI 


The reaction has been carried out in anhydrous 
ether. The compounds were purified as hydro- 
chlorides. In  general the yields are fairly good. 


EXPERIMENTAL’ 


The p-aminoketones (Table 1)-These compounds 
were prepared by following the method of Nobles 
and associates (6-8, 13, 14). All of the ketones in 
this investigation are commercially available. 


A mixture of 0.02 mole of the appropriate ketone, 
2.95 g. (0.02 mole) of 3-azabicyclo[3.2.l]octane 
hydrochloride, 0.9 g. (0.03 mole) of paraformalde- 
hyde, and 5 ml. of ethanol (95y0) containing a drop 
of concentrated hydrochloric acid was refluxed for 
3 hr. After refluxing, the volume of the mixture was 
reduced to  one half, using the water aspirator. The 
residue was cooled and stirred with 30 ml. of ace- 
tone. The solid thus separated was filtered and re- 
crystallized from ethanolacetone mixture. The 
properties are described in Table I. 


+ h i n o  Secondary Alcohol Hydrochlorides 
(Table II)-The 7-amino secondary alcohols were 
prepared by the following general method. The 
appropriate 6-aminoketone (0.02 mole) was dis- 
solved in 40 ml. of methanol in a 200-ml. three- 
necked flask fitted with a condenser, thermometer, 
dropping funnel, and magnetic stirrer. A solution of 
1.52 g. (0.04 mole) of sodium borohydride in 20 ml. 
of methanol was added to  the above with stirriig. 
The temperature of the reaction mixture was main- 
tained between 24-40’, while the stirring was con- 
tinued for 2 hr. The methanol was removed using 
water vacuum, and the residue, after the addition of 
30 ml. of distilled water, was extracted with three 
50-ml. portions of ether. The combined ether 
extract was washed with 10 ml. of distilled water and 
dried over anhydrous sodium sulfate. Anhydrous 
hydrogen chloride was passed through the ether 
solution to  precipitate the aminoalcohol hydro- 
chloride.z The precipitate was filtered and recrys- 
tallized for ethanol-acetone mixture. 


7-Amino Tertiary Alcohol Hydrochlorides (Table 
III)-Following the method of Pohland and Sulli- 
van (B), these alcohols were prepared. The com- 
~ 


1 All melting points are uncorrected. Melting points were 
determined on a ThomasHoover caoillarv meltini-ooint - _  ~ 


apparatus. 
Elmer Infracord spectrophotometer. 


could he recrystallized from ethanol-acetone mixture. 


Infrared spectra were det&min&l Gn aPerkin- 


* Sometimes the precipitate might form a sticky mass. but 
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TABLE I-MANNICH BASES (@-AM NO KETONE HYDROCHLORIDES) 


1489 


0 
II 


R-C-CH 
I 
R 


No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


R' 


H 


CH3 


CHI 


H 


H 


CH3 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


Yield, 
% 


40 


77 


56 


63 


70 


35 


48 


49 


51.5 


50 


53 


52 


53 


60 


58 


53 


48 


M.p., 'C.' 


198- 199 


187-188 


178-179 


213-214 


198-199 


180-181 


202-203 


177-178 


171-172 


200-201 


195-196 


195-196 


168-169 


212-213 


188-189 


173-174 


201-202 


Formula 


Ci7HnaNO *HCIC 


Ci.rHaCINO .HCP 


-Anal.'- 
C d d .  Found 


C, 69.49 
H, 8.23 
N, 4.77 


C, 66.75 
H, 8.09 
N, 4.33 


C, 65.48 
H, 7.43 
N, 4.49 


C, 64.96 
H, 7.50 
N, 4.79 


H, 5.88 
N, 3.90 


C, 62.15 
H, 7.06 
N, 4.27 


C, 61.22 
H, 6.74 
N, 4.46 


C, 64.96 
H, 7.50 
N, 4.74 


C, 65.90 
H, 7.81 
N, 4.52 


H, 5.90 
N, 3.90 
C, 59.16 
H, 6.52 
N, 8.63 


C, 64.51 
H, 7.11 
N, 4.71 


C, 69.50 
H, 8.25 
N, 4.78 


C, 65.91 
H, 7.75 
N, 4.52 


C, 59.16 
H, 6.52 
N, 8.63 
C, 58.82 
H, 7.13 
N, 4.90 


C, 65.91 
H, 7.75 
N. 4.52 


c, 53.50 


c, 53.57 


H, C, 69.36 8.42 


N, 4.66 


C, 66.74 
H, 8.21 
N, 4.10 


C, 65.56 
H, 7.56 
N, 4.46 


c, 64.83 
H, 7.49 
N, 4.63 


c, 53.58 
H, 5.94 
N, 3.84 


C, 62.33 
H, 7.09 
N, 4.08 


C, 61.21 
H, 6.70 
N, 4.31 


c, 63.49 
H, 7.42 
N, 4.50 


C, 66.08 
H, 7.79 
N, 4.46 


C, 53.78 
H, 5.56 
N, 3.75 


C, 59.14 
H, 6.52 
N, 8.39 


H, 7.14 
N, 4.81 


C, 69.70 
H, 8.21 
N, 4.55 


C, 65.67 
H, 7.77 
N, 4.77 


c ,  58.94 
H, 6.49 
N, 8.26 
c, 58.80 
H, 7.18 
N, 4.57 


C, 65.47 
H, 7.85 
N. 4.69 


c, 63.54 


(Continued on next page.) 
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TABLE I (Continued. ) 


No. 


18 


19 


20 


21 


22 


23 


24 


25 


K' 


H 


H 


H 


CH8 


H 


H 


H 


H 


Yield, 
% 


65 


55 


55 


48 


68 


53 


50 


48 


M.P..  oC.b 


215216 


205206 


195-196 


193-194 


211-212 


204-205 


206-207 


177-178 


--Anal"-- 
Formula Calcd. Pound 


C1~Hz3NzOa.HClf C, 59.10 
H, 6.52 
N, 8.62 


H, 7.75 
N, 4.52 


H, 7.92 
N, 5.0 


Ci7Hz~N0z.HClc C 65.91 


Ci6H2iNO*HClC c, 68.54 


Ci7H23NOz .HCIC C, 65.91 
H, 7.75 
N, 4.52 


Ci9H27N04.HCld C, 61.60 
H, 7.63 
N, 3.79 


H, 6.09 
N, 4.03 


CiTH20FaN0.HClc C, 58.62 


Ci7HzoFsN0.HClC C, 58.62 
H, 6.09 
N, 4.03 


C~.IH~OF~NO.HCI" C, 58.62 
H, 6.09 
N, 4.03 


C, 59.06 
H, 6.49 
N, 8.55 


C, 65.53 
H, 7.88 
N, 4.37 


C, 68.69 
H, 8.01 
N, 4.88 


C, 65.93 
H, 7.95 
N, 4.51 


C, 60.94 
H, 7.44 
N, 3.24 


C, 58.52 
H, 6.09 
N, 4.31 


C, 58.45 
H, 6.19 
N, 3.94 


C, 58.71 
H, 6.07 
N, 3.88 


a Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Paul Craig of Smith Kline & French Laboratories, 
Philadelphia, Pa. * Melting points are uncorrected. ' Recrystallized from ethanol-acetone mixture. Recrystallized from 
ethanol. Recrystallized from ethanol-benzene mixture. f Recrystallized from ethanol-water mixture. 


TABLE 11-T-AMINO SECONDARY ALCOHOLS (HYDROCHLORIDE SALTS)" 


R' 
Yield, 


No.' R R' % 


H 68 


3 F-@ CHO 61 


4 H 62 


6 CHa 58 


-Anal. c------ 
M.p., OC. Formula Calcd. Found 


201-202 C17HzbNO -HCI C, 69.02 C, 69.08 
H, 8.86 H, 8.69 
N, 4.74 N, 4.81 


206-207 Ci,HnNOz.HCI C, 66.34 C, 66.48 
H, 8.66 H, 8.63 
N, 4.30 N, 4.18 


227-228 Ci7H:dFNO.HCl C, 65.06 C, 65.10 
H, 8.03 H, 7.91 
N, 4.46 N, 4.27 


209-210 ClsHZzBrNO.HC1 C, 53.27 C, 53.17 
H, 6.43 H, 6.47 
N, 3.88 N, 3.88 


169-170 CiBH23NOz.HCl C, 64.53 C, 64.42 
H, 8.12 H, 8.02 
N, 4.70 N, 4.60 


254-255 CiTHz4ClNO-HCl C, 61.51 C, 61.52 
H. 7.63 H, 7.54 
N; 4.24 N; 6.14 


(Continued on ncxt page.) 
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TABLE I1 (Continued.) .._ 
No." 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


R' 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


Yield, 
% 


60 


55 


65 


62 


58 


69 


61 


70 


52 


53 


48 


M.p.. OC.* 


195-196 


195-196 


177-178 


223-224 


173-174 


204-205 


204-210 


192-193 


164-165 


221-222 


198-199 


Anat. r-- , __- 
Calcd. 


C, 60.76 
H, 7.33 
N, 4.43 


C. 65.50 
H, 8.41 
N, 4.50 


C, 53.27 
H, 6.41 
N, 3.88 


C, 58.70 
H, 7.09 
N, 8.56 


C, 64.02 
H, 7.72 
N, 4.67 


C, 69.02 
H, 8.86 
N, 4.74 


c, 58.80 
H, 7.09 
N, 8.56 


C, 68.19 
H, 8.58 
N, 4.97 


C, 58.37 
H, 6.62 
N, 4.01 


C, 58.37 
H, 6.62 
N, 4.01 


c, 58.37 
H, 6.62 
N, 4.01 


Found 


C, 60.75 
H, 7.26 
N, 4.34 


C, 65.55 
H, 8.33 
N, 4.66 


c, 53.39 
H, 6.46 
N, 4.13 


C, 59.31 
H, 7.75 
N, 8.47 


C, 63.84 
H, 7.65 
N, 5.05 


C, 68.91 
H, 8.71 
N, 4.97 


C, 58.80 
H, 6.85 
N, 8.46 


C, 68.07 
H, 8.70 
N, 5.04 


c, 58.43 
H, 6.60 
N, 4.26 


C, 58.40 
H, 6.68 
N, 4.07 


C, 58.12 
H, 6.63 
N, 4.14 


All of these y-amino secondary alcohol hydrochlorides were crystallized from an alcohol-acetone mixture. Melting 
Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Pan1 Craig of Smith Kline points are uncorrected. 


& French Laboratories, Philadelphia, Pa. 


TABLE III-Y-AMINo TERTIARY ALCOHOLS (HYDROCHLORIDE SALTS)' 


Yield, -Anal. c-- 
No.' R R1 Ra % M.p., oC.b Formula Calcd. Found 


H 32 247-248 Cz3HmNO.HCl C, 74.27 C, 74.21 
H, 8.13 H, 8.07 
N, 3.76 N, 3.75 


H, 6.94 H, 7.16 
N, 3.57 N, 3.59 


H 43 258-259 C&Hz6CINO-HCl C, 67.36 C, 66.96 


H 50 229-230 C&HZ~NO*HCI C, 74.26 C, 74.16 
H, 8.13 H, 8.04 
N. 3.76 N, 3.78 
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TABLE I11 (Continued.) _ _  - - _ _  


4 


6 


B 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


B 


&H3 


It 2 


H 


H 


H 


H 


H 


H 


H 


CH, 


CH, 


CHx 


CHa 


H 


H 


H 


H 


Y i rid, 
1% 


48 


44 


43 


68 


72 


40 


49 


51 


55 


48 


58 


57 


28 


63 


58 


----Anal. '-- 
Calcd. Iiound M.p . .  'C . "  Formula 


241-242 CzAHIaBrNO.HC1 C, 60.48 C, 60.30 
H, 6.23 H, 6.42 
N, 3.20 N, 3.21 


287-268 C22H26BrNO.HC1 C. 60.48 C, 60.62 
H, 6.23 H, 6.42 
N, 3.20 hr, 3.04 


226~227 CIXHIBrNO.HC1 C, 55.61 C, 55.77 
H, 7.00 H, 7.20 
N, 3.60 N, 3.60 


247-248 CnHnNO*HCI C, 73.81 C, 73.75 
H, 7.89 H, 8.08 
N, 3.91 N, 3.93 


196-197 CisHnNO.HC1 C, 69.78 C, 69.65 
H, 9.10 H, 9.20 
N, 4.51 N, 4.47 


265-266 C2aH2aFaNO.HCI C, 64.60 C, 64.91 
H, 6.39 H, 6.59 
N, 3.29 N, 3.55 


H, 7.20 H, 7.44 
N, 3.70 N, 3.46 


22,5226 C19HzeFjNO.HCI C, 60.40 C, 59.86 


196-397 C24HaiNOz.HCI C, 71.70 C, 70.12 
H, 8.02 H, 7.98 
N, 3.48 N, 3.21 


H, 9.11 H, 9.20 
N, 3.95 N, 4.02 


l X T ~ 1 8 8  CiuIlriNOz.HCI C, 67.88 C, 68.18 


328-229 Cz,H2sFNO.HCI C, 70.84 C, 70.66 
H, 7.49 H, 7.56 
N, 3.59 N, 3.54 


207-208 CisH2sFNO.HCl C, 66.74 C, 66.50 
H, 8.55 H, 8.56 
N, 4.09 N, 4.15 


240-241 CuHzsF3NO*HCl C, 65.52 C, 65.74 
H, 6.64 H, 6.65 
N, 3.18 N, 3.30 


256-257 CmHaaNO4 *HCI C, 67.60 C, 69.52 
H, 7.85 H, 7.68 
N, 3.03 N, 2.95 


H, 8.13 H, 8.04 
N, 3.76 N, 4.04 


247-248 C2aH2sBrN0.HCl C, 61.26 C, 61.08 
H, 6.48 H, 6.38 
N, 3.10 N, 2.78 


214-215 C23HzsNO.HCl C, 74.27 C, 74.05 


* All the aminoalcohol hydrochlorides are crystallized from ethanol-acetone mixture. * Melting points are uncorrected. ' Carbon, hydrogen, nitrogen analyses are through the courtesy of Dr. Paul Craig, Smith Kline & French Laboratories, Phila- 
delphia, Pa. 


mercially available "anhydrous" ether was redried 
by stirring for 5-10 min. with anhydrous magnesium 
sulfate (one heaping tablespoon per liter) in a stop- 
pered container, using a magnetic stirrer. The 
anhydrous ether was decanted quickly into the reac- 
tion vessel provided with a drying tube containing 
a mixture of calcium chloride and soda lime. 


While phenyl magnesium bromide and ethyl mag- 
nesium bromide are available commercially, benzyl 


magnesium chloride was prepared by following the 
method of Gilman and Catlin (24). In a 300-ml. 
dry three-necked flask, fitted with a dropping funnel, 
a condenser having a drying tube carrying a mixture 
of calcium chloride and soda lime at the upper end, 
and a magnetic stirrer, was placed 4.86 g. (0.02 g. 
atom) of magnesium turnings. To this was added 10 
ml. of dry ether. In 100 ml. of dry ether, 25.3 ml. 
(0.2 mole) of pure benzyl chloride was dissolved. 
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Five milliliters of this solution was added to the 
above magnesium turnings-ether mixture. To in- 
duce the reaction to begin, a small crystal of iodine 
was added. The reaction proceeded with develop- 
ment of heat and decolorization of the iodine. The 
mixture was stirred by means of a magnetic stirrer, 
and the remainder of the benzyl chloride was added 
gradually over a period of 30 min., regulating the 
temperature of the reaction with the aid of an ice 
water bath. The reagent was used as described in 
the case of phenyl magnesium bromide. 


All of the compounds listed in Table I11 were pre- 
pared by the following general method. 


In a 200-ml. round-bottom flask, 0.02 mole of the 
appropriate aminoketone was dissolved in 75 ml. of 
anhydrous ether, and the solution was dried with 
anhydrous magnesium sulfate. Meanwhile, in a 
dry 300-ml. three-necked flask equipped with drop- 
ping funnel, magnetic stirrer, and condenser with 
drying tube on the upper end, 13.5 ml. of a 3 M solu- 
tion (0.04 mole) of phenyl magnesium bromide and 
30 ml. of anhydrous ether was placed. To this, a 
dry ether solution of the Mannich base as previously 
prepared, was dropped little by little with vigorous 
stirring. Stirring was continued for 2 hr., and the 
mixture was allowed to stand overnight. The reac- 
tion flask was cooled in an ice bath. A saturated 
solution of ammonium chloride was added to decom- 
pose the complex. The ether solution was decanted 
into a separator and washed with 10 mi. of amino- 
alcohol-ether solution, was filtered, cooled in an ice 
bath, and dry hydrogen chloride gas was passed 
through it. The hydrochloride was collected and 
recrystallized from the alcoholacetone mixture. 


REFERENCES 
(1) Rice, 


(2) Ibid. 
(3) Ibid.: 


185(1957). 
L. 


22, 
23, 


M., and Grogan, 


1223(1957). 
844( 1958). 


C. H., J .  Org. Chem.. 22 ,  


1493 
(4) Rice, L. M., and Grogan. C. H., U. S. pat. 2,786,834 


(5) Rice, L. M., and Grogan, C. H., U. S. pat. 2,784,184 


(6) Nobles, W. L., and Blanton, C. D., Jr., J .  Pharm. Sci., 


(7) Ibid. 52 46(1963). 
(8)  1Hd.I 53; 521 f lBR4\  


(March 26, 1957). 


(March 5, 1957). 


51, 878(1962). 


, _ , ~  ..-., - - , . - . . . - - _, . 
(9) Krejger, H., Suomen Kcmislilchli 36A 2(1963). 


(10) Kreiger H. Belg. pat. 636,76kl (Dc!c. 16, 1963); 
through Chem. ’abs;;.. 61. 16053(1964). 


(111 Rreiner. H.. .Suomen Kemislilchli. I 335. 185, 218 
(1962). through Chem. Abstr 59 573(1963j. 59 1152(1963). 


(12)’Karkhanis. P. P., a d  Ndbles, W. L.’, J.’Pharm. Sci., 
56. 26511B67\ . . ,~- .~ -.__,_ 


(13) Nobles W. L and Luts H. A. ibid 54 67(1965). 
(14) Luts, H. A.,’Grattan, j. F., $ank&owktr, S., and 


(152 ‘Noble:, W. ‘k., Lnpublished data, patent application 


(16) Potti, N. D., and Nobles, W. L., J .  Pharm. Sci., in 


Nobles W. L. ibid 56 1114(1967). 


submitted. 


Dress. 
(17) Denton J. J. Turner R. J. Neier W. B., Lawson, 


V. A., and S c h h ,  H: P. ibid:, 71 i048(19kQ). 
(18) Katz, L. Rarge;, L. A., i n d  Cohen. M. S., J. Org. 


Chem. 19 1225(1954). 
(19)’ Ldtz R. E. Allison R. K. Ashburn G., Bailey, 


P. S. Clark’ M. T.,’Codingtbn J F Deinet ’A J Freek 
J. A.: Jordan. R. H., Leake, N. H.”Martin’ T: A: NicoI 
demus K. C. Rowlett R. J. r. $hearer ’N. H.,’Smith. 
J. D. hnd Wi& J. W.: 111, idid!. i2,617(1647). 


(26) Blicke, F: F., “Organic Reactions,” vol. 1, Wiley, 
New York, N. Y., 1942, p. 303. 


(21) Varma, R. S. ,  and Nobles, W. L., J .  Pharm. Sci., 55,  
1 AX1 f l  OLL\ -=“-\*“““I. 


(22) Potti, N. D., and Nobles, W. L., ibid., 57, 1968, in 


(23) Pohland, A., and Sullivan, J. R., J .  A m .  Chem. SOC., 


(24) Gilman H and Catlin W E. “Organic Synthesis,” 


press. 


75,4458(1953). 


Coll. vol. I, Wbeyl’New York,”. Y., i951. p. 471. 


Keyphrases 
Mannich reaction 
8-Aminoketones-synthesis 
y - Aminoalcohols-synthesis 
3-Azabicyclo [3.2.1 ]octane-amine component, 


Mannich reaction 


Effect of Sodium Deoxycholate on Gastric 
Emptying in the Rat 


By STUART PELDMAN*, RALPH J. W Y “ ,  and MILO GIBALDI 


Sodium deoxycholate delays considerably the kastric emptying of phenol red in rats. 
Gastric emptying of phenol red in control animals proceeds by apparent first-order 
kinetics, but a very different kinetic pattern emerges upon administration of the bile 
salt. Sodium deoxycholate also produces a large net secretion of fluids into the 
gastric pouch. It is proposed that the resulting increase in gastric volume is the 


immediate cause for the decreased rate of gastric emptying. 


HE EFFECTS of orally administered bile salts T on the gastrointestinal absorption of ribo- 
-~ 


Received April 22, 1968, from the Department of Pharma- 
ceutics, State University of New York a t  Buffalo, Buffalo. 
NY 14214 


Accepted for publication June 11, 1968. 
Presented to the Pharmacology and Biochemistry Section 


APHA Academy of Pharmaceutical Sciences, Miami Beach 
meeting, May 1968. 


This work was supported in part by rant AM-11498 from 
the National Institute of Arthritis an8 Metabolic Diseases, 
U. S .  Public Health Service Bethesda Md. * Supported by Nation& Institutis of Health training 
grant fellowship GM 555-06. 


flavin (1) and other drugs are currently being 
investigated in this laboratory. These studies 
have prompted a consideration of the influence of 
bile salts on gastric emptying since the rate of 
passage of drug through the pylorus may have a 
profound influence on the overall rate and extent 
of drug absorption (2, 3). 


Previous studies (4) have shown that the oral 
administration of sodium taurodeoxycholate and 








New Compounds: Nucleosides Derived from 
D- Glycero-D-gdo-heptose 


By LEON M. LERNER 


The preparation of new nucleosides derived from D-glycero-D- ulo-heptose are de- 
scribed. These nucleosides are distinguished from the naturalfy occurring nucleo- 
sides by their seven carbon chain and pyranose ring. T h e  configurations and 


anomeric purity of these compounds are unknown. 


NUMBER of nucleosides have been prepared in A the last few years, in which the sugar moiety 
has been altered from that which normally occurs in 
nature. The reason for this interest was stimulated 
by the discovery of antibiotics which were identi- 
fied as nucleosidic substances possessing an altered 
structure in the carbohydrate. Nucleoside analogs 
have since been prepared with the intention of ob- 
taining useful agents which would possess antitumor 
or antimicrobial activity. 


The first synthesis of a nucleoside derived from a 
heptose was described by Kohn el al. (l), who pre- 
pared 9-&D-glycero-D-gulo-heptofuranosyladenine. 
This compound, as well as several nucleosides de- 
rived from hexopyranoses (2), was found to be in- 
hibitory to the multiplication of Herpes simplex 
virus.' A natural outcome of these observations 
was the preparation of some nucleosides derived 
from a heptopyranose, which is the subject of this 
communication. 


The acetic anhydrideacetic acid reagent de- 
scribed by Montgomery and Hudson (3) was used to 
acetylate D-glycero-D-guh-heptopyranose. This re- 
agent has been used to isomerize sugar acetates to 
the a anomer. A preponderance of the a hexa- 
acetate was crystallized, but the expected high yield 
of a anomer did not materialize. Instead, a mix- 
ture of Q and j3 anomers was obtained which was 
separated by fractional crystallization. Such an 
outcome has been noted previously in the case of 
o-allose (2), where the j3 form predominated. 


Either anomer could be used in the preparation of 
the bromide in a hydrogen bromideacetic acid 
mixture. Coupling of the bromide with 6-benzami- 
dochloromercuripurine was achieved in refluxing 
xylene in the usual manner (4). The blocking 
groups were removed in hot methanolic sodium 
methoxide and the product, 9-D-glycero-D-gulo- 
heptopyranosyladenine, was purified Via its picrate 
salt (5 ) .  Unfortunately, this procedure resulted in  
a significant loss of the nucleoside on the resin. 
When 6-benzamidochloromercuripurine and the 
hexaacetate were condensed in the presence of ti- 
tanium tetrachloride, the yield was only about 10% 
of that obtained by coupling with the bromide. 
This was in contrast to  the results of other workers 
(6, 7), who have claimed that the yields are in- 
creased, often considerably, over that obtained by 
prior formation of the halogenose. However, Tong 
et al. ( 8 )  have had a similar experience to that re- 
ported in this paper during their attempt to  couple 
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1,2-di-0-acetyl-50-benzoyl-3-O-methyl- D - ribofura- 
nose to a purine. 
1-D-Glycero-D-gulo-heptopyranosyluracil was ob- 


tained by the coupling of the bromide with bis- 
(trimethylsily1)uracil in benzene at room tempera- 
ture. The intermediate acetate was purified by 
chromatography on silicic acid and the blocking 
groups were removed with sodium methoxide. The 
nucleoside was obtained as a hard, very hygro- 
scopic glass, which migrated as a homogeneous spot 
in four solvent systems on TLC plates, but did not 
give a proper analysis. Benzoylation of this sub- 
stance yielded the pentabenzoate, which served 
the purpose of being a derivative of the desired 
product and offered a n  alternative purification 
route. However, removal of the benzoate groups 
yielded a product whose elementary analysis was 
not much improved over that obtained previously. 
.4pplication of column and preparative TLC gave 
further evidence of one component, but the analyses 
were still relatively poor. The identity of this 
nucleoside is based upon its ultraviolet spectrum and 
the preparation of the crystalline benzoate deriva- 
tive. 


The anomeric configuration of 9-D-glycero-D-gulo- 
heptopyranosyladenine has been tentatively de- 
cided upon as j3 by reference to the trans rule (9). 
This rule states that a heavy metal salt of a purine or 
pyrimidine will substitute at the anomeric carbon 
trans to the acyloxy group at C-2 of the sugar. 
However, the rule is not applicable t o  the coupling 
of the halogenose to bis(trimethylsily1)uracil. Ap- 
plication of nuclear magnetic resonance spectros- 
copy* a t  60 Mc. failed to resolve the anomeric 
configuration of the pentabenzoate derivative of 
1-D-glycero-D-gulo-heptopyranosyluracil. 


EXPERIMENTAL 


D-Glycero-D-guh-heptopyranose was prepared from 
D-g~ycero-~-gu~o-heptono-1,~lactone as described by 
Wolfrom and Thompson (10). Elementary analy- 
ses were performed by the Spang Microanalytical 
Laboratories, Ann Arbor, Michigan. Thin-layer 
chromatography (TLC) was performed on Silica 
Gel HF plates (E. Merck, AG, Darmstadt). Spots 
were located with an ultraviolet lamp and the plates 
were routinely exposed to  the chromic acid charring 
method to test for homogeneity. Evaporations 
were done in vacuo at a bath temperature of 40-45". 


Hexa - 0 - acetyl - D - glycero - D - gulo - hepto- 
pyranose-The acetylation of D-glycero-D-gulo-hepto- 
pyranose was carried out directly with the acetyla- 
tion reagent as described earlier (2, 3). After a 
reaction time of 5 days followed by the usual workup 
(2, 3) the a anomer was crystallized from a large 


* Obtained by Dr. Harry Agahigian of the Baron Consult- 
ing Co. 
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ml. of hexamethyldisilazane and 0.6 ml. of tri- 
methylchlorosilane was added 2.3 Gm. of uracil 
and the stirred mixture was refluxed at an oil bath 
temperature of 170" for 3 hr., protected from mois- 
ture (12). The clear solution was cooled to  below 
50" and the solvent was distilled under high vacuum 
a t  a bath temperature of 50-60', leaving a slightly 
turbid syrup. This syrup was dissolved in 100 ml. 
of dry benzene and added to a solution containing 
the bromide (prepared from 4.1 Gm. of hexa-0- 
acetyl-D-glycero-D-guh-heptopyranose) in 250 ml. of 
benzene. Mercuric acetate (2.8 Gm.) was added 
and the mixture was stirred for 5 days, protected 
from moisture. The solids were removed by filtra- 
tion, washed with 100 ml. of chloroform, and the 
solvents were evaporated. The residue was trit- 
urated with 150 ml. of chloroform, the insoluble ma- 
terial was removed by filtration, and the filtrate was 
washed with 30% aqueous potassium iodide, water, 
and dried over magnesium sulfate. Removal of the 
chloroform under vacuum gave a syrup weighing 
5.6 Gm., XE2H 255 mp. The syrup was dissolved in 
a minimum amount of chloroform and applied to 
the top of a column of silicic acid (100 Gm., Mallin- 
ckrodt 100 mesh). The column was eluted with 
chloroform (750 ml.), chloroform-ethyl acetate 
(4: 1, 500 ml.), and chloroform-ethyl acetate 
(1: 1, 500 ml.). Various sugar derivatives were 
eluted with all of these solvent mixtures, but no 
ultraviolet absorbing material. Upon elution with 
ethyl acetate (500 nil.), 1.0 Gm. of the nucleoside 
acetate was obtained, X2:H 255 mp; (cm.-l) 
1750 (acetate ester), 1700 (-NHCO- of pyrimidi- 
none), 1630 (C=C of pyrimidine ring), 1230 
(acetate C-0-C), 1070, 1050 (sugar C U ) .  
This intermediate pentaacetate could not be in- 
duced to crystallize and so the acetyl groups were re- 
moved by refluxing for 1 hr. in 50 ml. of 0.1 N 
methanolic sodium methoxide. An ion-exchange 
resin6 was added until the pH was 6.5. The resin 
was removed by filtration and the solvent was 
evaporated. The syrupy material was partitioned 
between water and chloroform and the aqueous 
layer was concentrated to dryness. The clear, 
colorless syrup which remained would not crystallize, 
but it did form a hard glass upon repeated evapora- 
tion with ethanol. The glass was pulverized, yield- 
ing 225 mg. of product, which was homogeneous 
upon TLC in the following four developing systems: 
1-butanol-water (86: 14 v/v), 5% aqueous disodium 
phosphate, 1-butanol-acetic acid-water (5:2:3 
v/v/v), and 2-propanol-250Jo aqueous ammonia- 
water (7:1:2 v/v/v). This substance had [a]%' 
- 16" (c 0.51, water) and was extremely hygroscopic; 
ultraviolet spectrum a t  pH 1 : maximum at 258 mp (e 
7430), minimum at 230m~(e  1930); at pH 5-7: maxi- 
mum at 257 mp(e 7460), minimum at 229 m#(. 1870); 
a t  pH 13: maximum at 258 mp(c 5400), minimum at 
244 mp(c 4360). 


Anal.-Calcd. for CI1HlGN2Oa: C, 43.42; H, 5.30; 
N,9.21. Found: C, 40.74; H, 5.58; N, 7.22. 


Since the pentabenzoate was also prepared (see 
below) as  a pure derivative an attempt was made 
to obtain the nucleoside from this derivative. The 
benzoate groups were removed as described above 
for the acetate and the product was worked up in 
the usual way. The nucleoside was precipitated 
from methanol by addition of ethyl ether and the 


volume of ethyl ether in an open flask, m.p.g 155- 
158". Recrystallization in the same manner gave 
the a anomer in 55y0 yield, m.p. 164-165', [a]Y' + 85.5' (c 3.10, CHC4). Lit. (1l)m.p. 164", [a]y0 + 87'. 


The mother liquors from these crystallizations 
were combined and the solvent was removed in 
vucuo. The 6 anomer was crystallized from 50% 
aqueous ethanol in an open beaker. The long 
needles had m.p. 128-130". Recrystallization in 
the same manner gave the pure product in a 20% 
yield, m.p. 133.5-134", [a]','" +3.5" (c6.03, CHC13). 
Lit. (11) m.p. 135', [a.laOpo +4.8". 


When a shorter reaction time was used the prod- 
uct distribution was nearly one a to  one j3. 


9-PGlycero-D - gulo - heptopyranosyladenine-To 
25 ml. of a saturated solution of hydrogen bromide in 
acetic acid was added 2.0 Gm. of hexa-0-acetyh- 
glycero-D-gulo-heptopyranose. After 2 hr. at room 
temperature the solvent was evaporated in vucuo 
a t  a bath temperature below 30". Dry toluene was 
added and removed 5 times in a similar manner. 
The orange syrup which remained was dissolved in 
25 ml. of dry xylene and added to a well-stirred re- 
fluxing mixture containing 6-benzamidochloro- 
mercuripurine (2.03 Gm.), diatomaceous earth' (1.95 
Gm.), cadmium carbonate (1.03 Gm.), and 150 
ml. of xylene (4). After the usual workup (4), an 
orange glass (2.6 Gm.) was obtained by evaporation 
of absolute alcohol. This material was dissolved in 
a mixture of sodium methoxide (350 mg.) in 60 ml. of 
methanol and the solution was refluxed for 1.25 hr. 
The methanol was removed by evaporation and the 
residue was dissolved in 35 ml. of water and neu- 
tralization was effected with acetic acid. The 
aqueous solution was washed with 35 ml. of chloro- 
form, treated with activated charcoal (Darco G-60), 
and concentrated to  a light orange syrup. Since 
the product could not be induced to  crystallize a t  
this stage, the picrate was prepared. The syrup 
was dissolved in 15 ml. of methanol and 25 ml. of 
10% methanolic picric acid was added. The flask 
was chilled in an ice bath for 2 hr., the yellow pre- 
cipitate was removed by filtration, and it was washed 
well with cold methanol and cold water. The 
picrate (1.11 Gm.) started to decompose a t  166' and 
melted a t  170-173'. 


The picrate was converted to  the free nucleoside 
with the carbonate form of an ion-exchange resin 
as described previously (2, 5). Crystallization oc- 
curred slowly from water in an open flask after 3 
days of standing a t  room temperature. The 
flask was chilled for several more days in a refrig- 
erator and 142 mg. of white crystals were collected. 
This material decomposed slowly starting at about 
220" and melted completely with decomposition at  
273-275", [ a ] Y 0  -7" (C 0.86, 1 N HCI); X.,".: 
256 mp(e 13,800), A,":: 258 mH(e 14,000), 258 
mp(e 14,200). This substance was homogeneous 
upon chromatography on Whatman No. 1 paper 
with 5% aqueous disodium phosphate as the de- 
veloping solvent, R A d  1.91 ( R A d  of adenine = 1.00). 


And-Calcd. for CrHI7NaOa: C, 44.03; H, 
5.25; N, 21.40. Found: C, 44.00; H, 5.25; N, 
21.45. 


1-D-Glycero-D-gulo-heptopyranosyluracil-To 30 


* Melting points were obtained on a Fisher-Johns appa- 


4 Celite 545, Johns-Manville, New York, N. Y. 
ratus and are corrected. 


6 Dowex 50-(H +), Dow Chemical Co., Midland, Mich. 
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white solid obtained was dried a t  100' in vacuo over 


Anal.-Calcd. as for above. Found: C, 42.08; 
H, 5.59; N, 7.00. 


1 - (Penta-0-benzoyl - D - glycero - D - gulo- 
heptopyranosy1)uraciI-To 19 ml. of dry pyridine was 
added 88.6 mg. of 1-D-glycero-D-gdo-heptopyranosyl- 
uracil and the mixture was stirred in an ice bath. 
Benzoyl chloride (2 ml.) was added dropwise and 
after 0.5 hr. a t  0' the mixture was stored a t  room 
temperature for 21 hr. It was then heated on a 
steam bath for 20 min., cooled, 50 ml. of benzene was 
added, followed shortly thereafter by 50 ml. of water. 
The mixture was stirred for several minutes and the 
layers were separated. The benzene solution was 
washed three times with 50-ml. portions of 2 N sul- 
furic acid solution, once with 50 ml. of water, 4 times 
with 50-ml. portions of saturated sodium bicarbonate 
solution, and finally with 50 ml. of water. The 
dried (MgSOd) solution was evaporated to a thin, 
orange oil. This was triturated with hot petroleum 
ether and cooled in an ice bath for 1 hr. The 
petroleum ether was decanted and the procedure 
was repeated. A hard syrup remained which was 
dissolved in warm methanol and placed in a freezer. 
A solid was filtered off in two crops (203 mg.). 
Recrystallization from chloroform-ethanol in an 
open flask a t  room temperature yielded beautiful, 
clear, star-like clusters of large rods, 117 mg. in two 
crops; m.p. 123-124.5' (to a very viscous liquid) 
with prior softening at 119'. [a]1DBo -55.9" 
(c 2.81, CHCl,). A::. (cn-1) 1730 (benzoate 
ester), 1680 (-NHCO- of pyrimidinone), 1600 
(C=C of phenyl and pyrimidine ring), 1260 (benzo- 
ate C-0-C), 1100,1090,1065 (sugar C-0-), 706 
(monosubstituted phenyl). The product was homo- 


pZo6. 


1263 


geneous on TLC. The Rj was 0.84 using chloro- 
form-methanol (9: 1) as the irrigating solvent. 


And-Calcd. for C ~ ~ H J B N ~ O ~ :  C, 66.99; H, 
4.40; N, 3.40. Found: C, 67.02; H, 4.48; N, 
3.37. 
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New Compounds: Synthesis of Heterocyclic Estrogens 


By LARRY GORUM* and W. LEWIS NOBLES 


Several nitrogen analoes of diethylstilbestrol have been prepared by a convenient 
route from pyridyl lithium and the appropriate ketone. These compounds are ex- 
pected to have estrogenic activity with possible greater selectivity of action than 


previous known synthetic estrogens. 


HE INVESTIGATIONS of Dodds and co-workers (1) T on synthetic compounds possessing the physio- 
logical action of the female sex hormone estrone 
reached a climax with the discovery of dietbylstilbes- 
trol(1). Since that time much work with molecular 
modification has been done in an effort to improve the 
selectivity of pharmacological action in the thera- 
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peutic uses of diethylstilbestrol. Endocrine therapy 
in metastatic prostatic cancer consists initially of 
estrogen therapy as f i s t  demonstrated by the pio- 
neering investigation of Huggins (2). Oral estrogen 
preparations such as diethylstilbestrol are effective 
to a limited extent but elicit side effects such as 
nausea, gynecomastea, and edema. Because of 
these undesirable side effects it is necessary to find 
new compounds which possess a more selective 
estrogenic action. 


Many compounds of this type have been prepared 
and tested and are described in a review by Grundy 
(3). However, thus far none of the compounds tested 
offered sufficient selective antineoplastic activity to 
replace diethylstilbestrol in the clinic. In the 
hundreds of compounds reported, several contain 








Spray-Congealed Formulations of 
Sulfaethidole (SETD) and Waxes for 


Prolonged-Release Medication 


Effect of Modifiers 


By Y. RAGHUNATHAN and CHARLES H. BECKER 


An investigation was undertaken to examine the effects of the addition of certain 
substances-viz., low molecular weight polyethylene, ethylcellulose 20 cps., and 
glyceryl ester of hydrogenated rosin, to carnauba wax, hydrogenated castor oil, 
and synthetic wax-like ester, on the in vitro dissolution patterns of spray-congealed 
particles of sulfaethidole (SETD) and wax-modifier combinations. The pneu- 
matically atomized and congealed particles of the drug-wax-modifier suspen- 
sions were observed to possess log-normal particle-size distributions. These were 
characteristic for a particular wax. The addition of low molecular wei ht poly- 
ethylene was observed to increase the particle size significantly for all &ee wax 
formulations. The in vitro dissolution patterns appear to be second order, being 
functions of the effective surface area and the weight of drug available for dissolu- 
tion. The dissolution patterns of SETD from the three wax formulations were 
observed to be characteristic for each wax and dissolution medium. The addition 
of low molecular weight polyethylene was observed to retard the dissolution rates 
of SETD from hydrogenated castor oil and synthetic wax-like ester formulations. 
The addition of ethylcellulose tended to increase the dissolution rate from carnauba 
wax and synthetic wax-like ester formulations. The addition of glyceryl ester of 
hydrogenated rosin tended to decrease the dissolution rate of the drug from car- 


nauba wax and hydrogenated castor oil formulations. 


LTHOUGH THE USE of spray-congealing tech- A niques for modifying the physical, chemical, 
or physiological behavior of drugs has been in use 
for more than 10 years, information of direct 
value in the spray congealing of pharmaceutical 
systems has not appeared in the literature until 
very recently. Scott et al. (1) were probably the 
first pharmaceutical investigators to conduct an 
extensive study on the production factors in- 
fluencing the size and distribution of spray- 
congealed particles. In their work, stearic acid- 
ethylcellulose mixtures were spray congealed us- 
ing a specially instrumented spray dryer and a 
centrifugal wheel atomizer. The variables 
studied included atomizer wheel, feed rate, and 
feed viscosity. 


A series of studies has been undertaken in 
these laboratories on spray-congealed particles 
prepared from a suspension of sulfaethidole 
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(SETD) in melted waxes by atomizing through a 
compressed air-nozzle assembly. Cox (2) studied 
the effect of various production variables such as 
siphon height and atomizing pressure on the 
dissolution behavior and size of spray-congealed 
particles of SETD-white wax and SETD-syn- 
thetic wax-like ester. John and Becker (3) stud- 
ied the effect of the surfactant sorbitan monooleate 
on the particle size and dissolution behavior of 
similar spray-congealed particles. Cusimano and 
Becker (4) prepared spray-congealed particles of 
SETD and different waxes and observed that 
their dissolution behavior depended on the chemi- 
cal composition of the wax and the composition 
of the dissolution medium. The in vitro dissolu- 
tion data obtained by using the rotating-bottle 
method (5) in these investigations could not be 
fitted to existing theoretical models for dissolu- 
tion (6,7) because these are based on the assump- 
tion that the total surface area of the dissolving 
solid does not change significantly during the 
period of observation. The dissolution model 
utilized was first proposed by Cox (2). 


C = Ce[l - (1 + l /d)- ' ]  (Eq. 1) 


where C is the weight of drug in solution at  a 
particular time t ,  C, is the weight of drug in 
solution at  equilibrium, and c and d are constants 
for a particular formulation. 


The purpose of the present investigation was to 
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determine the effect of the presence of certain 
modifiers in the spray-congealed particles of 
SETD and waxes on the in uitro dissolution 
behavior of the drug in acid pepsin medium pH 
1.1 (simulated gastric fluid USP) and alkaline 
pancreatin medium pH 8.3 [test fluid B of Robin- 
son and Swintosky @)]. Additional experiments 
were also conducted to study the in vitro dissolu- 
tion pattern of SETD from tablets made with 
these spray-congealed powders with and without 
disintegrants and from control tablets made with 
a mixture of SETD and spray-congealed powders 
of waxes with modifiers. The results of these 
will be reported separately. 


L- 


EXPERIMENTAL 


Experimental Design and Choice of Materials- 
The main consideration given in the selection of the 
waxes for this investigation was that the resulting 
congealed particles should be free flowing, so that 
they could be added to tablet granulations, if 
needed. The candidate modifiers should dissolve 
completely in these waxes when melted. Accord- 
ingly, carnauba wax, hydrogenated castor oi1,l and 
a synthetic wax-like ester* were selected as the 
waxes. They are designated WI, W2, and WS, 
respectively. The three modifiers used were: a 
low molecular weight polyethylene,* ethylcellulose 
20 CPS. ,~ and glyceryl ester of hydrogenated rosin.6 
These are designated MI, Me, and Ms, respectively, 
and were used in three levels of concentration. 
The content of SETD was kept constant in all the 
formulations a t  25% w/w. The exact drug content 
of each product was determined by subsequent 
assay. The content of wax in the different formu- 
lations varied depending upon the concentration 
of the modifier added. The concentrations of the 
modifiers expressed as % w/w were: 0, 5, and 10 of 
low molecular weight polyethylene (MI); 0, 1, and 
2.5 of ethylcellulose (Me); and 0, 5, and 10 of 
glyceryl ester of hydrogenated rosin (Ma). The con- 
centration levels are designated as C5, CIO, CI, G.5 


etc., where the subscript indicates the ’% w/w of 
the modifier. 


Preparation of Spray-Congealed SETD and Wax 
Particles-The appropriate quantity of wax was 
first melted in a stainless steel beaker. The modifier 
was then added and dissolved in the wax by stirring 
over very low heat. The stainless steel beaker 
was then transferred to a constant-temperature 
bath and maintained a t  the desired temperature for 
spray congealing (100 f 2” for carnauba wax and 
castor wax formulations and 80 f 2’ for synthetic 
wax-like ester formulations). A sufficient quantity 
of SETD was next added and mixed with a variable 
speed mixer until a homogeneous dispersion was 
achieved. The mixer ran constantly during the 
spray congealing operation so that any settling 


1 Marketed as Castorwax M.P. 87 by Baker Castor Oil 


i’Marketed’es Glycowax 5-932 by Glyco Chemicals, Inc., 


8 Markeked as Epolene E/10 by Eastman Chemical 


4 Marieted ’as Ethocel’ 20 CPS bv Dow Chemical Co.. 


Co Bayonne N. J. 


New York N .  Y. 


Products Inc. Kingsport Tenn. 


Midland Mich. 


Wilmington, Del. 
1 Marieted as Stabelite Ester 5 by Hercules Powder Co., 


of the drug would be avoided. The batch size 
was maintained constant a t  2,000 g. The melted 
mix was atomized through an external-mixing 
pneumatic nozzle having an orifice diameter of 
0.25 cm. (0.1 in.). The apparatus has been de- 
scribed previously (3). A Teflon siphon tube, 
wrapped with a heating tape, maintained the melted 
wax-drug mixture at the desired temperature while 
it passed up to the pneumatic nozzle. Dry air was 
passed through the nozzle at a pressure of 40 p.s.i. 
This was sufficient to deliver the melted wax-drug 
mixture to the nozzle and then bring about atom- 
ization. Since the air was not heated prior to 
entering the nozzle, the latter was equipped with a 
heater and a thermocouple monitoring system so 
that it could be maintained at the desired tempera- 
ture during the spraying operation. This prevented 
interruption due to clogging of the nozzle by the 
congealing of melted wax drug. The nozzle orifice 
was directed into the collection chamber such that 
the particles of melted wax-drug congealed in the 
air. This resulted in a very fine powder which was 
collected and then passed through a No. 30 US.  
Standard sieve before conducting any of the sub- 
sequent experiments. 


Particle-Size Measurements-A microscope fitted 
with an ocular micrometer was used to determine 
the particle-size distribution of each sample. The 
ocular micrometer was calibrated using the 45 X 
objective and a stage micrometer, the scale of 
which was 2 mm. in length. The calibration was 
such that one division of the micrometer scale of 
the eyepiece was equal to 0.267 p. 


A small sample of the material was withdrawn 
from the powder jar containing the product, after 
the latter had been thoroughly mixed by shaking 
for about 3 min. The sample was placed on a clean 
slide and a cover slip placed over it. The slide 
was mounted on the microscope and the 45 X 
objective brought into focus. In order to obtain a 
representative distribution, all particles within a 
microscopic field were measured and a t  least five 
different fields, each a representative of a particular 
section of the slide, were examined. 
Assay of Spray-Congealed SETD-Wax Particles- 


Each product was formulated to contain about 25% 
SETD by weight. Chemical analyses were then 
performed on each product to determine the exact 
SETD content. 


About 0.5 g. of the spray-congealed product, 
accurately weighed, was dissolved in 50 ml. of hot 
chloroform and the SETD was extracted with 5 
portions of 0.10 N HCl. The acid extract was then 
assayed for SETD content by the Bratton-Marshall 
(9) procedure using a Klett-Summerson photo- 
electric colorirneter with a No. 54 filter. 


A standard curve for SETD was also prepared 
and was found to be valid to a concentration of 2 mg. 
yo SETD. Appropriate blank and standard solu- 
tions were run with all samples assayed. 


In Vitro Dissolution Studies-The dissolution 
behavior of all spray-congealed products was de- 
termined using a rotating-bottle apparatus (5), and 
a procedure similar to that of Robinson and Swin- 
tosky (8 ) .  Rosen (10) has shown a direct rank 
relationship between in vitro dissolution data using 
the rotating-bottle method and the resp.ective in 
vitro data in his studies on sustained-release prepar- 
ations of prochlorperazine-Y5. 
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About 0.5 g. of the product, equivalent to 0.1200 g. 
of SETD as determined by prior assay, was ac- 
curately weighed into 90-ml. screw-capped bottles. 
Sixty milliliters of acid pepsin medium pH 1.1 
(simulated gastric fluid USP), previously warmed 
to  37 f lo, was added to each bottle. 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 lo. The samples were removed a t  0.25, 
0.5, 0.75, 1, 1.25, 1.5, and 2 hr. The samples were 
filtered immediately and an appropriate aliquot of 
the filtrate was then assayed for SETD content. 
Samples were also run for extended periods of time, 
24 and 48 hr. However, equilibrium concentra- 
tion was not attained in acid pepsin medium during 
this period. 


Dissolution studies were also conducted in an 
alkaline environment in a similar manner. Again, 
the equivalent of 0.1200 g. of SETD was weighed 
into each bottle, and 60 ml. of alkaline pancreatin 
medium (pH 8.3) was added. Samples were re- 
moved for assay a t  0.25, 0.5, 0.75, 1, 2, 3, 4, and 6 
hr. Studies were also conducted for a period of 24 
hr. a t  which time equilibrium was attained in most 
of the samples. 


RESULTS AND DISCUSSION 


Spray-Congealed SETD-Wax Products-All the 
spray-congealed SETD-wax products were fine 
powders. Carnauba wax and hydrogenated castor 
oil products were more free-flowing than the syn- 
thetic wax-like ester products. The latter showed 
a tendency to  become lumpy on storage. How- 
ever, the lumps could be broken up easily by shaking 
the container for a few minutes. 


An examination of the production rates of the 
various formulations showed that the synthetic 
wax-like ester products, in general, could be sprayed 
at a faster rate than hydrogenated castor oil and 
carnauba wax formulations, in that order. This 
correlates with the relative hardness of the waxes. 
The synthetic wax-like ester was found to be the 
least hard of the three waxes and carnauba wax, 
the hardest, as determined by penetrometer6 
studies. All three modifiers increased the hardness 
when added to  the synthetic wax-like ester formula- 
tion. The additives also slowed the rate of pro- 
duction. The same type of behavior was also 
noticeable in hydrogenated castor oil formulations. 
However, the difference in hardness among the 
carnauba wax formulations with the addition of 
modifiers was not so clearly detectable by the 
penetrometer. 


Particle-Size Analysis-The size frequency data 
of the spray-congealed formulations were converted 
to a weight basis by assuming the shape and density 
factors to be constant throughout the size range 
according to the procedure described by Edmundson 
(11). The relative weight in each size interval 
was obtained by cubing the midpoint value of the 
interval and multiplying by the frequency. The 
cumulative frequency distributions by weight were 
found to be log-normally distributed. Figure 1 is a 
plot of the particle sizes of SETD-carnauba wax 
and SETD-carnauba wax with 10% low molecular 
weight polyethylene. The effect of the addition of 


6 Precision Universal Penetrometer, Precision Scieutific 
Comgany, Chicago, Ill. 
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Fig. I-Particlesize distribution (by weight) of 
s pray-congealed particles of SETD-carnuuba wax 
( 1 )  and SETD-carnauba wax with 10% low molecular 


weight polyethylene ( 2 ) .  


this modifier to the formulation on the particle size 
is evident. 


A statistical analysis of the particle-size data of 
all the spray-congealed formulations showed that 
SETD-carnauba wax formulations were generally 
smaller particles with an average geometric weight 
mean diameter (dgw) of 24.92 p and an average 
geometric standard deviation ( u )  of 1.62. SETD- 
hydrogenated castor oil formulations had an 
average dg, of 29.14 p and an average u of 1.53, 
while SETD-synthetic wax-like ester formulations 
had an average dg, of 27.53 p and u of 1.57. The 
addition of low molecular weight polyethylene to 
the waxes resulted in larger spray-congealed par- 
ticles. As the modifier concentration was increased, 
the particle-size increase was observed to be linear 
and statistically significant. The average increase 
in dg, when 10% of low molecular weight poly- 
ethylene was added to the waxes was 6.75 p with 
no significant change in the standard deviation. 
The increase in dg, with the addition of ethylcellu- 
lose or glyceryl ester of hydrogenated rosin was not 
very significant in the concentrations considered 
in the present study. There appeared, however, 
to  be a decrease in the standard deviation in the 
formulations containing ethylcellulose, indicating 
the formation of uniform particles. 


Microscopic examination of representative sam- 
ples from the spray-congealed products showed that 
all the formulations yielded particles that appeared 
to be spherical in shape with smooth nonporous 
surface. Existence of some clusters of the particles 
was also noted in all the formulations. 


Analysis of Dissolution Data-An inspection of 
the values of constant c in Eq. 1 obtained in the 
previous studies from this laboratory showed that 
the values were close to unity. The substitution 
of the constant c by 1 in Eq. 1 can simplify the 
equation as follows : 


c = Cell - (1  + l /d ) - ' ]  (Eq. 2 )  


Equation 2 may be rearranged as follows: 


Dividing Eq. 3 by C, gives the integrated form of a 
second-order equation 
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The first derivative of Eq. 4 being 


7 -  


0 
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= kz(C, - C)2 dt 


The dissolution rate from a solid by the Noyes- 
Whitney equation (6) is given as follows: 


= k . S [ ( X  - C )  - ( X  - C,)] (Eq. 6) dt 


where S is the surface area of the dissolving solid, 
assumed constant, and X is the initial weight of the 
solid present. I t  is reasonable to  assume that the 
effective surface area available at any time is ap- 
proximately proportional to the amount of solid 
drug remaining to be dissolved. Thus, effective 
surface area may be written in terms of C as follows: 


S = k s [ ( X  - C )  - ( X  - Ce)] (Eq. 7) 


where k, is the proportionality constant. 
When C = C,, then S = 0. Thus effective sur- 


face should be nil a t  equilibrium concentration and 
no more of the solid dissolves. Substituting the 
right-hand side expression of Eq. 7 into Eq. 6, 


= kl(C. - C)z dt 


Thus an apparent second-order rate of dissolution 
should be observed with changing surface area. 
The initial dissolution rate, k . CeZ, may be obtained 
from Eq. 8 by substituting the initial conditims: 
when t = 0, then C = 0. 


Figure 2 shows the plot of C/[(C, - C)CJ 
versus t for the dissolution of plain SETD powder in 
acid pepsin medium. Figures 3, 4, and 5 show 
similar second-order plots of the dissolution data 


91 
/ /. 


0 0.5 I 1.5 2 
TIME, hr. 


Fig. .%-Plot of C/[(C, - C)C,] as a function of time 
for the dissolution of plain SETD powder in acid 


0 0.5 I 1.5 2 


Fig. 3-Plot of C / [ ( C .  - C)C.] as a function of 
time for the dissolution of SETD from spray-con- 
gealed particles of SETD-hydrogenated castor oil in  
acid pepsin medium ( I )  and alkaline pancreutin 


medium (2 ) .  


TIME, hr. 


of some of the spray-congealed formulations, 
indicating that the drug release pattern remains 
essentially the same as in the powder with only the 
rates being modified. 


Figures represent cumulative percent of SETD 
released with time, of some of the spray-con- 
gealed formulations of hydrogenated castor oil 
showing the effect of the addition of low molecular 
weight polyethylene, ethylcellulose, and glyceryl 
ester of hydrogenated rosin, respectively. The 
points are experimental, whereas the lines are 
drawn from the predicted value obtained by fitting 
Eq. 2 by a modified Gauss-Newton nonlinear least- 
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Fig. 4-Plot of C / [ ( C .  - C)Ce]as  a function of time 
for the dissolution of SETD from spay-congealed 
particles of SETD-carnauba wax with 2.5% ethyl- 
cellulose i n  acid pepsin medium ( 1 )  and alkalzne 


pepsin medium. pancreatin medium ( 2 ) .  
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TIME, hr. 


Fig. 5-Plot of c/[(c. - C)c,] as a function of time 
f o r  the dissolution of S E T D  from spray-congealed 
particles of SETD-carnauba wax with 10% glyceryl 
ester of hydrogenated rosin in acid pepsin medzum 


( I )  and alkaline pancreatin medium (2 ) .  


squares procedure (12). The mean standard 
deviation for the fit was 1.4370 for the acid pepsin 
dissolution data and 1.90% for the alkaline pan- 
creatin dissolution data. 


Effect of Modifiers on the Dissolution Pattern 
of SETD-Carnauba Wax Formulations-Table I 
gives dissolution data of SETD-carnauba wax 
formulations with different modifiers. In general, 
it can be seen that the percentage of SETD released 
a t  equilibrium in alkaline pancreatin medium was 
higher than in acid pepsin medium. These ob- 
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Fig. 6-Plot of cumulative percent of S E T D  released 
versus time in acid pepsin medium ( 1 , 2 )  and alkaline 
pancreatin medium (3, 4 )  from SETD-hydrogenated 
castor oil (2,  4 )  and SETD-hydrogenated castor oil 


with 10% low molecular weight polyethylene ( 1 , 3 ) .  


0 I 2 3 4 6 
TIME, hr. 


Fag. ?-Plot of cumulative percent of S E T D  released 
versus time in acid pepsin medium ( 1 , Z )  and alkaline 
pancreatin medium (3 ,  4 )  from SETD-hydrogenated 
castor oil (2 ,  4 )  and SETD-hydrogenated castor oil 


with 2.5y0 ethyl cellulose ( 1 , 3 ) .  


servations are also reflected in higher second-order 
rate constants and higher initial dissolution rates. 
This may be mainly due to  solubilizing or disinte- 
grating effect of the alkaline pancreatin medium on 
carnauba wax, resulting in exposure of more effec- 
tive surfaces of drug for dissolution. The effect 
of the addition of low molecular weight polyethylene 
in 10% concentration to the wax decreased the 
percentage of SETD released by about 575 in acid 
pepsin medium at the end of 2 hr. This is also 
reflected in the lower values observed for the second- 
order rate constant and the initial dissolution rate. 


In  alkaline pancreatin medium the percentage 
released at the end of 1 hr. was about 6% less, 
while a t  the end of 6 hr. the difference was more 


TIME, hr. 


Fig. 8-Plot of cumulative percent SE T D  released 
versus time in acid pepsin medium ( 1 , 2 )  and alkaline 
pancreatin d u m  (3, 4 )  from SETD-hydrogenateii 
castor oil (2 ,  4 )  and SETD-hydrogenated castor oil 


with 10% glyceryl ester of hydrogenated rosin ( I ,  3). 
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TABLE I-DISSOLUTION  DATA^ EXPRESSED AS PERCENT SETD RELEASED 


FROM SETD-CARNAUBA WAX FORMULATIONS 


-WI- -WIMICIO-- - WiMCz.6- -WIMSGQ- 
Time, hr. Ab BE A B A B A B 


0 .25  11.9 45.31 9.89 47.30 14.01 58.22 7.88 40.98 
0 .50  20.48 61.06 17.34 59.29 23.42 69.22 14.15 54.40 
1 32.05 73.91 27.80 67.89 35.25 76.44 23.47 65.06 
2 44.66 82.59 39.83 73.19 47.16 80.65 35.03 72.12 


76.16 82.93 - 74.97 4 - 87.75 - 
78.51 6 - 89.61 - 77.21 83.71 - 


At equilibrium 73.33 93.59 70.20 79.39 85.48 85.33 68.83 80.90 
kpd 0.872 3.343 0.778 6.196 1.146 8.388 0.626 4.230 
IDe 68.13 421.69 55.25 562.36 83.75 879.27 42.74 398.58 


Predicted values from least-square line. A = acid pepsin medium. 
'Initial dissolution rate mg. hr. -1. 


B = alkaline pancreatin medium. Apparent 
second-order rate constant X 10' mg. -1hr.+. 


than 12%. The addition of low molecular weight 
polyethylene appeared to  decrease the solubility 
of the wax matrix by the alkaline pancreatin 
medium resulting in only 79.39% release at equi- 
librium. This results in a higher rate constant 
and higher initial dissolution rate. The addition 
of ethylcellulose in 2.5% concentration to the wax 
increased the release of SETD in acid pepsin medium 
slightly, as can be seen from the slightly higher 
values for the rate constant and the initial dissolu- 
tion rate. The dissolution was not very signifi- 
cantly affected, as noted by the percent of SETD 
release at the end of 2 hr. The amount of SETD 
released at equilibrium in the alkaline pancreatin 
medium was lower than the value observed with no 
modifier. This is reflected by the higher rate 
constant and higher initial dissolution rate. Under 
the microscope the spray-congealed particles con- 
taining this modifier were observed to contain 
short fibers. The presence of these fibers appeared 
t o  have a wicking effect resulting in increased 
initial release. 


The addition of 10% glyceryl esters of hydro- 
genated rosin decreased the release of drug in acid 
pepsin medium by about 9% at the end of 2 hr. 
Again, the rate constant and the initial dissolution 
rate reflect this decrease. The release was also 
observed to be more gradual in the alkaline pan- 
creatin medium with lower equilibrium value re- 
sulting in a higher rate constant and lower initial 
dissolution rate. 


Effect of Modifiers on the Dissolution Pattern of 
SETD in SETD-Hydrogenated Castor Oil Formu- 
lations-Table I1 gives the dissolution data of 
SETD-hydrogenated castor oil formulations with 


different modifiers. In general, it  can be seen as 
in the previous table, the amount of SETD released 
at equilibrium in alkaline pancreatin medium was 
higher than in acid pepsin medium. However, 
the initial dissolution rates are generally about the 
same, so that these result in lower rate constants. 
This is a very desirable feature from the standpoint 
of sustained-release formulations. The presence of 
low molecular weight polyethylene in 10% con- 
centration appeared to  retard the release of SETD 
by about 10% in acid pepsin medium and alkaline 
pancreatin medium as seen from the 1-hr. data 
and with almost no retardation in equilibrium 
values. This is well brought out in the lower 
rate constants and initial dissolution rates. It is 
conceivable that a higher concentration of low 
molecular weight polyethylene may further retard 
the initial dissolution rate, yet giving a complete 
release at the end of 6 hr. and hence warrants 
further study. 


The addition of 2.5y0 ethylcellulose also retarded 
the dissolution of drug in both acid pepsin medium 
and alkaline pancreatin medium so that a more 
uniform release resulted. This can be seen from the 
closer values of the rate constants in the two media. 


The addition of 10% glyceryl ester of hydro- 
genated rosin resulted in a release pattern similar 
to that observed in the case of product containing 
2.5y0 ethylcellulose. The initial dissolution rate 
and the equilibrium values in acid pepsin medium 
were lower than with ethylcellulose resulting in a 
rate constant that was slightly higher than with 
ethylcellulose products. The initial dissolution rate 
and the rate constant in alkaline pancreatin were 
also higher. 


TABLE 11-DISSOLUTION DATAO EXPRESSED AS PERCENT SETD RELEASED 
FROM SETD-HYDROGENATED CASTOR OIL FORMULATIONS 


-W-- -WZMICI- -W&~Z~P.K- -W~M~OIQ-- 
Time, hr. Ab B C  A B A B A B 


0.25 25.34 27.29 16.3 20.10 16.56 22.85 13.09 25.62 
0.50 37.38 42.75 26.76 33.27 26.84 35.93 21.53 38.88 
1 49.04 59.65 39.29 49.48 38.93 50.36 31.75 52.47 
2 58.10 74.34 51.28 65.42 42.78 63.01 41.63 63.57 
4 - 80.99 - 77.98 - 72.06 - 71.10 


74.02 6 - 84.78 - 83.31 - 75.68 - 
Atequilibrium 71.29 98.63 73.83 96.50 70.80 84.14 60.45 80.64 
kzd 2.580 1.293 1.283 0.909 1.221 1.476 1.525 1.924 
IDe 188.82 181.11 100.76 121.88 103.77 150.54 80.24 180.22 


~ _ _ _ _ _ _ _  


Predicted values from least-square line. A - acid pepsin medium. 
'Initial dissolution rate mg. hr. -I .  


B = alkaline pancrestin medium. Apparent 
second-order rate constant X 102 mg.-l hr. -1. 







1754 Journal of Pharmuceutical Sciences 


TABLE 111-DISSOLUTION  DATA^ EXPRESSED AS PERCENT SETD 
FROM SETD-SYNTHETIC WAX-LIKE ESTER FORMULATIONS 


7 - W -  -W&~I~IQ-- -WaM?Cc.s- -W&faclo-- 
Time, hr. A) B C  A B A B A B 


0.25 10.83 23.5 2.49 5.24 14.59 29.90 16.07 37.21 
0.50 18.74 36.08 4.62 9.90 24.03 44.19 26.38 53.99 
1 29.53 49.26 8.09 17.85 35.52 58.06 38.86 69.71 


68.87 50.99 81.59 
- 89.19 


41.46 60.27 12.95 29.80 46.67 


- 92.04 
- 67.85 - 44.78 - 75.94 


2 


6 - 70.82 - 53.80 - 78.62 
4 


A t  equilibrium 69.60 77.61 32.42 90.10 68.05 83.04 88.49 98.35 
kid 0.883 1.865 0.854 0.228 1.337 1.463 1.260 2.063 
IDe 61.58 161.81 12.93 26.71 89.17 222.02 98.61 287.36 


A = acid pepsin medium. 
Initial dissolution rate mg.hr. -1. 


a Predicted values from least-square line. 
second-order rate constant X lO*mg.-'hr.-'. 


B = alkaline pancreatin medium. Apparent 


Effect of Modifiers on the Dissolution Pattern of 
SETD in SETD-Synthetic Wax-like Ester Formu- 
lations-Table I11 gives the dissolution data of 
SETD-synthetic wax-like ester formulations with 
different modifiers. Here again, in general, the 
release of SETD was observed to be higher in the 
alkaline pancreatin medium than in the acid pepsin 
medium. The release in acid pepsin medium with- 
out modifier was about 41% in 2 hr. This was 
observed to be similar to the release pattern of 
carnauba wax. The rate constants and initial 
dissolution rates were also close. The release in 
alkaline pancreatin medium was, compared to  the 
other two waxes, less complete being only about 700/, 
a t  the end of 6 hr. This is reflected in a compara- 
tively higher rate constant even though the initial 
dissolution rate is fairly low. 


The addition of 10% low molecular weight poly- 
ethylene retarded the release of SETD in acid 
pepsin medium to about 13y0 in 2 hr. and about 
54% in alkaline pancreatin medium in 6 hr. The 
retardation can also be seen in the lower values for 
the rate constant and initial dissolution rate. 


The addition of 2.5% ethylcellulose to  the syn- 
thetic wax-like ester increased the amount of SETD 
released by about 5% in 2 hr. in acid pepsin medium. 
The increase in release in alkaline pancreatin medium 
was also similar. These are also noticed by the 
higher rate constant in acid pepsin medium and 
higher initial dissolution rate in alkaline pancreatin 
medium. 


The presence of 10% glyceryl ester of hydro- 
genated rosin in synthetic wax-like ester formulation 
resulted in more complete release in acid pepsin 
and alkaline pancreatin media as noticed by slightly 
higher rate constants and higher initial dissolution 
rates. 


The analysis of the dissolution data reveals that 
for a good sustained-release effect from formula- 
tions such as spray-congealed particles for dissolu- 
tion, the rate constant should be small and fairly 
unaffected by the pH or composition of the medium. 
They should also possess small initial dissolution 
rates and high equilibrium values. The purpose 
of this investiation has been, in addition to studying 
the effect of modifiers on SETD-wax formulations, 
to gain some insight into some of the factors con- 
trolling the dissolution process. 


SUMMARY A N D  CONCLUSIONS 


1. Atomization through the use of pncuniatic 
nozzle and siphon tube was found to provide dis- 


cretely formed, apparently nonporous spheres 
which possessed a log-normal particle-size distribu- 
tion. These were observed to be characteristic for 
a particular wax formulation. The addition of low 
molecular weight polyethylene was observed to in- 
crease the geometric weight mean diameter of the 
particles significantly for all the wax formulations. 
The geometric weight mean diameter was unaffected 
by the addition of ethylcellulose and glyceryl 
ester of hydrogenated rosin in the concentration 
used in this investigation. 


2. The release pattern from drug-wax particles 
appears to  be second order, being a function of the 
amount of drug remaining undissolved and the 
effective surface area of the drug particles, thus 
agreeing basically with the Noyes-Whitney equation 
for dissolution. 


3. The release rates from SETD-carnauba wax 
formulations were generally observed to be higher 
in the alkaline pancreatin than in acid pepsin 
medium. The addition of 10% low molecular 
weight polyethylene and 10% glyceryl ester of 
hydrogenated rosin reduced the initial dissolution 
rates and the value of the second-order rate constant 
in acid pepsin medium. The rate constant and the 
initial dissolution rates were higher in the alkaline 
pancreatin medium. The addition of 2.5% ethyl 
cellulose increased the initial dissolution rate and 
the rate constants in acid pepsin medium and 
alkaline pancreatin medium. 


4. The second-order rate constant for SETD- 
hydrogenated castor oil formulation was lower in 
alkaline pancreatin medium than in acid pepsin 
medium as a result of more complete release at 
equilibrium in the former medium. However, the 
initial dissolution rates were almost the same in 
both media. The addition of 10% low molecular 
weight polyethylene tended to bring the values for 
the rate constants in both the media closer to  each 
other. The initial dissolution rates were also much 
reduced as compared to the product containing no 
modifier. The release value at equilibrium in alka- 
line pancreatin medium was also noted to be more 
than 96%. The addition of 2.5y0 ethylcellulose and 
10% glyceryl ester of hydrogenated rosin also de- 
creased the value of the rate constants and the 
initial dissolution rate in acid pepsin medium. The 
rate constants were higher in alkaline pancreatin 
medium. The initial dissolution rate for the product 
with ethylcellulose was slightly reduced while i t  
was essentially the same for the product with 
glyceryl esters of hydrogenated rosin. 
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5. The release rates of SETD from SETD- 
synthetic wax-like ester formulations were higher 
in the alkaline pancreatin medium than in the acid 
pepsin medium. The initial dissolution rates and 
the rate constants were also similarly affected. The 
addition of 10% low molecular weight polyethylene 
decreased the dissolution rate in alkaline pan- 
creatin medium considerably. The initial dissolu- 
tion rates in both the acid and alkaline medium 
were also considerably reduced. The addition of 
2.5% ethylcellulose resulted in higher initial dis- 
solution rates with the values of the rate constants 
also higher and closer to each other. The addition 
of 10% glyceryl ester of hydrogenated rosin in- 
creased the initial dissolution rates and the values of 
the rate constants. 


The analysis of the data suggests that for a 
good sustained-release effect from formulations 
such as spray-congealed particles, the rate constants 
should be small and independent of pH and com- 
position of the medium with low initial dissolution 
rates and high equilibrium values in alkaline 
pancreatin medium. This investigation attempted 
to  gain some insight in that direction. 


6. 
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Preparation 


BY J- 


and Properties of Some Relatives 
of Noscapine 


SAM, A. V. LOPEZ*, and R. M. SHAFIK 


Fusion of phenylacetic acids with phthalic anhydrides resulted in the formation of 
benzylidenephthalides. Ammonolysis of the phthalides yielded 3-hydroxy-3- 
benzylphthalimidines which were easily dehydrated to 3-benzylidenephthalimidines. 
Bromination of 3-hydroxy-3-benzylphth~limidine with N-bromosuccinimide 
yielded 3- (a-bromobenzylidene)phthalimidine. Reaction of the latter with pyrroli- 
dine gave the a-pyrrolidino derivative which on treatment with dilute hydrochloric 
acid resulted in 3-(a-hydroxybenzylidene)phthalimidine. Treatment of tetra- 
halobenzylidenephthalides with sodium methoxide produced 1,3-indandione 


derivatives. Mild sedative properties were noticed in  compounds tested. 


OSCAPINE (I), formerly known as narcotine 
(l), is the most abundant of the opium 


alkaloids after morphine. Despite the fact tha t  
it comes from a plant rich in  narcotic alkaloids i t  
possesses none of the undesirable effects of 


N 
narcotics; however, it possesses mild central 


erine (2). Winter and Flataker (3) during 
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nervous system activity similar to that of papav- 


their search for 
tha t  noscapine was very effective in this respect. 
Further studies (4, 6 )  showed that in addition to 


April 1967. its central effect noscapine also has bronchodikd- 
Pharmacy, Atlanta, Georgia. tion activity. These factors prompted the in- 
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cold acetone-water. The yield was 1.2 g. (70%), 
m.p. 10€-107°. 


1,3 - Bis(piperidinomethy1) - 2 - phenylindolizine 
(VIII)six milliliters of 37% aqueous formaldehyde 
(0.075 mole) and 8.4 g. piperidine (0.10 mole) were 
combined with 75 ml. dioxane. One-tenth milliliter 
of 50To sodium hydroxide was added and the mix- 
ture was allowed to stand for 15 min. at room tem- 
perature. Two grams 2-phenylindolizine (0.01 
mole) was dissolved in the mixture which was then 
allowed to stand at room temperature for 48 hr. The 
reaction mixture was transferred to an evaporating 
dish and cold air was blown across the surface. 
Evaporation was accompanied by vigorous scratch- 
ing with a glass rod. The crystalline product which 
was obtained during the evaporation process was 
removed by filtration and washed with 50yo ethanol. 
The yield was 3.3 g. (85%). On recrystallization 
from hot ethanol the compound gave m.p. 98.5 
99.5O. 


1,3 - Bis(morpholinomethy1) - 2 - phenylindolizine 
(=)-Six milliliters of 37% aqueous formaldehyde 
(0.075 mole) and 8.7 g. morpholine (0.10 mole) were 
combined with 75 ml. dioxane. One-tenth milliliter 
of 50% sodium hydroxide solution was added and 
the mixture was allowed to  stand for 15 min. at 
room temperature. Two grams 2-phenylindolizine 
(0.01 mole) was added and the flask swirled to 
achieve solution. The reaction mixture was allowed 


1991 


to stand a t  room temperature for 48 hr. and then 
transferred to an evaporating dish. Evaporation 
was carried out by blowing cold air across the surface 
accompanied by vigorous scratching with a glass rod. 
The crystalline product obtained was removed by 
filtration and washed with 500/, ethanol. The yield 
was 3.2 g. (81%). The product was recrystallized 
from ethanol and gave m.p. 156-157'. 
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Effect of Perfusion Rate and Distribution Factors on Drug 
Elimination Kinetics in a Perfused Organ System 


By RENPEI NAGASHIMA and GERHARD LEVY* 


The effects of flow rate and volume of perfusate on the elimination of a drug  from a 
perfusion fluid by an organ or tissue such as the liver, kidney, or intestine are ex- 
amined. I t  is shown that the volume of perfusate (or the apparent volume of dis- 
tribution of a drug) has a pronounced effect on the rate constant for the decline of 
drug concentration i n  the perfusate, but that perfusion rate has an effect only if the 
concentration of drug in  the perfusate leaving the organ is appreciably lower than 


the concentration in  the fluid entering the organ. 


ANY KINETIC studies of drug absorption or M metabolism are carried out by perfusing a 
segment of intestine, or an organ such as the liver, 
and determining the change in the concentration of 
the drug in the perfusate as a function of time. Two 
important variables in such experiments are the 
volume of perfusate and its rate of flow through the 
organ. These variables are encountered also in 
vivo since blood flow rate can be affected by shock, 
in certain disease conditions, and by some drugs, and 
since the apparent volume of distribution of drugs 
(which is analogous in certain respects to the per- 
fusate volume in in vitro studies) differs as a func- 
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tion of plasma protein concentration, type and 
concentration of drug, and other factors. The 
pharmacokinetic analysis to  be presented here will 
deal specifically with the isolated perfused liver 
system, but the principles which will be outlined 
apply equally to  the other systems mentioned above. 


The liver is viewed as a tissue with numerous 
parallel channels through which perfusate flows. 
The concentration of drug in the perfusate leaving 
the liver is lower than the drug concentration in the 
fluid entering the liver, due to  biotransformation of 
the drug in that tissue. This decrease in the drug 
concentration is a function of the activity of the 
biotransformation process (assuming that drug 
transfer from perfusate to  liver is not rate limiting), 
and the contact time of a given increment of per- 
fusate with liver tissue (1). If the elimination is a 
zero-order process, the drug concentration in the 
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outflow is given by: 


C. = Ci - kor (Eq. 1) 


where Ci and C,, refer to the drug concentrations in 
the inflowing and outflowing perfusate, respectively, 
k" is the zero-order rate constant for drug elimina- 
tion (concentration change per unit time), and T 
is the contact (or transit) time. If drug elimina- 
tion is a first-order process, the appropriate equation 
is given by: 


C, = Ci exp ( -  k 7 )  (Eq. 2) 


where k is the first-order rate constant for drug 
elimination, in reciprocal time units. 


The mean contact time for perfusate in all the 
channels in the liver is given by: 


T = v L / U  (Eq. 3) 


where VL is the total volume of the channels, and 
u is the flow rate of perfusate (2). 


Consideration must now be given t o  the extra- 
hepatic space, Le., the real or apparent (in the case 
of an in viva system) volume of perfusate in the 
reservoir and tubings. This volume is designated 
as VR. The described model is illustrated in 
Scheme I. 
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LFD 
----------- 


u U 


VR 


Scheme I 


Immediately upon leaving the liver, the perfusate 
is incorporated in and mixed with VR. The drug 
concentration in VR is identical to Ci The net rate 
of decrease in the amount of drug in VR is given by: 


where dCi/dt is the rate of drug concentration change 
in VR.' Upon rearrangement, 


dCi - u (Ci - C,) (Eq. 4) dt VR 


Substituting for C, in Eq. 4 from Eqs. 1 or 2, and 
for T from Eq. 3 yields: 


arid 


dCi u - _ _  = - .  [l - exp( - k V L / U ) ]  Ci (Eq. 6) d t  VR 
respectively. 
decline of drug concentration are then: 


The apparent rate constants for the 


vL k0 koaPp. = - . 
VR 


1 See Reference 1 for a similar derivation for chemical reac- 
tions in flow systems. 


and 


U 


VR 
kapp. = -- - [I - exp( - k V ~ / u ) l  (Eq. 8) 


If k VL/u is smaller than 0.1, Eq. 8 may be reduced 
to: 


(Eq. 9) 


The error introduced by this simplification is less 
than 5 70.2 Note that Eqs. 7 and 9 do not contain 
a flow rate term. 


Regardless of whether drug elimination in the per- 
fused organ proceeds by zero- or first-order kinetics, 
the apparent rate constants are inversely propor- 
tional to  the volume of perfusate (Eqs. 7 to  9). 
Therefore, when serial sampling of perfusate reduces 
the volume of that fluid as a function of time, ap- 
propriate corrections must be made to account for 
the volume change. This is shown in another re- 
port from this laboratory (4). 


A change in the flow rate of perfusate has ab- 
solutely no effect on drug elimination rate constants 
when the kinetics are zero-order,s and essentially 
no effect when the kinetics are first-order and k VL/U 
is small. Taking for example the results of an 
isolated rat liver perfusion study of bishydroxy- 
coumarin elimination described in another report 
(4), u = 1,140 ml./hr., VR = 100 ml., and thelargest 
kapp. = 0.565 hr.-'. Thus, from Eq. 8, kVL/u = 
0.05, which shows that flow rate should have no 
effect on the elimination kinetics of bishydroxy- 
coumarin. 


A similar analysis can be carried out with respect to 
intact animals, assuming rapid distribution of drug 
between plasma and tissues. In this case, 


VR = Vd - W ( C L / C P )  (Eq. 10) 


where VJ  is the apparent volume of distribution 
of the drug, W' is the weight of the liver, and CL/  
C p  is the 1iver:plasma concentration ratio of the 
drug. Using data for bishydroxycoumarin elimina- 
tion by intact rats presented in other reports 
(8, 9), where Vd = 100 ml./kg. of body weight, 
Cr./Cp = 0.44 ml./g., and W = 33.5 g./kg. of body 
weight (5), it was calculated that VR = 85 ml./kg. 
of body weight. Considering a hepatic blood flow 
rate of about 50 ml./min./kg. of body weight (6) 
and a hematocrit value of 45% (4), the hepatic 
plasma flow rate in rats is 1,350 ml./hr./kg. of body 
weight. The value of k VL/U may then be calculated 
from Eq. 8 and from the in viva kapp. value of 0.14 
hr.-' (4). By these calculations, k V ~ / u  = 0.009, 
which shows that the elimination kinetics of bis- 
hydroxycoumarin in the intact rat are apparently 
not affected by hepatic blood flow. The same 
probably applies to man, considering the similar 
magnitude of hepatic blood flow (6), the lower kspp.  
value (7), and the similar relative apparent volume 


2 Using the Mclaurin series (3): 


exp(- x) = 1 - x + x' - 21 3j + ...  
When x eel: exp(- x )  % 1 - x .  Specifically when x = 
0.1, the difference in kppp. calculated by Eqs. 8 and 9, respec- 
tively, is 5%. 


a Provided that the rate of supply of drug to the perfused 
organ is not elimination rate limiting. 
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of distribution of bishydroxycoumarin in rats and 
humans (8). On the other hand, it is possible that 
hepatic blood flow rate will affect the elimination 
kinetics of certain drugs with very short biologic 
half-lives which are metabolized in the liver. 
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Effect of Deuterium Oxide on the Culturing of 
PeniciZZimz janmewskii 111. Antifungal Activity of Fully 


Deuterated Griseohlvin 


By D. A. NONA, M. I. BLAKE, H. L. CRESPI*, and J. J. KATZ* 


The in uitro antifungal activity of fully deuterated, partially deuterated, and protio- 
griseofulvin was compared. The antibiotics were evaluated by plate assay with 
MicrosporBm gypserrm (ATCC 14683) as the test organism. A statistically sig- 
nificant enhancement in antifungal activity was observed in zones of inhibition when 
fully deuterated griseofulvin was compared with partially deuterated and protio- 
griseofulvin. No significant difference was apparent in a comparison of biological 
activity of partially deuterated and ordinary griseofulvin. The enhanced anti- 
fungal activity demonstrated by fully deuterated griseofulvin may be due to an in- 
creased efficiency of action. The antifungal target site may involve the metabolism 
of a C-D bond directly or indirectly. Since C-D bonds are generally more stable 
than C-H bonds, the increased stability of the molecule may alter the rate of griseo- 


fulvin metabolism by the fungus. 


N THE first paper (1) of this series the nutritional I requirements for optimal growth of Penicillium 
junczewskii in heavy water were reported. The 
effects on antibiotic production were noted. The 
second study (2) described in detail the isolation, 
purification, and characterization of the deuterated 
griseofulvin biosynthesized by the organism in a re- 
placement culture. In  the present report compar- 
ison is made of the in vitro antifungal activity of 
ordinary griseofulvin and the antibiotics obtained 
from the organism grown in a deuterated environ- 
ment. 


EXPERIMENTAL 
Antifungal activity of the antibiotic was deter- 


mined by plate assay using Microsporum gypseum as 
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the test organism. A modification of the USP (3) 
procedure for microbiological assay of griseofulvin 
was employed. 


Medium I-The medium was composed of 
dextrose, 40.0 g.; peptone, 10.0 g.; agar, 15.0 g. ;  
chloramphenicol, USP, 0.05 g.; and sufficient dis- 
tilled water to make 1,000 ml. The pH was ad- 
justed, if necessary, to 5.65 f 0.05. The medium 
was placed into 100-ml. vials, fitted with rubber 
closures, sealed, and capped. The vials were auto- 
claved at 15 p.s.i. for 15 min. The medium was 
used immediately after cooling to  50°, or was stored 
for future use. After storage at room temperature, 
the solidified medium was melted by gentle warming 
on a steam bath. 


Medium II-The composition of this medium 
differed from Medium I in that  2 ml. of a 1% aqueous 
solution of cycloheximide (Actidione, Upjohn) was 
added for each 100 ml. of the agar medium. The 
cycloheximide solution was injected through the 
rubber closure of the vial using a needle and syringe 
fitted with a Swinney adapter. The membrane 
filter had a porosity of 0.22 f i .  


Preparation of Inoculum-The test organism, 
Microsporum gypseum (ATCC 14683), was grown 
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Dictionary of Pharmaceutical Sciences and Tech- 
niques. Vol. 1. By A. SLIOSBERG. American 
Elsevier Publishing Co., Inc., 52 Vanderbilt 
Avenue, New York, NY 10017, 1968. approx. 
1000 pp. 16.5 X 23 cm. Price $30 
This dictionary is the first attempt to give the 


equivalents in English, French, Italian, Spanish, 
and German, of technical terms which are used in 
pharmaceutical technology. Approximately 7500 
major entries with cross-referencing of English 
synonyms are included. The book is made up of 
a basic table of the English terms, with the synonyms 
arranged alphabetically, and then followed by the 
translations in the other languages. The terms 
in the languages other than English are included in 
an index with a reference back to  the numbered 
item in the basic table where the several translations 
are found. 


This is the first of two volumes; the second 
volume will be “Materia Medica” and publication 
is expected in about two years. Dr. Sliosberg has 
also authored a similar work in five languages on 
mediciiic entitled “The Medical Dictionary.” 


Sla ff review 


. Ictinowiyc-in: Nuhire,  Forntcztion, und . - ld id ies .  
Edited by S. A. WAKSMAN. Interscience P u b  
lishers, Inc., 605 Third Avenue, New York, NY 
10016, 1968. ix + 231 pp. 16 X 23.5 cm. 
Price $8.95. 
The isolation in 1940 of actinomycin by Waksman 


and Woodruff was the result of a comprehensive 
screening program on the production of antimicro- 
bial substances by soil-inhabiting microorganisms 
especially the ;lciinoirzycetes. Although niatiy hull- 


dreds of antibiotics have been described in the 28 
years since the initial actinomycin report, more re- 
search is now probably underway concerning the 
biological properties, clinical uses, chemistry, and 
biogenesis of this antibiotic than any other single 
antibiotic presently being examined. The contrib- 
utors to this monograph have summarized current 
research progress on actinomycin chemistry (A. W. 
Johnson), actinomycin biogenesis (E. Katz), effects 
of actinomycin on virus replication (A. J. Shatkin), 
actinomycin action on experimental tumors (Ch. 
Hackmann), and clinical use of actinomycin (S. 
Farber, A. T. Mitus, and D. A. Karnofsky). Other 
chapters include an evaluation of actinomycin in 
developmental biology (P. R. Gross), the history of 
actinomycin (S. A. Waksman), and modification of 
the immune response by actinomycin (W. J. K. 
Tannenberg and R. S. Schwartz). Some aspects of 
large-scale production are also included in a chapter 
by H. B. Woodruff and S. A. Waksman. 


Each chapter contains previously unpublished 
facts, hypotheses, and conclusions which should 
stimulate discussion by those readers previously 
unacquainted with the present knowledge of this 
interesting antibiotic. Although the monograph 
does not contain all the available information on this 
antibiotic, those who carefully read the clearly 
written chapters and consult the bibliography will 
quickly grasp the essential features and properties of 
this important an ti biotic. 


The monograph contains few typographical errors 
and is reasonably free of other errors. The adequate 
subject index and bibliography (more than 700 
references) are of use to both the newcomer and the 
antibiotic expert. This monograph should be in- 
cluded in any library on antibiotics. 


Rnkued by David Perlman 
College of Pharmacy 
1 rniorrsily of IVisronsin 
Mudison, llY.53706 
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Five milliliters of this solution was added to the 
above magnesium turnings-ether mixture. To in- 
duce the reaction to begin, a small crystal of iodine 
was added. The reaction proceeded with develop- 
ment of heat and decolorization of the iodine. The 
mixture was stirred by means of a magnetic stirrer, 
and the remainder of the benzyl chloride was added 
gradually over a period of 30 min., regulating the 
temperature of the reaction with the aid of an ice 
water bath. The reagent was used as described in 
the case of phenyl magnesium bromide. 


All of the compounds listed in Table I11 were pre- 
pared by the following general method. 


In a 200-ml. round-bottom flask, 0.02 mole of the 
appropriate aminoketone was dissolved in 75 ml. of 
anhydrous ether, and the solution was dried with 
anhydrous magnesium sulfate. Meanwhile, in a 
dry 300-ml. three-necked flask equipped with drop- 
ping funnel, magnetic stirrer, and condenser with 
drying tube on the upper end, 13.5 ml. of a 3 M solu- 
tion (0.04 mole) of phenyl magnesium bromide and 
30 ml. of anhydrous ether was placed. To this, a 
dry ether solution of the Mannich base as previously 
prepared, was dropped little by little with vigorous 
stirring. Stirring was continued for 2 hr., and the 
mixture was allowed to stand overnight. The reac- 
tion flask was cooled in an ice bath. A saturated 
solution of ammonium chloride was added to decom- 
pose the complex. The ether solution was decanted 
into a separator and washed with 10 mi. of amino- 
alcohol-ether solution, was filtered, cooled in an ice 
bath, and dry hydrogen chloride gas was passed 
through it. The hydrochloride was collected and 
recrystallized from the alcoholacetone mixture. 
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Effect of Sodium Deoxycholate on Gastric 
Emptying in the Rat 


By STUART PELDMAN*, RALPH J. W Y “ ,  and MILO GIBALDI 


Sodium deoxycholate delays considerably the kastric emptying of phenol red in rats. 
Gastric emptying of phenol red in control animals proceeds by apparent first-order 
kinetics, but a very different kinetic pattern emerges upon administration of the bile 
salt. Sodium deoxycholate also produces a large net secretion of fluids into the 
gastric pouch. It is proposed that the resulting increase in gastric volume is the 


immediate cause for the decreased rate of gastric emptying. 


HE EFFECTS of orally administered bile salts T on the gastrointestinal absorption of ribo- 
-~ 
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flavin (1) and other drugs are currently being 
investigated in this laboratory. These studies 
have prompted a consideration of the influence of 
bile salts on gastric emptying since the rate of 
passage of drug through the pylorus may have a 
profound influence on the overall rate and extent 
of drug absorption (2, 3). 


Previous studies (4) have shown that the oral 
administration of sodium taurodeoxycholate and 
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sodium deoxycholate markedly inhibits gastric 
emptying and proximal intestinal transit after 
gastric intubation in the rat. The present re- 
port concerns the influence of sodium deoxy- 
cholate on the pattern of gastric emptying in the  
ra t  and the pharmacologic basis of these effects. 


Journal of Pharmaceutica2 Sciences 


EXPERIMENTAL 


Male, Sprague-Dawley descent rats (Blue Spruce 
Farms, Altamont, N. Y.) weighing between 125 and 
210 g. were used in all experiments. The animals 
were fasted for 20-24 hr. prior to gastric intubation. 
Water was permitted ad libitum until 1 hr. before the 
experiment. One and one-half milliliters of a 70-mg. 
yo phenol red solution containing 0.026 M sodium 
deoxycholate (special enzyme grade, Mann Research 
Laboratories, New York, N. Y.), was introduced into 
the rat stomach by intubation. Control animals 
received 1.5 ml. of 70-mg.% phenol red solution in 
distilled water. 


The rats were sacrificed by decapitation at various 
times after intubation. An abdominal incision was 
made immediately to  expose the stomach. The 
stomach was then quickly ligated at the pylorus 
and cardia, excised, stripped of adhering fat, 
blotted, and weighed. The stomach and its con- 
tents were homogenized in an Eberbach homogenizer 
and assayed for phenol red as previously described 
(4). The analytical procedure is a modification of 
the method of Reynell and Spray (5) and involves 
alkalinization with 1 N NaOH, precipitation of pro- 
teins with 30% trichloroacetic acid, realkalinization 
with NaOH and colorimetric assay at 560 mp. The 
stomach weights of a control group of six rats were 
obtained after sham intubation, immediate sacrifice, 
and removal of the stomach as described above. 


The recovery of known amounts of phenol red 
added to  stomach tissue homogenates is about 930/, 
while recovery of phenol red after incubation in 
gastric pouches for 1 hr. before homogenization is 
87740 (6). The presence of bile salt has no effect on 
the recovery of phenol red added to  tissue homog- 
enates (4). In view of the high recovery from 
gastric preparations, the results are reported on a 
percent-of-dose basis. 


RESULTS 


Figure 1 shows the recovery of phenol red from the 
rat stomach as a function of time after intubation. 
A considerable delay is observed in the gastric 
emptying of phenol red in the presence of sodium 
deoxycholate. This effect is illustrated further in 
Fig. 2, which shows a semilogarithmic plot of 
gastric retention versus time. The plot indicates 
that gastric emptying of phenol red in control 
animals proceeds by apparent first-order kinetics. 
This finding is consistent with the results of Hunt 
and MacDonald (7) who showed that the stomach 
content volume after a liquid test meal decreases in 
an exponential fashion with time. The “half-life” 
of gastric emptying in control rats was 13 min. 


Figure 2 also shows that sodium deoxycholate 
modifies the pattern of gastric emptying. In the 
presence of the bile salt an initial rapid gastric 
emptying phase followed by a transition region, 


T 


TIME, min. 


Fig. I-Recovery of phenol red from rat stomach after 
gastric intubation. The lauer half are duta from con- 
trol animals. The upper half are data from rats co- 
administered sodium deoxycblate. The vertical lines 
represent standard error of the mean. The numbers i n  
parentheses indicate the number of animels used for 


each point. 


W 
I a 


TIME, min. 


Fig. 2-Semilogarithmic plot of percent of phenol red 
dose in stomach versus time. Key: a, controls; 0, 


sodium deoxycholate. 


where little emptying occurs, is noted over the first 
hour. The second hour after intubation is charac- 
terized by an exponential decline in phenol red, with 
a “half-life” of 36 min. 


The average stomach weight (expressed as mg./ 
g. of body weight) of control rats after sham intuba- 
tion was found to  be 8.35 f 0.23 (SE). The per- 
cent increases in stomach weight, relative to the con- 
trol value, of rats receiving phenol red or phenol red 
and sodium deoxycholate are shown in Figs. 3 and 4, 
respectively. The greater increase in stomach 
weights of rats fed sodium deoxycholate is qualita- 
tively consistent with the higher phenol red retention 
observed in these animals. However, the increase in 
stomach weight in bile salt-treated rats is signiii- 
cantly greater than predicted from phenol red re- 
covery data. 


The stomach weight after intubation reflects a 
number of factors which are summarized in the fol- 
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lowing equation: 


(Wr - Wc) = ( W D  - W E )  + 
(Ws - W.4) 0%. 1) 


where W refers to weight and the subscripts denote 
stomach weight after intubation (I), stomach 
weight of controls after sham intubation (C), the 
weight of the dose (D), the amount of the dose 
emptied from the stomach (E), the amount of bio- 
logic fluids secreted into the gastric pouch (S), and 
the amount of intubated solution which is absorbed 


The term ( WZ - Wc) is the observed increase in 
stomach weight and the term (WD - WE) is cal- 
culable from the phenol red recovery data. A posi- 
tive value of the (WS - WA) term indicates net 
secretion of fluids while a negative value indicates 
net gastric absorption of intubated solution. Values 
for the (WD - W E )  term are shown by the cross- 
hatched area in Fig. 3 a t  the 15-min. level and in 
Fig. 4 a t  the 30-, 60-, and 90-min. levels. 


The data in Fig. 4 demonstrate a large net secre- 
tion of fluids, induced by the bile salt, which persists 
for at least 60 min. after intubation. In control 
rats, receiving only phenol red, there is an indication 
of net secretion 15 min. after intubation, but at 30 
and 45 rnin. after intubation net absorption occurs 
(not shown on graph). Hence, sodium deoxycholate 
significantly enhances gastric secretion. 


A semilogarithmic plot of the change in stomach 
weight after intubation versus time is shown in 
Fig. 5. Similar to  the results noted previously with 
retention data in control animals, the stomach 
weight declines in an exponential fashion with time, 
i.e., (Wr - Wc) = W D  e--Kt. The half-life for this 
process was 10.5 min. The pattern of the bile salt 
data in Fig. 5 parallels that shown in Fig. 2. An 
exponential phase with a half-life of 18 min. is 
evident between 60 and 120 min. after administra- 
tion. 


( A  ). 


DISCUSSION 


The effect of sodium deoxycholate on gastric 
emptying may be explained by considering several 


TIME, rnin. 


Fig. 3-Change in stomach weight as a function of time 
after administration of 1.5 ml. of a 70-mg.% phenol 
red solution. Hatched area at the 15-min. level de- 
notes the value of (WD - WE). See text for details. 
Vertical lines represent standard error of the mean. 
Numbers in parentheses indicate the number of animals 


used for each point. 


TIME, min. 


Fig. &Change in stomach weight as a function of time 
after administration of 1.5 ml. of a 70-mg.Y0 phenol 
red solution in 0.026 M sodium dew clcolate. Hatched 
arm at 30-, 60-, and 90-min. levels k o t e s  the value of 
(WD - WE). See text for details. Vertical lines 
represent standard error of the mean. Numbers in 
parentheses indicate the number of animals used for 


each point. 


\ 


TIME, min. 


Fig. 5-Semilogarithmic plot of rat stomach weight 
after intubation minus stomach weight of sham-intu- 
bated rafs versus time. Key: m, controls; 0, sodium 


deoxycholate. 


plausible mechanisms. A possibility exists that bile 
salts exert a direct effect on the musculature of the 
gastric pouch which results in a decrease in the 
gastric emptying rate. However, on the basis of 
literature reports, this possibility is unlikely. 
Sasaki (8) found that oral administration of bile salts 
to the rabbit resulted in a slight increase in gastric 
motility at low doses and in a small decrease in 
motility at higher levels. Anderson et al. (9) re- 
cently reported that bile placed in the duodenum 
had no effect on the contractility of the longitudinal 
and circular muscles of the canine gastric body and 
antrum. On the other hand, Davenport (10) ob- 
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served that natural bile in acid solution when placed 
in the canine gastric pouch results in an increase in 
gastric motility. This phenomenon would tend to 
promote gastric emptying. Hence, it would not 
appear that bile salts exert an effect on gastric 
emptying v i a  an inhibitory mechanism on gastric 
motility. 


The increase in gastric secretion and lumen volume 
in the presence of sodium deoxycholate offers an 
alternate explanation for the decrease in gastric 
emptying. Hunt and MacDonald (7) have shown 
that as the volume of a liquid test meal increases the 
percentage of gastric contents leaving the stomach 
per unit time decreases. Interestingly, these work- 
ers also observed curves similar to those presented 
in Figs. 2 and 5 for bile salt-treated animals, when 
large volumes of fluid were administered to the test 
subjects. The relationship of increased gastric 
secretions and decreased gastric emptying has also 
been considered by Sognen (11) who observed a 
concomitant increase in gastric volume and decrease 
in gastric emptying upon administration of calcium- 
binding salts to rats. The present results support 
the hypothesis that the increase in gastric secretions 
upon administration of sodium deoxycholate is the 
immediate cause for the depressed rate of gastric 
emptying. 


The ability of sodium deoxycholate to elicit fluid 
secretions into the gastric pouch is related to the 
properties of the bile salts in modifying membrane 
permeability. Studies in this laboratory suggest 
that bile salts increase the permeability of the gold- 
fish membrane to various drugs (12) and enhance 
the rate of translocation of salicylate in everted gut 
preparations (13). Faust and Wu (14) using the 
everted gut technique have shown that bile salts, 
when placed in the mucosal solution, produce a net 
flux of water from the serosal to mucosal side. 
Davenport (15) has reported that bile salts are ca- 
pable of increasing the permeability of the gastric 
mucosa as judged by H+ flux. 


The alterations in membrane permeability pro- 
duced by bile salts may or may not be specific. For 
example, the similar effects on gastric secretion ob- 
served with calcium binding substances (11) and 
sodium deoxycholate suggest a role for calcium 
depletion from the membrane. This possibility is 
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particularly relevant since Webling et al. (16) have 
shown that bile salts are capable of complexing 
calcium ions. On the other hand, it appears that 
injury to  the gastric mucosa may also result in 
changes in membrane permeability and net secretion 
of fluid. Davenport (17) has noted that the canine 
gastric mucosa, when damaged by salicylates or 
fatty acids, produces a large volume of fluid. It has 
been tentatively suggested that acid itself is the 
initiating stimulus for fluid production and that 
histamine liberation by damaging agents is an im- 
portant mediator. 
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white solid obtained was dried a t  100' in vacuo over 


Anal.-Calcd. as for above. Found: C, 42.08; 
H, 5.59; N, 7.00. 


1 - (Penta-0-benzoyl - D - glycero - D - gulo- 
heptopyranosy1)uraciI-To 19 ml. of dry pyridine was 
added 88.6 mg. of 1-D-glycero-D-gdo-heptopyranosyl- 
uracil and the mixture was stirred in an ice bath. 
Benzoyl chloride (2 ml.) was added dropwise and 
after 0.5 hr. a t  0' the mixture was stored a t  room 
temperature for 21 hr. It was then heated on a 
steam bath for 20 min., cooled, 50 ml. of benzene was 
added, followed shortly thereafter by 50 ml. of water. 
The mixture was stirred for several minutes and the 
layers were separated. The benzene solution was 
washed three times with 50-ml. portions of 2 N sul- 
furic acid solution, once with 50 ml. of water, 4 times 
with 50-ml. portions of saturated sodium bicarbonate 
solution, and finally with 50 ml. of water. The 
dried (MgSOd) solution was evaporated to a thin, 
orange oil. This was triturated with hot petroleum 
ether and cooled in an ice bath for 1 hr. The 
petroleum ether was decanted and the procedure 
was repeated. A hard syrup remained which was 
dissolved in warm methanol and placed in a freezer. 
A solid was filtered off in two crops (203 mg.). 
Recrystallization from chloroform-ethanol in an 
open flask a t  room temperature yielded beautiful, 
clear, star-like clusters of large rods, 117 mg. in two 
crops; m.p. 123-124.5' (to a very viscous liquid) 
with prior softening at 119'. [a]1DBo -55.9" 
(c 2.81, CHCl,). A::. (cn-1) 1730 (benzoate 
ester), 1680 (-NHCO- of pyrimidinone), 1600 
(C=C of phenyl and pyrimidine ring), 1260 (benzo- 
ate C-0-C), 1100,1090,1065 (sugar C-0-), 706 
(monosubstituted phenyl). The product was homo- 


pZo6. 
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geneous on TLC. The Rj was 0.84 using chloro- 
form-methanol (9: 1) as the irrigating solvent. 


And-Calcd. for C ~ ~ H J B N ~ O ~ :  C, 66.99; H, 
4.40; N, 3.40. Found: C, 67.02; H, 4.48; N, 
3.37. 
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New Compounds: Synthesis of Heterocyclic Estrogens 


By LARRY GORUM* and W. LEWIS NOBLES 


Several nitrogen analoes of diethylstilbestrol have been prepared by a convenient 
route from pyridyl lithium and the appropriate ketone. These compounds are ex- 
pected to have estrogenic activity with possible greater selectivity of action than 


previous known synthetic estrogens. 


HE INVESTIGATIONS of Dodds and co-workers (1) T on synthetic compounds possessing the physio- 
logical action of the female sex hormone estrone 
reached a climax with the discovery of dietbylstilbes- 
trol(1). Since that time much work with molecular 
modification has been done in an effort to improve the 
selectivity of pharmacological action in the thera- 
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peutic uses of diethylstilbestrol. Endocrine therapy 
in metastatic prostatic cancer consists initially of 
estrogen therapy as f i s t  demonstrated by the pio- 
neering investigation of Huggins (2). Oral estrogen 
preparations such as diethylstilbestrol are effective 
to a limited extent but elicit side effects such as 
nausea, gynecomastea, and edema. Because of 
these undesirable side effects it is necessary to find 
new compounds which possess a more selective 
estrogenic action. 


Many compounds of this type have been prepared 
and tested and are described in a review by Grundy 
(3). However, thus far none of the compounds tested 
offered sufficient selective antineoplastic activity to 
replace diethylstilbestrol in the clinic. In the 
hundreds of compounds reported, several contain 
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heterocyclic atoms but none in an aromatic arrange- 
ment such as pyridine which might incorporate 
greater antineoplastic specificity in an analog of 
diethylstilbestrol such as 3-(2-pyridyl)-4-(p-hydroxy- 
pheny1)-hexane (11), and 3-(2-pyridyl)- 4- (p-me- 
thoxyphenyl)-3-hexene (111). This report describes 
the synthesis of I1 and I11 by a convenient route. 


Journul of Pharmuceutual Sciences 


(p-methoxyphenyl)-3-hexene (111). Assurance that 
the reaction afforded the trans olefin has strong sup- 
port from studies by Cram and Greene (5). Reduc- 
tion of the olefin using 15% palladium on carbon re- 
sulted in a good yield of the desired 3-(2-pyridyl)-4- 
(p-methoxypheny1)-hexane (VIII) .  Extensive work 
on similar systems by Wessely (6) demonstrated that 
a d, 1 pair of threo form enantiomers represented by 
structure V I I I  resulted from cis addition of hydrogen 
to  the olefin (111). 


Demethylation of V I I I  with a mixture of hypo- 
phosphoric acid and hydrobromic acid resulted in 
3-(2- pyridyl) - 4 - ( p  - hydroxyphenyl) - hexane(1X). 
The phenol (IX) was a very hygroscopic solid foam 
and was converted to  a, j3-diethyl-4'-benzoyloxydi- 
hydro-2-stilbazole hydrochloride (X), which was a 
white powder suitable for instrumentation studies 
for structure analysis. 


EXPERIMENTAL' 


3 - (2 - Pyridyl) - 4 - (p - methoxyphenyl) - 3- 
hexanol (VI)--A modification of the procedure of 
Woodward (7) was followed. To a solution of 30 
ml. (0.1 mole) of n-butyl lithium in 100 ml. of dry 
ether in a nitrogen atmosphere and dry ice acetone 
bath was added dropwise a dry ethereal solution 
of 20 Gm. (0.12 mole) of 2-bromopyridine. After 
the addition was complete, the mixture was allowed 
to  stir 30 min. at -40" and 10 Gm. (0.1 mole) of 
3- (p-anisyl)-4-hexanone was added dropwise over a 
15-min. period. The reaction mixture developed a 
dark rust color and was stirred for an additional hr. 
at -40". Stirring was continued until the reaction 
mixture attained room temperature. The dark mix- 


Et 
I 


Et 
n 


Et 
111 


DISCUSSION 
This preparation involved a synthetic route em- 


ploying 2-pyridyl lithium (IV)  and 3-(p-anisyl)-4- 
hexanone (V) in a Grignard-type reaction. A race- 
mic mixture of the resultant alcohol V I a  and VIb was 


Li 
I V  


I v  
\ 


Et 


I V  


VIa 


Racemic mixture of 
starting ketone 


predicted by invoking Cram's rule of asymmetric 
synthesis (4). This rule states that the asymmetric 
carbon in the starting ketone is so oriented that the 
carbonyl function is flanked by the two smaller 
groups and subsequent attack by the Grignard re- 
agent on the carbonyl carbon occurs over the smal- 
lest group. 


Unexpected difficulty with the dehydration of the 
resultant alcohol (VI) ,  necessitated a dehydrohalo- 
genation approach to  the olefin (VII) .  This was ac- 
complished by chlorination with thionyl chloride 
with subsequent elimination of hydrogen chloride 
with potassium hydroxide to  afford 3-(2-pyridyl)-4- 


VIb 
Racemic mixture of 


resultant alcohol 
PhOCH+methoxyphenyl 


ture was then allowed to sit overnight followed by 
filtration and washing with three 100-ml. portions of 
water. The early filtration facilitated work-up of 
the reactinn by removing much of the dark reaction 


1 All melting points were taken on a Thomas-Hoover 
Uni-melt apparatus and are corrected. The NMR spectra 
were taken using a Varian model A6O-A instrument. The 
elemental anal ses were determined by Dr. Alfred Bern- 
hardt 433 Mulgdm ( R u b )  West Germany and Dr. Paul N. 
Craig: Smith mine & Frinch Laboratories, Philadelphia, 
Penns lvania. The NMR spectra were measured a t  60 Me.. 
and t i e  chemical shifts are reported as -values (p.p.m.) 
from tetramethylsilane (internal standard). The multi- 
plicity is shown by s = singlet. d = doublet, I = triplet, 
q - quartet, and m = incompletely resolved multiplet. 







Vol. 57, No. 7, July 1968 1267 


Et Et 
X 


by-products. Thc ether phase was then evaporated 
in wucuo to leave a dark residue which was refluxed in 
water until crystallization occurred. The water was 
then decanted off and the solid recrystallized three 
times from ethanol to yield 7.1 Gm. (40%) of the de- 
sired alcohol m.p. 94-95'. The hydrochloride of this 
compound was prepared by dissolving the free base 
in anhydrous ether and bubbling dry HCl gas 
through the solution until precipitation was com- 
plete. The precipitate, collected by filtration, had 
a m.p. of 204-205O. 


The infrared spectrum of the free base had hy- 
droxyl group absorption a t  3500 cm.-l. 


Anal.--Calcd. for CI8H2*Na: C, 75.76; H, 8.12; 
N, 4.91. Found: C, 75.92; H, 8.32; N, 5.08. 


The NMR spectrum in carbon tetrachloride was 
S = 4.79 (s, indicated to be OH, the peak disappeared 
on DzO exchange), 0.5 (9, C--CHa, 6H), 1.4 ( t ,  C- 
CH2,3H), 7.00 (q, 2,3,5, and 6H of phenyl ring, 4H), 
8.06 (d, 3, 4, 5, and 6H of pyridyl ring, 4H). 


3 - (2 - Pyridyl) - 4 - (p - methoxyphenyl) - 3- 
hexene Hydrochloride (II1)-Modifications of pro- 
cedures by Hall (8) and Smith (9) were followed. 
To 1.0 Gm. (3.5 mmoles) of 3-(2-pyridyl)-4-(p-meth- 
oxyphenyl)-3-hexanol in a three-necked flask equip- 
ped with a stirrer, reflux condenser with calcium chlo- 
ride tube, and dropping funnel in an ice bath was 
added dropwise 10 ml. of thionyl chloride. After 
the addition was complete, the solution was allowed 
to reach room temperature gradually and then 
heated to a gentle reflux for an additional hr. The 
cooled solution was then added slowly, under the 
hood, to 100 ml. of ethanol cooled in an ice bath in 


order to decompose the unreacted thionyl chloride. 
This solution was then evaporated to dryness in 
wucuo to leave a light red oil that was then dissolved 
in 25 ml. of ethanol. This solution was added drop- 
wise to a cooled 25-ml. solution of 150/, KOH in 
ethanol while the temperature was maintained a t  
less than 50". After addition was complete, stirring 
was continued for 4 hr. and the solution was allowed 
to stand overnight. Addition of water and evapora- 
tion in vucuo resulted in a light yellow oil which was 
extracted with three 50-mi. portions of ether. The 
ether extracts were dried over anhydrous magnesium 
sulfate and dry HCl gas bubbled through the solution 
to result in precipitation of a light oil. The oil was 
dissolved in hot ethyl acetate and refluxed until the 
oil crystallized into a light yellow solid. After re- 
crystallization twice with ethyl acetate, 0.5 Gm. 
(42%) of the hydrochloride of the desired olefin re- 
sulted as a white powder, m.p. 146-147'. The 
product gave a positive Br&HCl, test for an olefin. 


Anal.-Calcd. for C18H&lNO: C, 70.93; H, 
7.60; C1, 11.63; N,4.59. Found: C, 70.77; H, 7.40; 
C1, 11.77; N, 4.34. 


The NMR spectrum in deuterated chloroform was 


3.65 (s, 0-CHa, 3H), 6.00 (s, H of hydrochloride, 
lH),  6.75 (m, 2,3,5, and 6H of phenyl ring, 4H), 8.81 
(m, 3,4,5, and 6H of pyridyl ring, 4H). 


3 - (2 - Pyridyl) - 4 - (pmethoxyphenyl) - hexane 
Hydrochloride (VIII)-A modification of the proce- 
dure by Horning (10) was followed. To 4.0 Gm. 
(0.014 mole) of 3-(2-pyridyl)-4-( p-methoxypheny1)- 
3-hexene hydrochloride in 50 ml. of ethanol was 


S = 0.83 (m, C-CHa, 6H), 1.65 (p,-CHz--, 4H), 
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added 0.2 Gni. of 10% palladium on carbon. This 
mixture was then allowed to shake on a Parr hydro- 
genation apparatus under 45 p s i .  of hydrogen for 48 
hr. and then gravity filtered. The solution was 
then evaporated to dryness in vacuo and the residue 
was taken up in anhydrous ether. The ether solu- 
tion was dried over anhydrous magnesium sulfate 
and then saturated with dry HCl gas which yielded a 
light yellow oil. After prolonged refluxing with 
ethyl acetate, the yellow oil crystallized into a light 
yellow solid which was collected by filtration and re- 
crystallized twice from ethyl acetate to result in 
2.59 Gm. (57%) of the desired compound, m.p. 
154-155’. This product gave a negative Brz/CHC18 
test for an olefin. 


And-Calcd. for CIsHZnClNO: C, 70.69; H, 
7.91; C1, 11.59; N, 4.59. Found: C, 71.69; H, 
7.33; C1,11.63; N, 4.34. 


The NMR spectrum in deuterated chloroform was 
6 = 0.85 (m, -C-CHa, 6H), 1.71 (d,-CHr,4H), 
3.71(s, &CHI, 3H), 6.00 (m, -CH--, 2H), 6.25 
(s, H of hydrochloride, lH), 7.00 (m, 2,3,5, and 6H of 
phenyl ring, 4H), 8.81 (m, 3,4,5, and 6H of pyridyl 
ring, 4H). 
a,B - Diethyl - 4’ - benzoyloxydihydro - 2 - stil- 


bazole Hydrochloride (X)-A modification of the 
demethylation procedure reported by Franck and 
Shlinghoff (11) was followed. While maintaining 
an atmosphere of nitrogen, 20 ml. of a mixture of 
hydrobromic acid and hypophosphorous acid (pre- 
pared from 0.5 Gm. of 50% hypophosphorous acid 
and 50 Gm. of 48.5% hydrobromic acid) was added 
to 1.0 Gm. of the 3-(2-pyridyl)-4-(p-methoxy- 
pheny1)-hexane hydrochloride. The mixture was 
heated on an oil bath a t  125-130’ for 8 hr. and them 
gradually cooled to 0”. To the cold solution was 
added 15 ml. of ammonium hydroxide which resulted 
in separation of a light green oil. The oil was ex- 
tracted with two 25-ml. portions of ether and the 
ether extracts dried over magnesium sulfate and 
evaporated to dryness in vacuo to yield a clear solid 
form unsuitable for purification for analysis. Prep- 
aration of the hydrochloride resulted in a similar 
problem. The free base was then dissolved in 15 
ml. of benzoyl chloride and allowed to reflux for 2 hr. 
The solution was then poured into water and made 
basic with 10% sodium carbonate and stirred for 2 hr. 
before extracting the solution with three 50-ml. por- 
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tions of ether. The ether extracts were dried over 
magnesium sulfate and dry hydrogen chloride gas 
bubbled through the solution until saturation was 
complete. The light yellow oil that separated was 
allowed to reflux in ethyl acetate for several minutes 
causing the solid hydrochloride product to precipi- 
tate as a white powder. The powder was collected 
by filtration and recrystallized twice from ethyl 
acetate and ethanol solution to yield 0.5 Gm. (36%) 
m.p. 187-188’. 


The infrared spectrum showed carbonyl absorp- 
tion at 1740 em.-’. 


And-Calcd. for G H z ~ C I N ~ ~ :  C, 72.81; H, 
6.62; C1, 8.96; N, 3.53. Found: C, 72.29; H, 
6.00; Cl,8.88; N,3.54. 


The NMR spectrum in deuterated chloroform was 


7.2 (m, phenyl protons, 9H), 8.5 (protons of pyridine 
ring, 4H). The spectrum did not show absorption 
a t  6 = 3.66 due to methoxy group. 


6 = 1.0 (m, C-CHs, 6H), 1.8 (m, -CH--, 4H), 
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5. The release rates of SETD from SETD- 
synthetic wax-like ester formulations were higher 
in the alkaline pancreatin medium than in the acid 
pepsin medium. The initial dissolution rates and 
the rate constants were also similarly affected. The 
addition of 10% low molecular weight polyethylene 
decreased the dissolution rate in alkaline pan- 
creatin medium considerably. The initial dissolu- 
tion rates in both the acid and alkaline medium 
were also considerably reduced. The addition of 
2.5% ethylcellulose resulted in higher initial dis- 
solution rates with the values of the rate constants 
also higher and closer to each other. The addition 
of 10% glyceryl ester of hydrogenated rosin in- 
creased the initial dissolution rates and the values of 
the rate constants. 


The analysis of the data suggests that for a 
good sustained-release effect from formulations 
such as spray-congealed particles, the rate constants 
should be small and independent of pH and com- 
position of the medium with low initial dissolution 
rates and high equilibrium values in alkaline 
pancreatin medium. This investigation attempted 
to  gain some insight in that direction. 


6. 
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SAM, A. V. LOPEZ*, and R. M. SHAFIK 


Fusion of phenylacetic acids with phthalic anhydrides resulted in the formation of 
benzylidenephthalides. Ammonolysis of the phthalides yielded 3-hydroxy-3- 
benzylphthalimidines which were easily dehydrated to 3-benzylidenephthalimidines. 
Bromination of 3-hydroxy-3-benzylphth~limidine with N-bromosuccinimide 
yielded 3- (a-bromobenzylidene)phthalimidine. Reaction of the latter with pyrroli- 
dine gave the a-pyrrolidino derivative which on treatment with dilute hydrochloric 
acid resulted in 3-(a-hydroxybenzylidene)phthalimidine. Treatment of tetra- 
halobenzylidenephthalides with sodium methoxide produced 1,3-indandione 


derivatives. Mild sedative properties were noticed in  compounds tested. 


OSCAPINE (I), formerly known as narcotine 
(l), is the most abundant of the opium 


alkaloids after morphine. Despite the fact tha t  
it comes from a plant rich in  narcotic alkaloids i t  
possesses none of the undesirable effects of 


N 
narcotics; however, it possesses mild central 


erine (2). Winter and Flataker (3) during 
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nervous system activity similar to that of papav- 


their search for 
tha t  noscapine was very effective in this respect. 
Further studies (4, 6 )  showed that in addition to 


April 1967. its central effect noscapine also has bronchodikd- 
Pharmacy, Atlanta, Georgia. tion activity. These factors prompted the in- 
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TABLE I-3-BENZYLIUENEPHTHALIDES (11) 


I 


Molecular Anal., %----- 
No. I< K' M.p., ' C .  Yield, '% Formula Calcd. Found 


I I U  H H 
IIb c1 H 


IIC Br H 


III c1 3,4-diCHa0 


IIe Br 3,4-diCHaO 


11s c1 2-CHaO 


I k  Br 2-CH30 


IIh c1 4-CHaO 


11; Br 4-CH30 


98-1008 
290-291' 


288-289" 


221-223' 


238240" 


269-27V 


301-3W2' 


270-271' 


284-28fY 


79 
63 


70 


75 


65 


60 


60 


75 


75 


C, 50.0 C, 50.2 
H, 1.68 H, 1.77 
c1. 39.4 c1. 39.3 
C,. 33.5 C,' 33.6 
H, 1.14 H, 1.26 
Br, 59.4 Br, 59.3 
C, 48.6 C, 49.0 
H, 2.39 H, 2.60 
C1. 33.8 C1. 33.5 
C,' 34.1 C,' 33.9 
H, 1.68 H, 1.91 
Br, 53.5 Br, 52.5 c. 49.3 c, 49.2 
H, 2.04 H, 2.29 
C1, 36.4 C1, 36.3 
C. 33.8 C. 33.7 ~~ 


H, 1.42 H; 1.70 
C, 49.3 C, 49.8 
H, 2.04 H, 2.26 
C1. 36.4 C1. 36.9 
C,' 33.8 C,' 33.8 
H, 1.42 H, 1.59 
Br, 56.3 Br, 56.3 


a Recryst. from ethanol. * References 15,  16. Kecrysd. from 2-ethoxyethanol (Cellosolve). Reference 17. 


vestigation of a series of substituted 3-benzyli- 
denephthalides (11, Table I )  and some of their 
nitrogen isosters (3-benzylidenephthalimidines). 
The 3-hydroxy-3-benzylphthalimidines (111) also 
possess a structural resemblance to chlorthalidone 
(IV) (6) which is a potent diuretic agent of long 
duration (7) and effective in the treatment of 
patients with cardiac edema (8). The latter, 
however, contains the sulfonamide group char- 
acteristic of diuretics. The 1,3-indandiones (X) 
were prepared for possible anticoagulant and 
anti-inflammatory activity (9-15). 


3-Benzylidenephthalides (11, Table I )  were 
prepared using a slight modification of the 
method described by Gabriel (16) by fusing at 
high temperature a mixture of the appropriate 
phenylacetic acid and phthalic anhydride with a 
catalytic amount of anhydrous sodium acetate. 
The ammonolysis of 3-benzylidenephthalides 
with ammonium hydroxide solution resulted in 
the formation of 3-hydroxy-3-benzylphthalimi- 
dines (111) and not 2-phenylacetylbenzamide 
(V) as was reported by Gabriel (16). The 
structures (111) were substantiated by nuclear 
magnetic resonance spectra (NMR) and by the 
ease with which dehydration occurred on heating 
at 2$0-300° to give 3-benzylidenephthaliidines 


R R  


I II 


I11 
SO,NH, 


IV 


V 
(VI). Treatment of IIIa with N-bromosuccini- 
mide gave 3-( a-bromobenzy1idene)phthalimidine 
(VIIa). Refluxing VI Ia  with excess pyrrolidine 
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I R 
R’ 


R 


W a  


1 


a 


Via, b, c 


a , R = H  
b, R = C1 
c, R = Br 
Scheme I 


resulted in the formation of 3-(cr-pyrrolidino- 
benzylidene) phthalimidine (VIIIa) which upon 
treatment with dilute hydrochloric acid provided 
3-(a-hydroxybenzylidene) phthalimidine (IXa) . 
3 - Hydroxy - 3 - benzyl - 4,5,6,7 - tetrahalo- 
phthalimidines could not be brominated in the 
same way using N-bromosuccinimide; dehydra- 
tion to the corresponding benzylidenephthalimi- 
dines (VIb,c) occurred. Reaction of 3-benzyli- 
dene-4,5,6,T-tetrahalophthalides (IIb and IIc) 
with sodium methoxide yielded the tetrahaloin- 
dandiones (Xb and Xc). The IR spectral data 
of the compounds reported in this study are 
summarized in Table 11. 


PHARMACOLOGICAL RESULTS’ 


Compounds IIb, IIc, VIb, and VIIa were ad- 
ministered by intraperitoneal injection to 25-30- 
g. albino mice as suspensions in 10% acacia solution. 
The mice were observed during the 3 hr. following 
injection and rechecked at  12 and 24 hr. No deaths 


3 The authors are grateful to Dr. Marvin Davis, Depart- 
ment of Pharmacology, School of Pharmacy, The University 
of Mississippi, for the pharmacological data. 


were observed with any of the compounds among 
groups of 3-5 mice at  maximum dosages of 1.5-2.0 


TABLE 11-INFRARED SPECTRAL DATA (cm.-l). 


No. OH NH c=o c=c 
I Ia 
IIb 
I IG 
I Id 


1,780 1,660 
1,800 1,645 
1,790 1,640 
1.770 1.640 
1 ; 765 1;640 
1,790 1,640 
1,790 1,645 
1,785 1,640 


III 1;780 1;640 
IIIa 3,350 3,200 1,690 
IIIb 3.550 3.300 1.700 ~~~. 3;4& 3;320 i;700 
IIIG 
VIa 3,200 1,700 1,650 
VIb 3.200 1,710 1.640 
VIC 3;350 1;710 1 640 
VIIa 3.200 1.710 1.655 
VIIIa* 3;150 1;670 1 ; 610 
IXa 3,070 3,180 1.700 1,605 
Xb 1,740,1,700 
X C  1,730,1,705 


The compounds in this table all exhibited characteristic 
aromatic absorptions, single band from 1,625-1,660 and 
multiple bands in region of 900-680. * Pyrrolidine methy- 
lene groups exhibit a doublet at 2,950-2.850. 
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multiplet (3.3-4.0), a five-proton aromatic singlet 
(7.2), and a one-proton irnino singlet (8.6). 


3 - Hydroxy - 3 - benzyl- 4,5,6,7 - tetrabromophthal- 
imidine (1IIc)-The above procedure was followed 
using 10 g. (0.018 mole) of 3-benzylidene-4,5,6,7- 
tetrabromophthalide (IIc), 300 ml. of 2-ethoxy- 
ethanol, and 300 ml of concentrated ammonium 
hydroxide solution. The yield of product was 7 
g. (70%), m.p. 243-244". 


Anal.-Calcd. for Cl&I9Br4NO2: C, 32.5; H ,  
1.64; Br, 57.6. Found: C, 32.2; H, 1.79; Br, 
57.3. 


3-Benzylidenephthalimidine (VIa)--One gram 
(0.0042 mole) of 3-hydroxy-3-benzylphthalimidine 
(IIIa) was heated in an open vessel a t  200-230" 
for 1 hr. The crude material which solidified on 
cooling was recrystallized from ethanol to yield 
0.83 g. (91%) of product, m.p. 182-184". 


Anal.-Calcd. for C15HIINO: C, 81.4; H ,  5.00; 
N, 6.33. Found: C, 80.9; H, 4.96; N, 6.85. 


The NMR spectrum showed a one-proton methine 
singlet (6.5), a nine-proton aromatic multiplet 
(7.2-8.0), and a one-proton imino singlet (8.6). 


3 -Benzylidene - 4,5,6,7 - tetrachlorophthalimidine 
(VIb)-Two grams (0.0053 mole) of 3-hydroxy-3- 
benzyl-4,5,6,7-tetrachlorophthalimidine (IIIb) was 
heated in an open vessel a t  300" for 30 min. The 
crude material which solidified on cooling was re- 
crystallized from 2-ethoxyethanol to  yield 1.8 g. 
(95%) of product, m.p. 331-332'. 


And-Calcd. for C15H&!lrNO: C, 50.2; H, 
1.97; C1, 39.5; N, 3.90. Found: C, 50.4; H, 
1.88; C1, 39.5; N, 4.06. 


3-Benzylidene - 4,5,6,7 - tetrabromophthalimidine 
(V1c)-The above procedure was followed using 2 g. 
(0.0036 mole) of 3-hydroxy-3-benzyl-4,5,6,7-tetra- 
bromophthalimidine (IIIc). The yield of product 
was 1.5 g. (70%), m.p. 304-305'. 


And-Calcd. for Cl.JIrBr4NO: C, 33.6; H ,  
1.31; Br, 59.5; N, 2.60. Found: C, 33.4; H ,  
1.32; Br, 59.3; N, 2.66. 
3-(~-Bromobenzylidene)phthalimidine (VIIa)- 


The procedure described by Ziegler (18) for allylic 
brominations was followed using 40 g. (0.168 mole) 
of 3-hydroxy-3-benzylphthalimidine (IIIa), 28 g. 
(0.17 mole) of N-bromosuccinimide, and 1 1. of 
anhydrous chloroform. The mixture was refluxed 
for 12 hr., concentrated to 200 ml., and then allowed 
to cool to room temperature. Both succinimide and 
the product precipitated from solution. The 
succinimide was removed by washing the mixture 
with three successive portions of 100 ml. of boiling 
water. The 'residual material was recrystallized 
from ethanol to yield 29 g. (60%) of product, m.p. 


Anal.-Calcd for ClsHIoBrNO: C, 60.0; H, 
3.36; Br, 26.6; N, 4.67. Found: C, 60.2; H,  
3.13; Br, 26.9; N, 4.78. 


The NMR spectrum showed a nine-proton 
aromatic multiplet (7.2-7.9) and a one-proton 
imino singlet (8.6). 


3 - (a - Pyrrolidinobenzylidene)phthalimidine 
(VIIIa)-A mixture of 15 g. (0.05 mole) of 3-(a- 
bromobenzy1idene)phthalimidine (VIIa) and 125 
ml. of pyrrolidine was refluxed for 6 hr. after which 
time water was added to the solution until pre- 
cipitation occurred. The crude yellow product was 
collected and recrystallized from ethanol to yield 
7 g. (50y0) of product, m.p. 176.5178". 


211-213'. 


g./kg. With each of the compounds the mice 
showed inactivity, apparently being sedated slightly 
for more than 12 hr. None showed loss of righting, 
grasping, or pain reflexes and they remained reac- 
tive to loud sound stimuli. Ptosis was evident at 
1.5 g./kg. with either IIc or VIIa. 


Compounds IIa, IId, and IXa were administered 
by intramuscular injection to  male albino mice, 
weighing from 25-50 g. with an average of 35 g., as 
a lOyo suspension in 5% acacia soluion at maximum 
dosages of 1 g./kg. During the observation period 
of 24 hr. the animals were housed in small single- 
animal isolation cages. No food or water was 
available. The animals were observed for 2 hr. 
after injection and rechecked at 4, 6, 18, and 24 hr. 
Only slight sedation was observed with IIa and 
Ild; no  noticeable effects were seen with IXe and 
no deaths were observed with either of the three 
compounds. 


EXPERIMENTAL* 


3-Benzylidenephthalides (11, Table I)-Utilizing 
a method similar to that described by Gabriel (16), 
an intimate mixture of 0.67 mole of the proper 
phthalic anhydride, 0.80 mole of the desired phenyl- 
acetic acid, and 2.3 g. of anhydrous sodium acetate 
was heated a t  a temperature of 250-300" for 2-4 
hr. The crude materials were purified by recrystal- 
lization from appropriate solvents to  yield 60-79y0 
of products. 


The NMR spectrum of IIa showed a one-proton 
methine singlet (6.4) and a nine-proton aromatic 
multiplet (7.2-8.0). 


J-Hydroxy-3-benzylphthalimidme (1IIa)-A solu- 
tion of 75 g. (0.337 mole) of 3-benzylidinephthalide 
( H a )  in 100 ml. of ethanol and 100 ml. of concen- 
trated ammonium hydroxide solution was refluxed 
for 4 hr. The resulting solution was poured over 
200 g. of crushed ice and the solid was collected 
and recrystallized from water t o  yield 70 g. (87y0) 
of product, m.p. 165-166". 


Anal.-Calcd. for C I ~ H I ~ N O ~ :  C, 75.3; H ,  5.48; 
N, 5.86. Found: C, 75.4; H, 5.40; N, 6.00. 


The NMR spectrum showed a one-proton hy- 
droxyl singlet (2.9), a two-proton methylene singlet 
(3.4), a one-proton imino singlet (5.5), a five-proton 
aromatic singlet (7.2), and a four-proton aromatic 
multiplet (7.4-7.7). 


3 - Hydroxy-3- benzyl- 4,5,6,7- tetrachlorophthal- 
imidine (1IIb)-A mixture of 66 g. (0.183 mole) 
of 3-benzylidene-4,5,6,7-tetrachlorophthalide (IIb), 
300 ml. of 2-ethoxyethanol, and 300 ml. of concen- 
trated ammonium hydroxide solution was heated 
a t  60-70' for 4 hr. The resulting pinkish reaction 
mixture was filtered; the filtrate was poured onto 
200 g. of crushed ice and the solid was collected and 
recrystallized from ethanol to yield 20 g. (30%) of 
product, m.p. 215-217". 


And-Calcd. for C1sHsCl4N0~: C, 47.8; H, 
2.41; C1, 37.6; N, 3.72. Found: C, 48.2; H, 
3.00; C1, 38.0; N, 3.61. 


The NMR spectrum showed a one-proton hy- 
droxyl singlet (2.9), a two-proton methylene 


% Melting points were taken in open glass capillaries using 
a Thomas-Hoover melting point apparatus and are un- 
corrected. IR spectra were determined on a Perkin-Elmer 
Model 137 Infracord spectrophotometer using potassium 
bromide pellets. N M R  spectra were determined on a 
Varian A-60A spectrometer, using tetramethylsilane as an 
internal standard; chemical shifts are recorded as 6 values. 
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And.-Calcd. for C ~ ~ H I ~ N ~ O :  C, 78.6; H ,  8.25; 
N, 9.65. Found: C, 79.1; 13, 6.21; N,  9.39. 


The NMR spectrum showed a four-proton 
methylene multiplet (1.7-2.1), a two-proton methy- 
lene triplet (2.9-3.2), a two-proton methylene 
triplet (3.33.6), a nine-proton aromatic multiplet 
(6.8-7.6), and a one-proton imino singlet (11.0). 


A picrate was prepared in the usual manner and 
recrystallized from ethanol; m.p. 19&200°. 


And-Calcd. for C26H2lN508: C, 57.8; H, 
4.07; N, 13.50. Found: C, 57.8; H, 4.12; N, 
13.30. 
3-(a-Hydroxybenzylidene)phthalimidme (IXa)- 


A mixture of 4 g. (0.0137 mole) of 3-(ay-pyrrolidino- 
benzy1idene)phthalimidine (VIIIa) and 400 ml. of a 
10% hydrochloric acid solution was heated on a 
steam bath for 2 hr. The white solid was collected 
and recrystallized from ethanol to  yield 2 g. (61%) 
of product, m.p. 1 8 5 - 1 8 7 O .  


And-Calcd. for C16HllN02: C, 75.9; H, 4.67; 
N, 5.90. Found: C, 75.9; H, 4.60; N, 5.74. 


The NMR spectrum showed a broad hydroxyl 
peak (3.&4.0), a nine-proton aromatic multiplet 
(7.2-7.9), and a one-proton imino singlet (8.9). 


2 - Phenyl - 4,5,6,7 - tetrachloro - 1,3 - indandione 
(W)-The procedure described by Zalukajevs (15) 
for the preparation of 2-phenyl-1 ,I-indandione was 
followed using 3.6 g. (0.01 mole) of 3-benzylidene- 
4,5,6,7-tetrachlorophthalide (IIb) and 50 ml. of 
2-ethoxyethanol. The mixture was heated until 
solution occurred and while still hot was added to  
30 ml. of methanol in which 0.5 g. of sodium had 
been dissolved. The solution was allowed to cool 
to room temperature and then diluted with 50 ml. 
of methanol and 150 ml. of water, respectively. 
The solution was then acidified with concentrated 
hydrochloric acid whereupon precipitation of a 
crude yellow material occurred. The material 
was collected by filtration and recrystallized from 
glacial acetic acid to yield 3 g. (83%) of product, 
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m.p. 222-223'. 
And-Calcd. for C~bHsClra: C. 50.0: H. 1.68; 


C1, 39.4. 
2 - Phenyl - 4,5,6,7 - tetrabromo - 1,3 - indandione 


(XcLThe above Drocedure was followed using 


Found: C, %.4; H, 1.19; Cl;39.6. 


bromophthalide (Ifc). The crude material was 
rcwyslallized from glacial acetic acid to yield 3.75 g. 
(70g/,) of product, m.p. 257-258". 


And-Calcd. for ClsHeBrd02: C, 33.5; H ,  1.14; 
Br, 59.4. Found: C, 33.7; H, 1.22; Br, 59.5. 
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Effect of Deuterium Oxide on the Culturing of 
PeniciZZimz janmewskii 111. Antifungal Activity of Fully 


Deuterated Griseohlvin 


By D. A. NONA, M. I. BLAKE, H. L. CRESPI*, and J. J. KATZ* 


The in uitro antifungal activity of fully deuterated, partially deuterated, and protio- 
griseofulvin was compared. The antibiotics were evaluated by plate assay with 
MicrosporBm gypserrm (ATCC 14683) as the test organism. A statistically sig- 
nificant enhancement in antifungal activity was observed in zones of inhibition when 
fully deuterated griseofulvin was compared with partially deuterated and protio- 
griseofulvin. No significant difference was apparent in a comparison of biological 
activity of partially deuterated and ordinary griseofulvin. The enhanced anti- 
fungal activity demonstrated by fully deuterated griseofulvin may be due to an in- 
creased efficiency of action. The antifungal target site may involve the metabolism 
of a C-D bond directly or indirectly. Since C-D bonds are generally more stable 
than C-H bonds, the increased stability of the molecule may alter the rate of griseo- 


fulvin metabolism by the fungus. 


N THE first paper (1) of this series the nutritional I requirements for optimal growth of Penicillium 
junczewskii in heavy water were reported. The 
effects on antibiotic production were noted. The 
second study (2) described in detail the isolation, 
purification, and characterization of the deuterated 
griseofulvin biosynthesized by the organism in a re- 
placement culture. In  the present report compar- 
ison is made of the in vitro antifungal activity of 
ordinary griseofulvin and the antibiotics obtained 
from the organism grown in a deuterated environ- 
ment. 


EXPERIMENTAL 
Antifungal activity of the antibiotic was deter- 


mined by plate assay using Microsporum gypseum as 
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the test organism. A modification of the USP (3) 
procedure for microbiological assay of griseofulvin 
was employed. 


Medium I-The medium was composed of 
dextrose, 40.0 g.; peptone, 10.0 g.; agar, 15.0 g. ;  
chloramphenicol, USP, 0.05 g.; and sufficient dis- 
tilled water to make 1,000 ml. The pH was ad- 
justed, if necessary, to 5.65 f 0.05. The medium 
was placed into 100-ml. vials, fitted with rubber 
closures, sealed, and capped. The vials were auto- 
claved at 15 p.s.i. for 15 min. The medium was 
used immediately after cooling to  50°, or was stored 
for future use. After storage at room temperature, 
the solidified medium was melted by gentle warming 
on a steam bath. 


Medium II-The composition of this medium 
differed from Medium I in that  2 ml. of a 1% aqueous 
solution of cycloheximide (Actidione, Upjohn) was 
added for each 100 ml. of the agar medium. The 
cycloheximide solution was injected through the 
rubber closure of the vial using a needle and syringe 
fitted with a Swinney adapter. The membrane 
filter had a porosity of 0.22 f i .  


Preparation of Inoculum-The test organism, 
Microsporum gypseum (ATCC 14683), was grown 
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on Sabouraud dextrose agar slants at 25" for 10 days 
at which time the growth assumed a chamois-like 
appearance. The slants were stored in a refrigerator 
a t  5" for as long as 2 months. 


Three-hundred milliliters of Medium I was placed 
into a Roux bottle and allowed to  solidify. The 
medium was inoculated by spreading an aqueous 
suspension of the test organism evenly over the 
surface of the agar with the aid of sterile glass beads. 
The culture was incubated at 25' for 2 weeks. A t  
the end of this period, a stock spore suspension was 
prepared by collecting the surface growth in 50 ml. 
of sterile water. The spore suspension was stable 
for at least 2 months at 5". 


Test plates were prepared using a 6-ml. base 
layer of Medium I covered with a 4-ml. seed layer 
of Medium I1 inoculated with varying volumes of 
spore suspension to  give a 1, 2, or 3% suspension. 
The most appropriate percent of inoculum was 
determined by observing the largest and clearest 
zones of inhibition produced by 5 mcg./ml. of stan- 
dard griseofulvin on the test plate. 


Procedure-Six milliliters of Medium I was 
added to  a 20 X 100 mm. Petri dish and allowed 
to harden for use as a base layer. The Petri dishes 
were covered and chilled a t  5". Medium I1 was 
allowed to cool to  approximately 50" and 2 ml. of 
spore suspension was added for each 100 ml. of 
medium. The culture and agar were mixed 
thoroughly and 4 ml. was added to  each plate con- 
taining the uninoculated base agar. Each plate was 
tilted back and forth to spread the inoculated agar 
evenly over the surface. When the agar hardened, 
six cylinders were placed on the surface so that they 
were at 60" intervals on a 2.8-cm. radius. Stainless 
steel cylinders were used having an outside diameter 
of 8 f 0.1 mm., and inside diameter of 6 f 0.1 mm., 
and a height of 10 f 0.1 mm. 


A standard stock solution of protio-griseofulvin 
was prepared by dissolving 50 mg. in sufficient N, N- 
dimethylformamide (DMF, Eastman Organic) to 
give a concentration of 1,000 mcg./ml. A standard 
curve was prepared by diluting the 1,000 mcg./ml. 
griseofulvin solution to 64, 80, 100, 125, and 156 
mcg./ml. in DMF. One part of each of these 
solutions was further diluted with 19 parts of 0.1 M 
phosphate buffer pH 8.0, to give final solutions of 
3.2, 4.0, 5.0, 6.25, and 7.8 mcg./ml. 


Three plates were used for the determination of 
each point of the curve, with the exception of the 
5.0 mcg./ml. solution. On each of the three plates, 
three cylinders were filled with the 5.0 mcg./ml. 
solution and the other three cylinders were filled 
with the particular concentration of the standard 
curve under test. There were thirty-six 5.0 mcg./ 
ml. determinations and nine determinations for each 
of the other points on the curve. The plates were 
incubated for 48 hr. at 30", after which the diame- 
ters of the circle of inhibition were measured. The 
data obtained were corrected (4) and a potency 
curve was constructed by plotting the concentration 
of reference standard protio-griseofulvin versus the 
zone of inhibition on semilogarithmic graph paper. 
The griseofulvin concentrations were plotted on the 
logarithmic scale and the diameter of the zones on 
the linear scale, and the line of best fit was con- 
structed. The procedure was repeated using 
deuteriogriseofulvin and the curve was plotted on 
the same semilogarithmic paper (see Fig. 1). 
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Fig. I-The relationship of griseofulvin concentration 
and the diameter of zone of inhibition; ( I )  ordinary 


griseofulvin, (II) deuteriogriseofulvzn. 


Reference standard protio-griseofulvin, protio- 
griseofulvin isolated in this laboratory, partially 
deuterated griseofulvin (2), and fully deuterated 
griseofulvin (2) were assayed according to  the 
method of Knoll el al. (4). The samples were 
diluted with DMF to give a concentration of 100 
mcg./ml. These solutions were further diluted with 
19 parts of 0.1 M phosphate buffer pH 8.0 to give a 
final concentration of 5.0 mcg. /ml. of griseofulvin. 
A series of 18 assays were compared for each form 
of griseofulvin. The data are shown in Table I. 


RESULTS AND DISCUSSION 


The potency curves, Fig. 1, for the ordinary 
griseofulvin and the fully deuterated griseofulvin 
were found to be straight lines. The linearity of 
the curves was tested by calculating the regression 
equations, and their significance was established by 
analysis of variance using the F test as the test of 
significance. The value of F obtained for ordinary 
griseofulvin and fully deuterated griseofulvin was 
found to  be significant at the 0.1% level and 1% 
level, respectively. This denotes that on the basis 
of probability there is a significant linear relationship 
over and above any curvilinear relationship. 


The zones of inhibition were determined for a 
predetermined concentration (5 mcg./ml.) of stan- 
dard griseofulvin, protio-griseofulvin obtained in 
this laboratory, partially deuterated griseofulvin, 
and fully deuterated griseofulvin (Table I). They 
were compared statistically by means of analysis of 
variance. The valid comparison of fully deuterated 
versus partially deuterated and ordinary griseofulvin, 
as well as partially deuterated griseofulvin versus 
ordinary griseofulvin are permitted since there are 
two degrees of freedom in this experiment. The 
difference between fully deuterated versus partially 
deuterated and ordinary griseofulvin was found to 
be highly significant (p = O.OOl), indicating that 
there is a true difference in the zones of inhibition 
due to fully deuterated griseofulvin. 


The computed value of F for comparison of 
partially deuterated griseofulvin with reference 
standard griseofulvin was found not to  be significant. 
It was concluded therefore, that there is virtually no 
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TABLE I-COMPARISON OF THE DIAMETERS OF THE ZONES OF INHIBITION 
FOR THE GRISEOFULVINS AT A CONCENTRATION OF 5 MCG./ML. 


Type of Griseofulvin 
Reference Standard: cm. Protio-? cm. Partially Deuterated) cm. Fully Deuterated? cm. 


2.20 2.17 2.13 2.37 
2.21 
2.21 
2.23 
2.16 
2.23 
2.20 
2.13 
2.20 
2.20 
2.22 
2.20 
2.15 
2.16 
2.09 
2.16 
2.17 
2.15 


Z = 2.18 f 0.W 


2.21 
2.20 
2.12 
2.16 
2.09 
2.22 
2.18 
2.23 
2.10 
2.11 
2.21 
2.14 
2.16 
2.18 
2.12 
2.17 
2.16 


3 = 2.16 f 0.03” 


2.08 
2.15 
2.14 
2.09 
2.18 
2.29 
2.21 
2.13 
2.21 
2.20 
2.09 
2.  12 
2.20 
2.21 
2.16 
2.11 
2.21 


Z = 2.16 f 0.06~ 


2.40 
2.34 
2.38 
2.40 
2.41 
2.42 
2.50 
2.36 
2.41 
2.50 
2.42 
2.36 
2.33 
2.40 
2.36 
2.41 
2.36 


3 = 2.40 f 0.05c 


Obtained from McNeil Laboratories (Lot No. 2461). ‘Isolated in this laboratory (2). Standard deviation, n = 18. 


difference between the antifungal properties of the 


It is apparent that there was no difference in 
zones of inhibition obtained with reference standard 
griseofulvin and protio-griseofulvin obtained from 
HzO cultures in this laboratory. The mean for 
standard griseofulvin was found to be 2.18 f 0.04 
cm. and the mean for the laboratory-produced 
ordinary griseofulvin was 2.16 f 0.03 cm. 


The mode of action of protio-griseofulvin is not 
completely understood. Consideration has been 
given to the theory that the agent exerts its fungi- 
static properties by interfering with the synthesis of 
cell wall chitin, or by interference with nucleic acid 
metabolism. Recent evidence suggests that griseo- 
fulvin stimulates DNA synthesis and causes the 
formation of abnormal cells, leading to the proposal 
(5) that the site of action is in the replicatory system 
of the fungal cell. It is not unlikely that the basic 
mechanism of antifungal action for fully deuterated 
griseofulvin is the same as that for ordinary griseo- 
fulvin. However, the mean zone of inhibition for deu- 
terio-griseofulvin a t  a concentration of 5 mcg./ml. 
was found to be 2.40 i 0.05 cm. whereas the mean 
for standard protio-griseofulvin a t  the same con- 
centration was 2.18 f 0.04 cm. The data observed 
over the range of concentrations tested indicate 
that deuterio-griseofulvin is about 10% more active 
than protio-griseofulvin on a weight basis. Since 
the molecular weight of deuterio-griseofulvin is 
about 5% greater than protio-griseofulvin, compari- 
son on a mole basis would provide an even greater 
effect for the deuterio-analog. 


The enhanced antifungal activity demonstrated 
by the fully deuterated antibiotic may be due to an 
increased eficiency of action. This increase in 
&ciency may be the result of a primary deuterium 
isotope effect, where the target site may involve the 
cleavage of a C-D bond directly. A kinetic effect 
involving a rate-limiting step may be affected. Since 
C-D bonds are generally more stable than C-H 
bonds, the increased stability of the molecule may 


two samples. 
play a role in that the fungus may not be able to 
eliminate the fungistatic agent as readily. The 
biological effect could also be due to a secondary 
isotope effect where deuterium in molecular positions 
other than a reaction locus are involved. 


No increase in antifungal activity was observed 
with partially deuterated griseofulvin. More ex- 
tensive deuterium replacement is apparently re- 
quired in the molecule, or a t  least at critical loci, 
before enhanced antifungal activity can be observed. 


Deuterium isotope effects in biological systems 
are extremely complex, and a combination of several 
effects may well be involved. A better understand- 
ing of the mechanism of antifungal activity of ordi- 
nary hydrogen griseofulvin will probably be neces- 
sary before the effect of deuterium replacement in 
the molecule can be fully understood. More studies 
concerning stability, enzyme systems of the fungus, 
and the effect of the antibiotic upon them, are clearly 
necessary for a better understanding of the fungi- 
static properties of fully deuterated griseofulvin. 
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The Structural Basis of Antibody Specificity. By 
DAVID PRESSMAN and ALLAN L. GROSSBERG. 
W. A. Benjamin, Inc., One Park Avenue, New 
York, NY 10016, 1968. xvii + 279 pp. 16 
X 23.5 cm. Price $16.75. 
This monograph is based on a series of lectures 


given for a special biophysics course at the University 
of Rochester. The text is a quantitative appraisal 
of research on the chemical nature of antibody 
specificity since the earlier studies described by 
Landsteiner. It may be used as a text for senior- 
graduate level courses on chemical immunology or 
immunochemistry, and also as a reference for those 
in the field. The book is written for the reader who 
has some knowledge of immunologic nomenclature. 
The text treats those structural features of haptens 
or antigens and of antibodies which provide the 
basis for their specific interaction. The first two 
chapters introduce the chemical concepts which are 
involved in antibody-antigen interaction. Chapter 
3 discusses a large number of antihapten systems in 
terms of the structural details important for anti- 
body-hapten combination. The remaining chapters 
discuss the basis of the heterogeneity of antibody 
molecules and the use of antibodies to map out 
structures of small and large molecules in aqueous 
solution. Liberal use is made of drawings of 
chemical structures with their names, and the 
bibliography and appendix give access to many 
studies of antihapten systems. 


Staff review 
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The book is organized into six chapters bearing the 
following titles: The Cell as a Physico-Chemical 
Unit; Possible Actions of Drugs on Surfaces; Mem- 
brane Permeability and Drug Actions; Enzymes and 
Drug Actions; The Actions of Narcotics; Responses 
of Cells on the Biological Level. 


In general, the chapters are well written and well 
organized. The emphasis is on principle and mecha- 
nism rather than the presentation of masses of data. 
Literature references at the end of each chapter are 
few and of course relatively old, that is, prior to 1950. 


In the opinion of this reviewer, this volume is a 
valuable contribution and should be of interest to all 
involved in pharmacological research and‘ teaching. 
Although the author does point out some examples of 
drugs for which the mechanism of action is some- 
what known, he makes quite clear the point that we 
have a great deal of work ahead of us if we are ever 
to establish cell pharmacology as a science well 
enough developed to permit prediction of the action 
of chemicals on biological systems. 


Reviewed by Joseph Judis 
College of Pharmacy 
The University of Toledo 
Toledo, OH 43606 


Cell Physiology and Pharmacology. By J.  F. 
DANIELLI. Hafner Publishing Co., Inc., 31 East 
Tenth St., New York, NY 10003, 1968. (origi- 
nally published 1950). vi + 156 pp. 15.5 X 23 
cm. Price $8.00. 
On the first examination, the volume under review 


gives the impression of questionable worth. I t  ap- 
pears unlikely that a slender book of less than 200 
pages could give a comprehensive coverage of the 
vast field of cell physiology and pharmacology. 
Secondly, the book is based on lectures given a t  Uni- 
versity College, London, almost two decades ago and 
originally published in 1950. The domain of cell 
physiology as enlarged by the fantastic advances in 
biochemistry and molecular biology in the last 
twenty years is now altnost a qualitatively new one. 
My initial reaction, therefore, was, “What could we 
possibly learn about a vast field like cell physiology 
and pharmacology in a volume of less than 200 pages 
which was published twenty years ago?” 


However, as I read the book, I found there was 
much that could be learned. The author established 
the premise underlying his discussion in the preface. 
He stated that in the development of drugs, the bio- 
logical side of the process does not proceed in a ra- 
tional manner. The ehetnist will synthesize an 
array of compounds which are then subjected to  
biological testing. If our biological knowledge of 
drug action were adequate, it would be possible to 
predict which compounds or modifications of a com- 
pound would be biologically active and perhaps 907, 
of the work assigned to the chemist would be uii- 
iiecessary arid cliiniiiated. 


Studies of a Core Curriculum. Edited by M. R. 
GIBSON. American Association of Colleges of 
Pharmacy, 850 Sligo Ave., Suite 301, Silver 
Spring, MD 20910, 1968. 91 pp. 15 X 22.5 
cm. Price S.50. Paperbound. 
This volume is a report of the Committee on 


Curriculum of the American Association of Colleges 
of Pharmacy and outlines what this Committee 
believes to be the basic core course content for 
pharmacy education. This report covers only 
those professional areas of pharmaceutical edu- 
cation-not prerequisites and liberal arts courses- 
which represent the basic core of information needed 
before specialization. No “how to” information is 
included, but merely what constitutes a complete 
professional curriculum. The five chapters of core 
course contents and the authors are: Pharmacog- 
nosy-Melvin R.  Gibson; Pharmacology-Marvin 
H. Malone; Pharmaceutical Chemistry-Frank E. 
DiGangi; Pharmacy Administration-Raymond J. 
Dauphinias; and Pharmacy-August 1’. Lem- 
berger. 


Skiff rariew 


Topics in Pharmaceutical Sciences. Vol. 1. Edited 
by D. Perlman. Interscience Publishers, Inc., 
605 Third Avenue, New York, NY 10016, 1968. 
15.5 X 23.5 cm. ix + 136 pp. Price $7.95 
This volume is a collection of papers presented a t  


two symposia held during the 1967 annual meeting 
of the Academy of Pharmaceutical Sciences. The 
topics of the two symposia are “Penicillins and 
Cephalosporins” and “Effects of Hormonal Steroids 
on Cellular Processes.” 
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Excretion and Distribution of Thia~esim-~~C with Its 
Biotransformation Iu Vivo and Iu Vitro 


By J. DREYFUSS, J. R. SWOAP, C. CHINN, and S. M. HESS 


Thiaze~im-1~C [5-(2- dimethylaminoethyl) - 2,3 - dihydro - 2 - henyl - 1,5 - benzothi- 
azepin-4 (5H)-one] was demonstrated to have been compEtely absorbed after 
administration to rats. After an i.p. dose of 30 mg. of thiazesimJC per kg. the 
drug was found in all the tissues that were examined; it was most concentrated in 
the livers, lungs, and kidneys. The half-life in the brains was about 20 min. The 
drug was converted in the rat to three major metabolites, two of which were resent 
in unconjugated form and also as sulfate and glucuronide conjugates. Uncganged 
thiazesimJ4C and the three metabolites accounted for 68 and 59 percent of the radio- 
activity in rat urine and feces, respectively, in the tirst 24 hr. after administration. 
More than 90 percent of an oral dose was excreted by rats or by dogs in 3 days; the 
agent was completely eliminated in 4-6 days. Thiazesim-14C was metabolized by a 
microsomal enzyme system derived from rat liver. The system re uired oxygen, 
NADPH, and nicotinamide. Two major products were obtained %y the incuba- 
tion of the drug with rat liver preparations in vitro; they were absent in the excreta 
of treated rats. Metabolism of thiazesirn-l4C by liver preparations from the dog, 
cat, or rabbit was also examined. Although the metabolites appeared to have been 
similar in all the species examined, the preparations obtained from rat livers metab- 
olized thiazesim-W twice as fast as microsomes obtained from the other species. 


HIAZESIM' is an  antidepressant agent in T humans (1). The compound has been shown 
to have a specific depressant effect on parts of 
the amygdalae of various animals; these portions 
of the brain appear to have been implicated in 
antidepressant activity (2). Thiazesim depressed 
the hyperirritability of rats with lesions in the 
septa1 area. In  addition, the drive by selected 
aggressive rats to kill mice when they were placed 
together in a cage was abolished. Thiazesim 
also blocked the after-discharge produced by 
stimulation of the amygdaloid nuclei of cats. 
Afterdischarges due to stimulation to other areas 
of the limbic system were not affected (3). 


This investigation was designed to study the 
absorption, metabolism, and excretion of thiaze- 
sim-I4C after administration to animals. The 
characterizations of the metabolites isolated after 
treating the animals or after incubation with liver 
preparations in vitro have been described else- 
wherein this journal (4). 


EXPERIMENTAL 


Tl~iazesirn-~~C with a specific activity o f  0.25 
pc./mg. was synthesized by Dr. John Krapcho of 
The Squibb Institute for Medical Research. Thc 
structure of tl~iazesini-~~C is shown in Fig. 1. Tlic 
purity of the compound was 98'g as assayed itsiiig 
infrared spectroscopy and by thin-layer chroma- 
tography with the two benzene-ammonia-dioxane 


Received March 15. 1068, from the Squihh Institute for 
Medical Research, New Brunswick, NJ 08903 


Accepted for publication June 6, 1968. 
During these experiments Mr. Michael Rispoli provided 


excellent technical assistance and Mr. Octavian Kocy 
performed the electrophoretic ieparations. 


1 Marketed as Altinil, E. R. Squibh h Sons, Inc., also 
known as SQ 10486 


systems, as noted in the section on thin-layer 
chromatography; reference standards of authentic 
nonradioactive thiazesim were used for comparison. 
The nonradioactive compound was visualized after 
chromatography by either the absorption of UV 
light (254 mp) against a fluorescent background or 
by a positive color reaction with Dragendorf's 
reagent (5). 


Extraction Procedure-Except where otherwise 
noted, male rats of the Holtzman strain weighing 
100-250 g. were used. The plasma samples were 
diluted first with 4 vol. of methanol. The resulting 
turbid solutions were adjusted to pH 9 with 1 M 
borate buffer, pH 9.4 and 1 N NaOH; they were 
shaken for 15 min. with 2 vol. of benzene and then 
centrifuged. The benzene was removed and saved. 
The remaining lower layers and residues were 
similarly extracted again with a volume of chloro- 
form-methanol (1 : 1) equal to that of the benzene 
used above. The combined organic layers were 
evaporated under reduced pressure at 50' to 5% 
of the original volume for subsequent use. 


Samples of tissues or feces were homogenized with 
a Potter-Elvehjem or Virtis homogenizer in 4 vol. 
of 0.1 N HCl. Homogenates of tissue and feces 
or samples of urine were adjusted to pH 9 with 1 M 
borate buffer, pH 9.4, and sufficient 1 N NaOH and 


\ 
CH3 


Fig. 1-Structure of thiuzesim- W. 
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extracted with 2 vol. of benzene. The benzene 
layer was transferred to  a clean glass-stoppered 
bottle, and the lower layer extracted twice with 
volumes of chloroform-methanol (1 : 1) equal to  
that of the benzene used above. In the case of 
feces only, a fourth extraction was performed with 2 
vol. of methanol. 


The extracts were combined, acidified with 1 N 
HCl, and twice the volume of n-heptane was added. 
After shaking for 20 min., the lower layer was 
removed and concentrated to 5% of the original 
volume by evaporation under reduced pressure at 
50-60". These procedures extracted 99% of the 
unchanged thiazesim-14C added to  control samples 
and 75-1000/, of the radioactivity due to metabolites 
present in tissues and excreta. 


Alumina Column Chromatography-Aluminum 
oxide was used for the initial separation of metab- 
olites. In order to remove W-absorbing contami- 
nants, all aluminum oxide was washed with chloro- 
form-methanol (5 : l )  before use and then dried 
at looo. Enough neutral aluminum oxide (Woelm) 
was added to the evaporated extracts, obtained as 
described above, to  make a thick paste (for 5 ml. of 
concentrate about 9 g. was added). The paste 
was taken to complete dryness by warming over- 
night in a vacuum oven at 50'. The dried sample 
was placed on top of a column (3 X 15 cm.) of neutral 
aluminum oxide to which 6% water had been added 
(6). Fractions of 5 ml. were collected; the column 
was developed in a stepwise manner with chloro- 
form-methanol (5: 1)  80 ml., designated Fraction 1; 
MeOH-H20 (1 : l )  80 ml., designated Fraction 2; 
and finally HnO-NHa (20:l) 180 ml., designated 
Fraction 3 (see Fig. 2). Changes of solvent were 
made after the first 2 vol. noted above had been 
collected. Care was taken to maintain a small 
solvent head during the initial elution pro- 
cedure until the effluent had appeared. Each of the 
fractions were assayed for radioactivity by counting 
a suitable sample in a Packard Tri-Carb liquid 
scintillation spectrometer. Quenching was de- 
termined by the addition of internal standard or 
with an automatic external standardization system. 
When nonradioactive thiazesim was used, Fraction 
1 was measured by the use of its characteristic 
absorption at 280 mp. 


Thin-Layer Chromatography-The contents of the 
tubes in each of the three fractions were pooled and 
evaporated to about 2% of the original volume. 
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Aliquots of the evaporated Fraction 1 were chroma- 
tographed on a thin-layer plate with Silica Gel HF 
(Brinkmann); the plate was developed in benzene- 
ammonia-dioxane (BAD) (10: 10:80or60:5:35) (7). 
Ninety-six percent of the spotted radioactivity 
obtained from control tissue samples to which 
thiazesim-14C had been added migrated to the same 
relative position as authentic thiazesim-14C (R, = 1). 
The identity of thiazesim-"C was confirmed by 
infrared spectroscopy of the eluted sample and by a 
comparison of the R, values of the unknown samples 
with authentic thiazesimJ4C in the four solvent 
systems mentioned below. Other systems that 
were also used for the chromatography of Fraction 1 
or hydrolyzed Fractions 2 and 3 were dioxane- 
methanol-ammonia-benzene (DMAB) (6 : 1 : 2 : 1) 
and waterammonia-dioxane (WAD) (50: 1 : 10). 


Enzymatic Hydrolysis-A portion of the evap- 
orated Fraction 2 was hydrolyzed with glucuronidase 
Mixture A* for 18 hr. at 37' to cleave glucuronides. 
A 0.25-ml. sample was mixed with 0.01 ml. of 
glucuronidase Mixture A and 0.05 ml. of 1 M ace- 
tate buffer, pH 5. Alternatively, a 0.25ml. sam- 
ple of Fraction 2 was hydrolyzed by mixing it 
with 0.05 ml. of 1 M acetate buffer, pH 5, and 
25 units of aryl sulfatase, Type I11 (Sigma Chemi- 
cal Co.), followed by incubation for 18 hr. at 37". 
The hydrolyzed Fraction 2 was then chromate 
graphed on Silica HF with BAF (10:10:80). A 
portion of the evaporated Fraction 3 of urine, 0.25 
ml., was hydrolyzed by mixing it with 0.025 ml. of 
glucuronidase Mixture B and 0.05 ml. of 1 M acetate 
buffer, pH 5, followed by incubation for 18 hr. at 37'. 
The sample of hydrolyzed Fraction 3 was chromate 
graphed on Silica Gel H F  in DMAB (6 : 1 : 2 : 1). 


Electrophoresis-The evaporated sample of Frac- 
tion 3 of feces was spotted on Whatman No. 1 filter 
paper and subjected to electrophoresis for 6 hr. a t  
500 v. with a buffer, p H  1.9, which was prepared by 
mixing 0.6 M formic acid with 1 M acetic acid. 


Combustion Procedure-Tissue or feces samples 
were combusted in an oxygen atmosphere by the 
method of Kelly et al. (8), as described by Ebert and 
Hess (9). 


Preparation of Subcellular Liver Fractions-All 
experiments, except those involving enzyme localiza- 
tion and cofactor requirement studies, were per- 
formed with the supernatant fraction from liver 
homogenates that was obtained at 9OOOXg. 
Livers from male Holtzman rats 250-300 g., male 
albino rabbits 1.9-2.1 kg., cats of either sex 2-2.2 
kg., or male beagle dogs were used. Dogs were 
sacrificed by a rapid intravenous injection of 5 ml. 
of saturated KCI; other animals were killed by 
either stunning or decapitation, or both, and ex- 
sanguination. Livers were quickly excised, chilled 
in ice-cold 1.15% KCl, blotted on filter paper, and 
weighed. Subsequent operations were performed 
at 4'. Livers were minced and homogenized in 
2 vol. of 1.15y0 KCI using a Potter-Elvehjem 
tissue grinder with a Teflon pestle. The homog- 
enate was centrifuged at 9,OOOXg for 15 min. a t  
4'; the supernatant fraction was used for incuba- 
tion. Washed microsomes were prepared by centri- 
fuging such a supernatant fraction a t  105,OOOXg 


u* ,: , , 
_I._ 
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Fig. .?-Alumina column chromatography of a kidney 
extract containing thiazesim-14C and metabolites. 
The tissue samples were obtained from rats 30 min. 
after an i.p. dose of 30 mg. of t h i a ~ e s i m - ~ ~ c  per kg. * Glusulase Endo Labs Garden City N. Y. * Ketodase,' Warner-Cdlcott, Morris'Plains, N. J. 
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for 60 min.; the pellet was washed twice by re- 
suspending i t  in a volume of 1.15% KCl equal to 
that of the supernatant material removed, followed 
by centrifuging a t  105,OOOXg for 60 min. The 
pellet obtained a t  9,OOOXg was similarly washed 
twice; the microsomes or the pellet were finally 
resuspended in a volume of 1.15% KC1 equal to 
that of the homogenate from which the cell fractions 
were derived. 


Total nitrogen was determined by the micro- 
Kjeldahl method. 


Incubation Conditions In Vitro-Enzyme activity 
determinations were carried out in either open 
beakers or conical flasks a t  37" on a Dubnoff meta- 
bolic shaker. The incubation mixture consisted of 
50 pmoles of phosphate buffer, pH 7.4, 2 ml. of 
supernatant obtained a t  9,O00Xg, 2 pmoles of 
thiazesim-14C, 5.6 pmoles of glucose-6-phosphate, 
0.39 pmole of NADP, 5 pmoles of MgCh, and 60 
pmoles of nicotinamide; the final volume was 4 ml. 
After 5 min. of incubation a t  37", the substrate 
was added to initiate the reaction. 


Extraction Procedure In Vitro-Samples of the 
incubation mixtures were removed a t  suitable inter- 
vals and transferred to 45-ml. centrifuge tubes con- 
taining 8 ml. of water-saturated butanol and 2 g. 
of NaCl. The mixture was shaken for 15 min. 
and centrifuged for 10 min. The butanol layer was 
transferred to a small round-bottom flask and the 
residue was extracted once more with 8 ml. of 
water-saturated butanol. The butanol extracts 
were combined and evaporated to dryness under 
reduced pressure; the resulting residue was dis- 
solved in 1 ml. of methanol. After removing the 
alcohol-insoluble solids by centrifugation, 10 p l .  of 
the supernatant was spotted on plates coated with 
250 p of Silica Gel HF. The plates were developed 
in BAD (60:5:35 or 10:10:80). The former 
mixture of solvents provided a means for the rapid 
separation of unchanged thiazesim; the latter 
mixture allowed a better resolution of the metabo- 
lites. The quantities of unmetabolized thiazesim- 
14C and its metabolites were determined by measur- 
ing the radioactivity found in the sectioned chro- 
matogram. This technique effected recoveries in 
the range of 75-90% of the radioactive substances 
in the incubation mixtures. 


Excretion Experiments-Male and female rats 
were placed in cylindrical glass cages that allowed 
the animals access to condensed milk-water (1:l) 
but allowed only minimal freedom of movement. 
To collect feces, a small plastic bottle with the 
bottom removed and a hole drilled in the cap was 
used. The rat's tail was threaded through the cup 
(wide end first) and positioned in such a way 
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that the anus was covered but not the urethra. 
The bottle cap was affixed and tape was used to 
immobilize the bottle. With this technique, feces 
were collected uncontaminated by urine. Urine 
was collected directly in a vessel cooled over dry ice. 


Measurement of Biuding to Plasma Proteins- 
Thiazesim-14C was added to dog plasma. The 
plasma samples were placed in dialysis bags and 
tied. The bags were then supported in test tubes 
lined with wire screens of about 100 squares/cm.a 
The tubes were centrifuged for 45 min. a t  about 
1,000Xg in a Sorvall model SS-1 centrifuge or 
until 0.3 ml. of filtrate had accumulated in the 
bottom of tubes (10). The radioactivity present 
in the plasma before centrifugation was measured 
by dissolving 0.2 ml. of plasma in 1 ml. of NCS 
solubilizer (Nuclear Chicago), with the subsequent 
addition of 15 ml. of toluene scintillation fluid. 
The plasma filtrate was counted directly in Bray's 
scintillation fluid (11). 


Biliary Excretion-Male rats were anesthetized 
with ether, the common bile duct was exposed and 
catheterized with a polyethylene tube that passed 
through the abdominal incision. The incision was 
sutured and the animal placed in a restraining cage. 
Bile was collected in tubes for 24 hr. 


RESULTS AND D I S C U S S I O N  


Absorption and Excretion-Data are given in 
Table I for the distribution of drug after rats had 
received oral doses of either 30 or 100 mg. of thi- 
azesim-14C per kg. Peak levels of radioactivity were 
observed in the blood, brains, and livers within 30 
min. These levels of radioactivity declined rapidly 
thereafter. The amount of radioactivity is ex- 
pressed in terms of thiaze~im-~'C equivalents, that 
is the radioactivity present was assumed to have 
had the molecular weight and specific activity of 
thiazesim-14C. 


The levels of total radioactivity found in rat 
brains as a function of time after animals had 
been dosed i.p. with 30 mg. of thiazesim-14C per 
kg. are shown in Fig. 3. Radioactivity rapidly 
disappeared from the brains. Within 10 min. after 
an i.p. injection, the peak levels in the brains had 
already been reached; the half-life during the 
initial linear portion of the curve was about 20 
min. No detectable radioactive substances were 
present in the brains after 2 hr. 


The distribution of thiazesim-14C in various organs 
of the rat was measured during a period of 6 hr. 
after an i.p. dose of 30 mg. of the drug per kg. 
(see Table 11). The levels of thiazesim-14C 
equivalents were highest in the livers, lungs, and 


TABLE I-DISTRIBUTION OF RADIOACTIVITY AFTER A SINGLE 
DOSE O F  THIAZESIM-'4cC, EXPRESSED AS THIAZESIM-"C EQUIVALENTS 


Time, hr. Dose, mg./kg.' Blood, mcg./ml. Brain, mcg./g. Liver, mcg./g. 
0.5 30 6 .1  f 0.9 5 . 0  f 1.9 93.5 f 6.9 
1 .o 30 3.6 f 0.4 <1.5 59.6 f 6.0 
3 
0.5 
1 
3 


30 2.0 f 0.4 
100 16.8 
100 12.7 
100 5.2 


i l . 5  
23.5 
11.6 
4.2 


33.7 f 3.2 
178 
149 
64.0 


a Rats received p.0. either 30 mg. or 100 mg. of thiazesim-1.C per kg.; three rats were used in each experiment at the 
Two animals were used at the higher dwc; the lower dose level and the values for these are given f the standard error. 


values represent the mean. 
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FECES I I 
kidneys; intermediate levels were found in the 
spleens, mesenteric fat, and testes. Relatively 
low levels were found in the hearts, brains, thigh 
muscle, and blood. Six hours after the injection the 
liver contained 17 mcg. of radioactive substances per 
g., while the other tissues had much lower concen- 
trations. It was interesting to note that the 
kidney, which might have been expected to  have 
concentrated the drug and its metabolites in the 
urine, contained only about 0.33 as much as were 
found in the liver. 


Figure 4 summarizes the excretion of radioactivity 
by male and female rats after single oral doses of 
100 mg. of thiazesim-14C per kg. Ninety-three 
percent of the dose administered to male rats was 
excreted in 2 days. After 4 days, 99.9 =I= 3% of the 
dose had been excreted; at this time, 1.3% of the 
dose was left in the whole animal. Thirty-seven 
percent of the dose was excreted in the urine and 
63% of the dose in the feces. Excretion by female 
rats similarly dosed was also rapid, although 6.7% 
of the dose still remained in the whole animals after 
4 days (see Fig. 4). Male dogs dosed with 5 mg. of 
thiazesim-"C per kg. excreted the entire dose in 6 
days; the excreted dose appeared equally in the 
urine and feces (see Table 111). 


The excretion of radioactivity in the bile of rats 
was more rapid than that in the feces after an i.p. 
dose of 30 mg. of thiazesim-14C per kg. Within 24 
hr. after the injection, 52y0 of the dose was found 
in the feces. During the same period other rats, 
similarly dosed, excreted 70% in the bile (see Fig. 5);  
the major portion, 66% had been excreted in the 
bile in the fist 6 hr. after the dose. The delay 
in the excretion of radioactivity in the feces, as 
compared with the outpouring in the bile, suggested 
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Fig. &-Excretion of radioactivity measured as percent 
of dose in male rats (lower) and female rats (upper) 
dosed p.0.  with 100 mg. of thzizzesim-W per k g .  
Data for male rats are given plus or minus the shn- 
dard error; n is equal to 3.  Data for female rats are 


the averages of two animals. 


TABLE 111-EXCRETION OF 
THIAZESIM-14c BY MALE DOGSO 


Cumulative 
Time, Urine, Feces. Excretion, 
Days % of Dose % of Dos@ '% of Dose 
0-1 40.3 13.3 53.6 
1-2 7 .6  23.3 84.5 
2 3  2 . 2  10.8 97.5 
3-4 0 . 4  2 . 0  99.9 
4-6 - 1 . 2  101.1 - 


50.5 50.6 
a Dogs received p.0. 5 mg. of thiazesim-"C per kg. All 


numbers are the averages of values from two beagle dogs. 
b One dog did not excrete any feces during the first day. 


HR. 


Fig. 3-Th&zzesim-l4C equivalents resent in brains 
as a function of time. Rats were Lsed i . p .  with 30 


mg. of thia~esim-~'C per k g .  


that thiazesim and its metabolites may have been 
absorbed from the intestine. 


Separation of Metabolites-In order to isolate 
and identify metabolites, the total radioactivity 


TABLE 11-DISTRIBUTION O F  THIAZESIM-14C AND METABOLITES IN 
TISSUES MEASURED AS THIAZESIM-14C EQUIVALENTS, mCg./g.' 


Tissue 0.5 hr.b 1 hr.' 3 hr.' 6 hr.* 


Lung 69.2 f 3 .8  23.1 f 3.2 4 . 9  It 0 . 5  4 .1  f 1.2 


Hnleeri 46.7 f 1 . 5  15.4 f 1 . 6  5 . 3  f l.i 2 . 8  f 0 . 9  


Liver 91.4 f 7.2  44.4 f 3.7  19.1 * 2 . 2  17.0 f 2.0 


Kidney 5! ) .2  f 5.s 37.7 f 4 . 8  6 . 3  f 2.1  5 . 3  f 0 . 7  


nileiinteric fat, 
Testes 
Heart 
Brain 
Thigh muscle 
Blood 


38.1 f 2.1  11.0 f 1.9  4 . 1  f 0 .5  1 . 7  f 0 . 2  
33.7 f 2.9  11.3 f 3 . 2  3 . 7  f 0 . 5  1.7 f 0 . 2  
20.0 f 2.9  9 . 3  f 1..5 2 . 1  * 0 .8  1 .8  f 0 . 4  
17.4 f 1.8  
16.7 f 5 . 2  
8 . 2  f 0 . 5  


4 . 8  f 1.7  <1 .5  <1 .5  
7 . 3  f 1 . 9  2 . 0  f 0 . 1  <1 .5  
4 . 9  f 0.6  1 . 5  f 0 . 2  1.0 f 0 . 3  


4 Rats received i.p. 30 mg. of thiazesim-"C per kg. The values given are f the standard error; n is equal to 3 or 4. 6 Blood 
levels are in mcg./ml. 
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Fig. 5-Excretion of radioactivity in the bile as a func- 
lion of time. Rats were dosed i .p .  with 30 mg. of 


thiazesimJ4C per kg. 


extracted from tissues or excreta of the rat and dog 
was separated grossly into three fractions, as de- 
scribed previously. Unmetabolized thiazesirn-l'c 
and metabolites with minor structural alterations 
were eluted in Fraction 1. Metabolites that 
were conjugated as sulfate esters were eluted in 
Fraction 2. Metabolites that were present as 
glucuronide conjugates, as well as other polar 
metabolites, were eluted in Fraction 3. 


Table I V  shows the distribution of conjugated and 
unconjugated metabolites in various tissues and 
excreta of the rat and dog in typical experiments. 
Brains of rats contained primarily unconjugated 
metabolites and a trace of materials that was 
isolated in Fraction 2; glucuronide conjugates, 
Fraction 3, were absent from the brains. Rat 
plasma contained radioactivity in all three fractions. 
Livers and kidneys, and the feces of rats, as well as 
that of dogs, contained primarily unconjugated 
metabolites. By contrast, rat urine and bile, as 
well as dog urine, contained primarily conjugated 
metabolites. 


The amounts of thiazesimJ4C (expressed as per- 
cents of the total radioactivity) present in various 
tissues and excreta of the rat and dog are shown 
in Table V. Rat brain contained primarily thi- 
azesim-14C. Rat liver, urine, feces, and bile con- 
tained very little unmetabolized thiazesim-14C. 
Excreta of the dog contained several times more 
thiazesim14C than was found in the excreta of the 
rat. 


TABLE IV-DISTRIBUTION OF TOTAL EXTRACTED 
RADIOACTIVITY IN VARIOUS TISSUES AND EXCRETA 


OF THE RAT AND DOG 


7% of Radioactivity- 
SampW Fractlon 1 Fraction 2 Fraction 3 


Rat brain 93.8 6.2 0.0 
Rat plasma 35.5 18.1 46.4 
Rat liver 62.0 10.9 27.1 
Rat kidney 64.6 4.4 31.0 
Rat urine 10.9 11.2 78.0 
Rat fecesb 62.0 8.9 29.1 
Rat bile 9.4 18.7 71.8 
Dog urinec 28.3 42.6 29.9 
Dog fecesc 62.0 14 , l  23.9 


a Male rots were given a dose i.p. of 30 mg. of thiazesim-!'C 
per kg.; organ samples were taken 30 min. after injecbon 
of the animals. Excreta samples were taken 24 hr. after 
dozing the animals. * The values cited for rat urine and 
feces are the results of pooling sam les from 2 animals. 
' The values ated for dog urine and feces and for rat bile 
are the results of averaging values from 2 animals. 


TABLE V-FRACTION OF RADIOACTIVITY PRESENT AS 


OF THE RAT AND THE DOG 
THIAZESIM-"C I N  VARIOUS TISSUES AND EXCRETA 


Amount of Thiazesim Present 
Sample" % 


Rat brain 76.3 13.3 
Rat plasma 22.5 3.7 
Rat liver 3.9 3.6 
Rat kidney 15.0 8.9 
Rat urine 1.5 - 
Rat feces 5.3 - 
Rat bile 1.7 - 
Dog urine 9.0 - 
Dog feces 15.3 - 


a Organ samples were taken after 30 min; samples of 
excreta were collected after 24 hr. Rats received i.p. 30 mg. 
of thiazesim-I'C per kg.; dogs received p.0. 5 mg. of thia- 
zesimW per kg. 


Figure 6 summarizes the results of separating by 
TLC the radioactive products in Fractions 1 and 2 of 
excreta and bile of rats and dogs that had received 
thiazesim-l4C. Four metabolites and thiazesim 
were distinguished. Fraction 2 was hydrolyzed 
with glucuronidase Mixture A prior to chroma- 
tography. The material of Fraction 2 remaining at 
the origin represents, in part, unhydrolyzed ma- 
terial. After the i.p. administration to rats of 
30 mg. of thiazesim per kg., the metabolites in 
Fraction 1 of the bile were found to have been similar 
to the metabolites in the urine of rats that had 
received the same dose either i.p. or p.0. Dogs 
metabolized thiazesim-14C differently from rats 
since in the dog greater fractions of the dose in the 
excreta exhibited R, values of 0.64 and 1; also the 
urine of dogs contained a greater proportion of the 
dose in Fraction 2 than did the urine of rats. 


The results of the separation of the components 
of Fraction 3 of urine after enzymatic hydrolysis are 
shown in Fig. 7. Five components were separated. 
With chromatography in BAD (10: 10:80), DMAB, 
and WAD, it was demonstrated that the compounds 
with Rs values of 0.52 and 0.88 in BAD (10: 10:80) 
(Fig. 6) were identical with the compounds with 
values of 0.83 and 0.95, respectively, in DMAB 
(Fig. 7). These components accounted for the 
bulk of the metabolite radioactivity in the rat. 
No radioactivity was detected a t  RI values of 0.06, 
0.28, or 0.45 in the urine of female rats. 


The radioactivity present in Fraction 3 of feces 
and bile was separated into two components by 
electrophoresis (Fig. 7). 


It may be seen from Figs. 6 and 7 that the pattern 
of excretion was qualitatively and quantitatively 
similar after i.p. or oral doses of 30 mg. of thiazesim 
per kg.; this suggested strongly that the drug was 
completely absorbed after oral administration. 


It is noteworthy that the electrophoretic separa- 
tion of extracts of the feces of rats demonstrated 
the presence of a much smaller amount of the com- 
ponent at -10.9 cm. than did extracts of bile 
(Fig. 7). Furthermore, Fraction 3 of bile was 
hydrolyzed with 8-glucuronidase to the extent of 
6&70% as opposed to the fraction from feces 
that was hydrolyzed to the extent of only 30%. 
An explanation for this quantitative difference 
between bile and feces, may be that intestinal micro- 
organisms hydrolyzed glucuronide-conjugated me- 
tabolites. An alternative explanation may be that 
glucuronide conjugates were absorbed in the in- 
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Fig. 6-Distribution of metabolites in Fractions 1 and 2 of rat urine, feces, and bile. Metabolites were located, 
according to their R? values relatfve to thiazesim, on Silica Gel H F  plates developed with B A D  (10:10:80). 
Metabolites of Fractzon 1 are deszgnated A. Metabolites of Fraction 2 were chromatographed afler enzymatic 


hydrolysis with glucuronidase mixture A and are designated B. 


testinal tract and subsequently excreted in either 
the bile or the urine. Williams et al. (12) seem to 
favor the former since they have reported that 
glucuronide conjugates did not appear to  have been 
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Fig. 7-Distributbn of metabolites in Fraction 3 of 
rat urine, feces, and bile. Components of Fraction 
3 of urine (upper) were separated, after enzymatic 
hydrolysis with glucuronidase mixture B ,  followed by 
chromatography on Silim Gel H F  plates developed 
with D M A B  (6 : l :  2 : l ) .  Metabolites were located 
according to their R. values relative to thiazesim. 
Components of Fraction 3 of feces or bile (lower) were 
Separated by pafier ekctrofihoresis as  described in the 


text. 


absorbed from the intestinal tract, although the 
hydrolyses of glucuronide conjugates by bacteria 
have been observed. 


In  order to  ascertain whether the metabolites, 
as isolated from rat feces, had undergone bacterial 
alterations, bile was collected from rats fitted with 
indwelling biliary cannulae. The metabolites found 
in bile in the unconjugated form were the same on 
the basis of R, values as those found in feces which 
suggested that microbial degradation had not pro- 
duced the metabolites isolated from feces. 


The three isolated metabolites, in both their 
conjugated and unconjugated forms, accounted for 
68 and 59% of the amount of radioactivity present 
in urine and feces, respectively, in 24 hr. A de- 
tailed listing of the percent of the dose found in ex- 
creta after 24 hr. is shown in Table VI. 


The binding of a parent compound to plasma 
proteins tends to  inhibit its metabolism and ex- 
cretion; in this manner its action in the animal is 
prolonged. Thiazesim-14C was bound to plasma 
constituents of the dog. The binding varied 
between 53-72%, over the range of concentrations 
(0.3343 mcg./ml. of plasma) found in a dog that 
had received i.v. 3 mg. of thiazesim per kg. 


Are Microsomal Enzymes Induced By Thiazesim? 
-Thiazesim did not stimulate the proliferation of 
drug-metabolizing enzymes in rats. Rats that 
had been given either 30 mg. of thiazesim per kg. 
twice daily for 4 days or 98 mg. of thiazesim per 
kg. per day in the diet for 3 weeks exhibited no 
decrease in hexobarbital sleep time when compared 
with a control group that had received no drug. 
Rats given phenobarbital, a known inducer of 
drug-metabolizing enzymes (13), demonstrated the 
expected decrease in the duration of the hexo- 
barbital sleep time. 


Metabolism of Thiazesim-14C In Vitro-A 
microsomal preparation derived from rat liver was 
capable of catalyzing the metabolism of thiazesim- 
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TABLE VI-ISOLATED METABOLITES OF THMZESIhi-14c IN 
RAT EXCRETA IN THE CONJUGATED AND UNCONJUCATED STATES' 


Yo of Dose in 24 hr. 
R of -Unconjugated- -Sulfat- rG1ucurouide 


MetabolitP Urine Feces Urine Feces Urine Total 
0.52 0.8 10.2 1.4 1.7 10.2 24.3 
0.64 0.2 1 .o 0.0 0.0 0.0 1.2 
0.88 1.2 9.8 2.2 5.1 7.1 25.4 


~~ 


a Rats received i.p. 30 mg. of thiazesim-W2 per kg. * R values are given relative to that of thiazesim in the solvent system 
BAD (10:10:80). 


in the presence of suitable cofactors (Table VII). 
Specifically, either NADPH or an NADPH-gen- 
erating system was required. The presence of 
nicotinamide strongly stimulated the reaction. 
Incubation in the presence of a nitrogen atmosphere 
severely inhibited metabolism. 


Table VIII shows the results of an experiment 
that tested various subcellular fractions of rat liver 
for their ability to metabolize thia~esirn-~~C. The 
data showed that either the supernatant fraction 
obtained at  9,OOOXg or the microsomal fraction, 
together with the supernatant fraction collected at  
105,OOOXg, contained the most activity. When 
the supernatant materid obtained at 9,OOOXg 


TABLE VII-COFACTOR REQUIREMENTS FOR 


In V i h a  
THIAZESIBf--"C METABOLISM I N  RAT LIVER 


Additions 
None 
NADPH, 1 pmole 
NADPH, 4 pmoles 
NADPH, 4 pmoles + 60 pmoles 


nicotinamide 
NADPH-generating system + 


60 pmoles nicotinamide 
NADPH-generating system" 
NADPH-generating system + 


60 pmoles nicotinamide, under 
Nz atmosphere 


Thiazesim-14C 
Metabolized' 
% #moles 
5.9 0.12 
4.1 0.08 


12.0 0.24 


27.5 0.55 


31.0 0.62 
2.5 0.05 


9.1 0.18 
a The data represent the mean of 2 experiments. The 


basic reaction mixture contained rat liver microsomes 
(derived from 1 g. of liver) which had been washed twice 
with 1.15% KCI; 100 Nmoies of phosphate buffer, f H  7.4; 
and 2 #moles of thiazesim-142 in a f i ~ l  volume o 4 ml ' 
incubation was for 30 min. a t  37O. 'The figures were 
calculated after subtractin the amount of thazesim-142 
found in the boi!ed blank (j.5%). c The NADPH-generat- 
ing system consisted of 6.6 moles of glucose6-phosphate, 
0.39 #mole of NADP, and k units of glucose-&phosphate 
dehydrogenase. 


TABLE VIII-RATES OF THIAZESIM-14C METABOLISM 
IN SUBCELLULAR FRACTIONS OF RAT LIVER 


Thiazesim-iM.2 
Metabolizeda 


Cell Fraction % m o l e s  
Whole homogenate 2.4 0.05 
Pellet obtained at 9,OOOXg 3.7 0.07 
9,OOOXg-Supernatant fraction 25.1 0.50 
Microsomes 8.5 0.17 
105,000 Xg-Supernatant frac- 


tion 3.3 0.07 
Microsomes + 105,OOOXg- 


supernatant fraction 26.0 0.52 
"Incubation was for 30 min. at 37O with subcellular 


fractions equivalent to 667 mg. of liver. The values given 
here represent the data of two experiments; the figures were 
calculated after subtracting the amount of thiazesim-142 
found in the boiled blank (4.3%). 


was fractionated at 105,OOOXg into microsomes 
and supernatant material, each had greatly di- 
minished activity, however, when the two fractions 
were combined, activity was equal to that of the 
parent supernatant fraction. The lack of glucose- 
&phosphate dehydrogenase supplementation to the 
reaction mixture probably accounted for the low 
activity of the isolated microsomal fraction. The 
pellet collected at 9,000Xg, as well as the whole 
homogenate, contained very little activity. Further- 
more. the supernatant fraction separated at 9,000X 
g, reconstituted with the pellet derived at  9,OOOXg, 
had no activity (data not shown). The lack of 
activity in the whole homogenate is notable and 
suggests the presence of inhibitory properties in the 
material that sediments at 9,OOOXg. Indeed, 
Axelrod (14) has shown that the metabolism of 
drugs by NADPH-dependent microsomal enzymes 
can be inhibited by substances present in liver 
homogenates of rats. Gillette et al. (15) have 
found evidence that pyrophosphatases, which 
hydrolyze NADPH and NADP, can partially 
account for the inhibitory effects of rat nuclei. 
An effort was made to obtain increased metabolic 
activity in the whole homogenate by supplementing 
the incubation mixture with ATP and DPN, how- 
ever, the presence of these additional cofactors did 
not increase the activity. As pointed out by Gillette 
(16), the binding of substrates to nuclei and mito- 
chondria, components of the whole homogenate, 
also can result in much slower rates of metabolism 
in unfractionated homogenates. 


Isolation of the metabolic products produced by 
incubation of the drug in vitro with preparations of 
rat liver revealed that these substances had the same 
R. values as those isolated from the excreta of rats 
dosed with thiazesim-14C (Table IX). It was at 
once apparent that although the relative concen- 
trations of the metabolites obtained from the in 
vitro system differed from those obtained from 
the excreta of the rats, the R, values suggested that 
the products were the same. The products of 


TABLE IX-METABOLITES OF TIiIAZESIM-14c IN 
EXCRETA AND IN LIVER PREPARATIONS OF THE R ~ T  


Liver 
R a  of Preparations Excreta 


Metabolite % Metabolismb ?& of Do@ 
0.05 2.9 0.2 
0.11 2.1 0.0 
0.52 2.6 25.2 
0.64 33.0 1.2 
0.88 7.4 24.3 


.,BAD (10:lO:SO) on Silica Gel HF. R is relative to 
thiazesim. bThe incubation was carri'ed out using the 
9,OOOXg supernatant fraction, as described in the text. 
c Rats were dosed i.p. with 30 mg. thiazesim-i4C per kg. 
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TABLE X-DISTRIBUTION OF T€IIAZESIM-14c AND 
METABOLITES AFTER INCUBATION In  Vi‘ilrO WITH 


LIVER PREPARATIONS FROM THE RAT, DOG, 
RABBIT, OR CAT“ 


R. 
Compd.‘ Rat, 7%‘ Rabbit, %” Dog, %c Cat, %” 


1.0  51.8 60.8 60.7 69.1 
0.88 7.4 9.3 6.0 3.4 
0 64 33.0 20.9 10.4 17.4 . _  


0.52 2.6 2 . 8  1 .8  0.9 
0.11 2 .1  2 .7  18.2 4.2 
0.05 2.9 3.5 2.9 5.1 


a Incubation was for 90 min. at 3 7 O  using the supernatant 
fraction of livers obtained at 9,OOOXg and the conditions 
described in the section on experimental procedures in the 
text. Samples were extracted and chromatographed on 
thin-layer plates repared with Silica Gel HF and developed 
with BAD (10:18:80) as described in the text. b The R, 
value is relative to thiazesim. ‘The percentages in the 
table refer to the distribution of metabolites on the chro- 
matographic plates‘ they have been corrected to represent 
the metabolism pei g. of nitrogen in the 9,000Xg-super- 
natant; the figures are averages for two experiments with 
the liver of one animal in each. 


incubation with RI values of 0.64 and 0.88 were 
isolated, and an effort was made to characterize 
them (4). It was surprising to learn that the two 
major products obtained from the incubations in  
V d 7 0  were dserent  from the in vivo metabolites that 
had comparable R, values. No evidence has yet 
been uncovered to show that the major products 
formed in vitro, those with R, values of 0.64 and 0.88, 
were present in any fractions isolated after the ad- 
ministration of thiazesim-l‘c to animals. 


A survey was carried out of the metabolism of 
thiazesim-14C by several animal species that ex- 
hibited somewhat varying sensitivities to  the drug. 
The object of the study was to learn if any correla- 
tion existed between the formation of any specific 
metabolites, or between the overall rate of metabo- 
lism and the sensitivity to the drug. The species 
chosen were the rat, dog, rabbit, and cat. The 
survey was made by incubating in witro the super- 
natant fraction obtained by centrifuging at 9,000 X 
g ,  homogenates of the livers of the animals. 


It was observed (Table X) that the metabolites 
produced in vitro exhibited R, values that cor- 
responded closely to those found in viwo. The 
amounts of each metabolite formed varied some- 
what among the species. The only notable dif- 
ference was found in the incubation mixture pre- 
pared with the liver of the dog; the liver of the dog 
produced about five times more radioactive ma- 
terials at the R, of 0.11 than had been produced by 
the preparations of the other species. 


A study of the rates at which thiazesim-14C had 
been metabolized in vitro by the livers of the rat, 
rabbit, cat, and dog is summarized in Fig. 8. It 
may be seen that preparations obtained from rats 
were about twice as active as those obtained from 
the other species. This difference seemed to be 
related to the activity of the microsomes, since the 
quantity of microsomes per mg. of nitrogen in the 
supernatant fraction obtained at 9,OOOXg was equal 
in the preparations obtained from the dog and rat. 
The dog, which was the species most sensitive to 
the drug,’ provided incubation mixtures that 


4 Private communication from Dr. J. Poutsiaka of the 
Toxicology Department of the Squibb Institute for Medical 
Research. 
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Fig. 8-Rates of thiuzesim-14C metabolism by the 
supernatant fractions (9,OOOXg) obtained from the 
liver of various species. Each point represents awer- 
age values from 2 experiments that had been run in 
duplicate. Incubation conditions are described in 
the section on experimental procedure. Metabolism 
i s  expressed as pmoles thiazesim-”C metabolized per 
g .  of nitrogen in the 9,000Xg-supernatant. Key: 


0, rat; A, dog; a, rabbit; 0, cat. 


metabolized the drug at a rate that did not differ 
from the rates exhibited by the rabbit and cat. 
The LDm values for representatives of the four 
animal species were determined under fasted con- 
ditions. These values for the rat, rabbit, dog, and 
cat were 560, 220, 70 and 40 mg./kg., respectively. 
These LDm values corresponded roughly to the rates 
at which the liver microsomes metabolized thiazesim, 
however, the correlation was not precise enough to 
demonstrate whether the rate of thiazesim metabo- 
lism was directly related to the degree of toxicity 
of the compound. 


The likelihood that the metabolite isolated at the 
R, of 0.11 could account for the varying sensitivities 
to thiazesim should be considered with caution 
since the rabbit and cat, which were also more 
sensitive to the drug than was the rat, produced the 
same amount of the metabolite as did the rat. 
In addition, other metabolic alterations, as well as 
other factors not measured in vitro, may have 
played roles in the varying sensitivities to the drug. 


Identification of Metabolites In Vitro and In 
Vivo-A variety of spectroscopic procedures was 
used to identify metabolites. The results of these 
studies are reported in detail in a companion publica- 
tion (4). 
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Metabolism of Thiazesim, 
5 -( 2 -Dimethy laminoethyl) -2,3-dihydro-2 -phenyl- 


1,5-benzothiazepin-4( 5H)-one, 
in the Rat In viuo and In Viwo 
By J. DREYFUSS, A. I. COHEN, and S. M. HESS 


Three metabolites of thiazesim, 5-(2dimethylaminoethyl)-~,3-dihydro-2-phenyl- 
l,S-benzothiazepin-4(5H)-one, were isolated from rat feces. Metabolite 1 con- 
tained a hydroxyl group in the 2-phenyl ring. Metabolite Z was dihydroxylated at 
unknown positions of the 2-phenyl ring. Metabolite 3 was a derivative of Metab- 
olite 1 and, in addition, appears to have had one carbon and two oxygens added 
to the side chain. Two metabolites of thiazesim (4  and 5) were isolated from rat 
liver homogenates incubated with NADPH and nicotinamide. Metabolite 4 has 
been identified as the sulfoxide derivative of thiazesim. Metabolite 5 has not yet been 
identified, but it was not similar to those isolated in viuo. Hydroxylation of either 
aromatic ring was not an observed metabolic reaction in vitro. Sulfoxidation was 


not an observed metabolic reaction in viuo. 


PAPER ELSEWHERE in this journal (1) has A described aspects of the metabolism of 
the antidepressant agent, thiazesim-14C, 5- 
(2 - dimethylaminoethyl) -2,3-dihydro-2- phenyl- 
1,5-benzothiazepin-4(5H)-one, in the rat and 
dog that relate to its absorption, distribu- 
tion, excretion, as well as the techniques de- 
veloped for the separation of both conjugated 
and unconjugated metabolites. Also discussed 
were the results obtained by incubating thia- 
zesim-% with liver preparations from various 
animal species. 
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This paper will describe the identification of 
the metabolic products of thiazesim- 14C formed 
by the rat in vivo or by rat liver preparations 
in vitro; these metabolites have not yet been 
tested for pharmacologic activity. The results 
showed that the metabolites formed by the rat 
in vivo were not the same as those produced by 
rat liver preparations in vitro. 


EXPERIMENTAL 


Isolation of Fecal Metabolites-Three metabo- 
lites of thiazesim were isolated from feces in an 
unconjugated form by the following procedure. 
Rats were repetitively dosed once a day for 4 days 
with 100 mg. of thiazesim per kg. and the feces 
samples combined. The feces were homogenized 
in 4 vol. of methanol that was 0.12 N with respect 
to HC1, and centrifuged. After centrifugation, 
the supernatant fraction was removed and saved, 
a id  the residue was cstracted twice more with 4 vol. 








Commzcnications 


Trichloroethyl Carbonate: 
Influence of Particle Size on Oral 


Toxicity in Mice 


sir: 


The authors have reported that the particle 
size of 4-acetamidophenyl 2,2,2-trichloroethyl 
carbonate (ATC) has a great influence on its oral 
toxicity in mice and on the peak blood levels of 
acetaminophen it produces in mice and humans 
(1). These studies confirmed that, with pro- 
drugs such as ATC which are relatively insoluble 
in water, particle sue can have a marked in- 
fluence on the onset and peak magnitude of the 
biological effects elicited. 


Trichloroethyl carbonate,’ a prodrug of tri- 
chloroethanol (2), has been reported to have an 
aqueous solubility of about 4 mcg./ml. (3). 
Therefore, it was expected that particle size 
would affect its oral toxicity in mice in a manner 
similar to  that observed for ATC. The present 
study was carried out to determine the extent to 
which particle size influences the oral LDw of tri- 
chloroethyl carbonate in mice. 


means of a glass-Teflon tissue homogenizer; 
and coarse particle, prepared by sieving the drug 
and suspending the U. S. No. 140 to U. S. No. 170 
mesh particles in a 0.5% dispersion of gum tra- 
gacanth in water. Photomicrographs of the 
suspensions are shown in Fig. 1. 


The LDm’s of the three particle sizes of tri- 
chloroethyl carbonate were determined orally in 
male Carworth Farms mice, weighing 14-21 Gm., 
in a manner similar to that used for ATC (1). 
The results (Table I) show that the three particle 
sizes of trichloroethyl carbonate had significantly 
different toxicities at the 95% confidence limit. 


These results are very similar to those obtained 
with ATC. In the ATC study (l), the drug, in 
various particle sizes, was given orally to  mice 


TABLE I-ORAL LDI’s WITH 950/, CONFIDENCE 
LIMITSO FOR FINE, REGULAR, AND COARSE PARTICLE 
TRICHLOROETHYL CARBONATE POWDERS IN MICE 


Particle LDm (95% Confidence 
Size Limits), mg./Kg. 


Fine 
Regular 
Coarse 


1175 (1074-1502) 
1775 (1573-2268) 


> 2000b 
a Data calculated by the logit chi-square method of Berk- 


son (4). Only 3/10 animals died a t  this dose. 


FINE REGULAR COARSE 


Fig. 1-Photomicrqraphs of the fine, regular, and coarse particle trichloroethyl carbonate used in this 


and a direct correlation was found between the 
oral LDI’s and the peak blood levels of acetamino- 
phen in the first 2 hr. Although no trichloro- 
ethanol blood levels were determined in this study 
on trichloroethyl carbonate, one might speculate 
that there would be a similar correlation between 
LDw’s and peak trichloroethanol blood levels. 


These studies indicate that when biologic mea- 


study (scale = 17.4 p/small division). 


The drug was prepared in three particle sizes as 
follows: fine particle, prepared by ball-milling a 
suspension of the drug in a 0.5% dispersion of 
gum tragacanth in water; regular particle, pre- 
pared by mixing a suspension of the drug in a 
0.5% dispersion of gum tragacanth in water by 


1 Clorethate, Smith Kline 8 French, Philadelphia. Pa. 
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surements are made on compounds that  are rela- 
tively insoluble in water, the results have little 
meaning unless the particle size of the adminis- 
tered powder is taken into account. 


(1) Dittert, L. W.. Adams, H. J., Alexander, F., Chong, 
C. W., Ellison, T., and Swintosky, J.  V.. J .  Pharm. Sci., 
5 7 ,  1146 (1968). 
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Books- 
REVIEWS 


Potential Carcinogenic Hazards from Drugs. Evalu- 
ation of Risks. UICC Monograph Series, vol. 7. 
Edited by RENE TRUHAUT. Springer-Verlag, 1 
Berlin 31 (Wilmsdorf), Heidelberger Platz 3, Ger- 
many, 1967. vii + 249 pp. 16.5 X 25 cm. 
Price DM 68,-; U.S. $17.00. 
This is the seventh volume of the monograph series 


sponsored by the International Union Against Can- 
cer. It consists of a series of 24 papers presented at 
a symposium of the Cancer Control Commission held 
in Paris, November 1965. 


It is quite apparent from both the formal papers 
and the abbreviated versions of the discussions which 
follow that emphasis was placed on chemical contact 
or ingestion as the principal etiological factor in car- 
cinogenesis. While this orientation may be justi- 
fied in a symposium dealing with drugs, it must be 
recognized that there are many oncologists who sub- 
scribe to the view that chemical carcinogenesis is of 
only minor significance in relation to the incidence of 
human cancer. 


The initial papers in the symposium deal with the 
present state of methodology for evaluating the po- 
tential carcinogenicity of drugs. The statistical a s  
sessment of data from the point of view of predicta- 
bility is then discussed. In view of the law pro- 
hibiting the use of carcinogenic substances as food 
additives, it  is interesting to note the view expressed 
by one of the participants, Prof. I. Berenblum. that 
“for all practical purposes, a carcinogen is, like any 
other noxious substance, only harmful above a cer- 
tain critical dose level.” In this connection, the 
opinion of Prof. H. Druckrey based on his analysis of 
the dosetime relationships of chemical carcinogene- 
sis, is especially pertinent. He distinguishes be- 
tween the primary effect of a carcinogen at the cellu- 
lar or molecular level, and the subsequent multiplica- 
tion of cancer cells to  the point of tumor induction. 
As far as the primary effect is concerned he holds to  
the view that “there is no  indication for the existence 


of a subthreshold dose.” Nevertheless, he recog- 
nizes that a zero tolerance for carcinogens is “not 
always practicable and is scientifically objection- 
able’’ and proposes as a basis for future discussion 
that ‘‘1% of the lowest dosage which, given daily 
over the whole life span to  susceptible experimental 
animals, produces cancer only at  the end of the life 
span, can be considered as the maximum tolerable 
dose for human beings.” 


A number of papers in this volume deal more spe- 
cifically with the potential carcinogenicity of specific 
classes of substances such as metal-containing drugs, 
petroleum hydrocarbons, lactones, and hormones in- 
cluding progesterone. In  the two reports dealing 
with plastics used in orthopedic or surgical practice, 
as well as in the discussions of these papers, the 
weight of evidence is in support of a physical rather 
than chemical explanation of the carcinogenic effect 
of experimental implants. 


In his remarks reflecting the point of view of the 
pharmacologist, Professor Alastair C. yrazer em- 
phasizes the need for discrimination and judgment 
in deciding when a drug should be subjected to life- 
span study for potential carcinogenesis, and ques- 
tioned the need for identifying “extremely feeble” 
carcinogenic drugs intended for use over short per- 
iods in people whose life expectancy is unlikely to 
provide time for any effect to  be induced. 


This monograph is required reading for those who 
wish to  keep up with current thought among the ex- 
perts in drug safety evaluation. Although the dis- 
cussions following each presentation reveal the lack of 
unanimity on many aspects, there is agreement that 
much remains to  be done to get a t  the root of these 
problems from both the methodological and in- 
terpretative standpoints. 


Retiewed by Bernard L. Oser 
Food and Drug Research Laboratories 
Maspeth, N .  Y .  
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Analysis of Pharmaceuticals by Ultraviolet 
Densitometry on Thin-Layer Chromatograms I 


Parabens in Gels and Creams 


By HERBERT SCHRIFTMAN 


Precision of about 1 percent and excellent recovery are attainable by quantitative 
densitometry of ultraviolet chromophores separated by thin-layer chromatography 
on plates containing a phosphor. Quenching of the fluorescent background 
affords a sensitive measure of concentration. Substrates with native or derived 
fluorescence can be determined on plates by fluorometry using either a nonfluores- 
cent background or a phosphor that fluoresces at different wavelengths. This report 
describes application of these and similar techni ues to the determination of para- 
bens in pharmaceutical and cosmetic products. T%e densitometry technique requires 
simple solvent extraction of the paraben-preserved product and chromatography 
on silica gel thin layers containing phosphor. Use of a 4:1  pentane-acetic acid 
system provided resolution of the parabens from each other, and no interference 
was encountered with hydrocortisone acetate, partial sodium salt of n-lauryl 0- 
imino diproprionic acid, EDTA, polyethylene glycol, hydroxyethyl cellulose, 
hydroxypropyl methylcellulose, D & C Green No. 5 dye, and various waxes and 
fats. Preliminary investigations for applying direct ultraviolet densitomeuy to 


other types of thin layers are mentioned. 


N A RECENT comprehensive review (1) on the use I of TLC in pharmaceutical analysis, Comer and 
Comer attributed the major disadvantages of 
quantitative TLC to the “lack of precision and 
accuracy of direct measurement instrumentation 
or the tedious nature of removal of absorbent 
containing the desired compounds.” This report 
describes direct, accurate, and precise deter- 
mination of paraben mixtures on TLC plates by 
UV densitometry, which eliminates the aforemen- 
tioned difficulties. The procedures for the para- 
bens are exemplary, for the general technique 
may be extended to many other mixtures contain- 
ing UV chromophores. 


Mixtures of methyl and propyl parabens are 
widely used as preservatives in foods, drugs, and 
cosmetics, and several procedures have been re- 
ported for the separation and determination of 
these esters. Paper (2), column (3), and thin- 
layer (4) chromatographic methods have been re- 
ported in which the separated parabens are quan- 
titated by spectrometry after elution. Donato 
(5) described a method combining UV spectrom- 
etry for determining total parabens with gas 
chromatography for determining their ratio. 
A subcommittee of the PMA Quality Control 
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Section has recently evaluated a gas chromato- 
graphic assay for parabens which makes use of 
the internal standard technique (6). 


In the method described here, the parabens are 
spotted and separated by ascending TLC using 
Brinkmann silica gel plates with phosphor and a 
pentane-acetic acid (4: 1) solvent system, after 
a relatively simple solvent extraction from the 
product. The separated parabens are analyzed 
in situ by photoelectric densitometry on a Photo- 
volt recording TLC densitometer. The total ab- 
sorbance of each spot expressed as the total area 
under the density curve is measured by K & E 
planimeter or alternately by a Photovolt re- 
cording integrator, and compared by direct pro- 
portion to a reference spot concomitantly ana- 
lyzed. 


Application of this procedure to a pharmaceu- 
tical gel is evaluated and found to be comparable 
in precision, speed, and accuracy to  Donato’s 
(5) method. 


Besides having applicability to other products 
containing parabens (cosmetic creams, pharma- 
ceutical ointments, and antacid suspensions), the 
technology described here has been extended to 
other mixtures containing UV chromophores. In- 
vestigations for applying direct UV densitometry 
to the assay of other drug products as well as 
using other types of TLC plates and sheets (i.e., 
cellulose) and other media possessing UV trans- 
parency (i.e., agarose-a new agar gel used for 
thin-layer electrophoresis) are in progress. 
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EXPERIMENTAL 


Reagents-ACS grades of absolute methanol, 
diethyl ether, anhydrous sodium sulfate, and glacial 
acetic acid and chromatoquality grade of pentane 
(Matheson) were employed. 


Equipment-Brinkmann Silica Gel G F  TLC 
plates (20 X 20 cm.) with fluorescent indicator, 
micropipet' (0.001 and 0.002 ml.), Photovolt densi- 
tometer model 530 with recording and integrator 
attachments, 15-ml. screw-cap vials, and appro- 
priate chromatographic containers were used. 


General Procedure-Aliquots of the sample con- 
taining the equivalents of 2.5 to  15 mg. of esters 
are transferred to a separator adapted for centrif- 
ugation where the esters are extracted with several 
portions of 5-ml. volumes of ether. The ether 
phases are collected, washed with distilled water, 
and filtered through sodium sulfate and Whatman 
No. 1 paper into a 50-ml. beaker. Another 5-ml. 
ether wash of the filter is collected and the combined 
ether solution is evaporated gently on a steam bath 
with a stream of air. The residue is dissolved in 
exactly 1.0 ml. of methanol and transferred into a 
15ml. screw-cap vial. The appropriate quantity 
of the solution is spotted on an activated and dried 
Brinkmann plate. The quantity spotted ranged 
from three times 0.001 to  five times 0.002 ml. 
Concomitantly, a standard containing equivalent 
quantities is spotted. Due to  uncontrollable high 
humidity conditions in this laboratory, it  was found 
necessary to  redry the activated plates in a vacuum 
desiccator after the spotting operation. Special 
care was also required for maintaining a low water 
content in the solvent systems, i.e., keeping a beaker 
of silica gel (indicating type) in the chromatography 
tank. As a matter of course, all ensuing experi- 
ments were conducted in this manner. The dried 
plate is placed in the tank containing a mixture of 
160 ml. of pentane and 40 ml. of acetic acid; and 
the solvent is permitted t o  ascend the plate about 
15 cm. (in about 3045 min.). The plate is air- 
dried and scanned face down with the recording 
TLC densitometer using a short-wave UV light 
(254 mp) and a phototube detector fitted with a 
485-mp color filter. The total absorbance of each 
spot expressed as the total area under the density 
curve is measured and compared by a K 81 E 
planimeter or alternately by an integrator. Propyl- 
paraben migrates faster than methylparaben, and 
their relative migrations in comparison with other 
parabens are illustrated in Fig. 1. Figure 2 shows 
a typical separation of the methylparaben and 
propylparaben spots with their corresponding 
recorded and integrated density curves. 


Specific Assays-Pharmaceutical Gels-About 5 g. 
of gel accurately weighed (equivalent to  about 
7.5 and 2.5 mg. of methyl and propylparaben, 
respectively) is dissolved in a beaker with 5 ml. of 
a methanol-water mixture (1:l). The solution is 
quantitatively transferred with two additional 5-ml. 
portions of solvent into a separator adapted for 
centrifugation. Four 5-ml. volumes of ether are 
employed for the subsequent extraction and centrif- 
ugation steps, discarding the lower aqueous phases 
and collecting the upper ether layers into a regular 
separator. The collected extracts are washed 
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1 Microcaps, Drummond Scientific Co. 


A B C D E F G  
Fig. 1-Relative migration of parabens. Key:  A, 
methyl and propylparaben; B, propyl; C, methyl; D, 


hexyl; E, heptyl; F, ethyl; G ,  butyl paraben. 


twice with water and filtered through sodium sulfate 
and Whatman No. 1 paper into a 50-ml. beaker. 
Another 5-ml. ether wash of the filter is collected 
and the combined ether solution is evaporated 
gently on a steam bath with a stream of air. The 
residue is dissolved in exactly 1.0 ml. of methanol 
and transferred into a 15-ml. screw-cap vial. Three 
times 0.001 ml. of this solution is spotted on a 
Brinkmann TLC plate and analyzed as described 
above in the General Procedure. Concomitantly, a 
standard containing 75 and 25 mg. of methyl and 
propylparaben, respectively, per 10 ml. of methanol 
is spotted and compared. 


Fig. 2-Typical separation of the methylparaben and 
propylparaben spots with their corresponding re- 


corded and integrated density curves. 
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TABLE I-ANALYSIS OF GEL 


c% of Declared Value------ 
Sample Wt.,  g. Methyl Parabea Propyl Paraben 


1 5.3405 98.8 (98.3. 99.2) 101.9 (102.6, 101.1) 
2 6.1025 99.2 (98.8, 99.6) 99.5 (98.1, 100.8) 
3 5.0380 102.2 100.0 
4 5.2115 102.6 100.7 
5 5.1450 99.7 99.9 
6 5.4061 101.2 100.6 


Statistical Evaluation 
Methyl Paraben Propyl Paraben 


average = 100.5 
Ll = 1.6  U = 0 . 8  


30 = 4 . 8  3u = 2 . 4  


average = 100.3 


Cosmetic Cream-Approximately 10 g. of 
sample accurately weighed into a beaker is well 
mixed and stirred with 25 ml. of hot methanol on a 
steam bath. The hot mixture is filtered through 
glass wool into a 50-1111. conical flask. Additional 
5- to 10-ml. volumes of hot methanol are used for 
transferring the contents of the beaker and washing 
the filter. The solution is chilled in refrigerator or 
ice bath and filtered cold through Whatman No. 1 
paper. Flask and filter paper are washed with ad- 
ditional quantities (2 X 5 ml.) of chilled methanol. 
The combined filtrate is concentrated to one-half its 
volume on a Rinco rotary vacuum evaporator. 
The cooling, filtering, and evaporation steps are 
repeated and the final residue is dissolved in meth- 
anol and transferred quantitatively into a 10-ml. 
volumetric flask. Five times 0.002 ml. is applied 
to Brinkmann plates and analyzed as described 
above. The standard solution in this example 
contains 15 and 10 mg. of niethylparaben and 
propylparaben, respectively, per 10 ml. of methanol. 


RESULTS AND DISCUSSION 


The analytical data for the gel was comparable 
in precision and accuracy with the values previously 
reported in other chromatographic methods (2-5). 
For example, our u values of 1.6 and 0.8 (see 
Table I )  are comparable to Donato’s (5) results of 
1.2 and 3.1 (calculated from his data) for methyl- 
paraben and propylparaben. In addition, Donato’s 
GLC method requires the formation of the tri- 
methylsilyl ether derivatives, determination of 
their ratio, and finally UV spectrophotometric 
measurement of the total parabens. In the method 
presented here, the separated parabens are still 
intact and available for further study or identifica- 
tion. In addition, the recovery data for a gel 
placebo formulation, to which known quantities are 
added, is in the range of 97.2-101.670 of theory 
(see Table 11). Similar precision and accuracy 
were obtained with the cosmetic creams. 


TABLE 11-RECOVERY  DATA^ 


---Recovery, %-- 
Methyl Propyl 


Sample Paraben Paraben 


1 97.2 100.3 
2 99.1 101.6 


“7.5 mg. and 2.5 mg. of methyl and propyl paraben. 
respectively, were added for each 6 g. of gel placebo. 


No interferences or difficulties were encountered 
from the excipients in the above formulations which 
included partial sodium salt of n-lauryl 8-imino 
dipropionic acid (Deriphat 160), EDTA. poly- 
ethylene glycol, hydroxyethyl cellulose (Natrosol, 
Hercules), hydroxypropyl methylcellulose NF 
(Methocel), D & C Green No. 5 dye, and various 
waxes and fats. 


OTHER APPLICATIONS 


Preliminary investigations for applying direct 
UV densitometry to  other multicomponent drug 
products and other types of layers are listed below. 
Detailed and comprehensive reports of these ap- 
plications are in preparation and will be available 
a t  a later date. 


1. Antacid suspensions containing parabens 
were assayed using the method outlined above except 
that cellulose thin layers were employed and in 
most instances the extraction technique was 
further simplified. 


2. Gel chromatography and electrophoresis tech- 
niques were developed in which multicomponent 
products were separated and analyzed in situ in a 
specially designed gel tray. Using these trays 
the analyst could also observe periodically or con- 
tinuously the progress of the migration and separa- 
tion of the compounds. 


3. Cellulose thin layers were substituted for 
paper in the various chromatographic and electro- 
phoretic analyses of pharmaceutical products re- 
ported by this author (7-10). In those instances, 
the papers were developed by various chromogenic 
reagents, and then analyzed by color densitometry. 
In the current study, the thin-layer chromatograms 
and electrophoretograms are evaluated by UV 
densitometry without any prior treatment. 


4. Oxolinic acid (a new synthetic antimicrobial 
agent specially effective against Proteus in urinary 
tract infections) and its various analogs were an- 
alyzed by the technology described here, based on 
their fluorescent properties. 


SUMMARY 


TLC and UV densitometry have been successfully 
applied for analyzing the paraben contents of phar- 
maceutical gels and cosmetic creams. The pro- 
cedure compares favorably in precision, accuracy, 
and speed with present acceptable technology, ie., 
GLC. Application of UV densitometry to the 
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of other thin-layer media is indicated arid will be 
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3 -Substituted-2 - benzoxazolinones 
By JOSEPH SAM, J. L. VALENTINE, and C. W. RICHMOND 


The preparation of 2-amino-~-trifluoromethylbenzoxazole, 5-trifluoromethyl-2- 
benzoxazolinone and their chemical precursors are described. The reaction of ap- 
propriately substituted 2-benzoxazolinones with substituted alkyl halides provided 


the 3-substituted 2-benzoxazolinones. 


REVIOUS INVESTIGATIONS (1-4) on the medic- P inal value of 3-substituted-2-benzoxazo- 
h o n e s  (I, Table I)  prompted the present work 
on other 3-substituted derivatives. Lespagnol 
and co-workers (5, 6) studied the time required 
for 2-benzoxazolinone and some 3-substituted 
derivatives to produce immobilization in fish. 
Swinyard and associates (7) demonstrated that 
the 3-substituted derivatives prepared by Les- 
pagnol were active in antagonizing maximal 
electroshock states. Subsequently, Close and 
co-workers (2) studied a number of 3-substituted 
derivatives for their analgesic activity. Two of 
these derivatives ( I1  and 111) were tested clini- 
cally and proved to be less active than indicated 
by the animal studies 


The 2-benzoxazolinones (XI)  utilized in this 
study were prepared according to procedures 
described in earlier reports; however, additional 
studies were conducted on the preparation of 5- 
trifluoromethyl-2-benzoxazolinone (VI) . 
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Previously, the preparation of V I  via two 
routes was reported (1). One of these routes 
involved the condensation of phosgene with 2- 
amino-4-trifluoromethylphenol (V), whereas the 
alternate route involved the use of the inter- 
mediates 2-nitro-4-trifluoromethylphenyl ethyl 
carbonate (VII) and the corresponding amino 
derivative (VIII)  in situ. Compounds V I I  and 
V I I I  now have been isolated and the structures 
elucidated. (Scheme I.) 


The preparation of V I I  was accomplished by 
condensing I V  with ethyl chloroformate. Cat- 
alytic reduction of V I I  gave V I I I  which upon 
treatment with aqueous hydrochloric acid 
yielded VI. 


The pronounced biological properties of 5- 
chloro-2-aminobenzoxazole (8) prompted the 
authors to investigate the preparation of 5-tri- 
fluoromethyl-2-aminobenzoxazole (X). The con- 
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Phytochemical Investigation of the Flowers of 
Cassia reticulata Willd. (Legnminosae) 


By W. M. MESSMER, N. R. PARNSWORTH, G. J. PERSINOS*, and J. D. WILKES* 


A study of the flowers of cacsia reticnhta has been made. By means of polyamide 
column chromatography, two anthraquinones, rhein and aloe-emodin, as well as a 


sterol, &sitosterol, were isolated and identified. 


LTIIOUGH VARIOUS SPECIES of Cassia have been A investigated extensively as to their phyto- 
chemical composition, relatively little is known of 
the constituents of Cassia reticuhtu W a d .  (Le- 
guminosae). Cassic acid, a substance possessing 
antibiotic properties (l), and later identified as the 
anthraquinone rhein (2), has previously been iso- 
lated from the leaves of this plant. 


Flavonoids (3, 4), anthraquinones (5),  a sterol 
(5 ) ,  and alkaloids (6) have been isolated from several 
species of this genus. A preliminary investigation 
of a small sample of C. reticulatu flowers by means 
of thin-layer chromatography, indicated the presence 
of flavonoids and anthraquinones. Extraction and 
fractionation (Fig. 1) of a large sample of the coarsely 
milled flowers yielded an ethyl acetate fraction which 
contained the majority of compounds of interest, as 
evidenced by thin-layer chromatography on Silica 
Gel G plates. Column chromatography of this 
fraction on polyamide yielded rhein, aloe-emodin, 
and 8-sitosterol. 


EXPERIMENTAL 


Materials and Methods-The plant material used 
in this investigation was collected in the area of 
Iquitos, Peru during February of 1968, and repre- 
sented the flowers of Cassia reticulata Willd. (Legumi- 
nosae). Voucher specimens have been deposited 
at the Economic Herbarium of Oakes Ames, Bo- 
tanical Museum, Harvard University, Cambridge, 
Mass. 
All melting points were taken on a Thomas- 


Hoover melting-point apparatusand are uncorrected. 
IR spectra were taken using a Beckman spectro- 
photometer, model IR-8, and the UV absorption 
spectra were measured in 95% ethanol using a Beck- 
man spectrophotometer, model DK-2. Thin-layer 
chromatography (TLC) was performed in most cases 
on Silica Gel G plates. Preparative TLC was per- 
formed on plates (20 X 40 cm.), coated with a 1-mm. 
thick layer of Silica Gel G, which were subsequently 
activated a t  100' for 1.5 hr. 


Preparation of Fractions-The plant material (1.0 
kg.) was milled to a coarse powder and extracted in a 
continuous extraction apparatus with skellysolve B 
for 108 hr. Solvent was changed every 24 hr. to pre- 
vent excessive heating of the extract. All of the 
skellysolve B extracts were combined and evaporated 
in zlacuo to yield 17.1 g. of Fraction A. The marc 
was removed from the continuous extraction ap- 
paratus, spread out to  air dry for 24 hr., and re- 
packed into the continuous extraction apparatus for 
extraction with 95% ethanol. Extraction was con- 
tinued for 96 hr., with a fresh change of solvent every 
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24 hi. The combined ethanol extracts, when dried 
in vacuo, yielded 166.1 g. of a dark brown residue. 
Redissolving this viscous mass in 1.0 1. of ethanol, 
and refrigerating for 3 days, produced 16.4 g. of a 
dark greenish-brown residue, Fraction B. The 
filtrate was evaporated to dryness to give 133.8 g. of 
residue, to which was added 800 ml. of distilled 
water. This solution was then heated on a steam 
bath with frequent stirring for 30 min., cooled, 
filtered, and the residue on the iilter paper dried 
(Fraction C, 13.0 g.). The filtrate then was ex- 
tracted with ethyl acetate six times. After this 
extract was dried in uacuo, it produced 9.4 g. of 
Fraction D. The aqueous phase remaining after 
the ethyl acetate extractions were completed was 
labeled Fraction E (see Fig. 1). 


Column Chromatography of Fraction D-Two- 
hundred grams of MN-polyamide powder' was 
washed with water and then methanol until the 
methanol filtrate, when taken to dryness using a 
flash evaporator, yielded no visible residue. The 
powder was then packed to a constant height (42 
cm.) in a 5 X 64-cm. glass column. Fraction D (9.4 
g.) was dissolved in a minimum volume of methanol 
and was added to the top of the polyamide column. 
One-hundred-milliliter fractions were collected. 
The fractions were eluted with methanol and 
grouped according to their TLC patterns using ethyl 
acetate-methanol-water (100: 16: 12.5) as the de- 
veloper and 25% aqueous lead subacetate solution 
as a spray reagent, followed by drying the chromato- 
grams and visualizing under long-wavelength UV 
light (366 mp). 


Isolation of 8-Sitosterol-Fraction grouping 5-14 
from the column on concentration yielded 301.8 
mg. of a white amorphous powder which did not re- 
act with the spray reagent. A Liebermann-Burchard 
test (7) subsequently indicated this material to be 
steroidal. TLC, followed by spraying with 70% 
aqueous HzSOa solution, followed by heating at 110" 
for 15 min., showed the isolate to be a mixture of 
three sterols. Preparative TLC, using the ethyl 
acetatemethanol-water eluent, followed by elu- 
tion of the bands with methanol, and crystallization 
of the material from the highest band from 95% 
ethanol, yielded 5.8 mg. of 8-sitostero1, m.p. 134.5- 
135.5", lit. m.p. 139-140' (5). The IR spectrum 
of the isolate was identical with that of reference 
8-sitosterol. 


Isolation of Rhein-Fraction grouping 30-60 from 
the column yielded 42.6 mg. of a yellow amorphous 
powder during slow evaporation, which gave a posi- 
tive Borntrager's test (8, 9). TLC of the isolate, 
using the ethyl acetate-methanol-water eluent, and 
followed by spraying with 2 N aqueous potassium 
hydroxide solution, showed the isolate to be a single 
entity, m.p. 321-324" (dec.). An I R  spectrum of the 
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C.  reticulala flowers (1.0 kg.) 


skellysolve B 


I 
skellysolve B extract 


Fraction A, 17.1 g. 


I 
marc - 


959; ethanol 


e'thanol extract - marc 
166.1 g. 


dissolve in 
1 . 0  1. ethanol 


ethanol concentrate 


refrigerate 
filter 


filtrate 


evaporate 


residue 


Fraction B, 16.4 g. 


residue 


133.8 g.  
I 


dissolve in water, 
heat, cool, filter 


I 
filtrate 


ethyl acetate 


I 
residue -~ 


Fraction C, 13.0 g. 


1 


I 
aqueous phase ethyl acetate extract 


Fraction E Fraction D.9.4 g. 


Fig. 1-Extraction and fractionation scheme for C. reticulata flowers. 


isolate was superimposable with that of reference 
rhein (4,5-dihydroxyanthraquinone-2-carboxyli~ 
acid).t UV absorption spectrum, XE:H 229, 
258, and 430 mp (log E 3.8, 3.5, and 3.4), compared 
favorably with that found in the literature, XE2H 
230,260, and 430 mp (2). TLC with reference rhein 
in several different solvent systems showed identical 
R f  values and chromogenic reactions to the KOH 
spray reagent. A molecular weight of 284 was 
confirmed by mass spectrometry. 


Fractions 61-110 from the column were combined 
and slowly evaporated to  yield 93.1 mg. of material 
which was shown by TLC to be a mixture containing 
mainly rhein, in addition to lesser amounts of a sec- 
ond anthraquinone having a slightly higher Rf 
value. Column chromatography of this material 
on a polyamide matrix resulted in an additional crop 
of pure rhein, but the second anthraquinone could 
not be separated. 
Isolation of Aloe-emodin-The mother liquor 


* Rhein samples were generously provided by Professor 
J. W. Fairbairn, University of London, and Professor H. 
Wagner, Munich, Germany. 


from combined Fractions 5-14 from the column, in 
addition to Fractions 15-29, were combined and 
taken to dryness to yield 7.4 g. of residue. This was 
dissolved in distilled water and chromatographed 
over a column containing 200 g. of MN-polyamide 
which had been washed several times with distilled 
water and packed as an aqueous slurry. Elution 
was initiated with water and 100-ml. fractions were 
collected. Fractions 1-31 were eluted with water, 
32-51 with 10% methanol, 52437 with 25y0 meth- 
anol, 68-85 with 5Oy0 methanol, 86-137 with 75% 
methanol, 138-212 with methanol, and 213-278 
with acetone. The aqueous fractions were frozen 
and lyophilized, the aqueous methanol fractions 
were concentrated in vucuo to remove methanol, 
and then were frozen and lyophilized, and the 
methanol and acetone fractions were taken to dry- 
ness zn vucuo. Each fraction was then dissolved in 
cu. 10 ml. of methanol, followed by TLC to deter- 
mine those fractions to be combined. 


Fractions 113-122 were similar in their chromato- 
graphic pattern and were combined. Slow evapora- 
tion yielded an orange-yellow product having m.p. 
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22()-“‘1O, and weighing 17.9 mg., ]it. 1n.p. for aloe- (2) Anchel, M., J .  Biol. Chem., 177, 169(1949). emodin 223-225” (5). TLC in several different (3) “The Chemistry of Flavonoid Compounds,” Geissman, 
solvent systems showed the isolate to be homogene- Ed., Mac’%!1an, New Y0rk N. y., 1962. 


(4) “Comparative Biochemistry of the Flavonoids,” Har- 
OUS and identical in Rf Value with reference aloe- 


(5) Karrer, W., “Konstitution und Vorkommen der or- 
emodin’a IR Of the and reference ganischen Pflanzenstoffe,” Birkhauser Verlag, Basel, 1958. 
aloe-emodin were superimposable, and the uv ab- 
sorption Plants and them Contained Alkaloids,” Tech. Bull. 1234, 


U. S. Dept. Agric., Washington, D. C., 1961. 
253, and 287 mp (log B 4.2, 3.8, and 3.5). (7) “+len’s Commercial Organic Analysis,” Vol. 11. 5th 


ed., Blakiston, New York, N. Y., 1824. 
(8) Borntrager, H.. Z. Anal. Chem., 19, 165(1880). 
(9) Kraus, L., Cesk. Farm., 5,410(1956). 


Bull. ‘I’orrey Bolan. Club,74,287(1949). 


T. 


borne, J. B., Ed.. Academi? Press, New York. N. Y., 1967. 


(6) Willaman: J. J. and Schubert, B. G., “Alkaloid-bearing 
for the isolate was ~22: 226, 


SUMMARY 


A phytochemical investigation of Cassia refinrkzfa 
flowers has resulted in the isolation of rhein, aloe- 
emodin, and 8-sitosterol, which have not been pre- 
viously reported from the flowers of this plant. 
At least one additional anthraquinone was observed 
to be present, in addition to three flavonoids, but 
these were not isolable using the methods employed 
in this study. 
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Hydroxyindole-0-methyltransferase 11. Inhibitory Activities of 
Some N-Acyltryptamines 


By BENG T. HO, WILLIAM M. McISAAC, L. WAYNE TANSEY, and PATRICIA M. KRALIK 


Several N-acyltryptamines were found to  inhibit hydroxyindole-0-methyltransferase. 
Of these inhibitors the most active was N-phenylacetyltryptamine, having an af- 
finity to the enzyme six times greater than the substrate N-acetylserotonin. These 
studies showed that the alkyl and aralkyl groups of the amides were most likely 


complexed with the enzyme by hydrophobic bonding. 


N THE PREVIOUS paper (l) ,  the binding of the acyltryptamines (11-VIII) were synthesized and I substrate N-acetylserotonin to the enzyme their inhibitory activities evaluated (Table I). 
hydroxyindole-0-methyltransferase (HIOMT) was The finding that both N-cyclobutylcarbonyl- 
studied. There was a good indication that the CHJ 
of the amide I was complexed with the enzyme by TABLE I-INHIBITION OF HIOMT 


0 ’  cn2cuI--N--R, 
I 
Ry II 


I 
R1 


CH2CH2NH-C-CH3 


I 
H 


I 


hydrophobic bonding. To  explore this hydro- 
phobic region on HIOMT, several substituted N- 
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I W . 0  
Compound Ri RI RI ( m M )  


I H H COCHs 1.4W 
I1 H H COaH? 0.88 


I11 H H COGHii 0.85 
IV H H COCsH5 0.37 
V H H COCH2CsH5 0.18 


VI H H COCH,CH,C.Hc 0.22 _ _ _  
VII H CHs COCH;CsHs 0.16 


VIII CHa H COCHzGHs 0.35 
IX H H SOzCsHs 0.37 


a Concentration of an inhibitor giving 50% inhibition of 
‘Data from the previous paper (1). the enzyme. 
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The Structural Basis of Antibody Specificity. By 
DAVID PRESSMAN and ALLAN L. GROSSBERG. 
W. A. Benjamin, Inc., One Park Avenue, New 
York, NY 10016, 1968. xvii + 279 pp. 16 
X 23.5 cm. Price $16.75. 
This monograph is based on a series of lectures 


given for a special biophysics course at the University 
of Rochester. The text is a quantitative appraisal 
of research on the chemical nature of antibody 
specificity since the earlier studies described by 
Landsteiner. It may be used as a text for senior- 
graduate level courses on chemical immunology or 
immunochemistry, and also as a reference for those 
in the field. The book is written for the reader who 
has some knowledge of immunologic nomenclature. 
The text treats those structural features of haptens 
or antigens and of antibodies which provide the 
basis for their specific interaction. The first two 
chapters introduce the chemical concepts which are 
involved in antibody-antigen interaction. Chapter 
3 discusses a large number of antihapten systems in 
terms of the structural details important for anti- 
body-hapten combination. The remaining chapters 
discuss the basis of the heterogeneity of antibody 
molecules and the use of antibodies to map out 
structures of small and large molecules in aqueous 
solution. Liberal use is made of drawings of 
chemical structures with their names, and the 
bibliography and appendix give access to many 
studies of antihapten systems. 


Staff review 


201 9 


The book is organized into six chapters bearing the 
following titles: The Cell as a Physico-Chemical 
Unit; Possible Actions of Drugs on Surfaces; Mem- 
brane Permeability and Drug Actions; Enzymes and 
Drug Actions; The Actions of Narcotics; Responses 
of Cells on the Biological Level. 


In general, the chapters are well written and well 
organized. The emphasis is on principle and mecha- 
nism rather than the presentation of masses of data. 
Literature references at the end of each chapter are 
few and of course relatively old, that is, prior to 1950. 


In the opinion of this reviewer, this volume is a 
valuable contribution and should be of interest to all 
involved in pharmacological research and‘ teaching. 
Although the author does point out some examples of 
drugs for which the mechanism of action is some- 
what known, he makes quite clear the point that we 
have a great deal of work ahead of us if we are ever 
to establish cell pharmacology as a science well 
enough developed to permit prediction of the action 
of chemicals on biological systems. 


Reviewed by Joseph Judis 
College of Pharmacy 
The University of Toledo 
Toledo, OH 43606 


Cell Physiology and Pharmacology. By J.  F. 
DANIELLI. Hafner Publishing Co., Inc., 31 East 
Tenth St., New York, NY 10003, 1968. (origi- 
nally published 1950). vi + 156 pp. 15.5 X 23 
cm. Price $8.00. 
On the first examination, the volume under review 


gives the impression of questionable worth. I t  ap- 
pears unlikely that a slender book of less than 200 
pages could give a comprehensive coverage of the 
vast field of cell physiology and pharmacology. 
Secondly, the book is based on lectures given a t  Uni- 
versity College, London, almost two decades ago and 
originally published in 1950. The domain of cell 
physiology as enlarged by the fantastic advances in 
biochemistry and molecular biology in the last 
twenty years is now altnost a qualitatively new one. 
My initial reaction, therefore, was, “What could we 
possibly learn about a vast field like cell physiology 
and pharmacology in a volume of less than 200 pages 
which was published twenty years ago?” 


However, as I read the book, I found there was 
much that could be learned. The author established 
the premise underlying his discussion in the preface. 
He stated that in the development of drugs, the bio- 
logical side of the process does not proceed in a ra- 
tional manner. The ehetnist will synthesize an 
array of compounds which are then subjected to  
biological testing. If our biological knowledge of 
drug action were adequate, it would be possible to 
predict which compounds or modifications of a com- 
pound would be biologically active and perhaps 907, 
of the work assigned to the chemist would be uii- 
iiecessary arid cliiniiiated. 


Studies of a Core Curriculum. Edited by M. R. 
GIBSON. American Association of Colleges of 
Pharmacy, 850 Sligo Ave., Suite 301, Silver 
Spring, MD 20910, 1968. 91 pp. 15 X 22.5 
cm. Price S.50. Paperbound. 
This volume is a report of the Committee on 


Curriculum of the American Association of Colleges 
of Pharmacy and outlines what this Committee 
believes to be the basic core course content for 
pharmacy education. This report covers only 
those professional areas of pharmaceutical edu- 
cation-not prerequisites and liberal arts courses- 
which represent the basic core of information needed 
before specialization. No “how to” information is 
included, but merely what constitutes a complete 
professional curriculum. The five chapters of core 
course contents and the authors are: Pharmacog- 
nosy-Melvin R.  Gibson; Pharmacology-Marvin 
H. Malone; Pharmaceutical Chemistry-Frank E. 
DiGangi; Pharmacy Administration-Raymond J. 
Dauphinias; and Pharmacy-August 1’. Lem- 
berger. 


Skiff rariew 


Topics in Pharmaceutical Sciences. Vol. 1. Edited 
by D. Perlman. Interscience Publishers, Inc., 
605 Third Avenue, New York, NY 10016, 1968. 
15.5 X 23.5 cm. ix + 136 pp. Price $7.95 
This volume is a collection of papers presented a t  


two symposia held during the 1967 annual meeting 
of the Academy of Pharmaceutical Sciences. The 
topics of the two symposia are “Penicillins and 
Cephalosporins” and “Effects of Hormonal Steroids 
on Cellular Processes.” 


Stuff review 
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Metabolism of Thiazesim, 
5 -( 2 -Dimethy laminoethyl) -2,3-dihydro-2 -phenyl- 


1,5-benzothiazepin-4( 5H)-one, 
in the Rat In viuo and In Viwo 
By J. DREYFUSS, A. I. COHEN, and S. M. HESS 


Three metabolites of thiazesim, 5-(2dimethylaminoethyl)-~,3-dihydro-2-phenyl- 
l,S-benzothiazepin-4(5H)-one, were isolated from rat feces. Metabolite 1 con- 
tained a hydroxyl group in the 2-phenyl ring. Metabolite Z was dihydroxylated at 
unknown positions of the 2-phenyl ring. Metabolite 3 was a derivative of Metab- 
olite 1 and, in addition, appears to have had one carbon and two oxygens added 
to the side chain. Two metabolites of thiazesim (4  and 5) were isolated from rat 
liver homogenates incubated with NADPH and nicotinamide. Metabolite 4 has 
been identified as the sulfoxide derivative of thiazesim. Metabolite 5 has not yet been 
identified, but it was not similar to those isolated in viuo. Hydroxylation of either 
aromatic ring was not an observed metabolic reaction in vitro. Sulfoxidation was 


not an observed metabolic reaction in viuo. 


PAPER ELSEWHERE in this journal (1) has A described aspects of the metabolism of 
the antidepressant agent, thiazesim-14C, 5- 
(2 - dimethylaminoethyl) -2,3-dihydro-2- phenyl- 
1,5-benzothiazepin-4(5H)-one, in the rat and 
dog that relate to its absorption, distribu- 
tion, excretion, as well as the techniques de- 
veloped for the separation of both conjugated 
and unconjugated metabolites. Also discussed 
were the results obtained by incubating thia- 
zesim-% with liver preparations from various 
animal species. 
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This paper will describe the identification of 
the metabolic products of thiazesim- 14C formed 
by the rat in vivo or by rat liver preparations 
in vitro; these metabolites have not yet been 
tested for pharmacologic activity. The results 
showed that the metabolites formed by the rat 
in vivo were not the same as those produced by 
rat liver preparations in vitro. 


EXPERIMENTAL 


Isolation of Fecal Metabolites-Three metabo- 
lites of thiazesim were isolated from feces in an 
unconjugated form by the following procedure. 
Rats were repetitively dosed once a day for 4 days 
with 100 mg. of thiazesim per kg. and the feces 
samples combined. The feces were homogenized 
in 4 vol. of methanol that was 0.12 N with respect 
to HC1, and centrifuged. After centrifugation, 
the supernatant fraction was removed and saved, 
a id  the residue was cstracted twice more with 4 vol. 
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chromatograms, and were designated as Metab- 
olites 1, 2, and 3, respectively. Two metabolites * 


were isolated after incubation of thiazesim-l'c 
with rat liver preparations. These metabolites 
had R. values of 0.88 and 0.64 and were designated 
as Metabolites 4 and 5, respectively. 


Infrared Spectra-Infrared spectra of all com- 
pounds were determined as micro-KBr pellets in 
order to assess the approximate purity of the 
samples. All samples gave well-defined spectra 
that were clearly derivatives of thiazesim. 


Ultraviolet Spectra-The UV spectra taken at 
acid p H  in methanol solution for the metabolites 
isolated in uivo resembled that found for thiazesim. 
In  each case a prominent peak was seen a t  276- 
278 mp, as compared with 271-272 mp for thiazesim. 
When the spectra for Metabolites 1, 2, and 3, and 
thiazesim were rerun at pH >10 there was a batho- 
chromic shift t o  about 300 mp for the three metab- 
olites, but not for thiazesim. These data suggested 
the introduction of phenolic hydroxyl groups in 
the metabolites. 


Metabolites 4 and 5, produced from rat liver 
preparations in d r o ,  exhibited UV spectra at 
acid pH in methanol solution that consisted of no 
well-defined peaks, but simply shoulders at 272, 
265, 235, and 225 mp for Metabolite 4 and 265 
and 240 mp for Metabolite 5; these spectral features 
did not change when the samples were rerun at 
pH >lo. These data suggested that no phenolic 
hydroxyl groups were present in these metabolites. 
Mass Spectra-The mass spectra of thiazesim 


and Metabolites 1 and 2 gave molecular ions at 
326 (ClsHaNgOS), 342 and 358, respectively, as 
shown in Fig. 1. The increase in weight of 16 and 
32 mass units of the molecular ions of Metabolites 
1 and 2 strongly indicated that the compounds were 
the mono- and di-oxygenated derivatives of thiaze- 
sim. As confirmatory evidence, the mass of the 
parent ion of Metabolite 1, measured by high resolu- 
tion mass spectrometry, was 342.1414 which cor- 
responded to the formula CloHaNaOnS (calcd. 
342.1403). 


The origins of the fragmentation peaks of Metab- 
olites 1 and 2 and thiazesim are described below. 
As an aid in making the assignments, the element 
maps of Metabolite 1 and thiazesim were prepared. 
The base peak at m/e 58 and the next most intense 
peak, at m/e 71, present in thiazesim and Metab- 
olites 1 and 2, corresponding to  the [CH,N(CH&l+ 
and [ CHF=CH-N(CH~)~] ions, respectively, showed 
the retention of the unaltered side chain in Metab- 
olites 1 and 2, as shown in Scheme I. Furthermore, 
the presence of the ion at m/e 178 (CgHsNOS) in 
the spectra of thiazesirn and Metabolites 1 and 2 
suggested that the oxygen(s) was not substituted 
on the heterocyclic ring and must be substituted 
on the 2-phenyl group. 


The assignment of the hydroxyl group(s) to 
the Zphenyl ring was established from a comparison 
of selected peaks of thiazesim and those for Metab- 
olites 1 and 2, which differed by 16 or 32 mass 
units (see Table I). The structures of the m/e 
147, 120, and 107 peaks of Metabolite 1 are shown 
in Scheme 11. 


Prominent peaks common to all three compounds 
appeared at m/e lOQ, 136, 151, and 178, which cor- 
responded to  the following elemental compositions, 


of unacidified methanol. The combined methanol 
extracts were adjusted to  pH 1 to  2 with 1 N HCl 
and 2 vol. of B-heptane was added. After shaking, 
the lower layer was recovered, evaporated, and 
chromatographed on an alumina column for the 
isolation of Fraction 1, as described previously 
(1 ) .  The isolated Fraction 1 was evaporated and 
spotted on 1-mm. Silica Gel H F  plates which were 
developed in benzene-ammonia-dioxane (10: 10: 
80). The appropriate UV positive zones were 
scraped from the plate, pooled, and packed into 
columns, 4 cm. diam. X 2 cm. high, which were 
eluted with chloroform-methanol (5: 1). When 
necessary, each eluted compound was rechroma- 
tographed on 1-mm. Silica Gel H F  plates in benzene- 
ammonia-dioxane (60: 5:35 or 10: 10:80) in order 
to remove contaminating yellow material. 


Preparation and Isolation of In Vitro Metabolites 
-For the preparation of metabolites in oitro in 
tnilligram quantities, the following procedure was 
used. Male Holtzman rats weighing 250-300 g. 
were killed by decapitation and the livers were 
quickly removed, chilled in ice-cold 1.15% KC1, 
blotted on filter paper, and weighed. The livers 
were homogenized in 2 vol. of 1.15% KC1 with a 
Potter-Elvehjem tissue grinder with a Teflon 
pestle. The homogenate was centrifuged at 9,000 
x g for 15 min. at 4". The incubation mixture 
consisted of 7.5 mmoles of phosphate buffer, pH 
7.4, 300 ml. of the supernatant fraction of rat liver 
(9,000Xg), 368 pmoles of thiazesim, and the follow- 
ing amounts of cofactors: MgCl,, 750 pmoles; 
glucose-Bphosphate, 840 pmoles; NADP, 57.5 
pmoles; and nicotinamide, 9 mmoles. Quantities 
of cofactors equal to  those cited above were added 
after incubation a t  37" for 15 and again at 30 min. 
An additional 322 #moles of thiazesim was added 
after 30 min. Incubation was for a total of 60 min. 
The reaction mixture was extracted with r-butanol 
as previously described (1). 


In  order to isolate metabolites uncontaminated 
with nicotinamide, the latter was first removed by 
chromatography of the methanol extract on a 
column of Whatman SG 31 silica gel. Sufficient 
dry silica gel was added t o  the methanol extract 
to form a paste which was then dried a t  70". The 
dry material was placed on top of a column of dry 
silica gel (5 X 10 cm.) and eluted with water until 
the effluent no longer absorbed at 260 m,u. At this 
time, the metabolites and unchanged thiazesim 
were eluted from the column with methanol-am- 
monia (95: 5). The concentrated eluates were then 
chromatographed on thin-layer plates, as described 
above in the section on the isolation of fecal metab- 
olites. 


Spectroscopic Analysis-NMR spectra were ob- 
tained on either a Varian model A60 spectrometer 
or on a Varian model A60-A spectrometer equipped 
with a C1024 time averager. 


Mass spectra were obtained on either an As- 
sociated Electrical Industries model MS9 spec- 
trometer or on a Consolidated Electrodynamics 
Corporation model 103C spectrometer. Element 
maps were obtained by computer analysis from 
data recorded from the MS9 spectrometer (2). 


Metabolite Designations-Three metabolites 
were isolated from rat feces (1). These metabolites 
had R.  values of 0.88. 0.64. and 0.52 in benzene- - -  - 
ammonia-dioxane (10: lo:&) on Silica Gel H F  as determined from the high resolution mass spectra 
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B 


m/e 147 m/e 120 


m/e 107 
Scheme 11-Structures of selected fragments of Metabo- 


lite 1 


oE thiazesim and Metabolite 1, C&S, CqH6NS, 
C7H5NOS, and CgHBNOS, respectively. These 
peaks, corresponding to those aromatic fragments 
containing both nitrogen and sulfur, contained no 
hydroxyl group(s) either in the parent compound 
or in Metabolites 1 and 2. The probable structures 
of these fragments are depicted in Scheme 111. 


A 


f 
./.ISI .In 109 n/. 136 


Scheme III-Structures of selected fragmmts of 
thiazesim 


Fig .  1-Mass spectra of thiazesim ( A ) ,  Metabolite 1 
(B) ,  and Metabolite 2 ( C ) .  


c-Id x m h  -- - 
Thai.s,n 0 2 5 5  


I I 271 
2 2 281 


./.?I 


Scheme I-Fragmenkztion pattern of the side chain of 
thiazesim and Metabolites 1 and 2 


Metabolite 3 (see Fig. 2) with a molecular ion 
at m / e  386 (Cz0HnN20S) had fragments common 
to the nuclear portion of Metabolite 1 at m / e  91, 
109, 120, 136 (CzHsNS), 147 (CSHIO~) ,  242, and 
271 (CI~HI~NO$). The absence of prominent 
peaks at m / e  58 and 71 demonstrated alterations(s) 
of the side chain. Further, peaks were present 
with the loss of oxygen at m/e 356 (CI~HZONZO~S), 
310 (CdLsNzOS), 217 (CtBiaNxS), 203 (CiiHIiN2S), 
and with the loss of sulfur a t  m/e 353 (CzoHzlNzOd, 
323 (CigHzoNzOa), and 277 (ClsHi7NzO). It is 
to  be noted that the low intensity peak, m / e  356, 
does not appear in the low resolution spectrum of 
Fig. 2. This peak was, however, detected and its 
exact mass determined by the use of the Nier 
peak-matching procedure. 


The additional oxygen atoms present in Metab- 
olite 3, compared with Metabolite 1, are not ketonic, 
aldehydic, acidic, or in an ester grouping, as de- 
termined from the infrared spectrum, therefore, 
the oxygens must be either alcoholic or ethereal. 
Moreover, the mass-measured formula of the mo- 
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TABLE I-MASS SPECTRA OF SELECTED FRAGMENTS OF THIAZESIM AND METABOLITES 1 AND 2 


I Thiazesim - -Metabolite 1- -Metabolite 2- 


m/e Composition m/e Composition m/e Composition 
Elemental“ Elemental” Elemental 


283 CnHisNOS 298 CnHis NO& 314 Ci7HisN03S 
255 ClsHisNOS 271 CisHiaNOzS 287 CisHidVOS 
131 CgH7O 147 CsH702 163 C9H703 
104 GH8 120 CsHsO 136 CsHsOz 
103 CsHi 119 CsH7O 135 C8H7Oz 
91 C7H7 107 C7H@ 123 C7Hr02 


Based on peak matching. Based on low resolution data. 


Fig. 2-Mass spectrum of Metabolite 3. This com- 
pound was thermally labile and gave variable spectra 
Peaks of low intensity at m/e 323, 356, and 368 did 
not appear in  this spectrum. In  subsequent spectra, 
utilizing oscilloscope display of pertinent areas, these 
weak peaks were recognized and their exact masses de- 
termined. The elemental composition found for the 
mass measured peak at m/e 368 did not give a reasona- 
ble structure based on the elemental composition of the 
parent ion and was considered to represent an impurity. 


lecular ion (m/e  386) corresponded to  a t  least one 
more degree of unsaturation when compared with 
Metabolite 1. It can be conclhded that at least 
one of the two incorporated oxygens must be a 
part of a cyclic ether. Reasonable structures for 
Metabolite 3 are the methylene dioxy group A 
or the cyclic ethers B, C, D, and E shown in Scheme 
IV. 


\N’ ‘N’ ‘N’ 


I I I 
n-c-0 H-C-CHz 
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I I 
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I I  
H-C-O 


I 
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n-c-o. 


HO-C-CH~ 
I I  


NICH,I* NlCH& 


( D I  ( E l  


Sclwtte I V -Possible structures for the stile chain of’ 
Metubolite 3 


It seems reasonable to  eliminate from considera- 
tion substitution on the N-methyl carbon atoms, 
since atoms at this remote location would have 
had little effect on the fragmentation process of 
the remainder of the molecule. In those metabolites 
with a dimethylaminoethyl side chain, the €rag- 
mentation process appeared to  be initiated at  the 
side chain (&cleavage). With changes in the side 
chain, the other fragmentation modes become ap- 
parent, particularly the loss of the sulfhydryl 
group. Siiice the fragmentation pattern of Metab- 


olite 3 in the high mass region of the spectrum dif- 
fered markedly from those obtained with thiazesim 
or Metabolites I or 2, it was suspected that modifica- 
tion of the side chain might alter the fragmenta- 
tion mode of Metabolite 3. In support of this 
supposition an analog of thiazesim having a di- 
i~iet l~ylan~i~~opropyl  side chain was analyzed by 
the use of a mass spectrometer. This sample 
having a molecular ion a t  m/e  340 also gave a 
prominent m / e  307 peak (loss of SH). This result 
is similar to  the loss of an SH group in the case of 
Metabolite 3. The side chain of thiazesim cleaves 
very readily since the carbon-carbon bond is B 
to  two nitrogens. In a molecule which has an 
altered side chain, fragmentation modes, such as 
those originating from the nuclear portion of the 
molecule, may become more favored. The proba- 
ble structure of the peaks of highest mass unique 
to Metabolite 3 are shown in Scheme V. 


L 


t 


NICH.LZ 


rn/r 323 


Scheiiie V-Slrucliircs of seleded hrgh-mass fragrt~nls 
of Mehbolite 3 


Of the five possible structures that accommodate 
the added elements of one carbon and three oxy- 
gens, compared with the parent drug (see Scheme 
IV),  Structure A appears to be the most reasonable 
011 the basis of NMK and mass spectral data. The 
aromatic proton resonances of Metabolites 1 and 
3 were identical, therefore, Metabolite 3 was pre- 
sumed also to have had the aryl substitution in the 
2-phenyl ring. The NMR spectrum of Metab- 
olite 3 had a prominent peak near 4.4 T which was 
abseut in the spectrum of Metabolite 1. Tlie loca- 







Vol. 57, No. 9 ,  September 196s 


tion of this peak was reasonable for the assignment 
of the methylene dioxy protons. Although the 
proton count corresponded to  only three protons, 
the region around 4.4 T also may have included the 
other two protons on carbons bearing the two meth- 
ylene dioxy oxygens. The relevant proton reso- 
nances of the protons of Structures B-E would have 
tended to  have occurred at T values higher than 
those found for the methylene dioxy protons, and 
certainly only one proton in Structures D and E 
would be expected t o  have appeared below 5 T.  


In  addition, Structures B, C, D, and E are 4- 
membered cyclic hemiacetals, and would not have 
been expected to  exhibit the stability of the 5- 
membered cyclic methylene dioxy Structure A. 


Although the data obtained with Metabolite 3 
tend to  support Structure A (Scheme IV), it should 
be stressed that this tentative proposal is made in 
the absence of the synthesized compound with 
which authentic spectra could be prepared. 


The mass spectrum of Metabolite 4 gave a mo- 
lecular ion at m/e 342, the same as that found for 
Metabolite 1, however, the fragmentation patterns 
for the two compounds were quite different (see 
Fig. 3). Metabolite 4 showed fragments of high 
intensity at m/e 325 (M-17, loss of OH), and at 
m/e 298 [M-44, loss of -N(CH&]. These results 
suggested that the additional oxygen incorporated 
into Metabolite 4 was not present on either of 
the substituted benzene rings. The strong peaks 
at m/e 58 and 71 indicated that no alteration had 
occurred to  the side chain in Metabolite 4. Sulfoxi- 
dation seemed a likely possibility. Accordingly, 
the mass spectrum was run of the sulfoxide deriva- 
tive of a thiazesim analog (SQ 10502) that con- 
tained an N-diethyl amino ethyl instead of an 
N-dimethyl amino ethyl side chain. The M +  for 
this compound was found at m/e 370. Prominent 
peaks were found at m/e 353 (M-17) and m/e 
298. The strong peaks found for Metabolite 4 
a t  m/e 58 and m/e 71 were now displaced by  28 
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mass units t o  m/e 86 and m/e 99 due to the added 
CzHl of the N-diethyl group. Other features of 
the mass spectra of Metabolite 4 and SQ 10502 
were essentially identical. Similarly, the ultra- 
violet and infrared spectra of Metabolite 4 and 
SQ 10502 were identical. 
The complete interpretation of the mass spec- 


trum of Metabolite 5 has been complicated by 
the absence of a discernible peak for the parent 
ion. The presence of the peak at m/e 255 (CIS- 
HlaNOS), as well as the peaks at m/e 136, 131, 
109, 104, 103, and 91, demonstrated that the nuclear 
portion of thiazesim had remained intact. The 
presence of a stronger m/e 57 (CaHsN) peak rather 
than an m/e 58 peak, as well as the absence of 
both the m/e 71 peak and a strong m/e 44 peak, 
demonstrated a change in the fragmentation pattern 
from that observed for thiazesim. These data 
suggested that changes had occurred in the side 
chain of Metabolite 5. 
Location of Hydroxyl Substituents-When 


strongly electron-donating groups, such as hy- 
droxyl, are substituted in benzene the protons 
substituted m t h  and para to  the hydroxyl group 
are preferentially shielded (3). This is to be an- 
ticipated, because the increase in electron density 
will be greatest at the carbons orth and para to  the 
functional group and least at the meta position. 
The protons attached to  the ortho and para carbons 
have an electron density that results in the ob- 
served chemical shifts of these protons occurring 
at a higher field than the metu proton. 


The three isomeric cresols were used as model 
compounds for the determination of the position of 
substitution of the hydroxyl group in Metabolite 1. 
The three isomers exhibited unique aromatic proton 
resonances due to the presence of the hydroxyl 
group and the spin-spin coupling of the aromatic 
protons. Para qesol exhibited the typical AtBt 
pattern of symmetrically disubstituted aromatic 
compounds with closely spaced proton resonances 
at 2.95 and 3.25 T. The spectrum of the non- 
symmetrically substituted 0-cresol was less well 
defined, but resonances for the two protons ortho 
and para t o  the hydroxyl group fell in the region 
between 3.2 and 3.4 T, while the meta-substituted 
protons resonated at lower fields between 2.8 and 
3.17 T as a complex multiplet. Meta-cresol, having 
three protons either ortho or pura t o  the hydroxyl 
group, had these protons resonating near 3.3 T 
as a complex multiplet, while the remaining metu 
protons resonated near 2.9 T. 


Figure4 gives ~e proton resonancesin the aro- 
matic region of the NMR spectrum of the ortho and 
para methoxy derivatives on the Zphenyl ring of 
thiazesim and of Metabolite 1. The time-averaged 
NMR spectrum of the aromatic portion of Metab- 
olite 1 showed resonance for two protons rather 
than four, between 3.15 and 3.5 T; these T values 
agree with those found for 0-cresol. The lack of 
symmetry in the aromatic portion of the spectra 
of 0-cresol and Metabolite 1 added further evidence 
in favor of the ortho configuration for the hydroxyl 
group. The region under discussion provides 
evidence for only two protons; in addition, there 
is a noteworthy absence of the coupling pattern 
of an AB quartet which is present in the pmethoxy 
thiazesim spectrum (see Curve A, Fig. 4). 


The meta substitution of the hydroxyl group may 


2" p 
B 


A 


u 
Fig. 3-Mass spectra of SQ 10502 ( A )  and Metabo- 
lite 4 (B). SQ 10502 is the sulfoxide derivative of 
thinzesim, which also contains a n  N-dimethylaminoethyl 


side chain. 
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2 3 4 


Fag. 4-Proton resonances of the aromatic region of the 
NMR spectra of p-methoxy-thiazesim (A), o-mthoxy- 
thiazesim (B), and hydroxy-thiazesim, Metabolite 1. 


The numbers on the abscissa represent 7-values. 


be eliminated a priori since the area under the 
curve between 3.15 and 3.5 7 accounted for only 
two of four protons. The lack of symmetry in the 
aromatic proton resonances ruled out the para- 
disubstituted isomer as the probable structure. 
These data support the view that the hydroxyl 
group of Metabolite 1 appears to  be in the ortho 
position. This interpretation remains tentative, 
however, until the proposed structure will have 
been synthesized and the spectra analyzed. 


The authors were unable t o  obtain a satisfactory 
time-averaged NMR spectrum of Metabolite 2, 
and, thus, have been unable to locate the hydroxyl 
groups on the 2-phenyl ring. 


Metabolite 3 exhibited the same pattern for the 
proton resonances of the Zphenyl ring as did Metab- 
olite 1, and, therefore, appeared to be a derivative 
of the latter. 


Scheme VI summarizes the probable metabolic 
events occurring during the biotransformation of 
thiazesim-"C in the rat in vivo. 


DISCUSSION 


The inability to  detect sulfoxidation in vivo may 
be attributed to  two possibilities. First, sulfoxida- 
tion may actually have occurred, but the equilib- 
rium for the reaction may strongly favor the sulfide 
form. Second, sulfoxidation could have been a 
favored reaction, but additional metabolic altera- 
tions may occur that result in a very low steady- 
state level of sulfoxide. A similar line of reasoning 
would apply if any sulfoxide formed were subse- 
quently converted to the sulfone or sulfate deriva- 
tives. Since 3040% of the dose, has not been 
identified, such secondary conversions might 
have been unrecognized. 


It is more difficult to understand why hydroxyla- 
tion, a predominant reaction in viuo, was not ob- 
served in vitro. One could argue that for some 
reason the conditions of incubation were not suit- 
able for hydroxylation to  have occurred. According 
to  Gillette (4), hydroxylation reactions of aromatic 


*c--0 C"*-C".-*~C",I* 


I )+ I Y E l I l O L l T L  2 1 
Y C - 0  


*1C",I2 


I Y C T A ~ O L I I T  31 


Scheme VI-Summary of biotransformation of 
thiazesim"C in the rat in vivo 


compounds require a liver microsomal enzyme sys- 
tem, NADPH, and oxygen. Likewise, Gillette and 
Kamm (5) have reported that the enzymatic forma- 
tion of sulfoxides by guinea pig liver microsomes, 
requires NADPH and oxygen, the same require- 
ments listed above for hydroxylation. 


A common metabolic reaction during drug metab- 
olism is N-dealkylation and a number of psycho- 
active drugs undergo this conversion (6). In the 
metabolism of thiazesim-14C, either in vivo or 
in vitro, the authors were unable, so far, to detect 
the presence of any N-demethylated derivatives. 


The elucidation of the biotransformation of drugs 
has been greatly simplified by the introduction of 
NMR and mass spectrometry. In addition to  
being able to work with microgram quantities of 
sample, the advantages of mass spectrometry as 
an analytical tool are in being able more readily 
to  identify an unexpected structure. The more 
conventional and more restrictive approach to  the 
identification of metabolites has been to  synthesize 
"expected" metabolites and then to demonstrate 
their identity by chromatography in several differ- 
ent solvent systems, in comparison with an un- 
known compound. Schwartz and Bommer (7) 
have used high-resolution mass spectrometry to 
identify metabolites of diazepam in the rat. 


Additional support for the unusual substitution 
to  the side chain of Metabolite 3 comes from the 
fragmentation pattern of a known structure con- 
taining the methylene dioxy group (8). The com- 
pound, 1,3-dioxolane, gives a weak molecular ion 
(6.0%) at m/e 74. Prominent fragments are 
found at m/e 43 and m/e 44 which are easily ration- 
alized by the loss of HeCO, formaldehyde. 


The methylene dioxy structure is found in several 
naturally occurring alkaloids (9). In  these alka- 
loids, the Bmembered methylene dioxy ring is 
fused to an adjacent benzene ring. Presumably, 
the methylene dioxy group is formed by the oxida- 
tive cyclization of the o-methoxyphenol (10). 
Intermediates establishing the validity of the struc- 
ture of Metabolite 3 by the latter pathway were 
not isolated. The transient presence of these 
compounds may have accounted for the authors' 
inability to  find them; another possibility that 
existed, of course, is that the metabolic pathway 
was other than that considered here. To the 
authors' knowledge, there is no precedent for the 
natural Occurrence of a methylene dioxy group at- 
tached to an alkyl side chain in either plants or 
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(9) Manske R. H. F., and Holmes H. L. Eds., “The 


Alkaloids,” vol. i I ,  Academic Press Inc.: New +ark, N. Y . ,  


(10) Barton, D. H. R., Kirby, G. W., Taylor, J. B., and 
Thomas, G. M.. J. Chem. Soc.. 1963.4545. 


In view Of the structure’ how* 
ever, this assignment should be considered tenta- 1952, p. 336. 
tive. 
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Nonpolar Metabolites of Trifluoperazine in Rats 
By C. L. HUANG and K. G. BHANSALI* 


Urinary excretion of non lar metabolites of trifluopernrine was studied in six 
albino rats which were a80inistered intraperitoneall with 9 mg. trifluoperazine 
dihydrochloride dail for a period of 5 days. The 2 d r .  urine specimens were col- 
lected and analyzed &r trifluoperazine sulfoxide and the unchanged dru by means 
of a spearophotornevic and thin-layer chromatographic techniques. #he avera e 
urinary excretion of trifluoperazine sulfoxide was found to be 10.77p of the a$- 
ministered dose in the first 24-hr. period. Only a trace or a negligib c amount of 


the unchanged drug was found in urine. 


RIFLUOPERAZINE (TOP) is one of the widely 
Tused neuroleptics today. During the past 
decade TOP has become established as an effec- 
tive neuroleptic agent. Many clinical reports 
have appeared attesting to its efficacy in the treat- 
ment of certain types of psychotic symptoma- 
tology (1-12). TOP, a member of the pheno- 
thiazine family, is approximately 10 times more 
potent than chlorpromazine and is reported to 
have fewer side reactions. It differs from 
chlorpromazine by possessing a trifluoromethyl 
group on position 2 and a piperazinyl function 
on the propyl side chain. Comparative clinical 
studies (13-18) have indicated differences in the 
sedative effect, potency, rapidity of action, and 
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incidence of neurological complications between 
TOP and other neuroleptics; however, factors 
responsible for these differences are as yet largely 
unknown. Despite a large nuinber of clinical 
investigations reported in the past years, little is 
known as to its metabolic pathway. Because of 
the relatively small dosage level, metabolic study 
of this compound presents a formidable problem 
especially in man. It would be of interest to 
study the metabolic pathway of this relatively 
potent drug and compare i t  with that of chlor- 
promazine. Such comparative data might help 
to explain the question as to why this compound 
is more potent and has less side effects than 
chlorprornazine. A survey of the literature re- 
vealed that there is little information available 
regarding the metabolism of TOP. A rapid 
color test utilizing ferric chloride in mineral acids 
to detect urinary TOP metabolites was reported 
(19, 20). 


The present investigation is focused on identi- 
fication and quantitative determination of non- 
polar metabolites of TOP in urine of rats. Thin- 
layer chromatography and paper partition chro- 
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surements are made on compounds that  are rela- 
tively insoluble in water, the results have little 
meaning unless the particle size of the adminis- 
tered powder is taken into account. 
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Books- 
REVIEWS 


Potential Carcinogenic Hazards from Drugs. Evalu- 
ation of Risks. UICC Monograph Series, vol. 7. 
Edited by RENE TRUHAUT. Springer-Verlag, 1 
Berlin 31 (Wilmsdorf), Heidelberger Platz 3, Ger- 
many, 1967. vii + 249 pp. 16.5 X 25 cm. 
Price DM 68,-; U.S. $17.00. 
This is the seventh volume of the monograph series 


sponsored by the International Union Against Can- 
cer. It consists of a series of 24 papers presented at 
a symposium of the Cancer Control Commission held 
in Paris, November 1965. 


It is quite apparent from both the formal papers 
and the abbreviated versions of the discussions which 
follow that emphasis was placed on chemical contact 
or ingestion as the principal etiological factor in car- 
cinogenesis. While this orientation may be justi- 
fied in a symposium dealing with drugs, it must be 
recognized that there are many oncologists who sub- 
scribe to the view that chemical carcinogenesis is of 
only minor significance in relation to the incidence of 
human cancer. 


The initial papers in the symposium deal with the 
present state of methodology for evaluating the po- 
tential carcinogenicity of drugs. The statistical a s  
sessment of data from the point of view of predicta- 
bility is then discussed. In view of the law pro- 
hibiting the use of carcinogenic substances as food 
additives, it  is interesting to note the view expressed 
by one of the participants, Prof. I. Berenblum. that 
“for all practical purposes, a carcinogen is, like any 
other noxious substance, only harmful above a cer- 
tain critical dose level.” In this connection, the 
opinion of Prof. H. Druckrey based on his analysis of 
the dosetime relationships of chemical carcinogene- 
sis, is especially pertinent. He distinguishes be- 
tween the primary effect of a carcinogen at the cellu- 
lar or molecular level, and the subsequent multiplica- 
tion of cancer cells to  the point of tumor induction. 
As far as the primary effect is concerned he holds to  
the view that “there is no  indication for the existence 


of a subthreshold dose.” Nevertheless, he recog- 
nizes that a zero tolerance for carcinogens is “not 
always practicable and is scientifically objection- 
able’’ and proposes as a basis for future discussion 
that ‘‘1% of the lowest dosage which, given daily 
over the whole life span to  susceptible experimental 
animals, produces cancer only at  the end of the life 
span, can be considered as the maximum tolerable 
dose for human beings.” 


A number of papers in this volume deal more spe- 
cifically with the potential carcinogenicity of specific 
classes of substances such as metal-containing drugs, 
petroleum hydrocarbons, lactones, and hormones in- 
cluding progesterone. In  the two reports dealing 
with plastics used in orthopedic or surgical practice, 
as well as in the discussions of these papers, the 
weight of evidence is in support of a physical rather 
than chemical explanation of the carcinogenic effect 
of experimental implants. 


In his remarks reflecting the point of view of the 
pharmacologist, Professor Alastair C. yrazer em- 
phasizes the need for discrimination and judgment 
in deciding when a drug should be subjected to life- 
span study for potential carcinogenesis, and ques- 
tioned the need for identifying “extremely feeble” 
carcinogenic drugs intended for use over short per- 
iods in people whose life expectancy is unlikely to 
provide time for any effect to  be induced. 


This monograph is required reading for those who 
wish to  keep up with current thought among the ex- 
perts in drug safety evaluation. Although the dis- 
cussions following each presentation reveal the lack of 
unanimity on many aspects, there is agreement that 
much remains to  be done to get a t  the root of these 
problems from both the methodological and in- 
terpretative standpoints. 
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assay of other products and drugs as well as the use 
of other thin-layer media is indicated arid will be 
reported a t  a later date. 
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3 -Substituted-2 - benzoxazolinones 
By JOSEPH SAM, J. L. VALENTINE, and C. W. RICHMOND 


The preparation of 2-amino-~-trifluoromethylbenzoxazole, 5-trifluoromethyl-2- 
benzoxazolinone and their chemical precursors are described. The reaction of ap- 
propriately substituted 2-benzoxazolinones with substituted alkyl halides provided 


the 3-substituted 2-benzoxazolinones. 


REVIOUS INVESTIGATIONS (1-4) on the medic- P inal value of 3-substituted-2-benzoxazo- 
h o n e s  (I, Table I)  prompted the present work 
on other 3-substituted derivatives. Lespagnol 
and co-workers (5, 6) studied the time required 
for 2-benzoxazolinone and some 3-substituted 
derivatives to produce immobilization in fish. 
Swinyard and associates (7) demonstrated that 
the 3-substituted derivatives prepared by Les- 
pagnol were active in antagonizing maximal 
electroshock states. Subsequently, Close and 
co-workers (2) studied a number of 3-substituted 
derivatives for their analgesic activity. Two of 
these derivatives ( I1  and 111) were tested clini- 
cally and proved to be less active than indicated 
by the animal studies 


The 2-benzoxazolinones (XI)  utilized in this 
study were prepared according to procedures 
described in earlier reports; however, additional 
studies were conducted on the preparation of 5- 
trifluoromethyl-2-benzoxazolinone (VI) . 
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Previously, the preparation of V I  via two 
routes was reported (1). One of these routes 
involved the condensation of phosgene with 2- 
amino-4-trifluoromethylphenol (V), whereas the 
alternate route involved the use of the inter- 
mediates 2-nitro-4-trifluoromethylphenyl ethyl 
carbonate (VII) and the corresponding amino 
derivative (VIII)  in situ. Compounds V I I  and 
V I I I  now have been isolated and the structures 
elucidated. (Scheme I.) 


The preparation of V I I  was accomplished by 
condensing I V  with ethyl chloroformate. Cat- 
alytic reduction of V I I  gave V I I I  which upon 
treatment with aqueous hydrochloric acid 
yielded VI. 


The pronounced biological properties of 5- 
chloro-2-aminobenzoxazole (8) prompted the 
authors to investigate the preparation of 5-tri- 
fluoromethyl-2-aminobenzoxazole (X). The con- 


I 
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TABLE I-3-~UBSTITUTED-2-BENZOXAZOLlNONES 


Recryst. Yield, -Anal.--, 
No. Ri K t  FromR Method % M.P., 'C. Formula Calcd. Found 


l a  


I b  


IC 


Id 


IC 


If 


Ig 


Ih 


Ii 


Ii 


Ik 


I1 


Im 


In 


I0 


IP 


IP 


Ir 


Is 


It 


lu  


CHzCHzSCHa 5-F 


CONHz H 


CON(CHd2 H 


(CHz)sOH H 


CHzCHOHCHzOI-I H 


CHICHO \ H 


C!HZO/'~ 
CHzCHOHCHiOCONHi H 


(CHz)sOCONHz 


CHzCH(CHs)i 


CHzCCH 


(CHdzCHa 


CHzCHCHz 


(CHz)sOCHs 


(CHdsN(CHs)z 


(CHz)sCl 


(CHt)sCl 


(CHdsCl 


(CHz)sCl 


(CHdsNCsH4OI 


(CHP)JNCSHIOZ 


(CHZ)JNCSHIOI 


H 


H 


H 


H 


5-Cl-6-Br 


5,6-diCI 


5-CFs 


H 


5,B-diCl 


5-Cl-6-Br 


5-CFa 


H 


5-Cl-6-Br 


5,6-diC1 


W 


E-W 


W 


- 


B 


E 


W 


E-W 


E-W 


E-W 


- 


M 


E 


E 


M 


E 


B 


M-W 


D-W 


C 


C 


A 


1) 


E 


A 


A 


F 


G 


H 


A 


A 


A 


A 


I 


A 


B 


B 


B 


B 


C 


C 


C 


56 


84 


63 


81 


70 


68 


50 


50 


60 


70 


72 


72 


82 


68 


89 


82 


91 


90 


81 


81 


81 


71-72 


144-146 


68-09 


73-75 


184-185 


136-137 


142-143 


63-64 


97-98 


- 


70-7 1 


90-9 1 


180-181 


64-65 


135-136 


130-131 


47-48 


179-181 


214-2 15 


219-220 


CiaHioFNOzS 


CSHGNZOS 


CIOH~NZOS 


CioHiiNOs' 


CioHuNO4 


CiiH0N0s 


Ci~HiaNzOs 


CiiHizNzOi 


CiiHiaNOz 


CioHiNOz 


CioHiiNOz' 


CioH7BrClNOz 


CiiHiiClzNOs 


C I O H I S F ~ N G O ~ ~  


CioHioClNG 


ClaHsClsNOz 


CloHsBrClzNOz 


CiiHeFaClNOr 


CnHirNzO4' 


CisHieBrClN~Oi' 


Ci8HizChNzOke 


~ 


C, 52.9 
H. 4 . 4  
N, 6 . 2  
c ,  53.9 
H,  3.4 
N ,  15.7 
C, 58.2 
H,  4 . 9  
N, 13.6 


W = water, E-W = ethanol-water, E = ethanol, B = benzene, M = methanol, D-W = dioxane-water, C = ethyl 
B.p. 122-124°/0.05 mm., nai? 1.5365. cellosolve, M-W = methanol-water. * B.p. 135-140°/0.05 mm., analysis as Ik. 


Picrate, free base, b.p. 13&142O/2.5 mm., n%' 1.4892. ' Phthalimido. 


IV 


\ 
V 


/ 
VI 


VII VIII 
Scheme I 
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TABLE 11-ACUTE INTRAPERITONEAL TOXICITY 


No.' LDw, mg./kg. 


Ia >1,000 
Ic >1.000 
Ie 
Ih 


I1 
I m  
In 


I j  


IP 
I q  
Is 
It 
IV 
V 
VI 
VI I  
VIII 
IX 


>1;000 
>1,000 
400-800 
400-800 


>1,000 


>1,600 
>1,600 
>1,000 
>1,000 


>1,000 


>1,000 
>1,000 


100-300 


800-1,600 


200-400 
800-1,600 


a Refers to compound numbers found in Table I and in the 
text. 


densation of V with ammonium thiocyanate 
yielded 2-hydroxy-5-trifluoromethylphenyl thio- 
urea (IX) which upon treatment with yellow 
lead oxide gave X. The preparation of X also 
was accomplished via condensation of V with 
cyanogen bromide. Refluxing X in dilute acid 
provided an alternate route to VI. (Scheme 11.) 


I Jt V 


\ , , c J g x N H  


IX 
Scheme 11 


The 3-substituted-2-benzoxazolinones (I, Table 
I) were obtained from the condensation of the 
potassium salt of the requisite 2-benzoxazolinone 
(XI) with an appropriately substituted alkyl 
halide (XII). (Scheme 111.) 


XI XI1 
Scheme 111 


The treatment of Ie with phosgene gave If 
which upon subsequent reaction with ammonia 
yielded Ig. The opening of carbonates such 
as If with ammonia to give the primary car- 


bamate (e.g., Ig) has been rigorously demon- 
strated (9). The reaction of Ip with sodium 
methoxide and 10, Ip, and I q  with potassium 
phthalimide provided the corresponding methoxy 
(Im) and phthalimido (Is, It, and 1%) derivatives, 
respectively, whereas the reaction of Id with 
phosgene, followed by ammonia gave the cor- 
responding carbamate (Ih). 


The phthalimide derivatives are structurally 
related to the medicinally active thalidomide 
(XIII) (lo), d,Z-3-phthalimidoglutarimide (XIV) 
(1 I ) ,  and N-(Zpyridy1)ethylphthalimide (XV) 
(12). 


XI11 
0 


XIV 


0 
xv 


PHARMACOLOGICAL RESULTS' 


Fasted female Pharmakon mice (19-28 g.) 
were used for this study. The test animals were 
observed for 4 hr. posttreatment for signs of 
toxicity and for observable pharmacological 
effects. Thereafter, the animals were observed 
daily for 3 days. All compounds were admin- 
istered intraperitoneally. Table I1 summarizes 
the acute intraperitoneal toxicity. 


Compounds Ia, Ic, Ie, Ih,  Ij, In, and It showed 
good muscle relaxation at  1,000 mg./kg. ac- 
companied by less motor activity, slow respi- 
ratory rate, and depression. The degree of 
muscle relaxation was less at 300 and 100 mg./ 
kg. with all the above compounds exclusive of 
Ie which exhibited these properties only a t  1,000 
mg./kg. Compounds V, VIII, and IX showed 
good depression a t  100 mg./kg. with less muscle 
tone and motor activity; however these activities 
reached a minimum a t  30 mg./kg. Compound 
Im had weak depressant properties at  100 mg./ 
kg. but depressant activity was abolished at  
30 mg./kg. Compound Is exhibited depression, 
catatonia, and reduced motor activity at 1,000, 
300, 100, and 30 mg./kg. 


1The authors are grateful to Dr. John Ward, A. H. 
Robins Co., Richmond, Va., for the pharmacological data. 
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TABLE 111-INFRARED SPECTRAL DATA O F  3-SUBSTITLJTED-2-BENZOXAZOLINONESa 


No. Methvlene' Carbonyl Other Groups 


Ia 


Ib 
Ic 
Id 
Ie 
If 
Ig 


Ih 
Ii 


I k d  
I1 
Im 


?i 


3,925, 


2,925, 
2,925, 
2,900, 
2,950, 


1,490 
2,975, 
2,900, 
2,900, 
1,470 
2,925, 


1,470 


- 
- 
1,480 
1,480 
1,480 
1,480 


1,480 
1,480 
1,470 


1,470 


1,775 


1,800, 1,750 
1,775, 1,700 
1.7.50 . - -~ i ,750 
1,775 
1,775, 1,680 


1,775, 1,725 
1,775 
1,760 
1,750 
1.775 
ll775 


I nJ 2,925, 1,470 1,775 


-CH3; 1,460, 1,380; 
S C H 3 ;  1,325 
-CONH2 ; 3,500. 3,300 
-CON(CHa)2;- 1,145 
- O H ;  1,175, 1,095 
di-OH; 1,100, 1,085 
-0coo-; 1,180, 1,090 
4 C O N H t ;  1,125; 
- O H ;  1,100 
-0CONHz; 1,110 
-CHI; 1,380, 1,360, 1,145 
-CHzkCH ; 1,430 
-CH3; 3,000, 1,460, 1,350 
-CHzCH=CHz ; 1,430 
4 H 3 ;  1,450, 1,380; 
4 C H 3 ;  1,350 
-CH3; 2,750, 1,460;, 
-N(CH3)2; 1,160, 1,120 


I0 
I P  
k7 
17 
IS 
It 
Iu 


2,850, 1,480, 725 1,775 -CH2CI; 680 
2,900, 1,470, 725 1,775 -CHzCI; 675 
2,900, 1,480, 720 1,775 -CHzCI; 675 


-CHzCI; 680 
- 2,925, 1,480, 725 1,775 


I ,  775, 1,710 2,925, 1,480, 725 


2,950, 1,480, 725 1,775, 1,710 
- 
- 


2,925, 1,480, 710 1,775, 1,700 


The compounds in this table all exhibit characteristic aromatic absorptions, single peak from 1 .t iBO-l ,  ti00, multiplet 
'Absorption at 2,975-2,900 peaks in regions of 1.225-950 and 9W700 .  bKefers to compound numbers found in Table I. 


of weak intensity. dLiquid film. 


EXPERIMENTALz 


Syntheses-5-Fluoro-2-benzoxazolinone (l) ,  2- 
benzoxazolinone (13), 5-chloro-6-bromo-2-benzox- 
azolinone (14), 5,6-dichloro-2-benzoxazolinone (14), 
and 2-nitro-4-trifluoromethylphenol (15) were pre- 
pared according to  reported procedures. 


3-Substituted-2-benzoxazolinones-Method A-  
A modification of the procedure described by Close 
et al. (2) was followed. A solution of 0.05 mole of 
KOH in 200 ml. of ethyl cellosolve was treated with 
0.05 mole of an appropriate 2-benzoxazolinone 
(Table I )  and thereafter stirred a t  room temperature 
for 2 hr. In one portion was added 0.05 mole of an 
appropriate alkyl halide. The entire mixture was 
stirred and refluxed for 4 hr. The solid was re- 
moved by filtration and the filtrate concentrated 
under reduced pressure on a steam bath. The 
residue was distilled and the resultant distillate was 
recrystallized from an appropriate solvent (Table 


3 - (3-Chloropropyl) - 2 -benzoxazolinones-Method 
B-The procedure used in Method A was followed 
using 0.05 mole of an appropriate 2-benzoxazolinone, 
0.05 mole of KOH, and 0.4 mole of l-bromo-3- 
chloropropane. 


3 - (3 - Phthalimidopropyl) - 2 - benzoxazo- 
linones-Method C-A warm solution of 0.05 mole of 
a requisite 3-(3-chloropropyl)-2-benzoxazolinone in 
200 ml. of ethyl cellosolve was stirred and treated, in 
one portion, with 9.26 g. (0.05 mole) of potassium 
phthalimide and thereafter refluxed for 4 hr. The 
resulting precipitate (KCI) was removed by filtra- 
tion and the filtrate concentrated under reduced 


I). 


2 All melting points were taken on a Fisher- Johns melting 
point apparatus and are corrected. IR spectra (Table 111) 
were obtained with a Perkin Elmer model 1.7718 Infracord 
spectropbotometer using KBr pellets; values are 1-ecorded 
as cm.?. The NMK spectra were delermined on a Varian 
A-60A spectrometer using MaSi as an internal standard; 
chemical shifts are recorded as 8 values. 


pressure on a steam bath. The residual solid was 
then recrystallized from a suitable solvent (Table 


3 - Carbamyl - 2 - benzoxazolinone - Method 
D-A modification of the procedure described by 
Mooradian (16) was followed. A solution of 5.4 
g. (0.04 mole) of 2-benzoxazolinone and 7.5 g .  
(0.05 mole) of N,N-diethylaniline in 40 ml. of chloro- 
form was added dropwise at room temperature to a 
solution of 5.0 g. (0.05 mole) of phosgene in 75 ml. 
of toluene. The reaction mixture was stirred for 
24 hr., saturated with ammonia gas, and filtered. 
The filtrate was washed with 5% HCl and water, 
respectively, and then concentrated under reduced 
pressure. 


3 - (N,N - Dimethylcarbamoyl) - 2 - benzoxazo- 
linone-Method E-To a stirred solution of 6.75 g. 
(0.05 mole) of 2-benzoxazolinone in 50 ml. of pyridine 
a t  0-5" was added dropwise 5.35 g. (0.05 mole) 
of N,N-dimethylcarbamoyl chloride. The mixture 
was stirred for 1 hr. at 0-5' and then refluxed for 
1 hr. The solution was cooled t o  room temperature 
and thereafter treated with 50 ml. of anhydrous 
ether. The solid which separated was removed by 
filtration; the filtrate was concentrated under re- 
duced pressure and the residual solid recrystallized. 


4 - (2 - Benzoxazolinon - 3 - y1)methyl - 1,3 - di- 
oxolan-2-one-Method F-A modification of the 
procedure described by Lunsford et al. (17) was 
followed. To a cooled solution (5-10') of 10.45 
g. (0.05 mole) of Ie in 300 ml. of anhydrous benzene 
and 200 ml. of diethylene glycol was added drop- 
wise a solution of 5.0 g. (0.05 mole) of phosgene 
in 100 ml. of anhydrous benzene. The resulting 
solution was stirred and maintained at 5-10' 
for 1 hr. The solution, after being allowed to at- 
tain room temperature, was treated with 7.95 g.  
(0.1 mole) of pyridine and stirred for an additional 
10 hr. The reaction mixture was washed three 


1). 


The residual solid was recrystallized. 
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times with water, dried over anhydrous sodium sul- 
fate, and concentrated under reduced pressure. 
The residual solid was recrystallized. 


3 - (2 - Benzoxazolinon - 3 - yl) - 2 - hydroxy- 
propyl Carbamate-Method G-To 100 ml. of con- 
centrated ammonium hydroxide solution at 0" 
was added 8 g. (0.02 mole) of If. The solution was 
stirred at 0" for 1 hr. and then concentrated under 
reduced pressure. The resultant solid was re- 
crystallized. 


3 - (2 - Benzoxazolinon - 3 - y1)propyl Carbamate- 
Method H-A solution of 3.5 g. (0.035 mole) of 
phosgene and 5.5 g. of N,N-diethylaniline in 100 
ml. of benzene was treated dropwise with a solution 
of 6.0 g. (0.03 mole) of Id in 100 ml. of anhydrous 
benzene. The solution was maintained a t  5-10" 
for 4 hr., then allowed to warm to room temperature 
and thereafter saturated with ammonia. The 
benzene was distilled under reduced pressure; the 
resultant solid was washed with water and then re- 
crystallized. 


3 - (3 - Methoxypropyl) - $6 - dichloro - 2 - benz- 
oxazolinone-Method I-A solution of 1.2 g. 
(0.05 mole) of sodium ribbon and 14.0 g. (0.05 mole) 
of Ip in 200 ml. of methanol was refluxed for 30 
min. The solution was concentrated to  one-fourth 
the original volume and treated with 250 ml. of 
water. The precipitate was filtered and recrystal- 
lized. 
2-Amino-4-trifluoromethylphenol (V)-The pro- 


cedure described by Pettit and Tatlow (15) was 
modified by using 0.1 g. of platinum oxide. From 
20.7 g. (0.1 mole) of 2-nitro-4-trifluoromethylphenol 
there was obtained 17.3 g. (98%) of product, m.p. 
126.5-127' after recrystallization from water 
[lit. (15) m.p. 121-122'1; vmax. 3,000 (NHz), 1,150, 
1,200 (phenolic OH); NMR (in 4-DMSO), 3-proton 
singlet at 6.8 (aromatic CH), 2-proton singlet a t  
7.0 (NH2), 1-proton singlet at 3 .23.4 (phenolic 
OH). 
2-Nitro-4-trifluoromethylphenyl Ethyl Carbonate 


(VI1)-A modification of the procedure described 
by Sam et al. (1) was followed. A cooled solution 
(5-10') of 2.94 g. (0.062 mole) of NaOH and 17.5 
g. (0.089 mole) of IV in 40 ml. of water was treated 
with 7.96 g. (0.074 mole) of ethyl chloroformate and 
thereafter maintained at 5-10' with stirring for 1 
hr. The solid was removed by filtration and re- 
crystallized from ethanol-water to give 16.6 g. 
(95%) of product, m.p. 87.5-88"; vmsx. 1,750 
(C=O); NMR (in ds-pyridine), 3-proton multiplet 
at 7.75-8.0 (aromatic CH), 2-proton multiplet a t  
4.154.4 (CHz), 3-proton multiplet a t  1.2-1.4 (CH3). 


And-Calcd. for C I O H ~ F ~ N O ~ :  C, 43.02; H, 
2.88; N, 5.01. Found: C, 43.15; H, 2.72; N, 
5.24. 
2-Amino-4-trifluoromethylphenyl Ethyl Carbonate 


(VII1)-A solution of 13.9 g. (0.05 mole) of VII 
in 100 ml. qf ethanol was hydrogenated a t  40 p.s.i. 
using 0.1 g. of platinum oxide catalyst until the 
theoretical amount of hydrogen had been absorbed 
(ca. 2 hr.). The catalyst was removed by filtration 
and the ethanol distilled under reduced pressure. 
The residual dark yellow solid was recrystallized 
from benzene to give 13.0 g. (93'g) of product, m.p. 


(in d5-pyridine), 3-proton triplet a t  7.1-7.3 (aromatic 
CH), 2-proton multiplet at 4.14.5 (CHZ), 3-proton 


194-195'; urnSx. 3,200 (NH,), 1,675 (CEO); NMR 
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multiplet at 1.05-1.35 (CHI), 2-proton singlet a t  
8.83 (NHz). 


And-Calcd. for CIOH,~F~NO~:  C, 48.20; H, 
4.05; N, 5.62. 
2-Hydroxy-5-trifluoromethylphenyl Thiourea (IX) 


-The procedure described by Sam and Plampin 
(14) was followed. From 17.8 g. (0.1 mole) of V 
and 9.2 g. (0.12 mole) of ammonium thiocyanate 
there was obtained 12.2 g. (68%) of product, m.p. 
151-152', after recrystallization from water; vmax. 


(phenolic OH); NMR (in 4-DMSO), 3-proton multi- 
plet at 7.16-7.73 (aromatic CH), 2-proton singlet at 
8.66 (NH2), 1-proton singlet at 9.25 (NH), 1-proton 
broad singlet a t  10.73-10.96 (phenolic OH); upon 
D20 exchange the absorptions at 8.66, 9.25, and 
10.73-10.96 were absent. 


Anal.-Calcd. for Cs&F3Nz0S: C, 40.67; H, 
2.99; N, 11.89. Found: C, 40.78; H, 3.17; N, 
11.73. 
2-Amino-5-trifluoromethylbenzoxazole (X)- 


Method J-The method described by Sam and 
Plampin (14) for the preparation of P-aminobenzox- 
azoles was followed using 11.8 g. (0.05 mole) of I X  
and 22.2 g. (0.1 mole) of yellow lead oxide. The 
product (9.3 g., 67%) was recrystallized from water, 
m.p. 146-147'; vmaX. 3,200 (NH2 or 2NH); NMR 
(in 4-DMSO), 5-proton multiplet at 7.33-7.83 
(aromatic CH, NH,, or 2NH); DzO exchange 
showed that two protons were exchanged. 


Anal.-Calcd. for C ~ H ~ F D N ~ O :  C, 47.53; H, 2.49; 
N, 13.86. 


Method K-The method described by Sam and 
Plampin (14) for the preparation of 2-aminobenzoxa- 
zoles was followed using 16.9 g. (0.15 mole) of 
cyanogen bromide and 17.7 g. (0.1 mole) of V. The 
product (12.5 g., 71%) was recrystallized from water, 
m.p. 146-147'. A mixture of the products obtained 
from Methods J and K showed no depression of the 
melting point. The IR and NMR spectra were 
identical. 
5-Trifluoromethyl-2-benzoxazolinone (V1)- 


Method L-The method described by Sam and 
Plampin (14) was followed using 15.0 g. (0.07 mole) 
of X. The product (13.5 g., 82%) was recrystal- 
lized from water, m.p. 169-170' [lit. (1) 169- 
170'1; urnax. 1,750 (C=O); NMR (in d-CHCh), 3- 
proton multiplet a t  7.2-7.5 (aromatic CH), 1- 
proton singlet at 10.29 (NH). 


Method M-A solution of 5 g. (0.018 mole) of 
VIII in 250 ml. of 200/, aqueous HCl was refluxed 
for 18 hr. and then cooled to  room temperature. 
The precipitate was filtered and recrystallized from 
water to give 2.0 g. (45y0) of product, m.p. 169- 
170'. A mixture with the product obtained in 
Method L showed no depression of the melting 
point. 


Found: C, 48.44; H, 4.24; N, 5.83. 


3,200 (NH, NH,), 1,625 (C=O), 1,175, 1,125 


Found: C, 47.59; H, 2.23; N, 13.74. 


The IR and NMR spectra were identical. 
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Quantitative Determination of 
Gallamine Triethiodide 


By PETER P. ASCIONE, JOHN B. ZAGAR, and GEORGE P. CHREKIAN 


A nonaqueous method for the determination of crystalline gallamine triethiodide was 
developed. The titration utilized a mixture of N,N-dimethylformamide (DMF)-p- 
dioxane as the solvent, bromophenol blue as an indicator, and 0.1 N erchloric acid 
as the titrant. Also a colorimetric acid-dye extraction was developex for the deter- 
mination of gallamine triethiodide in the injectable dosage form. This technique 
involved the extraction of an acid-dye complex, gallamine triethiodide and bromo- 


cresol green buffered to pH 5.3, with chloroform. 


SURVEY of literature revealed that gallamine A triethiodide (I), a muscle relaxant, was syn- 
thesized and introduced in 1946 by Bovet (1). 
Its structure, although much simpler, was based 
on that G f  d-tubocurarine, and it owes its high 
potency as a relaxant to the three triethyl- 
ammonium groups of its molecule (2). 


Recrived May 6, 1068, from the Department of Analytical 
Development, Q d t  Control Seaion, Ledcrle Laboratories, 
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Pharmaceutical dosage form and the crystal- 
line powder are currently being assayed by the 
procedure outlined in the N F  XI1 (3). This pro- 
cedure is based on the Volhard volumetric titra- 
tion of the iodide present in the molecule. How- 
ever this procedure is capable of measuring halo- 
gens other than the iodide portion of the mole- 
cule, thereby lacking specificity for gallamine. A 
spectrophotometric determination was investi- 
gated but it was found to be a function of the 
iodide portion of the molecule rather than the 
active triethylammonium groups. 


The purpose of this investigation was to 
develop a rapid and more specific procedure which 
could be employed in quality control laboratories 
for analyzing gallamine triethiodide both in 
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22()-“‘1O, and weighing 17.9 mg., ]it. 1n.p. for aloe- (2) Anchel, M., J .  Biol. Chem., 177, 169(1949). emodin 223-225” (5). TLC in several different (3) “The Chemistry of Flavonoid Compounds,” Geissman, 
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(4) “Comparative Biochemistry of the Flavonoids,” Har- 
OUS and identical in Rf Value with reference aloe- 


(5) Karrer, W., “Konstitution und Vorkommen der or- 
emodin’a IR Of the and reference ganischen Pflanzenstoffe,” Birkhauser Verlag, Basel, 1958. 
aloe-emodin were superimposable, and the uv ab- 
sorption Plants and them Contained Alkaloids,” Tech. Bull. 1234, 


U. S. Dept. Agric., Washington, D. C., 1961. 
253, and 287 mp (log B 4.2, 3.8, and 3.5). (7) “+len’s Commercial Organic Analysis,” Vol. 11. 5th 


ed., Blakiston, New York, N. Y., 1824. 
(8) Borntrager, H.. Z. Anal. Chem., 19, 165(1880). 
(9) Kraus, L., Cesk. Farm., 5,410(1956). 


Bull. ‘I’orrey Bolan. Club,74,287(1949). 


T. 


borne, J. B., Ed.. Academi? Press, New York. N. Y., 1967. 


(6) Willaman: J. J. and Schubert, B. G., “Alkaloid-bearing 
for the isolate was ~22: 226, 


SUMMARY 


A phytochemical investigation of Cassia refinrkzfa 
flowers has resulted in the isolation of rhein, aloe- 
emodin, and 8-sitosterol, which have not been pre- 
viously reported from the flowers of this plant. 
At least one additional anthraquinone was observed 
to be present, in addition to three flavonoids, but 
these were not isolable using the methods employed 
in this study. 
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Hydroxyindole-0-methyltransferase 11. Inhibitory Activities of 
Some N-Acyltryptamines 


By BENG T. HO, WILLIAM M. McISAAC, L. WAYNE TANSEY, and PATRICIA M. KRALIK 


Several N-acyltryptamines were found to  inhibit hydroxyindole-0-methyltransferase. 
Of these inhibitors the most active was N-phenylacetyltryptamine, having an af- 
finity to the enzyme six times greater than the substrate N-acetylserotonin. These 
studies showed that the alkyl and aralkyl groups of the amides were most likely 


complexed with the enzyme by hydrophobic bonding. 


N THE PREVIOUS paper (l) ,  the binding of the acyltryptamines (11-VIII) were synthesized and I substrate N-acetylserotonin to the enzyme their inhibitory activities evaluated (Table I). 
hydroxyindole-0-methyltransferase (HIOMT) was The finding that both N-cyclobutylcarbonyl- 
studied. There was a good indication that the CHJ 
of the amide I was complexed with the enzyme by TABLE I-INHIBITION OF HIOMT 


0 ’  cn2cuI--N--R, 
I 
Ry II 


I 
R1 


CH2CH2NH-C-CH3 


I 
H 


I 


hydrophobic bonding. To  explore this hydro- 
phobic region on HIOMT, several substituted N- 
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I W . 0  
Compound Ri RI RI ( m M )  


I H H COCHs 1.4W 
I1 H H COaH? 0.88 


I11 H H COGHii 0.85 
IV H H COCsH5 0.37 
V H H COCH2CsH5 0.18 


VI H H COCH,CH,C.Hc 0.22 _ _ _  
VII H CHs COCH;CsHs 0.16 


VIII CHa H COCHzGHs 0.35 
IX H H SOzCsHs 0.37 


a Concentration of an inhibitor giving 50% inhibition of 
‘Data from the previous paper (1). the enzyme. 
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TABLE 11-PHYSICAL CONSTANTS OF N-ACYLTRYPTAMINES 


Anal. 7 


Compound Method" Yield, yo M.p.,' "C. Calcd. Found 


I1 A 


I11 A 


IVd B 
Vf A 


VI B 


VII A 


VIII B 


IX B 


67 


63 


39 
54 
88 


66 


79 


90 


110-1 11= c ,  74.4 
H, 7.49 
N, 11.6 


105-106 c. 75.5 
H; 8.20 
N, 10.4 


130-132" 
144-14s 
74-73 C, 78.0 


H ,  6.90 
N. 9.58 


104-105 C,' 78.0 


76-76.3 C. 78.0 


H, 6.90 
N, 9.58 


104-105 C,' 78.0 


76-76.3 C. 78.0 


H, 6.90 
N, 9.58 


H; 6.90 
N. 9.58 


88.5-89.9 c: 64.0 
H, 5.37 
N, 9.33 


74.3 


11.5 
75.4 


10.3 


7.48 


8.19 


77.9 
6.99 
9.63 


7.10 
9.47 


6.81 
9.47 


5.58 
9.21 


78.3 


77.9 


64.0 


See ErpcrimcnloL *Melting points were taken on a Fisher- Johns apparatus and are corrected. ' Recrystallized from ' A melting point of 142-143.5O 
0 Re- 


aqueous ethanol. 
(benzene) has been recorded for this compound prepared by the reaction of tryptamine with phenylacetic acid (3). 
crystallized from ethanol. 


dLit. (3) m.p. 137-138' (benzene). 'Recrystallized from benzene. 


Recrystallized from benzene-hexane. 


tryptamine (11) and N-cyclohexylcarbonyltrypta- 
mine (111) were better inhibitors of HIOMT than I 
seemed to support the existence of a hydrophobic 
interaction of the cyclobutyl and cyclohexyl groups 
with the enzyme. A further increase in inhibitory 
activity was observed when the methyl group of I 
was replaced by a phenyl group. The resulting 
compound, N-benzoyltryptamine (IV) was nearly 
four times more active than I. This increase in 
activity was attributed to the greater affinity of the 
phenyl ring to the enzyme as compared to the methyl 
group. A phenyl ring is capable of complexing with 
the enzyme by both hydrophobic bonding and donor- 
acceptor interaction, whereas an alkyl group could 
only bind to the enzyme by hydrophobic inaction. 
This could account for the greater than twofold 
difference in activity between IV and I1 or 111. 
Insertion of a methylene group between the phenyl 
and C=O of IV resulted in an inhibitory activity 
eight times greater than I (see V). It was observed 
that a maximum binding could be obtained with the 
CsH5CHz of V, since extension of aralkyl chain from 
CsH5CHl to  C ~ H ~ C H ~ C H Z  (VI) did not give further 
increase in inhibitory activity. 


Substitution of the amide hydrogen of V by a 
methyl group (see VII) did not cause any change in 
the activity of V. This finding agreed well with the 
previous finding (1). Methylation of the indole 
nitrogen of V, however, resulted in a twofold de- 
crease in activity (see VIII). Whether this decrease 
was due to the loss of the indolic hydrogen, which 
otherwise would form a hydrogen bond with the 
enzyme, or whether the 1-methyl group caused steric 
hindrance to  the binding of the indole nucleus to the 
enzyme remains t o  be investigated. 


Compound IX which has a structural resemblance 
to IV was found to  be equally as active as IV. 


Kinetics studies showed that V was bound to  the 
enzyme six times and IV four times stronger than 
the substrate N-acetylserotonin, with Km = 5.7 X 
10-6 M, Ki (V) = 0.92 X lop6 M, and Ki (IV) = 


2.8 X 
They were competitive inhibitors of the enzyme. 


Mobtained by thereciprocal plot method. 


EXPERIMENTAL 


Synthesis-Method A-To a solution of 10 mmoles 
of tryptamine or methyltryptamine in 25 ml. of 
chloroform was added 10 mmoles of triethylamine 
and an equivalent amount of acid chloride in chloro- 
form. The mixture was stirred at room tempera- 
ture for 30 min. The chloroform layer was sepa- 
rated, washed successively with 50 ml. of 10% HC1, 
50 ml. of 2 N  NaOH, and 50 ml. of water, dried with 
anhydrous sodium sulfate, and evaporated in vacuo. 
In the cases of I11 and VII, the residue was an oil 
which solidified upon standing or drying in a desicca- 
tor in vacuo. 


In the preparation of V, ,instead of chloroform 
100 ml. of benzene was used. The product, which 
precipitated during a 30-min. period, was collected 
on a filter and washed successively with acid, base, 
and water. 


See Table I1 for compounds prepared by this 
method and their physical constants. 


Method B-A solution of 10 mmoles of tryptamine 
hydrochloride or 1-methyltryptamine hydrochloride 
(2) in 25 ml. of water was neutralized with 15 ml. of 
10% aqueous sodium hydroxide. Dichloromethane 
(50 ml.) was added to  dissolve the precipitate, 
followed by an addition of 10 mmoles of acid chlo- 
ride. The mixture was stirred at room temperature 
for 1 hr. The organic layer was washed successively 
with 10% NaOH, 10% HCI, and water, and dried 
with anhydrous sodium sulfate. Evaporation of 
solvent under reduced pressure gave an oily residue 
which solidified upon standing. 


In the preparations of IV and IX the organic 
solvent phase was omitted. 


See Table I1 for compounds prepared by this 
method and their physical constants. 
Assay-Hydroxyindole-0-methyltransferase was 
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isolated from beef pineal gland and purified according 26i:). Potts, K. T.. and Saxton, J. E., J. Clem. SOC.. 1954, 
to  the method of Axelrod and Weissbach (4). 


The stock solutions of inhibitors 11, 111, IV, and 2 1 ~ ~ \ g ~ ; l r o d ,  j . ,  and'weissbach, H., J .  Biol. Chcm., 236, 
VII were prepared in propylene glycol, and those of 
V. VI. VIII. and IX were Dreuared in dimethvl- 


(3) Katritzky A. R .  ibid.  1955, 2586. 


sulfoxide. The previous findings showed that the 
same magnitude of inhibitory activity was obtained 
regardless of the use of these two solvents (1). 


Incubation was carried out with N-acetylserotonin 
and S-adenosyl-~-rnethionine-methyl-~~C according 
to the previously described procedure (1). 


REFERENCES 
(1) Ho, ,B..T.. McIsaac, W. M.. and Tansey, C. W. ,  J .  


Pkarm. Scz., In press. 
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Enzyme inhibitors 
N-Acetyltryptamines-synthesis 
Hydroxyindole-0-methyltransferase inhibi- 
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Effect of Flow Rate on the Distribution Kinetics of a Drug From 
Perfusate to a Perfused Organ 


By RENPEI NAGASHIMA and GERHARD LEVY * 


A pharmacokinetic analysis of the distribution of a drug into a perfused organ or 
hypothetical compartment of the body yields mathematical expressions which may be 
useful for ascertaining if the distribution of a drug is rate limited by the flow of the 
perfusate, by the diffusion of the drug from the perfusate into the organ, or if it  i s  a 
function of both of these processes. These ex ressions have been used to analyze 
the distribution of a drug from a perfusing fluii into the isolated perfused rat liver, 
and of several drugs from a hypothetical central compartment to a hypothetical 


peripheral compartment in man. 


HE DISTRIBUTION of a drug from a perfusion fluid T such as the blood to a perfused organ such as the 
liver is likely to be rate limited by the flow of the 
perfusate, by the diffusion of drug from perfusate to 
the organ, or i t  may be a function of both of these 
processes. I t  is useful therefore to undertake a 
kinetic analysis of such a system so that the rate- 
limiting step in the distribution of a given drug under 
defined conditions may be determined. 


For the purpose of this analysis, the liver is viewed 
as a tissue with numerous parallel channels through 
which perfusate flows. The concentration of the 
drug in the perfusate leaving the liver is lower than 
the drug concentration in the fluid entering the liver, 
due to the diffusion of drug from perfusate into the 
liver. Elimination of the drug by the liver and back- 
diffusion of the drug from the liver to the perfusate 
are considered to be negligible during the early dis- 
tribution phase. These assumptions lead to the 
same model as has been presented in an earlier report 
from this laboratory dealing with drug elimination 
kinetics in a perfused organ (1). Equation 8 of that 
report then takes the form: 


U 
kdist. = v;" - exp (-ktrsns.V~,/u)l (Eq. 1) 


where kdi.t. is the apparent first-order rate constant 
~~ 
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for the distribution of drug from perfusate to the 
perfused organ or tissue, u is the flow rate of per- 
fusate, VR is the real or apparent volume of the extra- 
hepatic perfusate (which in practice usually is 
equivalent to the real or apparent volume of total per- 
fusate), VL is the volume of the channels in the organ 
or tissue through which the perfusate flows, and 
kt,,,. is a rate constant for the transfer of the drug 
from perfusate t o  the organ or  tissue.' When drug 
distribution is rate limited by the flow of the per- 
fusate, i.e., u << ktr.ns.VL, the bracketed term in Eq. 1 
approaches unity, and 


If, on the other hand, the distribution o f  the drug is 
rate limited by the transfer of the drug from perfus- 
ate to the tissue, ktran8,V/,/u < 0.1 and i t  can be 
shown (1) that 


(Eq. 3) 


I t  should be noted that Eq. 3 does not contain the 
flow-rate term. 


One may now turn to a consideration of the more 
general case, namely, the distribution and elimina- 
tion of the drug during the entire experimental 


1 This transfer rate constant may be the rate constant for 
diffusion of the drug through the blood, through a barrier be- 
tween blood and tissue, or through tissue. It may also be a 
complex function of more than one of these, and it  may in- 
clude a factor for plasma protein binding of the drug. 
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The Structural Basis of Antibody Specificity. By 
DAVID PRESSMAN and ALLAN L. GROSSBERG. 
W. A. Benjamin, Inc., One Park Avenue, New 
York, NY 10016, 1968. xvii + 279 pp. 16 
X 23.5 cm. Price $16.75. 
This monograph is based on a series of lectures 


given for a special biophysics course at the University 
of Rochester. The text is a quantitative appraisal 
of research on the chemical nature of antibody 
specificity since the earlier studies described by 
Landsteiner. It may be used as a text for senior- 
graduate level courses on chemical immunology or 
immunochemistry, and also as a reference for those 
in the field. The book is written for the reader who 
has some knowledge of immunologic nomenclature. 
The text treats those structural features of haptens 
or antigens and of antibodies which provide the 
basis for their specific interaction. The first two 
chapters introduce the chemical concepts which are 
involved in antibody-antigen interaction. Chapter 
3 discusses a large number of antihapten systems in 
terms of the structural details important for anti- 
body-hapten combination. The remaining chapters 
discuss the basis of the heterogeneity of antibody 
molecules and the use of antibodies to map out 
structures of small and large molecules in aqueous 
solution. Liberal use is made of drawings of 
chemical structures with their names, and the 
bibliography and appendix give access to many 
studies of antihapten systems. 


Staff review 


201 9 


The book is organized into six chapters bearing the 
following titles: The Cell as a Physico-Chemical 
Unit; Possible Actions of Drugs on Surfaces; Mem- 
brane Permeability and Drug Actions; Enzymes and 
Drug Actions; The Actions of Narcotics; Responses 
of Cells on the Biological Level. 


In general, the chapters are well written and well 
organized. The emphasis is on principle and mecha- 
nism rather than the presentation of masses of data. 
Literature references at the end of each chapter are 
few and of course relatively old, that is, prior to 1950. 


In the opinion of this reviewer, this volume is a 
valuable contribution and should be of interest to all 
involved in pharmacological research and‘ teaching. 
Although the author does point out some examples of 
drugs for which the mechanism of action is some- 
what known, he makes quite clear the point that we 
have a great deal of work ahead of us if we are ever 
to establish cell pharmacology as a science well 
enough developed to permit prediction of the action 
of chemicals on biological systems. 


Reviewed by Joseph Judis 
College of Pharmacy 
The University of Toledo 
Toledo, OH 43606 


Cell Physiology and Pharmacology. By J.  F. 
DANIELLI. Hafner Publishing Co., Inc., 31 East 
Tenth St., New York, NY 10003, 1968. (origi- 
nally published 1950). vi + 156 pp. 15.5 X 23 
cm. Price $8.00. 
On the first examination, the volume under review 


gives the impression of questionable worth. I t  ap- 
pears unlikely that a slender book of less than 200 
pages could give a comprehensive coverage of the 
vast field of cell physiology and pharmacology. 
Secondly, the book is based on lectures given a t  Uni- 
versity College, London, almost two decades ago and 
originally published in 1950. The domain of cell 
physiology as enlarged by the fantastic advances in 
biochemistry and molecular biology in the last 
twenty years is now altnost a qualitatively new one. 
My initial reaction, therefore, was, “What could we 
possibly learn about a vast field like cell physiology 
and pharmacology in a volume of less than 200 pages 
which was published twenty years ago?” 


However, as I read the book, I found there was 
much that could be learned. The author established 
the premise underlying his discussion in the preface. 
He stated that in the development of drugs, the bio- 
logical side of the process does not proceed in a ra- 
tional manner. The ehetnist will synthesize an 
array of compounds which are then subjected to  
biological testing. If our biological knowledge of 
drug action were adequate, it would be possible to 
predict which compounds or modifications of a com- 
pound would be biologically active and perhaps 907, 
of the work assigned to the chemist would be uii- 
iiecessary arid cliiniiiated. 


Studies of a Core Curriculum. Edited by M. R. 
GIBSON. American Association of Colleges of 
Pharmacy, 850 Sligo Ave., Suite 301, Silver 
Spring, MD 20910, 1968. 91 pp. 15 X 22.5 
cm. Price S.50. Paperbound. 
This volume is a report of the Committee on 


Curriculum of the American Association of Colleges 
of Pharmacy and outlines what this Committee 
believes to be the basic core course content for 
pharmacy education. This report covers only 
those professional areas of pharmaceutical edu- 
cation-not prerequisites and liberal arts courses- 
which represent the basic core of information needed 
before specialization. No “how to” information is 
included, but merely what constitutes a complete 
professional curriculum. The five chapters of core 
course contents and the authors are: Pharmacog- 
nosy-Melvin R.  Gibson; Pharmacology-Marvin 
H. Malone; Pharmaceutical Chemistry-Frank E. 
DiGangi; Pharmacy Administration-Raymond J. 
Dauphinias; and Pharmacy-August 1’. Lem- 
berger. 


Skiff rariew 


Topics in Pharmaceutical Sciences. Vol. 1. Edited 
by D. Perlman. Interscience Publishers, Inc., 
605 Third Avenue, New York, NY 10016, 1968. 
15.5 X 23.5 cm. ix + 136 pp. Price $7.95 
This volume is a collection of papers presented a t  


two symposia held during the 1967 annual meeting 
of the Academy of Pharmaceutical Sciences. The 
topics of the two symposia are “Penicillins and 
Cephalosporins” and “Effects of Hormonal Steroids 
on Cellular Processes.” 


Stuff review 
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Nonpolar Metabolites of Trifluoperazine in Rats 
By C. L. HUANG and K. G. BHANSALI* 


Urinary excretion of non lar metabolites of trifluopernrine was studied in six 
albino rats which were a80inistered intraperitoneall with 9 mg. trifluoperazine 
dihydrochloride dail for a period of 5 days. The 2 d r .  urine specimens were col- 
lected and analyzed &r trifluoperazine sulfoxide and the unchanged dru by means 
of a spearophotornevic and thin-layer chromatographic techniques. #he avera e 
urinary excretion of trifluoperazine sulfoxide was found to be 10.77p of the a$- 
ministered dose in the first 24-hr. period. Only a trace or a negligib c amount of 


the unchanged drug was found in urine. 


RIFLUOPERAZINE (TOP) is one of the widely 
Tused neuroleptics today. During the past 
decade TOP has become established as an effec- 
tive neuroleptic agent. Many clinical reports 
have appeared attesting to its efficacy in the treat- 
ment of certain types of psychotic symptoma- 
tology (1-12). TOP, a member of the pheno- 
thiazine family, is approximately 10 times more 
potent than chlorpromazine and is reported to 
have fewer side reactions. It differs from 
chlorpromazine by possessing a trifluoromethyl 
group on position 2 and a piperazinyl function 
on the propyl side chain. Comparative clinical 
studies (13-18) have indicated differences in the 
sedative effect, potency, rapidity of action, and 
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incidence of neurological complications between 
TOP and other neuroleptics; however, factors 
responsible for these differences are as yet largely 
unknown. Despite a large nuinber of clinical 
investigations reported in the past years, little is 
known as to its metabolic pathway. Because of 
the relatively small dosage level, metabolic study 
of this compound presents a formidable problem 
especially in man. It would be of interest to 
study the metabolic pathway of this relatively 
potent drug and compare i t  with that of chlor- 
promazine. Such comparative data might help 
to explain the question as to why this compound 
is more potent and has less side effects than 
chlorprornazine. A survey of the literature re- 
vealed that there is little information available 
regarding the metabolism of TOP. A rapid 
color test utilizing ferric chloride in mineral acids 
to detect urinary TOP metabolites was reported 
(19, 20). 


The present investigation is focused on identi- 
fication and quantitative determination of non- 
polar metabolites of TOP in urine of rats. Thin- 
layer chromatography and paper partition chro- 
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anhydrous sodium sulfate and the solvent was 
removed in uacuo. The residue was dissolved in 
1 ml. methanol and an aliquot of 0.1 ml. was placed 
on a thin-layer plate (Chromagram, Eastman). 
The chromatogratn was developed in a solvent sys- 
tem, acetone-methanol (1: 1) for 20 min. to  a height 
of about 15 cm. The developed chromatogram was 
dried in the air and sprayed with uranyl nitrate re- 
agent in concentrated hydrochloric acid. Two spots, 
with a bluish-purple color (Rf 0.5) and a pink color 
(Rf 0.4) were observed. They were identified t o  be 
the unchanged TOP and TOPO, respectively, from 
the color reaction, Rf value and cochromatogram 
with reference TOP and TOPO. The ultraviolet 
absorption spectra of TOP and TOPO isolated from 
rat urine are shown in Fig. 1. 


Construction of Standard Curves of TOP and 
TOPO-A series of dilutions of TOP and TOPO in 
normal rat urine was prepared. An aliquot (10 
ml.) of each dilution was adjusted to pH 10 and 
extracted three times with a 10-ml. portion of 
methylene dichloride. The combined methylene 
dichloride extracts were dried over anhydrous 
sodium sulfate and evaporated to  dryness under a 
reduced pressure. The residue was taken up in 1 
ml. methanol and the methanol extract was applied 
linearly on 10 X 20 cm. thin-layer plate (Chroma- 
gram, Eastman). The chromatogram was de- 
veloped in a solvent system, acetone-methanol 
(1: 1) for 20 min. to  a height of about 15 cm. The 
chromatogram was air dried and scanned under 
ultraviolet lamps (Mineralight, U V S l l  and UVL- 
21) to  locate the spots. The silica gel support of 
the chromatogram including the spot was scraped 
into a container and extracted with methanol (3.5 
ml.). The methanol extract was centrifuged and 
the supernatant liquid was transferred into a cell. 
The absorbance was recorded in a Beckman DU 
spectrophotometer a t  262 mp for TOP and 277 mp 
for TOPO. The absorbances of both TOP and 
TOPO followed Beer's law. 


Quantitative Determination of TOP and TOPO 
in Urine-An aliquot (10 ml.) of a 24-hr. urine 
specimen was measured and analyzed for TOP and 


matography were utilized to elucidate metabolites 
in this study. 


MATERIALS AND METHODS 


Six albino rats weighing 150-200 g. were selected. 
They were administered intraperitoneally with 5 mg. 
of TOP dihydrochloride in saline solution daily for a 
period of 5 days. The animals were placed in in- 
dividual metabolic cages with free access to food 
and water. Daily 24-hr. urine specimens were 
collected and analyzed by means of a Beckman DU 
spectrophotometer. 


On the first day of the experiment, all rats were 
sedated and remained motionless most of the time 
but were easily aroused by a light touch on their 
fur. Beginning the second day, animals showed a 
lighter degree of sedation and were able to feed and 
to  drink water. 


Chromatography of Reference TOP-Reference 
TOP dihydrochloride was dissolved in normal rat 
urine. An aliquot of 0.1 ml. was placed on a thin- 
layer plate and the chromatogram was developed 
in a solvent system, acetone-methanol (1:l) for a 
period of 20 min. The developed chromatogram 
was dried and sprayed with uranyl nitrate reagent in 
concentrated hydrochloric acid (19). A bluish- 
purple spot with Rf 0.5 was observed. The sen- 
sitivity of this reagent t o  TOP is 5 mcg. in 10-ml. 
urine specimen. 


Synthesis of TOPO-A reference TOPO was 
synthesized according to the following procedure. 
TOP dihydrochloride (1 9.) was dissolved in water 
and hydrogen peroxide (0.3 ml., 3oQ/0) was added. 
The mixture was left overnight at room tempera- 
ture. Then the mixture was evaporated to  dryness 
in uacuo and the residue dissolved in 2 ml. methanol. 
The methanol solution was chromatographed on 
Whatman 3 MM paper by a linear chromatographic 
technique in a solvent system, ethanol-butanol- 
water (2:5:2) to  a height of approximately 30 cm. 
Then the chromatogram was processed according 
to  the guiding-strip technique below (21). The 
chromatogram was dried in the air and about 3-cm. 
strips from both edges were cut and sprayed with 
50% sulfuric acid. Three colored bands, namely, 
light orange (Rf 0.8), orange (Rf 0.7), and pink 
(RI  0.6) were observed. The acid-sprayed paper 
strips were covered with a thin plastic sheet (Saran 
wrap) and placed back t o  the original chroinatogram. 
Using these colored strips as  a guide, the chromato- 
gram was marked with a lead pencil and cut into 
three fractions. The accumulated fraction of each 
band above was extracted several times with 
methanol in a Waring blender. The combined 
methanol extracts were evaporated t o  dryness and 
the residue recrystallized from methanol t o  an 
amorphous powder. From the physical properties, 
the second band above was identified to  be TOPO 
(m.p. 173-177', Amax., 235, 277, 305 ma). The first 
and the third bands were identified to be unchanged 
TOP and TOP-sulfone, respectively. 


Identification of TOP and TOPO in Urine- 
A urine specimen (50 ml.) from rats administered 
with TOP dihydrochloride was adjusted to pH 10, 
and extracted three times with equal volume of 
methylene dichloride. The combined methylene di- 
chloride extracts were filtered through a layer of 
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Fig. 1 -Ultraviolet absorption spectra of trijluoperazine 
( T O P )  and trijkoperazine sulfoxide (TOPO). Key: 
- , reference T O P  dehydrochloride; --- TOP iso- 
lated from rat urine; G-0, reference TOPO dihydro- 


chloride; 0-0, TOPO isolaled from rat urine 
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TABLE I-URINARY EXCRETION OF TRIFLUOPERAZINE SULFOXIDE IN R A T S ~  


1 0.400 0.206 0.354 0.224 0.213 
2 0.832 1.520 0.395 0.266 died 
3 0.486 0.304 0.186 0.196 0.187 
4 0.364 0,292 0.236 0.248 0.292 
5 0.353 0.318 0.218 died - 
6 0.306 0.246 0.227 0.208 0.200 
Av. mg. excretion 0.457 0.419 0.269 0.228 0.223 
Av. yo excretion 10.77 9.89 6.35 5.37 5.25 


Rat Day 1 Day 2 Day 3 Day 4 Day 5 


of the admin- 
istered dose 


a Five milligrams trifluoperazine dihydrochloride (equivalent to 4.24-mg. base) was administered intraperitoneally for a 
period of B days. Absorbance was recorded in a Heckman 1 ) 1 J  spectrophotonreter nt 277 mp. 


TOPO according to the procedure described above 
for the construction of standard curves. The con- 
centrations (mcg./ml.) were calculated with the 
factor obtained from the standard curves. The 
recovery data of the urinary TOPO are shown in 
Table I. 


RESULTS 


Six albino rats injected intraperitoneally with 5 
mg. (4.24mg. base) of TOP dihydrochloride were 
maintained for at least 5 days. Two rats died, one 
on the fourth day and the other on the fifth day. 
Average urinary excretion of TOPO on the first day 
and the second day was found to  be 10.77 and 9.89% 
of the administered dose, respectively. Thereafter, 
the average daily excretion was almost constant 
being between 6.35 to  5.25% (22). 


In contrast t o  the relatively high rate of sulfoxide 
excretion, the unchanged TOP in urine was found 
to be negligible or only trace which indicated almost 
complete metabolism of this drug. Preliminary in- 
formation indicated that the intraperitoneally ad- 
ministered TOP was also excreted in the feces 


The mother liquor of the urine specimens after 
the methylene dichloride extraction showed a strong 
purple color reaction with 50% sulfuric acid. This 
suggests the presence of polar metabolites such as 
hydroxides and/or glucuronides of TOP which are 
not extractable in methylene dichloride. 


Thin-layer chromatography coupled with an 
ultraviolet spectrophotometric technique offers a 
simple yet sensitive method for a quantitative assay 
of urinary metabolites of TOP. The sensitivity 
of this method is 0.7 mcg. in I-ml. urine specimen. 
Normal urine components such as urea, creatinine 
and bile acids did not interfere with the assay of 
these TOP metabolites because none of these com- 
pounds have UV absorption peaks or Rf values in 
the area where the TOP metabolites are found. 


(23-25). 


CONCLUSION 


TOP dihydrochloride (5  mg.) was injected intra- 
peritoneally to  six albino rats daily for a period of 5 
days. Twenty-four hour urinary excretion of the 
nonpolar metabolites, namely, TOPO and the un- 
changed TOP, were determined spectrophoto- 
metrically in a Beckman DU spectrophotometer 
following linear chromatography 011 a thin-layer 
plate. 


TOPO was found to  be the major nonpolar 
metabolite in the urine with an average excretion of 
10.77 and 9.89% in the first 2 days, respectively. 
Only a trace or a negligible amount of the unchanged 
trifluoperazine was found in the urine specimens in- 
dicative of almost complete metabolism of this drug 
in rats at this dosage level (5 mg./rat). 


Preliminary study on other metabolites indicated 
that there is a considerable amount of polar me- 
tabolites present in urine after being extracted with 
methylene dichloride. They are speculated to  be 
hydroxides and/or glucuronides of TOP. 


An attempt was also made to isolate the nonpolar 
metabolites by paper chromatographic technique. 
However, it did not prove to be a satisfactory one 
for a spectrophotometric determination of TOP 
and TOPO as interference of the chromatographic 
piper in the methanol extract was noticed. 
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Further Applications of Pentachlorophenyl Active 
Esters in Lengthening Peptide Chains from 


C- and N-Terminal Amino Acids Using 
Dicyclohexylamine C-Protection 


By A. KAPOOR, E. J. DAVIS, and M A R Y  J. GRAETZER 


In order to eliminate the problems associated witb the use of alkali during peptide 
synthesis, a systematic investigation was catried out to lengthen pe tide chains by 
cou ling N-protected pentachlorophenyl active esters of a d n o  acix and peptides 
w d  amino acids and peptides, C-protected by dicydohrtrylamine. There was an 
appreciable iacrease in yields wheh N-protected pentachlorophenyl active esters of 
amino acid8 were coupled with di- and tripeptides instead of sin le amino acid units 
C-protected by dicyclohexylamine. From this, it was concludetthat peptide chains 
would be lengthened more profitably from C-terminal instead of N-terminal amino 
acid residues when the synthesis of eptides is carried out, using pentachbraphenyl 
active esters in combination with &cyclohexylamine C- mtectitm. ln  addition to 
affordin relatively better yields, this approach would further limit the degree of 


racemfdon 8s the active ester component used would alwayr be a monomer. 


HE SYSTEMATIC SEARCH for suitable “acti- T vated” esters, for the synthesis of peptides v i a  
the aminolysis of esters started with the historic 
paper of Wieland and Bernhard, when they re- 
ported the synthesis of peptides uiu the phenyl 
thiolesters (1). For more than a decade varioas 
active esters have been used extensively in the 
synthesis of peptides and polypeptides with 
known sequence of amino acids (2-5). The 
pentachlorophenyl active esters, which were 
first reported in the literature in 1961 (B), afford 
an excellent method for lengthening the peptide 
chain. The pentachlorophenyl active esters 
have the following advantages: (a) they are one 
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of the most active esters (7), (b) they are generally 
higher melting compounds than other active 
esters, which leads to their easy crystallization 
and purification (8), (G) they LVE! conveniently 
prepared without any significant racemization 
by N,N’-dicyclohexylcarbodiimide (DCC) meth- 
od (9), (d) they are stable to controlled hydro- 
genation conditions and make an excellent com- 
bination with N-catbobehzoxy and tcrt-butyl 
protecting groups when the incorporation of 
trifunctional amino acids in the peptides is 
desired (8). Previously, the peptide chain was 
lengthened by coupling pentachlorophenyl active 
esters of N-cti.rbobenzoxy amino acids or peptides 
with C-methyl protected amino acids or peptides. 
C-methyl protection at each activation stage 
and at the end of the synthesis was removed by 
saponification (8, 10-12). Alkali treatment of 
peptides is usually associrrted with 5 number of 
problems, e.g., raremization (13), transpeptida- 
tion (8, 14), etc. In addition, removal of C- 
methyl protection by alkali becomes more diffi- 
cult as the number of amino acids increases in 
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surements are made on compounds that  are rela- 
tively insoluble in water, the results have little 
meaning unless the particle size of the adminis- 
tered powder is taken into account. 
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Books- 
REVIEWS 


Potential Carcinogenic Hazards from Drugs. Evalu- 
ation of Risks. UICC Monograph Series, vol. 7. 
Edited by RENE TRUHAUT. Springer-Verlag, 1 
Berlin 31 (Wilmsdorf), Heidelberger Platz 3, Ger- 
many, 1967. vii + 249 pp. 16.5 X 25 cm. 
Price DM 68,-; U.S. $17.00. 
This is the seventh volume of the monograph series 


sponsored by the International Union Against Can- 
cer. It consists of a series of 24 papers presented at 
a symposium of the Cancer Control Commission held 
in Paris, November 1965. 


It is quite apparent from both the formal papers 
and the abbreviated versions of the discussions which 
follow that emphasis was placed on chemical contact 
or ingestion as the principal etiological factor in car- 
cinogenesis. While this orientation may be justi- 
fied in a symposium dealing with drugs, it must be 
recognized that there are many oncologists who sub- 
scribe to the view that chemical carcinogenesis is of 
only minor significance in relation to the incidence of 
human cancer. 


The initial papers in the symposium deal with the 
present state of methodology for evaluating the po- 
tential carcinogenicity of drugs. The statistical a s  
sessment of data from the point of view of predicta- 
bility is then discussed. In view of the law pro- 
hibiting the use of carcinogenic substances as food 
additives, it  is interesting to note the view expressed 
by one of the participants, Prof. I. Berenblum. that 
“for all practical purposes, a carcinogen is, like any 
other noxious substance, only harmful above a cer- 
tain critical dose level.” In this connection, the 
opinion of Prof. H. Druckrey based on his analysis of 
the dosetime relationships of chemical carcinogene- 
sis, is especially pertinent. He distinguishes be- 
tween the primary effect of a carcinogen at the cellu- 
lar or molecular level, and the subsequent multiplica- 
tion of cancer cells to  the point of tumor induction. 
As far as the primary effect is concerned he holds to  
the view that “there is no  indication for the existence 


of a subthreshold dose.” Nevertheless, he recog- 
nizes that a zero tolerance for carcinogens is “not 
always practicable and is scientifically objection- 
able’’ and proposes as a basis for future discussion 
that ‘‘1% of the lowest dosage which, given daily 
over the whole life span to  susceptible experimental 
animals, produces cancer only at  the end of the life 
span, can be considered as the maximum tolerable 
dose for human beings.” 


A number of papers in this volume deal more spe- 
cifically with the potential carcinogenicity of specific 
classes of substances such as metal-containing drugs, 
petroleum hydrocarbons, lactones, and hormones in- 
cluding progesterone. In  the two reports dealing 
with plastics used in orthopedic or surgical practice, 
as well as in the discussions of these papers, the 
weight of evidence is in support of a physical rather 
than chemical explanation of the carcinogenic effect 
of experimental implants. 


In his remarks reflecting the point of view of the 
pharmacologist, Professor Alastair C. yrazer em- 
phasizes the need for discrimination and judgment 
in deciding when a drug should be subjected to life- 
span study for potential carcinogenesis, and ques- 
tioned the need for identifying “extremely feeble” 
carcinogenic drugs intended for use over short per- 
iods in people whose life expectancy is unlikely to 
provide time for any effect to  be induced. 


This monograph is required reading for those who 
wish to  keep up with current thought among the ex- 
perts in drug safety evaluation. Although the dis- 
cussions following each presentation reveal the lack of 
unanimity on many aspects, there is agreement that 
much remains to  be done to get a t  the root of these 
problems from both the methodological and in- 
terpretative standpoints. 


Retiewed by Bernard L. Oser 
Food and Drug Research Laboratories 
Maspeth, N .  Y .  


Advances in Pharmaceutical Sciences. Vol. 2.  
Edited by H. S. BEAN, A. H. BECKETT, and J.  E. 
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CARLESS. Academic Press Inc., 111 Fifth Ave- 
nue, New York, NY 10016, 1967. x + 329 pp. 
15.5 X 23 cm. 
In the preface to this series the editors state that 


their task “is t o  present topics of current and grow- 
ing interest, written by experts, so that the develop- 
ment of the subject is portrayed in depth rather than 
providing a condensed review article.” The con- 
tributors to this volume have successfully fulfilled 
the editors’ objectives. Besides being an invaluable 
reference to  the topics covered through 1965, Ad- 
vances in Pharmaceutical Sciences can serve as a 
primary text in pharmaceutics courses a t  the grad- 
uate level. 


The two central chapters, “Particle-Size Analysis” 
by I. C. Edmundson and “Flow Properties of Pow- 
ders” by Barbara S. Neumann, complement one 
another. The former chapter reviews the problems 
encountered in particle-size specification and dis- 
cusses statistical and graphical representation of 
particle-size data. Methods of particle-size mea- 
surement are described in sufficient detail to enable 
one to appreciate their limitations. The lengthy 
analysis of the Coulter counter method, including a 
review of its application in dissolution studies, is 
particularly useful. The chapter on powder rhe- 
ology by Mrs. Neumann, while brief, updates her 
contribution in “Flow Properties of Disperse Sys- 
tems,” now out of print. 


The first chapter in the book, “Kinetics and 
Mechanisms in Stability of Drugs” by Edward R. 
Garrett, brings up t o  date Dr. Garrett’s review 
article in the September 1962 issue of J .  Pharm. Sci. 
The current version is improved by discussion of the 
stability of specific drugs and classes of drugs in 
separate sections. While this review primarily 
emphasizes solvolytic degradation, it also discusses 
drugs which degrade through oxidation. The in- 
clusion of a general description of autoxidative 
mechanisms would have broadened the usefulness 
of this chapter. 


The last chapter, “Water Determination and its 
Significance in Pharmaceutical Practice” by C. A. 
Johnson, complements the first chapter by empha- 
sizing the significance of water in relation to  physical 
and chemical stability. ’The principle, methodology, 
limitations, and advantages of each method of water 
determination is detailed. Methods covered in 
depth include drying, distillation, the Karl Fischer 
titration, dielectric measurements, spectroscopy, and 
gas chromatography. Techniques adaptable to  con- 
tinuous measurement of water in processes are also 
reviewed. 


The index, in conjunction with the outlines in- 
cluded at  the head of each chapter, is adequate for 
one to find most specific topics covered in the book. 


Reviewed by Nicholas G. Lordi 
Rutgers-The State University 
Newark, N.  J .  


Price $14.00. 
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Glass Electrodes for Hydrogen and Other Cations. 
Edited by GEORGE EISENMAN. Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 
1967. xii + 582 pp. 15 X 22.5cm. Price $24.75. 
The twenty-one international contributors to this 


volume have combined to give a comprehensive 
treatment of the theory and practice of cation-sen- 
sitive glass electrodes. The book covers the ad- 


vances in knowledge made in the past ten years, and 
it is to the editor’s credit in selecting his authors that 
these advances have been made largely by the con- 
tributors to this volume. 


The book is organized so as to  present first the 
principles upon which the functioning of ion-sensitive 
electrodes is based and then to  examine modern prac- 
tice in making and using such electrodes. The 
volume is divided into nineteen chapters; however, 
I believe that the pharmaceutical scientist inter- 
ested in using cation-sensitive electrodes as an an- 
alytical tool will find the following eight sections of 
primary interest: Interpretation of pH and Cation 
Measurement, Cation-Sensitive Glass Electrodes in 
Analytical Chemistry, Ion-Sensitive Electrodes and 
Individual Ion Activity Coefficients, Hydrogen and 
Cation Analysis in Biological Fluids in Vitro, H + and 
Cation Analysis of Biological Fluids in the Intact 
Animal, Cation-Selective Microelectrodes for In- 
tracellular Use, Glass Microelectrodes and Their 
Uses in Biological Systems, and Clinical Application 
of Cation-Sensitive Glass Electrodes. 


The authors have done a good job of defining the 
present limits of cation-sensitive electrodes, and 
most have taken the opportunity to outline the 
problems that still must be solved. The latter facet 
of the book should catalyze the ingenious investiga- 
tor to  envisage many new uses for cation sensitive 
electrodes. As one author points out, the advent of 
glass electrodes which can be made to respond selec- 
tively to  various cations, has opened a veritable 
“Pandora’s box” for investigators in the biological 
sciences. With such glass electrodes a non-de- 
structive, continuous, high-sensitivity measurement 
of ionic activity may be made either in vitro or in wivo. 


Each chapter in the volume is essentially self-con- 
tained, with its own table of contents and references, 
and can usually be read independent of the preced- 
ing chapters. The book can, therefore, serve as a 
valuable reference and should be in the library of 
anyone planning to use cation-sensitive electrodes 
(hydrogen or otherwise) as  an analytical tool. 


Reviewed by Leslie Z. Benet 
College of Pharmacy 
Washington State University 
Pullman, Wash. 


.%eroid Hormone Analysis. Vol. I. Edited by 
HANS CARSTENSEN. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10016, 1967. 
xiii + 493 pp. 15 + 23 cm. Price $23.50. 
A series of reviews in steroid methodology are 


presented as individual chapters of two types. The 
majority of chapters are technique oriented and 
have the following titles and scope: “Isotope 
Derivative Methods for the Determination of 
Steroid Hormones with S6S-Sulfonylating Reagents,” 
“Elementary Aspects of Infrared Spectroscopy of 
Steroids,” “Outline of the Application of Nuclear 
Magnetic Resonance to the Investigation of Ste- 
roids,” “Chromatography of Steroids on Paper,” 
“Gas Chromatography of Steroids.” In  addition, 
there are two chapters that center on compounds 
rather than technique. These chapters are entitled: 
“Testosterone” and “Analysis and Identification of 
Steroid Conjugates.” 
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Drug Standards 


Quantitative Determination of 
Gallamine Triethiodide 


By PETER P. ASCIONE, JOHN B. ZAGAR, and GEORGE P. CHREKIAN 


A nonaqueous method for the determination of crystalline gallamine triethiodide was 
developed. The titration utilized a mixture of N,N-dimethylformamide (DMF)-p- 
dioxane as the solvent, bromophenol blue as an indicator, and 0.1 N erchloric acid 
as the titrant. Also a colorimetric acid-dye extraction was developex for the deter- 
mination of gallamine triethiodide in the injectable dosage form. This technique 
involved the extraction of an acid-dye complex, gallamine triethiodide and bromo- 


cresol green buffered to pH 5.3, with chloroform. 


SURVEY of literature revealed that gallamine A triethiodide (I), a muscle relaxant, was syn- 
thesized and introduced in 1946 by Bovet (1). 
Its structure, although much simpler, was based 
on that G f  d-tubocurarine, and it owes its high 
potency as a relaxant to the three triethyl- 
ammonium groups of its molecule (2). 


Recrived May 6, 1068, from the Department of Analytical 
Development, Q d t  Control Seaion, Ledcrle Laboratories, 
Pearl River NY 1Wb 


Accepted’for publication July 11, 1968. 


Pharmaceutical dosage form and the crystal- 
line powder are currently being assayed by the 
procedure outlined in the N F  XI1 (3). This pro- 
cedure is based on the Volhard volumetric titra- 
tion of the iodide present in the molecule. How- 
ever this procedure is capable of measuring halo- 
gens other than the iodide portion of the mole- 
cule, thereby lacking specificity for gallamine. A 
spectrophotometric determination was investi- 
gated but it was found to be a function of the 
iodide portion of the molecule rather than the 
active triethylammonium groups. 


The purpose of this investigation was to 
develop a rapid and more specific procedure which 
could be employed in quality control laboratories 
for analyzing gallamine triethiodide both in 
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c m r y  yellow I 
I 


400 L colorless 


VOLUME OF TITRANT, ml. 


Fig. 1-Titration of gallamine trkthiodide showing 
potentiometric injlection and color change of bromo- 


phenol blue indicator. 


pharmaceutical dosage form and as a crystalline 
powder. 


EXPERIMENTAL 


Apparatus-Precision-Dow Recordomatic titrim- 
eter equipped with a glass electrode and a sleeve- 
type calomel electrode. The calomel electrode was 
modified by replacing the aqueous saturated solution 
of potassium chloride in the bridge with saturated 
solution of potassium chloride in methanol. 


Reagents and Solutions-Chloroform; p-dioxane, 
N,N-dimethylformamide (DMF); glacial acetic 
acid; 1% bromophenol blue in DMF; 6% mercuric 
acetate in glacial acetic acid; 0.1 N perchloric acid 
in glacial acetic acid [standardized against primary 
standard potassium acid phthalate by the procedure 
of the USP XVI€ (4)] ; phosphate buffer: dissolve 
38 g. of monobasic sodium phosphate and 2 g. of 
anhydrous dibasic sodium phosphate in water to 
make 1,000 ml. ; bromocresol green dye solution : 
dissolve 200 mg. of bromocresol green in 100 ml. of 
water by adding 6.4 ml. of 0.1 N sodium hydroxide 
and dilute to 250 ml. with water, wash the solution 
with five 10-ml. portions of chloroform, and filter; 
standard preparation: dissolve in water a suitable 
quantity of gallamine triethiodide reference standard 
and dilute quantitatively and stepwise to  obtain a 
solution having a concentration of 100 mcg. per ml. 


Nonaqueous Method- Assay Procedure-Weigh 
accurately 0.2 g. of gallamine triethiodide into a 
250-ml. beaker and dissolve in 10 ml. of DMF. 
Add 5 ml. of 6% mercuric acetate; then add 150 
ml. of p-dioxane and mix the solution with the aid 
of magnetic stirring. The titration is followed 
potentiometrically using 0.1 N perchloric acid in 
glacial acetic as the titrant. In  addition to the 
potentiometric determination, visual titrations can 
also be carried out using 6 drops of 1% bromophenol 
blue in DMF as the indicator, which changes from 
purple to  canary yellow at the stoichiometric end 
point. Each milliliter of 0.1 N perchloric acid is 
equivalent to 29.72 mg. of gallamine triethiodide. 


Colorimetric Acid-Dye Extraction Method- 
Assay Preparation-Pipet an accurately measured 
volume of gallamine triethiodide injection and dilute 
quantitatively and stepwise to obtain a solution 
having a concentration of 100 mcg./ml. in water. 


Procedure-Pipet 5 ml. of assay preparation into 
a 125-ml. separator. To a second 125-ml. separator 


pipet 5 ml. of standard preparation. To each 
separator add 10 ml. of phosphate buffer solution 
and 5 ml. bromocresol green solution. Extract 
each solution with four 20-ml. portions of chloro- 
form, collecting the chloroform extracts in 100-ml. 
volumetric flasks. Add chloroform to volume in 
each flask and mix. Concomitantly determine the 
absorbances of both solutions in 1-cm. cells at 
416 mp on a suitable spectrophotometer, using 
chloroform as the blank. 


RESULTS AND DISCUSSION 


Gallamine triethiodide possesses three quaternary 
nitrogen groups, each exhibiting basic characteris- 
tics in nonaqueous media. These three basic 
groups are susceptible to  titration by perchloric 
acid. The nonaqueous method specifically and 
distinctively measures the quaternary nature of 
this compound. 


The solvent of choice for determining the purity of 
crystalline gallamine triethiodide was p-dioxane. 
However due to  the limited solubility of this com- 
pound, it was first necessary to effect solution using 
DMF. Using the ratio of D M F  t o  p-dioxane as 
outlined under Experimental, a well-defined poten- 
tiometric end point shown in Fig. 1 was obtained 
when titrated with 0.1 N perchloric acid in acetic 
acid. 


The bromophenol blue end point of the titration 
was found to  appear sharply and occurred at the 
stoichiometric end point. This was determined 
potentiometrically with the indicator in the system 
as shown in Fig. 1. To obtain a stoichiometric end 
point it was necessary t o  add mercuric acetate t o  
the solution of gallamine triethiodide prior to  titra- 
tion (5). 


Noted in Table I are the results obtained by the 
nonaqueous method and acid-dye extraction proce- 
dure on various lots of crystalline powder and 
batches of dosage form. The methods are rapid, 
simple, more specific, and provide quantitative 
results. 


The colorimetric acid-dye method is based on the 
quaternary nitrogen groups each having the basic 
characteristics in a dye extraction (6). These three 
basic groups react with bromocresol green at pH 5.3 
and are distinguished because of their solubility in 
chloroform. 


TABLE I ~ U M M A R Y  OF ANALYTICAL DATA FOR 
ANALYSIS OF CRYSTALLINE POWDER AND INJECTABLE 


DOSAGE FORM OF GALLAMINE TRIETHIODIDE 


Method 
Chlnri- 


Potentio- metric 
metric Visual Acid-Dye 


Titration, Titration, Extraction, 
% % m d m l .  


Lot 1 
Lot 2 
Lot 3 
Lot 4 


Batch 1 
Batch 2 
Batch 3 
Batch 4 


Crystalline Powder 
100.3 99.7 
99.5 99.6 
99.0 98.7 
98.6 99.3 


Injectable Form 20.6 mg./ml. 
21.1 
21.3 
20.5 
20.1 


I 
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when the absorbance of the acid-dye extract verms 
concentration of gallamine triethiodide was plotted 
in the range of 2 to 10 mcg./ml. 


REFERENCES 


(1) Lewis J. J. “An Introduction to Pharmacology ” 3rd 
ed., William; aod’wilkins, Baltimore. Md;, 1964, p. 15i.  


(2) Sic&, J., “General Pharmacology, W. B. Saunders, 
Philadelphia, Pa., 1962, p. 135. 


(3) “The National Formulary,” 12th ed., Mack Publish- 
ing Co., Easton, Pa., 1965, p. 174. 


(4) “The United States Pharmacopeia,” 17th rev., Mack 
Publishing Co., Easton, Pa., 1965, p. 1084. 


(5) Pifer, C. W., and Wollish, E. G.. J. A m .  Pharm. Assoc., 
Scr. Ed.,  40, 609(1951). 


(6)  Higuchi, T.. and Brochmann-Hanssen, E., “Pharma- 
ceutical Analysis,” interscience, New York, N. Y., 1961, p. 
413. 300 400 ‘ 500 


0.0 


m)l 


Fig.  2-Speclrum of acid-dye complex of gallamine 
triethiodide. 


The absorption spectrum of the acid-dye chloro- 
form extract was determined on a Cary model I1 
recording spectrophotometer. Figure 2 shows the 
absorption spectra in the region 550-350 for the 
gallamine acid-dye extract. The wavelength where 
maximum absorption occurred was 416 mp. 


Various concentrations of gallamine triethiodide 
were evaluated by the acid-dye extraction procedure 
for the  purpose of preparing a standard calibration 
curve. A typical linear Beer’s law plot was obtained 
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Technical Articles 


Instrumentation of a Rotary Tablet Machine 
By FRANK W. GOODHART, GUSTAVO MAYORGA, 


MORTIMER N. MILLS. a n d  FRED C. NINGER 


The Manesty 45 station Rotapress was instrumented to measure compressional 
force, ejection force, and lower punch pulldown force. Various positions in the 
pressure linkage were monitored to determine the optimum location for compres- 
sional force measurement. The upper part of the compression column just below 
the link to the u per roller carriage was chosen for installation of strain gauges for 
compressional g r c e  measurement. Ejection force was measured by installing a 
force washer beneath the head of the bolt which holds the ejection cam in place. The 
ejection cam was not modified in any way. Lower punch pulldown force was mea- 
sured by using a bolt containing internally mounted strain gauges to replace one of the 
three bolts normally holding the pulldown cam in position. Examples of the results 
obtained by compressing antacid tablets at various speeds and forces are given. Data 
collected over a 24-day period on the compression of these tablets under regular 


production conditions are given. 


OTARY TABLET machine instrumentation has can-made machines such as the Stokes BB-2, R been described by Knoechel (1-3) and Stokes 541, and other similar presses. It has 
Wray (4). Sites for gauging and methodology become apparent that measurement of tableting 
have been developed for certain types of Ameri- forces is a helpful tool in the development of tablet 


formulations and trouble shooting. Further- 
and Development iahorhtories Warner-Lambert Research more, the use of tablet machine instrumentation 


makes for better production co~zt~gl a u s  giving 


.~ 
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isolated from beef pineal gland and purified according 26i:). Potts, K. T.. and Saxton, J. E., J. Clem. SOC.. 1954, 
to  the method of Axelrod and Weissbach (4). 


The stock solutions of inhibitors 11, 111, IV, and 2 1 ~ ~ \ g ~ ; l r o d ,  j . ,  and'weissbach, H., J .  Biol. Chcm., 236, 
VII were prepared in propylene glycol, and those of 
V. VI. VIII. and IX were Dreuared in dimethvl- 


(3) Katritzky A. R .  ibid.  1955, 2586. 


sulfoxide. The previous findings showed that the 
same magnitude of inhibitory activity was obtained 
regardless of the use of these two solvents (1). 


Incubation was carried out with N-acetylserotonin 
and S-adenosyl-~-rnethionine-methyl-~~C according 
to the previously described procedure (1). 


REFERENCES 
(1) Ho, ,B..T.. McIsaac, W. M.. and Tansey, C. W. ,  J .  


Pkarm. Scz., In press. 
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Effect of Flow Rate on the Distribution Kinetics of a Drug From 
Perfusate to a Perfused Organ 


By RENPEI NAGASHIMA and GERHARD LEVY * 


A pharmacokinetic analysis of the distribution of a drug into a perfused organ or 
hypothetical compartment of the body yields mathematical expressions which may be 
useful for ascertaining if the distribution of a drug is rate limited by the flow of the 
perfusate, by the diffusion of the drug from the perfusate into the organ, or if it  i s  a 
function of both of these processes. These ex ressions have been used to analyze 
the distribution of a drug from a perfusing fluii into the isolated perfused rat liver, 
and of several drugs from a hypothetical central compartment to a hypothetical 


peripheral compartment in man. 


HE DISTRIBUTION of a drug from a perfusion fluid T such as the blood to a perfused organ such as the 
liver is likely to be rate limited by the flow of the 
perfusate, by the diffusion of drug from perfusate to 
the organ, or i t  may be a function of both of these 
processes. I t  is useful therefore to undertake a 
kinetic analysis of such a system so that the rate- 
limiting step in the distribution of a given drug under 
defined conditions may be determined. 


For the purpose of this analysis, the liver is viewed 
as a tissue with numerous parallel channels through 
which perfusate flows. The concentration of the 
drug in the perfusate leaving the liver is lower than 
the drug concentration in the fluid entering the liver, 
due to the diffusion of drug from perfusate into the 
liver. Elimination of the drug by the liver and back- 
diffusion of the drug from the liver to the perfusate 
are considered to be negligible during the early dis- 
tribution phase. These assumptions lead to the 
same model as has been presented in an earlier report 
from this laboratory dealing with drug elimination 
kinetics in a perfused organ (1). Equation 8 of that 
report then takes the form: 


U 
kdist. = v;" - exp (-ktrsns.V~,/u)l (Eq. 1) 


where kdi.t. is the apparent first-order rate constant 
~~ 
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for the distribution of drug from perfusate to the 
perfused organ or tissue, u is the flow rate of per- 
fusate, VR is the real or apparent volume of the extra- 
hepatic perfusate (which in practice usually is 
equivalent to the real or apparent volume of total per- 
fusate), VL is the volume of the channels in the organ 
or tissue through which the perfusate flows, and 
kt,,,. is a rate constant for the transfer of the drug 
from perfusate t o  the organ or  tissue.' When drug 
distribution is rate limited by the flow of the per- 
fusate, i.e., u << ktr.ns.VL, the bracketed term in Eq. 1 
approaches unity, and 


If, on the other hand, the distribution o f  the drug is 
rate limited by the transfer of the drug from perfus- 
ate to the tissue, ktran8,V/,/u < 0.1 and i t  can be 
shown (1) that 


(Eq. 3) 


I t  should be noted that Eq. 3 does not contain the 
flow-rate term. 


One may now turn to a consideration of the more 
general case, namely, the distribution and elimina- 
tion of the drug during the entire experimental 


1 This transfer rate constant may be the rate constant for 
diffusion of the drug through the blood, through a barrier be- 
tween blood and tissue, or through tissue. It may also be a 
complex function of more than one of these, and it  may in- 
clude a factor for plasma protein binding of the drug. 
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period. When sampling intervals are sufficiently 
short, it is possible to observe a bi-exponential de- 
cline in the drug concentration in the perfusate of an 
isolated liver perfusion system as a function of time 
(2). Then, 


(Eq. 4) 
where Cis the drug concentration in the perfusate at 
any time b ,  B is the extrapolated zero-time concen- 
tration and -a/2.3 is the slope of the terminal 
exponential phase in a plot of log C versus t, A is the 
extrapolated zero-time intercept and --a/2.3 the 
slope obtained when the differences between the 
early experimentally determined drug concentrations 
and the values obtained by back-extrapolation of the 
terminal exponential phase of the concentration 
versus time curve are plotted semilogarithmically. 
The transfer of a drug between liver and blood and 
the elimination of drug from the system v i e  the liver 
can be represented by the following model, 


C = A exp (-at) + B exp (-at) 


drug drug. 
in blood k n  in liver tissue 


(Compartment 1) $ (Compartment 2) 
ku 3 kno 


eliminated drug 


where the K's are apparent first-order rate constants 
defined in terms of the rate of the changes in the 
amount of drug in the respective compartments. It 
is evident that kdist .  in Eqs. 1-3 is essentiallyequiva- 
lent to K I Z .  Considering the usual case where 
VR >> VL,  VR approximates the total blood volume 
( VR + V L ) .  The value for K I Z  can be determined 
from the equation: 


kin = (aA + aB)/(A + B )  (Eq. 5) 


which is derived from the relationship described by 
Rescigno and Segre for a more general model (3). 


In  a recent study of the pharmacokinetics of 
bishydroxycoumarin elimination in isolated perfused 
rat liver systems (4), the following average values 
were obtained: VR = 100 ml., k l z  = 0.063 m h - 1  
(see Footnote Z ) ,  and u = 19 ml./min. These data 
yield a ktrsna.VL value of 7.6 ml./min. Since this 
value is not much smaller than the flow rate, u, 
i t  can be concluded that the distribution of bishy- 
droxycoumarin from the perfusate to the liver tissue 
is not rate limited solely by the diffusion of drug 
from the perfusate to the liver. Also, since k1nV~ 
= 6.3 ml./hr. and <u, the distribution is not rate 
limited solely by the flow rate of perfusate. Rather, 
on the basis of the kinetic model used, the kinetics of 
the distribution of bishydroxycoumarin is a function 
of both the flow rate of the perfusate and the process 
described by the transfer rate constant, ktr... ., for 
the diffusion of drug from perfusate to liver tissue. 


A similar kinetic analysis can be used to get some 
indication of the rate-limiting process (or the relative 
importance of blood flow and diffusion) in the 
distribution of a given drug from blood to other tis- 
sues, both in vitro and in viuo. Considering, for 
example, the distribution of a drug in man, kdi.t .VR 
would equal the plasma flow rate if the latter is the 


'The perfusate was sampled initially every 10 min. In 
most cases, there was very little difference between the drug 
concentration in the perfusate at 10 min. and the theoretical 
10-min. value obtained by back extrapolating the linear 
segment of the log concentration versus time plot. There- 
fore, the estimated value of (I is only a minimum value, and 
thus, the calculated klr is only a minimum value. 


TABLE I-DISTRIBUTION KINETICS OF 
SEVERAL DRUGS IN MANS 


kiaVn or 
kd i s t .  V R ,  (ktrSm.- 


Drug nun. k1~1-1 v,, 1. I./min. v L ) / u  


Acetylsalicylic 
acid 0.085 6 . 3  0.54 0.92c 


Salicylic acid 0.070 5 . 6  0.39 0.57 
Griseofulvin 0.0038 59.3 0.23 0.29 
ThiopentaP 0.0132 60.5 0.80 2.21 
Pento- 


barbitalb 0.0118 62.0 0.73 1.67 
a kir and values from Reference 5 except where indicated 


otherwise. Calculated using data from Reference 5 and Eqs. 
16 and 17 from Reference 6. The value of u used in the cal- 
culations in this column is 0.9 I./min. (see Foolnote 3 in text). 


rate-limiting step in the distribution of the drug 
(Eq. 2). A test of the mathematical model pre- 
sented here is that k d i # t . v R  should never exceed a 
value equivalent to the known plasma flow rate 
through the compartment into which the  drug is 
diffusing. Riegelman and his associates have 
pointed out recently that the distribution and elimi- 
nation of certain drugs can be described adequately 
by a two-compartmental open-system model con- 
sisting of a central and a peripheral compartment 
(5). Using their reported values for a, a, A ,  and 
B ,  k12 values were calculated (6). Their V, and k l z  


are equivalent to VR and kdi.t .  as defined here, and 
thus k d i a t . v R  can be determined. The results of 
these calculations for the five drugs reported on by 
Riegelman et al. (5) are listed in Table I. The 
highest kdist .VR value, 0.80 l./min., was obtained 
with thiopental. If the peripheral compartment is 
considered to be equivalent to the poorly perfused 
tissues as classified by Price (7), the plasma flow rate 
through this compartment is 0.9 l./min. (see Foot- 
note 3). This is in good agreement with the flow 
rate calculated from the thiopental data and i t  ap- 
pears therefore that the distribution of thiopental 
into the peripheral compartment is essentially blood 
flow rate limited. On the other hand, the K,ii6t.VR 
values for the other drugs are such that blood Row 
rate does not appear to be the rate-limiting factor 
in their distribution from the hypothetical central 
compartment to the hypothetical peripheral com- 
partment. Neither is their distribution rate limited 
by the transfer process represented by the rate con- 
stant, k,,,,., since their ktrsn..VL values are not much 
smaller than u (Table I). I t  appears rather that 
their distribution is a function of both blood flow 
rate and transfer rate. 


The significant result of this analysis is that the 
pharmacokinetic data for one drug yielded a calcu- 
lated plasma flow rate essentially equal to  the actual 
flow rate reported in the literature and, just as 
important, that none of the data yielded theoretical 
plasma flow rates (kdi.t .VR) that were higher than the 
actual value. One complicating factor in the phar- 
macokinetic analysis of drug distribution in intact 
animals or man (as opposed to isolated perfused 
organ systems) is the possible contribution to  the 
k d  values due to direct diffusion of drug between 
adjacent tissues (9, 10). This can lead to k d i s t . v R  
values which are higher than the flow rate, or it can 


8 Price lists a blood flow rate of 1.65 l./min. Considering an 
average hematocrit value of 45'% (8). this equals a plasma flow 
rateof O.'dl./min. 
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Rapid Assay Method for the Determination of Methotrexate 
By M. K. BALAZS, C. A. ANDERSON, and P. LIM 


A rapid procedure for the assay of methotrexate samples (bulk or formulated) has 
been developed i n  these laboratories. This  procedure, which employs quantitative 
paper chromatography, makes use of relatively inexpensive equipment and is simple 


to execute. 


ETHOTREXATE (MTX),' a clinically useful anti- M cancer agent, is without exception an impure 
preparation consisting of MTX, contaminants 
related to MTX, and water. Efforts t o  assay MTX 
preparations have led to the development of column 
chromatographic procedures2 that utilize adsorbents 
such as DEAE cellulose (1, 2) and diatomaceous 
earth. These elegant procedures are adequate, 
but they require elaborate equipment and consider- 
able time. The paper chromatographic procedure, 
which constitutes the basis of this note, requires 
relatively inexpensive equipment, is rapid and simple 
to  execute, and affords a better separation of MTX 
from its contaminants. 


The sensitivity of the method is limited only to 
the amount of MTX needed to give a useful UV 
spectrum. In this laboratory, a sample size of 1 mg. 
has been found to be convenient. The results of this 
procedure are comparable to  those obtained by 
column methods. 


Procedure-One milligram of methotrexate is 
dissolved in 0.2-0.3 ml. of 0.1 N sodium hydroxide 
and applied as a narrow band on Whatman No. 1 
chromatographic paper 22.8 X 48.2 cm. (9 X 19 in.). 
The chromatogram is developed by descending 
chromatography with 0.5% aqueous sodium car- 
bonate solution for 2.5 hr. The solvent front travels 
approximately 43 cm. (17 in.) during this time. 
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sarily those of the Cancer chemotherapy National Service 
Center. 


1 N- ( p -  [(2,4- Diamino- 6-pterdinyl)methyl]methylaminoJ- 
benzoylglutamic acid, Lederle Laboratories. 


2 Unpublished procedure fi-om Lederle Laboratories. 
a Celite, Johns-Manville, New York. N. Y. 


The chromatogram is dried (in a fume hood) and 
the major band (MTX) is located ( R f  'v 0.6-0.8) 
by illumination of the paper with shortwave UV 
light. This band is cut from the chromatogram and 
divided into 6 to  8 pieces, which are placed in a glass- 
stoppered, 125-ml. conical flask. Fifty milliliters 
of 0.1 N sodium hydroxide solution is added to the 
flask, which is then shaken vigorously until the 
paper is reduced to a pulp. A portion of the pulpy 
mixture is centrifuged a t  high speed for 3 min. or 
until a clear supernatant is obtained. The UV 
absorption of the supernatant solution is measured 
at  303 mp, and the amount of methotrexate in the 
sample is calculated, using as a standard the molar 
absorptivity, 2.24 X 104.4 A blank is prepared by 
the procedure cited above, and the slight increase 
in the base line is subtracted from the absorption of 
each sample. Due to the photo-instability of MTX, 
the entire analysis is carried out under minimal il- 
lumination. 


Results and Discussion-The examples presented 
in Table I illustrate the precision of this method. The 
authors have observed that this procedure generally 
yields values as much as  2y0 lower than those 
obtained when the column chromatographic assay 
is used. The higher values obtained by column 
method are due to the inclusion of materials which 
contribute to the absorbance of the MTX but are in 
reality impurities. These impurities, which are 
absent in purified5 samples of MTX, travel similarly 
to it but fluoresce brightly under UV light in con- 
trast to the MTX, which absorbs. This visible 
difference permits excellent mechanical separation 


4 The average L value of four recent MTX bulk samples. 
Since the chromopbores in the impurities are indistinguishable 
from those in MTX, the percent of MTX is calculated from 
this value. 


5 Purified by the Procedure described by Noble, B. P., 
Biochcm. Prep. ,  8 ,  20(11361). 
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The Structural Basis of Antibody Specificity. By 
DAVID PRESSMAN and ALLAN L. GROSSBERG. 
W. A. Benjamin, Inc., One Park Avenue, New 
York, NY 10016, 1968. xvii + 279 pp. 16 
X 23.5 cm. Price $16.75. 
This monograph is based on a series of lectures 


given for a special biophysics course at the University 
of Rochester. The text is a quantitative appraisal 
of research on the chemical nature of antibody 
specificity since the earlier studies described by 
Landsteiner. It may be used as a text for senior- 
graduate level courses on chemical immunology or 
immunochemistry, and also as a reference for those 
in the field. The book is written for the reader who 
has some knowledge of immunologic nomenclature. 
The text treats those structural features of haptens 
or antigens and of antibodies which provide the 
basis for their specific interaction. The first two 
chapters introduce the chemical concepts which are 
involved in antibody-antigen interaction. Chapter 
3 discusses a large number of antihapten systems in 
terms of the structural details important for anti- 
body-hapten combination. The remaining chapters 
discuss the basis of the heterogeneity of antibody 
molecules and the use of antibodies to map out 
structures of small and large molecules in aqueous 
solution. Liberal use is made of drawings of 
chemical structures with their names, and the 
bibliography and appendix give access to many 
studies of antihapten systems. 


Staff review 


201 9 


The book is organized into six chapters bearing the 
following titles: The Cell as a Physico-Chemical 
Unit; Possible Actions of Drugs on Surfaces; Mem- 
brane Permeability and Drug Actions; Enzymes and 
Drug Actions; The Actions of Narcotics; Responses 
of Cells on the Biological Level. 


In general, the chapters are well written and well 
organized. The emphasis is on principle and mecha- 
nism rather than the presentation of masses of data. 
Literature references at the end of each chapter are 
few and of course relatively old, that is, prior to 1950. 


In the opinion of this reviewer, this volume is a 
valuable contribution and should be of interest to all 
involved in pharmacological research and‘ teaching. 
Although the author does point out some examples of 
drugs for which the mechanism of action is some- 
what known, he makes quite clear the point that we 
have a great deal of work ahead of us if we are ever 
to establish cell pharmacology as a science well 
enough developed to permit prediction of the action 
of chemicals on biological systems. 


Reviewed by Joseph Judis 
College of Pharmacy 
The University of Toledo 
Toledo, OH 43606 


Cell Physiology and Pharmacology. By J.  F. 
DANIELLI. Hafner Publishing Co., Inc., 31 East 
Tenth St., New York, NY 10003, 1968. (origi- 
nally published 1950). vi + 156 pp. 15.5 X 23 
cm. Price $8.00. 
On the first examination, the volume under review 


gives the impression of questionable worth. I t  ap- 
pears unlikely that a slender book of less than 200 
pages could give a comprehensive coverage of the 
vast field of cell physiology and pharmacology. 
Secondly, the book is based on lectures given a t  Uni- 
versity College, London, almost two decades ago and 
originally published in 1950. The domain of cell 
physiology as enlarged by the fantastic advances in 
biochemistry and molecular biology in the last 
twenty years is now altnost a qualitatively new one. 
My initial reaction, therefore, was, “What could we 
possibly learn about a vast field like cell physiology 
and pharmacology in a volume of less than 200 pages 
which was published twenty years ago?” 


However, as I read the book, I found there was 
much that could be learned. The author established 
the premise underlying his discussion in the preface. 
He stated that in the development of drugs, the bio- 
logical side of the process does not proceed in a ra- 
tional manner. The ehetnist will synthesize an 
array of compounds which are then subjected to  
biological testing. If our biological knowledge of 
drug action were adequate, it would be possible to 
predict which compounds or modifications of a com- 
pound would be biologically active and perhaps 907, 
of the work assigned to the chemist would be uii- 
iiecessary arid cliiniiiated. 


Studies of a Core Curriculum. Edited by M. R. 
GIBSON. American Association of Colleges of 
Pharmacy, 850 Sligo Ave., Suite 301, Silver 
Spring, MD 20910, 1968. 91 pp. 15 X 22.5 
cm. Price S.50. Paperbound. 
This volume is a report of the Committee on 


Curriculum of the American Association of Colleges 
of Pharmacy and outlines what this Committee 
believes to be the basic core course content for 
pharmacy education. This report covers only 
those professional areas of pharmaceutical edu- 
cation-not prerequisites and liberal arts courses- 
which represent the basic core of information needed 
before specialization. No “how to” information is 
included, but merely what constitutes a complete 
professional curriculum. The five chapters of core 
course contents and the authors are: Pharmacog- 
nosy-Melvin R.  Gibson; Pharmacology-Marvin 
H. Malone; Pharmaceutical Chemistry-Frank E. 
DiGangi; Pharmacy Administration-Raymond J. 
Dauphinias; and Pharmacy-August 1’. Lem- 
berger. 


Skiff rariew 


Topics in Pharmaceutical Sciences. Vol. 1. Edited 
by D. Perlman. Interscience Publishers, Inc., 
605 Third Avenue, New York, NY 10016, 1968. 
15.5 X 23.5 cm. ix + 136 pp. Price $7.95 
This volume is a collection of papers presented a t  


two symposia held during the 1967 annual meeting 
of the Academy of Pharmaceutical Sciences. The 
topics of the two symposia are “Penicillins and 
Cephalosporins” and “Effects of Hormonal Steroids 
on Cellular Processes.” 


Stuff review 
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Further Applications of Pentachlorophenyl Active 
Esters in Lengthening Peptide Chains from 


C- and N-Terminal Amino Acids Using 
Dicyclohexylamine C-Protection 


By A. KAPOOR, E. J. DAVIS, and M A R Y  J. GRAETZER 


In order to eliminate the problems associated witb the use of alkali during peptide 
synthesis, a systematic investigation was catried out to lengthen pe tide chains by 
cou ling N-protected pentachlorophenyl active esters of a d n o  acix and peptides 
w d  amino acids and peptides, C-protected by dicydohrtrylamine. There was an 
appreciable iacrease in yields wheh N-protected pentachlorophenyl active esters of 
amino acid8 were coupled with di- and tripeptides instead of sin le amino acid units 
C-protected by dicyclohexylamine. From this, it was concludetthat peptide chains 
would be lengthened more profitably from C-terminal instead of N-terminal amino 
acid residues when the synthesis of eptides is carried out, using pentachbraphenyl 
active esters in combination with &cyclohexylamine C- mtectitm. ln  addition to 
affordin relatively better yields, this approach would further limit the degree of 


racemfdon 8s the active ester component used would alwayr be a monomer. 


HE SYSTEMATIC SEARCH for suitable “acti- T vated” esters, for the synthesis of peptides v i a  
the aminolysis of esters started with the historic 
paper of Wieland and Bernhard, when they re- 
ported the synthesis of peptides uiu the phenyl 
thiolesters (1). For more than a decade varioas 
active esters have been used extensively in the 
synthesis of peptides and polypeptides with 
known sequence of amino acids (2-5). The 
pentachlorophenyl active esters, which were 
first reported in the literature in 1961 (B), afford 
an excellent method for lengthening the peptide 
chain. The pentachlorophenyl active esters 
have the following advantages: (a) they are one 
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of the most active esters (7), (b) they are generally 
higher melting compounds than other active 
esters, which leads to their easy crystallization 
and purification (8), (G) they LVE! conveniently 
prepared without any significant racemization 
by N,N’-dicyclohexylcarbodiimide (DCC) meth- 
od (9), (d) they are stable to controlled hydro- 
genation conditions and make an excellent com- 
bination with N-catbobehzoxy and tcrt-butyl 
protecting groups when the incorporation of 
trifunctional amino acids in the peptides is 
desired (8). Previously, the peptide chain was 
lengthened by coupling pentachlorophenyl active 
esters of N-cti.rbobenzoxy amino acids or peptides 
with C-methyl protected amino acids or peptides. 
C-methyl protection at each activation stage 
and at the end of the synthesis was removed by 
saponification (8, 10-12). Alkali treatment of 
peptides is usually associrrted with 5 number of 
problems, e.g., raremization (13), transpeptida- 
tion (8, 14), etc. In addition, removal of C- 
methyl protection by alkali becomes more diffi- 
cult as the number of amino acids increases in 
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the peptide chain (15). MacLaten reported the 
formation of urea or hydantoin derivatives when 
N-carbobenzoxy peptides were treated with 
aLkali (16). 


Avoiding racemization of optically active cen- 
ters in the synthesis of peptides with biological 
activity is a major concern and new approaches 
for the synthesis which would limit the degree 
of racemization in synthetic peptides are under 
continual investigation. To  overcome racefniza- 
tion and other problems associated with alkali 
treatment, the ideal approach would be to carry 
out the coupling of activated N-protected amino 
acids or peptides with amino acids or peptides 
C-protected by suitable salt formation, which can 
easily be removed by mild acid, instead of methyl 
or ethyl ester protection. Among the active 
esters, p-nitrophenyl esters have been frequently 
used for coupling reactions with amino acid 
salts. Various solvent mixtures andpH condi- 
tions have been reported; however, the yields 
were invariably low (17). 


As the pentachlorophenyl active esters (OPCP) 
are among the most active esters, it was con- 
sidered worthwhile to systematically study their 
coupling with amino acids or peptides, C-protected 
by suitable salt formation. The purpose of this 
paper is to report a general method which con- 
veniently avoids the use of alkali during stepwise 
lengthening of the peptide chain, both from C- 
and N-terminal amino acid residues. 


fS1S 
and different proportions of water in acetone, did 
not afford any appreciable increase in the yields. 


2-Ala-OPCP was coupled separately in methylene 
chloride with triethylamine salts of phenylalanine, 
alanine, and glycine. 2-Hydroxypyridine was used 
as a catalyst and after 24 hr., removal of triethyl- 
amine protection by mild acid, afforded 2-Ala-Phe- 
OH, 2-Ala-Ala-OH, and 2-Ala-Gly-OH in 40, 45, 
and 38% yields, respectively; and no increase in 
yields was observed by increasing the time or 
changing to different solvents for reaction. 


Under identical conditions, DCA salts of phenyl- 
alanine, alanine, and glycine were coupled with 
2-Ala-OPCP (I) in better yields; 2-Ala-Phe-OH 
(IV), 2-Ala-Ala-OH (V), and 2-Ala-Gly-OH (VI) 
were isolated in 62, 61, and 6O%, respectively. 
2-Gly-OPCP (11) (8) and 2-Phe-OPCP (111) (19) 
were coupled with a number of other amino acids, 
C-protected by dicyclohexylamine, and the corre- 
sponding N-protected dipeptides (VII-XIII) were 
isolated in satisfactory yields as indicated in Table 
I. Since the yields were optimal with methylene 
chloride, the preceding coupling reactions were 
carried out in this solvent. 


It would seem apparent that the hydrocarbon 
portion of the base used for C-protection, played 
an important role in the coupling reactions. This 
can be justified on the basis of better solubility of 
DCA salts as compared to sodium or TEA salts of 
amino acids in the reaction solvents, such as 
methylene chloride. If this was true, then N- 
protected OPCP esters of amino acids would be 
expected to couple better with relatively more soluble 
di- and tripeptides, C-protected by DCA. In order 
to establish the effect of solubility of the C-protected 
component, the coupling of N-protected, C-activated 
amino acids with di- and tripeptide DCA salts was 
undertaken. 2-Gly-OPCP(I1) coupled with the 
DCA salt of H-Gly-Phe-OH (XVII) to afford 
2-Gly-Gly-Phe-OH (XX) in 68% yield, and Z-Phe- 
Gly-Phe-OH (XXI) was prepared in 67% yield, 
by coupling 2-Phe-OPCP (111) with H-Gly-Phe-OH 
(XVII), C-protected by DCA. The yields were 
even better when the DCA salts of tripeptides were 
coupled with activated amino acids. H-Ala-Phe- 
Gly-OH (XIX) C-protected by DCA, coupled with 
2-Gly-OPCP (11) in 75y0 yield, to afford Z-Gly- 
Ala-Phe-Gly-OH (XXIII). N-protected dipeptide- 
OPCP active esters were also coupled in satisfactory 
yields with amino acids or peptides, C-protected 
by DCA. In this case, the length of the C-protected 
components had the similar effects on the yields as 
noted above. 2-Gly-Ma-OPCP (XIV) coupled 
with DCA salt of H-Ala-OH to afford Z-Gly-Ala- 
Ala-OH (XXIV) in 43% yield. However, 2-Gly- 
Ala-OPCP (XIV) reacted with H-Phe-Gly-OH 
(XVIII) C-protected by DCA in 54% yield to 
afford 2-Gly-Ala-Phe-Gly-OH (XXIII). In line 
with the authors expectations, N-protected tri- 
peptide OPCP active esters coupled in relatively 
lower yields with DCA salts of amino acids. 2-Gly- 
Gly-Phe-OPCP (XV) coupled with H-Phe-OH, 
C-protected by DCA in 38% yield to afford 2-Gly- 
Gly-Phe-Phe-OH (XXV). It is interesting to note 
that N-protected OPCP active esters of amino acids 
could not be coupled with glutamic or aspartic 
acids with DCA protection on both carboxyl groups. 
However, the coupling of N-protected-amino acid- 
OPCP active esters, was found to proceed in satis- 


RESULTS AND DISCUSSION 


C-protection by salt formation with three different 
bases was investigated as follows: (a) Amino acids 
were converted into their sodium salts by treatment 
with an equivalent amount of sodium bicarbonate 
in 5-6 ml. of water. ( b )  Triethylamine salts were 
prepared by making a slurry of amino acids with 
calculated amount of triethylamine (TEA) in 
10-15 ml. of methylene chloride. (6) C-protection 
by dicyclohexylamine (DCA) was carried out in 
the same manner as described for TEA. 


2-Ala-OPCP’ (8), was coupled separately with 
sodium salts of phenylalanine, alanine, and glycine. 
A mixture of eights parts of acetonitrile and two 
parts of water was used as a solvent with 2-hydroxy- 
pyridine (18) as a catalyst. After 24 hr. the salt 
protection from the resulting dipeptides was re- 
moved by mild acid (1 N hydrochloric acid) treat- 
ment and ZAla-Phe-OH, 2-Ala-Ala-OH, and 
2-Ala-Gly-OH were isolated in 16, 18, and 17% 
yields, respectively. Increasing the coupling time 
up to 72 hr. and substituting various other solvents 
and solvent mixtures, e.g., tetrahydrofuran, ethyl 
acetate, methylene chloride, dimethylformamide, 


1 Abbreviations used in this paper for amino acids and 
peptides are those recommended in “Proceedings of the 5th 
European Peptide Symposium Oxford September 1962.” 
Young, G. T., Ed., Macmillah, New kork, N. Y., 1963. 
Amino acids used in this work were all of L-configuration. 
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TABLE I-YIELDS AND MELTING POINTS OF N-PROTECTED DIPEPTIDES, MADE THROUGH COUPLING OF 
N-PROTECTEDOPCP ESTERS OF AMINO ACIDS WITH DCA, C-PROTECTED AMINO ACIDS 


OPCP Amino Acid Dipeptide Yield, yz, M.p.. "C. 
Compd. Derivative DCA Salt Compd. Formed % (Lit) 


I Z-Ala-OPCl' H-Phe-OH IV Z-Ala-Phe-OH 62 121-122 122O 
I 2-Ala-OPCP H- Ala-OH V Z-Ala-Ala-OH 61 152 152-153b 
I 2-Ala-OPCP H-Gly-OH VI 2-Ala-Gly-OH 60 132-133 132' 


I1 Z-Gly-OPCP H-Gly-OH VII 2-Gly-Gly-OH 55 178 178-17gd 
I1  2-Gly-OPCP H-lleu-OH VIII 2-Gly-lleu-OH 59 115 ll4-115e 
I1  2-Gly-OPCP H-Ala-OH IX Z-Gly-Ala-OH 62 120 119.5' 
I1 2-Gly-OPCP H-Phe-OH X 2-Gly-Phe-OH 62 125-126 12@ 


I11 2-Phe-OPCP H-Gly-OH XI1 2-Phe-Gly-OH 61 154-155 1W 
I11 2-Phe-OPCP H-Pro-OH XI11 2-Phe-Pro-OH 63 110-111 109-110" 


I1 2-Gly-OPCP XXVI H-Asp(OBzI)-OH X I  Z-GI~-AS~(OBZI)-OH 58 99-100 


a Reference 26. ' Reference 27.  ' Reference 28.  Reference 29.  a Reference 30. 1 Reference 31.  9 Reference 32.  * Reference 33. 


factory yields with monoaminodicarboxylic acids, 
when one of the carboxyl groups was protected with 
DCA and the second carboxyl group was protected 
with a suitable ester, such as benzyl or t-butyl, which 
can be removed without alkali. Z-Gly-OPCP (11) 
was coupled with 6-benzyl aspartate (XXVI) (20), 
C-protected with DCA, and Z-Gly-Asp(OBz1)-OH 
(XI) was isolated in 58% yield. From the above 
results, summarized in Table 11, it can be concluded 
that, when OPCP esters are to be used for coupling 
with DCA salts of amino acids or peptides, the 
peptide chain should be lengthened from C-terminal 
instead of N-terminal amino acid residues. 


It was previously reported (21) that a combina- 
tion of mixed anhydride (isobutyl chloroformate) 
and pentachlorophenyl active ester methods, pro- 
vided a suitable approach for stepwise incorporation 
of amino acids into peptides with an ordered se- 
quence. A complementary reaction sequence to  
this combination was also reported recently (22) in 
which the N-protected OPCP active esters of amino 
acids or peptides were couplgd with OPCP active 
ester hydrochlorides of amino acids. The advantage 
of the latter approach is significant since all the 
amino acids or peptides used in the coupling reaction 
would be in the form of OPCP esters and, therefore, 
easily crystallized. A limitation of this approach 
is found in the very poor yields obtained when the 
coupling of N-protected OPCP active esters of 
amino acids or peptides is carried out with di- or 
tripeptide OPCP active ester hydrochlorides. This 
may be due t o  the formation of diketopiperazine 
derivatives in dipeptides and the formation of 
cyclic peptides or linear polypeptides in the case of 
tripeptides. 


Since the C-activation by mixed anhydrides is 
stronger than the C-activation by OPCP esters, 


the yields for coupling with mixed anhydrides are 
better. However, problems involving cycliiation 
and polymerization are synonymously encountered, 
though to a somewhat lesser degree when N- 
protected amino acid or peptides, C-activated by 
mixed anhydride, are coupled with di- or tripeptides 
OPCP ester hydrochlorides. It is concluded that, 
in the case of chain lengthening of peptides from the 
N-terminal residue, a combination of mixed anhy- 
dride and OPCP active ester methods would be 
most rewarding when single units of amino acid 
OPCP ester hydrochlorides are incorporated, as 
outlined in Scheme I. The disadvantage of this 
approach, as already discussed, is the lower yields at 
stage C. 


DCA 
Z-A1-OPCP + H-ArOH A Z-AI-A?-OH 


Z-AI-A2-OH + HC1. H-&-OPCP - (.4) 


isobutyl 
chloroformate 


Z-Ai-A~-&-OPCP ( R )  


Z-A,-A~-AI-OPCP f H-&-OH - 
DCA 


Z-AI-AZ-A~-AI-OH (C) 
A1, As, A3, and & represent amino acid residues in a 


peptide sequence 
0 


z = c6H6--cH2-d!-- -opcp = --oc6ci, 
DCA = dicyclohexylamine 


Scheme I 


With respect to  the above discussion, the follow- 
ing approach for extending the peptide chain from 
the C-terminal residue, as outlined in Scheme 11, 
would be more suitable. 


TABLE 11-YIELDS AND MELTING POINTS OF N-PROTECTED TRI- AND TETRAPEPTIDES, MADE THROUGH 


AMINO ACIDS AND PEPTIDES 
COUPLING OF N-PROTECTED OPCP ESTERS OF AMINO ACIDS AND PEPTIDES, WITH DCA, C-PROTECTED 


DCA Protected Peptide Yield, M.P., "C. M.P.. (Lit) 'C. 


67 151-162 150-151" 
68 171 


Compd. Derivative Compd. Component Compd. Formed % 
OPCP 


XVII H-Gly-Phe-OH XX Z-Gly-Gly-Phe-OH 68 145-146 146" I1 Z-Gly-OPCP 
X V I I  H-Gly-Phe-OH XXI Z-Phe-Gly-Phe-OH 111 2-Phe-OPCP 


I Z-Ala-OPCP XVIII  H-Phe-Gly-OH XXII ZAla-Phe-Gly-OH 
I1 Z-Gly-OPCP XIX H-Ala-Phe-Gly-OH XXIII Z-Gly-Ala-Phe-Gly-OH 75 174-175 17sb 


X I V  Z-Gly-Ala-OPCP H-Ala-OH XXIV Z-Gly-Ala-Ala-OH 43 173-174 172': 


XIV Z-Gly-Ala-OPCPd XVIII H-Phe-Gly-OH XXIII Z-Gly-Ala-Phe-Gly-OH 54 175-176 175b 
X V I  Z-Gly-Ala-Phe-OPCP H-Gly-OH XXIII Z-Gly-Ala-Phe-Gly-OH 40 175 175b 


XV Z-Gly-Gly-Phe-OPCP H-Phe-OH XXV 2-Gly-Gly-Phe-Phe-OH 38 140-142 


Reference 34. Reference 32. Reference 35. This compound was prepared by coupling through mixed anhydride, 
N-carbobenzoxy glycine with alanine pentachlorophenyl ester hydrochloride (XXVIII). 
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DCA 


2-%-OPCP + H-&-OH - 2-&-&-OH (a)  
Ha 


Pd/C 
Z-Aa-&-OH ___f H-A-k-OH (ad 


DCA 
Z-Az OPCP + H-& &-OH - 


Z-A*-Aa-&-OH (b) 
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oxy pentachlorophenyl active esters of amino acid 
used in this work were prepared by the DCC 
method, as previously reported (8). 


Procedure A 
This is the general method for the coupling of 


N-protected OPCP active ester derivatives with 
amino acids and peptides C-protected by DCA. 


Preparation of N-Carbobenzoxy-alanyl-alanine (V) 
-To a stirred solution of 2.0 g. (4.24 mmoles) of 
N-carbobenzoxy alanine pentachlorophenyl ester- 
(I), and 0.1 g. of Zhydroxypyridine, as a catalyst, 
in 80 ml. of methylene chloride, was added in 2ml. 
portions over the period of 30 min. 10 ml. of a 
suspension containing 0.377 g. (4.24 mmoles) of 
alanine and 0.83 ml. (4.24 mmoles) of dicyclo- 
hexylamine (DCA). The reaction mixture, after 
magnetically stirring for 24 hr., a t  ambient tem- 
perature, was spin evaporated in wcuo. The residue 
was dissolved in 100 ml. of ethyl acetate and the 
resulting solution was treated with 40 ml. of 2 iV 
HCl, then filtered to remove the insoluble dicyclo- 
hexylamine hydrochloride. The aqueous layer was 
drawn off and the ethyl acetate layer was washed 
with two 40-ml. portions of water. The ethyl ace- 
tate layer was extracted with three 15ml. portions 
of 5% aqueous sodium bicarbonate. The bicarbon- 
ate extracts were combined and acidified with 1 N 
HCl; the clear solution became cloudy during the 
acid addition. The acidified suspension was ex- 
tracted with two 50-ml. portions of ethyl acetate. 
The ethyl acetate layer was washed three times with 
40-ml. portions of water and dried over anhydrous 
sodium sulfate. Spin evaporation of ethyl acetate 
solution in uacuo left a brown viscous oil which was 
crystallized from ethyl acetate-ether-petroleum 
ether (b.p. 3040O). The mixture was kept a t  
-15" overnight, then the product, N-carbobenzoxy- 
alanyl-alahine (V) was collected on a filter; 0.76 
g., (6lY0), m.p. 152" [lit. (27) m.p. 152-153'1. 
N-Carbobetlzoxy peptides with free C-terminal, 
listed in Tables I and I1 were prepared using the 
above method. 


HI 


Pd/C 
Z-AS-L-L-OH - H-Az-L-ApOH (bi) 


DCA 
2-AI-OI'CP + H-Az-As-A-OH - 


Z-&-A*-AJ-&-OH (6) 


Scheme I1 
In Scheme 11, there is a steady increase in the 


yields from stage a + b -+ c. The other advantage 
would be in further limiting the degree of racemiza- 
tion as the C-activated component used would al- 
ways be a monomer. It has been reported that dur- 
ing coupling of N-protected, C-activated peptides, 
racemization of C-activated amino acid residue 
takes place, probably through an oxazolone (23-25). 
In order to compare the yields, tetrapeptide, Z-Gly- 
Ala-Phe-Gly-OH (XXIII) was synthesized as 
described below, both through Schemes I and 11. 
As expected, the overall yield was about 10% more 
in the case of synthesis through Scheme 11. 


Synthesis of Z-Gly-Ma-Be-Gly-OH 0 
Through Scheme I-2-Gly-OPCP (11) was coupled 
with H-Ma-OH, C-protected by DCA, and after 
removal of DCA protection by mild acid, Z-Gly- 
Ala-OH (IX), was isolated in 62% yield. Coupling 
of N-protected dipeptide IX, with HCl. H-Phe- 
OPCP (XXVII) through mixed anhydride method, 
afforded 2-Gly-Ala-Phe-OPCP (XVI) in 74% yield. 
N-protected tripeptide active ester XVI was coupled 
with H-Gly-OH, C-protected by DCA, and after 
removal of DCA protection by mild acid, the desired 
tetrapeptide, 2-Gly-Ala-Phe-Gly-OH (XXIII) was 
isolated in 4Oy0 yield. Overall yield 18%. 


Synthesis of GGly-Ma-Phe-Gly-OH @XIXI) 
Through Scheme 11-2-Phe-OPCP( 111) was coupled 
with H-Gly-OH, C-protected by DCA, and upon 
removal of DCA protection by mild acid, Z-Phe-Gly- 
OH (XII) was isolated in 61% yield. N-protected 
dipeptide XII, upon hydrogenation, afforded H-Phe- 
Gly-OH (XVIII) in 93% yield. Z-Ala-OPCP (I) 
was coupled with dipeptide XVIII, C-protected by 
DCA. After usual removal of DCA protection, 
2-Ala-Phe-Gly-OH (XXII) was isolated in 6Syo 
yield. Removal of N-protection from tripeptide 
XXII by hydrogenation, afforded H-Ala-Phe-Gly- 
OH (XIX) in 95% yield. Z-Gly-OPCP (11) was 
coupled with tripeptide XIX, C-protected by DCA, 
and 2-Gly-Ala-Phe-Gly-OH (XXIII) was isolated 
in 75% yield. Overall yield 27.5%. 


EXPERIMENTAL 


All melting points are uncorrected and were 
taken on a Hoover Uni-Melt apparatus. The micro- 
analyses were carried out by Drs. G. Weiler and 
F. B. Strauss, Oxford, England. Infrared spectra 
were determined in KBr pellets with a Beckman 
IR 8 spectrophotometer. Optical rotations were 
measured with a Rudolph precision ultraviolet 
polarimeter, model 2OOS-340-80Q3. N-Carbobenz- 


Procedure B 


This is a general method for the coupling of N- 
protected amino acids or peptides through mixed 
anhydride with pentachlorophenyl active ester 
hydrochlorides of amino acids. 


Preparation of p-Carbobenzoxy Glycyl-alanine 
Pentachlorophenyl Ester (Xnr)-Alanine pentachloro- 
phenyl ester hydrochloride (XXVIII) was prepared 
by hydrogenation of N-carbobenzoxy alanine penta- 
chlorophenyl ester (I) in the presence of anhydrous 
methanol containing hydrogen chloride, according 
to the method previously reported (8), in 91% yield, 
m.p. 216O, [a]: 4-29.2' (c 1.0, methanol). 


Ad.-Calcd. for CeH7CbNOa: C, 28.87; H, 1.87; 
N, 3.74. Found: C, 28.91; H, 1.79; N, 3.81. 


To a stirred solution of 2.0 g. (9.57 mmoles) of 
N-carbobenzoxy glycine (11) in 50 ml. of tetrahydro- 
furan at - 10' was added 1.33 ml. (9.57 mmoles) of 
triethylamine and 1.3 m1.(9.57 mmoles) of isobutyl- 
chloroformate. After 30 min. 1.33 ml. (9.57 mmoles) 
of triethylamine was added to the reaction mixture 
followed by stepwise addition, over a 30-min. 
period, of a suspension of 3.59 g. (9.57 mmoles) of 
alanine pc~~tachlorophenyl ester hydrochloride in 
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10 ml. of tetrahydrofuran. The stirred reaction 
mixture was left at -10" for 4 hr., then freed from 
the solvent by spin evaporation in vucuo. The 
residue was triturated with 100 ml. of hot ethyl 
acetate and filtered free from triethylamine hydro- 
chloride. The filtrate was extracted three times 
with 30-ml. portions of 1 N hydrochloric acid, water, 
and 5% aqueous sodium bicarbonate and water. 
The ethyl acetate layer was dried over anhydrous 
sodium sulfate. The residue obtained after spin 
evaporation of ethyl acetate was crystallized from 
ethyl acetate-ether-petroleum ether to  yield 4.40 g. 
(87%) of N-protected dipeptide active ester XIV, 
m.p. 158-159'. [a]" -1.8' (c 1.0, DMF). The 
infrared spectrum showed peaks at 6.05 p (amide I), 
6.5 p (amide 11), and 5.6 p (characteristic of penta- 
chlorophenyl esters). 


Anal.-Calcd. for ClpHlaClsNZOs: C, 43.21; H, 
2.84; N, 5.30. Found: C, 43.15; H, 2.91; N, 5.41. 


J o u r d  of Phurmuceutical Sciences 


oxy glycyl-glycyl-phenylalanine pentachlorophenyl 
ester (XV), was prepared in the manner described 
(8). N-Protected tripeptide active ester XV was 
coupled according t o  Procedure A with phenyl- 
alanine C-protected by DCA. The tetrapeptide 
XXV was isolated in 38% yield, m.p. 140-142'. 


And-Calcd. for C ~ O H W N ~ O ~ :  C, 64.29; H, 5.72; 
N, 10.00. Found: C, 64.38; H, 5.81; N, 9.92. 


Preparation of N-Carbobenzoxy Glycyl-Fbenzyl 
Aspartic Acid (XIep-Bmzyl sspartate (XXVI) was 
prepared according to  the method reported by 
Benoiton (20). From appropriate amounts of 
N-protected glycine active ester 11, and compound 
XXVI, C-protected by DCA, coupling was carried 
out following Procedure A. The dipeptide XI was 
isolated in 58% yield after crystallization from ethyl 
acetate-ether, m.p. 99-100", [a]y +15.7" (c 1.0, 
methanol). 


Anal.-Calcd. for C ~ I H B N ~ O ~ :  C, 60.8; H, 5.32; 
N, 6.77. Found: C, 60.88; H, 5.13; N, 6.76. 


Preparation of N-Carbobenzoxy Glycyl-alanyl- 
phenylalanyl-glycine (XXIXI)-Method I-Coupling 
of N-protected dipeptide active ester XIV, to  free 
dipeptide XVIII. From 2.0 g. (3.78 mmoles) of 
N-carbobenzoxy glycyl-alanine pentachlorophenyl 
ester (XIV), and 0.84 g. (3.78 mmoles) of phenyl- 
alanyl-glycine (XVIII), C-protected by appropriate 
amount of DCA, coupling was carried out according 
to Procedure A. The N-protected tetrapeptide 
XXIII ,  0.99 g. (54%) was isolated after crystalliza- 
tion from methanol-ether, m.p. 175-176' [lit. (32) 
m.p. 175"l. 


Method 2-Stepwise chain lengthening of the 
tetrapeptide XXIII, from N-terminal residue 
(Scheme I). N-Carbohenzoxy glycyl-alanine (IX) 
was prepared by coupling 2.0 g. (4.38 mmoles) of 
N-protected glycine active ester 11, with 0.39 g. 
(4.38 mmoles) of alanine C-protected by 0.86 ml. 
(4.38 mmoles) of DCA. Following the reaction 
conditions out l ied in Procedure A, 0.76 g. (62%) 
of the N-protected dipeptide IX,  was obtained, 
m.p. 120' [lit. (31) m.p. 119.5'1. Phenylalanine 
pentachlorophenyl ester hydrochloride (XXVII) 
was prepared by hydrogenation of N-carbobenzoxy 
phenylalanine pentachlorophenyl ester (111) in 
the presence of anhydrous methanol containing 
hydrogen chloride, according to the method pre- 
viously reported (81, in 93% yidd, m.p. 199-200'. 
[a]: -23.4' (c 1.07, methanol). 


And-Calcd. for C16HUCleNO2: C, 40.00; H, 
2.44; N, 3.11. Found: C, 39.95; H, 2.51; N, 3.08. 


N-Carbobenzoxy glycyl-alanyl-phenylalanine pen- 
tachlorophenyl ester (XVI) was prepared by mixed 
anhydride method as outlined in Procedure B. 
From 1.0 g. (3.57 mmoles) of the N-protected di- 
peptide IX and 1.6 g. (3.57 mmoles) of the active 
ester hydrochloride XXVII, 1.78 g. (%yo) of N- 
protected tripeptide active ester XVI was obtained, 
m.p. 187-189'. Recrystallization fromethyl acetate- 
ether raised the melting point to 191-192", [a]? 
-49.4" (c 1.0, DMF). Infrared spectrum showed 
peaks at 6.04 p (amide I), 6.5 p (amide II), and 5.6 
p (pentachlorophenyl ester). 


And-Calcd. for CaH&LNzOs: C, 49.74; H, 
3.56; N, 6.22. Found: C, 50.03; H, 3.48; N, 6.15. 


N-Protected tetrapeptide XXIII ,  was prepared 
according to Procedure A. From 1.5 g. (2.22 
mmoles) of tripeptide active ester XVI, and 0.166 g. 
(2.22 mmoles) of glycine, C-protected by 0.44 ml. 


Procedure C 


This consisted of removal of N-carbobenzoxy 
protecting group from peptides with free C-terminal 
residue. 


Preparation of Glycyl-phenylalanine -)-A 
suspension of 0.3 g. palladium-charcoal catalyst 
(10%) in a 20-ml. mixture of 8 parts of methanol 
and 2 parts of water, was hydrogenated at at- 
mospheric pressure until no further uptake of hy- 
drogen occurred. A solution of 2.0 g. (5.62 mmoles) 
of N-carbobenzoxy glycyl-phenylalanine(X), in 10 
ml. of methanol was added t o  the reaction mixture 
and the hydrogenation was carried out until no 
further uptake of hydrogen occurred (55 ml. of 
hydrogen in 10 min.). The reaction mixture was 
filtered free from the catalyst and the filtrate was 
spin evaporated under reduced pressure. The 
residue was crystallized from ethanol-ethyl acetate 
to  yield 1.17 g. (94%) of the free dipeptide XVII, 
m.p. 266-268' dec. [lit. (34) m.p. 264-268" dec.]. 


Preparation of Phenylalanyl-glyciue (XVIII)--N- 
Carbobenzoxy phenylalanyl-glycine (XII)  was hy- 
drogenated according to Procedure C, in 93% yield 
to  afford the dipeptide XVIII, m.p. 269-270' 
dec. [lit. (34) m.p. 270-271' dec.]. 


Preparation of N-Carbobenzoxy Glycyl-glycyl- 
phenylalanine (XXtUsing the appropriate amounts, 
N-carbobenzoxy glycine pentachlorophenyl ester ( 11 ) 
was coupled with glycyl-phenylalanine (XVII), 
C-protected by DCA in the manner described in 
Procedure A. The N-protected tripeptide XX was 
obtained in 68y0 yield, m.p. 145-146' [lit. (34) 
m.p. 146'1. 


Preparation of N-carbobenzoxy Phenylalmyl- 
glycyl-phenylalanine (=)--The coupling of N- 
protected phenylalanine active ester I11 with the 
free dipeptide XVII, C-protected by DCA according 
to  Procedure A, afforded the N-protected tripeptide 
XXI  in 67% yield, m.p. 151-152' [lit. (34) m.p. 
150-151" 1. 


Preparation of N-Carbobenzory Giycyl-alanyl- 
alanine (xxTv)-N-protected dipeptide active 
ester XIV was coupled with alanine, C-protected 
by DCA in the nianner described in Procedure A 
and the desired tripeptide XXIV was isolated in 
43% yield, m.p. 173-174' [lit. (35) m.p. 172'1. 


Preparation of N-Carbobexuoxy Glycyl-glycyl- 
phenylalanyl-phenylalanine (XXV&-N-Carbobenz- 
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(2.22 mmoles) of DCA,0.43 g. (40’%)of N-carbobenz- 
oxy glycyl-alanyl-phenylalanyl-glycine (XXIII) 
was obtained, m.p. 175’. 


Method 3-Sepwise chain lengthening of the 
tetrapeptide XXIII, from C-terminal residue 
(Scheme 11). N-Carbobenzoxy phenylalanyl-glycine 
(XII) was prepared according to Procedure A. 
From 2.0 g. (3.65 mmoles) of N-protected phenyl- 
alanine active ester 111, a d  0.274 g. (3.65 mmo1es)of 
glycine, C-protected by appropriate amount of 
DCA, 0.79 g. (61%) of the dipeptide XII, 
was obtained, m.p. 154-15S0 [lit. (32) m.p. 154’1. 
Removal of N-carbobenzoxy protecting group from 
XII, as described in Procedure C, afforded the free 
dipeptide XVLII, in 93y0 yield. 


N-Carbobenzoxy alanyl-phenylalanyl-glycine 
(XXII), was prepared according to Procedure A, by 
coupling 2.0 g. (4.24 mmoles) of N-protected alanine 
active ester I, with 0.84 8. (4.24 mmolea) of the di- 
peptide XVIII, C-protected by appropriate amount 
of DCA, and 1.23 g. (68%) of N-protected tri- 
peptide XXII, was obtained, m.p. 168-170’. 
Recrystallization from methanol-ether raised the 
melting point to 171*, - 4 6 . 5 O  (c 1.02, metha- 
nol). 


Anal.-Calcd. for C~H26Na06: C, 61.82; H, 5.85; 
N,9.84. Found: C, 61.78; H,5.73; N, 9.71. 


N-Carbobenzoxy tripeptide XXII was hydro- 
genated in the manner described in Procedure C, 
and alanyl-phenylalanyl-glycine (XZX), was ob- 
tained in 9Syo yield upon crystallization from 
ethanol-thy1 acetate, m.p. 233-234” dec., [a]: 
+17.7” (c 1.02, 1 N HC1). 


AnaZ.-Cald. for CllHIPNtOl: C, 57.34; H, 6.48; 
N, 14.33. Fouud: C, 57.45; H, 6.57; N, 14.21. 


N-Protected tetrapeptide XXIII, was prepared 
according to Procedure A. From 1.0 g. (2.18 mmoles) 
of N-carbobenzoxy glycine pentachlorophenyl ester 
11, and 0.64 g. (2.18 mmoles) of the tripeptide XIX, 
C-protected by 0.42 ml. (2.18 mmoles) of DCA, 
0.79 g. (75%) of N-carbobenzoxy-glycyl-alanyl- 
phenylalanyl-glycine (XXIII) was obtained, m.p. 
174-175”. 


REFERENCES 
(1) Wieland, T., and Bernhard, H., Ann., 582, 218(1953). 
(2) Bodanszky, M., A d a  Chim. Acud. Sci. Hung., 10, 


335(1956). 
(3) Schwyzer, R., and Hurliman, C., Helv. Chim. Acla, 


37, 155(1964). 
(4) Detar, F., “ P r w i n g a  of the 8th European 


Peptlde Sympooum, Nwrdwijk Netherland September 
1966,’’ Beyerman. H. C., Van De dinde, A,, and Maassen Van 
Den Brink, W., Bds., Wiley, Now York. N. Y., 1960, p. 125, 


(5) Stewart, H. F., Australian J .  Chcm., 18, 887(1965). 
(0) Kupr saewski, G., and Formela, M., Rocsniki Clum., 


35, 1933(196f). 
(7) Stick, K., and Leemann, G. H., Helu. Chim. Acta, 46, 


1887(1963). 
(8) Kovaes, J., Gianotti, R., and Kapoor, A.. J .  A m .  


Chem. SOL, 88, 2282(1966). 
(9) Kovacs, J., Kisfaludy, L., and Ceprini, Q. M., ibid., 


89, 183(1967). 
(10) Kovacs J. and Kapoor A ibid. 87 lla(lB65) 
(11) Kovacs: J.:, Kovacs, N. ’H.:’Chaiaraiarti, J. K.: and 


Kapoor A. Exfierrenfra 21 20(1965). 
(12) Ko;acs, J., Schrhit, %. N., Gianotti, R and Kapoor 


A., Abstracts of 151st National Meeting of American Cheml 
ical Society Pittsburgh Pa. April 1966, D. E-20. 


(13) Schkxler B. a i d  L u b e  K., “The Peptides,” vol. 1, 
Academic Press inc.’ New York’ N. Y. 1965 


(14) Katchalski, h., and Sell, M., Advan.’ holein Chcm., 
13,243(1958). 


(15) Erlanger, B. F., and Brand, E., J .  Am. Chcm. Soc., 73. 
3508(1951). 


(16) MacLaren J A., Australian J .  Chcm., 11,360(1958). 
(17) Guttman, ’S.’ Pless, J., Boissonnas, A. R., Hclv. 


Chim. A d a  45 170(i962) 
(18) Beierdan, C. H., Vanden Brink, M. W.. Proc. Chem. 


Soc 1963,266. 
$9) Pless. J., and Boissonnag, A. R., Helu. CWm. Acla, 44, 


16O9(1963). 
(20) Benoiton L. Can. J .  Chem., 40,570(1962). 
(91) Kapoor. ‘A.,’ and Davis, E. J., Rxpericnlio, 23. 


253 (1967). 
(22) Kapoor A. J .  Phwm Sci. 56 153atl967). 
(23) Goodmsn, h., and Siuebek t., J .  Org. Chcm., 27, 


3409(1962). 
(24) Williams, W. M., and Young, G. T., J .  Chem. Soc., 


1984,3701. 
(25) Goodman M., and McGahren, J. W., J. Am. C h e w  


Soc., 87, 3098(1985). 
(26) Fu. S-C. Birnhaum, S. M., and Greenstein, N. P., 


ibid., 76, 6064(ld5k). 
(27) Stein W. H. Moor, S. .  and Bergmoan, M., J .  Biol. 


Chcm., 154, i ~ i ( i 9 4 4 ) .  
(28) Holland, G. F., and Cohen, L. A., J .  A m .  Chem. Soc., 


(29) Bergmann M. and Zervas L Ber. 65 1199(1932). 
(30) Stahmanu: M.’ Furton, J.’ S:: and’ Begmana, M., 


(31) Erlan&, €3. F., and Brand, E. J., J .  A m .  Ckem. SOG., 
(32) Clayton D. W Farrington J. A. Kenner, G. W.. 


(33) Neuman, R. E., and Smith, E. L., J .  B i d .  Chem., 


(34) Ben-Ishai, D., J .  Org. Chem., 19, 62(1954). 
(35) Brand, E., Brlanger, R. F., Sachs, H., and Polatnick 


56. 


80,3765(1958). 


J .  B i d .  Chem. 164,75!3(1946). 


73 3508(1951). 


and Turner, J. M., J .  Chem. Soc., 19i7,139&. 


193, 97 (1951). 


J., J .  A n .  Chem. Soc., 73,3510(1951). 


Keyphrases 
Peptidc synthesis 
Pentachlorophenyl esters, N-protected-pep- 


Salt formation effect-peptide chain lengthen- 


Alkali elimination-peptide chain lengthening 
Optical rotation-identity 
IR spectrophotometry-structure 


tide, amino acid coupling 


ing 








Vol. 57, No. 7, July 1968 


CARLESS. Academic Press Inc., 111 Fifth Ave- 
nue, New York, NY 10016, 1967. x + 329 pp. 
15.5 X 23 cm. 
In the preface to this series the editors state that 


their task “is t o  present topics of current and grow- 
ing interest, written by experts, so that the develop- 
ment of the subject is portrayed in depth rather than 
providing a condensed review article.” The con- 
tributors to this volume have successfully fulfilled 
the editors’ objectives. Besides being an invaluable 
reference to  the topics covered through 1965, Ad- 
vances in Pharmaceutical Sciences can serve as a 
primary text in pharmaceutics courses a t  the grad- 
uate level. 


The two central chapters, “Particle-Size Analysis” 
by I. C. Edmundson and “Flow Properties of Pow- 
ders” by Barbara S. Neumann, complement one 
another. The former chapter reviews the problems 
encountered in particle-size specification and dis- 
cusses statistical and graphical representation of 
particle-size data. Methods of particle-size mea- 
surement are described in sufficient detail to enable 
one to appreciate their limitations. The lengthy 
analysis of the Coulter counter method, including a 
review of its application in dissolution studies, is 
particularly useful. The chapter on powder rhe- 
ology by Mrs. Neumann, while brief, updates her 
contribution in “Flow Properties of Disperse Sys- 
tems,” now out of print. 


The first chapter in the book, “Kinetics and 
Mechanisms in Stability of Drugs” by Edward R. 
Garrett, brings up t o  date Dr. Garrett’s review 
article in the September 1962 issue of J .  Pharm. Sci. 
The current version is improved by discussion of the 
stability of specific drugs and classes of drugs in 
separate sections. While this review primarily 
emphasizes solvolytic degradation, it also discusses 
drugs which degrade through oxidation. The in- 
clusion of a general description of autoxidative 
mechanisms would have broadened the usefulness 
of this chapter. 


The last chapter, “Water Determination and its 
Significance in Pharmaceutical Practice” by C. A. 
Johnson, complements the first chapter by empha- 
sizing the significance of water in relation to  physical 
and chemical stability. ’The principle, methodology, 
limitations, and advantages of each method of water 
determination is detailed. Methods covered in 
depth include drying, distillation, the Karl Fischer 
titration, dielectric measurements, spectroscopy, and 
gas chromatography. Techniques adaptable to  con- 
tinuous measurement of water in processes are also 
reviewed. 


The index, in conjunction with the outlines in- 
cluded at  the head of each chapter, is adequate for 
one to find most specific topics covered in the book. 


Reviewed by Nicholas G. Lordi 
Rutgers-The State University 
Newark, N.  J .  


Price $14.00. 
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Glass Electrodes for Hydrogen and Other Cations. 
Edited by GEORGE EISENMAN. Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 
1967. xii + 582 pp. 15 X 22.5cm. Price $24.75. 
The twenty-one international contributors to this 


volume have combined to give a comprehensive 
treatment of the theory and practice of cation-sen- 
sitive glass electrodes. The book covers the ad- 


vances in knowledge made in the past ten years, and 
it is to the editor’s credit in selecting his authors that 
these advances have been made largely by the con- 
tributors to this volume. 


The book is organized so as to  present first the 
principles upon which the functioning of ion-sensitive 
electrodes is based and then to  examine modern prac- 
tice in making and using such electrodes. The 
volume is divided into nineteen chapters; however, 
I believe that the pharmaceutical scientist inter- 
ested in using cation-sensitive electrodes as an an- 
alytical tool will find the following eight sections of 
primary interest: Interpretation of pH and Cation 
Measurement, Cation-Sensitive Glass Electrodes in 
Analytical Chemistry, Ion-Sensitive Electrodes and 
Individual Ion Activity Coefficients, Hydrogen and 
Cation Analysis in Biological Fluids in Vitro, H + and 
Cation Analysis of Biological Fluids in the Intact 
Animal, Cation-Selective Microelectrodes for In- 
tracellular Use, Glass Microelectrodes and Their 
Uses in Biological Systems, and Clinical Application 
of Cation-Sensitive Glass Electrodes. 


The authors have done a good job of defining the 
present limits of cation-sensitive electrodes, and 
most have taken the opportunity to outline the 
problems that still must be solved. The latter facet 
of the book should catalyze the ingenious investiga- 
tor to  envisage many new uses for cation sensitive 
electrodes. As one author points out, the advent of 
glass electrodes which can be made to respond selec- 
tively to  various cations, has opened a veritable 
“Pandora’s box” for investigators in the biological 
sciences. With such glass electrodes a non-de- 
structive, continuous, high-sensitivity measurement 
of ionic activity may be made either in vitro or in wivo. 


Each chapter in the volume is essentially self-con- 
tained, with its own table of contents and references, 
and can usually be read independent of the preced- 
ing chapters. The book can, therefore, serve as a 
valuable reference and should be in the library of 
anyone planning to use cation-sensitive electrodes 
(hydrogen or otherwise) as  an analytical tool. 


Reviewed by Leslie Z. Benet 
College of Pharmacy 
Washington State University 
Pullman, Wash. 


.%eroid Hormone Analysis. Vol. I. Edited by 
HANS CARSTENSEN. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10016, 1967. 
xiii + 493 pp. 15 + 23 cm. Price $23.50. 
A series of reviews in steroid methodology are 


presented as individual chapters of two types. The 
majority of chapters are technique oriented and 
have the following titles and scope: “Isotope 
Derivative Methods for the Determination of 
Steroid Hormones with S6S-Sulfonylating Reagents,” 
“Elementary Aspects of Infrared Spectroscopy of 
Steroids,” “Outline of the Application of Nuclear 
Magnetic Resonance to the Investigation of Ste- 
roids,” “Chromatography of Steroids on Paper,” 
“Gas Chromatography of Steroids.” In  addition, 
there are two chapters that center on compounds 
rather than technique. These chapters are entitled: 
“Testosterone” and “Analysis and Identification of 
Steroid Conjugates.” 
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when the absorbance of the acid-dye extract verms 
concentration of gallamine triethiodide was plotted 
in the range of 2 to 10 mcg./ml. 
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Fig.  2-Speclrum of acid-dye complex of gallamine 
triethiodide. 


The absorption spectrum of the acid-dye chloro- 
form extract was determined on a Cary model I1 
recording spectrophotometer. Figure 2 shows the 
absorption spectra in the region 550-350 for the 
gallamine acid-dye extract. The wavelength where 
maximum absorption occurred was 416 mp. 


Various concentrations of gallamine triethiodide 
were evaluated by the acid-dye extraction procedure 
for the  purpose of preparing a standard calibration 
curve. A typical linear Beer’s law plot was obtained 
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Technical Articles 


Instrumentation of a Rotary Tablet Machine 
By FRANK W. GOODHART, GUSTAVO MAYORGA, 


MORTIMER N. MILLS. a n d  FRED C. NINGER 


The Manesty 45 station Rotapress was instrumented to measure compressional 
force, ejection force, and lower punch pulldown force. Various positions in the 
pressure linkage were monitored to determine the optimum location for compres- 
sional force measurement. The upper part of the compression column just below 
the link to the u per roller carriage was chosen for installation of strain gauges for 
compressional g r c e  measurement. Ejection force was measured by installing a 
force washer beneath the head of the bolt which holds the ejection cam in place. The 
ejection cam was not modified in any way. Lower punch pulldown force was mea- 
sured by using a bolt containing internally mounted strain gauges to replace one of the 
three bolts normally holding the pulldown cam in position. Examples of the results 
obtained by compressing antacid tablets at various speeds and forces are given. Data 
collected over a 24-day period on the compression of these tablets under regular 


production conditions are given. 


OTARY TABLET machine instrumentation has can-made machines such as the Stokes BB-2, R been described by Knoechel (1-3) and Stokes 541, and other similar presses. It has 
Wray (4). Sites for gauging and methodology become apparent that measurement of tableting 
have been developed for certain types of Ameri- forces is a helpful tool in the development of tablet 


formulations and trouble shooting. Further- 
and Development iahorhtories Warner-Lambert Research more, the use of tablet machine instrumentation 


makes for better production co~zt~gl a u s  giving 
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more uniform, better quality products. Causes 
for variabilities in weights, hardness, and gauge 
can be found and minimized. Instrumentation is 
the first step in the development of a fully auto- 
mated tablet press. 


The Manesty 45 Rotapress has been used for 
several years by this production department on 
high volume items. Normally the press is run  at 
3,00Cb4,000 tablets per minute (TPM). Since 
this press was achieving more importance in the 
daily operation, it was appropriate to choose it 
for instrumentation studies. The mechanism of 
tablet compression of the Rotapress is somewhat 
different from other machines, thus experimenta- 
tion on gauging sites for compressive force 
measurement on this machine was necessary. 
In  addition, methods for measuring strain on 
cams were developed. 


1771 


INSTRUMENTATION OF THE MACHINE 


Compressional Force-A schematic diagram of 
the compression mechanism is shown in Fig. 1. The 
large metal column shown on the right-hand side of 
Fig. 1 supports one end of both the top and bottom 
roll carriages. The column in turn is bolted at two 
places to  the comer post. It is not attached to  the 
horizontal part of the machine which supports the 
turret. The left-hand side of Fig. 1 shows the upper 
roll carriage is attached to the top pressure link and 
the bottom roll carriage to a different support, the 
bottom pressure link. Thus one side of the pressure 
mechanism is fixed (the right side in Fig. l),  and the 
other side is variable. Connection of the top and 
bottom linkages on the left by various parts allows 
pressure adjustment (tablet thickness) and variable 
penetration of the upper punch. When a tablet is 
produced the force is exerted through the column and 
through the pressure links. Therefore, strain 
gauges were attached to various positions on these 
parts as illustrated in Fig. 1. 


Loca- 
tion B, bottom pressure link at the narrowest point. 
Location C, upper section of compression column. 
Location D, lower section of column just above the 
table. Location E, upper section of column just 
below the pin supporting the upper roll carriage. 
Location F, at the bottom of the compression 
column just above pin that supports lower roll 
carriage. 


Half bridge 
configurations were used for all screening work. 
Actually at some positions on the column it is im- 
possible to  place gauges on both sides because of the 
abutment with the corner post. It is best to split 
the placement of the full Wheatstone bridge circuit 
between two sides of a column in order to eliminate 
measurement of column bending. 


Of the six positions monitored, Location E in Fig. 
1 was the most promising. Judgment was made on 
the uniformity of the signal, the accessibility for in- 
stallation of a full bridge on both sides of the member 


Location A, top pressure link above eye. 


These positions are shown in Fig. 1. 


COMCRESIIOY COLUMN 


I * S I " Y * I W I E O  O I L  


FOR PULL-DOWN CA 


J Y W C I l O "  101 


Fig. 1-Schematic diagram of the compression mech- 
anism of the Manesty 45 Rotapress. Note various sites 
for placement of strain gauges for compressional force 
measurement. Sites for placement of force washer and 
instrumented bolt are indicated for measurement of 
ejection force and lower punch pulldown force, respec- 


tively. 


being monitored, and the signal strength. All posi- 
tions except E and C showed varying degrees of 
harmonies or extraneous signals aside from that re- 
sulting from the compression stroke. These signals 
from the upper position of the compression column, 
Locations E and C, give readings of about one-tenth 
the force reading on a punch. The sensitivity was 
thought to be satisfactory since readings of 20 to  40 
microstrain (pst.) were obtained during ordinary 
tableting operations. Opposite Position C, the pres- 
sure bar is butted against the comer post of the 
machine and is thus inaccessible. For this reason, 
Location E, the position just beneath the upper roll 
carriage pin, was chosen. The column at this posi- 
tion is accessible from both sides and allows installa- 
tion of a half bridge on both sides of the column. 
During the experimentation on finding the best loca- 
tion, it was thought that the deep milling marks on 
the pressure bar might be the cause of poor signal. 
Because of this, Location E was smoothed down to a 
fine mirror finish before the final gauge installation 
was made. This resulted in the achievement of 
excellent signals from this position. 


It was necessary to  calibrate the compressional 
response from the column to actual pounds of force. 
To do this an upper and lower 1.59 cm. ("8 in.) 
FFBE punch was instrumented with strain gauges in 
a full Wheatstone bridge configuration. The lower 
shank portion of the punches was machined away to 
give four flat surfaces for strain gauge installation. 
These punches were statically compressed on a 
Carver press and a linear relation was obtained by 
plotting punch response in microstrain to applied 
pressure in pounds. The Carver press was fitted 
with Bourdon type gauges of various ranges which 
had been checked for calibration by a dead weight 
tester. The punches were then fitted into the tablet 
machine and a simultaneous reading from the 
punches and compression column was recorded in 
microstrain. This was also a linear relationship. It 
was then possible t o  relate the column microstrain 
reading to pounds using the gauged punches as a 
secondary standard. 


Calibration Results-Graphs of compressional 
force uersus the microstrain reading obtained from 
the compression column were made and are shown in 
Fig. 2. The results of the co-variance analysis are 
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made to measure ejection forces without fabrication 
of a special ejection track. It was theorized that  the 
use of a force washer under the bolt holding the ejec- 
tion track in place might be a satisfactory method. 
A photograph of the ejection track and force washer 
is illustrated in Fig. 3. When tested this method 
was found to  work satisfactorily. 


The force washer is a product of Lockheed Elec- 
tronics (Houston, Tex.). It measures 2.16 cm. 
(0.85 in.) in diameter and is 0.81 cm. (0.32 in.) thick. 
Thus it is small enough to  insert under the bolt and 
not interfere with machine performance to  the slight- 
est degree. One drawback of the washer is that it 
employs only one active strain gauge in the circuit. 
Additional active gauges would provide better 
electrical balance and temperature compensation. 
Similar force washers using a full Wheatstone bridge 
circuit have been obtained from Lockheed and have 
operated satisfactorily. 


Ejection Force Measurement-The force washer 
was installed beneath the bolt that holds the ejection 
cam in place. Two plastic shims were used beneath 
the cam to obtain proper ejection height. The cam 
was shimmed uniformly throughout its length. 


Three experiments were used to  test the usefulness 
of this method. First, the ejection response was 
monitored during the run-in period. At this time no 
tablets were being produced. The plungers holding 
the lower punches were tightened to normal. Under 
these conditions, no ejection response was noted. 
This meant that the ordinary travel of the punches 
over the ejection cam gave no strain measurement 
when tablets were not being made. Next, tablets 
were made by hand turning the machine. The force 
washer was monitored for response at the time of 
compression. This tested whether or not compres- 
sional force was transmitted through the machine to 
the force washer. No response was recorded at the 
time of compression, thus verifying the feasibility of 
the force washer. 


An experiment was run on an antacid tablet in 
which the upper punch penetration was deep, 
medium, and shallow. In order to  compensate for 
the various penetrations, the lower roller was moved 
up or down by use of tablet thickness adjustment. 
Tablets of about the same hardness and thickness 
were produced under all three conditions and ejection 
forces were monitored. It was found that at deep 
penetration the lower punches were striking the ejec- 
tion cam at a very early point and no ejection 
response was apparent. However, at medium and 
shallow penetration, good ejection responses were 


Fig. .?-Calibration of compressionuJ force. 


given below and shown in Fig. 2 also. 


Upper punch versus top left bar 
Y (Ib.) = -425.6 + 108.8 X (pst.) (Eq. 1) 


Lower punch versus top left bar 


Upper punch versus top right bar 


Y (lb.) = -409.6 + 101.3 X &st.) (Eq. 2) 


Y (Ib.) = -685.2 + 134.9 X (pst.) (Eq. 3) 


Close agreement in response of the left bar t o  equal 
pressures on upper and lower punch was achieved. 
At 4,000 Ib., for instance, there is a 250-lb. deviation 
of the upper punch from the lower punch. The 
response of the right bar was calibrated only against 
the upper punch. The right bar is less sensitive than 
the left bar, thus giving a substantially less pstrain 
reading. The reason for this at present is unac- 
countable. 


The response from the right bar was monitored for 
antacid tablets. Thus Eq. 3 was used for calculation 
of force. For example, if an average reading of 40 p- 
strain is obtained on compression of these tablets, 
then the force is calculated as follows: 


Force in Ib. = -685.2 + 134.9 Ib./pst. (40 pst.) 
Force = 4711 lb. 


The negative intercept obtained in the above equa- 
tion is not physically meaningful. Lower pressure 
readings would indicate the lines in Fig. 2 would 
actually go through the origin. Therefore Eqs. 1, 2, 
and 3 may be used for calculation of true force, but 
are not truly definitive because of the negative inter- 
cept. 


Ejection Force-Because of the high operating 
speeds of the Manesty press and for the sake of main- 
taining a conventional machine, an attempt was 


Fig. 3-Photograph of ejection track nnd force washer. 


achieved. 
Lower Punch Pulldown Force (LPPF) Measure  


ment-The utility of this force measurement had 
been demonstrated for the Stokes BB-2-27 and will 
be described in a separate paper (5). Frequently, 
while making prolonged runs, lower punches may 
begin to bind and stick either on the punch shank or 
at the punch tip and die wall interface. Among 
conditions causing sticking are inadequate removal 
of overflowing granulation, excessive binding proper- 
ties of the material being tableted, and poor or faulty 
lubrication of the formulation or the machine. 
Strains resulting from the above conditions are often 
the cause of excessive punch and cam wear or tooling 
and machine failure. 


An instrumented bolt was made for the Manesty 
45 Rotapress and is the same design as reported in 
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Fig. 4--Oscilloscopic tracing of various force meusure- 
ments obtained on Manesty 45 Rotapress. Uppermost 
tracing: com essional force measurement; each large 
division is a t u t  2,oOO lb. of force. Middle tracing: 
ejection force; each large division is 10 pstrain. Lower 
tracing: lower punch' pulldown force; each large 


division is 10 pstrain. 


Reference 5.  The bolts used for holding all cam 
tracks in the Manesty 45 press are 1.27 cm. ( l /2  in.) 
in diameter and have 12 threads to the inch (Whit- 
worth thread). Bolts having this thread system are 
difficult to obtain in this country. The bolts which 
were instrumented were obtained from Manesty. 
Later, when it was decided to  obtain bolts having 
internally mounted gauges, it was necessary to buy 
bolts of slightly longer lengths in order for the bolts 
to be calibrated. These bolts were sent to Strain- 
sert, Bryn Mawr, Pennsylvania, for installation of 
strain gauges. 


The instrumented bolt was placed in the position 
neaxest the ejection cam. This position gave the 
most sensitive and reproducible result (5). There- 
fore, this position was adopted for permanent mea- 
surement. 


TESTING OF THE INSTRUMENTATION 
AND THE NATURE OF THE DATA 


OBTAINED 


Compression, Ejection, and Cam Track Force 
Measurement-All data reported pertain to antacid 
tablets weighing about 1.33 g. produced from 1.59 
cm. (&/a in.) dat-faced bevel-edged punches and dies. 


Typical data resulting from compressional force 
and various cam strains are shown in Fig. 4. The 


uppermost tracing in Fig. 4 is the typical compres- 
sion response. A reading of about 40 pstrain was 
obtained in this instance; this is equivalent to about 
4,700 lb. of force. The middle tracing represents the 
response obtained from ejection force measurement 
using the Lockheed force washer. The ejection 
force was not transposed to pounds of force, but was 
normally read and recorded as pstrain. The partic- 
ular washer used in this work has a rating of 0-250 lb. 
The lowermost tracing in Fig. 4 is normal LPPF as 
seen a t  the beginning of a run or during good running 
conditions. The average response in this particular 
tracing is about 6 pstrain. Force rating of the 
Strainsert bolts which were eventually used was 
0-100 lb. 


Monitoring Antacid Tablets at Various Machine 
Settings-In order to determine the extent of 
several machine factors on the compression of ant- 
acid tablets, a number of short runs were made a t  
different machine settings. The factors studied were 
speed, pressure setting, and depth of upper punch 
penetration. The summary of the results is shown 
in Table I. 


It was found that the depth of upper punch pene- 
tration has a major effect on magnitude of ejection 
force. During deep penetration the lower punch 
strikes the ejection cam a t  its foremost position. 
This occurs because the lower roller carriage is moved 
downward to compensate for the deeper penetration 
of the upper punch. At medium or shallow pene- 
tration of the upper punch into the die, the lower 
punch will strike the ejection cam a t  a higher posi- 
tion. It was found that a t  shallow penetration an 
ejection response of about 30 pstrain was obtained 
while a t  deep penetration a response of about 8 p- 
strain was obtained. If the ejection cam had been 
shimmed at the furthermost point, an increased re- 
sponse may have been obtained. Normally tablets 
are produced using only minimal penetration of upper 
punch, so a satisfactory response was obtained un- 
der conditions of machine usage. 


The data indicate that both higher ejection force 
and higher LPPF are obtained under higher com- 
pressional forces. This concurs with results of other 
studies (3, 5). Faster speeds generally show in- 
creased ejection force and LPPF as compared with 
slower speeds. 


Tablet hardness (average of four determinations) 
was plotted against compressional force (Fig. 5) for 
this single batch of granulation and a generally 
linear relationship was found. Without mathe- 
matical treatment of the data it can be seen that a 


TABLE I S U M M A R Y  OF ANTACID TABLET COMPRESSION DATA 


Lower 
Punch 


sion Ejection down Hard- 
Force, Force, Force, Weight, ness 


Condition lb.' )&.a Ibst." g. c3 kg. b' 


Compres- Pull- 


Shallow penetration, high pressure, fast speed 4,653 36.1 6.5 1.326 13.8 
Shallow penetration, high pressure, slow speed 4,572 32.9 6.1 1.323 13.9 
Shallow penetration, low pressure, fast speed 3,844 29.8 5.5 1.335 8.9 


Deep penetration, high pressure, fast speed 4,302 8.0 6.5 1.335 11.4 
Deep penetration, high pressure, slow speed 5,057 9.6 5.4 1.334 14.8 


Deep penetration, low pressure, slow speed 3,574 8.0 3.2 1.323 7.1 


Shallow penetration, low pressure, slow speed 3,709 26.4 4.7 1.336 9.4 


Deep penetration, low pressure, fast speed 4,006 8.4 5.4 1.331 10.9 


0 Average of 10 readings. * Average of four readings. 
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Fig. 5-Tablet hardness as a function of comprPssinnn1 
.force for a single lot of granulation. 


compressional force range of 3,5504,650 lb. produces 
tablets in the 7.5-14 kg. hardness range. Compres- 
sional force of 3,800-4,150 lb. produced tablets in the 
9-11 kg. hardness range. 


ROUTINE MONITORING OF 
TABLETS IN PRODUCTION 


Experimental Design-The normal production 
of antacid tablets in the plant was monitored by 
means of the instrumented Rotapress. The study 
was carried out for 24 working days which provided 
data for 24 separate batches of granulation produced 
from a continuous process. Usually photographs of 
the oscilloscopic tracings were taken at four equally 
spaced intervals throughout the day. Five peaks 
were read for compressional force analysis. At the 
same time tablets were collected. The weight and 
hardness of four tablets at each time interval were 
measured. The weights were determined analyti- 
cally, and hardnesses were measured using an air ac- 
tuated Strong-Cobb hardness tester. 


Results of Daily Monitoring the Production of 
Antacid Tablets-The means. and variabilities of 
the compressional force, weight, and hardness were 
calculated. Three separate variabilities were con- 
sidered: ( a )  variability of single observations; (b)  
variability of time period averages; and (c) vari- 
ability among batches. 


Coefficients of variation of compressional force 
have been reported to range between f 5 %  and f 
40% (2). I t  has been shown that small deviations in 
tablet weight will account for similar small devia- 
tions in compressional force (6). Additional factors 
such as overload setting, machine speed, force flow 
feed versus standard feed, and a multiplicity of 
granulation factors greatly add to  the variability of 
compressional force. Usually weight is controlled 
very precisely, therefore contributing little to over- 
all compressional force variability. Of more sig- 
nificance may be the nature of the granulation itself 
and its level of loading into the machine. 


2912 ::::I 
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Fig. 6-Average compression1 force for various batches 
of antacid tablets. Eight of the 24 consecutive batches 


.full outside the p = 0.99 control limits. 


A summary of compressional force means and 
variabilities is given in Table 11. A relatively low 
coefficient of variation, 5.2%, is obtained for in- 
diiridual compressional force readings. However, 
the coefficient of variation of time period averages is 
9.0% and for batches is 27%. An F ratio test ( p  = 
0.01) shows significant differences for any two varia- 
bilities tested in Table 11. In Fig. 6, the average 
compressional force per batch is plotted using 
control limits of p = 0.99. The limits were cal- 
culated from the standard deviation of time period 
averages. I t  can be seen that eight of twenty-four 
batches or 33% fall outside the limits. Five of the 
batches that are outside the limits were also the last 
five batches studied. The variability of compres- 
sional force (2,3504,450 lb.) during these runs seems 
unusually high. The tablets prepared were satis- 
factory with respect to  weight and hardness specifi- 
cations. It is apparent that the granulation process 
being continuous adds the majority of the variability 
to  compressive force. The precise nature of this 
variability has not been determined. Granulation 
properties such as mesh size, bulk volume, and flow- 
ability may be varying enough during normal pro- 
cessing to affect compressional force. Other tablet 
properties which might be of importance, i .e. ,  dens- 
ity and porosity, were not measured. However 
measurement of these factors may elucidate to  some 
degree other basic correlations which are not re- 
ported in this study. 


In Fig. 7, the average tablet weight is seen to be 
within the control limits ( p  = 0.99 using the time 
period standard deviation). The coefficient of varia- 
tion for tablet weights is about 1% thus indicating 
that weight has a relatively small contribution to 
compressive force variability. Tablet hardness is 
shown in Fig. 8. It shows a long downward trend 
and subsequent fall (Batch 16) below the control 
limits (p = 0.99). It also shows some cyclical varia- 
tion which occurs every 4 or 5 days. The lack of 
more detailed processing data precludes an accurate 


TABLE 11-SUMMARY OF COMPRESSION FORCE DATA OF TWENTY-FOUR BATCHES OF ANTACID TABLETS 


Compression Coefficient 
Type of No. of Force SD. of 


Individual 565 3,497 216 5 . 2  
Time period 113 3,497 378 9 . 0  
Batches 24 3,497 1150 27 


Observation Observations Average, Ib. Ib. Variation, Yo 
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Fig. 7-Average tablet weight for various batches of 
antacid tablets. None of the batches fall outside the 


p = 0.99 control limits. 


explanation for this cyclical performance. Tests for 
correlation between pairs of responses, compressive 
force, weight, and hardness were made. The only 
significant correlation was between hardness and 
weight. 


CONCLUSION 


The instrumentation of the Manesty 45 Rotapress 
was described. Locations for the measurement of 
compressional force were investigated, and the top of 
the compression column was found to  be a satisfac- 
tory location. A method for the measurement of 
ejection force and lower punch pulldown force was 
developed. Compression of antacid tablets at vari- 
ous machine conditions was described, and it was 
found that compressional force (CF) has a measur- 
able effect on tablet properties. The results of 
monitoring CF, weight, and hardness during 
routine production were reported. A wide variabil- 
ity in C F  was found but tablet weight and hardness 
were nevertheless positively correlated. 


The instrumentation of this machine has provided 
a means of better understanding the tableting pro- 
cess as well as the drawing of correlations between 
machine conditions and tablet characteristics. It is 
thought that overall product quality might be im- 
proved by employing an instrumented tablet ma- 
chine in regular production runs. The instrumented 
machine will help bridge the gap between pilot 
scale-ups and actual production runs. The com- 
bined use of smaller instrumented rotary tablet 
machines for pilot sized lots together with the use of 


I 


~L-#-- BATCH No 


Fig. 8-Average tablet hardness for various batches of 
andacid tablets. Note dournward trend and cyclical 


variation which occurs every 4 or 5 days. 


the instrumented Rotapress in actual production 
provides a means of formulation scale-up not previ- 
ously available. Formulation characteristics and 
defects are better understood with the use of tablet 
machine instrumentation. 
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Rapid Assay Method for the Determination of Methotrexate 
By M. K. BALAZS, C. A. ANDERSON, and P. LIM 


A rapid procedure for the assay of methotrexate samples (bulk or formulated) has 
been developed i n  these laboratories. This  procedure, which employs quantitative 
paper chromatography, makes use of relatively inexpensive equipment and is simple 


to execute. 


ETHOTREXATE (MTX),' a clinically useful anti- M cancer agent, is without exception an impure 
preparation consisting of MTX, contaminants 
related to MTX, and water. Efforts t o  assay MTX 
preparations have led to the development of column 
chromatographic procedures2 that utilize adsorbents 
such as DEAE cellulose (1, 2) and diatomaceous 
earth. These elegant procedures are adequate, 
but they require elaborate equipment and consider- 
able time. The paper chromatographic procedure, 
which constitutes the basis of this note, requires 
relatively inexpensive equipment, is rapid and simple 
to  execute, and affords a better separation of MTX 
from its contaminants. 


The sensitivity of the method is limited only to 
the amount of MTX needed to give a useful UV 
spectrum. In this laboratory, a sample size of 1 mg. 
has been found to be convenient. The results of this 
procedure are comparable to  those obtained by 
column methods. 


Procedure-One milligram of methotrexate is 
dissolved in 0.2-0.3 ml. of 0.1 N sodium hydroxide 
and applied as a narrow band on Whatman No. 1 
chromatographic paper 22.8 X 48.2 cm. (9 X 19 in.). 
The chromatogram is developed by descending 
chromatography with 0.5% aqueous sodium car- 
bonate solution for 2.5 hr. The solvent front travels 
approximately 43 cm. (17 in.) during this time. 


Received May 21, 1968, from Stanford Research Institute, 
Menlo Park, CA 94025 


Accepted for publication July 17, 1968. 
This work was carried out under the auspices of the Cancer 


Chemotherapy National Service Center, National Cancer 
Institute, National Institutes of Health, U.S. Public Health 
Service, contract No. PH-43-64-500. The opinions ex- 
pressed in this paper are those of the authors and not neces- 
sarily those of the Cancer chemotherapy National Service 
Center. 


1 N- ( p -  [(2,4- Diamino- 6-pterdinyl)methyl]methylaminoJ- 
benzoylglutamic acid, Lederle Laboratories. 


2 Unpublished procedure fi-om Lederle Laboratories. 
a Celite, Johns-Manville, New York. N. Y. 


The chromatogram is dried (in a fume hood) and 
the major band (MTX) is located ( R f  'v 0.6-0.8) 
by illumination of the paper with shortwave UV 
light. This band is cut from the chromatogram and 
divided into 6 to  8 pieces, which are placed in a glass- 
stoppered, 125-ml. conical flask. Fifty milliliters 
of 0.1 N sodium hydroxide solution is added to the 
flask, which is then shaken vigorously until the 
paper is reduced to a pulp. A portion of the pulpy 
mixture is centrifuged a t  high speed for 3 min. or 
until a clear supernatant is obtained. The UV 
absorption of the supernatant solution is measured 
at  303 mp, and the amount of methotrexate in the 
sample is calculated, using as a standard the molar 
absorptivity, 2.24 X 104.4 A blank is prepared by 
the procedure cited above, and the slight increase 
in the base line is subtracted from the absorption of 
each sample. Due to the photo-instability of MTX, 
the entire analysis is carried out under minimal il- 
lumination. 


Results and Discussion-The examples presented 
in Table I illustrate the precision of this method. The 
authors have observed that this procedure generally 
yields values as much as  2y0 lower than those 
obtained when the column chromatographic assay 
is used. The higher values obtained by column 
method are due to the inclusion of materials which 
contribute to the absorbance of the MTX but are in 
reality impurities. These impurities, which are 
absent in purified5 samples of MTX, travel similarly 
to it but fluoresce brightly under UV light in con- 
trast to the MTX, which absorbs. This visible 
difference permits excellent mechanical separation 


4 The average L value of four recent MTX bulk samples. 
Since the chromopbores in the impurities are indistinguishable 
from those in MTX, the percent of MTX is calculated from 
this value. 


5 Purified by the Procedure described by Noble, B. P., 
Biochcm. Prep. ,  8 ,  20(11361). 
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TABLE I-ASSAY PROCEDURE FOR MTX 


Paper Column 
Lot" Chromatography Chromatography 


2003 


A0301 88.8,87.9,88.5, 88.8, 91.7.89.7 
87.5, 88.3 


Av. %, 88.2 Av. %, 90.1 
8105 91.5, 90.2 91.5 


In Formulated Samples 
250-mg. lyo vialsb 


Vial 
N O .  mg. MTX/vial, av. mg. MTX/vial, av. 


1 227, 225, 230 (227) 240, 226 (233) 
2 230, 225 (228) 228, 236 (232) 
3 225, 229 (227) 228 


50-mg. lyo vialsC 
UV Assay, mg. 


1 47.2, 48.0, 47.8 (47.7) 47.1 
2 48.3, 46.7,47.2 (47.4) 47.0 
3 47.2, 49.2. 46.6 (47.7) 47.4 
4 47.2; 48.5; 48.4 (48.oj 47.8 


a Received from Cancer Chemotherapy National Service 
Center. *The lyo vials contained MTX as the sodium salt, 
86 mg. of sodium chloride, and a small amount of sodium 
hydroxide. 'The lyo vials contained MTX as the sodium 
salt, 34.4 mg. sodium chloride, 3.2 mg. methylparaben, 
0.8 mg. propylparaben, and a small amount of sodium 
hydroxide. 


of MTX from these contaminants and as a result 
the accuracy of the assay is enhanced. Agreement 
between the paper and column method is obtained 
if the first and last tube of the MTX band eluted 
from the column are eliminated. These tubes con- 
tain the fluorescent contaminants seen on the papers. 


The total recovery of MTX from the chromato- 
gram and evidence that no deterioration QCCUTS 
during a run is illustrated by the analysis of a chro- 
matographically homogeneous sample.& The com- 
parison of the UV of the bulk with the UV of the 
band removed from the paper showed a 99.7% 
recovery (average of four runs). 


REFERENCES 
(1) Oliverio, V. T., Anal. Chem., 33,263(1961). 
(2) Gallelli, J. F., and Yokoyama, G., J .  Pharm. Sci.,  


56, 387(1967). 
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Heterocyclic Amines V. Electrophilic Substitution in Some 
Carbamate Derivatives of 3-Aminothiophene 


By EMERY W. BRUNETT* and WALTER C. MCCARTHY 


t-Butyl N- (3-thieny1)carbamate has been brominated, and neopentyl N- (3-thienyl) 
carbamate has been chlorinated, brominated, iodinated, acetylated, nitrated, and 
coupled with a diazonium salt. In all cases the incoming substituent was shown 


by NMR spectrum to be in the 2-position. 


ARIOUS ELECTROPHILIC substitution reactions V were investigated for some carbamate deriva- 
tives of 3-aminothiophene in order to determine 
suitable conditions for such reactions with these 
sensitive compounds, and to confirm the orientation 
of the incoming group. 


t-Butyl N-(3-thienyl)carbdmate (1) was smoothly 
brominated in the 2-position with N-bromosuccini- 
mide. Similarly, the neopentyl ester (1) could be 
chlorinated, brominated, or iodinated with the 
corresponding N-halosuccinimides. The neopentyl 
ester was acetylated under mild conditions using 
only acetic anhydride and acetic acid. Attempted 
nitration of the neopentyl ester with nitric acid in 
acetic anhydride, as used by Campaigne (2) t o  
nitrate the similar 3-acetamidothiophene, gave only 
tar, but the nitration could be effected in good 
yield by Anderson's (3) reagent, cupric nitrate in 


Received May 3, 1968, from the College of Pharmacy, 
University of Washington, Seattle, WA 98105 


Accepted for publication July 16 1968. * Pharmaceutical Manufacturers Association Fellow of 
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acetic anhydride. The neopentyl ester also coupled 
readily with sodium p-nitrobenzenediazotate. In 
all cases the incoming substituent was shown by 
NMR spectrum to be in the 2-position. 


EXPERIMENTAL' 


t-Butyl N-(2-bromo-J-thienyl)carbamate-From 
4.0 g. (0.02 mole) of t-butyl N-(3-thienyl)carbamdte 
(1) and 3.6 g. (0.02 mole) of N-bromosuccinirnide 
refluxed in carbon tetrachloride for 2 hr., after the 
usual workup of filtration, extraction with water 
t o  remove succinimide, evaporation of solvent, 
decolorization with carbon, and recrystallization 
from dilute alcohol, there was obtained a yield of 
3.54 g. (64%), m.p. 69.5-71°, NMR spectrum in 
CClr: 7 = 8.46 (s, CH3, 9H), 3.46 (broad peak, 
NH, lH), 2.81 (d, 4-H of ring, IH), 2.37 (d, 5-H 
of ring, 1H) J45 = 5.8 C.P.S. 


Anal.-Calcd. for C8Hl2BrNO2S: C, 38.86; H, 
4.35; Br, 28.73; N, 5.04; 0, 11.50; S, 11.54. 


1 All of the analyses reported in this paper were performed 
in the laboi-atories of Dr. Alfred Bernhdrdl, Miilhcim. Gcr- 
many. 
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Editor-in- 
Chief, HAMAO UMEZAWA. University Park Press, 
115 Chamber of Commerce Bldg., Baltimore, 
M D  21202, 1967. 18 X 26 cm. 
Price $49.50. 
This book is a listing of the antibiotics isolated 


from actinomycetes up to  1966. The tint chapter, 
in tabular form, is a list of all of these antibiotics, 
together with their synonyms, the group to which 
they belong, their source(s), and their activities. 
Chapter I1 contains detailed descriptions of ap- 
proximately 700 of these antibiotics. The descrip- 
tion for each of the antibiotics includes the following 
information: group; identical with; similar to; 
produced by; isolation (describes the first steps of 
the procedure); nature describing the acid, base, 
appearance, and solubility in water; analysis yo 
(generally based on the reporter’s found values); 
active against (microorganisms inhibited a t  less 
than 100 mcg. per ml. and other biological activities); 
melting point; [CY]D; molecular weight; formula; 
UV max.; LD; IR (some with spectra); and 
references. Information is also given in tables 
which may help researchers identify isolated anti- 
biotics-melting point and decomposition point, 
UV absorption, elemental analysis, toxicity, and 
producing organisms. 


Staf review 


Index of AntibwLics from Adinom ycetes. 


xi + 940 pp. 


Titrafwn in Nonaqueous Mdiu.  By I. GYENES. 
English translation edited by D. COEIEN and I. T. 
MILLAIL. Iliffe Books Ltd., London, England, US.  
publisher: D. Van Nostrand Co., Inc., 120 
Alexander St., Princeton, N.J., 1968. xiii X 
460 pp. 17 X 24.5 cm. Price 75s approx. $9.00 
This is a book of more than 450 pages and 31 chap- 


ters, which has been translated to  English from the 
original in Hungarian. The translation has been 
well edited and with the exception of a few technical 
terms such as “lyonium-lyate,” “carbenium ion,” and 
“triphenylmethylcarbinol” which are not commonly 
used in North America, it can be considered to be 
well done. 


Chapter one deals thoroughly with the Bronsted- 
Lowry theory and the Lewis concept of acids and 
bases. Brief but adequate mention is made of other 
theories. Chapters two and three, respectively, are 
concerned with the strengths of acids and bases and a 
learned discussion is presented on the means of deter- 
mining their relative strengths in nonaqueous media. 
Chapter four discusses the structure relationship to  
pK values and half-neutralization potentials. In  
addition, the effect of resonance and steric hindrance 
on the strength of acids and bases is included. 
Chapters five to eight inclusive are concerned with 
solvents in nonaqueous titrimetry. The topics in- 
clude the general properties of solvents, a classifica- 
tion of the solvents, together with their dipole mo- 
ments, their chemical and physicochemical char- 
acteristics, as well as the drying of solvents. Chap- 
ters nine to eleven deal with acidic titrants, basic 
titrants, and rarely used titrants, respectively. 
Determination of end points by potentiometry is well 
discussed in chapter 12, while chapters 13 and 14 
present a thorough treatment of visual and photo- 
metric end point detection, respectively. Chapters 
15 to 25 deal with the methods of determining an im- 
posing number of substances according to their func- 
tional group classification. These include a large 
variety of acids and acidic substances such as acid 
anhydrides, acyl halides, enolic hydroxyl, and imide 
groups as well as many others. In addition, several 
of the chapters are devoted to the analysis of many 
nitrogenous organic bases and their salts. Chapters 
96 to 29 are concerned with the determination of 
particular functional groups such as carbonyl, 
multiple bonds and sulfur-containing compounds. 
The remaining three chapters deal briefly with the 
following specialized topics: redox titrations in non- 
aqueous media; titrations with complex formation ; 
and determination of the alkoxyl group, carbonic 
acid, esters, substituted phosphines, organosilicon 
compounds. 


The book contains 898 references which are con- 
cerned with the theory and application of nonaque- 
ous techniques. These are cross-indexed and 
grouped according to author. 


While this book has a few minor shortcomings, it is 
an excellent treatise on nonaqueous titrimetry and is 
a must for the library of anyone who is interested in 
this field. 


Rewiewed by Leslie G. Chatten 
Faculty of Pharmacy 
University of Alberta 
Edmonton, Albertu 
Can& 
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Novel Preparation of Bicycle[ 3 .I.O]hex-~ene-4-one-I- 
carboxylic Acid and Related Compounds 


By EDWARD E. SMISSMAN, THOMAS L. LEMKE, and MARY WEIR CREESE 


An attempt to dehydrohalogenate 4-carbethoxy-2,6-dibromocyclohexanone ethyl- 
ene ketal afforded bicyclo[3.l.O]hex-i-ene-i-one-i-carboxylic acid, ethyl bicyclo- 
[ 3.1.01 hex-2-ene-4.one- 1-carboxylate ethylene ketal, and t-butyl bicyclo [ 3.1.01- 
hex-2-ene-4-one-l-carboxylate ethylene ketal. Under milder conditions it 
was possible to secure 3-bromo-bicyclo [ 3.1.01 hexane-(-one-1-carboxylic acid 


ethylene ketal. 


N ATTEMPT was made l o  dehydrobromiiitrte A 4 - carbethoxy - 2,6 - dibroniocyclohexanone 
ethylene ketal (3) in order to prepare ethyl cyclo- 
hexa-2,4-dienone-4-carboxylate as a starting 
material in a synthesis of prephenic acid. Colli- 
dine proved unsuccessful in this dehydrohalogena- 
tion reaction and therefore potassium tert-butox- 
ide in dimethyl sulfoxide (DMSO) was utilized 
(1) (SchemeI). 


COOEt COOEt COOEt 


U u 


6 - 5 


Scheme I 
- 4 - 


The dibromide, 3, was prepared by first con- 
verting 4-carbethoxycyclohexanone (1) to the 
ethylene ketal 2, which was then brominated by 
the procedure of Garbisch (1). The dibromide, 
3, appeared to be the cis diequatorial dibromide 
since the NMR spectrum showed a singlet for the 
methylene protons of the ketal, suggesting that 
they were located in a symmetrical environment. 
This would not be the situation if the halogens 
were trans. This assignment is consistent with 
the findings of Garbisch. A second component 
was isolated in 8% yield and proved to 
be 4-carbethoxy-trans-2,6-dibromocyclohexanone 


ethylene ketal. This material exhibited a multi- 
plet for the melhylene protons of the ketal, indi- 
cating that the methylenes are no longer in a 
symmetrical environment. A monobromide was 
isolated in 15% yield. 


The 4-carbethoxy-cis-2,G-dibromocyclohexa- 
none ethylene ketal (3) was dissolved in DMSO 
and added to a suspension of potassium tert- 
butoxide in DMSO. Acidic and neutral frac- 


FOOCtHs F 0 0 t - B ~  FOOH 


8 0 8 0 gb, 
U 


- 7 - 8 - b 


tions were recovered from the reaction mixture. 
The acidic material, a low melting solid, proved to 
be bicyclo [3.1.0]hex-2-ene-4-one-l-carbxylic 
acid (4). The neutral fraction contained two 
compounds which were identified as ethyl bicyclo- 
[3.1.0]hex-2-ene-4-one-l-carboxylate ethylene ke- 
tal (5) and t-butyl bicyclo [3.1.0]hex-2-ene-4-one- 
1-carboxylate ethylene ketal(6). 


DISCUSSION 


Assignment of these structures was based on 
spectral evidence obtained from the acid, 4, the 
ketones, 7 and 8, which were prepared either by 
chromatography of the ketals on sifica gel or by 
treatment with hydrochloric acid, and from the 
ketals, 5 and 6. The NMR spectrum of ethyl 
bicyclo[3.1.0] hex-2-ene-4-one-l-carboxylate (7) ex- 
hibited a doublet at 7.80 6 (J = 6.0 c.P.s.) and a 
slightly split doublet at 5.60 6 ( J  = 5.5 and 0.5 
c.P.s.), both of which integrated for single protons. 
These absorptions are similar to those found by 
Dutler and co-workers (2) for the (Y and B Drotons . _  


Received February 15, lQ@, from the Department of Of the steroid systems’ i0 (partial stntcture), in 
Medicinal Chemistry, School of Pharmacy, University of which case the (Y proton appeared at 5.82 6 as a 
Kansas, Lawrence, KS -66044 doublet of doublets with J = 5.5 and 0.5-1.0 Accepted for publication M a y  14, 1968. 


Abstracted in part from a thesis submitted by T. L. c.P.s., while the 0 proton was found as a doublet at 
E ~ ~ ~ ~ ~ , ° K ~ ~ - ~ ~ ~ ~ t i a ~ ~ ~ ~ , m ~ ~ ~ ~ ~ ~ ~ r  z/y;~ 7.20 6 with J = 5.5 C.P.S. The methylene of the 
l o w  hy degree requirements. ester 7 was found at 4.20 and the methyl at 1.28 6. 


Tgis investigation was supported by grant GM-07444 
from the National Institutes of Health, U. S. Public Health 
Service, Bethesda, Md. found ils a doublet of doublets at 2.58 6 with J = 5 


The tertiary proton On the cydopropane ring 
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and 8 c.P.s., while the nietliyleiie protons on the 
cyclopropane ring appeared as multiplets centered 


1521 


cyclohexene; IR: 5.78 (s) and 6.0 p ( n t ) ;  NMK: 
4.50 (1 H, multiplet), 4.07 (2 H, quartet, J = 7 
c.P.s.), 3.41 (3 H singlet), 2.00 (7 H, multiplet), 
and 1.22 (3 H, triplet, J = 7 c.P.s.). Upon treat- 
ment with 2,Qdinitrophenylhydrazine a solid 
formed, which after recrystallization from EtOH 
had m.p. 115-118'. 


To 15 ml. of 1% HS.04 was added 1.70 g. (0.0092 
mole) of the enol ether obtained above. The mixture 
was shaken for 5 min. and then thoroughly ex- 
tracted with ether. The combined ether layers were 
dried (MgS04). Removal of the solvent left a 
residue of 1.22 g. (&40/,) of 4-carbethoxycycle 
hexanone; IR: 5.80 (s); NMR: 4.16 (2 H, 
quartet, J = 7.0 c.P.s.), 2.71 (1 H, multiplet); 
2.20 (8 H, multiplet), 1.28 (3 H, triplet, J = 7.0 
c.P.s.). Reaction with 2,4-dinitrophenylhydrazine 
gave a solid which after recrystallization from 95y0 
ethanol melted at 119-120' [lit. (5, 6) m.p. 125- 
126'1. 


Method B-Ethyl p-hydroxybenzoate (30 g., 0.18 
mole) in 75 ml. of 95% EtOH was hydrogenated in 
the presence of 3 g. of rhodium-on-alumina catalyst 
(5%) in a Parr apparatus. The solvent was re- 
moved and the remaining oil was distilled under 
reduced pressure. The product, b.p. 80'/0.1 
mm., was obtained in 75% yield. The resulting 
alcohol, 4carbethoxycyclohexanol (37 g., 0.22 
mole), was dissolved in 200 ml. of acetone and was 
treated with 27 ml. of Jones reagent. The tempera- 
ture was maintained at 30-35' throughout the 
addition. An 89% yield of the desired product was 
obtained. 


4Carbethoxycyclohexanone Ethylene Ketal(2)- 
To a solution of 1.61 g. (0.0094 mole) of 4carb- 
ethoxycyclohexanone ( I ) ,  0.73 g. (0.012 mole) of 
ethylene glycol and 30 ml. of dry benzene was added 
53 mg. of ptoluenesulfonic acid. The solution was 
heated under reflux for 4.5 hr., the evolved water 
being collected in a Dean-Stark trap. The solvent 
was distilled and the oil, which remained, was taken 
up in ether and washed with 10 ml. of 10% NaOH. 
The ether solution was dried (MgS04). Removal of 
the solvent left a residue of 1.80 g. (89y0) of ethylene 
ketal, b.p. 85'/0.6 mm.; IR: 5.80 (s), 8.25 (s), 
8.50 (s) p;  NMR: 1.22 (3 H ,  triplet, J = 7.0 
c.P.s.), 1.40 to 2.50 (9 H, broad band), 3.87 (4 H, 
singlet), and 4.10 (2 H, quartet, J = 7.0 c.p.s.). 
A sample was treated with 2,4dinitrophenylhydra- 
zine, and in a short time a precipitate resulted. 
After recrystallization from 95% ethanol the solid 
melted at 119-121'. The mixed melting point with 
the phenylhydrazone of karbethoxycyclohexanone 
showed no depression. 
4-Carbethoxy-2,6-ck-dibromocyclohexanone Eth- 


ylene Ketal (,?)-To a solution of 4.76 g. (0.022 
mole) of 4-carbethoxycyclohexanone ethylene ketal 
(2 )  in 50 ml. of diethyl ether was added 7.20 g. 
(0.045 mole) of Br2, while stirring. The addition 
was at such a rate as to cause gentle reflux. Near 
the end of addition of the bromine a twephase 
system developed. A solution containing 1.11 g. 
(0.048 g. atoms) of sodium in 20 ml. of ethylene 
glycol was added. Water was added t o  the reaction 
mixture and the ether layer was removed. The 
aqueous layer was extracted with ether and the 
combined ether layers were dried (MgSOa). Re- 
moval of the solvent left a residue of 7.00 g. (85%) 
of a mixture of products. A portion of the oil, 


B 
10 - 


a t  2.15 and 1.82 6. 
been reported by Meinwald (Scheme 11) (3). 


A similar system has recently 
A 


Scheme 11 


more detailed analysis of the NMR spectra of these 
systems is the subject of a subsequent paper (4). 


Formation of these bicyclic compounds, H, 
probably occurs by base abstraction of the proton 
(Y to  the carbethoxy group followed by  internal 
nucleophilic displacement of the halogen as shown in 
Scheme 111. A facile dehydrobromination may 


11 - 
Scheme 111 


occur in intermediate 11 due to the nearly axial 
conformation of the bromine. Since an excess of 
potassium tbutoxide was present, a considerable 
amount of ester exchange occurred leading to  6. In 
addition, it appears that some water was present in 
either the DMSO or tertbutanol causing ester hy- 
drolysis. Under milder conditions it was possible to  
obtain the bicyclobromo acid, 9. 


EXPERIMENTAL' 


4-Carbethoxycyclohexaone (Z)-This material 
was prepared by two different methods. Methud A 
-A mixture of 12.5 g. (0.149 mole) of Zmethoxy- 
butadiene, 11.2 g. (0.112 mole) of ethyl acrylate, 
and 70 ml. of benzene was placed in an autoclave 
and heated to 160'. A total time of 1.5 hr. was 
required to  reach this temperature which was 
maintained for 0.5 hr. The system was then cooled 
to  25'. Removal of the solvent resulted in recovery 
of 16.5 g. (80%) of l-carbethoxy-4-methoxy-3- 


1 Melting points were obtained on a Thomas-Hoover 
Unimelt and are corrected. Infrared data were recorded on 
Beckman IK-5 IK-8, and IR-10 spectrophotometers, and 
the ultraviolet'data were recorded on a Cary-14 spectre- 
photometer. N M K  data were obtain+. trom a Varian 
Associates model A 4 0  spectrometer utlllzlng cch as a 
solvent unless otherwise stated, with tetramethylsilane as 
an intirnal standard, and reported in p.p.m. as 6 values. 
Elemenhl analyses were performed by Hoffman Micro- 
analytical Laboratories, Wheatridge, Colo., and by Drs. G. 
Weiler and P. B. Strauss, Oxford, England. 
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2.14 g., was chromatographed on 50 g. of silica gel 
(Brinkmann) using benzene as the eluting solvent. 
The flrst few fractions, 783 mg., contained the de- 
sired dibromide, 3. The compound was further 
purified by rechromatographing on silica gel 
(Brinkmann); IR:  6.78 (s) p ;  NMR: 1.32 (3 H,  
triplet, J = 7.5 c.P.s.) 2.2 to  2.9 (5 H, multiplet), 
4.36 (4 H,  singlet), 4.25 (4 H, multiplet). 


And-Calcd. for CllHI6Br2O4: C, 35.51; H,  
4.34. Found: C, 35.59; H ,  4.22. 


The next oil removed from the column, 460 mg., 
was karbethoxy-2-bromoyclohexanone ethylene 
ketal; IR: 5.78 (s) y ;  NMR: 1.27 (3 H,  triplet, 
J = 7.5 c.P.s.), 1.5 to 2.9 (7 H,  broad multiplet), 
4.15 (2 H, quartet, J - 7.6 c.P.s.), 4.08 (5 H, 
multiplets). 


AlzaL-Calcd. for Cl1Hl7BrO4: C, 45.06; H, 
4.84. Found: C, 45.07; H, 5.62. 


In a later experiment another oil was isolated 
during Chromatography of the reaction mixture on a 
silica gel (Brinkmami) column. This material was 
eluted from the column after the cis-dibromide and 
before the monobromide. I t  appeared to  be 4- 
carbethoxy-trans-2,6-dibromocyclohexapone ethyl- 
ene ketal; IR: 5.79 (s) p ;  NMR: 1.25 (3 H, 
triplet, J = 7.Q c.P.s.), 2.0-3.1 (5 H, broad multiplet), 
4.11 (7 H, multiplet), 4.68 (1 H, doublet of doublets, 
J = 5.0 and 12.0 c.P.s.); ng 1.5221. 


Rehydrobromination of +Carbethoxy-2,6-cis-di- 
brernocyclahexanose Ethylene Ketal-To a suspen- 
sion of potassium teri-butoxide (prepared by addi- 
tion of 2.03 g., 0.052 g. atom, of potassium to an 
e x c w  of dry tert-butanol followed by removal of most 
of the excess alcohol) in 40 ml. of DMSO was 
added 4.08 g. (0.011 mole) of 4-carbethoxy-cis-2,6- 
dibromocyclohexanone ethylene ketal (3) in 10 ml. 
of DMSO. The reaction mixture was cooled during 
the addition. After the addition was complete the 
mixture was stirred at 25" for 3 hr. To the reaction 
mixture was added 1.80 g. (0.03 mole) of acetic 
acid in 26 ml. of HaO. The reaction was made 
alkaline with NaHC03 and extracted with ether. 
The ether extract was dried (MgSO4) (ether extract 
I). The aqueous layer was acidified with 10% HCI 
and then extracted with ether. The ether extract 
was dried (MgS04) (ether extract IT). 


Removal of the salvent from ether extrart I1 
resulted in pecovary of a thick oil, 437 mg., which 
solidified on otasding. The material was bicyclo- 
13.1.01 h e r - ~ - e n ~ a n e - l - c a r ~ o ~ y l i c  acid (1); IA 
(CHCla): 1700 to 1745 (s), 1580 (w) cm.-I; near 
IR (CHC4): 1626 (s), 3317 (m) mM; NMR (CDC4): 
7.89 (1 H, doublet, J = 6.0 c.P.s.), 5.77 (1 H, 
broad doublet, J = 5.5 c.p.s.1, 11.10 (1 H, singlet), 
2.W (1 H, doublet of doublets, J = 5.0 and 9.0 
c.P.s.), 1.8 to 2.4 (2 H, multiplets); A= 205 and 
249 m&. 


Treatment of 4 with a,4-dinitrophenylhydrasine 
resulted in recovery of a dark-red phenylhydrazone 
which was recrystallized frum 95%) EtOY, m.p. 
2WQ dcc. 


Anal.-Calcd. for C11HION40~: C, 49.08; H, 3.18; 
N, 17.61. Found: C, 49.35; H, 3.32; N, 17.55. 


Removal of the solvent from ether extract I 
resulted in recovery of 2.20 g. of an  oil which con- 
tained acetic acid, DMSO, and two unknowns as 


alkoxy protons suggesting that the mixture contained 
5 and 6. 


A second sample of the crude oil was chromate 
graphed on silica gel (Brinkmann) using CHCb as 
the eluting solvent. The i k t  few fractions con- 
tained a mixture of products. Later fractions 
contained two oils which were different from those 
placed on the column. These two oils possessed 
similar infrared spectra. One of the oils was identi- 
fied as ethyl bicyclo[3.1.0] hex-2-ene-Pone-1-car- 
boxylate (7) by its IR and NMR spectra; infrared: 
1720 (s), 1580 (s) cm.-'; NMR: 7.80 (1 H, doublet, 
J = 6.0 c.P.s.), 5.60 (1 H, broad doublet, J = 5.5 
and 0.5 c.P.s.), 4.20 (2 H, quartet, J = 7.0 c.P.s.), 
1.47 to 2.73 (3 H, multiplets), 1.28 (3 H, triplet, 
J = 6.5 c.P.s.); 199 and 250 mp. It would 
appear that the ketal group was removed on the 
column. T o  verify this a sample of starting oil was 
shaken with 10% HCI. The aqueous layer was 
extracted with ether. GLC analysis showed that 
the material had undergone conversion t o  the same 
mixture as was formed during chromatography. 
The second unknown was identified as tert-butyl 
bicyclo[3.1.0] hex-2-ene-4-one-l-carboxylate (8); the 
NMR was essentially the same as that of 5 with the 
exception of a singlet a t  1.46 and the loss of peaks 
at 4.20 and 1.28; near IR (CHCL): 1628 and 22119 
mp with peak height ratio of 4.16 (2219: 1628). 


Another sample of the crude oil, 652 mg., was 
heated under reflux for 2 hr. with 25 ml. of 10% 
NaOH. After cooling the aqueous layer was ex- 
tracted with ether and the ether was discarded. 
The aqueous phase was acidified with 10% HCI and 
extracted with ether. The combined ether extracts 
were dried (MgSO4). Removal of the solvent re- 
sulted in recovery of 200 mg. of a thick oil which 
solidified on standing and which by spectral data 
was shown to be the carboxylic acid ( 4 ) .  


A final sample was treated with ozone in methy- 
lene chlaride. The methylene chloride was then 
replaced by HzO and hydrogen peroxide, and the 
mixture was digested on a steam bath. Removal of 
the solvent left a thick oil which was taken up in 
ether and dried. After filtration, diaromethane was 
added and the resulting ester was examined; NMR 
(CDClr): 3.80 (6 H, singlet), 3.73 (3 H, singlet), 
1.0 to 2.0 (broad bands); near IR (CHCb):1622 
(w), 2209 (m) mp, indicating this material to be 
methyl 1,1 ,2-cyclopropane tricarboxylate. 


When the above reactian was performed in a 
similar manner but the stirring was discontinued 
after 1 hr., a product containing bromine was 
obtained. On work-up the acidic material r e  
covered was recrystallized from CHCL, m.p. 141.5- 
142.5'. 


Anal.-Calcd. for COHllBr04: C, 41.06; H, 4.18. 
Found: C, 40.99; H, 4.28.8 
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Long-Range Spin-Spin Coupling in 
Bicyclo[3.l.O]hexane Systems 


By ROGER C. BRIDEN, EDWARD E. SMISSMAN*, and MARY WEIR CREESE 


The NMR parameters of 3-bromo-bicyclo[3.1.O]hexan-4-one-l-carboxylic acid 
ethylene ketal and ethyl bicyclo [ 3.1.01 hex-Z-ene-4-one-l-carboxplate have been 
recorded and the chemical shifts of all protons assigned. Both of these com- 


pounds show interesting cases of long-range spin-spin coupling. 


ONG-RANGE 'H-lH spin-spin coupling in 
general (1, 2), and coupling through 4-a 


bonds in particular (3-6), are receiving increasing 
attention. Two features are apparent in com- 
pounds exhibiting 4-a bond coupling: first, the 
compounds have well-defined stereochemistry re- 
sulting from the rigidity of the molecule due to a 
fixed or preferred conformation; second, the 
H-C-C-C-H skeleton through which the 
protons are coupled exists in a \/\/con- 
figuration. 


The magnitudes of the coupling constants re- 
ported for 4-a bond coupling range from less than 
1 to about 7 c.P.s., with values of 1-2 C.P.S. being 
most common. Some examples of compounds 
in which long-range 4-a bond coupling has been 
observed are shown by 1,2, and 3 (4-6). 


H H 


H n 


J'6.7 HZ Jr3-4 HI 4.1.4 nz 
I 2. 3 


The authors liave observed long-range 4-u bond 
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coupling in 3-bromo-bicyclo [3.1 .O]hexan-4-one-1- 
carboxylic acid ethylene ketal (4) and in ethyl 
bicyclo [3.1.0]hex-2-ene-4-one-l-carboxylate (5). 


- 4 2 
The 100-Mc.p.s. spectrum of 4 is shown in Fig. 1. 
The coupling constants and chemical shift values 
determined from this spectrum are listed in 
Table I. 


RESULTS AND DISCUSSION 


The ethylene ketal resonance is assigned to the 
3.88-6 absorption on the basis of its four-proton 


5.0 4.0 3.0 2.0 1.0 
p.p.m.. 6 


Fig. 1-100-Mc.p.s. spectrum of 4. 
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CARLESS. Academic Press Inc., 111 Fifth Ave- 
nue, New York, NY 10016, 1967. x + 329 pp. 
15.5 X 23 cm. 
In the preface to this series the editors state that 


their task “is t o  present topics of current and grow- 
ing interest, written by experts, so that the develop- 
ment of the subject is portrayed in depth rather than 
providing a condensed review article.” The con- 
tributors to this volume have successfully fulfilled 
the editors’ objectives. Besides being an invaluable 
reference to  the topics covered through 1965, Ad- 
vances in Pharmaceutical Sciences can serve as a 
primary text in pharmaceutics courses a t  the grad- 
uate level. 


The two central chapters, “Particle-Size Analysis” 
by I. C. Edmundson and “Flow Properties of Pow- 
ders” by Barbara S. Neumann, complement one 
another. The former chapter reviews the problems 
encountered in particle-size specification and dis- 
cusses statistical and graphical representation of 
particle-size data. Methods of particle-size mea- 
surement are described in sufficient detail to enable 
one to appreciate their limitations. The lengthy 
analysis of the Coulter counter method, including a 
review of its application in dissolution studies, is 
particularly useful. The chapter on powder rhe- 
ology by Mrs. Neumann, while brief, updates her 
contribution in “Flow Properties of Disperse Sys- 
tems,” now out of print. 


The first chapter in the book, “Kinetics and 
Mechanisms in Stability of Drugs” by Edward R. 
Garrett, brings up t o  date Dr. Garrett’s review 
article in the September 1962 issue of J .  Pharm. Sci. 
The current version is improved by discussion of the 
stability of specific drugs and classes of drugs in 
separate sections. While this review primarily 
emphasizes solvolytic degradation, it also discusses 
drugs which degrade through oxidation. The in- 
clusion of a general description of autoxidative 
mechanisms would have broadened the usefulness 
of this chapter. 


The last chapter, “Water Determination and its 
Significance in Pharmaceutical Practice” by C. A. 
Johnson, complements the first chapter by empha- 
sizing the significance of water in relation to  physical 
and chemical stability. ’The principle, methodology, 
limitations, and advantages of each method of water 
determination is detailed. Methods covered in 
depth include drying, distillation, the Karl Fischer 
titration, dielectric measurements, spectroscopy, and 
gas chromatography. Techniques adaptable to  con- 
tinuous measurement of water in processes are also 
reviewed. 


The index, in conjunction with the outlines in- 
cluded at  the head of each chapter, is adequate for 
one to find most specific topics covered in the book. 


Reviewed by Nicholas G. Lordi 
Rutgers-The State University 
Newark, N.  J .  


Price $14.00. 


1271 


Glass Electrodes for Hydrogen and Other Cations. 
Edited by GEORGE EISENMAN. Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 
1967. xii + 582 pp. 15 X 22.5cm. Price $24.75. 
The twenty-one international contributors to this 


volume have combined to give a comprehensive 
treatment of the theory and practice of cation-sen- 
sitive glass electrodes. The book covers the ad- 


vances in knowledge made in the past ten years, and 
it is to the editor’s credit in selecting his authors that 
these advances have been made largely by the con- 
tributors to this volume. 


The book is organized so as to  present first the 
principles upon which the functioning of ion-sensitive 
electrodes is based and then to  examine modern prac- 
tice in making and using such electrodes. The 
volume is divided into nineteen chapters; however, 
I believe that the pharmaceutical scientist inter- 
ested in using cation-sensitive electrodes as an an- 
alytical tool will find the following eight sections of 
primary interest: Interpretation of pH and Cation 
Measurement, Cation-Sensitive Glass Electrodes in 
Analytical Chemistry, Ion-Sensitive Electrodes and 
Individual Ion Activity Coefficients, Hydrogen and 
Cation Analysis in Biological Fluids in Vitro, H + and 
Cation Analysis of Biological Fluids in the Intact 
Animal, Cation-Selective Microelectrodes for In- 
tracellular Use, Glass Microelectrodes and Their 
Uses in Biological Systems, and Clinical Application 
of Cation-Sensitive Glass Electrodes. 


The authors have done a good job of defining the 
present limits of cation-sensitive electrodes, and 
most have taken the opportunity to outline the 
problems that still must be solved. The latter facet 
of the book should catalyze the ingenious investiga- 
tor to  envisage many new uses for cation sensitive 
electrodes. As one author points out, the advent of 
glass electrodes which can be made to respond selec- 
tively to  various cations, has opened a veritable 
“Pandora’s box” for investigators in the biological 
sciences. With such glass electrodes a non-de- 
structive, continuous, high-sensitivity measurement 
of ionic activity may be made either in vitro or in wivo. 


Each chapter in the volume is essentially self-con- 
tained, with its own table of contents and references, 
and can usually be read independent of the preced- 
ing chapters. The book can, therefore, serve as a 
valuable reference and should be in the library of 
anyone planning to use cation-sensitive electrodes 
(hydrogen or otherwise) as  an analytical tool. 


Reviewed by Leslie Z. Benet 
College of Pharmacy 
Washington State University 
Pullman, Wash. 


.%eroid Hormone Analysis. Vol. I. Edited by 
HANS CARSTENSEN. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10016, 1967. 
xiii + 493 pp. 15 + 23 cm. Price $23.50. 
A series of reviews in steroid methodology are 


presented as individual chapters of two types. The 
majority of chapters are technique oriented and 
have the following titles and scope: “Isotope 
Derivative Methods for the Determination of 
Steroid Hormones with S6S-Sulfonylating Reagents,” 
“Elementary Aspects of Infrared Spectroscopy of 
Steroids,” “Outline of the Application of Nuclear 
Magnetic Resonance to the Investigation of Ste- 
roids,” “Chromatography of Steroids on Paper,” 
“Gas Chromatography of Steroids.” In  addition, 
there are two chapters that center on compounds 
rather than technique. These chapters are entitled: 
“Testosterone” and “Analysis and Identification of 
Steroid Conjugates.” 







1272 Journal of Pharmaceutical Sciences 


of John Wiley 6 Sons, 605 Thud Ave., New Yorke 
NY 10016, 1967. 15.5 X 23 cm. 
Price $15.00. 


ix + 531 pp. 
While the change in emphasis would appear to be 


arbitrary and does lead to some duplication of 
material, this is not a serious diEculty. It does, 
however, serve to illustrate the completely in- 
dependent nature of individual chapters. Each 
review is designed to stand alone without cross 
references to other chapters nor is the progressive 
interchapter development of concepts attempted. 


It is evident from the chapter titles given above 
that material significant to a work on steroid anal- 
ysis is being covered. However, a real problem in 
balance must be raised. Forty percent of the pres- 
ent volume is devoted to the chapter on paper 
chromatography. This certainly is a t  the expense 
of other, a t  least equally as important, material 
such as the physical methods. One can only hope 
that thin-layer chromatography and column chro- 
matography will have its day in Volume 11. 


The editor has implied in his preface that the 
book is designed primarily for the biologist. For 
the most part, a format of general discussion of the 
technique followed by specific applications in the 
steroid area is employed and serves the biologist 
well. By necessity, the discussion of techniques 
are brief and serve essentially to introduce the sub- 
ject. It is, therefore, the use of steroid examples 
that recommends the book to not only the biologist 
but also to the analyst who lacks experience in the 
steroid field. 


R e u k e d  by Joseph E. Sinsheimer 
University of Michigan 
Ann Arbor, Mich. 


NOTICES 


Methods of Biochemical Analysis. Vol. 15. Edited 
Interscience Publishers, Div. by DAVID GLICK. 


Furopyrans and Furopyrones: The Chemistry of 
Heterocyclic Compounds. Vol. 23. By A. Mws- 
TAFA. John Wiley & Sons, Inc., 605 Third Ave., 
New York, NY 10016, 1967. xii + 376 pp. 
15.5 X 23.5 cm. Price $21.00. 


Lipid Chromatographic Analysis. Vol. 1. Edited 
by G. V. MARINETTI. Marcel Dekker, Inc., 95 
Madison Ave., New York, NY 10016, 1967. 
xv + 537 pp. 15.5 X 23 cm. Price $23.50. 


Poly-a-Amino Acids. Protein Models for Con- 
formational Studies. Edited by GERALD D. 
FASMAN. Biological Macromolecules Series, Vol. 
1. Marcel Dekker, Inc., 95 Madison Ave., New 
York, NY 10016, 1967. xv + 764 pp. 15.5 X 
23.5 cm. Price $34.50. 


Toxikologie- Fibel. fur Arzte, Apotheker, Naturwis- 
senschaftler, Juristen und Studierende. By W. 
WIRTH, G. HECHT, and C. GLOXHUBER. Georg 
Thieme Verlag, Postfach 732, Herdweg 63, 7000 
Stuttgart 1, Germany, 1967. In USA and 
Canada: Intercontinental Medical Book Corp., 
New York, NY 10016. xiii f 391 pp. 16 X 
23.5 cm. Price gebunden DM 36, -. 


Encyclopedia of Plant Physiology. Edited by W. 
HUHLAND. Vol. XIII: Translocation in Plants. 
(In German.) Springer-Verlag, 1 Berlin 31 
(Wilmersdorf), Heidelberger Platz 3, West Ger- 
many, 1967. vii + 314 pp. 17 X 25.5 cm. 
Price: $34.00 Subscription, $27.20. 








New Approach to the Fusion Method for 
Preparing Granular Effervescent Products 


By RICHARD B. MURRAY 


General methods for the preparation of effervescent granules are discussed briefly 
and a new adaptation of an old rocedure is presented. The use of a special mixer 
in simplifyin the initial blen&ng, heating, and screening steps of granulations 
made by the gsion method is described. No external heat source is required, nor 
are li uids in any form used to accomplish the granulating. The instrumentation, 
basicqormulation data, the method for monitoring the fusion process in the mixer, 
and the advantages of the new procedure are reported. Process data for granulation 


batch sizes of 60 and 300 kg. are given. 


FFERVESCENT SALTS have been known and E used for about 130 years. Their popularity 
with the medical profession and the public has 
varied widely during this period. The preference 
for this dosage form declined markedly after 
reaching a peak during the early 19OO’s, but a 
significant number of ethical and proprietary 
products have since created or maintained con- 
siderable popularity in the market place. 


Effervescent combinations consisting of a 
medicinal agent, a dry, nontoxic organic acid 
such as citric or tartaric acid, and an  alkali metal 
carbonate or bicarbonate obviously cannot be 
wet granulated with aqueous solvent systems in 
the usual manner. With the exception of an ex- 
perimental technique described by Coletta and 
Kennon (1) in 1964 which utilized the Wurster 
air-suspension apparatus, methods for preparing 
dervescent granules generally follow one of three 
approaches. The common goal of all three 
approaches is the introduction of just enough 
water to initiate a reaction between the acidic 
and basic components of a formulation, thereby 
massing it. The “wet method” utilizes a non- 
solvent liquid such as alcohol, containing a small 
percentage of water. The “steam method” makes 
use of steam to add controlled amounts of water 
to the mixing material. The “fusion method” 
employs heat to liberate water of crystallization 
from components such as hydrous citric acid to 
elTect moistening. 


The fusion method normally presents two ma- 
jor production problems. The first is the need 
for specialized equipment such as steam-heated 
hot plates, ovens, or externally heated coating 
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pans which are required to trigger the fusion pro- 
cess. The second problem involves the means of 
monitoring the progress of the fusion reaction and 
determining the point a t  which it is to be ter- 
mi nated . 


This paper describes the use of a standard 
production mixer with no external heat supply 
for the preparation of granular effervescent salts 
by the fusion method. The required heat was 
generated solely by the resistance of the mixer 
contents to turbulent, high-speed mixing. 


EXPERIMENTAL 


Equipment-The mixer used for development 
studies was a Littleford-Lodige,’ model FMlOOD, 
Fig. 1. This particular unit has a total capacity 
of 3.3 cu. f t .  and a working capacity of 2.1 cu. f t .  
I t  has stainless steel contact parts and is equipped 
with a 5-hp. drive motor coupled to the plow shaft, 
with a variable speed drive which allows plow 
speed to be varied from 90 to 225 r.p.m. The 
mixer also has one high-speed chopper assembly 
powered by another 5-hp. motor. Rubbing plates 
were not utilized. 


Carbon dioxide formed during the fusion reaction 
was vented by way of the liquid input tube. The 
optional vent pipe available for Lodige mixers, 
fitted with a filter boot, will also effectively relieve 
pressure and prevent material loss. 


Instrumentation-The mixer was instrumented 
to measure three variables: the rotation speed of 
the plow shaft, the current demand of the plow 
drive motor, and the temperature of the mixing 
chamber. The factory-installed tachometer and 
ammeter were sdciently accurate to measure the 
plow speed and electrical current demand. The 
mixing chamber temperature was monitored using 
a Simpson model 389-3L temperature tester equipped 
with a No. 0010 thermistor probe fixed in place a t  
the nozzle end of the liquid input tube. Positioning 
the probe in this highly turbulent area of the cham- 
ber assured constant contact with the mixing ma- 
terials. 


Preliminary Tests-The suitability of various 
aervescent formulations for granulation by the fu- 
sion process was tested on a small scale using covered 


1 Marketed by Littleford Bros., Inc., Cincinnati, Ohio. 
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Fig. 1-Littleford-Lodige mixer, model FMlOOD, 
equipped with tachometer, ammeter, and kmperature 


tester. 


trays in a standard drying oven at 49" (120°F.). 
Blended ingredients were spread to  a uniform depth 
of about 2 cm. Test blends which reached the 
desired degree of wetness within 1 hr. in the oven 
were generally suitable for scale-up and evaluation 
in the FMlOOD Lodige mixer. If a blend was slow 
to react, the proportion of hydrous citric acid was 
increased and the mixture was rechecked. At- 
tempts to  use a laboratory size M20E Lodige mixer 
for granulating were unsuccessful. Temperature rise 
sufficient to start the fusion reaction could not be 
attained due to  the absence of a high-speed chopper 
and to  the relatively small capacity of the mixing 
chamber. 


Formulation and Process Data-The same basic 
efiervescent granulation was prepared in each of the 
following examples to  better illustrate the effects 
of mixer size and speed. The formulation which was 
granulated consisted of 50% potassium bicarbonate, 
30% anhydrous citric acid, and 15% hydrous 
citric acid, plus small amounts of sweeteners, 
flavors, and water-soluble dyes. 


Trial A-The model FMlOOD Lodige mixer was 
charged with 60 kg. of material. Mixing was 
commenced using a plow speed of 220 r.p.m. with 
the chopper operating. Current demand and tem- 
perature were recorded at 30-sec. intervals (see 
Figs. 2 and 3). As anticipated, the temperature and 
time relationship proved to  be nearly linear through- 
out the process. The initiation and the progress of 
the fusion process were monitored by observing 
the drive-motor current demand. The current 
remained constant at 12.5 amp. for the 6rst 4 min., 
then increased as the fusion reaction progressed 
and resistance t o  mixing increased. The fusion 
reaction apparently commenced when the tempera- 
ture of the mixing material was just over.32' (90'F.). 
A suitable degree of wetness was reached in 8 mh. ,  
a t  which time the current demand was 20 amp., an 
increase of 7.5 amp. over the initial power require- 
ment. The temperature of the mixer contents 
reached 38" (101°F.). 


The granulated material was immediately dis- 
charged and spread on trays for drying in forced 
air ovens at 49O (120°F.). The wet mass produced in 
the Lodige did not require wet screening. The 
dried granulation was passed through a No. 12 


mesh stainless steel screen and, when intended for 
tableting, blended with a suitable lubricant. 


Trial B-Sixty kilograms of the basic effervescent 
formulation was granulated in the FMlOOD 
Lodige mixer with tlic plow speed reduced to 110 
r.p.m. and the chopper operating. The current 
demand remained constant at 8 amp. and the tem- 
perature increased to about 32" (90'F.) during the 
first 7 min. of mixing (Figs. 2 and 3). The fusion reac- 
tion began at this point and was terminated after 14 
min. total mixing time. The final temperature was 
41" (106°F) and the final current demand was 15.5 
amp. The increase from initial to  terminal power 
requirements again amounted to  7.5 amp. 


Trial C-Scale-up to a production batch size was 
done in a model FKMGOOD Lodige mixer (Fig. 4). 
This unit has a working capacity of about 13 cu. ft. 
The plows are driven by a 15hp.  motor through a 
variable speed drive and the mixer is equipped with 
two high-speed chopper units individually powered 
with 5 h p .  motors. A thermistor probe was in- 


'0 I.............. 2 4 6 8 10 12 14 


TIME, min. 


Fig. 2-Drive motor current demand during pro- 
cessing; FMl00D Littleford-Lodige mixer. Key:  
plow speed X-X, 220 r.p.m.; m, 110 r.p.m. 


(separate trials). 


105 r 


TIME, min 


Fig. 3-Temperature of the mixer contents during 
processing; FMlOOD LittlefodLodige mixer. Key:  
plow speed X-X, 220 r.p.m.; w, 110 r.p.m. 


(separate trials). 
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Fig. 4-Littleford-Lodige mixer, model FKMGOOD, 
showing plows, chopper heads, and liquid input tubes. 


stalled at the end of one liquid input tube extending 
into the mixing chamber. 


The mixer was charged with 300 kg. of the same 
effervescent formulation which was used in the 
preceding trials. Mixing was initiated with both 
chopper units operating. Plow speed was adjusted 
to 110 r.p.m. and the drive-motor current demand 
was recorded a t  regular intervals. The temperature 
in the mixer was also recorded throughout the run 
(Figs. 5 and 6). As noted in experiments using the 
FMlOOD Lodige mixer, the temperature and time 
relationship was relatively linear. The fusion re- 
action began after the material had mixed for 10 min. 
as indicated by the increase in the current required. 


The granulation developed the desired consistency 
after 13 min., a t  which time the temperature was 
42' (109'F.) and the drive-motor current demand 
had reached 32 amp. The granulation was then dis- 
charged from the mixer, spread on trays, allowed to 
cool to room temperature to slow the fusion re- 
action, and dried. 


DISCUSSION 


These data illustrate an interesting difference in 
the power requirement between the FMlOOD and 
FKM6OOD Lodige mixers during the granulating 
cycle. The current demand of the smaller unit was 
constant until the fusion reaction began to take 
place. With the large mixer, however, current 
demand at the beginning of the the cycle was high, 
then dropped gradually until the fusion reaction 
caused a return to the initial level. No attempt 
has been made to  investigate this observation, but 
it is surmised that changes in interparticular friction 
due to attrition, increasing mix homogeneity, and 
free moisture level may be involved. 


The most critical decision to be made during the 
preparation of effervescent granules by the fusion 
method, regardless of the system being utilized, is 
the determination of the point at which to terminate 
the massing reaction. Human judgment must still 
be relied upon, but operator experience is less im- 
portant when the Lodige mixer is used for the 
processing. The onset and extent of the reaction 
can be monitored by observation of the variation 
in current required by the mixer. A terminal amper- 
age which yields granulations having the desired 
characteristics can be established using information 


from a number of trial batches. This value, how- 
ever, will be a valid indication of the reaction state 
of the granulation only if other factors which affect 
drive-motor current demand are held constant. 
These factors include plow speed, batch size, and 
product composition. 


The terminal temperature and the total mix time 
have been observed to  vary signscantly from batch 
to batch. Therefore, these were not considered t o  
be dependable indicators of the extent of the fusion 
reaction. 


Empirical decisions can still be made by the opera- 
tor if he questions the condition of a particular batch. 
He may discharge and examine small quantities of 
material from the mixer while i t  continues in opera- 
tion. 


The Lodige mixer combines into one operation the 
blending of raw materials and the heating to initiate 
the fusion reaction. Wet screening of the mass is 
often eliminated. Since the mixer is equally suited 
to the preparation of standard wet granulations and 
dry blends, it  need not remain idle when production 
of effervescent products is not underway. Although 
the method described in this paper is strictly a 
batch operation, effervescent formulations have been 


I ,  


80: 2 4 6 's * I b '  12 ' 1: 
TIME, min. 


Fig. 5-Temperature of the mixer contents during 
processing; FKMGOOD Littleford-Lodige mixer. 


401 35 


l5 t 
10: * ; . 4  . 6 . 8 .  l o .  r2 ' 1: 


TIME, min 


Fig. 6-Drive motor current demand during process- 
ing; FKMGOOD Littleford-Lodige mixer. 
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- 
plant and production models, was discussed with 
illustrated examples. Advantages of the procedure, 
which reouires neither an external heat source nor 
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routinely blended and granulated at the rate of 
700 kg./hr. using a single model FKMGOOD Lodige 
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SUMMARY 


a granulating solution, were presented on the basis 
of both development and production experience. 


A new approach to the preparation of effervescent 
granules by the fusion method has been described. 
The use of Littleford-Lodiae mixers. both d o t  


Water of crystallization-moisture source 
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Evaluation of Tableting Tool Life Records 
By CHARLES J. SWART2 and JOACHIM ANSCHEL 


A study of tableting tool life records, accumulated over a period of 8 years, has 
served to develop and define relationships between tool performance and the many 
operating variables that exist in routine tablet production. The effects of these 
numerous factors on punch and die life have led to conclusions involving techniques 
for extending tool usability. Outstanding among these are narrowing of working 
tolerances for tools and extension of product runs on individual machines rather 


than frequent interchange of machine and tools. 


EGINNING IN 1959, performance records were B kept a t  Ciba on punches and dies in use with 
standard tableting machines. A previous pub- 
lication (1) describing all facets of a punch and 
die control program indicated the need for mr- 
relating these records of tool wear with many 
variables affecting compression. The tool life 
record keeping was briefly described in the same 
paper. These perfonnance records have now been 
collected for 8 years, and the results obtained 
represent several billion compressions. This 
paper will review and evaluate the information 
derived from these records and attempt to define 
relationships which may be of practical value to 
research and production technologists. 


Specially designed record cards for sets of 
punches and dies (Fig. 1) were maintained in the 
Pharmaceutical Manufacturing Division and re- 
viewed jointly by Pharmacy Research and De- 
velopment and Production personnel. The cards 
contain information on (a) the total number of 
tablets compressed with any given set of tools, 
(b) the product prepared, (c) the machines the 


tools were used with, (d)  the type of steel, (e )  
the dies employed, and (f) the reasons for which 
the tools were eventually discarded. Cards were 
also kept for the tablet compressing machines 
with which these tools were used. The record 
cards further proved helpful for in-use inventory 
control of tools since they serve as a concise sum- 
mary of available stock. 


EXAMINATION OF RECORDS 


The record cards disclosed the principal reasons for 
termination of punch use which included damages to 
the tips and heads, rolled-in or burred edges, pitted 
faces, worn or distorted monograms, distorted or 
flattened bisections, undersized tip lands, and scored, 
pitted heads. Less frequent reasons for termination 
of use were distortions and eccentricities of the barrel 
(shank). Examination of die records showed that 
badly worn and scored die bores were the main rea- 
sons for rejection after use. On the other hand, car- 
bide-lined dies outlived their usefulness principally 
as a result of distortion and burring of the die screw 
groove. 


EFFECTS OF VARIABLES ON 
LIFE OF PUNCHES 


Received May 22,1968. from the Development and Control 
Department, Ciba Pharmaceutical Company. Summit, NJ 
07901 


Accepted for publication July 25, 1968. 
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The records show tha t  some of the damage to tools 
can be attributed to normal wear, while other con- 
tributory variables are not related to regular opera- 
tion. The effects of these variables will be discussed 
in the following section. 








Vol. 57, No. 11, November 1968 


TABLE I-ASSAY PROCEDURE FOR MTX 


Paper Column 
Lot" Chromatography Chromatography 


2003 


A0301 88.8,87.9,88.5, 88.8, 91.7.89.7 
87.5, 88.3 


Av. %, 88.2 Av. %, 90.1 
8105 91.5, 90.2 91.5 


In Formulated Samples 
250-mg. lyo vialsb 


Vial 
N O .  mg. MTX/vial, av. mg. MTX/vial, av. 


1 227, 225, 230 (227) 240, 226 (233) 
2 230, 225 (228) 228, 236 (232) 
3 225, 229 (227) 228 


50-mg. lyo vialsC 
UV Assay, mg. 


1 47.2, 48.0, 47.8 (47.7) 47.1 
2 48.3, 46.7,47.2 (47.4) 47.0 
3 47.2, 49.2. 46.6 (47.7) 47.4 
4 47.2; 48.5; 48.4 (48.oj 47.8 


a Received from Cancer Chemotherapy National Service 
Center. *The lyo vials contained MTX as the sodium salt, 
86 mg. of sodium chloride, and a small amount of sodium 
hydroxide. 'The lyo vials contained MTX as the sodium 
salt, 34.4 mg. sodium chloride, 3.2 mg. methylparaben, 
0.8 mg. propylparaben, and a small amount of sodium 
hydroxide. 


of MTX from these contaminants and as a result 
the accuracy of the assay is enhanced. Agreement 
between the paper and column method is obtained 
if the first and last tube of the MTX band eluted 
from the column are eliminated. These tubes con- 
tain the fluorescent contaminants seen on the papers. 


The total recovery of MTX from the chromato- 
gram and evidence that no deterioration QCCUTS 
during a run is illustrated by the analysis of a chro- 
matographically homogeneous sample.& The com- 
parison of the UV of the bulk with the UV of the 
band removed from the paper showed a 99.7% 
recovery (average of four runs). 


REFERENCES 
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Heterocyclic Amines V. Electrophilic Substitution in Some 
Carbamate Derivatives of 3-Aminothiophene 


By EMERY W. BRUNETT* and WALTER C. MCCARTHY 


t-Butyl N- (3-thieny1)carbamate has been brominated, and neopentyl N- (3-thienyl) 
carbamate has been chlorinated, brominated, iodinated, acetylated, nitrated, and 
coupled with a diazonium salt. In all cases the incoming substituent was shown 


by NMR spectrum to be in the 2-position. 


ARIOUS ELECTROPHILIC substitution reactions V were investigated for some carbamate deriva- 
tives of 3-aminothiophene in order to determine 
suitable conditions for such reactions with these 
sensitive compounds, and to confirm the orientation 
of the incoming group. 


t-Butyl N-(3-thienyl)carbdmate (1) was smoothly 
brominated in the 2-position with N-bromosuccini- 
mide. Similarly, the neopentyl ester (1) could be 
chlorinated, brominated, or iodinated with the 
corresponding N-halosuccinimides. The neopentyl 
ester was acetylated under mild conditions using 
only acetic anhydride and acetic acid. Attempted 
nitration of the neopentyl ester with nitric acid in 
acetic anhydride, as used by Campaigne (2) t o  
nitrate the similar 3-acetamidothiophene, gave only 
tar, but the nitration could be effected in good 
yield by Anderson's (3) reagent, cupric nitrate in 
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acetic anhydride. The neopentyl ester also coupled 
readily with sodium p-nitrobenzenediazotate. In 
all cases the incoming substituent was shown by 
NMR spectrum to be in the 2-position. 


EXPERIMENTAL' 


t-Butyl N-(2-bromo-J-thienyl)carbamate-From 
4.0 g. (0.02 mole) of t-butyl N-(3-thienyl)carbamdte 
(1) and 3.6 g. (0.02 mole) of N-bromosuccinirnide 
refluxed in carbon tetrachloride for 2 hr., after the 
usual workup of filtration, extraction with water 
t o  remove succinimide, evaporation of solvent, 
decolorization with carbon, and recrystallization 
from dilute alcohol, there was obtained a yield of 
3.54 g. (64%), m.p. 69.5-71°, NMR spectrum in 
CClr: 7 = 8.46 (s, CH3, 9H), 3.46 (broad peak, 
NH, lH), 2.81 (d, 4-H of ring, IH), 2.37 (d, 5-H 
of ring, 1H) J45 = 5.8 C.P.S. 


Anal.-Calcd. for C8Hl2BrNO2S: C, 38.86; H, 
4.35; Br, 28.73; N, 5.04; 0, 11.50; S, 11.54. 


1 All of the analyses reported in this paper were performed 
in the laboi-atories of Dr. Alfred Bernhdrdl, Miilhcim. Gcr- 
many. 
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Found: C, 38.99; H, 4.43; Br, 28.60; N, 4.97; 
0, 11.48; S, 11.65. 


Neopentyl N - (2 - bromo - 3 - thieny1)carbamate- 
From 2.13 g. (0.01 mole) of neopentyl W(3-thienyl)- 
carbamate (1) and 1.78 g. (0.01 mole) of N-bromo- 
succinimide refluxed in carbon tetrachloride for 2 
hr., after the usual workup as indicated for the 
t-butyl ester above, and recrystallization from 
dilute alcohol, there was obtained a yield of 1.8 g. 
(say!), m.p. 81-81.5', NMR spectrum in ce l l :  


(broad peak, NH, lH),  2.87 (d, 4H of ring, IH), 
2.46 (d, 5-H of ring, 1H); J 4 5  = 6c.p.s. 


And-Calcd. for CloH~4BrNOzS: C, 41.10; H,  
4.83; Br, 27.35; N, 4.79; 0, 10.95; S, 10.97. 
Found: C, 41.06; H, 4.67; Br, 27.19; N, 4.81; 
0, 11.04; S, 11.13. 


Neopentyl N-(2-chloro-3-thienyl)carbamate-A 
solution of 2.13 g. (0.01 mole) of neopentyl N-(3- 
thieny1)carbamate (1) in 50 ml. of chloroform was 
heated to boiling and 1.135 g. (0.01 mole) of N- 
chlorosuccinimide was added in small portions. The 
mixture was heated under reflux for 2 hr. The 
succinimide was removed by extraction with water, 
and the dried chloroform layer was evaporated. 
The residue was decolorized with charcoal and re- 
crystallized from dilute alcohol to give a 1.8 g. 
(73%) yield, m.p. 86-87", NMR spectrum in ccl4: 
7 = 9.03 (s, CHa, 9H), 6.16 (s, CH2, 2H), 3.25 
(broad peak, NH, l H ) ,  3.01 (d, 4-H of ring, IH), 
2.43 (d, 5-H of ring, 1H); J 4 5  = 6 C.P.S. 


And-Calcd. for 6oHlrCINOZS: C, 48.48; 
H, 5.70; C1, 14.31; N, 5.65; 0, 12.98; S, 12.94. 
Found: C, 48.38; H, 5.73; C1, 14.11; N, 5.67; 
0,13.13; S, 13.10. 


Neopentyl N-(2-iodo-3-thienyl)carbamate-Fol- 
lowing a method similar to that for the cor- 
responding bromo compound, there was obtained 
from 1.292 g. (0.006 mole) of neopentyl N-(3- 
thieny1)carbamate (1) and 1.364 g. (0.006 mole) of 
N-iodosuccinimide, after decolorization of the 
product with charcoal and recrystallization from 
dilute alcohol, 1.4 g. (69%) of white crystals, m.p. 
81-82", Attempted drying of these crystals in a 
drying pistol under vacuum over phosphorus pent- 
oxide overnight resulted in decomposition with 
blackening, but the crystals could be suitably dried 
in the dark over activated alumina. Because this 
compound decomposed en route on sending a sample 
abroad for the customary elemental analysis, it  was 
identified solely by means of its NMR spectrum in 


3.38 (broad peak, NH, IH),  2.62 (d, 4-H of ring, 
IH), 2.49 (d, 5-H of ring, 1H); J 4 5  = 5.8c.p.s. 


Neopentyl N-(2-nitro-3- thieny1)carbamate-A 
solution of 0.533 g. (2.5 mmoles) of neopentyl N- 
(3-thieny1)carbamate (1) in 15 ml. of acetic an- 
hydride was cooled to dry ice-acetone temperature 
and to  this was added over a 10-min. period, a 
solution of 0.64 g. (2.65 mmoles) of cupric nitrate 
trihydrate (3) in 33 1111. of acetic anhydride. The 
cooling bath was removed and the reaction was 
allowed to  proceed for '75 min. longer with gradual 
warming to room temperature. The color of the 
reaction mixture changed from blue to green. Water 
(50 nil.) was added arid stirring was continued for an 
additional 10 min. The reaction mixture was 
shaken with 300 nil. of distilled water and this 
solution was extracted with threc 50-1111. portions of 


T = 9.03 (s, CH3, 9H), 6.17 ( s ,  CHz, 2H), 3.37 


CCl4: 7 = 9.01 (s, CHI, 9H), 6.12 (s, CH2, 2H), 
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dichloromethane. The combined organic extracts 
were washed with dilute ammonium hydroxide and 
then with water. The organic layer was dried over 
anhydrous magnesium sulfate and then evaporated 
to dryness. The residue was recrystallized from 
dilute alcohol to  give 0.51 g. (79%) of pale yellow 
crystals, m.p. 98.5-100°, NMR spectrum in CC14: 


4-H of ring, lH), 2.14 (d, 5-H of ring, IH), 0.52 
(broad peak, NH, IH); J ~ S  = 6.0 C.P.S. 


And-Calcd. for CIOHI~NZO& C, 46.50; H, 
5.46; N, 10.85; 0, 24.78; S, 12.41. Found: C, 
46.43; H, 5.95; N, 10.73; 0,24.88; S, 12.54. 


Neopentyl N-(Z-acety1-3-thienyl)carbamate-A 
mixture of 2.13 g. (0.01 mole) of neopentyl N-(3- 
thieny1)carbamate (I), 4 g. of acetic anhydride, and 
4 g. of glacial acetic acid was warmed to effect 
solution of the carbamate and stirred for 18 hr. The 
mixture was poured into water to destroy the excess 
acetic anhydride and the product was extracted 
with ether. The ether extract was washed with 
sodium bicarbonate solution, dried over anhydrous 
sodium carbonate, and evaporated to dryness. The 
residue was decolorized with charcoal and crystal- 
lized from dilute alcohol. The NMR spectrum of 
this material indicated that it was a mixture of 
starting material and acetylated product, but at- 
tempts at fractional crystallization to purify the 
product were unsuccessful. This material, dissolved 
in petroleum ether, was chromatographed on 90 g. 
of aluminum oxide. Elution with 250 ml. of carbon 
tetrachloride and evaporation of the ,eluate gave a 
white crystalline product, which after recrystalliza- 
tion from dilute ethanol, showed a yield of 0.59 g. 
(237,), m.p. 99-100", NMR spectrum in CCl4: 
T = 9.01 ( s ,  CH3, 9H), 7.62 (s, CHICO, 3H), 6.17 
(s, CHZ, 2H), 2.67 (d, 4-H of ring, lH),  2.11 (d, 5-H 
of ring, IH), -0.3 (broad peak, NH, 1H); Jaj = 5.5 
C.P.S. 


And-Calcd. for CIZHIPNOBS: C, 56.45; H, 
6.71; N, 5.49; 0, 18.80; S, 12.56. Found: C, 
56.34; H,  6.69; N, 5.41; 0, 18.91; S, 12.44. 


Neopentyl N-(2-p-nitrobenzeneazo-3-thienyl) 
carbarnate-A suspension of 0.565 g. (3 mmoles) of 
sodium p-nitrobenzene-antidiazotate (4) in 3 nil. of 
distilled water plus 4.5 g. of glacial acetic acid was 
added with stirring to a solution of 0.533 g. (2.5 
mmoles) of neopentyl N-(3-thienyl)-carbamate (1 ) 
in glacial acetic acid. A red-orange precipitate 
began to form at once. The reaction mixture was 
stirred for 0.5 hr., 15 ml. of water was added, the 
precipitate was collected by filtration under suction, 
washed with 10 ml. of 50% alcohol and then with 3 
nil. of 95y0 alcohol. Drying in a vacuum desiccator 
gave a yield of 0.61 g. (67%). After recrystalliza- 
tion from dilute alcohol, the orange crystals melted 
at 167-168", NMR spectrum in ccl4: T = 8.97 
(s, CHI, 9H), 6.06 (s, CHz, 2H), unresolved spectrum 
in lower field with apparent multiplets centered at  
2.19 and 1.73 (benzene protons) and doublets at 
2.50 and 2.15 (thiophene protons); 


Anal.-Calcd. for C I ~ H I ~ N ~ O ~ S :  C, 53.03; H, 
5.01; N, 15.46; 0, 17.66; S, 8.85. Found: C, 
53.15;H,5.13;N, 15.61;0, 1i.52;S,9.01. 


T = 9.00 (s, CH,, 9H), 6.12 (s, CH2, ZH), 2.63 (d, 


= 6 C.P.S. 
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Cumulative Lethal Dose of Alcohol in Mice 
Given Amitriptyline 


By GERALD MILNER 


Because of the continued social use of alcohol and the wide rescription of ethical 
psychotro ic drugs, it  is essential to  test for possible drug-aEohol interactions. It 
was fount tha t  pretreatment with amitriptyline ( 5 0  mg./kg.) significantly potenti- 
ated the toxic effects of multiple doses of alcohol when these were given at two 
hourly intervals. Thirty mice given amitriptyline required significantly fewer doses 
of alcohol to produce death than was the case i n  groups of mice which had been 


given placebo in  place of amitriptyline. 


HE PSYCHOTROPIC DRUGS are being more widely T prescribed and, as most adults drink alcohol, 
adverse effects may occur due to drugalcohol inter- 
action. It is possible to  test for and predict such 
interaction by animal studies. Adequately de- 
signed, reproducible tests should form part of the 
screening and preliminary evaluation of all new 
drugs. 


A method of testing the effects of chronic treat- 
ment with psychotropic drugs on the acute toxicity 
of other agents was described by Meyers, Kanyuck, 
and Anderson (1). They used adult rats which had 
been maintained on a diet containing 0.047, nor- 
triptyline HCl or 0.0470 amitriptyline HCl. Five 
animals from each group were used for interaction 
tests. Doses of the challenging agent were given 
intraperitoneally every 30 min. to the control and 
thymoleptic pretreated rats, until death occurred. 
A cumulative lethal dose (CLD) for the challenging 
agent was then computed for the individual animals 
by multiplying the amount of drug (dose in mg./kg.) 
by the number of doses required to produce death. 
An index of interaction was later established by 
dividing the geometric mean of CLD values for the 
control animals by the geometric mean of CLD’s in 
each of the thymoleptic pretreated groups. An 
interaction index significantly larger than 1.00 in- 
dicated a synergistic interaction. Meyers et al. did 
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not find evidence of potentiation of toxicity of alco- 
hol by either amitriptyline or nortriptyline in rats. 
Other studies involving measures of “length of loss of 
righting reflexes” and lethal dose levels have indi- 
cated that  amitriptyline may add to the sedative and 
toxic effects of alcohol in mice and humans (2-4). 
This paper describes a study of the CLD of alcohol in 
mice given a single dose of amitriptyline. 


METHOD 


Adult albino mice (from the strain bred by the Ln- 
stitute of Medical and Veterinary Science, Adelaide, 
South Australia) were arranged in six groups of 10. 
Three of the groups were given 50 mg./kg. amitrip- 
tyline and three a placebo solution (water equal in 
volume to  the amitriptyline solution). The mice 
were then dosed a t  two hourly intervals with a solu- 
tion of alcohol. All treatments were administered 
orally. Four of the groups receiving the multiple 
doses of alcohol were given 12.5 ml./kg. 25%; the 
others were given 10 ml./kg. 25% alcohol. The 
mice were observed in individual rodent observation 
chambers ( 5 )  for loss of righting reflexes and time of 
death. The results were tested by Fisher’s analysis 
of variance technique. 


RESULTS 
In  a group of 10 mice given amitriptyline and 


multiple doses of 10 ml./kg. 250/, alcohol, the average 
number of doses of alcohol required to cause death 
was 4.0; in the corresponding group given a placebo 
in place of amitriptyline, the average number of 
doses required to cause death was 6.1 (see Table I). 
This interaction index of 1.5 is significant a t  the 1% 
level (see Table 11). 


I n  the 20 mice given amitriptyline plus multiple 
doses of 12.5 ml./kg. 257, alcohol the average 
number of doses required to cause death was two; 
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Editor-in- 
Chief, HAMAO UMEZAWA. University Park Press, 
115 Chamber of Commerce Bldg., Baltimore, 
M D  21202, 1967. 18 X 26 cm. 
Price $49.50. 
This book is a listing of the antibiotics isolated 


from actinomycetes up to  1966. The tint chapter, 
in tabular form, is a list of all of these antibiotics, 
together with their synonyms, the group to which 
they belong, their source(s), and their activities. 
Chapter I1 contains detailed descriptions of ap- 
proximately 700 of these antibiotics. The descrip- 
tion for each of the antibiotics includes the following 
information: group; identical with; similar to; 
produced by; isolation (describes the first steps of 
the procedure); nature describing the acid, base, 
appearance, and solubility in water; analysis yo 
(generally based on the reporter’s found values); 
active against (microorganisms inhibited a t  less 
than 100 mcg. per ml. and other biological activities); 
melting point; [CY]D; molecular weight; formula; 
UV max.; LD; IR (some with spectra); and 
references. Information is also given in tables 
which may help researchers identify isolated anti- 
biotics-melting point and decomposition point, 
UV absorption, elemental analysis, toxicity, and 
producing organisms. 


Staf review 


Index of AntibwLics from Adinom ycetes. 


xi + 940 pp. 


Titrafwn in Nonaqueous Mdiu.  By I. GYENES. 
English translation edited by D. COEIEN and I. T. 
MILLAIL. Iliffe Books Ltd., London, England, US.  
publisher: D. Van Nostrand Co., Inc., 120 
Alexander St., Princeton, N.J., 1968. xiii X 
460 pp. 17 X 24.5 cm. Price 75s approx. $9.00 
This is a book of more than 450 pages and 31 chap- 


ters, which has been translated to  English from the 
original in Hungarian. The translation has been 
well edited and with the exception of a few technical 
terms such as “lyonium-lyate,” “carbenium ion,” and 
“triphenylmethylcarbinol” which are not commonly 
used in North America, it can be considered to be 
well done. 


Chapter one deals thoroughly with the Bronsted- 
Lowry theory and the Lewis concept of acids and 
bases. Brief but adequate mention is made of other 
theories. Chapters two and three, respectively, are 
concerned with the strengths of acids and bases and a 
learned discussion is presented on the means of deter- 
mining their relative strengths in nonaqueous media. 
Chapter four discusses the structure relationship to  
pK values and half-neutralization potentials. In  
addition, the effect of resonance and steric hindrance 
on the strength of acids and bases is included. 
Chapters five to eight inclusive are concerned with 
solvents in nonaqueous titrimetry. The topics in- 
clude the general properties of solvents, a classifica- 
tion of the solvents, together with their dipole mo- 
ments, their chemical and physicochemical char- 
acteristics, as well as the drying of solvents. Chap- 
ters nine to eleven deal with acidic titrants, basic 
titrants, and rarely used titrants, respectively. 
Determination of end points by potentiometry is well 
discussed in chapter 12, while chapters 13 and 14 
present a thorough treatment of visual and photo- 
metric end point detection, respectively. Chapters 
15 to 25 deal with the methods of determining an im- 
posing number of substances according to their func- 
tional group classification. These include a large 
variety of acids and acidic substances such as acid 
anhydrides, acyl halides, enolic hydroxyl, and imide 
groups as well as many others. In addition, several 
of the chapters are devoted to the analysis of many 
nitrogenous organic bases and their salts. Chapters 
96 to 29 are concerned with the determination of 
particular functional groups such as carbonyl, 
multiple bonds and sulfur-containing compounds. 
The remaining three chapters deal briefly with the 
following specialized topics: redox titrations in non- 
aqueous media; titrations with complex formation ; 
and determination of the alkoxyl group, carbonic 
acid, esters, substituted phosphines, organosilicon 
compounds. 


The book contains 898 references which are con- 
cerned with the theory and application of nonaque- 
ous techniques. These are cross-indexed and 
grouped according to author. 


While this book has a few minor shortcomings, it is 
an excellent treatise on nonaqueous titrimetry and is 
a must for the library of anyone who is interested in 
this field. 


Rewiewed by Leslie G. Chatten 
Faculty of Pharmacy 
University of Alberta 
Edmonton, Albertu 
Can& 
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Amino Acid Determination: Methods and Tech- 
niques. By S. BLACKBURN. Marcel Dekker, 
Inc., 95 Madison Ave., New York, NY 10016, 
1968. xi + 271 pp. 15.5 X 23 cm. Price 
$12.50. 


American Drug Index 1967. Edited by CHARLES 0. 
WILSON and TONY EVERETT JONES. J. B. Lippin- 
cott Co., East Washington Square, Philadelphia, 
PA 19105, 1968. 696 pp. 15.5 X 23 cm. Price 
$7.50. 


Interferon. Ciba Foundation Symposium. Edited 
by G. E. W. WOLSTENHOLME and MAEVE O’CON- 
NOR. Little, Brown and Co., 34 Beacon St., 
Boston, MA 02106, 1968. xiii + 271 pp. 16 X 
23.5 cm. Price $12.00. 


Decision Making i n  National Science Policy. Ciba 
Foundation Symposium. Edited by ANTHONY 
DE REUCK, MAURICE GOLDSMITH, and JULIE 
KNIGHT. Little, Brown and Co., 34 Beacon St., 
Boston, MA 02106, 1968. xiii + 310 pp. 16 X 
23.5 cm. Price $12.00. 


Treatise on Analytical Chemistry. Part I :  Theory 
and Practice. Vol. 7. Section D-4, Classical 
Physical Methods. Edited by I. M. KOLTHOFF 
and P. J. ELVING. Interscience Publishers, Inc. 
605 Third Ave., New York, NY 10016,1967. 300 
pages approx. 16.5 X 24 cm. Price $16.75. 
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Long-Range Spin-Spin Coupling in 
Bicyclo[3.l.O]hexane Systems 


By ROGER C. BRIDEN, EDWARD E. SMISSMAN*, and MARY WEIR CREESE 


The NMR parameters of 3-bromo-bicyclo[3.1.O]hexan-4-one-l-carboxylic acid 
ethylene ketal and ethyl bicyclo [ 3.1.01 hex-Z-ene-4-one-l-carboxplate have been 
recorded and the chemical shifts of all protons assigned. Both of these com- 


pounds show interesting cases of long-range spin-spin coupling. 


ONG-RANGE 'H-lH spin-spin coupling in 
general (1, 2), and coupling through 4-a 


bonds in particular (3-6), are receiving increasing 
attention. Two features are apparent in com- 
pounds exhibiting 4-a bond coupling: first, the 
compounds have well-defined stereochemistry re- 
sulting from the rigidity of the molecule due to a 
fixed or preferred conformation; second, the 
H-C-C-C-H skeleton through which the 
protons are coupled exists in a \/\/con- 
figuration. 


The magnitudes of the coupling constants re- 
ported for 4-a bond coupling range from less than 
1 to about 7 c.P.s., with values of 1-2 C.P.S. being 
most common. Some examples of compounds 
in which long-range 4-a bond coupling has been 
observed are shown by 1,2, and 3 (4-6). 


H H 


H n 


J'6.7 HZ Jr3-4 HI 4.1.4 nz 
I 2. 3 


The authors liave observed long-range 4-u bond 
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coupling in 3-bromo-bicyclo [3.1 .O]hexan-4-one-1- 
carboxylic acid ethylene ketal (4) and in ethyl 
bicyclo [3.1.0]hex-2-ene-4-one-l-carboxylate (5). 


- 4 2 
The 100-Mc.p.s. spectrum of 4 is shown in Fig. 1. 
The coupling constants and chemical shift values 
determined from this spectrum are listed in 
Table I. 


RESULTS AND DISCUSSION 


The ethylene ketal resonance is assigned to the 
3.88-6 absorption on the basis of its four-proton 


5.0 4.0 3.0 2.0 1.0 
p.p.m.. 6 


Fig. 1-100-Mc.p.s. spectrum of 4. 
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TABLE I-NMR PARAMETERS 


I Proton Chemical Shifts. I 
Compd. €I- 1 H-2 H-3 H-4 H-5 H-6 


4 -  4.08 2.10 1.57 1.79 2.15 3.07 
5 5.67 2.76 2.17 1.82 7.87 


Coupling Constants, C.P.S. 
Geminal Vicinal Long-Range 


4 1-34 = 5.5 J-15 = 4.0 J-12 = 1 . 5  


5 


J-56 = 15.0 


J-43 = 3.0 


J-16 = 8.5 
J-23 = 9.5  
5-24 = 5.5 
J-15 = 5.5 
J-24 = 4 . 5  
J-23 = 8 . 5  


J-36 = 1 . 5  


J-12 = 1 . 0  


integration and its field position. The 4.08-6 
absorption is assigned to H-1 as this proton is on a 
bromine-bearing carbon and thus will absorb furthest 
downfield. H-1 is coupled to  three other protons 
with coupling constants of 8.5, 4.0, and 1.5 C.P.S. 
The dihedral angle between H-1 and H-6 is 0", while 
that between H-1 and H-5 is 120". The modified 
Karplus plot allows the predication that J-16 should 
be about 10 C.P.S. and 5-15 about 4 C.P.S. (7). There- 
fore, the observed coupling constants 8.5 and 4.0 
C.P.S. have been assigned as J-16 and J-15, respec- 
tively. The 1.5-C.P.S. splitting is assigned to long- 
range coupling between H-1 and H-2 based on the 
magnitude of the coupling, the observed W 
configuration of the HI-C-C-C-H, system, and 
the absence of another proton in the molecule to  
which this coupling can reasonably be assigned. 
Double resonance experiments (Figs. 2b and 3b) indi- 
cate that the proton (H-2) which is responsible for 
this 1.5-c.p.s. splitting lies in the upfield portion of 
the 2.1-6 multiplet. The lack of clean decoupling for 
protons H-1 and H-6 when irradiating H2 (Fig. 2b) 
may be attributed to the proximity of the H-5 res- 
onance to the point of irradiation and possibly to  
virtual spin-spin decoupling of H-6 through H-1. 


The proton resonance at  3.07 6 is coupled t o  three 
other protons with J values of 15.0, 8.5, and 1.5 
C.P.S. Proton H-6 is assigned to  this absorption 
because of the observed 8.5-C.P.S. coupling between 
H-1 and H-6. The 15.0-C.P.S. coupling is reasonable 
for geminal coupling (8) and is probably negative 
in sign. This coupling is assigned as 1-65. The 
remaining 1.5 C.P.S. coupling can be assigned to  
long-range coupling between H-6 and either H-2 or 
H-3 as both 5-atom systems exist in a w con- 
figuration. Double-resonance experiments (Figs. 
2u and 313) show that this 1.5-c.p.s. splitting results 
from coupling to  the proton absorbing at 1.6 6. 
As double resonance techniques have indicated that 
H-2 absorbs in the 2.14 region, this 1.5c.p.s. 


,#"" -.". - 
Fi . 2--100-Mc.p.s. spectrum of 4. 


coupling atid the 1.64 absorption are assigned to 


Proton H-3 is coupled to three other protons with 
coupling constants of 9.5, 5.5, and 1.5 C.P.S. The 
1.5-c.p.s. splitting has been assigned as J-36. 
The J values of 9.5 C.P.S. and 5.5 C.P.S. agree with 
those reported for cis and geminal coupling on 
cyclopropane rings (8). These couplings are as- 
signed as /-32 = 9.5 C.P.S. and J-34 = 5.5 C.P.S. 


The 2.1-6 resonance can be divided into two parts: 
one part shows coupling to two other protons with 
J values of 15.0 C.P.S. and 4.0 C.P.S. Proton H-5 
is assigned t o  this part because of its 15.0-C.P.S. 
coupling to  H-6. The coupling constants are 
assigned as J-56 = 15.0 C.P.S. and J-51 = 4.0 C.P.S. 


Because of its 9.5c.p.s. coupling constant and 
double resonance experiments, the second part of 
the 2.1-6 multiplet is assigned to  H-2. The observed 
coupling constants of 9.5, 5.5, and 1.5 C.P.S. are 
assigned as 5-23 = 9.5 c.P.s., 5-24 = 5.5 c.P.s., 
and J-21 = 1.5c.p.s. 


The final multiplet in the spectrum at 1.79 6 is 
assigned to  H-4. The coupling constants are as- 
signed as 5-43 = 5.5 C.P.S. and 5-42 = 5.5 C.P.S. 


The 60-Mc.p.s. spectrum of 5 is shown in Fig. 4, 
and the chemical shifts and coupling constants are 
listed in Table I. The one-proton doublet a t  7.87 
6 is assigned t o  H-5 because the j3-olefinic proton of 
an a,p-unsaturated ketone, cyclic or acyclic, usually 
lies further downfield than the a-olefinic proton (9). 


H-3. 


Fig. 3--1OO-Mc.p.s. spectrum of 4. 


8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
p.p.m., a 


Fig. 4 4 0 - M c . p . s .  speclrum of 5. 
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The 5.5c.p.s. splitting is due to vicinal coupling of 
H-5 with H-1. Proton H-1 is assigned to  the 5.67-6 
doublet which is further split. The 5.5c.p.s. 
coupling of this doublet of doublets is due t o  H-5, 
H-1 coupling while the 1.O-c.p.s. splitting is assigned 
to the long-range coupling of H-1 with H-2. The 
broad doublet of doublets at 2.76 is assigned to 
H-2, the 8.5-c.p.s. splitting being due t o  coupling 
between H-2 and H-3 which are cis to  one another. 
The coupling between the trans protons H-4 and 
H-2 is assigned to  the 4.5-c.p.s. splitting and the 
broadening of each peak t o  the long-range coupling 
of H-2 to  H-1. The two remaining oneproton 
multiplets at 2.17 6 and 1.82 6 are assigned t o  H-3 
and H-4, respectively. H-3 is coupled t o  H-2 by 
8.5 C.P.S. and to  H-4 by 3.0 C.P.S. H-4 is in like 
manner coupled to H-2 by 4.5 C.P.S. and to H-3 
by 3.0 C.P.S. The triplet at 1.30 6 and the quartet 
a t  4.18 6 are obviously due to the ethyl group of the 
ester. The 1.49-6 singlet is due to a tertbutyl group 
resonance, the tertbutyl ester having been formed 
by transesterification during the synthesis of 5 (10). 


The magnitudes of the vicinal coupling constants 
observed in these systems are in agreement with 
values reported previously for some substituted 
cyclopropanes by Graham and Rogers (8). In 
these systems they found that J-cis ranged from 
7.90 t o  9.33 C.P.S. and averaged 8.44 C.P.S. and that 
J-trans ranged from 5.28 t o  6.55 c.p.s and averaged 
5.68 C.P.S. The geminal coupling constant varied 
over a large range but the sum of J-cis + /-trans 4- 
J-gem was virtually constant at 20.68 t o  21.61 
C.P.S. The coupling constants observed for Com- 
pound 4 are J-cis = 9.5, J-trans = 5.5, and J-gem = 
5.5 c.P.s., giving a sum of 20.5 c.P.s., which is near 
the reported range, thus suggesting that the cyclc- 
propane system in this bicyclo compound is near 
normal. In Compound 5 the analogous coupling 
constants are 8.5, 4.5, and 3.0 c.P.s., respectively, 
giving a sum of 16 C.P.S. which is signiiicantly below 
the reported range. The low value of the geminal 
coupling constant (J-34) is of particular interest 
and probably results from a combination of effects 
among which should be included the sensitivity of 
geminal coupling to  the H-C-H bond angle and 
the substituent effects of the carbonyl and the 
double bond. 


Long-range coupling in Compound 4 occurs be- 
tween protons H-1 and H-2, and between H-6 and 
H-3. No coupling is observed between H-6 and 
H-2. The V\/ between H-1 and H-2 is similar 
but more planar than that formed between H-2 
and H-6. This, plus substituent effects (3, 11) may 
account for the absence of coupling between H-2 


and H-6. Compound 5 shows only one case of 
long-range coupling, that between H-1 and H-2. 
Although the Iackof long-range coupling between H-5 
and H-3 presumably results from a combination of 
a substituent and a steric effect caused by the 
introduction of the double bond, other effects are 
not ruled out. The absence of long-range coupling 
between H-5 and H-3 is clear from the half-band 
width of the H-3 resonance which is, within experi- 
mental error, the same as that  of the TMS resonance 
and the methylene quartet of the ethyl ester group. 


This bicyclo[3.1.0] hexane system (a),  which 
provides a n  example of relatively rare long-range 
coupling of cyclopropane hydrogens through 4 u  
bonds, also illustrates the utility of the commonly 
observed -/ configuration in long-range spin- 
spin coupling in assigning chemical shifts of closely 
related protons in such systems. 


EXPERIMENTAL 
The proton resonance spectra were obtained on 


Varian A-60 and HA-100 high-resolution NMR 
spectrometers. Chemical shifts are reported in 6. 
The 100-Mc.p.s. spectra were observed using benzene 
as the lock signal. Each sample was run as a 
10-1570 solution in deuterochloroform containing 
TMS as the internal reference. 
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of John Wiley 6 Sons, 605 Thud Ave., New Yorke 
NY 10016, 1967. 15.5 X 23 cm. 
Price $15.00. 


ix + 531 pp. 
While the change in emphasis would appear to be 


arbitrary and does lead to some duplication of 
material, this is not a serious diEculty. It does, 
however, serve to illustrate the completely in- 
dependent nature of individual chapters. Each 
review is designed to stand alone without cross 
references to other chapters nor is the progressive 
interchapter development of concepts attempted. 


It is evident from the chapter titles given above 
that material significant to a work on steroid anal- 
ysis is being covered. However, a real problem in 
balance must be raised. Forty percent of the pres- 
ent volume is devoted to the chapter on paper 
chromatography. This certainly is a t  the expense 
of other, a t  least equally as important, material 
such as the physical methods. One can only hope 
that thin-layer chromatography and column chro- 
matography will have its day in Volume 11. 


The editor has implied in his preface that the 
book is designed primarily for the biologist. For 
the most part, a format of general discussion of the 
technique followed by specific applications in the 
steroid area is employed and serves the biologist 
well. By necessity, the discussion of techniques 
are brief and serve essentially to introduce the sub- 
ject. It is, therefore, the use of steroid examples 
that recommends the book to not only the biologist 
but also to the analyst who lacks experience in the 
steroid field. 


R e u k e d  by Joseph E. Sinsheimer 
University of Michigan 
Ann Arbor, Mich. 
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- 
plant and production models, was discussed with 
illustrated examples. Advantages of the procedure, 
which reouires neither an external heat source nor 
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Effervescent 
Fusion method-ffervescent Products 


routinely blended and granulated at the rate of 
700 kg./hr. using a single model FKMGOOD Lodige 
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SUMMARY 


a granulating solution, were presented on the basis 
of both development and production experience. 


A new approach to the preparation of effervescent 
granules by the fusion method has been described. 
The use of Littleford-Lodiae mixers. both d o t  


Water of crystallization-moisture source 
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Evaluation of Tableting Tool Life Records 
By CHARLES J. SWART2 and JOACHIM ANSCHEL 


A study of tableting tool life records, accumulated over a period of 8 years, has 
served to develop and define relationships between tool performance and the many 
operating variables that exist in routine tablet production. The effects of these 
numerous factors on punch and die life have led to conclusions involving techniques 
for extending tool usability. Outstanding among these are narrowing of working 
tolerances for tools and extension of product runs on individual machines rather 


than frequent interchange of machine and tools. 


EGINNING IN 1959, performance records were B kept a t  Ciba on punches and dies in use with 
standard tableting machines. A previous pub- 
lication (1) describing all facets of a punch and 
die control program indicated the need for mr- 
relating these records of tool wear with many 
variables affecting compression. The tool life 
record keeping was briefly described in the same 
paper. These perfonnance records have now been 
collected for 8 years, and the results obtained 
represent several billion compressions. This 
paper will review and evaluate the information 
derived from these records and attempt to define 
relationships which may be of practical value to 
research and production technologists. 


Specially designed record cards for sets of 
punches and dies (Fig. 1) were maintained in the 
Pharmaceutical Manufacturing Division and re- 
viewed jointly by Pharmacy Research and De- 
velopment and Production personnel. The cards 
contain information on (a) the total number of 
tablets compressed with any given set of tools, 
(b) the product prepared, (c) the machines the 


tools were used with, (d)  the type of steel, (e )  
the dies employed, and (f) the reasons for which 
the tools were eventually discarded. Cards were 
also kept for the tablet compressing machines 
with which these tools were used. The record 
cards further proved helpful for in-use inventory 
control of tools since they serve as a concise sum- 
mary of available stock. 


EXAMINATION OF RECORDS 


The record cards disclosed the principal reasons for 
termination of punch use which included damages to 
the tips and heads, rolled-in or burred edges, pitted 
faces, worn or distorted monograms, distorted or 
flattened bisections, undersized tip lands, and scored, 
pitted heads. Less frequent reasons for termination 
of use were distortions and eccentricities of the barrel 
(shank). Examination of die records showed that 
badly worn and scored die bores were the main rea- 
sons for rejection after use. On the other hand, car- 
bide-lined dies outlived their usefulness principally 
as a result of distortion and burring of the die screw 
groove. 


EFFECTS OF VARIABLES ON 
LIFE OF PUNCHES 


Received May 22,1968. from the Development and Control 
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The records show tha t  some of the damage to tools 
can be attributed to normal wear, while other con- 
tributory variables are not related to regular opera- 
tion. The effects of these variables will be discussed 
in the following section. 
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PUNCH RECORD CARD 


1. Siz. 6. Uppr Face 11. soun 


3. k c h i m  8. No. Uppers 12. Pwcham adr 
2. Cwtrol No. 7. L o w  Fac. 


4. Dm. 9. No. L o r n s  13. Dbrinp h p t .  


5. Type 10. Type S t n l  .......................................................................................................................................................... 
14. Inspection Nmer and Comments: 


IS. Inspchd by: 16. A p p o d  by: .................................................................................................. ....................................................... 
17. Disposition 


18. Dm. 


20. Commmts: 


19. No. d Toblots Rodwnd 


CROO. I *O .  CHAW. 
21. Apporrd: 
m*”m . 


Fig. 1-Punch record card. 


Operating Variables-As machines become older, 
the clearances between moving parts become en- 
larged. These negative effects are tied to tool life 
performance and are reilected in the data on machine 
life. The primary reason for this reduction in tool 
life is probably centered around excessive clearances 
developed over years of usage. Enlarged dimensions 
show up most prominently in worn punch sockets, 
roughened cams which damage punch heads, or 
worn die pockets. After years of wear, the deflection 
of an uppcr punch at the die table can increase to 
more than double the value initially obtained in a 
new machine. 


Other detrimental effects may result from faulty 
lubrication of machines as well as neglect of other 
machine maintenance features. Cam design as well 
as cam track tolerances have a direct effect on wear 
but these factors are more difficult to document. It 
should be pointed out that the cams themselves can 
also fail because of unusual wear but these effects 
will not be documented here. 


Damage to  punch heads is usually due to machine 
failures for one or more of the following reasons: (a) 
defective weight adjustment cam, ( b )  excessive ejec- 
tion force, (c) tearing and friction resulting from 
lack of lubrication, (d) tight pressure rolls. 


Shape of Punch Tips-In evaluating the reasons 
for failure of the numerous punches involved in the 
study, the most common one was “rolled-in’’ punch 
tips. This was most evident in the relatively short 
life of flat-beveled edge, deep concave, and modiiied 
ball-shaped tools. To overcome part of the problem 
with flat-beveled edge punches, the addition of a 
O.OO&cm. (0.002 in.) blended-in flat on the punch tip 
edges has been found to increase the life of the tools. 


The condition of the dies employed in any com- 
pressing operation also has an important effect on 
punch tip life. In instances where punches are em- 
ployed with worn dies, granulation is very often ex- 
truded around the edges of the punches. The con- 
stant abrasion due to  powder extrusion will consid- 
erably accelerate tip wear. An insufficient or rough- 
ened die bore chamber will obviously play a large 
role in feathering the edges of the tips. Worn punch 
sockets in the upper punch guide bores also contrib- 
ute t o  setting up the “rolled-in” problem. 


Type of Steel Used-Although no definitive proof 
arose from an examination of the records, i t  can be 
assumed that the type of steel used and its treatment 
during processing can play an important role in ex- 
tending tool life. The hardness, carbon content, na- 
ture of heat treatment, and inherent structural fea- 
tures of the steel all have a role in determining the 
suitability of a particular steel for certain production 
needs. 


With one high volume product run on a 35station 
machine, four groups of punches manufactured from 
different types of steel were evaluated. At the end 
of the test period, which encompassed approximately 
1,900,000 compressions per punch, there was no di+ 
cernible difference in the wear noted on any of 
the tools. All four groups displayed tip damage to  
about the same extent. A larger sample would have 
to be studied in order to obtain any meaningful re- 
sults. 


Storage and Care of Tooling-Rusting and pitting 
of tool steel is a relatively frequent occurrence if 
proper preventive precautions are not taken. Care- 
ful maintenance of humidity control in the tool stor- 
age area is an excellent step in this direction. Fol- 
lowing routine use and prior to storage, the tools are 
cleaned ultrasonically, inspected visually, oiled 
down, and placed into specially constructed wooden 
tool boxes preventing direct contact between 
punches. Tools are reinspected at regular intervals 
by specially trained mechanics. The inspection 
includes selected dimensional checks in addition to  
hardness and visual observations for gross imperfec- 
tions. If required, recommendations for rework or 
destruction are made at these intervals. 


Effect of Granulation Characteristics-The na- 
ture of the granulation to be compressed is obviously 
a key variable in any evaluation of tool life. The rec- 
ords disclosed many examples of these effects. A 
tableting operation can be considered a three-com- 
ponent system consisting of machine, tools, and the 
granulation. Abrasion or corrosion by many of the 
chemicals involved were well established, and a few 
specific instances might serve to demonstrate this. 
In one clear illustration, i t  is possible to show the ef- 
fects on tool life if only the conditions of manufac- 
ture of the granulation were changed. Figure 2 
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ing and maintenance. It has been the authors’ exper- 
ience that this practice tends to increase punch life. 
Frequent removal of the punches from the machine 
and interchange of punches with different dies will 
increase the wear on the tools involved (Product B). 


Tool life in excess of 4 million tablets per punch 
(Product C with a mean of 2 million) was achieved 
by employing the punches with a newer tableting 
machine of improved design (Manesty Rotapress 
55). This machine has closer tolerances on the upper 
punch guides. As observed by stroboscopic light, 
punches on this higher speed machine seem to flow 
more smoothly through the cam tracks. Reduced 
vertical travel accommodates the rotational speeds 
required to produce up to 5,000 tablets/min. 


With an average tool life of 2.2 million compres- 
sions for Product D the extension from 1-2 million to 
2-3 million in some of the later sets of tools can be 
attributed to the replacement of the machine heads 
by specially designed ones with tighter punch socket 
clearances. This correlates well with the perfor- 
mance noted above with tooling for Product C. De- 
tails of this particular modification were reported in 
an earlier communication (1). 


3.O I 


GRANULATION 


Fig. 2-Tool life associated with change in granulating 
procedure. 


shows the average tool life before and after the mod- 
ification of the granulation procedure. An almost 
fourfold increase in tool life resulted on the same 
machine under similar pressure conditions. The sig- 
nificant change can, therefore, be wholly attributed 
to modification of the granulation technique. 


The variation in tool life from product to product 
can be noted in Fig. 3. With Product A, the punch 
life was consistently low, ranging between 0.3 and 0.7 
million compressions per tool. In this instance, the 
short life of the tools was found to be related to a 
combination of the properties of the product com- 
pressed and the deep concave shape of the punches 
used with carbide insert dies. The hygroscopic and 
acidic nature of the granulation further contributed 
to shortening the tool life. 


Machine Variable-Punches employed for the 
other products showed a large variation in tool life 
which is not as readily explained as for Product A. 
Products B and E in Fig. 3 provide an interesting 
comparison since the nature of the granules and ex- 
cipients is somewhat similar in both. One product 
(Product E) was compressed on the same tableting 
machine on a long-run basis with stops only for clean- 


EFFECTS OF VARIABLES ON DIE LIFE 


Although useful working life of dies varied consid- 
erably from product to product, it was much more 
consistent than that of punches within each product 
class. The records were not extensive enough for 
graphical representation, but several points of in- 
terest were noted. Die life ranged from 200 thou- 
sand to 12 million compressions per die and in all 
these instances dies were no longer usable when the 
wear rings (grooves) in the die bore became excessive. 
Carbide-lined dies, as expected, extended tool life 
by threefold or more but the effect of carbide-lined 
dies on punches must be weighed. As noted earlier, 
“rolled-in” tips were the main reason for punch fail- 
ure and constant honing of the punch tips on carbide 
insert dies accelerates this process. The weakest por- 
tion of the carbide insert die is its supporting steel 
casing. The act of repeated tightening of these dies 
into die tables causes burring of the die screw groove 
as well as eventual deformation in this area leading 
to “popping” of the dies during running of the 
presses. 


PRODUCT 


Fig. 3-Variation in average tool life for dsyerent 
products. 


DISCUSSION 


With many of the products studied, improvements 
in tool life were noted for more recent sets. There 
are many factors explaining these changes which 
have been described earlier. But as a result of the 
control program for incoming tools, it  has been pos- 
sible to consider the dimensional speciiications of the 
punches and dies to be constants. Changes to tighter 
tolerances on new machines seem to be the greatest 
contributing factor. The smoother flow pattern of 
upper punch movement in newer machines must cer- 
tainly aid in the extension of punch life. 


Tableting tools are manufactured in accordance 
with precise specifications and are readily damaged 
by improper handling. Machine operator careless- 
ness or lack of experience can contribute to a consid- 
erable reduction in tool life. On the other hand, bet- 
ter lubricants and improvements in tablet formula- 
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tion technology have increased the life span of tab- 


manufacture. Under optimum conditions, life rec- 
ords of controlled tableting tools can show the maxi- 
mum life expectancy of the equipment. When tool 
life is below these expected standards, reasons can 


be from the knowledge gained 
rather than just intuition. Benefits derived from the 
program have been substantial, and as a conse- 
quence, it will be continued as a valuable control pro- 
cedure. 
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Keeping and reviewing of tool life records can lead 


to considerable savings in time and money in tablet 
~ ~ & ~ ~ a ~ ~ & ~ ~ . ’  S ~ ~ ~ ~ 5 ~ ~ ~ i $ 6 ~ h e u s e r ’  ’” and 


Effect of Paralyzation with Dimethyltubocurarine on Cortical 
After-Discharge Duration 


By ROBERT N. STRAW 


Paralyzation with dimethyltubocurarine iodide increased the duration of cortical 
after-discharge in  a manner similar to  that previously re  orted for gallamine tri- 
ethiodide. The after-discharge duration was determine$ from EEG records ob- 


tained from cats fitted with electrodes. 


ARALYZATION WITH gallamine triethiodide, but P not with decamethionium bromide or succinyl- 
choline chloride, increases the duration of cortical 
after-discharge (1-3). The purpose of this investiga- 
tion was to examine the effects of paralyzation with 
dimethyltubocurarine iodide on after-discharge dura- 
tion. 


METHODS 
Five adult cats of both sexes were used in these 


experiments. Stainless steel screw electrodes were 
threaded into the skull under sodium pentobarbital 
anesthesia as previously described (1, 3). Prelimi- 
nary trials to  determine the threshold for a bilateral 
cortical after-discharge began after a %week re- 
covery period. Each cat was stimulated with a 
Ssec. train of 1-msec., monophasic square wave 
pulses at 50 p.p.s. (delivered from a Grass S-4 
stimulator via a Grass SIU-4B stimulus isolation 
unit and Grass CCU-1A constant current unit) 
starting from 2.5 ma. and with increments of 2.5 ma. 
At least 5 min. elapsed between stimuli. The 
threshold was redetermined 2 days later starting 
with a current 5 ma. below the previously determined 
threshold. The threshold value obtained at this 
second trial was then used in each experimental 
trial. Throughout all experimental trials the cats, 
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restrained only by the confines of their cage, were 
stimulated once on every other day. 


The medial ectosylvian gyms was chosen as the 
cortical area to be stimulated since, according to  
Garner and French (4), it has a relatively low seizure 
threshold. In addition, a generalized clonic overt 
seizure always accompanies the bilateral after- 
discharge elicited by stimulation of this area (5 ) .  


The stereotaxic coordinates (6) of the bipolar 
stimulating electrodes were A = 10; L = 16; A = 2; 
L = 14. Bipolar EEG recordings were made from 
both the stimulated site and the contralateral 
homologous area. In addition, EEG recordings 
were made from the posterior lateral and posterior 
sigmoidal gyri. All EEG recordings were made on 
a Grass model I11 electroencephalograph. 


In the paralyzation experiments, the animals were 
given dimethyltubocurarine iodide (1 mg./kg. ) intra- 
venously. This dose was selected because i t  pro- 
duces apparent total neuromuscular blockade of 
s a c i e n t  duration to conduct a trial under complete 
paralysis. Artificial respiration (Harvard pump 
set at 16 strokes/min.) was immediately started, the 
tidal volume being based on the animals’ weights. 


The after-discharge duration was determined from 
the EEG record. Analyses were performed on the 
data using a randomized complete block analysis of 
variance or by use of a Student’s t comparison (7). 
For all tests, p < 0.05 was selected as the significant 
probability. 
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Cumulative Lethal Dose of Alcohol in Mice 
Given Amitriptyline 


By GERALD MILNER 


Because of the continued social use of alcohol and the wide rescription of ethical 
psychotro ic drugs, it  is essential to  test for possible drug-aEohol interactions. It 
was fount tha t  pretreatment with amitriptyline ( 5 0  mg./kg.) significantly potenti- 
ated the toxic effects of multiple doses of alcohol when these were given at two 
hourly intervals. Thirty mice given amitriptyline required significantly fewer doses 
of alcohol to produce death than was the case i n  groups of mice which had been 


given placebo in  place of amitriptyline. 


HE PSYCHOTROPIC DRUGS are being more widely T prescribed and, as most adults drink alcohol, 
adverse effects may occur due to drugalcohol inter- 
action. It is possible to  test for and predict such 
interaction by animal studies. Adequately de- 
signed, reproducible tests should form part of the 
screening and preliminary evaluation of all new 
drugs. 


A method of testing the effects of chronic treat- 
ment with psychotropic drugs on the acute toxicity 
of other agents was described by Meyers, Kanyuck, 
and Anderson (1). They used adult rats which had 
been maintained on a diet containing 0.047, nor- 
triptyline HCl or 0.0470 amitriptyline HCl. Five 
animals from each group were used for interaction 
tests. Doses of the challenging agent were given 
intraperitoneally every 30 min. to the control and 
thymoleptic pretreated rats, until death occurred. 
A cumulative lethal dose (CLD) for the challenging 
agent was then computed for the individual animals 
by multiplying the amount of drug (dose in mg./kg.) 
by the number of doses required to produce death. 
An index of interaction was later established by 
dividing the geometric mean of CLD values for the 
control animals by the geometric mean of CLD’s in 
each of the thymoleptic pretreated groups. An 
interaction index significantly larger than 1.00 in- 
dicated a synergistic interaction. Meyers et al. did 
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not find evidence of potentiation of toxicity of alco- 
hol by either amitriptyline or nortriptyline in rats. 
Other studies involving measures of “length of loss of 
righting reflexes” and lethal dose levels have indi- 
cated that  amitriptyline may add to the sedative and 
toxic effects of alcohol in mice and humans (2-4). 
This paper describes a study of the CLD of alcohol in 
mice given a single dose of amitriptyline. 


METHOD 


Adult albino mice (from the strain bred by the Ln- 
stitute of Medical and Veterinary Science, Adelaide, 
South Australia) were arranged in six groups of 10. 
Three of the groups were given 50 mg./kg. amitrip- 
tyline and three a placebo solution (water equal in 
volume to  the amitriptyline solution). The mice 
were then dosed a t  two hourly intervals with a solu- 
tion of alcohol. All treatments were administered 
orally. Four of the groups receiving the multiple 
doses of alcohol were given 12.5 ml./kg. 25%; the 
others were given 10 ml./kg. 25% alcohol. The 
mice were observed in individual rodent observation 
chambers ( 5 )  for loss of righting reflexes and time of 
death. The results were tested by Fisher’s analysis 
of variance technique. 


RESULTS 
In  a group of 10 mice given amitriptyline and 


multiple doses of 10 ml./kg. 250/, alcohol, the average 
number of doses of alcohol required to cause death 
was 4.0; in the corresponding group given a placebo 
in place of amitriptyline, the average number of 
doses required to cause death was 6.1 (see Table I). 
This interaction index of 1.5 is significant a t  the 1% 
level (see Table 11). 


I n  the 20 mice given amitriptyline plus multiple 
doses of 12.5 ml./kg. 257, alcohol the average 
number of doses required to cause death was two; 
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TABLE I-NUMBER OF DOSES OF ALCOHOL REQUIRED TO CAUSE DEATH IN MICE GIVEN 
AMITRIFTYLINB OR PLACEBO 


---Number of Doses of Alcohol Required to Cause Death- 
(Animal Number) 


Pretreatment Condition Group 1 2 3 4 5 6 7 8 9 10 


Amitriptyline, 50 mg./kg. A0 2 3 3 3 4 5 5 5 5 5  
Placebo B a  3 4 5 6 6 7 7 7 8 8  
Amitriptyline, 50 mg./kg. Cb 1 1 1 1 1 2 2 2 2 2  
Amitriptyline, 50 mg./kg. D* 1 1 1 2 3 3 3 3 3 4  
Placebo Eb 1 2 2 2 3 3 3 3 4 4  
Placebo Fb 2 2 2 3 3 3 3 3 3 3  


a Dosed with alcohol 10 ml./kg. 25% (orally). * Dosed with alcohol 12.5 ml./kg. 25% (orally). 


TABLE 11-ANALYSIS OF VARIANCE OF THE 
CUMULATIVE LETHAL DOSE SCORES SHOWN 


IN TABLE I 


F Ratio 
Source of Signifi- 
Variance d j  SS M S  cance 


Groups A & B 
Between conditions 1 22.05 22.05 10. 75a 
Between subjects 


Total 19 58.94 


Groups C, D, E, & F 
Between conditions 1 5.625 5,625 8.76” 
Between groups. 


within condition 2 4.050 2.025 3.15 
Within groups 36 23 .100  0.642 
Total 39 32.775 


within condition 18 36 .90  2 .05  


a Significant a t  the 1% level of probability. 


the corresponding 20 mice which had been given 
placebo in place of amitriptyline took an average of 
2.7 doses of alcohol before they died. This interac- 
tion index of 1.35 is significant a t  the 1% level. 


DISCUSSION 


This study of the cumulative dose of alcohol in 
mice given amitriptyline or placebo confirms the 
findings of Halliwell et al. (2), Lockett and Milner 
(3), and Milner (4), that amitriptyline increases the 
toxicity of alcohol in mice. Meyers etal.  (l), in tests 
with rats, found no  significant interaction of alcohol 
with amitriptyline, but 10-day chronically ami- 
triptyline-fed rats did show an interaction with some 
other psychotropic agents. Meyers et al. used an 
interval between doses of 0.5 hr., whereas in the ex- 
periments described in this paper an interval of 2 hr. 
was used. When the cumulative loss of righting 
reflexes in mice given amitriptyline and alcohol or 
alcohol alone is plotted, little difference is found be- 
tween the two groups in the first hour after dosing 
but, as the experiment progresses, the difference be- 
tween the groups becomes progressively marked 
(6). 


Meyers el al. do not state the dose of alcohol they 
used. If the concentration of alcohol used in their 
experiments was low, then i t  is likely that the rats 
were overloaded with the volume of alcohol needed 
to cause death and the effect of this would mask an 


interaction between the amitriptyline and the al- 
cohol. If the alcohol were given in a concentrated 
solution, then protein denaturation and hemorrhagic 
erosion of the peritoneal membranes may have inter- 
fered with the absorption of the alcohol (7). 


In addition to the above, the caution advised by 
Brodie, Cosmides, and Rall (8) may be quoted- 
“Since organic compounds can disappear from mice 
as much as a thousand times as rapidly as from man, 
it is disconcerting to hear proposals that certain 
drugs should be administered in small daily doses 
over the lifetime of a mouse without i t  being known 
whether or not the agent is inactivated so rapidly 
that i t  is almost equivalent to a placebo.” 


It seems reasonable to warn patients on amitrip- 
tyline that they should avoid drinking alcohol. 
Drug effects represent a complex interaction between 
the individual patient, the chemical compound, and 
the environment. Modern psychotropic agents are 
potent and have widespread effects-environmental 
factors which may contribute to  the present high 
incidence of adverse drug reactions should be 
minimized. 
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Editor-in- 
Chief, HAMAO UMEZAWA. University Park Press, 
115 Chamber of Commerce Bldg., Baltimore, 
M D  21202, 1967. 18 X 26 cm. 
Price $49.50. 
This book is a listing of the antibiotics isolated 


from actinomycetes up to  1966. The tint chapter, 
in tabular form, is a list of all of these antibiotics, 
together with their synonyms, the group to which 
they belong, their source(s), and their activities. 
Chapter I1 contains detailed descriptions of ap- 
proximately 700 of these antibiotics. The descrip- 
tion for each of the antibiotics includes the following 
information: group; identical with; similar to; 
produced by; isolation (describes the first steps of 
the procedure); nature describing the acid, base, 
appearance, and solubility in water; analysis yo 
(generally based on the reporter’s found values); 
active against (microorganisms inhibited a t  less 
than 100 mcg. per ml. and other biological activities); 
melting point; [CY]D; molecular weight; formula; 
UV max.; LD; IR (some with spectra); and 
references. Information is also given in tables 
which may help researchers identify isolated anti- 
biotics-melting point and decomposition point, 
UV absorption, elemental analysis, toxicity, and 
producing organisms. 


Staf review 


Index of AntibwLics from Adinom ycetes. 


xi + 940 pp. 


Titrafwn in Nonaqueous Mdiu.  By I. GYENES. 
English translation edited by D. COEIEN and I. T. 
MILLAIL. Iliffe Books Ltd., London, England, US.  
publisher: D. Van Nostrand Co., Inc., 120 
Alexander St., Princeton, N.J., 1968. xiii X 
460 pp. 17 X 24.5 cm. Price 75s approx. $9.00 
This is a book of more than 450 pages and 31 chap- 


ters, which has been translated to  English from the 
original in Hungarian. The translation has been 
well edited and with the exception of a few technical 
terms such as “lyonium-lyate,” “carbenium ion,” and 
“triphenylmethylcarbinol” which are not commonly 
used in North America, it can be considered to be 
well done. 


Chapter one deals thoroughly with the Bronsted- 
Lowry theory and the Lewis concept of acids and 
bases. Brief but adequate mention is made of other 
theories. Chapters two and three, respectively, are 
concerned with the strengths of acids and bases and a 
learned discussion is presented on the means of deter- 
mining their relative strengths in nonaqueous media. 
Chapter four discusses the structure relationship to  
pK values and half-neutralization potentials. In  
addition, the effect of resonance and steric hindrance 
on the strength of acids and bases is included. 
Chapters five to eight inclusive are concerned with 
solvents in nonaqueous titrimetry. The topics in- 
clude the general properties of solvents, a classifica- 
tion of the solvents, together with their dipole mo- 
ments, their chemical and physicochemical char- 
acteristics, as well as the drying of solvents. Chap- 
ters nine to eleven deal with acidic titrants, basic 
titrants, and rarely used titrants, respectively. 
Determination of end points by potentiometry is well 
discussed in chapter 12, while chapters 13 and 14 
present a thorough treatment of visual and photo- 
metric end point detection, respectively. Chapters 
15 to 25 deal with the methods of determining an im- 
posing number of substances according to their func- 
tional group classification. These include a large 
variety of acids and acidic substances such as acid 
anhydrides, acyl halides, enolic hydroxyl, and imide 
groups as well as many others. In addition, several 
of the chapters are devoted to the analysis of many 
nitrogenous organic bases and their salts. Chapters 
96 to 29 are concerned with the determination of 
particular functional groups such as carbonyl, 
multiple bonds and sulfur-containing compounds. 
The remaining three chapters deal briefly with the 
following specialized topics: redox titrations in non- 
aqueous media; titrations with complex formation ; 
and determination of the alkoxyl group, carbonic 
acid, esters, substituted phosphines, organosilicon 
compounds. 


The book contains 898 references which are con- 
cerned with the theory and application of nonaque- 
ous techniques. These are cross-indexed and 
grouped according to author. 


While this book has a few minor shortcomings, it is 
an excellent treatise on nonaqueous titrimetry and is 
a must for the library of anyone who is interested in 
this field. 


Rewiewed by Leslie G. Chatten 
Faculty of Pharmacy 
University of Alberta 
Edmonton, Albertu 
Can& 
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Serum Turbidity Responses of Anti-Inflammatory 
Drugs in Endocrine-Deficient Rats 
By C. COLOMBO, S. J. PILIERO, and L. GROSS0 


The turbidimetric responses of sera to heat from cold stress and endocrine-deficient 
rats and the effects of phenylbutazone, paramethasone, and adrenocorticotropic 
hormone (ACTH) have been compared. Sera from cold-stress animals (24 hr.) re- 
veal decreases in the turbidimetric response to heat followed by a return to pre- 
exposure levels 5 days after cold stress. These responses a pear to be operative 
through the pituitary-adrenocortical axis. Adrenalectomize8animals show an in- 
hibition in their serum-turbidity responses to heat which can be prevented by the 
administration of paramethasone. A further inhibition of protein coagulation by 
heat occurs in phenylbutazone-treated adrenalectomized rats. This decrease in 
serum-turbidity readings is similar to that observed in phenylbutazone-treated sham- 
operated animals. Hypophysectomy or pleuriglandular deficiency causes no protein- 
stabilization effect to heat which is not attributable to a lack of ACTH. The protein- 
stabilization effect of phenylbutazone as revealed by the decreases in serum-turbidity 


responses to heat appears to require an intact pituitary. 


ECENTLY, Piliero and Colombo (1, 2) de- R veloped an in vivo assay for screening drugs 
for potential anti-inflammatory activity. The 
method, as well as those procedures described 
by Mizushima et al. (3-5) and Glenn and Kooyers 
(6), is based on the ability of compounds to in- 
hibit heat denaturation of proteins. 


Regarding the underlying mechanism of ac- 
tion of the in vivo assay as conducted in normal 
animals, evidence indicates that the activity of 
many drugs (nonsteroidal) in the normal animal 
is through a stabilizing effect on serum-protein 
coagulation which appears to be operative 
through a protein-binding phenomenon in- 
volving lysyl epsilon-amino groups (2). This 
appears to be in agreement with the hypothesis 
of Whitehouse and Skidmore (7) that an im- 
portant property of nonsteroid anti-inflammatory 
agents is their ability to uncouple oxidative 
phosphorylation. In view of the lack of tur- 
bidity responses of glucocorticoids in normal 
animals (2), the present study was undertaken 
to investigate the role of the pituitary-adrenal 
axis on turbidity changes in cold-stressed rats 
and in endocrine-deficient animals treated with 
adrenocorticotropic hormone (ACTH) , para- 
methasone, and phenylbutazone. 


MATERIALS AND METHODS 


Four-hundred and thirty-three young adult male 


Received January 24, 1968, from the Department of 
Pharmacology, Geigy Research, Division of Geigy Chemical 
Corporation, Ardsley, NY 10502, and Graduate Depart- 
ment of Biology, Long Island University, Brooklyn, NY 
112ni ---_- 


Accepted for publication May 15,1968. 
Taken in part from a thesis presented to the Graduate 


Department of Biology Long Island University by C. 
Colombo in partial fulhllment of the Master of' Science 
degree requirements, 1967. 


rats of the Charles River (CD) strain, weighing 
approximately 200-225 g. were employed in all 
experiments. All animals were fed a standard 
laboratory ration with water ad libitum and were 
kept at temperatures of 70-80" F. 


Adrenalectomized animals were maintained on 
1% sodium chloride given as drinking water while 
hypophysectomized animals received supplements 
of 5% glucose solution. In addition, one group 
in which adrenalectomy was employed as part of 
a pleuriglandular procedure (hypophysectomy) 
received a single maintenance dose of 2.5 mg. of 
cortisone acetate injected intramuscularly. No 
accessory adrenal tissue was found to be present in 
any of these animals at  the time of sacrifice. 


Serum turbidity (1,2) was assayed in the following 
manner: (a) To 0.1 ml. of nonhemolyzed serum, 2.9 
ml. of 0.066 M Sgirensen phosphate buffer in saline 
at pH 5.2 was added and gently agitated. This mix- 
ture was allowed to stabilize at room temperature 
for 15 min. (b) The mixture was heated in a Preci- 
sion constant-temperature shaking water bath set at 
69' for 30 min. (c) Then, the samples were immedi- 
ately cooled in an ice water bath and read in a spec- 
trophotometer at  a wavelength of 645 p. Changes 
in serum turbidity are based on the absorbance 
readings. Plasma fibrinogen was determined by the 
method of Goodwin (8). There were four experi- 
mental groups. 


Intact Animals Following Cold-Stress Exposure 
(Expt. 1)-Thirty-six animals were subjected to 
cold stress in a cold room set at  5'. At various 
intervals, 3, 6, 24, and 120 hr. of continuous ex- 
posure, six animals were removed from this stress 
and immediately sacrificed and exsanguinated for 
serum-turbidity and plasma-fibrinogen levels in 
comparison to a group of 12 nonexposed animals. 
In addition, one group of six rats exposed for 24 
hr. was allowed an additional exposure of 3 hr. at 
room temperature before sacrificing and testing of 
blood samples. 


Hypophysectomized and Control Animals (Expt. 
2)-Serum-turbidity studies in three different 
groups of rats were conducted utilizing 120 hypo- 
physectomized and 135 sham-hypophysectomized 
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TABLE I-PLAN OF EXPERIMENT 2 


I527 


Group 
Hypox. 
Sham-hypox. 
Hypox. + ACTH 
Sham-hypox. + ACTH 
Hypox. + phenylbutazone 
Sham-hypox. + phenylbutazone 
Hypox. + ACTH f phenylbutazone 
Sham-hypox. + ACTH + phenyl- 


butazone 


Sham-hypox. 
Sham-hypox. + ACTH 
Sham-hypox. + phenylbutazone 
Sham-hypox. + ACTH + phenyl- 


Hypox. 


Hypox. + paramethasone 
Sham-hypox. + paramethasone 
Hypox. + phenylbutazone 
Sham-hypox. + phenylbutazone 
Hypox. f paramethasone + phenyl- 


Sham-hypox. + paramethasone + 


butazone 


Sha-hypox.  


butazone 


phenylbutazone 


No. of 
Rats 
20 
30 
20 
10 
20 
5 
20 
10 


10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 


10 


Agents Used, Per 0 s  Unless Indicated 
3% Corn starch 
3% Corn starch 
ACTH (im.) 
ACTH (im.) 
Phenylbutazone 
Phen ylbutazone 
ACTH (im.); phenylbutazone 
ACTH (i.m.); phenylbutazone 


3% Corn starch 
ACTH (i.m.) 
Phen ylbutazone 
A CTH (i . rn . ) ; phen ylbutazone 


3% Corn starch 
3% Corn starch 
Paramethasone 
Paramethasone 
Phenylbutazone 
Phenylbutazone 
Paramethasone; phenylbutazone 


Paramethasone; phenylbutazone 


Dose, 3 Hr. Before Sacrifice 
10 ml./kg. 
10 ml./kg. 
3 units 
3 units 
100 mg./kg. 
100 mg./kg. 
3 units; 100 mg./kg. 
3 units; 100 mg./kg. 


10 ml /kg. 
3 units 
100 mg./kg. 
3 units 


10 ml./kg 
10 ml./kg. 
1 mg./kg. 
1 mg./kg. 
100 mg./kg. 
100 mg./kg. 
1 mg./kg.; 100 mg./kg. 


1 mg./kg.; 100 mg./kg. 


animals, operated 6 weeks previously and experi- 
mentally treated as indicated in Table I. 


Adrenalectomized and Control Animals (Expt. 
J)-Serum-turbidity studies in two different groups 
of rats were conducted utilizing 50 adrenalectomized 
and 40 sham-operated animals, operated 2 weeks 
previously and experimentally treated as indicated 
in Table 11. 


Hgpophywctomized Adrenalectomized and Con- 
trol Animals (Expt. 4)-Twenty hypophysectomized 
animals, operated 6 weeks previously were adre- 
nalectomized. After 14 days of adrenalectomy, 100 
mg./kg. body weight of phenylbutazone was ad- 
ministered $er 0s to  10 of the pleuriglandular de- 
ficient rats. Ten other pleuriglandular deficient 
rats were given 370 corn starch (10 ml./kg.) as 
controls. Also included were 20 sham-hypophy- 
sectomized-adrenalectomized control rats 10 of 
which were given 3% corn starch (10 ml./kg.) 
and the remaining 10 animals given phenylbutazone 
(100 mg./kg. body weight). Serum-turbidity 
studies were conducted 3 hr. following the ad- 
ministration of the drug. 


RESULTSL AND DISCUSSION 


Changes in protein structure, such as those 
brought about by denaturation, as a cause of non- 
specific inflammation (9, 10) suggests a basic phys- 
icochemical action of anti-inflammatory drugs on 
proteins (2-6).  Previous studies employing non- 
steroidal and steroidal agents in uitro on the turbi- 
dimetric response to heat of Cohn fraction IV-4 
(3-5) as well as similar in viuo studies employing 
plasma (6) or serum (1, 2) from adjuvant arthritic 
rats appear to be in accord with this concept. In 
the authors’ serum-turbidity model employing 


1 A11 statements made in this section regarding differences 
among the means of the different groups of animals com- 
pared are based on statistical analyses for probability values 
derived from the distribution of Fisher’s t .  Values of f i  <0.05 
have been considered significant. 


normal animals only the nonsteroidal agents and 
not the glucocorticoids have been found to  be 
e5ective in inhibiting protein coagulation by heat 
as reflected by decreases in absorbance (2). 


The present study (Fig. 1) reveals that cold 
stress (24 hr.) brings about an inhibition of protein 
coagulation by heat, accompanied by an increase 
in fibrinogen levels. However, as rdected by 
the turbidity response a degree of adaptation ap- 
pears to  occur in the &day cold-exposed group in 
that there is at this time a return in values to pre- 
exposure levels. Apparently, the fibrinogen levels 
do not reflect to  the same degree this adaptation 
since, although somewhat lower, the high fibrinogen 
values are still maintained. The data presented 
appear to be in agreement with the fact that cold 
stress involves the pituitary-adrenocortical axis 


The serum-turbidity levels of the hypophy- 
sectomized rats (Fig. 2) reveal significant increases 
in comparison to the values obtained for sham- 
operated animals. This seems to  imply that the 
lack of inhibition of protein coagulation by heat 
in the hypophysectomized animals may be due to  
the absence of ACTH. However, that ACTH 
deficiency is not responsible for the lack of protein- 
coagulation inhibition by heat in the hypophysec- 
tomized animal appears to be attested by the fact 
that the administration of ACTH was without 
effect in such animals. 


Phenylbutazone has been shown to cause a 
stabilization of the coagulation of serum proteins 
by heat (1, 2), an effect which is most likely due to  
its ability to uncouple phosphorylation (7). The 
effects of phenylbutazone and paramethasone, 
administered either singly or in combination, in 
hypophysectomized and sham-operated rats on 
the levels of serum turbidity are shown in Fig. 3. 
Of importance is the observation that phenyl- 
butazone does not cause a significant lowering effect 
in the hypophysectomized animal in comparison 


(11, 12). 
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TABLE 11-PLAN OF EXPERIMENT 3 


No. of 
Group Rats Agents Used (Per 0 s )  Dose (3 HI. Before Sacrifice) 


Adx. 10 3% Corn starch 10 ml./kg. 
Sham-Adx. 10 3yo Corn starch 10 ml./kg. 
Adx. + phenylbutazone 10 Phenylbutazone 100 mg./kg. 
Sham-Adx. + phenylbutazone 10 Phenylbutazone 100 mg./kg. 


Adx. 10 3y0 Corn starch 10 ml./kg. 
Sham-Adx. 10 3% Corn starch 10 ml./kg. 
Adx. + paramethasone 10 Paramethasone 1 mg./kg. 
Adx. + paramethasone + phenyl- 10 Paramethasone; phenylbutazone 1 mg./kg. ; 100 mg./kg. 


Sham-Adx. + phenylbutazone 10 Phenylbutazone 100 mg./kg. 
butazone 


to the evident lowering noted in the sham-operated 
group. Significant increases in the absorbance 
readings are noted in both groups of animals re- 
ceiving paramethasone alone. This seems to in- 
dicate that adrenal insufficiency is not the reason 
for the effect seen in the hypophysectomized group 
(Fig. 2). On the other hand when phenylbutazone 
is administered in combination with paramethasone, 
the rises previously noted with paramethasone 
alone are prevented in both groups. The adminis- 
tration of phenylbutazone causes an inhibition of 
serum-protein coagulation by heat in ACTH- 
treated sham-operated animals but did not affect 
the lack of stabilization seen in the hypophysecto- 
mized group (Fig. 2). 


Figure 4 indicates the effects of phenylbutazone 
in adrenalectomized rats on the levels of serum 
turbidity. A decrease in absorbance values occurs 
in the untreated adrenalectomized rats. Further, 
the administration of phenylbutazone in the adre- 
nalectomized group results in a significant decrease 
of the absorbance reading, beyond the lowering 
observed in the untreated adrenalectoniized groups, 
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and is of the same magnitude as seen for the treated 
sham-operated animals. 


The effects of the combination of phenylbutazone 
and paramethasone in adrenalectomized rats on 
the levels of serum turbidity are shown in Fig. 5. 
It will be noted that paramethasone in the adre- 
nalectomized rat  results in a significant increase 
in absorbance readings, an effect previously men- 
tioned for both hypophysectomized and sham- 
operated groups (Fig. 3). The paramethasone 
effect can possibly be explained on the basis that 
such substances prevent the uncoupling of phos- 
phorylation (7). On the other hand, the combina- 
tion of phenylbutazone and paramethasone ad- 
ministered to  the adrenalectomized rat  results in 
the prevention of the rise seen with paramethasone 
alone. In addition, the lowering normally seen 
in the adrenalectomized, phenylbutazone-treated ani- 
mal (Fig. 4) does not occur. 


The serum-turbidity levels of the hypophysec- 
tomized-adrenalectomized rats (Fig. 6) reveal 
significant increases in the absorbance readings. 
Figure 6 also indicates that phenylbutazone in 


0 3 6 2 4  
Hr. 


3 hr. (A) 


Fig. 1-Effects of cold-stress exposure in rats on the levels of fibrinogen and serum turbidity (absorbance read- 
ing, means f standard errors). Key:  A ,  3 hr. following 24-hr. cold exposure. 
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Fig. 2-Effects of phenylbutazone in hypophysectom- 
ieed and sham-operated rats treated with A C T H  (3 
unitslrat i.m.) on the Levels of serum turbidity (absor- 
bance readings, mean f standard errors). Key: A ,  
sham + A C T H  (starch); B ,  sham control (starch); C, 
sham + A C T H  + phenylbutaz. (100 mg./kg.); D, 
sham + phenylbutuz. (100 mg./kg.); E, hypox. + 
A C T K  (starch); F ,  hypox. + A C T H  + phenylbutaz. 
(100 mg./kg.);  G, hypox. (starch); H, hypox. + 


phenylbutaz. (100 mg./kg.). 
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Fig. 3-Effects of phenylbutasone and parametha- 
sone, administered singly or in combination, in hypo- 
physectomized and sham-operated rats on the levels of 
serum turbidity (absorbance reudings, means =k stand- 
ard errors). Key: A ,  sham control (starch); B ,  
sham + parameth. (1 mg./kg.); C,  sham + parameth. 
(1 mg./kg.) + phenylbutaz. (100 mg./kg.); D, sham + phenylbutaz. (100 mg./kg.); E ,  hypox. (starch); F, 
hypox. + parameth. (1 mg./kg.); G, hypox. + para- 
meth. (1 mg./kg.) + phenylbutaz. (100 mg./kg.); H ,  


hypox. + phenylbutaz. (100 mg./kg.). 


such pleuriglandular deficient animals is ineffective 
in changing the response seen in the phenylbuta- 
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Fig. +Effects of phenylbutazone i n  adrenalectomized 
rats on the levels of serum turbidity (absorbance read 
ings, means f standard errors). Key: A ,  sham con- 
trol (starch); B,  sham + phenylbutaz. (100 mg./kg.) ;  
C, adx. (shrch); I>, adx. + phenylbutaz. (100 mg./ 
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Fig. 5-Effects of phenylbutazone and paramethasone, 
administered either singly or in combination, in adren- 
alectomized and sham-operated rats on the levels of 
serum turbidity (absorbance readings, means f stand- 
ard errors). Key: A ,  sham control (starch); B ,  
sham + phenylbutaz. (100 mg./kg.);  C, adx. (starch); 
D ,  adx. + parameth. (1 mg./kg.) + phenylbutaz. 


(100 mg./kg.); E ,  adx. + parameth. ( 1 mg./kg.) .  


zone-treated sham-operated group. As previously 
cited for the hypophysectomized group (Fig. 3), 
the above results infer that an intact pituitary is 
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Fig. 6-Effects of phenylbutazons in hypophysectom- 
ized-adrenukctomized and sham-operated rats on the 
levels of serum turbidity (absorbance readings, means f 
standard errors). Key: A ,  sham control (starch); B,  
sham + phenylbutaz. (100 mg./kg.); C,  hypox. + 
adx. (starch); D ,  hypor. + adx. + phenylbutaz. 


(100 mg./kg.). 


necessary for the stabilizing action of phenylbuta- 
zone. 


The results of the present study do not preclude 


Journal of Plurmrpdcezrticctl Sciences 


the possibility that endocrines other than the pitu- 
itary-adrenal system and/or enzyme systems are 
involved in the serum-turbidity responses of drugs 
to heat. 
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Structure-Activity Relationships Among Some 
Selected Substituted Cyanoacetamides 


B~ HERBERT F. SCHWARTZ, 11, ROBERT G. BROWN, EUGENE r. ISAACSON, 
and JAIME N. DELGADO 


Selected N-allcyl- and N,N-dialkyl-2,2-dialkylcyanoacetamides, including 2-cyano- 
acyl-, piperidines, pyrrolidines, and morpholines, were synthesized in order to study 
structure-activity relationships. These were administered to rats and their anti- 
convulsant activity evaluated by means of the electroshock test. The median effec- 
tive dose was determined for seven compounds exhibiting rotective action, while 
seven were inactive or displayed convulsant roperties. Xn estimated LDw was 
determined for the three most effective and kast toxic substances. Prelimitmy 
pharmacological data have been tabulated and correlations of bioaction with struc- 


ture are presented. 


HE DEMONSTRATION of anticonvulsant activity activity of 2-ethyl-2-propylcyanoacetamide and T within a series of 2,2-dialkylcyanoaceta- of 2,2-diethylcyanoacetamide against both supra- 
mides (1, 2) and in particular, the significant maximal elwtroshotk and subcutaneous pentyl- 


enetetrazol led to the consideration of these 
Received April 18 1966 from the Pharmaceutical Chem- 


istry and Pharmacoiogy L;borntoriu, College of Pharmacy, amides as suitable parent compounds upon which 
to effect molecular modifications that might serve Accepted for publication May 15,1968. 
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tion technology have increased the life span of tab- 


manufacture. Under optimum conditions, life rec- 
ords of controlled tableting tools can show the maxi- 
mum life expectancy of the equipment. When tool 
life is below these expected standards, reasons can 


be from the knowledge gained 
rather than just intuition. Benefits derived from the 
program have been substantial, and as a conse- 
quence, it will be continued as a valuable control pro- 
cedure. 


Journal of Pharmaceutical Sciences 


REFERENCE - Keyphrases 
Tableting tool life records-evaluation 
Punches-variables affecting wear 
Dies-variables affecting wear 
Record card-pun&es 


leting tools. 
Keeping and reviewing of tool life records can lead 


to considerable savings in time and money in tablet 
~ ~ & ~ ~ a ~ ~ & ~ ~ . ’  S ~ ~ ~ ~ 5 ~ ~ ~ i $ 6 ~ h e u s e r ’  ’” and 


Effect of Paralyzation with Dimethyltubocurarine on Cortical 
After-Discharge Duration 


By ROBERT N. STRAW 


Paralyzation with dimethyltubocurarine iodide increased the duration of cortical 
after-discharge in  a manner similar to  that previously re  orted for gallamine tri- 
ethiodide. The after-discharge duration was determine$ from EEG records ob- 


tained from cats fitted with electrodes. 


ARALYZATION WITH gallamine triethiodide, but P not with decamethionium bromide or succinyl- 
choline chloride, increases the duration of cortical 
after-discharge (1-3). The purpose of this investiga- 
tion was to examine the effects of paralyzation with 
dimethyltubocurarine iodide on after-discharge dura- 
tion. 


METHODS 
Five adult cats of both sexes were used in these 


experiments. Stainless steel screw electrodes were 
threaded into the skull under sodium pentobarbital 
anesthesia as previously described (1, 3). Prelimi- 
nary trials to  determine the threshold for a bilateral 
cortical after-discharge began after a %week re- 
covery period. Each cat was stimulated with a 
Ssec. train of 1-msec., monophasic square wave 
pulses at 50 p.p.s. (delivered from a Grass S-4 
stimulator via a Grass SIU-4B stimulus isolation 
unit and Grass CCU-1A constant current unit) 
starting from 2.5 ma. and with increments of 2.5 ma. 
At least 5 min. elapsed between stimuli. The 
threshold was redetermined 2 days later starting 
with a current 5 ma. below the previously determined 
threshold. The threshold value obtained at this 
second trial was then used in each experimental 
trial. Throughout all experimental trials the cats, 
Received April 24, 1968, from the Department of Pharma- 
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restrained only by the confines of their cage, were 
stimulated once on every other day. 


The medial ectosylvian gyms was chosen as the 
cortical area to be stimulated since, according to  
Garner and French (4), it has a relatively low seizure 
threshold. In addition, a generalized clonic overt 
seizure always accompanies the bilateral after- 
discharge elicited by stimulation of this area (5 ) .  


The stereotaxic coordinates (6) of the bipolar 
stimulating electrodes were A = 10; L = 16; A = 2; 
L = 14. Bipolar EEG recordings were made from 
both the stimulated site and the contralateral 
homologous area. In addition, EEG recordings 
were made from the posterior lateral and posterior 
sigmoidal gyri. All EEG recordings were made on 
a Grass model I11 electroencephalograph. 


In the paralyzation experiments, the animals were 
given dimethyltubocurarine iodide (1 mg./kg. ) intra- 
venously. This dose was selected because i t  pro- 
duces apparent total neuromuscular blockade of 
s a c i e n t  duration to conduct a trial under complete 
paralysis. Artificial respiration (Harvard pump 
set at 16 strokes/min.) was immediately started, the 
tidal volume being based on the animals’ weights. 


The after-discharge duration was determined from 
the EEG record. Analyses were performed on the 
data using a randomized complete block analysis of 
variance or by use of a Student’s t comparison (7). 
For all tests, p < 0.05 was selected as the significant 
probability. 
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Fig. 1-Plot of mean duration versus trial. Each 
value is the mean of 5 cats used throughout these experi- 
ments. The vertical line i s  the limit of the standard 


error. 
RESULTS 


Figure 1 illustrates the trial-to-trial variability in 
the mean duration during the preparalyzation trials. 
An analysis of variance on these data showed no 
evidence for a difference among trials. The F ratio 
for trials was 2.41. There was, however, a signifi- 
cant difference among cats. The coefficient of vari- 
ability for this analysis was 7.80/,. 


Table I documents the effect of paralyzation with 
dimethyltubocurarine on the duration of cortical 
after-discharge. As can be seen, the duration was 
significantly longer in the paralyzed state than in 
the nonparalyzed control trial. 


In all trials (both control and paralyzed), all 
animals were in the alert state prior to stimulation. 
In  the control (nonparalyzed) trials this was judged 
on the basis of overt behavior and the EEG record. 
During the trial under dimethyltubocurarine paraly- 
sis the state of arousal was determined from the EEG 
record. 


DISCUSSION 
The data from this investigation demonstrate that 


dimethyltubocurarine increases the duration of 
cortical after-discharge in a manner similar to that 
previously reported (1-3) for gallamine. 


I t  has been previously speculated (3) that the 
mechanism whereby gallamine increases the duration 
of cortical after-discharge is via blockade of phasic 
inhibitory bursts arising in the muscle spindles dur- 
ing a motor seizure. As decamethonium and 
succinylcholine stimulate, rather than block, afferents 
arising in the muscle spindles (8), no increase would 
be expected following paralysis with these agents. 


In contrast, Halpern and Black (2) have attributed 
the increase in cortical after-discharge duration 
following gallamine to a central action of this agent. 
However, as no increase in duration occurs following 
gallamine in an enct?phalb isolt preparation (3) the ef- 
fect of this agent would appear to  be mediated from a 
more peripheral site(s). 


As dimethyltubocurarine also blocks muscle 
spindles (8) one would expect an increase in duration 
following paralysis with this agent if the above 


TABLE I-EFFECT OF PARALYZATION WITH 
DIMETHYLTUBOCURARINE IODIDE ON CORTICAL 


AFTER-DISCHARGE  DURATION^ 


ControP Paralyzed 
Mean 60 72c 
SE 4.5 8.0 


a Values are duration, in sec. * Trial immediately preced- 
ing that in which animal was paralyzed. e Significantly dif- 
ferent from control; Student’s 1, paired comparison, p < 0.05. 


“peripheral” hypothesis is correct. Such an in- 
crease was demonstrated in this report. 


However, central effects of tubocurarine have been 
reported by several investigators (cf. 9-15). While 
there seems to be little doubt that tubocurarine 
exerts a central effect when applied directly to  the 
brain (cf. 9, lo), conflicting reports as to central 
effects following intravenous injection have been 
presented. Some investigators (cf. 11-13) have 
found no changes in the CNS following administra- 
tion of the drug while others (cj. 9, 14, 15) have 
reported various effects, primarily of a stimulant 
nature. 


Thus, the effect of dimethyltubocurarine on 
cortical after-discharge duration cannot, at this time, 
be stated with certainty to  be of either peripheral or 
central origin. It is obvious that further definitive 
work is necessary to  fully describe the mechanisms 
whereby the neuromuscular blocking agents affect 
cortical after-discharge duration. 
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Pharmaceutical Applications of the Near Infrared Determination of 
Water 


By JOSEPH E. SINSHEIMER and NANCY M. POSWALK 


The  combination band for water at 1.9 p 
has been observed in a series of solvent 
systems and for selected solid-state samples. 
Pharmaceutical applications of the measure- 


ment of this band are described. 


LTHOUGH SEVERAL STUDIES and analytical 
applications involving near IR water bands 


have been reported (1, 2), little has been developed 
concerning pharmaceutical systems. I t  is the 
purpose of this paper to  expand pharmaceutical 
applications of measurements of the 1.9-p combina- 
tion band of water in the areas of (a) studies of water 
as a solute, (b)  determinations comparable to Karl 
Fischer titrations of water, and (c) the direct de- 
termination of water in solids. 


A . .  . 


EXPERIMENTAL 


Reagents-Spectrograde acetonitrile was em- 
ployed. All other solvents were reagent grade and 
except for chloroform were used without further 
purification. The chloroform employed was passed 
through a column of alumina to remove ethanol and 
used within 5 days. 


Instrumental Parameters-The Beckman DK- 
2A settings employed for absorbance spectra and 
0 to 100 scale percent transmittance spectra were: 
sensitivity, 50; time constant, 0.2; recording speed, 
18 mp/min.; and wavelength expansion, 25 mplcm. 
These parameters were also employed for 100 to 90 
expanded scale percent transmittance spectra with a 
change in time constant to  2.0 and recording speed 
to 3.6 mplmin. Solid-state samples were recorded 
a t  a maximum sensitivity of 312, time constant of 
2.0, and recording speed of 3.6 mplmin. Wave- 
length calibration was on the basis of a spectrum 
of 1,2,4-trichlorobenzene (3). 


Spectra-(a) Except where noted, water spectra 
were obtained in solution in 1 cm. near IR matching 
cells against the anhydrous solvents from 2,100 t o  
1,700 mp. 


(b) Water in hydrophilic petrolatum was observed 
as a thin film between silica plates against a silica 
plate as the reference and under nitrogen purge from 
2,150 to  1,550 nip. The 90 to  100% expanded 
transmittance range was employed with manual 
attenuation of the reference shutter required for 
hydrated ointment samples to  establish a base 
line in this range. 


(6) Solid-state absorption spectra were obtained 
against air and with manual attenuation of the 
reference shutter when required. From 25 to 40 mg. 
of compound was mixed with 60 to 90 mg. of pow- 
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dered and dried analytical grade KCl in a plastic 
capsule of the Wig-L-Bug1 for 30 sec. Thirteen- 
millimeter disks were formed at 20 tons pressure 
for 5 min. in a specially constructed die.* Hy- 
drated samples were pressed without vacuum while 
anhydrous samples were held in an evacuated die 
for 5 min. before being pressed for an additional 
5 min. a t  20 tons. Anhydrous samples and dry 
powdered KC1 were obtained by drying these 
materials for 48 hr. under vacuum at 110". 


Extraction Procedures-(a) From 0.1 to 0.3 g. 
of insoluble hydrate samples accurately weighed 
were allowed to  equilibrate with 5 ml. of 5% 
pyridine in methanol for 1 hr. a t  60" in stoppered 
10-ml. flasks. The samples were centrifuged a t  
1,000 r.p.rn. for 10 min. and a portion of the super- 
natant liquid was transferred by pipet to  a cell. 
This solution was read against a blank pyridine 
methanol solution processed in the same manner 
and compared to  standard series of water in pyri- 
dine-methanol solutions. 


(b) From 10 to 15 g. of crude drug accurately 
weighed was extracted in an electric blender (Waring) 
for 7 min. with 100 ml. of methanol. The meth- 
anol solution was decanted, centrifuged, and read 
against an aliquot of a 100-ml. methanol blank proc- 
essed in the same manner. 


RESULTS AND DISCUSSION 


Greinacher, Liittke, and Mecke (4) in establishing 
water bands in both the IK and near IR laid the basis 
for the assignment of the 1.9 p water band as a 
combination band of fundamental stretching and 
bending vibrations of water. These authors also 
established the effect on bond shape, intensity, 
and wavelength of maximum absorbance by various 
solvents in regard to  the 2.7-p fundamental stretch- 
ing vibrations. These effects are considered hydro- 
gen bonding phenomena (5). 


Similar hydrogen bonding effects are exhibited 
by the 1.9-p band of water in solvents. Figure 1 
shows these variations for 0.2% v/v solutions of 
water in miscible solvents of interest in this investi- 
gation. Table I lists the wavelength of maximum 
absorbance for water in such solvents as  well as 
for saturated water solutions in solvents in which 
water has only limited solubility. 


These results are consistent with the recent work 
of O'Laughlin el al. (6) in their near IR study of 
phosphine oxides as bases in association with water 
in carbon tetrachloride. Their investigation in 
turn takes note of the report of Mohr, Wilk, and 
Barrow (7) which assigns OH stretching funda- 
mental vibrations for free water, water bonded 
with one molecule of base (solvent), B.-HOH, 
and with water bonded to  two molecules of base, 
B . . HOH . . B. Thus, based upon these references, 


1 Crescent Dental C o . ,  Chicago, 111. 
2 Die constructed by Limit IXv., Reckman Corp.. Fullerton, 


Calif., according to the specification of Sister M.  M. Stimson. 
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Fig. 1-Spectra of 0.5% V / V  water in acetonitrile, p- 
dioxane, triethylarnine, pyridine, and methanol. 


the following assignmeiits were made in the present 
investigation: ( a )  free water, 1.89 to  1.90 p (values 
for dilute solutions in the inert solvents, carbon 
tetrachloride, and tetrachloroethylene); (b) free 
OH for water bonded a t  one H only, 1.90-1.92 
(values for higher concentrations of water in inter- 
mediate basic strength solvents); and ( c )  bonded 
OH stretching, associated water and the bonded 
OH of both the B . .HOH and B . HOH- . B species, 
broad bands from 1.90 to 2.00 (values for higher 
concentrations of water in stronger basic solvents). 


Figure 2 represents the Beer's law relationships 


TABLE I-WAVELENGTH OF MAXIMUM ABSORBANCE 
FOR WATER IN VARIOUS SOLVENTS 


0.01% Water 0.2% Water and 
Solvent as Solute, rnr 12% Alcohol, mr 


n-Hexane - 
Cyclohexane - 
Triethylamine 1,882; 1,966"; 


1,990" 
Carbon tetra- 1,886 


Tetrachloroethyl- 1,887 


Benzene 1,891 
Toluene 1,891 
Carbon disulfide 1,892 
Chloroform 1,893 
l,>Dichloroethane 1,895 
Bromoform 1,896 
Ethyl acetate 1,897 
Dibromomethane 1,899 
Acetonitrile 1,901 
Acetone 1,903 
Dioxane 1,911 
Methanol 1,932 
Ethanol* 1,887"; 1,935 
Pyridine 1,943 


chloride 


ene 


1,890; 1,932 
1,885; 1,937 


1,887; 1,936 


1,885; 1,935 


- 


1,897; 1,937" 
1,897; 1,937" 


- 
1,891; 1,944" 
1,896; 1,945O 
1,898; 1,947" 


1,900; 1,945 


1,903 
1,915 


1,894'; 1,939 


- 


1,904 


- 
- 


a Wavelength reading a t  the center of a shoulder. ' With 
0.2% water. 


I 
18 


Fig. 2-11 bsorbance versus concenlration relationship 
for water in p-dioxane at 1.91 p ,  acetonitrile at 1.90 p, 
pyridine at 1.94 p,  and methanol at 1.93 p. Key: 
e, p-dioxane; 0, acetonitrile; A, pyridine; 0, 


methanol. 


for some representative water-miscible solvents. 
The values plotted for the less basic solvents, aceto- 
nitrile and p-dioxane, are for the more intense 
peaks for these solvents a t  1.9 p while the broad 
bonded peaks are plotted for pyridine and methanol. 
Note the deviation from conformity to Beer's law 
at the higher concentrations for acetonitrile and 
p-dioxanc which is consistent with the opportunity 
for more water to  water association at higher water 
concentrations. This is also indicated by an in- 
creased ratio of absorbance in the 1.90 to 2.00-p 
region as compared to 1.90 p absorbance at higher 
water concentrations. Thus, while water can be 
quantitatively determined in a variety of solvents 
on the basis of its near infrared combination band, 
it is important to realize that range of conformity 
to  Beer's law is limited in weakly basic solvents to 
the lower concentrations. I t  also follows that initial 
traces of water in the reagent employed has more 
effect in the weakly basic solvents. That is, while 
the absorbance of such water can be compensated 
in the reference cell, its contribution to increas 
ing water associations is not compensated. 


The sensitivity of the procedure is comparable 
to  that of Karl Fischer titrations. Most measure- 
ments were made with normal 1 cm. near IR cells 
of 4-ml. capacity. Under these conditions, as 
shown in Fig. 2, less than 1% solution of water is 
required t o  obtain significant absorbance. Micre  
cells, particularly a 5O-fil. were also found to 
be of value. For example, 50 pl. of a methanol 
solution, which is a relatively opaque solvent at 
1.9 p, containing 0.5% water was readily measured 
in this cell against a methanol blank in a similar 
cell. 


In an effort both to increase the solubility of water 
in the nonpolar solvents and to  increase the range 
of conformity to Beer's law, a limited number of 
ternary systems were evaluated. These involved 
0.20/, water and 12% alcohol in various solvents. 
Typical results are illustrated in Fig. 3 and are 
summarized in Table I. I t  is particularly interest- 
ing that while there is an increase in the bonded 
OH bands (broad absorption in the 1.9 to 2.0-p 


Cell No. Yi250. Beckman Corp., Fullerton, Calif 
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Fig. .?-Spectra of 0.2% v/v  water and 12y0 u/v 
ethanol in chloroform, benzene, n-hexane as compared 


to 0.2% v/v water in ethanol. 


region), there is also retention of essentially the same 
absorption of the sharp 1.9-p bands which appear 
in the aprotic and the less basic solvents. It should 
be noted that a similar situation exists for the assign- 
ment of the lowest wavelength band in the funda- 
mental stretching region. Errera, Gaspart, and 
Sack (8) pointed out in the fundamental region that 
low wavelength OH stretching absorption is re- 
tained in ternary systems. 


Based upon conformity to  Beer's law over a 
greater range, systems involving pyridine and 
methanol were evaluated for quantitative water 
determinations comparable to  Karl Fischer de- 
terminations. Where a compound is soluble in 
these solvents and shows no interfering absorption 
in the 1.9-p region, a direct measurement of the 
solution and comparison to standard water in solvent 
values becomes a possible moisture determination. 
Thus, as outlined in Table 11, the water of crystal- 
lization for methylene blue and atropine sulfate 
was determined by solution in methanol. How- 
ever, because methylene blue absorbs in the 1.9-p 
region, as indicated by an atypical water in 
methanol spectrum, a base-line calculation method 
was used to  obtsin these results. The dehydration 
of a sample of cholesterol was also followed by 
dissolving it in pyridine and noting the decrease 
in absorbance a t  1.92 p. Ascorbic acid systems 
were of potential interest in that they cannot be 
determined directly in the Karl Fischer procedure. 
While w a t a  in presence of ascorbic acid can be 
determined in methanol as indicated in Table 11. 
there again is the limitation of having to com- 
pensate for absorption by ascorbic acid a t  1.92 p. 


The determination of water of hydration of 
stable hydrates by extraction can be illustrated 
by the successful results reported in Table I1 for 
ammonium oxalate and sodium tartrate. While 


TABLE 11-NEAR INFRARED WATER 
DETERMINATIONS 


System 


~ 


Com- 
parison 
Values, 


Found, Yo % 


Solutions 
Atropine sulfate 3.96, 3.98, 3.96 3.35" 
Methylene blue 13.5, 13.4, 13.1 13.2" 
Water in the 


Dresence of 
iscorbic acid 1.25 


2.55 
3.81 


1.26'' 
2 . 5 9  
3 .79  


Extracted water 
Stable hydrates 


Ammonium 


Sodium 


Crude drugs 


oxalate 12.3, 12.6, 12.3 12.68' 


tartrate 15.3, 15.7, 15.7 15.66" 


Belladonna 
leaves 6.04 6.62" 


Cinchona bark 6.87 6.51" 
Colchicum root 5.31 6. 42" 
Podophyllum 7.54 7.27" 


Water content based upon loss on drying. Percentage 
Amount present in pure crystal. of water actually added. 


such water could not be efficiently determined with 
pyridine as the solvent, quantitative extraction 
was accomplished after 2 hr. at 60" with methanol. 
The addition of 5% pyridine permitted a reduction 
of the extraction time t o  1 hr. Centrifugation was 
found to  be a satisfactory method t o  remove traces 
of suspended solids without extended exposure to  
atmospheric moisture. In general, the stronger 
hydrogen bonding solvents were the most useful 
for quantitative measurements not only based 
upon their greater miscibility with water and con- 
formity to Beer's law over greater range, but also 
because of their greater capacity to extract bonded 
water. 


The Waring blender extraction procedure used 
by Mary (9) in the gas chromatography determina- 
tion of water in crude drugs was applied for the 
assay of their moisture content by near IR measure- 
ments. I t  was found necessary t o  run a blank 
methanol determination in the electric blender in 
order to obtain consistent results in agreement with 
the NF (10) oven drying procedure. The results 
of these determinations are listed in Table 11. The 
oven dehydrated drugs were also extracted and 
evaluated by the same procedure. Only the ex- 
tract of the dried cinchona bark showed absorbance 
equivalent to water of about 0.570 of the hydrated 
drug. 


The near IR moisture procedure was applied in 
connection with studies in progress4 on the water 
content of the micellar system: Dioctyl so- 
dium sulfosuccinate (Aerosol OT) (0.1413 g.), n- 
octane (6.925 g. ) ,  water (0.04 and 0.08 g.). 
Water could be determined directly in such a 
system against a reference anhydrous system 
and was not significantly different than water as a 
neat film. The quantitative comparison of water 
a t  the two levels (1:2) by direct measure of these 
systems was somewhat inhibited (1:1.93) by a 
nonlinear base line caused by light diffusion of the 


4 Samples provided by Drs. G. Zografi and S. Frank, 
University of Michigan. 
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Fig. 4-Solid-state absorbance spectra for: (a) 
strychnine sulfate hydrate (0.0323 to 0.0793 g.  KCL 
to form 0.1154-g. d isk)  compared to strychnine sulfate 
anhydrous (0.0356 to 0.0891 g.  KCl to form 0.1154- 
g. disk); (b) sodium tartrate hydrate (0.0355 to 
0.0681 g. KCL to form 0.0654-g. disk) compared to 
sodium tartrate anhydrous (0.0412 to 0.0925 g. 
KCL to form 0.1162-g. disk); and (c) ammonium 
oxalate hydrate (0.0272 to 0.0619 g.  KCL to form 
0.0776-g. d isk)  compared to ammonium oxalate 
anhydrous (0.0266 to 0.0797 g.  KCL to form 0.0546- 


g.  disk). 


system. A quantitative ratio of absorbance was 
obtained, however, by quantitatively diluting 1 ml. 
of the micellar system with 4 ml. of methanol and 
determining the water content as compared to  a 
standard water in methanol solution. 


Water could also be readily observed in a hydro- 
philic petrolatum emulsion. Samples of ointment 
and water film were determined against a reference 
silica plate. While quantitative measurements of 
the water content of such an ointment were at- 
tempted using the intensity of CH overtone at 1.7 
~r as an internal standard, these were only partially 
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successful. Both diffusion and lack of stability at 
higher water content interfered with quantitative 
results. 


The opportunity to observe water directly in 
solid-state samples is an attractive feature of near 
infrared measurements. I n  Fig. 4 is shown a 
comparison of three pairs of hydrated versus anhy- 
drous samples. While changes in absorbance in the 
1.9- and 2.0-p region were expected, the changes 
above 2.1 p as  found in sodium tartrate and ammo- 
nium oxalate were not anticipated. As 100-mg. KCI 
disks were prepared containing a t  least 25 mg. of 
compound, it was difficult to  control diffusion and to 
obtain quantitative results. 


In common with other spectral procedures, the 
major limitation of the near IR water measurements 
is the necessity to  account for background and 
reference absorbance. However, the ease of ob- 
taining data, the potential for microdetermination, 
and the ability to examine redox compounds make 
this technique a valuable addition to the Karl 
Fischer method. 
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Fig. 6-Effects of phenylbutazons in hypophysectom- 
ized-adrenukctomized and sham-operated rats on the 
levels of serum turbidity (absorbance readings, means f 
standard errors). Key: A ,  sham control (starch); B,  
sham + phenylbutaz. (100 mg./kg.); C,  hypox. + 
adx. (starch); D ,  hypor. + adx. + phenylbutaz. 


(100 mg./kg.). 


necessary for the stabilizing action of phenylbuta- 
zone. 


The results of the present study do not preclude 
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the possibility that endocrines other than the pitu- 
itary-adrenal system and/or enzyme systems are 
involved in the serum-turbidity responses of drugs 
to heat. 
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Structure-Activity Relationships Among Some 
Selected Substituted Cyanoacetamides 


B~ HERBERT F. SCHWARTZ, 11, ROBERT G. BROWN, EUGENE r. ISAACSON, 
and JAIME N. DELGADO 


Selected N-allcyl- and N,N-dialkyl-2,2-dialkylcyanoacetamides, including 2-cyano- 
acyl-, piperidines, pyrrolidines, and morpholines, were synthesized in order to study 
structure-activity relationships. These were administered to rats and their anti- 
convulsant activity evaluated by means of the electroshock test. The median effec- 
tive dose was determined for seven compounds exhibiting rotective action, while 
seven were inactive or displayed convulsant roperties. Xn estimated LDw was 
determined for the three most effective and kast toxic substances. Prelimitmy 
pharmacological data have been tabulated and correlations of bioaction with struc- 


ture are presented. 


HE DEMONSTRATION of anticonvulsant activity activity of 2-ethyl-2-propylcyanoacetamide and T within a series of 2,2-dialkylcyanoaceta- of 2,2-diethylcyanoacetamide against both supra- 
mides (1, 2) and in particular, the significant maximal elwtroshotk and subcutaneous pentyl- 


enetetrazol led to the consideration of these 
Received April 18 1966 from the Pharmaceutical Chem- 


istry and Pharmacoiogy L;borntoriu, College of Pharmacy, amides as suitable parent compounds upon which 
to effect molecular modifications that might serve Accepted for publication May 15,1968. 
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as the basis for the study of structure-activity 
relationships. The compounds investigated are 
listed in Table I. The synthetic studies which 
led to the preparation of these compounds have 
been summarized in a previous report (2). 


The present work was undertaken with the 
hope of delineating structure-activity relation- 
ships among these cyanoacetamides. Such struc- 
ture-activity studies are fundamental to further 
structural alteration and drug design. 


Members of this series include compounds 
possessing different N-substituents: acyclic or 
cyclic groups. Such modifications were effected 
in order to study the influence of N-substitution 
on anticonvulsant properties. Acyclic N-alkyl 
substituents affect the lipid-water solubility 
ratio and the electron distribution of the amide 
function, and these physicochemical factors 
should influence the bioactivity. The inclusion 
of heterocyclic compounds provides additional 
alteration of physicochemical properties. Specif- 
ically, the morpholino compound has a greater 
degree of water solubility than the pipendino 
analog because of the presence of the ether- 
oxygen atom. It is useful to speculate that at  
the molecular level these agents act through a 
mechanism proposed by Johnson and Eyring (3) 
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to account for the action of certain structurally 
nonspecific CNS depressants, e.g., urethan and 
phenobarbital. According to this proposal the 
depressant reversibly unfolds or conformationally 
alters a central catalytic protein, probably an 
enzyme, thus reducing the catalytic ability of 
the protein, the ultimate manifestation being 
depression of central activity. A major driving 
force for the drug-protein interaction and con- 
sequent inactivation was demonstrated to be 
hydrophobic forces. Because hydrogen bonds 
are important in maintaining native protein struc- 
ture, Johnson and Eyring theorized that agents 
that hydrogen bond could also inactivate 
catalytic proteins through hydrogen bonding 
(3) .  


It is interesting to note that many anticon- 
vulsants, e.g., phenobarbital, have a nonpolar 
hydrocarbon moiety attached to a polar moiety. 
The latter is often characterized by the presence 
of an imide or amide function. An imide or 
amide moiety could conceivably hydrogen bond 
through the media of the high electron density of 
the carbonyl oxygen with a partial proton donor 
present in or on bioactive molecules. The amide 
or imide function, when the nitrogen bears a 
hydrogen atom could hydrogen bond through the 
hydrogen atom. Additionally, when the nitrogen 
atom does not have an available hydrogen atom 
there exists the possibility a t  least in the case of 
imides, that an electrostatic interaction involving 
the partial positive charge on the nitrogen atom 
could take place. 


It has been found that N-methylated anti- 
convulsants undergo metabolic demethylation 
with ease and it has been suggested that the de- 
methylated products are responsible for the 
action (4-1 1). 


If N-dealkylation is important for bioactivity 
this tends to lead to the conclusion that the 
presence of the >N-H moiety is important and 
with respect to the mode of binding of the amide 
or imide moiety, hydrogen bonding involving 
the hydrogen of the imide or amide is important. 


An objective of this preliminary investigation 
was to examine the role and possible mode($ of 
binding of the polar amide function of a series of 
anticonvulsant alpha-cyanoacetamides. 


TABLE I-CYANOACETAMIDES 


R,/L\ 
C=N 


Rt,' 
Compd.' 
No. R R' R" 


1 CzHr CaHi H H 
2 CPHK CtHi H CHa 
3 CzHr CtHi CHI CHI 
4 CzHr CaHi H CaHi 


5 CSHK CaH? N 


CH: 


6 CxHr CaHr N 
7 CsHi CtHi H 
8 Cd-Ir CI& H H 
9 CiHr C2Hr H CHa 


10 CzHr C?H6 CHI CHa 
11 CzHr CzHr H CaHi 


12 CzHr CzHr 


13 CI& CzHr 


14 CaHr CzHr 


a Compounds 1 8  Schwartz H. F. and Doerge R.  F. 
J Am. Pharm. A& Sci. Ed.'44 SO(i965). and9 'Conrad' 
M.. and Zart, A, ,  A&., 340,3iS(lhO5) have'been Greviousl; 
synthesized. 


EXPERIMENTAL 


Method-Young adult female albino rats, weigh- 
ing initially 100-120 g.,1 maintained on commercial 
laboratory feeds and permitted free access to food 
and water except during actual test periods were 
administered the drugs. No animal was dosed 


1 Holtzman Co., Madison, Wisc. 
2 Purina laboratory chow. 
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more frequently than once weekly and use of the 
animal was discontinued when its weight reached 
about 250 g. Acute toxicity studies were accom- 
plished on older, heavier animals, thus the LDM 
values obtained can be considered only approxi- 
mations. 
Pharmacodynamics3-Anticonvulsant activity 


was determined by the supramaximal electroshock 
seizure test (MES), essentially that described by 
Toman, Swinyard, and Goodman (12), using ear- 
clip electrodes and prior application of an acacia- 
sodium chloride paste. The apparatus used was 
the Electroshock stimulator model D,' adjusted to 
deliver 150 ma. for 0.2 sec. 


Each group of rats was screened for positive 
response (extensor thrust of the hind limbs) to the 
electric shock and nonconformers removed from the 
test group. Checking of the undosed animals was 
repeated frequently throughout the entire period 
of evaluation. 


The median effective dose (EDw) of each active 
drug was determined from the dose-response curve 
obtained by plotting the effect of a t  least 3 dose 
levels on log-probability graph paper (13). Groups 
of a t  ieast 10 rats were given various doses until the 
required points were obtained. 


All doses (mg./kg. body weight) were given intra- 
peritoneally, using appropriate concentrations in 
propylene glycol. Most of the drugs were suffi- 
ciently soluble in the solvent to  be given in solution, 
but a few had to  be warmed slightly to  maintain a 
homogeneous solution. N-Methy1-2,2-dipropyl- 
cyanoacetamide and N-methyl-2,2-diethylcyano- 
acetamide were injected as suspensions in propylene 
glycol only when the concentration of the solution 
being used was 100 mg./ml. and 200 mg./ml., 
respectively. Since the volume of solvent was 
limited to not more than 1.5 ml./kg. of total body 
weight (14), there exists a wide margin of safety 
over the toxic dose of propylene glycol as reported 
by Spiegel and Noseworthy (15). 


Initial observations of the action of every com- 
pound in intact animals indicated a rather long 
period of action. These observations were con- 
k e d  in a later experiment utilizing ED99 doses 
in animals and checking for effect at 30-min. inter- 
vals up to  4 hr. after administration. The time- 
course studies indicated an optimal effect a t  the 3-hr. 
interval. Varying degrees of rapidly developing 
gross sedation were noted early in the time course 
of the drug effects. Since i t  was not desirable to 
shock the animals more than once, a single 3-hr. 
time interval was selected between administration 
and the test for anticonvulsant activity. This is 
meaningful in terms of a single finite time interval 
in the intact animal reflecting all processes of dis- 
tribution and approach to  the site of action. 
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lack of activity prevented the quantification of 
others in the series, qualitative observations of 
drug action were made and are recorded in the 
tables. 


The compounds listed in Table I1 possess pro- 
tective action against electroshock. One of the most 
effective drugs was 2-ethyl-2-propylcyanoacetamide. 
No toxic symptoms were observed at protective 
dose levels. N-Methyl-2,2-dipropylcyanoacetamide 
was as active as 2-ethyl-2-propylcyanoacetamide but 
displayed toxic symptoms at a relatively low dose. 
2,2-Diethylcyanoacetamide showed no toxic symp- 
toms in doses required to provide protection. Thera- 
peutic indexes were calculated only for the best 
compounds (highest activity, least toxic effect). 


Dose-effect curves are presented in Figs. 1 and 2 
for the active anticonvulsant compounds. Figure 3 
shows the comparison of dose-effect curves for anti- 
convulsant activity and lethality for 2-ethyl-2- 
propylcyanoacetamide. The Therapeutic Index (TI) 
was 8.1 and the certain safety factor (LD1/EDeo) 
1.7; the latter figure detracting from the favorable 
TI. 


Table I11 lists those drugs which were inactive 
or whose activity was considered not useful due to  
predominantly undesirable actions. Pertinent re- 
marks concerning qualitative observations are also 
included. 


Structure-Activity Relationships-The prelim- 
inary pharmacologic studies have provided sufficient 
information to  demonstrate trends in biological 
activity. 


Although the effect of variation of alkyl groups 
a t  C2 was not a primary objective of the investiga- 
tion, experimental results indicate the activity 
against electroshock to  decrease: dipropyl > ethyl, 
propyl > diethyl for this series of mono-N-methyl 
compounds. The order ethyl, propyl > diethyl is 
seen also in the unsubstituted amides and in the di- 
N-methyl compounds. This decrease in activity 
appears to  be in accord with current interpretations 
of distribution phenomena (16) by providing a de- 
creasing lipid solubility in the order given. Among 
the compounds described, increasing hydrocarbon 
substitution a t  CZ apparently provides a more favor- 
able ratio of lipid-water solubility characteristics, 
possibly resulting in more effective distribution of 
drug to  the site of action. A comparison of dose 
levels required to produce a similar degree of sedative 
effect among compounds differing only in their C Z  
substituents gave an order of decreasing sedative 
activity identical to that for decreasing activity 
against electroshock. The effect of C-alkylation 
on convulsive action could not be evaluated in this 
series. 


N-Alkyl Modifications-(Tables 11 and IJI and 
Fig. 4)-With the exception of compound 8 versus 
10, which will probably fit the generalization if the 
confidence limits are lowered to 90%, there is a 
significant decrease in potency by N-monomethyla- 
tion. There is no further significant decrease in 
potency with N-dimethylation. N-Monopropyla- 
tion and cyclization decreased the potency suffi- 
ciently so as to prevent quantification (Table 111). 
The production of convulsions and lack of protection 
in the cyclic series suggested a complete investiga- 
tion of dose-response effects would be pointless. 


In those compounds having N-atom substitution, 
simultaneous sedative and convulsive tendencies 


RESULTS 


The experimental results are summarized in 
Tables I1  and 111. Several drugs were active and 
protected against electroshock. Some were con- 
vulsive, whereas others were sedative in action. 
Only those drugs active against electroshock were 
quantified. Although convulsive tendencies and/or 


8 The authors acknowledge the technical assistance of Mr. 
Richard G. Hendrick. 


M L. Wahlquist, Salt Lake City, Utah. 
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TABLE 11-PHARMACOLOGICAL DATA, ACTIVE SUBSTITUTED CYANOACETAMIDES 


0 


Desig- 
nation R 


7 Propyl 


1 Ethyl 


2 Ethyl 


3 Ethyl 


8 Ethyl 


9 Ethyl 


10 Ethyl 


K' 
Propyl 


Propyl 


Propyl 


Propyl 


Ethyl 


Ethyl 


Ethyl 


Dose, 


NH-Methyl 50 
75 
85 


R" mg./kg. 


12.5 
150 


N-Diniethyl 75 
100 
150 
200 


NHz 100 
150 
190 
225 
300 


NH-Methyl 190 
225 
250 


N-Diinethyl 150 
200 
250 


Electroshock, 
Protection, 


% 


60(6/10) 
70(7/10) 
25(5/20) 
50( 10/20) 
79(15/19) 
17(3/18) 
66(11/17) 
61(11/18) 


10(1/10) 


100(10j10/h 
18(2/11) 
50(5/10) 
82(9/11) 


loo(lo/l0y 
0(0/10)h 
40(8/20) 
70(7/10) 
80(8/10) 
90(9/10) 


6(1/16) 
38(6/16) 
60(9/15) 


EDSO. 
Remarks" mg./kg. 


70 (60-82) 


d. c 


71(60-84) 


98(88-109) 
J (brief) 
d .  o 


c q  (brief),g 


1. a 


d,e.i,u 


d.c,ip 


102(86-120) 


17O( 152-197) 


J (brief) 218(200-235) 
J (brief) 
d (righting ref. 


greater than 
3 hr.) 


d p  (brief) 225(192-263) 
d.0 


d . ~ . ~  (brief, one 
death) 


LDJa 
(Estirn.),' TI 


450 6.4 
mg./kg. (Estim.) 


575 8 .1  


lo00 5.9 


"Qualitative evaluation. 'Death within 24 hr. LDro/EDro therapeutic index. dDepression, loss of righting reflex 
*General tenseness or slight muscular tremor, facial muscle twitching, provoked into spasm or convulsion 


*Zero 
within 2-5 min. 
by noise or touch. 
and 1 0 0 ~ o  effect corrected according to the method of Litchfield and Wilcoxon (13). 


' Mild sedation, n o  loss of righting reflex, ataxia. 0 Recovery of righting reflex less than 3 hr. 
'Convulsive. 


TABLE 111-PHARMACOLOGICAL DATA, INACTIVE SUBSTITUTED CYANOACETAMIDES 


0 
// 


R C-R" 
\ /  
/ \  
C 


R' W N  


Dose, Electroshock, 
NO. R R' R'l mg./kg. '% Protection Remarks" 


4 Ethyl Propyl NH-propyl 25 10(1/10) 
50 5(1 P O )  
75 14(2/15) 


h.c 
100 17U /6) 


0(0/3) b.c 172 h r  
125 
150 010/1\ 


\ . - - - - . I  .~ 


200 75i3j4 j * (3 deaths in 24 hr.) 
11 Ethyl Ethyl NH-propyl 100 10(1/10) * 4 
6 Ethyl Propyl Piperidine 100 0(0/9) * (brief) 


13 Ethyl Ethyl Piperidine 75 15(3 /20) 
150 15(3)2oj 
175 40(2/5) 
200 0(0/15) 


12 Ethyl Ethyl P yrrolidine 200 10(1/10) 
1'4 Ethyl Ethyl Morpholine 100 0(0/7) 


5 Ethyl Propyl Pyrrolidine 200 0(0/10) b,d 


c 


200 0(0/3) (mild> 


a Qualitative evaluation. 'Convulsive. 'General tenseness or slight muscular tremor. facial muscle twitching, provoked 
iuto a spasm or convulsion by noise or touch. $Mild sedation, no loss of righting reflex. ataxia. 
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Fig. 1-Dose-response curve of active substituted cyano- 
acetamides. Key:  7, dipropyl-N-methylcyanoacet- 
amide; 2,  ethylpropyl-N-methylcyanoacetamide; 8, 
diethylcyanoacetamide; 10, diethyl-N-dimethylcyano- 


acetantide. 
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Fig. Z-Dose-res9onse curve of a c h e  substituted cyano- 
acetamides. Key: 1, ethylpropykyanoacetmide; 3, 
ethylpropyl-N-dimethylcyanwcetamade; 9, diethyl-N- 


methylcyanwcetnmzde. 


were present. Both effects were more obvious at 
higher doses. Although it was not possible to 
evaluate contributions of N-alkylation to sedative 
effect, it was noted that convulsive tendencies 
increased with an increase in number of substituents 
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Fig. 3-Contpurison of dose efect curwes for anti- 
convulsant activity ( A )  and lethality ( B )  compound 


1 (ethylpropylcyanoacetamide). 


200 I T 


COMPOUND NUMBER 


Fig. 4-Comparison of 95% conjidence limits for the 
individual active drugs. 


these substituents. The heterocyclic compounds 
and the N-propyl congeners were canvulsive by the 
qualitative evaluation as indicated in Table 111. 


In  this series of amides, mono-N-alkylation de- 
creases activity significantly, this may be ration- 
alized in the following ways: ( a )  the amide function 
is now sterically protected making any type of inter- 
action, including hydrogen bonding v i a  the amide 
N-H moeity, with a bioactive macromolecule less 
likely, (b) the hydrogen atom is now less acidic and 
consequently will not hydrogen band as readily, 
(c) a combination of a and b. 


The effect of di-N-alkylation now may be con- 
sidered: there is no significant loss of activity rela- 
tive to mono-N-alkylation. This appears to dispute 
rationalization b above, for this rationalization 
demands the presence of a hydrogen atom attached 
to the nitrogen atom. Rationalization a is also 
apparently disputed, for if one alkyl substituent 


or with an increase in the size or cyclization of sterically protects the w i d e  function, then two 
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substituents should protect better and more effec- 
tively preclude interaction with a bioactive macro- 
molecule. Rationalization t, because it is a com- 
bination of a and b, also is apparently disputed. 


The fact that the N,N-dialkylamides are as 
potent as the N-monoalkylamides could be ration- 
alized as follows: (a) better distribution to the 
receptor because of the increased hydrocarbon con- 
tent, (b) a substantial amount of N-dealkylation, 
(c) increased hydrophobic interactions. Upon ex- 
amination however, rationalizations a and c must 
be discarded. for on the basis of these, N-mono- 
alkylation should not have decreased activity. It 
thus appears that N-dealkylatim may be a factor. 
If this is the case the three rationalizations previ- 
ously set forth with respect to the effect upon ac- 
tivity of mono-N-aIkylation may be valid. These 
rationalizations are consonant with a sterically ac- 
cessible amide function interacting with the bio- 
active macromolecule. The interaction possibly 
involves hydrogen bonding through the media of an 
amide hydrogen atom. 


CONCLUSIONS 


The following compounds: %ethyl-2-propyl- 
cyanoacetamide; N-methyl-2,2dipropylcyanoacet- 
amide; N-methyl-2-ethyl-Zpropylcyanoacetamide; 
N-dimethyl-2ethyl-2-propylcyanoacetamide; 2,2- 
diethylcyanoacetamide6; N - methyl - 2,2 - diethyl- 
cyanoacetamide6 ; and N-dimethyl-2,%diethylcyano- 
acetamide have been found active when subjected 
to testing by an electroshock method using rats. 
The median effective dose (EDw, mg./kg.) of each 
active drug was determined and reported. The least 
toxic and most active compounds were (EDwLDw,~ 
TI, respectively) : N-methyl-2,2-dipropylcyano- 
acetamide, 70, 450, 6.4; 2-ethyl-2-propylcyano- 
acetamide, 71, 575,S.l; 2,2diethylcyanoacetamide, 
170, I,OOO, 5.9. 


Approximate. 
6 See Footnote a, Table I. 
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Convulsive tendencies and/or lack of activity 
prevented quantification of the seven drugs: N- 
propyl-2-ethyl-Zpropylcyanoacetamide; N-propyl- 
2,Zdiethylcyanoacetdde; 1-(2- cyano - 2 - ethyl- 
butyry1)-piperidine; 1-(2- cyano - 2 - ethylvalery1)- 
piperidine; 1-(2-cyano-%ethylbutyryl)-pyrrolidme; 
1-(2 cyanoethylvaleryl) - pyrrolidine; and 4 - (2- 
cyano-2-ethylbutyryl)-mwpholine. Qualitative ob- 
servations were made and recorded. 
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Development of a Sustained-Release Aspirin Tablet 
By EDWARD H. WISEMAN and N. J. PEDERICI* 


Several sustained-release aspirin tablets, some of which are capable of attaining and 
maintaining plasma salicylate concentrations of about 30 mcg./d.  for 8 hr. after in- 
gestion from a total dose of 975 mg. aspirin are described. The design of the final 
tablet characteristics was guided by analysis of lasma salicylate concentrations in 


vim, and the rate of aspirin r&ase in  vi-. 


SUSTAINED-RELEASE product has been defined 
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available to the body in an amount sufEcient to A as “one in which a drug is initially made cause the desired pharmacological response as 
rapidly as is consistent with the properti= of the 
drug determining its intrinsic availability for ab- 
sorption; and one which provides for maintenance 
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, R e v i e w  Article 
Particle-Size Analysis of Emulsion Systems 


By M. J. GROVES and D. C. FRESHWATER 


ECHER (1) reviewed the definitions of an B emulsion and suggested the following as a 
basis for discussion: “An emulsion is a hetero- 
geneous system, consisting of at least one im- 
miscible liquid intimately dispersed in another 
in the form of droplets, whose diameters, in 
general, exceed 0.1 f i .  Such systems possess a 
minimal stability, which may be accentuated by 
such additives as surface active agents, finely 
divided solids, etc.” Becher’s definition is 
satisfactory on most counts. His limitation on 
the lower size of the disperse phase particles is 
clearly not intended to be anything other than 
a broad generalization. Indeed, Becher himself 
recognized this since in a later section (p. 44) he 
stated that: “Emulsions are essentially unstable 
heterogeneous systems; they are partly disper- 
sions, partly colloids”; the use of the term, colloid, 
inferring submicron sues. 


The influence of particle size upon the physical 
properties of emulsions and suspensions has been 
reviewed by others (1-6). It is generally agreed 
that stability, viscosity, rate of heat transfer, and 
optical properties of emulsions are dependent 
upon the particle size or the particle-size distribu- 
tion of the disperse phase. However, there is at 
present no satisfactory correlation of the rela- 
tionship. For example, Rutgers (5) reviewed the 
literature (up to 1962) on the relationship be- 
tween relative viscosity and dispersion concen- 
tration. He concluded that absolute particle 
size was of importance, but not one of the 97 


Received from the Research Department, Boots Pure Drug 
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equations discussed by this author contained an 
expression for size or distribution of size. Sher- 
man (6) also concluded that the bulk of the 
published literature on the viscosity of emulsions 
contained little or no reference to the state of the 
dispersion beyond broad statements to the effect 
that an emulsion was “fine” or “coarse.” 


Reexamining the published work that attempts 
to derive a correlation between some physical 
property of an emulsion and the state of disper- 
sion, it was noted that many of the size measure- 
ments had been obtained by optical microscopy 
(Table I). However, it is widely accepted that 
this method of size analysis cannot adequately 
differentiate between particles of less than I p  
diameter owing to the limited resolution of the 
light microscope as the particles approach the 
wavelength of the incident radiation (7-9). 
Thus even if one accepts Becher’s definition of an 
emulsion and his arbitrary limitation to disperse 
phase particles exceeding 0. lp diameter, the 
accuracy of measurement of the smaller particles 
that could be present in a system, and the assess- 
ment of the significance of the results must at 
least remain suspect. The purpose of this 
review is to consider the particle size of emulsion 
systems and the alternative methods at present 
available for its measurement. 


MEANING OF PARTICLE SIZE 
In practice it is rarely found that all the parti- 


cles in a system under examination have the same 
size parameter. Accordingly, size measurements 
on polydisperse particle systems indicate the 
probability that a given particle picked at random 
has a specified sue. Thus the particle sues re- 
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portcd for any material are associated with their 
frequency of occurrence; being the number of 
particles, or the weight greater or smaller than a 
slated size, or range of sizes. The purpose of a 
particle-size measurement technique is to discover 
the true frequency distribution of particle size, 
either as a number distribution or a weight 
distribution. 


Form of Size Distribution for Emulsion Systems 


Jellinek (10) suggested that it was unlikely 
that emulsions prepared by different methods 
and with different materials would have similar 
mathematical forms of distribution. Neverthe- 
less, Herdan (11) noted that many systems ap- 
peared to obey some standard forms of distribu- 
tion function such as arithmetical or logarithmic 
forms of normal (Gaussian) distribution, or 
exponential distribui ions of the Boltzmann law 
type. 


The earliest attempt to derive a statistical 
function of this type was by Rossi (12) who con- 
sidered the mechanism of subdivision as a random 
process. Rossi’s model had certain deficiencies 
which Dobrowsky (13), van den Tempel (14), 
and Lederer (15) attempted to overcome. 
Jellinek found that Rossi’s equation fitted experi- 
mental data for homogenized bitumen except for 
the largest particles present. 


Troesch (16) applied statistical theory to the 
breakdown of droplets under turbulent flow 
conditions, and deduced that the droplet-size 
frequency followed a normal Gaussian distribu- 
tion. Brodnyan (17), considering emulsion 
polymerization processes, found that in some cases 
radii were distributed normally although in other 
examples a log-normal distribution occurred. 


A Gaussian distribution is absurd in many 
ways since it implies that a fraction of the parti- 
cles, even though a small one, has to be expressed 
as having negative diameters (18). Neverthe- 
less, the concept is useful since mciiients can be 
calculated by the use of algorisms (11). 
Cooper (7, 8) found that the Rossi equation 
appeared to  apply only to the main drops in the 
emulsion. The presence of small daughter 
droplets always means that the size distribution 
is skewed and this also applies to a Gaussian plot. 
However, empirically, one method of removing 
this skewness (that is, make the distribution more 
evenly spaced out) is to plot it as a function of the 
logarithm of the particle size. Kottler (19). in 
1952 reviewed the use of a logarithmicro-normal 
distribution and cited examples back to 1924. 
.4lthough Kottler’s analysis of the statistical 
qJeCts  of tlir log-iiorinal distribution was CVII- 


fined to photographic emulsions, he demonstrated 
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TABLE I-AUTHORS WHO HAVE EXAMINED THE 
RELATIONSHIP BETWEEN EMULSION AND SUSPEN- 
SION PROPERTIES AND PARTICLE SIZE, SHOWING 


METHOD OF PARTICLE-SIZE ANALYSIS 


Authors 
Axon 
Becher 
Bredee and 


de Booys 
Chessman and 


King 
Eilers 
Elworthy and 


Florence 
Eveson 
Gillespie 


Groot 
Johnson and 


Kelsey 
Kelsey and 


Johnson 
Knoechel 
Knochel and 


Wurster 
Lawrence and 


Rothwell 
Leviton and 


Leighton 
Lyttleton and 


Traxler 
Manley and 


Mason 
Matsumoto 
Mima and 


Kitamori 
Nawab and 


Mason 
Orr and Blocker 
Rajagopal 
Richardson 
Rowe 
Saunders 
Sherman 


Sheth 
Sheth et al. 
Shotton and 


Davis 
Shotton and 


White 
Sibree 
Simpson 
Srivastava 
Sweeney and 


Geckler 
Takano and 


Kambe 
Talman et al. 
Taylor 
Traxler 
Vand 
van den Tempel 
Wachtel and 


La Mer 
Williams 


Reference” 
(161, 162) 
(291) 
(163, 164) 


(165) 


(166, 167) 
(290) 


(168, 169) 
( 1 70-1 73 ) 


(289 1 
(174) 


(175) 


(54) 
(55) 


(176) 


(177) 


(178) 


(179) 


(145) 


(180, 181) 


(182) 
(183) 
(3, 184) 
(144) 
(185) 
(56-58, 


(197) 
(198) 
(284 ) 


(199, 200) 


(201,202) 


(204) 
(205) 


(206, 207) 


(217) 
(208, 209) 
(210) 
(211) 
(212, 213) 
(127) 


(214, 215) 


(151-154) 


186-196, 
292,293) 


(203 ) 


Wilson and (216) 
Parke 


Particle-Size 
Analysis Method 


Microscope 
Microscope 
Microscope 


Microscope 


Microscope 
Microscope 


Microscope 
Microscope, elec- 


tron microscope 
Adsorption 
Electron microscopc 


Electron microscopc 


Microscope 
Microscope 


Microscope 


Microscope 


Microscope 


Microscope 


Sedimentation 
Coulter counter 


Microscope 


Microscope 
Microscope 
Microscope 
Coulter counter 
Electron microscope 
Microscope 


Microscope 
Microscope 
Coulter counter 


Microscope 


Microscope 
Microscope 
Microscope 
Microscope 


Electron microscopc 


Microscope 
Microscope 
Microscope 
Microscope 
Microscope 
Coulter counter 


Microscope, 


Microscope 
Centrifuge 


Papers not necessarily discussed in the text. 


tliat if a distributiun were iiut linear wlieu plotted 
on log-probability paper it was an indication that 


\ 
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the sample contained at least two different popu- 
lations. 


Mugele and Evans (20) critically compared 
Rossin-Rammler and Nukiyama-Tanasawa dis- 
tributions with log-probability plots and showed 
that the first two were largely unsatisfactory. 
They found that the log-probability equation 
predicted the general distribution trend correctly 
for most data and gave good results for the mean 
diameter calculations. These authors showed 
that the emulsion data of Harkins and Beeman 
(21) and of Cooper (7, 8) fitted this presentation 
satisfactorily despite the extremely small size ( 1 1  
the emulsion particles. 


Gwyn, Crosby, and Marshall (22) considered 
bias in particle-size analyses resulting from the 
use of a log-normal distribution. Many analyses 
indicate the existence of maximum size classes 
but the log-normal distribution is in fact infinite 
in extent. Thus, the results tend to be biased, an 
occurrence implicitly recognized by Mugele and 
Evans. Gwyn et al. assumed that the sample was 
taken from a population with a true log-normal 
distribution and adjusted the data for bias. 
They suggested that the analysis could be carried 
out in two parts, a few particles being first 
counted to establish the central portion of the 
distribution, and a larger number of particles 
falling above, say, 5% of the total distribution 
based on the central portion. As noted by 
Gwyn et al., if a single distribution applies over 
the entire range of sizes the curve for the upper 
range will exactly, or very nearly, coincide with 
the extension of the curve for the central portion 
of the distribution. 


Rajagopal (23) derived a rigorous proof of the 
log-normal distribution by considering the ran- 
domness due to violent break-up of the interface 
during cavitation, the formation of daughter 
droplets, the disruption due to collisions, and 
coalescence due to the same cause. The process 
was considered as a Markoff chain and the em- 
pirical applicability of a log-probability law to 
emulsion particle-size distribution was placed on 
a firm theoretical basis. 


Schwarz (24) introduced a so-called universal 
distribution law and this was later amplified and 
confirmed in two papers by Schwarz and Bezemer 
(25, 26). This equation, derived on statistical 
grounds, is also a variation upon the truncated 
log-normal distribution. From the data supplied 
by these authors, the equation appears to be less 
universal in application than their claims suggest. 
However, Sprow (2‘7) found that the equation was 
iiseful when investigating droplet sizes produced 
in turbulent liquid-liquid dispersions. 


There are a number of advantages in utilizing 
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a distribution law of the log-normal type to 
describe a particle-size distribution, as discussed 
by Smith and Jordan (28). Thus, on a number 
basis a particle-size distribution is defined 
uniquely by two parameters, -14, the geometric 
mean particle diameter, and ug, the geometric 
standard deviation. Both these parametei s can 
be readily obtained by plotting the size-distri- 
bution data as a cumulative undersize curve oil 


log-probability paper, a point also brought out by 
Kottler (29). In  establishing line of best fit 
Kottler pointed out that preference should be 
given to those points lying closest to the midvalue 
of 50 cumulative percent. Due to the distortion 
of the probability axis, the distance by which 
points are displaced from a straight line becomes 
increasingly significant as one considers points 
progressively closer to the 50% mark. For this 
reason some investigators such as Drinker and 
Hatch (30) fit the best line to those points within 
the 20-80y0 limits, ignoring points outside these 
marks. 


Espenscheid et al. (31) criticizes the use of 
log-normal distribution functions obtained from 
light-scattering data. They suggested that this 
was a new distribution functi in with different 
parameters and physical properties. However. 
Honig (32) pointed out that the suggested dis- 
tribution function was readily reduced to the 
usual log-normal distribution function and this 
was the only one which could be determined 
experimentally. 


One other approach deserves mention since 
the method of presenting the size analysis is 
unique. Broadbent and Callcott (33) suggested 
that a size analysis could be presented in the form 
of a matrix, leading to the derivation of a single 
parameter, the breakage function (T), which was 
defined as the proportion of particles that are 
broken during a grinding process. This ap- 
proach, requiring distributions at  different times, 
was developed in a series of papers (34-30) in the 
context of coal grinding and assumes that the 
chance of breakage is the same irrespective of the 
particle size. Furthermore, in its suggested form 
it  could not be applied to emulsion systems since 
no account is taken of coalescence which always 
occurs during an emulsification process. Never- 
theless, the concept of presenting the size 
analysis as a matrix is an attractive math- 
ematical model since i t  is not necessary to assume 
any “law” controlling the emulsification process, 
and it might be possible to derive a single pa- 
rameter to describe any one distribution. Arbiter 
and Harris (37) extended the concept to include 
a time relationship i n  grinding, but the approach 
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does not appear to have been used in the context 
of emulsions and might be a fruitful approach 
for a future investigation. 


To summarize, there is considerable agreement 
that a size distribution follows a log-normal dis- 
tribution, being characterized by the mean size 
and the slope, or standard deviation. This 
distribution can be plotted on log-probability 
paper and, although a relatively insensitive 
method of presenting results, it must be regarded 
as satisfactory when considering such factors as 
sampling error and repeatability of a particular 
size analytical method. 


METHODS OF PARTICLE-SIZE ANALYSIS 


The Society for Analytical Chemistry in 1963 
published a classification of methods for deter- 
mining particle size (38). This, supplemented 
by the standard textbooks on the subject by 
Herdan (l l) ,  Om and Dallavalle (39), Rose (40), 
and Cadle (41), and review articles such as that 
by Scarlett (42), are sufficient background. It is 
not proposed therefore, to discuss the methods in 
general but rather to select certain aspects for 
comment and deal with two methods, the Coulter 
counter and the centrifugal photosedimentom- 
eter, in detail. 


MICROSCOPE MEASUREMENT 
OF EMULSION PARTICLES 


Most of the work carried out on correlation of 
properties of emulsions to the particle size of the 
disperse phase has relied upon optical microscopy 
for the particle-size measurement (Table I). The 
microscope has the advantage that it is direct and 
inexpensive, but the measurements in themselves 
may be extremely lengthy and tedious. 


Mounting techniques for emulsions have been 
discussed and described by Simmonite (43). 
The emulsion under examination must first be 
diluted before mounting, and care is required to 
ensure that the system is not affected by this 
treatment. Various dilution media have been 
proposed including aqueous gelatin, acacia 
solution, and diluted polyols such as glycerin or 
propylene glycol (9). Various techniques have 
been described for examining the particles and 
classifying them into size groups. The simplest 
form utilizing a micrometer eye-piece or cali- 
brated graticule has been widely employed (44). 
Harkins and Beeman (21) used a projection 
microscope, thereby reducing eye strain and 
improving the accuracy of the method. Smith 
and Grinling (45) introduced a counting tech- 
nique using a hemocytometer slide and Cockton 
and Wynn (46) improved this by using a shallow 
Helber counting chamber. Levius and Drom- 
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mond (9) criticized the previous papers and sug- 
gested a camera lucida method which they found 
to be an improvement over the counting tech- 
niques. Photographic methods were employed 
by, for example, Cooper (7, 8) who measured the 
particle size from prints. Photomicrography of 
emulsions is difficult since particles in the micron 
range exhibit Brownian movement, necessitating 
very short exposure times with subsequent loss of 
contrast. 


Automatic scanning methods have been de- 
scribed (294) in an attempt to reduce the tedium 
of microscope analysis and improve speed and 
accuracy. Collins (295) investigated the sources 
of error using a Mullard type L188 “flying-spot” 
analyzer. Fisher (296) described a new scanning 
instrument which includes a computer to produce 
secondary information such as total projected 
area, total numbers of particles, or parameters 
such as mean Feret’s or Martin’s diameter. 


The necessity of sizing large numbers of parti- 
cles to obtain meaningful results has received 
some attention, the most serious attempt being 
probably that of Fischer and Harkins (47) who 
counted 50,000 particles in each of their systems 
However, as discussed by Becher (l), statistically 
significant counts can be obtained with only 300 
particles. A count of 300 particles will result in 
a cumulative distribution in which the error at 
any value will be less than 8% ( p  = 0.95) and to 
lower this to 5% would require a count of 2,960 
particles. Kaye (48) also discussed this point 
and showed that errors arising from sampling 
were such that a 10-fold increase in count only 
produced a slight increase of accuracy. The 
statistics of sampling are discussed (49). 


Cooper (7, 8) carried out the classical critical 
evaluation of microscope sizing methods for 
emulsions. He pointed out that photographic 
methods were limited by the depth of focus since 
no lens is available which can give a clear image 
of particles of 1 p or less and yet have a depth of 
focus of 20 p ,  the thickness of a hemocytometer 
cell. Direct visual counting, in which the focus 
of the microscope can be continually varied, was 
found always to show a higher value for the num- 
ber of particles in the smallest size range, con- 
firmed by van Kreveld (50). As the particle 
approaches the wavelength of the incident light, 
the resultant halo makes estimation of the actual 
particle diameter extremely difficult so that sizing 
of particles below, say, 2 p cannot be carried out 
with 100% efficiency, a point also confirmed by 
Saylor (51). Lucas (52) noting that rubber 
lattices contained particles well below 0.5 p ,  
attempted to improve the light microscope by 
reducing the wavelength of the radiation to the 
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ultraviolet range (A = 2573 A). The technique 
was extremely difficult since the source was not 
stable. van den Tempel (14) showed from 
Lucas’s data that there are a considerable number 
of particles present in his system below the visi- 
bility limit of 0.12 p,  probably more than 60% 
being below the limit. van den Tempel con- 
sidered the use of the light microscope for such 
small particles to be meaningless and favored the 
ultramicroscope which can be used to detect 
and count particles down to 0.02 I.( diameter but 
is unable to differentiate particle sizes. 


Although Cooper showed that microscope 
measurement of particles below 2 p was of limited 
value, the method has continued to be used up to 
the present. King (53) implied that misleading 
results were occasionally obtained when correlat- 
ing emulsion stability with particle sizes of 0.5-1 
p diameter. Knoechel (54) and Knoechel and 
Wurster (55), investigating o/w emulsion stabil- 
ity, discussed the inability of the microscope to 
take into account submicron particles, conclud- 
ing: “The experimental evidence indicates that 
the presence of sub-visual particles could lead to 
unreliable values for various diameters and inter- 
facial areas during the period in which minute 
globules coalesce to a visible size.” This con- 
clusion was echoed by Sherman (56,57, 292, 293) 
who proposed that the only way out of this 
dilemma was to allow all the minute particles to 
coalesce until they could be measured micro- 
scopically. The value of this suggestion for 
unstable systems may be doubted, but the idea 
clearly cannot be applied to those which are 
stable or in which the particles do not coalesce. 
Sherman pointed out in the discussion of a later 
paper (58) that submicroscopic particles are 
“cancelled out” when determining a mean size. 
He made a tentative proposal for utilizing a 
reciprocal mean diameter, thereby bringing out 
the importance of submicron particles in a sys- 
tem. 


ELECTRON MICROSCOPE 


The early development of electron microscopy 
and its application to the investigation of mate- 
rials below the limits of light-microscope discrim- 
ination was reviewed by Anderson (59). Walton 
(60) and Watson (61) reviewed the application of 
the instrument to particle-size measurement and 
described some of the limitations of the technique. 
The method has some advantages compared with 
light scattering, sedimentation, and other meth- 
ods. In particular any peculiarities in shape 
can be observed directly (62). As noted by 
Walton (60), major difficulties are sampling and 
the effects of drying under vacuum. Local 
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heating effects in the electron beam are often im- 
portant when examining soft materials such as 
emulsion particles. Cravath el nl. (63) improved 
the sampling of suspensions by depositing small 
droplets of the suspension from a mist (aerosol) 
onto a specimen film treated to promote wetting. 
The entire residue left by a single droplet could 
then be examined. Nixon and Fisher (64) used 
an aerograph gun to produce droplets and dis- 
persed their material in bovine serum albumin 
which dried out to yield a transparent matrix 
supporting the particles. The basic technique 
of Nixon and Fisher was later improved by Craik 
who used a more concentrated albumin solution 
and stained the protein with osmium to improve 
contrast at  the edges of the particles where the 
maxtrix was thickest, described by Groves and 
Scarlett (65). 


Other methods of supporting suspensions for 
examination have been reported (66, 67). Soft 
polymeric materials which distort in vacuum have 
been hardened before examination by bromina- 
tion (68) or cross-linking with hard polymers 
using high energy irradiation (62, 69, 70). How- 
ever, in general these hardening techniques have 
not been applied to the electron microscopy of 
liquid-liquid emulsion systems. 


Particle-size analysis using the electron micro- 
scope requires the measurement of a large number 
(at least 3,000) of particles by a photographic 
method since the image is often not sufficiently 
stable for more than a few minutes. The prob- 
lems associated with this aspect of the method 
were described by Crow1 (71) who proposed a 
mechanical method for sizing from photographic 
plates. The alternative approach of image 
shearing proposed by Rippon (72) may also offer 
a solution for future development. 


However, the use of electron microscopy for 
measuring the particle size of emulsion particles 
below about l p  diameter would appear to be the 
only direct method a t  present available. 


ULTRAMICROSCOPE AND 
LIGHT-SCATTERING METHODS 


Recent work on ultramicroscope methods has 
been devoted to either counting particles in a flow 
cell (73) or using a flow method to separate 
particles out according to their size and counting 
in a flow ultramicroscope (74-76). 


Particle sizes can also be measured in principle 
by optical methods depending on the measure- 
ment of the reduction of light directly t rans  
mitted through a dispersion (turbidimetric or 
nephelometric methods) or by light scattered at 
some definite angle (usually 90’) from the light 
path. 
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considered to be the sum of the scattering by the 
individual particles. In  practice, fine particles 
usually have a range of size as well as being of 
irregular shape. Thus, although the total 
scattering is the sum of the scattering by individ- 
ual particles, the scattering coefficient may vary 
widely from one particle to another. If the ratio 
of r/X is greater than 50, the value of K is con- 
stant and can be taken as unity. For smaller 
ratios the value of K becomes a complex function 
of 7/X.  The effect of adding the scattering from a 
number of particles of varying size would be 
expected to damp out the wide fluctuations in 
scattering coefficient with varying size that occur 
for single particles. Gumprecht and Sliepcevich 
(82) considered the problem and proposed a 
quantitative relationship between Mie theory and 
K which enabled them to obtain a size-frequency 
distribution. The approach was simplified and 
does not appear to have gained wide acceptance. 
Goulden (84) used scattering-coefficient data 
calculated by van der Hulst (79) to apply the Mie 
equation to determining the particle size of 
homogenized milk (85-89). However, his 
method can only yield a mean particle size, and 
although useful for control purposes, cannot be 
employed for other than relatively monosized 
systems. 


When a measure of total scattering is desired, 
i t  is much more convenient to measure the percent 
transmission than to attempt to integrate the 
intensity of the scattered light. Transmission 
methods have been used in many fundamental 
studies of light scattering and form the basis of a 
number of methods of particle-size determination. 


When a beam of light is passed through a 
suspension of particles, the intensity of the beam 
is attenuated as a result of the scattering, and 
the decrease in intensity obeys the exponential 
law: 


f/f" = eXp. (-TI) iEq. 4) 


The initial intensity = 10, the intensity after the 
light has traversed distance 1 is I and T is the 
absorptivity, 71 being termed the absorbance. 


Equation 4 can be rewiitten for monosized 
systems as 


I/I, = exp. ( - -Krr*nl)  (Eq. 5 )  


where n = the numbers of particles of radius, 7, 


per unit volume of suspension, and K is the 
scattering coefficient as defined in Eq. 3. For 
very small particles which obey the Rayleigh 
relationship Eq. 1 can be rewritten as 


Krishnan (77) appears to have been one of the 
first workers to investigate the light scattering in 
dilute emulsion systems, and Sing (78) showed 
that for small particles secondary scattering could 
no longer be neglected. This author utilized the 
Mie theory and the approach was investigated 
theoretically by van der Hulst (79). 


The relationship between the scattering of 
light, the wavelength of the light, and particle 
size is complicated, but for particles small 
relative to the wavelength of light i t  assumes 
the simplified form originally derived by 
Rayleigh : 


where S = total amount of light of wavelength, 
A,  scattered by a sphere of volume, V,  and 
relative refractive index, m, per unit intensity of 
illumination. 


This equation holds for spherical transparent 
particles when 7 6 0.1X. When a particle is 
comparable in size or large relative to the wave- 
length of the incident radiation the scattered 
light will be the resultant of light waves originat- 
ing from various parts of the particle. The phase 
and intensity of such waves are related in a 
complicated manner, predicted by the Mie 
equation (80, 81), written in the form: 


where S = total scattering by one spherical 
particle per unit intensity and the a,'s and py's 
are functions of X (2 r r /X )  and p (2rrm/X), 7 


being the particle radius. 
This equation has been discussed in detail by 


van der Hulst (79) and numerous tables of solu- 
tions to the Mie series have been published (80). 


When S is divided by rrz ,  the scattering per 
unit cross-sectional area of the particle, known as 
the scattering coefficient R, is ohtained. Equa- 
tion 2 then becomes 


= s = light obscured by particle ____ 
7rr2 light obscured if laws of 


geometric optics were valid 


Thus, K is a function of T / X  and when the scatter- 
ing coefficient is known for a particular value of 
7 and X its value is established for the ratio re- 
gardless of the individual values. 


Equations 1-3 have been derived for scattering 
from single particles, but unless the number con- 
c:ntration of particles in a suspension is very 
high the scattering from a suspension can be On the other hand, when the particle diameters 
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are large K approaches a value of 2. Lothian 
and Chappel (83) discussed the fractional loss of 
intensity of a beam of light passing through a 
layer of emulsion particles, and showed that the 
absorbance of a dilute suspension of spheres was 
a function of their particle size. After strong crit- 
icisms of turbidimetric methods by Skinner and 
Boas-Traube (go), an improved instrument was 
described by Branson and Dunning (91). This 
device was further developed by Rose (40) who 
narrowed the angle of acceptance to reduce for- 
ward scattering. Other investigations were 
carried out by Kaye (48) and by Hodkinson 
(92). The latter made measurements of the 
angular scattering distribution over the range of 
0.5-90° using suspensions of powdered flint, 
diamond, anthracite, and bituminous coal. 
Smooth curves were obtained which were quite 
unlike those for single particles or monodispersed 
spheres. Mie theory was therefore not applicable 
to these irregular particles, and K was found to 
rise slowly from 0 to 2. Kaye, and later Kaye 
and Allen (93) investigated the optical scattering 
cross-sections of small particles using white light 
and a wide angle of acceptance. Under these 
conditions, they also found that fluctuations of 
K were much reduced and for many purposes it 
was sufficient to take it as unity. Thus, the claim 
by Bolton and Marshall (94) that a simple tur- 
bimeter could be used to measure wax particles 
down to 0.06 p diameter must be viewed with 
caution. It is not clear if these authors used a 
white light source, but it is of interest to note 
that they found values for K as low as 0.04 for 
their smallest particles. 


Trice and Rodger (95) measured interfacial 
areas using a light-transmittance method similar 
to that used earlier by Langlois et al. (96) for 
coarse, unstable emulsions. 


Reflectance relationships for emulsions are, if 
anything, more complex. This was noted by 
Lloyd (97) who incorporated a red dye in the oil 
phase and found that the reflectance a t  wave- 
lengths at  which the colored internal phase par- 
tially absorbed the incident light was inversely 
proportional to a power of the surface-area particle 
diameter. This relationship was claimed to be 
independent of the particle-size distribution. 
Schulman and Friend (98, 99), and van der 
Waarden (100) both used the Rayleigh formula to 
calculate thz mean size of very small droplets 
(up to 400 A. diameter). La Mer (101) investi- 
gated monodisperse aerosols using the higher- 
order Tyndall spectra method. Heller ef al. (102) 
verified experimentally that Mic theory was 
applicable to light-scattering methods and tabu- 
lated the data required to transform light-scatter- 
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ing measurements into particle-size distributions 
(103, 105). Although initially confined to 
relatively monodisperse polymer lattices, Wal- 
lach (104) claimed that the method was appli- 
cable to the study of size distributions of di- 
methylnaphthalene-water emulsions. 


Gledhill (106), Wales (107), and Weber (108) 
have all described methods for measuring parti- 
cle-size distributions by measurement of turbidity 
spectra using methods similar to Heller. La Mer 
and Plesner (109) described a rapid method of 
sizing a monodisperse suspension by measuring 
the light scattering as a function of the angle 
between the incident beam and scattered light 
and the method was extended by Dezelic and 
Kratohvil (110, 111). Kratohvil and Wallace 
(112) reexamined the claims made by Heller and 
Tabibian (113), and by Wales (107), and found 
them unreliable. 


To summarize, there is general agreement that 
light scattering and turbidity methods can give a 
measure of the mean particle size present in a 
system although there is some disagreement on 
the method by which the size distribution can be 
determined. Simplified techniques, making a 
number of assumptions, have been applied to 
determining particle-size distributions by a 
combination of sedimentation methods and 
turbidity measurements. 


COULTER COUNTER 


Coulter described his instrument in 1956 (1 14) 
and the device has come to be widely accepted as 
a convenient and valid method of size analysis. 
The Coulter counter determines the number and 
size of particles suspended in an electrically 
conductive liquid. This is done by forcing the 
suspension to flow through a small aperture 
having an immersed electrode on either side. If 
the suspension is sufficiently dilute, the particles 
will pass through the aperture one at  a time. As 
each particle passes through, it displaces its own 
volume of electrolyte thus changing the resistance 
across the aperture. An electrical current 
passing between the electrodes converts the resis- 
tance change into a voltage pulse, whose am- 
plitude for a given current and electrolyte is pro- 
portional to the volume of the particle. The 
voltage pulses resulting from a known volume of 
suspension passing through the aperture are fed 
to an electronic counter fitted with an adjustable 
threshold level such that all pulses above the 
threshold are counted. In  this manner the 
number of oversize particles is obtained at  
diEerent levels of particle volume so that a par- 
ticle-size distribution by number or by weight can 
be determined. Detailed descriptions of the in- 
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strument and its principle of operation have ap- 
peared in the literature (114-127) and it is not 
proposed to repeat them here. 


As might be anticipated with any new advance 
the Coulter counter has been subjected to cri- 
tical evaluation by many workers in recent years 
(1 28- 137). However, to date no fundamental 
flaw in the principle or mode of operation has 
been detected and i t  is generally agreed that the 
instrument is a unique and valuable contribution 
to the science of particle-size analysis. 


Theoretical Response of the Coulter Counter 


Batch (1 15) and Gregg and Steidley (279) have 
considered the theoretical response of the Coulter 
counter for various shapes of particles. The cur- 
rent between the electrodes is maintained at  a 
constant level so that any change in the resis- 
tance of the cell results in a change of voltage 
across the cell. The presence of a particle of 
different resistivity in the aperture will therefore 
result in a change of resistance, the amount of 
change being in some way proportioned to the 
value of the particle. 


Consider an orifice of cross-sectional area A ,  
diameter D, filled with an electrolyte of resistiv- 
ity, ro, and containing a particle of resistivity, r .  
If a is the projected area of the particle at  the por- 
tion of an elemental section of length dl  then the 
resistance of this element of the particle in the di- 
rection of the orifice axis is Y &/a,  and the resis- 
tance of the annulus of electrolyte is rodl/(A - a). 
The total resistance across the element is 


rordl 
aro + r(A - a )  dR = 


- rod1 - 
A - ~ ( l  - ro / r )  


and the increase of the resistance of the element 
due to the particle is 


arokd 1 where k = (1 - r ~ / r )  - ___ -~ - 
A2(1 - k a / A )  


Thus, the total resistance change is 


For a rod-shaped particle lying along the axis 
this equation can be solved simply because a is 
not a function of 1 so that 


rkv 
A2 (1 - ka/d) R =  


Batch solved Eq. 7 for spherical and cone-shaped 
particles by expanding the expression under the 
integral sign. Gregg and Steidley obtained exact 
solutions by solving the integral explicitly before 
expansion. The resulting equations for change 
in resistance are summarized in Table 11. 


The equation for a sphere approximates to 


= y [1 + 


0.3K2 + 0.13K4 
A2 


Thus, for any shaped particle, provided a/A, or 
d/D,  = K is small, the change in resistance is di- 
rectly proportional to the volume of the particle. 
Allen (132) has shown that this assumption is 
valid for particle-tube ratios of up to 20%. The 
assumption of the linear response for up to 40% 
ratio can lead to an error in particle diameter of 
7.8% for rod-shaped particles, and 3.6% for 
spherical-shaped particles. 


The error term in Eq. 8 


1 + 0.3K2 + 0.13K4 
(1 - K 2 ) - 1 / 2  


can be used to assess error due to assuming a 
linear response, as shown in Table 111. Thus it 
will be seen that, strictly, the response of the 
Coulter counter is not linear with particle volume 
and the nonlinearity is dependent upon particle 


TABLE 11-SUMMARY OF THE EQUATIONS~ RELATING PARTICLE SHAPE AND TOTAL 
RESISTANCE CHANGE IN AN ORIFICE CONTAINING AN ELECTROLYTE 


A R C  
rov 1 -___ ka' k2a'' 


7r2D4 (1 - K 2 )  


Particle Shape 
' k V  Rod length >> dia. A 2  (1 + -;I + 7 + . . . 


Rod length N dia. - 


Sphere 


Cone 


4 ka' 24 k2a" 2 3  [tan-1 [K(1 - K')-"'] 
A' * [l + - -  5 A  + 3 5 A  -2 + ...I (1 - K2)"' - K ]  SD 


3 ka' 3 kZa'2 'Kv [l + - -  + - 2 + ...I A' 7 A  7 A  


* Where A = area of orifice of diameter D, a' = maximum cross-sectional area of particle. The value of k is (1 - re/r), 
Gregg and Steidley assume i / r o  to be negligible 


From Reference 
where r is the resistivity of the particle and ro the resistivity of the electrolyte. 
and define K as d / D  E particle diameter/orifice diameter. where 1 is the length of rod and c is a constant. 
11s. 'From Reference 279. 
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TABLE 111-MAGNITUDE OF THE ERROR IN ASSUMING A LINEAR RESPONSE 
FOR THE COULTER COUNTER (EQ. 8) 


* AP/V 1.008 1.033 1.077 1.145 1.26 
d / D  0.1 0.2 0.3 0.4 0 . 5  


Error in volume, % 0.8 3.3 7.7 14.5 26.0 
Error in diameter, % 0.3 1.1 2.9 4.8 8.7 


shape. However, it should be emphasized that 
in practical terms the error is not significant if the 
largest particle is of the order of 40% of the tube 
diameter. Particles larger than this can be mea- 
sured providing the “error” is recognized al- 
though blockage of the orifice by such large par- 
ticles generally means that in practice the size 
analysis would be carried out using a larger orifice 
tube. Experimentally Eckhoff (283) has found 
that spherical and comminuted particles of iden- 
tical volumes give rise to voltage pulses of iden- 
tical amplitude; the effect may, therefore, prove 
to be less significant than was earlier thought. 


The resistivity of the particle has a theoretical 
effect upon the response of the instrument. 
Thus, from Batch’s equations (Table 11), if K = 
(1 - r ~ / r )  is less than 1, the magnitude of the errors 
shown in Table I11 will be increased. However, 
in practice it has been found that the majority of 
powders, whether conducting or not, behave in 
the electrolyte as particles with infinite resistance 
(1 16). Thus the assumption that K = 1 can gen- 
erally be assumed to be good. It is interesting 
to note, however, that if the particles showed the 
same resistivity as the electrolyte there would be 
no “size” error. 
Lower Limit of Site Measurement 
by the Coulter Counter 


Coulter’s Laboratory Manual (1966) claims 
that, with a 20-p nominal diameter orifice tube, 
the instrument will detect particles of 0.4-p 
equivalent sphere diameter. Kubitschek (120) 
claimed to detect particles of 0.2 p diameter with 
a resolution of 0.04-0.06 p3. This claim must be 
viewed with caution although Princen (private 
communication) has confirmed it and suggests 
that it may be due to instrument idiosyncracy. 
It is widely accepted that the instrument is useful 
for particles of diameters down to 1 p, and will de- 
tect particles down to 0.5 p diameter (138). 
However, in this range the instrumental back- 
ground caused by electrical effects, especially 
heating within the orifice, and cavitation by the 
passage of material through the small orifices 
which are required for these sizes make actual de- 
tection of submicron particles less certain. In 
addition, the loss of count caused by “shadowing” 
of small pulses by larger ones makes the detection 
of small particles difficult in the presence of large 


ones (129). The practical difficulties in ob- 
taining electrolyte free from particulate contam- 
ination are also considerable. The instrument is 
therefore limited to approximately the same sue 
range as optical microscope methods but has the 
overwhelming advantage that a vastly greater 
number of particles is actually counted for any 
one size distribution. 


Coincidence Correction 
and Dilution of the Sample 


The theory of the Coulter counter assumes 
that only one particle will be found in the volume 
defined by the orifice a t  any one instant of time. 
However, even with very dilute suspensions there 
is a finite possibility of two or more particles 
passing through at the same time. Clearly the 
more dilute the suspension the lower the prob- 
ability of coincidence. Wales and Wilson (130, 
131) recognized two forms of coincidence: (a) 
All pulses from two or more simultaneous par- 
ticles add so as to produce a single pulse whose 
maxima is the sum of the two individual pulses, 
and (b) The pulses from two or more simultaneous 
particles behave as one pulse whose maximum 
corresponds to the largest particle. 


Princen and Kwolek (280) showed that type a 
coincidence should predominate and would result 
in overcounting of large particles. The methods 
of correction for the coincidence error were dis- 
cussed by these authors and Edmundson (135, 
281) has proposed an alternative method. At 
low counts, however, the required correction 
will be approximately 1-3% of the total count 
and the method of calculating this relatively 
small error is not likely to be significant. For 
this reason, it is better to operate the Counter a t  
dilutions which will give low total counts and this 
itself is sometimes a source of difficulty. Groves 
(139) pointed out that dilutions of the order of 
1 : 50,000 or more are often required for emulsion 
systems and great care is required when making 
these dispersions for analysis. 


Effect of Electrolyte on Dilute Emulsion Systems 
Parfitt (282) has recently described the theoret- 


ical background t o  the preparation of dispersions 
and their subsequent stability. Emulsion par- 
ticles are often stabilized with surface-active 
agents and emulsion systems diluted with water 
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will sometimes flocculate on standing. However, 
the addition of electrolyte to such a dilution will 
frequently cause flocculation because the energy 
barriers preventing aggregation and coalescence 
are reduced. Although electrolyte is necessary 
for a Coulter counter analysis, few authors ap- 
pear to have encountered this phenomenon when 
using the instrument to measure the particle- 
size distribution of an emulsion system. Sing- 
leton and Brown (140) found that the count of the 
systems in their investigation changed with time. 
They noted the elapsed time to the beginning of 
counting for each of the sizes being measured; 
counts were then corrected for the time effect by 
extrapolation to zero time. Groves (139) re- 
ported the same effect for an emulsion stabilized 
with cetrimide and found that the flocculation 
could be minimized by carrying out the dilution 
in sodium chloride solution containing cetrimide 
at a concentration in excess of the critical micelle 
concentration. The results obtained in this 
manner agreed with those obtained independently 
using other size analysis methods. Some dangers 
of extrapolating to zero time in the manner sug- 
gested by Singleton and Brown are illustrated by 
the results shown in Fig. 1. The phenomenon 
has been noted in systems stabilized with other 
surface-active agents (278). Aggregation of an 
emulsion system is therefore possible during a 
Coulter counter size analysis, and the analyst 
should be at least aware of the possibility. 


Use of the Coulter Counter 
for Sizing Emulsion Systems 


Wachtel and La Mer (127) employed the 
Counter to size o/w emulsion systems, using the 
device to measure the degree of dispersion 
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achieved by the use of a Sinclair aerosol generator 
for making monodisperse emulsions. Higuchi 
(141, 142) investigated factors influencing the 
aggregation of emulsions, followed by Lemberger 
and Mourad (143), and Swift and Friedlander 
(125). Shotton and Davis (284) investigated the 
influence of soap concentration on creaming rates 
of liquid paraffin emulsions in potassium laurate, 
and Singleton and Brown (140) used the Counter 
while investigating i.v. fat emulsions. Rowe 
(144) and Mima and Kitamori (145) studied 
emulsion-stability parameters as reflected in 
changes of particle-size distribution. Princen, 
Stolp, and Kwolek (146) examined the factors 
controlling the emulsification of linseed oil and 
Marshall and Taylor (147) described the use of 
the counter for following changes produced in an 
emulsion during the evaluationof dzerent homog- 
enizers. In general terms, Schrenzel (148, 149) 
discussed the use of the Coulter counter for the 
size analysis of pharmaceutical emulsions. Whit- 
tlestone (28.5) showed that the counter could be 
used for determining the size distribution of fat 
globules in cows milk but found no detectable 
systematic trends in the distribution pattern. 
However, later Cornell and Pallansch (286) im- 
proved the technique and demonstrated the 
effects of homogenization, pasteurization, and 
cream separation. The instrument has therefore 
been applied to many different types of emulsions. 


As noted by Edmundson (281), “although 
simple in principle and reliable in operation, the 
Coulter Counter is a highly sophisticated appa- 
ratus, not to be regarded as a ‘black box’ that gives 
the right answer automatically.” To summarize 
this section, therefore, the instrument covers ap- 
proximately the same size range as the optical 
microscope but has the overwhelming advantages 
of improved speed and accuracy; the proper 
methods for using the instrument and interpret- 
ing its results are still being developed. 


GRAVITY SEDIMENTATION METHODS 


As noted by Becher (I), if an emulsion creams 
at an observable rate, measurement of the amount 
crcanied per unit time permits the construction of 
a distrilmtion curve. Most methods which de- 
pend on this piinciple, such as that of Kraemer 
and Starrirn (150), measure the change of density. 
More recently Matsumoto (151-154) has de- 
scribed a method in which the viscosity changes 
in a creaming emulsion are used to build up a par- 
ticle-size distribution of the system. Following 
the design of a cell to measure emulsion stability 
using creaming rate monitored by dielectric mea- 
surements (1 5.5), Kaye and ,Seager have described 
a sixpilar device to measure the particle size of o j w  


0 40 80 120 160 200 240 280 320 363 
TIME, rnin. 


Fig. I-Change of apparent mean particle size of a 
retrimide emulsion measured with a Coulter counter 
as a function of time. All primary dilutions were 
inade i n  0.0003 M cetrimide in  normal physiological 
saline. Key: secondary dilutions were made in 
d i n e  containing the following concentrations of 
retrimide: A ,  0.oooO3 M ;  B ,  O.oooO15 M ;  C,  
0.0003 M; D, 0.00015 M; E ,  0.003 M ;  F ,  0.03 M .  
[Reproduced wzth permission jrom J .  I’harm. l’lt:ir- 


macol., 18, 305(196fi‘) 1 







Vol. 57, No. 8, August 1968 


emulsions (156). The method is ronftietl to 
systems of mean particle size around 100 p and 
does not appear to be useful for diameters below 
1.5 p ;  it is therefore of limited application to phar- 
maceutical emulsion systems which have particles 
well below the lower limit of the method (1). 
Figurovskii and his co-workers (15i-160) ex- 
amined sedimentation methods and stated that 
they offered the fastest and most reliable means 
of determining the degree of dispersion of dis- 
persed syslems. Unfortunately, gravity sedi- 
mentation methods are not applicable to par- 
ticles below about 10 p diameter since the par- 
ticles “cream” too slowly. In addition convec- 
tion and displacement currents as well as 
Brownian movement all tend to disturb the sedi- 
mentation pattern. Hence the use of gravity 
sedimentation is of limited use for most pharma- 
ceutical systems where particle sizes of 1 p and 
below are common. 


CENTRIFUGAL SIZING TECHNIQUES 


One obvious way to increase the settling rate is 
to centrifuge the suspension. Orr and Dallavalle 
(39) described a number of centrifugal sedimen- 
tation techniques and other devices have been de- 
veloped in recent years. 


The first attempt to use a centrifuge to obtain 
a size distribution was that of Dumanskii, Zabot- 
inskii, and Evseyev (218). Using an ordinary 
centrifuge, they deterniined the amount sedi- 
mented by ultramicroscope counts before and 
after centrifuging, but obtained poor agreement 
with the ultramicroscope method. Svedberg and 
Pederson (219) suggested that this was probably 
due to convection currents caused by serious de- 
viation from ideal sedimentation conditions. Ni- 
chols and Svedberg developed a centrifugal den- 
sitometer, a two-arm centrifuge in which the 
boundary of particles was observed by taking 
photographs at different stages of the analysis. 
Nichols and Liebe (220) used a much improved 
version of this early instrument which rotated at 
20,OOO rpm and had better balancing and freedom 
from vibration. The obscuring power, related to 
the cross-sectional surface diameter of the par- 
ticles, was measured for six colloidal lithopone 
samples by measuring the absorbance from light 
absorption measurements. The method was de- 
scribed in detail later by Bailey, Nichols, and 
Kraemer, (221) and by Bailey (222), the former 
group showing how it could be applied to the par- 
ticle size analysis of emulsions. Nichols and 
Bailey (223) gave a worked example of how to 
calculate a size distribution of an emulsion using 
the so-called “low-speed Svedberg ultracentri- 
fuge. ’ ’ 
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Nichols and Liebe (820) equated the viscous 
force due to Stokes’ law with centrifugal force, 
ignoring the Coriolis force or accelerating force 
which is also present. Robison and Martin (224, 
225) were able to demonstrate that this assump- 
tion would not lead to any significant error. 
Cheng and Schachman (226), after an intensive 
investigation of the ultracentrifugal sedimenta- 
tion behavior of polymer lattices, concluded that 
Stokes’ law was valid under these conditions. 


Marshall (227-229) suggested a two-layer tech- 
nique in which particles are considered to start 
from substantially the same position. This tech- 
nique has a superficial attraction but is fraught 
with many difficulties, including that of irregular 
sedimentation, a point noted by Keen and Scho- 
field as early as 1930 (230). This technique and 
methods for overcoming the problems have been 
discussed (72,231,232) and the streaming problem 
for particulate solids subjected to a two-layer sed- 
imentation technique has been effectively over- 
come. However, the approach is only applicable 
to materials which are denser than the sedimen- 
tation liquid, i.e., the particles are thrown to the 
outer periphery of the vessel. Since emulsion 
particles are usually less dense than water and 
soluble in organic liquids which have a lower den- 
sity, the use of a centrifugal sedimentation 
method is mainly confined to a homogeneous 
technique. Thus emulsion particles move in- 
ward from the outer periphery toward the 
center of the sedimentation vessel. It is there- 
fore necessary to consider in more detail centrif- 
ugation techniques and methods for the solution 
of a homogeneous system. 


Centrifugal Techniques 


The early techniques as noted above used cen- 
trifugal tubes. Martin (233), and later Robison 
and Martin (224), reviewed breaker-type centrif- 
ugal sedimentation and concluded that i t  had 
advantages, not the least being that collisions be- 
tween the particles and the walls of the vessel are 
minimized. Robison and Martin developed the 
theoretical approach and described the applica- 
tion of a modified beaker- or sector-shaped cen- 
trifuge cell from which samples were withdrawn at 
the end of a variable time at a fixed depth (225). 
Brodnyan (17) used a similar method for polymer 
lattices but with an ultracentrifuge. Ramack 
(234) improved the theoretical method and de- 
scribed a similar sector-shaped cell to which was 
attached a sampling device that removed a 
sample at a fixed depth while the centrifuge was 
still running, thereby removing the danger of stir- 
ring the suspension during the slowing-down 
phase. Kamack had to use concentrated suspen- 
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sions 01 the order of 1% and only one point on the 
distribution curve could be obtained from each 
run. Owing to hindered settling (235, 236) the 
method was also probably inaccurate. Never- 
theless, the method of calculating the experi- 
mental results was retained when Donoghue and 
Bostock (237) introduced the complete disk cen- 
trifuge. This particular instrument resulted in 
the introrlucion of a centrifugal analog of the 
. L  ' ' I ' t . 3  i. v t  by Slater and Cohen (238), the 
Sin 1 f i i  c' (;ui)tit (239) also described a 
\ r .  i I ( L iiirifugal Andreasen pipet tech- 
1.i IIC 


Muac-r a i i J  Schmidt (240) described a centrif- 
ugal photosedimentometer using a shallow cy- 
lindrical tank or disk rotating in the horizontal 
plane. The absorbance of the suspension was 
followed as a function of time by passing a thin 
beam of light through a fixed point on the tank 
onto a photoelectric cell. The authors used a 
nomograph to relate the recorder curve to the 
percentage of particles of a given size calculated 
from Stokes' law and stress was laid on the fact 
that an instrument of this type must first be cali- 
brated by some other method owing to variable 
factors such as particle shape and opacity. 
Moser (private communication) stated that the 
instrument was a prototype which was not de- 
veloped further. 


Later Kaye (24 1) patented a photosedimentom- 
eter which was essentially similar to that of 
Moser and Schmidt. The new instrument em- 
ployed a servosystem which compared the 
attenuated light beam with the unattenuated 
beam, using the difference signal to rotate an op- 
tical wedge to cancel the difference. A potenti- 
ometer attached to the optical wedge was used to 
control the recorder so the instrument plotted out 
the absorbance of the suspension. The instru- 
ment was described in more detail by Kaye (48) 
and evaluated with Burt (242-244). A simpli- 
fied instrument, omitting the servo unit, was de- 
scribed and evaluated by Groves, Kaye, and 
Scarlett (245). The light beam was allowed to 
fall onto an unbalanced photocell after passing 
through the centrifugal disk. The instrument 
was used with the two-layer technique and was 
insufficiently sensitive to detect the streaming 
later investigated by Rippon (72). A prototype 
of an improved version has been described and 
evaluated (246, 247, 231, 278) and is shown in 
Figs. 2 and 3 


Other disk centrifuges have also been described. 
Martin, Brown, and de Bruyn (248) used a hollow 
aluminum disk centrifuge similar to Kaye's de- 
sign to size analyze submicron powders containing 
elements of high atomic density such as lead 
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Fig. 2-Diagrammatic cross-section of the Coulter 
centrifugal photosedimentometer. Key:  A ,  recorder; 
B,  amplifier; C, servomotor; D ,  photocell ( C d S ) ;  
E,  potentiometer; F, light source; G,  chopper, FI, 
servo-driven optical wedge, H2, hand-operated optual 
wedge; I, centrifuge disk containing liquid; J, 
constant speed motor. The optical path i s  shown as a 


discontinuous line. 


Fig. 3-Photograph of the prototype of the Coulter 
centrifugal photosedimentometer. The edges of the 
optical wedges are seen as projections from the right- 
hand housing. The rotating disk is horizontal and 
is situated under the lid seen on the left of the main unit. 


glass, an X-ray beam passing through it and onto 
a proportional counter. 


Hildreth (249, 250) described a simple photo- 
extinction type of disk sedimentometer, similar in 
principle to that described by Groves et al. An 
initially homogeneous suspension was used on the 
variable-time system (vide infra) , the transmit- 
tance versus time curve being related to transmit- 
tance weight curve by obscuration factors. As 
noted by Rippon (72), this is an oversimplification 
of the theory and is not a tenable method. 


Atherton, Cooper, and Fox (251), Atherton and 
Tough (252), and Murky (253) described a small 
diameter disk centrifuge in which the two-layer 
technique is used in conjunction with a rotating- 
probe sampling device, the I.C.1.-Joyce Loebl 
centrifuge, Figs. 4 and 5. Thus, liquid and sus- 
pended contents are removed for subsequent anal- 
ysis after predetermined centrifugation times at 
a known radius while the centrifuge is still rotat- 
ing. This centrifuge has been investigated in 
our laboratories using a homogeneous suspension 
method. Irregular sedimentation behavior was 
observed at  the high concentrations of an emul- 
sion required for subsequent analysis. In addi- 
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Fig. 4-Photograph of the Joyce-Loebl centrifuge, 
showing t b  disk probe, and sampling equipment. 


Fag. 5-Sketch of Joyce-Loebl centrifuge disk, showing 
relationship of probe during sampling. Key:  A ,  
path described by probe tip; B ,  final collectaon point; 
C, probe pivot; D ,  meniscus of liquid before sampling; 
E ,  anner edge of disk port; F, outer edge of disk. 


tion considerable turbulent disturbance was ob- 
served when the sampling probe was inserted into 
the suspension (Groves, unpublished results). 
However, Jones (private communication) claims 
that the instrument has been used to obtain the 
particle-size distributions of submicron polymer 
emulsion systems. 
Theory of Homogeneous Suspension Methods 


When the material to be analyzed is dispersed 
in the sedimentation liquid to produce a homo- 
geneous dispersion, three main modes of opera- 
tion are possible as noted by Murley (253). (a) 
The inner radius of the liquid surface and the 
outer radius of collection are kept constant, sam- 
ples being collected after varying running times 
of the centrifuge. (b)  The running time of the 
centrifuge is kept constant, as is the inner radius 
of liquid and the outer collection radius is varied. 
(c) The running time of the centrifuge is kept con- 
stant as before, but the outer collection radius is 
kept constant for successive measurements, while 
the inner liquid surface radius is varied. 


In all cases the centrifuge speed is kept con- 
stant. Donoghue and Bostock (237) gave solu- 
tions for solving methods b and c, to which Murley 
added another proof. However, Donoghue and 
Bostock also stated that no analytical proof ex- 
ists for the derivation of the particle-size distribu- 
tion of a sample when time is varied, unfortu- 
nately the precise situation relevant to the centrif- 
ugal photosedimentometer. Murley agreed that 
this was correct but pointed out that iterative 
methods could now be developed for calculating 
the required results using modern computer tech- 
niques at  relatively low cost. The variable time 
mode of operation offers a number of important 
experimental advantages and as a result many 
attempts have been made to find a solution, or 
the best approximation. 


Although the position of a particle relative to 
its initial position can be described mathemati- 
cally, it still remains difficult for a distribution 
function to be derived from the experimental 
information. This is complicated by the fact 
that, from the initially homogeneously dispersed 
particulate system, particles are accelerated pro- 
portionally to their position from the axis of rota- 
tion. At any given reference or sampling zone, 
after a certain time t it can be said that all par- 
ticles greater than a certain size d, will have 
passed, where d ,  is the Stokes’ diameter of the 
particle which started from the free surface and in 
time t had transversed to the sampling zone. 
Subsequently the theory was developed for a disk 
centrifuge which is an ideal form of a sector- 
shaped cell since wall collisions are reduced to a 
minimum. The size distribution is considered to 
be continuous, containing in an infinitesimal range 
of diameters a fraction of F Q d y .  


Referring to the sector of the disk centrifuge, 
the distance from the axis to the free surface is 
S; that to the sampling zone, R. 


Hence a particle of diameter d is defined as that 
particle which will just travel from the surface at  
S to R during the centrifuging. From a consider- 
ation of the centrifugal forces: 


where w = angular velocity, p = density of par- 
ticle, u = density of sedimentaion liquid, and q 
= the viscosity of the liquid. Thus, 


R 
S 18 rl 


In - = k&, where k = w2 (Eq. 10) 


These particles of diameter d and all larger 
particles will have been sedimented as well as a 
fraction of the particles smaller than d (i .e. ,  those 
which were nearer to the sampling zone than 
those at  the surface) in time t. 
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If p is the total fraction of material deposited, 
then p is given by the equation 
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accuracy better than that due to experimental 
techniques are, however, available. 


Light Scattering as Applied to 
Centrifugal Techniques 


The use of a beam of radiation to measure the 
concentration of particles in a centrifugal cell has 
many attractions, especially as it is not necessary 
to disturb the sedimenting system in order to ob- 
tain an analysis which can be made continuous. 
The pioneer investigations of Svedberg and Ni- 
chols and Liebe, and Nichols and Bailey have 
been mentioned. However, i t  is usual to employ 
Schlieren techniques to follow boundary changes 
in analytical ultracentrifugation, the boundary 
being detected by changes of refractive index be- 
tween solvent and suspension. This method was 
used by Hermans and Ryke (259) to determine 
the particle size of colloidal silica particles. Bier- 
man et al. (260) used the technique to measure 
particle-size distributions of the chylomicrons, the 
submicron lipoprotein particles found in plasma 
after meals of fat, and found that the turbidity of 
their suspensions sometimes interfered with ob- 
servation of the boundary. McCormick (261) 
noted that by increasing the intensity of the light 
beam with a mercury arc lamp the Schlieren pat- 
terns could still be obtained for concentrations up 
to 0.05% polystyrene latex particles with diam- 
eters of 2500 A. He was therefore able to adapt 
conventional analytical ultracentrifugal tech- 
niques for the size analysis of a number of poly- 
meric emulsions. Averink et al. (262) criticized 
McCormick's method since the turbidity forced 
him to use such low concentrations that the Schl- 
ieren peaks were very small, leading to poor ac- 
curacy. Averink et al. showed that the appli- 
cability of Schlieren optics was restricted to a 
range of particle diameters ranging from 200 to 
2,400 A. They concluded that with absorption 
optics the range could be greatly extended and 
described a method for achieving this. A graph- 
ical method was used to relate absorbance to con- 
centration in order to calculate the size distri- 
bution. Using monochromatic light this method 
would appear to be the most satisfactory cur- 
rently available. 


Using a simple beam of light of mixed wave- 
lengths, Groves, Kaye, and Scarlett (245) em- 
phasized that their method could not be absolute 
for particles whose diameter approximates to the 
wavelength of the incident light but was useful 
for the detection of differences between samples. 
Kaye and Jackson (263) applied a modified cen- 
trifuge developed from the earlier models t o  the 
size analysis of polymer emulsions of narrow 
size range, and were able to deduce that these 


[l  - e--sk~'t]  Fy.dy (Eq. 11) 


Differentiating Eq. 11 with respect to time 
gives : 


This equation is not capable of analytical solu- 
tion although Romwalter and Vend1 (254) ob- 
tained Eq. 11 and invalidated their solution by an 
error. ' This error was detected by Brown (255) 
who obtained Eq. 11 but solved it by making (R 
- S) variable. Robison and Martin (224) used 
an iterative method to produce a set of approxi- 
mate solutions which were claimed to give better 
accuracy than that due to normal experimental 
errors. Kamack (234) improved the iterative 
technique to give an approximate general solu- 
tion to Eq. 12 in recursive form: 


i = 1,2 . . .  n (Eq. 13) 


where F = F(D) = fraction by weight of par- 
ticles smaller than diameter D. C = concen- 
tration of suspended solids, as a fraction of the 
concentration of uniform suspension prior to set- 
tling, and S = 


Others have attempted to obtain a solution of 
the variable-time equation. Nichols and Liebe 
(220) published a result which would not, how- 
ever, give a weight-distribution function. Park- 
inson (256) overcame the variation due to the 
centrifugal field by the simple process of ignoring 
it. More practically, Jacobsen and Sullivan 
(257) employed a very low value of R/S (1.05), 
but this was experimentally difficult since only 
small volumes of material were available for anal- 
ysis. Dana (258) employed a pipet method using 
an inclined-tube centrifuge for which mathema- 
tical analysis was found to be inapplicable. 
Other attempts were critically reviewed by 
Robison and Martin (224). It must be con- 
cluded that an exact solution of the theory for 
deriving a distribution function from an initially 
homogeneous dispersion centrifuged for various 
time intervals is not possible. As noted by 
Murley (253) approximate methods of an order of 
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materials had a wider range than that claimed by 
the manufacturers. 


Thus, although the technique is relatively un- 
sophisticated it may have some use where the 
particles are still big enough to cause interfer- 
ence with a light beam (>0.01 p),  since these par- 
ticles are separated according to Stokes’ law. 
The quantitative expression of the actual par- 
ticle concentration may not be exact and may 
result in an overemphasis of the fines (277). The 
relationship between this effect and errors due to, 
for example, inadequate dispersion of the fine 
particles remains to be established. An adapta- 
tion of the technique described by Schleusener 
and Read (WX;) i o r  detecting sedimenting par- 
ticles with a 6328 ,i./He-Ne gas laser may offer 
some improvement for future investigation. 


Other Centrifugal Techniques for 
Sizing Emulsion Particles 


The ultracentrifuge has been used to deter- 
mine emulsion stability, measuring the free oil 
and compacted emulsion boundaries as a function 
of time (264-269). By analogy with gravity sed- 
imentation methods this technique could be ap- 
plied to particle-size determinations. Pinter and 
Zilversmit (270), and Zilversmit (271) described a 
density-gradient method for the ultracentrifugal 
size measurement of chylomicrons. This tech- 
nique is used in studies on living materials (272) 
and the approach might well be applicable to 
emulsion systems. 


ADSORPTION METHODS 


Brodnyan and Brown (288) estimated the soap 
concentration adsorbed onto polymer emulsion 
particles. Assuming a monolayer of absorbed 
molecules of known molecular cross-section, they 
were able to calculate the total interfacial area 
and an average particle size from a knowledge of 
the phase volume. A similar method has been 
described by Groot (289) for paraffin oil emul- 
sions stabilized with sodium lauryl sulfate. Since 
analytical methods for estimating a wide va- 
riety of surface-active agents are now available, 
the method may be generally applicable. 


DISCUSSION AND CONCLUSIONS 


The range of particle sizes in operationally 
usable pharmaceutical emulsions may be within 
the arbitrary limits 0.01 and 10 p (297), although 
some have claimed that particles of up to 100-p 
diameter may be found (156). From a practical 
standpoint i t  should be pointed out that emulsion 
droplet sizes well below Becher’s (1) limit of 0.1 p 
have been reported in the literature. For ex- 
ample, droplet diameters in transparent emul- 
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sions investigated by Bowcotl and Schulman 
( 5 3 )  were of the order 100-500 A. van der Wa- 
arden (100) prepared emulsions with particle 
diameters varying between 250 and 900 A. Ki- 
yama et al. (274, 275) reported particle sizes 
varying between 0.08 and 0.2 p ,  finding up to 
30% w/w of their material below 0.08 p in some 
instances. Lucas (52) found that rubber latex 
particles were generally below 0.1 p ,  and chylo- 
microns have a size range extending down to 150 
A. (260). Schoenholz and Kimball (276) showed 
that bright-drying wax polish emulsions con- 
tained particles in the range r f  0.05-0.1 p, the 
particle size decreasing if the ratio of emulsifier- 
M ax was increased. Thus, although it seems that 
emulsion systems may contain particles below the 
limit of detection by the light microscope, as 
shown in Table I, many workers have chosen a rb -  
trarily to ignore them. It is true that on a 
weight basis these particles may only represent a 
small fraction of the total dispersed phase. On 
the other hand, when considered in terms of sur- 
face area, or number, the small particles could 
have a disproportionate influence on the behavior 
of an emulsion system, as noted by Sherman (56, 
57, 292, 293). The problem can therefore be re- 
solved into one of deciding which method of par- 
ticle-size analysis to utilize; it is clear from this 
review that no one method in isolation is ade- 
quate to cover the wide range of particle sizes 
which occur in emulsion systems. 


This problem was considered by Groves, Scar- 
lett, and Freshwater (277) who determined the 
particle sue of a model emulsion system by a 
variety of experimental techniques. An appreci- 
able amount of submicron material was found to 
be present and results obtained are shown in Fig. 
6. It is useful to remember when comparing re- 
sults by different methods that different particle- 
size parameters are often measured. For ex- 
ample the light and electron microscopes both 
measure a cross-sectional diameter by direct ob- 
servation or measurement of a photographic 
image. The Coulter counter measures the 
volume of the particle, and the result is derived 
as the diameter of a sphere of equivalent volume. 
Similarly, sedimentation methods yield a Stokes’ 
diameter, which is the diameter of a sphere of 
identical density sedimenting under streamline- 
flow conditions at the identical velocity. Al- 
though it is generally assumed that emulsion 
droplets are spherical this may not always he the 
case (65, 298, 299). Nevertheless, emulsion par- 
ticles are approximately spherical and the 
different derived parameters representing the 
particle diameter would be expected to show a 
reasonable measure of agreement. As will be 
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seen from Fig. 6, in this system there is general 
agreement above 1 p, with the light microscope re- 
sults tending to give a slightly higher size. This 
may be due to the difficulties previously noted of 
resolving and measuring particles below 2 p. 


There is good agreement on the size of the largest 
particles present. The electron microscope re- 
sults diverge but this was explained by sampling 
difficulties, the area presented by the electron 
photomicrograph field being 10 X 12 p.  The 
chance of sampling a 4-p diameter particle is 
clearly reduced so that it would require an inor- 
dinate number of photographs or samples before 
this method would give results consistent with 
those from other methods. 


However, it  is below 1 p that the methods show 
their greatest divergence. The system contained 
particles down to at least 0.02 p diameter, well 
below the limiting discrimination level of the 
Coulter counter or light microscope. Rajagopal 
(23), recognizing that submicron particles could 
exist in an emulsion system, suggested that these 
could be determined by extrapolation of a log- 
probability plot and Batch (115) suggested a 
similar process. However, as can be seen from 
Fig. 6, extrapolation of both the Coulter counter 
and the light-microscope results yields a serious 
under estimate of the size of the smallest particles. 
The extrapolation techniques are clearly un- 
tenable for the model system examined by these 
authors and the validity of the approach was 
questioned. Comparing all these results with 
those obtained by the centrifugal photosedi- 
mentometer, it  will be seen that this instrument 
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was capable of detecting the majority of sub- 
micron particles known to be present in the model 
system. The size range indicated by the instru- 
ment depends upon the particle sedimentation 
velocity and is therefore probably realistic. On 
the other hand, the quantitative measurement 
depends on the light-scattering properties of 
these small particles which are less predictable 
as they approach the magnitude of the wave- 
length of the incident radiation, resulting in over- 
emphasis of the fines. In addition, as pointed 
out by these authors elsewhere (246), there is a 
marked tendency for small particles to adhere to 
the larger ones. Divergence from the electron 
microscope results may therefore be also due to 
inadequate dispersion of the system before sedi- 
mentation. 


From this investigation it was concluded that 
the Coulter counter and centrifugal photosedi- 
mentometer offered the best combination at pres- 
ent available for carrying out an adequate mea- 
surement of the reletively wide size distributions 
that can exist in some emulsion systems. This 
conclusion has now been explored in more detail 
(2 i8) .  The centrifugal photosedimentometer is 
limited to particles below about 10 p diameter 
since above this size sedimentation is no longer 
under streamline-flow conditions, and a realistic 
lower limit is approximately 0.05 p. The Coulter 
counter was used with a 70-p orifice tube covering 
the range 1-25 f i .  Using the two methods to- 
gether on emulsion systems stabilized with a wide 
range of surface-active agents showed that in 
most cases on a log-probability plot the results 
were parallel over the common range of particle 
size. This enabled a log-probability plot to be 
built up over the whole of the distribution by a 
normalization process which was shown to be 
statistically valid. The particle-size distribution 
was therefore defined as the midpoint of the log- 
probability distribution lying between 20 and 
80% probability (22, 28-30>. As noted earlier, 
this method is a relatively insensitive method of 
presenting results. However, when considering 
such factors as sampling error and repeatability 
of a particular size analytical method it must be 
regarded as satisfactory and represents a con- 
siderable advance over many methods used be- 
fore. 


Examination of the flow behavior of emulsion 
systems for which the particle sizes had been de- 
termined in this manner suggested that the re- 
lationship between these two properties may be 
more complex than has been indicated from earlier 
studies (6). The ideal situation has not yet 
been reached whereby it is possible to predict 
emulsion behavior from a knowledge of the 


4 . 0  
3.0 
2.0 


a 
K 1.0 
W 0 . 8  


0 . 6  
5 0.5 
5 0 . 4  
0 0.3 
3 0.2 
2 
I- w 0 . 1  2 0.08 


0 .06  
0.05 
0.04 
0.03 


L.'. " '  ' " " ' " '  ' ' " , J  
0.1 0.5 2 5 10 20 40 60 80 90 9899 99.9 
CUMULATIVE PERCENT BY WEIGHT, 


PROBABI LlTY SCALE 


Fig. 6-The particle-size distributions of a model 
emulsion system determined by: A ,  light microscope; 
B,  Coulter Counter; C, electron microscope; D, 
centrifugal photosedimentometer. Extrapolations are 
shown as broken lines. [Reproduced with permission 
lrom Proc. Particle Size Anal. Conf., Loughborough 


1966, pafier No. 22, p .  281.1 
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particle-size distribution. However, with im- 
proved methods which will give a reasonably 
accurate picture of the state of dispersion further 
investigations may well allow prediction of rhe- 
ological properties with greater precision. Simi- 
larly, as noted by Garrett (297), the study of 
emulsion stability problems would also be as- 
sisted by the use of improved methods. The 
evaluation of emulsification equipment (147) 
and control of production batches of pharmaceuti- 
cal emulsion are other examples where, in the 
long run, a more complete understanding of the 
quantitative relationship between the particle 
size and performance may be beneficial. Simi- 
larly, emulsion formulation studies would be ma- 
terially assisted if the effects of surface-active 
agents, both quantity and quality, and the con- 
centration and type of disperse phase could be 
predicted with greater accuracy than the rule- 
of-thumb calculations which are all too prevalent 
in everyday practice. Becher’s excellent text 
(1) shows that there is a vast fund of knowledge 
of emulsions; nevertheless there is still room for 
improvement in many areas and it has been the 
purpose of this review to highlight just one of 
these. 
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“For out of olde fieldes, as men seith 
Cometh a1 this newe corn froe yeer to yere; 


And out of olde bokes in good feith, 
Cometh a1 this new science that men lere.” (300). 
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Measurement of the Apparent Dissociation Constants 
of Some Betaine Salts by Spectropolarimetry 


By SHARON BONKOSKI and J. H. PERRIN 


It is shown that spectropolarimetry can be used to measure dissociation constants 
in the same manner as spectrophotometry when the rotations of the species involved 
in  the equilibrium differ sufficiently. T h e  salts of N-decyl-N, N-dimethyl alanine 
(betaines) have a pKa' of approximately 1.75 at 25' in an ionic strength of 0.10. 


T HAS LONG been realized that the optical rotation I of acids depends upon their degree of ionization; 
for example, Britton and Moss (1) found l-malic acid 
to have a molecular rotation of -0.325 while its 
di-anion has a value of - 1.60 a t  the NaD line. They 
found the rotations to  be additive for various mix- 
tures of the undissociated and dissociated acid 
species, but the small differences in rotation make 
dissociation constant estimation dif€icult by this 
method. However, rotations of optically active 
acids are greatly enhanced at lower wavelengths, 
and in the last few years commercial instrumentation 
has become available, permitting reproducible 
measurements of optical rotatory dispersion (ORD) 
down to 200 mp. The type of ORD curve obtained 
for an optically active acid depends upon the absorb- 
ing groups present and their position relative to the 
optically active centers, as well as the number and 
positions of the optically active centers; however, 
one expects some anomalous behavior due to  the 
absorption of the carboxylic acid group in the region 
of 210-215 mp (2). 


Hydrobromide and hydrochloride salts of the 
ampholytic surfactant N-decyl-N, N-dimethyl ala- 
nine (I) behave as monobasic acids, the nitrogen 


CH3 CH3 
I I  
I 


CHa(CH2)g-N +-CH-COOH 


CHI Br- 


being quaternary. The salts exhibit anomalous 
ORD curves as expected for amino acid derivatives, 
and have been shown to have the first peak of a 
probable Cotton effect with zero rotation just below 
220 mp, the region of absorption due to  carboxyl 
groups (3). Both the acids and their anions have 
peaks in the region of 230 mp, and there are sufficient 
differences in the molecular rotations of the two 
species to permit pKa determinations at wavelengths 
below 235 mp. 


EXPERIMENTAL 


Preparation of Betaines-The salts of the betaines 
were prepared as previously described, from optically 
active dimethyl alanines and decyl bromide (3, 4), 
and the purities checked by NMR, ORD, and melt- 
ing points (3). 
ORD Measurements-All measurements were 


made at 25 4= 0.2" in a Cary model 60 spectro- 
polarimeter (Applied Physics Corp., Monrovia, 
Calif.). The pH measurements were made using a 
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Beckman research pH meter (Beckman Instruments, 
Fullerton, Calif.). Preliminary pH measurements 
of the betaine solutions suggested that the apparent 
dissociation constants (pKa') were below 2.0, and 
so the rotation of the undissociated acid was obtained 
in 1.2 M hydrochloric acid and the rotation of the 
anion in 0.1 M sodium hydroxide. Sodium chlo- 
ride-hydrochloric acid buffers of ionic strength ( p )  
0.10 were used for the measurements between pH 
1.2 and 2.1. All measurements were made in a 
5cm. cell and the solution scanned from 250 to  
220 mp. In any pKa' determination the concentra- 
tion of the betaine was kept constant. 


RESULTS AND DISCUSSION 


These betaine salts form micelles (the critical 
micelle concentration is estimated to  be 1 X 
moles/l. from Reference 3), and it has been found 
(5) that the degree of ionization changes abruptly on 
micelle formation, and in the investigations reported 
here betaine concentrations of approximately 2 X 


moles/l. were used to  avoid this complication. 
A typical set of ORD curves is shown in Fig. 1 using 
L-decyl-N-N-dimethyl alanine hydrobromide. The 
molecular rotation of the undissociated acid at 
225.5 mp is seen to  be approximately 1,000 while its 
anion has a value of approximately 90. The pKa' 
can be calculated when the rotations of the two 
species as well as the rotations in several buffers are 
known a t  any wavelength, in the same manner as is 
used with spectrophotometric data (6). Let Q H A  
be the observed rotation of the unionized moiety, 
[ @ ] H A  its specific rotation and CHA its concentration. 
Then LZHA = KCHA[CY]HA where K = 0.01 (path- 
length in decimeters). Similarly for the anion (A)  
LZA = KCA[LZ]A for a mixture of the two species the 


WAVELENGTH, rnr 


Fig. 1-TypicaJ set of ORD curves, 
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observed rotation is the sum of the above a t  the same 
wavelength 


CY = K C [ a ]  = K ( C H A  + C A )  [a] 


a = a H A  + CXA = K C H A [ C Y ] H A  + K C A [ a ] A  (Eq. 1) 


(Eq. 2) 
where C is the total concentration of the compound 
and [a] its specific rotation. Combining Eqs. 1 and 
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D chloride 1.76 f 0.03 
D bromide 1.73 f 0.02 


The results show the pKa’ to  be independent of 
the configuration of the betaine and the nature of 
the anions investigated. 


REFERENCES 
(1) Britton, H. I. S., and Moss, A. A., J .  Chem. SOC., 1936, 


1487. 
(2) Bonkoski, S., and Perrin, J. H., to be published. 
(3) Schellman, J. A., in “Optical Rotatory Dispersion,’’ 


Jerassi, C .  D., Ed., McGraw-Hill, New York. N. Y.. 1960, p. 
210. 


(4) Beckett, A. H., Kirk, G., and Virji. A. S., J .  Phorm. 
Pharmcol., 19,715(1967). 


(5) Perrin, J. H., unpublished data. 
(6) “!onization Constants of Acids and Bases,” Albert, A,,  


and Serjeant, E. P., Wiley, New York, N. Y., 1962. 


In  any pKa’ determination the concentration of the 
compound is kept constant and observed rotations 
can be substituted for specific rotations and the 
pKa”s are given by (6). 


Measurements were made in at least eight buffers 
and the pKa”s were calculated from the rotations 
at several wavelengths. The results are summarized 
below. 


Betaine pKa’ (r = 0.10) 
L chloride 1.75 i 0.02 
L bromide 1.75 f 0.02 
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Improved Method for Preparing 3-Azabicyclo[ 3.2.lloctane 
Hydrochloride and the Synthesis of its Phenothiazine Derivatives 


By N. D. POTTI and W. LEWIS NOBLES 


Hydrazoic acid i n  the presence of concentrated sulfuric acid and phosphorus pent- 
oxide has im roved the yield of the lactam in the Schmidt reaction of norcamphor. 
Reduction o r t h e  lactam with lithium aluminum hydride gives 3-azabicyclo[3.2.1]- 
octane in  good yields. The  synthesis of two new phenothiazine derivatives of this 


complex amine is reported. 


EVERAL COMPOUNDS derived from azabicyclic S amines were reported to possess useful and in- 
teresting pharmacodynamic and chemotherapeutic 
properties (13). The primary purpose of this 
study was to elaborate an easier method for the 
preparation of 3-azabicyclo[3.2.l]octane (111). A 
few methods have been reported in the literature 
(2, 4-7) for the synthesis of this compound or its 
derivatives; however, these methods either are 
time-consuming and laborious or they make use of 
special equipment. The synthesis of two new 
phenothiazine derivatives of this complex amine is 
also reported. 


The Schmidt reaction of norcamphor (I) was 
reported (7) to  yield l0-28% of the lactam (II), 
which on reduction gave the desired amine (111). 
(Scheme I.) 


The reaction was repeated under different condi- 
tions in order to account for the unusually low 
yield of the lactam (11). It was noted that by 
using sodium azide at a temperature of -loo, 


approximately 40y0 of the norcamphor remained 
unreacted. Furthermore, the presence of unused 
sodium azide was noted. On repeating the re- 
action with hydrazoic acid instead of sodium azide, 
the yield of the lactam was found to increase up  
to  34%. Several attempted changes in the re- 
action conditions did not noticeably improve the 
yield. Nevertheless, an overall yield of 4045% 
of the lactam (11) was obtained when the reaction 
was carried out in the presence of phosphorus 
pentoxide. The method of Blicke and Doorenbos 
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Inhibition of Liver-Derived Monoamine Oxidase 
by Several Isopropyl Hydrazides 


By M. R. WILEY, A. M. BURKMAN, and M. H. WEINSWIG* 


Six aromatic hydrazide derivatives were examined for their ability to inhibit enzym- 
atic oxidation of tyramine in vitro utilizing the Warburg technique. Two com- 
pounds, 1-p-chloro- and 1-p-hydroxybenzoyl-2-isopropyl hydrazide, were included 
in this study in order to compare their in vitro activities with their reported MA0 
inhibiting actions in uiuo. Four of the acyl isopropyl hydrazines examined were 
recently synthesized substances whose biologically-relevant activities had not been 
previously investigated. Iproniazid served as a reference standard against which 
the other hydrazides were compared. Dose-dependent inhibitory d e c t s  were 
demonstrated for all compounds and activities were expressed in terms of inter- 
polated IDSO’S, micromolar concentrations of drugs required to reduce the rate 
of oxygen uptake to 5 0  percent of the control rate. None of the substances examined 
exceeded iproniazid in potency although the 1-p-chlorobenzoyl analog proved to 


be equivalent to the standard in activity. 


INCE 1952 when Zeller et al. (1, 2) described the S monoamine oxidase (MAO) inhibiting action 
of iproniazid, a large variety of acyl hydrazine deriv- 
atives have been fabricated and examined for their 
ability to suppress amine oxidase activity. On 
theoretical grounds, a t  least, there seemed to be 
great medicinal potential for substances having the 
ability to influence the metabolism of biogenic 
amines. The enormous interest in such substances 
is reflected in the comprehensively documented 
monograph on MA0 inhibitors by Pletscher et al. 
(3) which includes 1389 references. 


The isopropyl hydrazides whose in vitro activities 
are described in this report are all known in the 
chemical literature. Four of these compounds 
were originally synthesized by one of the authors 
(M.H.W.) but had never been screened for their 
ability to inhibit MA0 (4). l-p-Chlorobenzoyl-2- 
isopropyl hydrazide, a comparatively potent in vivo 
MA0 inhibitor (5) and l-p-hydroxybenzoyl-2- 
isopropylhydrazide, a comparatively weak in vivo 
MA0 inhibitor (5) were included in this study in 
order to compare their in vitro activities with their 
reported actions in vivo. Iproniazid served as a 
reference standard inhibitor. 


METHOD 


Preparation of the Hydrazides-The six isopropyl 
hydrazides were completely dissolved in small 
volumes of 0.1 N hydrochloric acid and these stock 
solutions were subsequently diluted with Sorensen’s 
0.067 M phosphate butfer, pH 7.2.’ Iproniazid, 
available as the phosphate salt, was immediately 
soluble in buffer. 


Substrate-A stock solution of tyramine HCl was 
prepared using phosphate buffer as a vehicle. 


Enzyme Preparation-Adult male albino rats 
were killed by cervical dislocation and their livers 
were quickly removed, washed with cold buffer, 
minced with a scissors, and homogenized with a 
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refers to Sorensen’s 0.067 M phosphate b d e r ,  pH 7.2. 
1 In subsequent portions of this report “buffer” always 


Potter-Elvehjem tissue grinder. The homogenate, 
containing about 20% w/v of fresh liver, was 
centrifuged for 2 min. a t  4000 Xg, the supernatant 
decanted and recentrifuged for 10 min. a t  8500 X g  
in a refrigerated centrifuge. The mitochondrial 
pellet was resuspended in buffer so that each ml. of 
preparation contained the mitochondria in 300 mg. 
(wet weight) of liver. Monoamine oxidase activity 
was determined by the Warburg respirometer tech- 
nique as described by Davison (6). Each reaction 
flask contained 1 ml. of mitochondrial preparation 
and 2.2 ml. of buffer. Tyramine HCI and inhibitor 
dissolved in 0.3 and 0.5 ml. of buffer, respectively, 
were each placed in side arms of the flasks. Inhibi- 
tors of varying concentrations were incubated with 
mitochondria1 suspensions for 30 min. prior to sub- 
strate addition. Final tyramine concentration in all 
flasks was 0.01 M. 


Duplicate determinations were made at each 
inhibitor concentration. The mean 1-hr. oxygen 
uptake data were expressed as percent of control 
(no inhibitor) and plotted against final inhibitor 
concentration. Lines of best fit were constructed 
by the method of least squares and median inhibi- 
tory doses (IDSO’S) were interpolated from the re- 
gression equations. Relative potencies were com- 
puted as ratios of IDSO’S (or alternatively, ratios of 
line slopes) using iproniazid as the standard. 


RESULTS AND DISCUSSION 
Four or five concentrations of each inhibitor 


provided sufficient data to reliably establish dose- 
ef€ect relationships. Duplicate determinations 
made at each inhibitor concentration did not vary 
by more than f 5% of the mean of duplicates. 


The relative in vitro activities of the compounds 
are presented in Table I. With the exception of 
1-p-chlorobenzoyl-2-isopropyl hydrazide, all of the 
acyl hydrazines were inferior to iproniazid in po- 
tency. Differences in the ID% values for the 
chlorobenzoyl derivative and iproniazid were not 
significant and thus the compounds were judged to 
be approximately equivalent in terms of their influ- 
ence on rat-derived MAO. Zeller et al. (5) reported 
this compound to have about 1.34 times the activity 
of iproniazid as determined by its in vho effeet on 
rat brain Shydroxytryptamine. 1-p-Hydraxyben- 
zoyl-2-isopropylhydrazide had a relative in vitro 
activity about 0.6 that of iproniazid; considerably 
greater than its in viva effect on rat brain-derived 
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TABLE I-INHIBITION OF OXIDATIVE DEAMINATION OF TYRAMINE BY HYDRAZINE DERIVATIVES 


0 
I I  


R-‘2-NH-NH-CH (CH3)CHs 


Slope of IDm f S E , b  Relative 
Inhibitor R Regression Line” pmoles Activity 


Iproniazid 


l-p-C1-benzoyl-2-IPHc 


4 
Q CI 


-0.060 5.03 f 0.28 1.00 


-0.054 5.59 f 0.48 0 . 8 9 d  


-0.038 7.95 f 0.41 0.63 


OH 


- 0 .019 1.5.9 f 1.9 0.31 


Q 1-p-OH-benzoyl-2-IPH 


b 1-Benzoyl-2-IPH 


yH2- 


@Q l-(~-Naphthylacetyl-2-IPH 


1-Phenylacetyl-2-IPH 


1-a-Naphthoyl-2-IPH 


-0.005 60.4 f 2.0 0.08 


-0.003 100.7 i 13.6 0.05 


-0.002 151.0 f 12.5 0.03 


a I n  units of log percent (of control)/rmole of inhibitor base. 


Isopropylhydrazide. 


The regression lines can be reconstructed by using a y inter- 
Dose of inhibitor required to diminish oxygen uptake to 50% of control f standard error. cept of 2.00 for all compounds. 


Not significantly different from iproniazid standard. 


enzyme which Zeller et al. (5) estimated to  be 
about 0.11 that of iproniazid. 1-Benzoyl-2-iso- 
propylhydrazide was approximately one-third as 
potent as the standard while the remaining com- 
pounds exhibited unimpressive degrees of activity. 
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Drug Metabolism by Intestinal Microorganisms 
By RONALD R. SCHELINE 


TUDIES DEALING with the metabolic fate of S drugs are of considerable importance as they 
may often elucidate significant aspects of the 
biological action of these compounds. The 
literature in this field is extensive and many ex- 
cellent reviews are available including those by 
Williams (l), Gillette (2, 3), Ariens and Simonis 
(4), Maynert (5), Boyland and Booth (6), 
Shideman and Mannering (7), Williams and 
Parke (8), Hayes (9), Remmer (lo), and Bush 
and Sanders (11). Interest has hitherto been 
nearly exclusively devoted to the metabolic 
processes which take place in the tissues. How- 
ever, drugs will often come into contact with the 
microorganisms which comprise the normal 
gastrointestinal flora. This situation is en- 
countered when drugs are administered orally 
and especially when their absorption is delayed 
because of low solubility or other factors. Also, 
diffusion or secretion of drugs into the intestinal 
lumen or, more commonly, excretion of them or 
their metabolites in the bile may occur. These 
situations may lead to alteration of the com- 
pounds as a result of metabolic activity of the 
microorganisms in the gastrointestinal tract. 


Several examples of the intestinal metabolism 
of drugs have been discussed by Smith (12), 
primarily in connection with the fate of biliary 
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conjugates in the intestine. However, most of 
the information presently available is scattered 
throughout the literature and often stems from 
incidental observations made in the course of 
other studies. The incidence of such reports 
has increased recently and it is becoming more 
widely recognized that the gastrointestinal flora 
may be of great significance in determining the 
metabolic fate of drugs. This review therefore 
aims to summarize and assess the present knowl- 
edge of the metabolism of drugs by the gastro- 
intestinal microorganisms. For this purpose 
the definition of a drug will be interpreted lib- 
erally. However, emphasis will be placed on 
compounds which can be considered as foreign 
to the animal organism. 


GASTROINTESTINAL FLORA 
Nature of Flora-The normal gastroin. 


testinal flora in man and animals has not been 
extensively studied in the past although interest 
in this field of microbiology has increased con- 
siderably in recent years. The reasons for 
neglect are partly historical in that emphasis has 
been placed on pathogenic microorganisms and 
partly technical in that many members of the 
normal flora are difficult to cultivate. The 
complex nature of the gastrointestinal flora is 
emphasized by the fact that more than 60 bac- 
terial species have been isolated from the in- 
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testinal tracts or feces of healthy animals, in- 
cluding man (13). Many studies have dealt 
with the coliforms and enterococa and this 
reflects the ease with which these organisms can 
be cultivated. However, recent evidence sug- 
gests that more typical representatives of the 
flora are to be found among the lactobacilli, the 
anaerobic nonsporulating bacilli (Bacteroides) , 
and the fusiform organisms (14). Spears and 
Freter (15) have recently shown that the pre- 
dominant, strictly anaerobic bacteria of the 
flora are sensitive to even transient contact with 
atmospheric oxygen. Thus it must be empha- 
sized that our conception of the flora is greatly 
dependent on the techniques used and also that 
our present knowledge may be both limited and 
somewhat misleading. 


In spite of these reservations it is worthwhile to 
briefly summarize the findings now available. 
Table I lists the main groups of gastrointestinal 
microorganisms in mammals. Further informa- 
tion on the subject is available in the works of 
Rosebury (16), Wilson and Miles (17), and 
Dubos (18). Donaldson (13, 19, 20) and Rai- 
baud et al. (21-24) have also published valuable 
reviews and other pertinent information is 
available (14, 25-34). 


Species Differences-Smith (27) investi- 
gated the gastrointestinal flora in 15 homo- 
thermic species including the common lab- 
oratory animals when fed on conventional 
diets. Although great quantitative differences 
were noted, the florae were found to consist of 
the same types of organisms in all species except 
the rabbit. The major groups or species were 
bacteroides, lactobacilli, E. coli, streptococci, 
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Clostridium wekhii, veillonellae, and yeasts. 
Except for bacteroides which were confined to 
the large intestine, these organisms were dis- 
tributed throughout the gastrointestinal tract. 
The rabbit differed greatly in that the flora of the 
large intestine consisted nearly entirely of bac- 
teroides whereas the stomach and small intestine 
were usually sterile. This was probably due to 
the low pH of the stomach contents in rabbits. 
However, Bornside and Cohn (31) have reported 
a high incidence of bacteroides and bacilli in the 
small intestine of rabbits. 


The human jejunum has been found to be 
sparsely populated and the microorganisms have 
generally been considered to be transients (13, 
30, 31). The ileum has also often been reported 
to be sterile (13, 17), however this belief will no 
doubt have to be altered in view of recent findings 
(30, 31, 33). In general, i t  appears that the 
predominant bacterial groups in the intestinal 
tract of man are those found in many other 
species including dogs (31) and mice (14). 


Effect of Diet-It is well known that the 
diet may influence the nature of the gastro- 
intestinal flora. The earlier literature has 
been reviewed by Donaldson (13). The effects 
of high and low protein diets and starvation (27) 
and of high fat diets (29) on the flora in rats have 
been reported. Some of the findings are con- 
flicting but it appears that a diet high in meat 
protein or casein will increase the numbers of 
clostridia and coliforms. Yeasts appear to be 
very sensitive to the nature of the diet and are 
numerous in animals fed mainly cereals but 
largely absent when meat or protein is fed (27). 
Lactohacilli also appear to be present in greater 


TABLE I-MICROORGANISMS FOUND IN THE GASTROINTESTINAL TRACT 


Group, Genus or Species Description Remarks 


Bacteroides 


Lactobacilli 


Enterobacteria 


E .  coli 
Aerobacln 
Klcbsiella 
Proleus 


Pseudomonas 
Ps. anuginosa 


Streptococci 
Enterococci 


S. jaaccalis 
Anaerobic 
Clostridia 


Bacilli 


Staphylococci 


Fusobacteria 
Veillonellae 


Yeasts 


Gram-negative, strictly anaerobic, 


Gram-positive, microaerophilic or 
nonsporulating rods 


anaerobic rods 


facultatively anaerobic rods 
Gram-negative, aerobic or 


Gram-negative, aerobic rods 


Gram-positive, aerobic or 
facultatively anaerobic cocci 


Gram-oositive. anaerobic cocci 
Gram-positive; anaerobic 


sitive, aerobic or 
sporulating rods 


Gram-po facu tatively ' anaerobic 
sporulating rods 


Gram-positive, aerobic or 
facultatively anaerobic cocci 


Gram-negative, anaerobic rods 
Gram-negative, anaerobic cocci 


Found mainly in lower intestine 


Numerous in all parts 


Found in all parts but more 
numerous in lower intestine 


Found in all parts but more 
numerous in lower intestine 


Numerous in all parts 
Sometimes found in all parts but 


mainly in lower intestine 


Found in all parts 


Found in all parts but more 


Numerous in all parts 
numerous in lower intestine 
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numbers in animals fed on cereals. High fat 
diets seem to have little effect on the flora in 
rats (29). 


While radical changes in the nature of the 
diet may therefore alter the composition of the 
intestinal flora, it does not seem likely that ap- 
preciable variations will be encountered with 
ordinary diets. However, it is not uncommon 
to use fasted animals in metabolic studies and 
the effects of starvation on the flora may be 
extensive. Thus, Smith (27) found large re- 
ductions in the numbers of yeasts, moderate 
reductions in the numbers of E. coli, C1. wekhii, 
and lactobaalli and no change in the numbers of 
streptococci and bacteroides when rats main- 
tained on a normal diet were starved for 24 hr. 


Effect of Age-Appreciable variations in 
the types and numbers of microorganisms are 
observed in animals of different ages (13, 17, 
22, 25, 28) with the greatest changes occurring 
during early life. 


Effect of Drugs-The nature of the flora 
may be profoundly altered when drugs having an 
antibacterial effect are fed. Such substances 
are often added to animal feedstuffs. This 
subject will not be discussed here as it has been 
reviewed by Luckey (35). Further information 
is found in the articles by Donaldson (13), 
Evenson et al. (36), and Dubos et al. (X). 


REACTIONS 


Hydrolysis of Glucuronides-I t is well 
known that glucuronides may undergo hy- 
drolysis in the intestine and it seems likely 
that this is one of the most important of the 
intestinal reactions. Its importance arises from 
the fact that many drugs and foreign compounds 
are excreted in the bile as glucuronide conjugates 
(12, 38). These then pass along the intestine 
where they may undergo hydrolysis. The lib- 
erated aglycone may be absorbed from the 
intestine to varying degrees and thereby estab- 


lish an enterohepatic circulation of the com- 
pound. It is also possible for the aglycone to 
undergo further intestinal metabolism and for 
these metabolites to be absorbed into the body or 
excreted in the feces. This interplay between 
tissue and intestinal metabolism can thus lead 
to a fairly complex metabolic picture for some 
compounds. On the other hand, some glu- 
curonides may be stable to b-glucuronidase and 
thus be excreted unchanged in the feces. 


The most common situation appears to be 
the one in which glucuronide hydrolysis is fol- 
lowed by absorption of the aglycone to a varying 
extent. Several such examples are listed in 
Table 11. The first three deal with glucuronides 
administered orally as these compounds are not 
important biliary metabolites following the 
administration of phenol, p-hydroxybenzoic acid, 
or salicylic acid. The urinary recoveries are 
often considerably reduced following administra- 
tion of the glucuronides and accounted for only 
35 and soy0 of the dose with salicylic acid 
glucuronide and phenyl glucuronide, respectively. 
A more pronounced example of this occurs with 
iopanoic acid [3-(3-dno-2,4,6-triiodophenyl)- 
2-ethylpropionic acid] ester glucuronide in cats 
(48, 49). Oral administration of this glucu- 
ronide resulted in about 10% of the dose being 
excreted in the urine and the remainder in the 
feces. As the nature of the material in the feces 
was not determined, it is not known if the high 
fecal excretion is due to the stability of the glu- 
curonide to intestinal hydrolysis or the limited 
ability of the liberated iopanoic acid to be ab- 
sorbed. 


The other examples listed in Table I1 are of 
glucuronides which are biliary metabolites. 
Further examples have been reported although 
the fate of the aglycones is not so well under- 
stood. Thus the biliary metabolites of ethynyl- 
estradiol-3-cyclopentyl ether, which are pre- 
dominately glucuronides, are absorbed to a 


TABLE 1 1 4 L U C U R O N I D E S  WHICH ARE HYDROLYZED IN THE INTESTINE 


Conjugate Species Pate of Aglycone Reference 


Phenyl glucuronide 


pHydroxybenzoic acid 
diglucuronide 


Salicylic acid ether 
glucuronide 


1n.domethacin [l-p-(chloro- 
benzyl)-5-methoxy-2-methyl- 
ndole-3-acetic acid] 
glucuronide 


Desacetylbisscodyl (4,4'- 
dihydroxydiphenyl-2-pyridyl- 
methane) glucuronide 


Morphine glucuronide 


Thyroxine glucuronide 


Rabbit Liberated phenol absorbed, metabolized to sulfate (39) 
and glucuronide conjugates and polyyhenols which 


Man 


Rat 


Dog 


Rat 


Dog 


Rat, dog 


~ ~~ 


are excreted in urine 


in urine free and combined with glycine 


urine free and combined with glycine and 
glucuronic acid 


circulation and excretion in feces 


Liberated p-hydroxybenzoic acid absorbed and excreted 


Liberated salicylic acid absorbed and excreted in 


Liberated indomethacin undergoes enterohepatic 


Liberated desacetylbisacodyl partly absorbed 


Liberated mor hine both absorbed and 


Liberated thyroxine nearly completely absorbed 


but mainly excreted in feces 


excreted in &e.q 
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is seen in the stomach while activity in the small 
intestine is variable. These findings suggest 
that the P-glucuronidase activity is derived from 
one or more microorganisms of widespread 
occurrence which are able to populate a fairly 
large portion of the gastrointestinal tract. These 
ideas are in agreement with the fact that E. 
coli is an intestinal inhabitant in many species 
and is known to possess 0-glucuronidase activity 
(57, 62). The numbers of this organism are 
nearly always greatest in the cecum or large 
intestine and this could very well explain the 
greater 8-glucuronidase activity found there. 


Hydrolysis of Glycosides-A common ex- 
ample of the intestinal hydrolysis of glycosides 
is that seen with the anthraquinone cathartics. 
The active constituents of these agents, which 
include cascara sagrada and senna, are related 
to emodin (1,3,8-trihydroxy-6-methylanthraqui- 
none). These active substances are released 
from the glycosides by bacterial action in the 
large intestine (63). 


Glycoside hydrolysis is important in the 
metabolism of the cardiac glycosides. These 
substances exist in plants as precursors which 
are called native, natural, or genuine glycosides. 
Examples of these are the lanatosides (digilanids) 
found in Digitalis lanata leaf and the desacetyl- 
digilanids found in D .  purpurea leaf. All of 
these contain one glucose and three digitoxose 
moieties attached to the aglycone. Incubation 
of lanatoside A with rat feces suspensions was 
shown to result in the rapid hydrolysis of the 
terminal glucose unit to give acetyldigitoxin 
which was then deacetylated to digitoxin (64). 
Hydrolysis of the native glycoside k-strophan- 
thoside occurred under these conditions and re- 
sulted in the loss of two glucose units to give the 
glycoside cymarin. The latter finding has also 
been reported by Engler et al. (65). 


Studies on the intestinal 6-bromo-2-naphthyl 
glycosidases in rats showed that the cecal enzymes 
have higher pH optima than the corresponding 
enzymes from the small intestine (66). The 
cecal 6-bromo-2-naphthyl-a-glucosidase activity 
was found to be dependent on bacterial enzymes. 
However, the origin of the cecal 6-bromo-2-naph- 
thyl-j3-glucosidase and -P-galactosidase activi- 
ties was not determined. 


small extent following their infusion into the 
small intestine (50). Extensive enterohepatic 
circulation of diethylstilbestrol has been shown 
to take place in the rat (51). The main biliary 
metabolite of this compound is the monoglu- 
curonide (52) and it is likely that it is hydrolyzed 
in the intestine prior to reabsorption. Glu- 
tethimide (2-ethyl-2-phenyl-glutarimide) is ex- 
tensively excreted in the bile as glucuronide 
conjugates when administered to rats (53). The 
slow reabsorption of the glutethimide metabolites 
from the intestine suggests that they are first 
hydrolyzed. A similar picture is shown by 
griseofulvin which is extensively excreted in the 
bile as a conjugate of 4-demethylgriseofulvin (54). 
A major biliary metabolite of butylated hydroxy- 
toluene (3,5-di-tert-butyl-4-hydroxytoluene) in 
the rat is the ester glucuronide of 3,5-di-tert- 
butyl-4-hydroxybenzoic acid which is believed to 
be partly responsible for the enterohepatic cir- 
culation seen in this species (55). However, 
the free acid is the main fecal metabolite and it 
seems likely that intestinal hydrolysis occurs 
prior to its absorption. Naphthaleneacetic acid 
is excreted in the bile as a glucuronide which has 
been postulated to undergo intestinal hydrolysis 
and absorption (56). 


Table I11 lists glucuronides which have been 
shown to be hydrolyzed and further metabolized 
in the intestine. These intestinal metabolites 
may be absorbed and appear in the urine as 
major metabolites. Ferulic acid glucuronide 
provides an interesting example in that it under- 
goes a sequence of intestinal reactions including 
glucuronide hydrolysis, reduction of a double 
bond, demethylation, and dehydroxylation before 
being absorbed and excreted in the urine as m- 
hydroxyphenylpropionic acid. 


The above findings showing that glucuronides 
are very susceptible to hydrolysis in the intestine 
are not unexpected in view of the high 8-glu- 
curonidase activity found in the intestinal con- 
tents from many species including fowl, rumi- 
nants, and common laboratory species (59). 
Intestinal contents or feces have been found to 
hydrolyze chloramphenicol glucuronide (57), 
estriol glucuronide (60), and 4-methylumbel- 
liferone glucuronide (61). High activity is al- 
ways noted in the large bowel, low or no activity 


TABLE III-GLUCURONIDES WHICH ARE HYDROLYZED AND FURTHER METABOLIZED IN THE INTESTINE 


Conjugate Species Fate of Aglycone Reference 


Chloramphenicol-3- Rat Liberated chloramphenicol reduced to (57) 


Ferulic acid glucuronide Rat Liberated ferulic acid metabolized to (58) 


glucuronide arylarnines which are partly absorbed 
and excreted in urine 


nt-hydroxyphenylpropionic acid which 
is absorbed and excreted in urine 
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Much of the information presently available on 
the hydrolysis of glycosides in the intestine deals 
with the flavonoid compounds. It has been 
shown in several studies that the ingestion of 
flavonoid glycosides results in the urinary excre- 
tion of the aglycones and other metabolites which 
are primarily ring fission products. These results 
have been obtained with hesperidin (hesperetin- 
i-rhamnoglucoside) (67) , diosmin (diosmetin-7- 
rhamnoglucoside) (67), and naringin (naringenin- 
7-rhamnoglucoside) (68). Similar studies with 
rutin (quercetin-3-rutinoside) show that it is con- 
verted to several metabolites lacking the sugar 
residue (69). It was subsequently shown that this 
degradation occurred when rutin was incubated 
with intestinal contents (70). This finding has 
been confirmed using rat cecal microorganisms 
and both the aglycone quercetin, as well as the 
subsequent ring fission metabolites, were de- 
tected (61). Also, hesperidin was metabolized to 
hesperetin and phenyl-p-D-glucoside to phenol 
under these conditions. 


An interesting example of the role of the intes- 
tinal microorganisms in glycoside hydrolysis is 
found with cycasin, the p-glucoside of methyl- 
azoxymethanol (il). This compound is of in- 


6 
I 


CHa-N=N-CHZ-O-&D-glucopyranose 


Cycasin 
+ 
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(61). This result is in agreement with earlier re- 
ports on the fate of ethereal sulfates in animals. 
Garton and Williams (39) found that phenylsul- 
fate was excreted essentially unchanged after 
oral dosage in rabbits. The fate of phenylsulfate 
and 1- and 2-naphthylsulfate has been studied in 
rats (73). These compounds were well absorbed 
following oral dosage and only 4-12y0 of the dose 
underwent hydrolysis. However, the extent of 
hydrolysis was similar after injection and it was 
concluded that little hydrolysis of these arylsul- 
fates occurred in the gastrointestinal tract. So- 
dium estrone sulfate has been shown to be hydro- 
lyzed to the extent of about 75% of the dose 
when administered to female rats (74). This 
value was similar after gastric administration or 
injection which suggested that the hydrolysis oc- 
curred in the tissues. It was also found that rat 
liver homogenates hydrolyzed the ester. How- 
ever, Stimmel (60) has reported that sodium 
estrone sulfate is hydrolyzed when incubated with 
human feces. A recent study has shown that sul- 
furic acid esters of phenols having laxative prop- 
erties are not hydrolyzed in the intestine (75). 


Based upon the above findings, it appears that 
the intestinal hydrolysis of ethereal sulfates is a 
reaction of limited occurrence and importance. 
Also of significance in this regard is the fact that 
biliary metabolites of phenols are generally glu- 
curonides rather than sulfates (52, 76). The 
latter are mainly excreted in the urine and will 
therefore not come into contact with the intes- 
tinal contents to any significant extent. This has 
been shown in recent studies where it was found 
that only very small amounts of 3-aminophenyl 
sulfate (76) or dodecyl sulfate (77) were excreted 
in the bile following their injection in rats. 


Hydrolysis of Glycine Conjugates-The 
metabolism of glycine conjugates in the intestine 
has been studied mainly with regard to the bile 
acids. Norman and Grubb (78) found that cul- 
tures of rat fecal suspensions could hydrolyze the 
peptide bond in glycocholic acid. Several strains 
of clostridia and enterococci were shown to carry 
out this reaction. They also reported that en- 
terococci are able to hydrolyze hippurate to gly- 
cine and benzoic acid. A recent study by Hill 
and Drasar (79) dealt with the degradation of 
bile salts by pure cultures of intestinal bacteria. 
They found that taurocholate was readily decon- 
jugated by many strains of the strictly anaerobic 
genera Bacteroides, Veillonella, Biwbacterium, 
and Clostridium and also by about half of the 
tested strains of S. jaeculis and a few strains of 
Staphylococcus aureus. 


p-Aminohippuric acid and p-acetylaminohip- 


terest because it is present in cycad plants from 
which various products are used as foods in some 
parts of the world. Cycasin is not toxic when 
given by injection but is both hepatotoxic and 
carcinogenic when fed to  small laboratory 
animals. This toxicity is also shown by the agly- 
cone. Cycasin is neither absorbed nor toxic 
when given to germ-free rats. When these 
animals were contaminated with several strains of 
bacteria including S. jaecalis, both the hydrolysis 
and toxicity of cycasin were observed. Intes- 
tinal microorganisms therefore convert cycasin 
to the toxic aglycone and variations in the intes- 
tinal flora probably have a role in determining 
the variations in toxicity found in animals given 
comparable doses of cycasin. 


Hydrolysis of Ethereal Sulfates-Relatively 
little is known of the ability of the intestinal 
microflora to hydrolyze ethereal sulfates. Closon 
et al. (72) reported that 3,5,3’-triiodo-~-thyronine 
sulfuric acid ester was hydrolyzed to triiodothy- 
ronine when incubated with rat intestinal bac- 
teria. However, p-nitrocatechol sulfate (2-hy- 
droxy-5-nitrophenylsulfate) has been found not 
to be hydrolyzed by rat cecal microorganisms 
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chloramphenicol (84, 85). Some of the bacteria 
shown to carry out this reaction, including E. 
coli and Proteus vulgaris, are common intestinal 
inhabitants. 


The bacterial amidases have been extensively 
studied in the case of penicillin where two types of 
hydrolysis are possible. One type, carried out by 
enzymes referred to as penicillinases or 8-lacta- 
mases, opens the j3-lactam ring and results in in- 
activation of the antibiotic. These enzymes are 
produced mainly by Gram-negative bacilli in- 
cluding coliforms, Aerobacter aerogenes, and 
Proteus present in the human intestine (86). In 
addition, 8-lactamase is formed by many strains 
of certain Gram-positive organisms (S. aureus, 
S. albus, and Bacillus cereus) (86). The second 
type of hydrolysis removes the side chain and is 
carried out by an enzyme referred to as peni- 
cillin acylase or amidase. Acylase activity is 
found in many microorganisms belonging to the 
genera Aerobacter, Micrococcus, Proteus, and 
Pseudomonas and also in E. coli (87). 


Hydrolysis of Esters-Studies on the ab- 
sorption, metabolism, and excretion of the 
succinic acid esters of chloramphenicol have 
shown that they undergo intestinal hydrolysis 
prior to absorption (88). Similar findings 
have been made with erythromycin propionate 
(89). 


Booth (90) found that the ester of citraurin, 
which occurs in orange peel, was hydrolyzed 
during passage through the alimentary tract of 
the rat. Similarly, the diesters of taraxanthan 
and zeaxanthol were found to be extensively hy- 
drolyzed to free carotenol (91). The laxative 
bisacodyl [bis(p-acetoxyphenyl)-2-pyridylmeth- 
ane] undergoes nearly complete hydrolysis in 
the intestine (92). Carbenoxolone, the hemi- 
succinate of 0-glycyrrhetic acid is used in treating 
gastric ulcers. Studies using the 14C-labeled 
compound have shown that it is principally hy- 
drolyzed to j3-glycyrrhetic acid in the gastroin- 
testinal tract (93). 


The origin of the esterase activity in the above 
examples was not determined but the splitting of 
carotenoid esters was assumed to be brought 
about by an intestinal lipase (91). Also, the 
hydrolysis of the antibiotic esters is sometimes 
described as being carried out by these enzymes. 
It is well known that the lipases of the pancreatic 
juice are capable of splitting esters and that this 
action takes place in the small intestine. Intes- 
tinal hydrolysis of esters a t  this site would be 
expected to result in appreciable absorption of the 
liberated compound. Chloramphenicol, which is 
itself extensively absorbed, has been shown to 


puric acid undergo extensive hydrolysis in the 
alimentary tract following their oral adminis- 
tration to man (80). p-Aminohippuric acid is 
readily converted to p-aminobenzoic acid when it 
is incubated with rat cecal microorganisms (61). 


N-Deacetglation-This reaction has been 
studied to only a limited extent and then largely 
in regard to the fate of N-acetyl derivatives of 
sulfonamides. Patki and Shirsat (81) found that 
N4-acetylsulfadiazine was deacetylated to a neg- 
ligible extent in the gastrointestinal tract in mice. 
No deacetylation was detected with N4-acetyl- 
sulfanilamide when it was incubated with rat 
cecal microorganisms (61). However, N-de- 
acetylation can occur under these conditions as 
p-aminobenzoic acid was formed from p-aceta- 
midobenzoic acid. Also, N1-acetylsulfisoxazole 
is known to undergo deacetylation when incu- 
bated with several intestinal bacteria including 
E. coli, Lactobacillus acidophilus, and S. faecalis 
(82). 


N- Acetylhistamine was reported to be deacety- 
lated when incubated with human fecal suspen- 
sions (83). 


Hydrolysis of Amides-In addition to the 
examples in the two groups mentioned above, 
other compounds containing the amide bond have 
been found to undergo hydrolysis in the intes- 
tinal tract. This may often be of practical im- 
portance as several useful drugs are metabolized 
in this manner. Phthalylsulfathiazole and suc- 
cinylsulfathiazole are intestinal antiseptics which 
owe their activity to the liberation of sulfathiazole 
in the large intestine as a result of bacterial hy- 
drolysis. This reaction has been shown to occur 
with the latter compound when incubated with 
the rat cecal microflora (61) (Scheme I). 


8 
HOOC-CH2-CH2-C-NH 


Scheme I-Metabolism of succinylsulfathiazole by rat 
intestinal microorganisms (61 ). 


Hydrolysis of the amide group in other N4-acyl 
derivatives of sulfonamides has been observed 
(81). The stability of the N4-acetyl derivatives 
has been noted above but extensive gastrointes- 
tinal deacylation was found with N4-propionyl- 
and N4-butyrylsulfadiazine. Deacylation de- 
creased with increasing chain length and was neg- 
ligible with the N*-lauryl and N4-palmityl deriva- 
tives. 


Another antibacterial substance known to 
undergo bacterial hydrolysis of the amide bond is 
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give incomplete absorption when administered as 
the mono- and disuccinic acid esters (88). This 
may indicate that hydrolysis is carried out by 
bacterial esterases in the large intestine where ab- 
sorption would be expected to be lower. 


There is some evidence available which suggests 
that the bacterial esterases may play an impor- 
tant role in the intestinal hydrolysis of esters. 
Lanatoside A (digitoxigenin-bis-digitoxosido-ace- 
tyldigitoxosido-glucoside) and acetyldigitoxin 
were shown to be converted to digitoxin (digitoxi- 
genin-tridigitoxoside) when incubated with intes- 
tinal microorganisms (64). Methyl gallate is 
readily hydrolyzed to gallic acid by rat cecal 
microorganisms (61). Chlorogenic acid, the 
quinic acid ester of caffeic aad, is hydrolyzed and 
further metabolized to m-hydroxyphenylpro- 
pionic acid when fed to rats (94). This reaction 
sequence is also seen when chlorogenic acid is in- 
cubated with rat intestinal microorganisms (95). 


Dehydroxylation-The reaction of removal 
of hydroxyl groups was first shown to occur with 
the bile adds. Cholic acid was found to be trans- 
formed in rats and by rat fecal suspensions into a 
number of metabolites including some which lack 
a hydroxyl group a t  the 7-position (96, 97). 
These metabolites are not formed in germ-free 
rats (98). Several strictly anaerobic strains of 
microorganisms from rat and human feces have 
been isolated which are capable of dehydroxy- 
lating chenodeoxycholate at  the 7-position (99). 
These were subsequently found to be strains of 
anaerobic Gram-positive, nonsporeforming rods 
belonging to the tribe Luctobacilleue (100). Re- 
cently, Hill and Drasar (79) reported that many 
strains of the strictly anaerobic genera Bacter- 
oides, Clostridium, and Veillonella and also S.  
faecalis are able to remove the 7-hydroxyl group 
from cholate to yield deoxycholate. They also 
isolated strains which dehydroxylated cholate 
and deoxycholate at  the 12-position. 


The dehydroxylation reaction has also been 
observed in feeding experiments with other classes 
of compounds. Thus, 3,4-dihydroxyphenylace- 
tic (homoprotocatechuic) acid was found to be 
metabolized partly to m-hydroxyphenylacetic 
acid when administered to rats and rabbits (101). 
This finding was subsequently confirmed using 
W-homoprotocatechuic acid (102, 103). Nearly 
7% of the dose (100 mg./kg.) was converted to 
m-hydroxyphenylacetic acid in rats while the 
amount was twice this in rabbits. In addition, a 
small amount of meta-dehydroxylation which 
yielded 9-hydroxyphenylacetic acid was observed. 


The metabolism in animals of 3,4-dihydroxy- 
benzoic (protocatechuic) acid, 3,4-dihydroxy- 
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cinnamic (caffeic) acid, and 3,4-dihydroxyphenyl- 
alanine (DOPA) has been studied (94, 104). 
Dehydroxylation occurred with the latter com- 
pounds yielding m-hydroxyphenylpropionic acid 
and m-hydroxyphenylacetic acid, respectively. 
No evidence was obtained for dehydroxylation 
of the benzoic acid derivative. However, Dame 
and Williams (105, 106) were later able to demon- 
strate with the use of 14C-protocatechuic acid 
that this compound was dehydroxylated to a 
minor extent in rats. 


The site of formation of the m-hydroxyphenyl 
compounds was indicated by the findings of Shaw 
et al. (107) who reported that inhibition of the 
intestinal microorganisms with neomycin vir- 
tually abolished the excretion of these substances. 
Similar results have been obtained with neo- 
mycin-treated animals given I4C-labeled proto- 
catechuic and homoprotocatechuic acids (103, 
106). 


Further confirmation that the intestine is the 
site of dehydroxylation of phenolic acids has been 
made in studies of the metabolism of these com- 
pounds by intestinal contents. Microorganisms 
from intestinal contents or feces from many 
animal species were found to dehydroxylate 
caffeic acid, homoprotocatechuic acid and dihy- 
droxyphenylalanine (70, 108). This reaction 
was inhibited by aerobic conditions and by sev- 
eral antibiotic substances. Recent studies using 
rat cecal microorganisms have confirmed the de- 
hydroxylation of caffeic and homoprotocatechuic 
acids and shown that 3,4-dihydroxyphenylpropi- 
onic (hydrocaffeic) acid also undergoes this reac- 
tion (58, 109). The extent of dehydroxylation 
appears to be dependent upon side-chain length. 
Thus, caffeic and hydrocaileic acids are exten- 
sively converted whereas only small amounts of 
m- and 9-hydroxybenzoic acids are formed from 
protocatechuic acid (106). However, the car- 
boxyl group is not essential for activity as pyro- 
gall01 was readily dehydroxylated to resorcinol by 
rat intestinal microorganisms (61, 110). Similar 
experiments using rabbit fecal extracts resulted in 
only traces of resorcinol being produced. Little 
has been reported on the characterization of the 
microorganisms responsible for the dehydroxyla- 
tion of these phenolic compounds although Perez- 
Silva et al. (111) isolated a strain of Pseudomonas 
from rat feces which could dehydroxylate caffeic 
acid. 


Dehydroxylation has also been shown to occur 
with quinaldic acid derivatives. Kynurenic (4- 
hydroxyquinaldic) acid and xanthurenic (4,s- 
dihydroxyquinaldic) acid are converted to  quin- 
aldic acid and 8-hydroxyquinaldic acid, respec- 







2028 Journal of Pharmaceutical Sciences 


found that decarboxylation by the intestinal 
microorganisms is an important reaction with 
these compounds. 


The phenolic benzoic acid derivatives have 
been most fully studied in regard to their metabo- 
lism by rat cecal microorganisms (110, 123). I t  
was found that a free p-hydroxyl group is essen- 
tial for the decarboxylation reaction. Thus p -  
hydroxybenzoic acid was extensively metabo- 
lized to phenol while 0- and m-hydroxybenzoic 
acids were unaffected. Protocatechuic acid and 
gallic acid also underwent decarboxylation by the 
cecal microorganisms. The decarboxylation of 
protocatechuic acid by the rat microflora has 
been confirmed using 14C-labeled compound 
(106). The reaction was reduced to varying de- 
grees with substituents in the meta position and 
was abolished with ortho substitution. Decar- 
boxylation was also observed with the phenolic 
phenylacetic and cinnamic acids but did not occur 
with the corresponding phenylpropionic acids 
(58, 109). In all cases, a p-hydroxyl group is 
essential for the reaction. 


More than one intestinal microorganism and 
decarboxylase is involved in these reactions. 
This was indicated by the finding that pretreat- 
ment of the cecal microorganisms to destroy veg- 
etative forms but not spores abolished the decar- 
boxylation reaction with all but the cinnamic acid 
derivatives (1 10). Subsequently, strains of Ba- 
cillus were isolated from rat intestine which spe- 
cifically decarboxylated p-hydroxycinnamic acids 
(124). 


The above investigations have also made it 
clear that these reactions take place following the 
administration of the phenolic acids to animals. 
The decarboxylated metabolites of protocat- 
echuic acid and gallic acid were excreted in the 
urine when rats were given the acids by oral but 
not by intraperitoneal administration (1 10). 
This reaction was reduced or abolished when the 
animals were pretreated with antibiotics to re- 
duce the numbers of intestinal microorganisms. 
4-Methylcatechol was excreted in the urine when 
homoprotocatechuic acid was given to rats orally 
but not by injection (109). Similar results were 
obtained with caffeic acid which was decarboxy- 
lated to 4-vinylcatechol (58). Since normal diets 
contain a large number of phenolic acids or their 
precursors, it seems reasonable to assume that the 
bacterial decarboxylation of these compounds in 
the intestine is an important source of urinary 
phenols. 


0-Demethylation-Until quite recently, the 
presence of an intestinal 0-demethylation reac- 
tion appears to have gone unrecognized even 


tively, when given to animals (112, 113). It was 
subsequently shown that treatment of rabbits 
with neomycin in doses sufficient to depress the 
intestinal microflora prevented the dehydroxyla- 
tion of xanthurenic acid (114). However, this 
ability was regained when neomycin administra- 
tion was stopped. The role of the intestinal 
microorganisms in the conversion of xanthurenic 
acid has been confirmed in experiments using 
rabbit fecal and rat cecal extracts (61, 115). 


Several other examples of dehydroxylation 
have been reported. Tyrosine and phloretic acid 
are converted to 3-phenylpropionic acid when in- 
cubated with sheep rumen liquor (116). An un- 
usual reaction sequence has been reported to 
occur in the guinea pig treated with tolbutamide 
which resulted in the conversion of dopamine, 
norepinephrine, normetanephrine, and 4-hy- 
droxy-3-methoxyphenylglycol to m-hydroxy- 
phenylacetic acid (117). Thus, both aromatic 
and aliphatic dehydroxylations were observed. 


Decarboxylation-Roche et al. (118) found 
3,5,3’-triiodothyronamine in the intestinal con- 
tents and feces of rats after administration of 3,5,- 
3’-triiodo-~-thyronine. As the decarboxylated 
metabolite was absent from the bile, it was con- 
cluded that it was formed in the intestine from 
the free hormone or its conjugates by bacterial 
action. 


Orotic acid (1,2,3,6-tetrahydro-2,6-dioxo-4- 
pyrimidine carboxylic acid) is extensively de- 
carboxylated in rats by the intestinal microflora 
(119). Germ-free rats fed a diet containing 
orotic acid excreted about one third of the com- 
pound unchanged in the feces. However, it was 
absent from the feces of conventional rats after 
the first few days of feeding. 


Much of our present knowledge concerning 
intestinal decarboxylation has been obtained from 
experiments with phenolic acids. Tompsett 
(120) reported the presence of pyrogallol in 
human urine and suggested that it is probably 
derived from 3,4,5-trihydroxybenzoic (gallic) acid 
by decarboxylation in the alimentary tract. 
Gallic acid was subsequently shown to be metab- 
olized partly to pyrogallol in rats and rabbits 
(121, 122) although the findings did not point to 
the gastrointestinal tract as the site of the reac- 
tion. 


The metabolism of a related compound, 3,4- 
dihydroxybenzoic acid, by rat fecal and cecal ex- 
tracts was reported by Booth and Williams (70) 
who found that it was decarboxylated to catechol. 
Subsequently, the metabolism of a large number 
of phenolic acids by the rat intestinal microflora 
was investigated (58, 109, 110, 123) and it was 
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Scheme II-Metabolism of hesperidin by rat cecal 
microorganisms (61 ). 


though some examples of demethylation could be 
more easily explained on this basis. An example 
is found with the flavonoid hesperidin which is 
partly metabolized in the rabbit to 3,4-dihy- 
droxyphenylpropionic acid and m-hydroxyphenyl- 
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propionic acid (67). Demethylation of hesper- 
idin is required for the formation of these me- 
tabolites and it has been suggested that this reac- 
tion occurs in the intestine (58). It was subse- 
quently shown that rat cecal microorganisms are 
able to convert this flavonoid to m-hydroxy- 
phenylpropionic acid (61) (Scheme 11). 


The metabolism of a large number of phenolic 
acids by the rat microflora has been investigated 
(58,123) and it was found that many compounds 
containing methoxyl groups underwent demeth- 
ylation. This reaction has been found to occur 
with methoxy derivatives of benzoic, phenyl- 
acetic, phenylpropionic, and cinnamic acids (see 
Scheme 111). 
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Scheme III-Metabolism of methoxy compounds by rat cecal microorganisms (58, 123).  
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microorganisms (61, 70). Griffiths (127, 128) 
reported that the latter compound is a major 
urinary metabolite of (+)-catechin in rats and 
showed that its formation is dependent upon in- 
testinal microorganisms. 


Rutin, the glycoside of the flavonol quercetin 
(3,5,7,3'4'-pentahydroxyilavone), is perhaps the 
most frequently occurring flavonoid. It has 
been the subject of considerable investigation 
with regard to the ability of the flavonoids to 
modify capillary permeability (129). The me- 
tabolism of rutin by rat intestinal microorganisms 
was studied by Booth and Williams (70) who 
found that it was converted to m-hydroxyphenyl- 
propionic acid. However, it was subsequently 
shown that m-hydroxyphenylacetic acid is also a 
product of rutin metabolism by rat intestinal 
microorganisms (61). Quercetin was metabo- 
lized similarly in these experiments. These 
findings are of interest because it is known that 
rutin and quercetin are excreted partly as phenyl- 
acetic acid and phenylpropionic acid derivatives 
when fed to rats (69, 130). The intestinal origin 
of these derivatives has also been demonstrated 
by indirect means as rats treated with neomycin 
to suppress the intestinal flora do not excrete 
them when fed quercetin (130). 


Flavonoids of the flavanone type are illus- 
trated by hesperidin and its aglycone hesperetin 
(5,7,3'-trihydroxy-4'-methoxyflavanone). Metab- 
olism studies have shown that these compounds 
undergo ring fission when fed to rats and are ex- 
creted partly as phenylpropionic acid derivatives 
(67). I t  was recently reported that these two 
flavonoids are converted to m-hydroxyphenyl- 
propionic acid by the rat intestinal flora (61). 


It therefore appears that ring fission by the in- 
testinal microflora is a common reaction with 
heterocyclic oxygen compounds. With the flav- 
onoids, it seems that a certain degree of hydrox- 
ylation of the heterocyclic ring system (A ring) is 
essential for fission as this reaction occurs to a 
very limited extent, if a t  all, with flavone itself 
(131). However, a hydroxylated aromatic ring 
may not be required in other classes and cou- 
marin is converted to melilotic aad when incu- 
bated with rat cecal microorganisms (132) 
(Scheme IV) . 


Indigo carmine (sodium indigotin disulfonate) 
is metabolized to a small extent in rats to 5-4- 
foisatin and further by heterocyclic ring fission 
to 5-sulfoanthranilic acid (133) (Scheme V). In- 
cubation of this blue dye with rat intestinal con- 
tents resulted in fading of the color and in the ap- 
pearance of the degradation products. It was 
suggested that these urinary metabolites may 


Flavone Flavanone 


Flavonol Flavon 


Flavylium cation 


Fig. 1-Structural formulas of some of the major types 
of jEavonoid compounds. 


I t  is not unreasonable to assume that this reac- 
tion may be of significance in the metabolism of 
other classes of compounds including alkaloids, 
which often contain methoxyl groups. In this 
regard it is of interest to note that bruane is de- 
methylated to strychnine derivatives in rabbits 
(125). However, the finding that the metabo- 
lites excreted in the urine were also excreted in 
the feces in nearly the same relative ratios, al- 
though in smaller amounts, suggests that the de- 
methylation of brucine may have an intestinal 
origin. 


Heterocyclic Ring Fission-Most studies of 
the fission of heterocyclic compounds by the in- 
testinal microflora have been carried out with the 
flavonoids. These compounds make up a large 
and important group of phenolic substances which 
occur in all parts of higher plants. The flavone 
ring system and some of the major types of fla- 
vonoids are shown in Fig. 1. 


Flavonoids of the anthocyanin type occur wide- 
spread in nature as the pigments of fruits, flowers, 
and leaves. A cationic flavylium structure is 
common to these compounds and their aglycones, 
the anthocyanidins. Horwitt (126) found that 
the anthocyanin pigment from Concord grapes 
did not undergo loss of color when incubated 
with extracts of human feces. It appears that 
the intestinal microorganisms do not alter these 
flavylium compounds as cyanidin chloride (3,5,7,- 
3',4'-pentahydroxyflavylium chloride) was not 
converted to phenolic metabolites when incu- 
bated with rat cecal microorganisms (61). The 
structural feature responsible for this stability 
appears to be the cation as (+)-atechin (3,5,7,- 
3',4'-pentahydroxyfIavan) is metabolized to m- 
hydroxyphenylpropionic aad  by rat intestinal 
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fatty acids in the rumen and lower intestine. A 
recent report by Wilde and Dawson (135) de- 
scribed the hydrogenation of linolenic acid and 
oleic add by sheep rumen microorganisms. Hy- 
drogenation was carried out by a mixed popula- 
tion of microorganisms but not by several pure 
cultures of fecal bacteria including Clostridium 
perfringens, S. faemlis, E. coli, and a coliform 
organism. 


Ricinoleic acid, a component of castor oil, is 
hydrogenated to hydroxystearic acid in both the 
rat and human intestine (136). This reaction is 
modified when neomycin is given with the castor 
oil so that much less hydroxystearic add is found 
in the feces. This indicates that the conversion 
is a result of intestinal bacterial activity. 


Booth and Williams (108) found that caEeic 
acid was partially reduced to 3,Cdihydroxy- 
phenylpropionic acid when incubated with rat or 
rabbit cecal contents. A recent study of the me- 
tabolism of a number of phenolic acids by the rat 
cecal microorganisms showed that reduction of 
cinnamic acid derivatives was a major reaction of 
these compounds (58). This study included 0-, 


m-, and p-coumaric acids, caffeic acid, ferulic 
acid, and isoferulic acid and reduction to the 
corresponding hydro derivatives was observed 
with all of the compounds. 


Fecal microorganisms from monkeys have been 
shown to hydrogenate indolylacrylic acid and 
annamic acid to the corresponding propionic 
acid derivatives (137). 
Nitro Reduction-The significance of the 


intestinal bacteria in the reduction of nitro groups 
has been recognized for some time. Studies on 
the metabolism of chloramphenicol in rats showed 
that parenteral administration resulted in the ex- 
cretion of large amounts of inactive nitro com- 
pounds in the bile (138). These were partly re- 
duced in the intestine to aryl amines which were 
excreted in the feces. Reduction of the nitro 
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Melilatic acid 
Scheme IV-Metabolism of coumarin by rat cecal 


microorganisms (132). 


arise partly from their absorption following the 
decomposition of the dye by intestinal bacteria. 
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Scheme V-Metabolism of i d g o  carmine by rat 


Heterocyclic ring fission by the intestinal bac- 
teria has recently been shown to occur with tar- 
trazine (134). When tartrazine labeled with 36s 
in the p-sulfophenyl group of the pyrazolone 
moiety of the dye was given orally to rats, it was 
found that about 25% of the urinary sulfanilic 
acid was radioactive. Thus, this metabolite is 
produced partly by reduction of the 4-p-sulfo- 
phenylazo group and partly by degradation of the 
pyrazolone ring. The latter reaction was also 
found to occur when 36s-tartrazine was incubated 
with rat intestinal contents. Small amounts of 
p-sulfophenylhydrazine were found in both ex- 
periments and it was suggested that the pyrazo- 
lone ring was cleaved to the hydrazine derivative 
which then underwent reductive fission to sul- 
fanilic acid (Scheme VI). 


Splitting of the @-lactam ring in penicillin has 
been mentioned in connection with the hydrolysis 
of amides. 


Reduction of Double Bonds-The reduc- 
tion of double bonds by intestinal micro- 
organisms has been most widely studied in 
connection with the metabolism of unsaturated 


intestinal contents (133). 


N a 0 3 S Q N = N o C O O N a  - 
HO 


S O ~ N ~  


p-Sulfophenylhydrazine Sulfanilic acid 


Scheme VI-Metabolism of tartrazine by rat intestinal 
contents (134). 
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However, the nature of the breakdown products 
was not reported. Radomski and Mellinger 
(146) studied the fate of the disulfonated dyes 
amaranth [1-(4-sulfo-l-naphthylazo)-2-naph- 
thol-3,6-disulfonk acid trisodium salt 1, Ponceau 
SX [2-(5-sulfo-2,4-xylylazo)-l-naphthd-4-4ul- 
fonic acid disodium salt], and sunset yellow (1-p- 
sulfophenylazo-2-naphthol-6-sulfonic acid di- 
sodium salt) in rats (see Fig. 2). They demon- 
strated that the liver azo reductase system is rel- 
atively unimportant in the metabolism of these 
compounds. However, the dyes were found to be 
nearly completely reduced to sulfonated amines 
by the intestinal bacteria. The reduction of 
amaranth is shown in Scheme VII. These me- 
tabolites were then absorbed from the intestine 
and excreted in the urine. Similar findings were 
obtained by Jones et al. (147) who studied the 
metabolism of tartrazine (3-carboxy-5-hydroxy- 
1-p-sulfophenylazopyrazole trisodium salt) in the 
rat, rabbit, and man (Scheme VII). 


Acid yellow (4-aminoazobenzene-3,4'disul- 
fonic acid disodium salt) has also been found to 
undergo fission of the azo linkage in rats following 
oral dosage (148) (Scheme VII). Azo reduction 
was not observed when the dye was given by in- 
jection. Acid yellow was shown to be readily 
reduced by extracts of rat feces and a strain of 
S.fuecalis isolatedfrom feces (61,148). 


Brown FK, which consists of a mixture of p- 
sulfophenylazo derivatives of 2,4-diaminotol- 
uene and 1,3-diaminobenzene, underwent reduc- 
tive fission to give sulfanilic acid, a phenazine- 


group in chloramphenicol has been shown to be 
carried out by several microorganisms including 
the common intestinal inhabitants E. coli and 
P. nulgaris (84, 139). It was subsequently found 
that rat cecum contents and E. coli hydrolyzed 
and reduced chloramphenicol glucuronide to aryI 
amines (57). The properties of an enzyme 
system from E. coli which will reduce the nitro 
groups in chloramphenicol and a number of 
simple organic nitro compounds have been re- 
ported (140, 141). This system differs in sev- 
eral respects from that occurring in rabbit liver 
and kidney which reduces the nitro groups of 
organic nitro compounds including chloram- 
phenicol(l42). 


Bray et ul. (143) studied the metabolism of 
tetrachloronitrobenzenes in the rabbit and found 
that some of the major metabolites were reduced 
in  the intestine. They found that several nitro 
compounds including 2,3,4,5-tetrachloronitro- 
(benzene, nitrobenzene, m-nitrophenol, 0-, m-, 
and p-nitrobenzoic acid and their amides were 
readily reduced when incubated with rabbit in- 
testine contents. #-Nitrophenol and 0-  and p- 
)nitrotoluene were reduced very slowly. They 
concluded that nitro reduction by the intestinal 
,bacteria is a factor which should be considered 
when the fate of aromatic nitro compounds is 
studied. This is especially important when the 
compounds are slowly absorbed as i t  is possible 
that  virtually all the reduction observed may 
(occur in the intestine prior to absorption. 


The herbicide trifluralin (2,6-dinitro-N,N-di-n- 
propyl-a, a, a-trifluoro-p-toluidine) is poorly ab- 
.sorbed in rats following oral administration and 
nearly 80% of the dose is excreted in the feces 
(144). Both trifluralin and its monoamino de- 
irivative are prominent fecal metabolites. The 
latter compound was not detected in the urine al- 
though the corresponding compounds lacking one 
Qr both of the N-propyl groups were found. This 
suggests that trifluralin may be reduced in the 
intestine and the resulting amino metabolite ab- 
:sorbed and then dealkylated in the liver. 


Azo Reduction-The reduction of azo com- 
pounds by the intestinal microflora has re- 
ceived considerable attention in recent years. 
Most investigations have dealt with water-soluble 
azo dyes containing sulfonic acid groups which 
are widely used as food coloring agents but the 
oil-soluble dyes have also been studied. 


An early indication of the significance of the 
intestinal microflora in the metabolism of azo 
dyes was the finding that sodium 4-p-sulfophenyl- 
azo-1-naphthol was rapidly destroyed when in- 
cubated with dog intestinal contents (143). 


HO SO-Na 


S03Na 


Amaranth 


Ponceau SX 


OH 


S03Na 


Sunset Yellow 


Fig. 2-Structural .formulas of some water-soluble 
azo dyes. 
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S03Na 


Amaranth 1-Amino-4-naphthalene 
sulfonic acid 


N a 0 3 S o N = N  - pII COONa 


HO NON 


0 S03Na 


Tartrazine Sulfanilic acid 


S03H 


l-Amino-Z-hydroxy-3,6- 
naphthalene disulfonic acid 


1 -p-Sul fophenyl-Zcdrboxy. 
4-arnino-5-pyrazolonc 


Acid yellw P-Phenylenediamine sulfonic acid 
Scheme VII-Reduction of azo dyes by rat intestinal microorganisms (146-148, 150). 


like material and ill-defined products when incu- 
bated with rat intestinal contents (149). Sev- 
eral cecal microorganisms including S. faecalis 
were reported to be capable of decolorizing this 
dye. 


Roxon et al. (150) reported that tartrazine was 
reduced when incubated with a Proteus sp. iso- 
lated from rat intestine. This organism was 
also able to reduce a number of other water-sol- 
uble azo dyes (151). Further studies on the 
mechanism of this reaction have shown that a 
soluble NADPH-dependent, FMN-flavoprotein 
is involved (152). It is probable that tartrazine 
and other azo dyes act as alternate electron ac- 
ceptors for the respiratory chain under anaerobic 
conditions. It is of interest to note that the re- 
duction of tartrazine occurs rapidly with cell ex- 
tracts of P. vulgaris but not with freshly har- 
vested microorganisms (150, 152). Reducing 
activity is present in aged cells and this is ap- 
parently due to permeability changes in the cell 
wall. However, it is known that intestinal 
microorganisms rapidly reduce azo dyes including 
tartrazine (148, 151) and it seems likely that 
much of the reduction that occurs when azo dyes 
are given orally to animals may be due to other 
intestinal microorganisms including S. faecalis. 


Oil-soluble azo dyes are also reduced by intes- 
tinal microorganisms. Childs et al. (153) found 
that 1-phenylazo-2-naphthol was reduced when 


incubated with rat intestinal contents or with E. 
coli, A. aerogenes, and B. proteus isolated from 
rat intestine. Similar results were obtained 
with methyl red (4-dimethylaminoazobenzene- 
2’-carboxylic acid) which was reduced to its com- 
ponent amines, o-aminobenzoic acid and N,N-  
dimethyl-p-phenylenediamine, when incubated 
with rat cecal microorganisms (61). 


Aromatization-The reaction whereby non- 
aromatic cyclic compounds are converted to 
aromatic substances has been known for more 
than a century (154). Quinic acid (1,3,4,5- 
tetrahydroxycyclohexanecarboxylic acid), a 
common constituent of many fruits and vege- 
tables, has been found by several investigators 
(154-159) to be metabolized to benzoic acid or 
hippuric acid. This is a major metabolic reac- 
tion of quinic acid in man and about 7001, of the 
ingested dose is excreted as hippuric acid (158). 
Likewise, 30 to 60% of an oral dose is converted 
to hippuric acid in guinea pigs (157, 158). How- 
ever, no conversion was found to occur when 
quinic acid was given to guinea pigs by subcu- 
taneousinjection (156, 158). 


The differences in quinic acid aromatization 
following different routes of administration to- 
gether with the knowledge that some strains of 
A. aerogenes could utilize quinic acid in aromatic 
biosynthesis (160) suggested that the intestinal 
bacteria might be involved in this reaction (158) 
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The role of the microflora was conhned as in- 
hibition of bacterial multiplication in the intes- 
tine with neomyan was found to prevent the 
conversion of quinic acid to hippuric acid in man 
(158). This finding was subsequently confirmed 
by Asatoor (159) using rats. An even greater 
rise in urinary hippuric acid excretion occurred 
when shikimic acid (3,4,5-trihydroxy- 1 -cyclo- 
hexene-1-carboxylic acid) was fed and this con- 
version was also prevented by neomycin (159). 


Quinic acid and shikimic acid have also been 
found to increase the urinary catechol excretion 
when given orally to rats maintained on a puri- 
fied diet (161). In addition, vanillic acid was 
detected in the urines. The conversion of 
quinic acid to catechol was subsequently shown 
to be carried out by rat intestinal microorganisms 
( i 0 ) .  It has been proposed that these polyhy- 
droxy acids can be converted by the intestinal 
microflora to 3,4-dihydroxybenzoic acid which 
can be partly absorbed and methylated to give 
vanillic acid and partly decarboxylated in the in- 
testine to give catechol which can then be ab- 
sorbed (110). This suggestion is supported by 
the finding that shikimic acid is metabolized to 
protocatechuic acid when incubated with rat 
cecal microorganisms (61). These pathways are 
summarized in Scheme VIII. 
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rison (165) showed that DDD is produced from 
injected DDT in decomposing animal tissue but 
not in living tissues. It was subsequently found 
that a strain of P .  vulgaris isolated from mouse 
intestinal contents could carry out this reaction 
(166). As this organism is one of the primary 
invaders of animal tissues after death, it was con- 
cluded that it, in part at least, was responsible for 
the conversion of DDT to DDD in aminals which 
have been killed by DDT. 


The conversion of DDT to DDD was also 
studied by Mendel and Walton (167) who found 
that DDD was formed after oral but not intra- 
peritoneal administration of DDT to rats. This 
indicated that DDT must pass through the gas- 
trointestinal tract for the formation of DDD to 
occur. Furthermore, they showed that A. aero- 
genes and E .  coli isolated from rat intestine 
readily carried out the dechlorination of DDT. 
These findings indicated that the gastrointes- 
tinal flora must be the main agent for the forma- 
tion of DDD and that the conversion takes place 
during the life of the animal. The intestinal 
microflora has been shown to play a major role in 
DDT detoxication in the rainbow trout, Salmo 
gairdneri (168). 


Recently, Wedemeyer (169-171) carried out 
an extensive investigation of the anaerobic de- 
chlorination of DDT by A. aerogenes. He found 
that whole cells or cell-free extracts could cat- 
alyze the degradation of DDT to at least seven 
metabolites. The terminal steps of this sequence 
led to the formation of DDA [2,2-bis (fi-chloro- 
phenyl) acetic acid] and finally to 4,4'-dichloro- 
benzophenone. 


Other Reactions-The reduction of ketones 
by the intestinal flora has been shown to occur. 
Stimmel (60) found that estrone was converted to 
a large extent to 8-estradiol when incubated with 
human feces. Reduction of the 3-keto group in 
bile acids was reported to be carried out by mixed 
cultures of anaerobic fecal microorganisms (99). 


Studies on the metabolic fate of diethyltin di- 
chloride in rats have shown that it is dealkylated 
and that this reaction occurs both in the tissues 
and in the intestine (172). Also, it was shown 
that the conversion of diethyltin to ethyltin 
could take place when the former was incubated 
with rat cecal contents. 


Diquat and paraquat are bipyridilium com- 
pounds which are used as herbicides. Their 
metabolic fate in rats has been investigated (173) 
and it was found that appreaable amounts were 
excreted in the feces in a degraded form. Small 
amounts of these products were absorbed from 
the intestine and excreted in the Urine. Incu- 


HO HO 


HO' HO' 


Quinic acid Shikimic ac id  


HO 


Excreted also as hippuric 
acid following absorption 
from intestine. from intestine. 
Scheme VIII-Proposed pathways in the metabolism 


of puinic and shikimic acids. 


Excreted also as vanillic 
acid follwing absorption 


Dehalogenation-The metabolism of DDT 
[ 1,l,l-trichloro-2,2-bis (p-chloropheny1)-ethane] 
in higher animals is of considerable interest due 
to its widespread use as an insecticide. DDT is 
partly metabolized by reductive dechlorination 
to DDD [l,l-dichloro-2,2-bis (p-chloropheny1)- 
ethane] when given orally to animals and it has 
been believed that this reaction occurs in the 
liver (162-164). However, Barker and Mor- 
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bation of diquat and paraquat with a rat fecal 
homogenate resulted in extensive degradation of 
the compounds. However, the nature of these 
products was not determined. 


The metabolism of chloramphenicol by intes- 
tinal bacteria has been cited previously in con- 
nection with amide hydrolysis and nitro reduc- 
tion. However, this substance has also been 
found to undergo oxidation of the secondary hy- 
droxyl group and cleavage of the propanediol por- 
tion of the molecule when incubated with strains 
of several intestinal bacteria (84). 


Asatoor and Simenhoff (174) have demon- 
strated that urinary dimethylamine is derived 
partly from ingested choline and lecithin and that 
this conversion is dependent on the breakdown of 
choline to trimethylamine by intestinal bacteria. 


Deamination by the intestinal flora is known 
to occur with amino acids (175, 176). Rat in- 
testinal bacteria can deaminate and decarbox- 
ylate triiodothyronine to triiodothyroacetic acid 
(72). Tyrosine, phenylalanine, and tryptophan 
undergo deamination by sheep rumen microor- 
ganisms (116) and dopa is deaminated by rat 
fecal and cecal extracts (70). The deamination 
of tryptophan, histidine, and phenylalanine to 
give the corresponding acrylic acid derivatives 
has been reported to be carried out by bacteria 
from monkey feces (137). Also, 5-fluorocyto- 
sine was deaminated to 5-fluorouraal by the in- 
testinal flora in rats (177). 


The number of reports dealing with synthetic 
intestinal reactions is limited. However, it ap- 
pears that both acetylation and estdcat ion 
reactions can be carried out by the intestinal 
bacteria. Histamine was found to be partly me- 
tabolized to N-acetylhistamine when incubated 
with human feces suspensions (83). There is 
also indirect evidence which suggests that sul- 
fanilic acid and p-phenylenediamine sulfonic 
acid, the fission products of acid yellow, are 
partly acetylated in the intestine (148). Fecal 
bacteria have been reported to esterify copro- 
stanol and cholesterol (178). 
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CONCLUSIONS 


The findings presented above amply demon- 
strate that the gastrointestinal microorganisms 
can play a significant role in determining the 
metabolic fat: of drugs and other organic com- 
pounds. The diversity of the intestinal reac- 
tions is impressive, although hardly surprising in 
view of the tremendous range of metabolic ca- 
pabilities found in microorganisms. The intes- 
tinal reactions generally have a common char- 
acteristic in that they involve degradative pro- 


cesses. Thus, the various compounds usually 
undergo reduction in molecular size. These pro- 
cesses very often alter the physicochemical prop- 
erties of the compound to a considerable extent. 
Examples of this are seen in the deconjugation of 
glucuronides and glycosides, reduction of nitro or 
azo compounds, and decarboxylation of phenolic 
acids. It is of great significance that these al- 
terations may be accompanied by increases in 
biological activity or toxicity. The above ex- 
amples may lead to the liberation of an active 
aglycone, production of a toxic arylamine, or for- 
mation of a more toxic phenol. These reactions 
often contrast markedly with those occurring in 
the tissues where the metabolic sequence leads 
ultimately to products of lower biological activ- 
ity. 


Many aspects of the study of the metabolism of 
drugs by the intestinal microflora have received 
only very limited attention. For example, rela- 
tively few reports have been published which cor- 
relate particular intestinal reactions with partic- 
ular bacterial species. However, much of this 
work may depend on more satisfactory methods 
for the culture of some of the more fastidious in- 
testinal inhabitants. Differences in the meta- 
bolic fate of some compounds may be a reflection 
of differences in the microflora. This may occur 
among different animal species and, in this re- 
gard, it is interesting to note the previously men- 
tioned differences in the flora of the rabbit com- 
pared with oth& common species. Also, the 
differences may occur among a single species as a 
result of nutritional or environmental factors. 


It is sincerely hoped that the present review 
may serve to stimulate interest in the study of 
drug metabolism by the gastrointestinal micro- 
organisms as this has truly been a neglected as- 
pect in the field of drug metabolism. However, 
its significance in the metabolism of many com- 
pounds demands that this factor must be given 
adequate attention in the future. 
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Isolation and Characterization of Some UV-Induced 
Mutants of Chlorelkz v d g u ~ ~ s  Prings. 


By MARK J. SOLOMON and FRANK A. CRANE 


Clones of new UV-induced mutants of Cblorella vulgaris are reported, includin two 
strains darker green than the wild type. The isolated strains were characterizecfas to 
relative UV survival and general mutability. Significant stimulation of growth 
after low doses of UV irradiation was obtained. A taxonomic criterion dis- 
tinguishing c. vdgaris and C. pyrenoidosa was recognized. Diameter measurements 
of cells grown under uniform environmental conditions differentiated C. vulgaris 
from C. pyrenoidosa, and various mutant clones within an initial isolation. Various 
histochemical and aberrant cytological features of mutant strains were observed. 
Thin-layer chromato raphy of extracted pigments demonstrated several that dif- 


kred from those of the normal cells. 


UTATIONS, SPONTANEOUSLY occurring in M natural populations or artificially induced, 
are abrupt changes in the genetic makeup of the 
organism, manifesting themselves phenotypically 
as altered biosynthetic capabilities through suc- 
ceeding generations. These changes may result 
in detectably altered physiology and morphology. 
Metabolites having no counterpart in normal cells 
may be found. 


Chlorella i s  especially suitable for mutation 
studies because it has a haploid nuclear com- 
plement, short life cycle, and is autotrophic and 
unicellular. 


A naturally occurring mutant, Chlorella ru- 
bescens, was reported by Chodat in 1929 (1). 
Beijerinck (2) obtained yellow and colorless 
colonies of C. oariegata in 1940. The work of 
Beadle and Tatum (3) influenced Davis (4) to 
investigate some mutant strains of Chlorella 
to eluadate the photosynthetic process, while 
Granick (5) studied the protoporphyrin com- 
pounds of Chlorella mutants involved in the bio- 
synthesis of chlorophyll. Butler (6) isolated 
several UV-induced mutants of C. pyrenoidosa 
and characterized them as to starch synthesis, 
plastid formation, cell size, and changes in pig- 
mentation. In 1963 Kvitko (7) used X-ray 
irradiation to induce a large number of different 
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types of mutants and reported a synthetic clas- 
sification for them. This classification included 
photosynthetic, nonphotosynthetic, biochem- 
ical, and gross morphological mutants. Zak- 
harov (8) reported the isolation of several auxo- 
trophic mutants of Chlorella by replicating and 
characterized two of them as arginine and thi- 
amine deficient strains. 


Previous reports on the study of selected 
Chlorella mutants have not included a procedure 
for the isolation of pure clones. Initial isola- 
tions were assumed to be uniform strains. This 
report characterizes some new UV-induced 
mutant clones and compares them with their cor- 
respondiqg wild type. In addition to changes in 
pigmentation other phenotypic observations 
were made to test the possibility of multiple 
mutations occurring simultaneously in the same 
strain. Adaptive effects of UV irradiation and 
increased mutability were considered. 


A survey of the literature (9-14) and con- 
sideration of the slow growth rate previously 
mentioned prompted examination of cytological 
and histochemical methods which require only 
small amounts of material for intensive study. 
Flaumenhaft et al. (15) applied histochemical 
stains to normal and deuterated Chlorella and 
Scenedesmus cultures to study differences in 
carbohydrates, lipids, proteins, nuclear material, 
and population cell size. 


Davis (4) reported absorption spectra of total 
extracted pigments of Chlorella mutants, but did 
not separate the pigments. Strain (16) isolated 
the chlorophylls of normal and deuterated 
Chlorella and Scenedesmus while Allen (17) 
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investigated various carotenoid fractions of a 
normal strain of C. #yenoidma and some selected 
mutants. To understand the biochemical changes 
occurring in abnormally pigmented mutants, the 
individual pigments should be considered. Since 
populations of pure clones were obtained, varia- 
tions in pigment production could be attributed 
to the genetic constitution of the strains con- 
sidered. EIucidation of the pigment changes 
which occurred further characterized the various 
mutants studied. 


EXPERIMENTAL 


Materials and Methods-Wild type cultures of 
C. wulgaris (13402-R. W. Krauss strain Pringsheim 
211/11a.) and C. pyrenoidosa (ATCC 11469-R. W .  
Krauss strain Pringsheim 211-8b) were used. 
Mutants were produced entirely by UV irradiation 
of this C. wulgaris strain. Both strains were sub 
cultured on glucose medium every 10 days. Mu- 
tants were subcultured on glucose medium period- 
ically to maintain them in the logarithmic growth 
phase. 


Cultures were grown on Myers’ (13) salt medium 
modifled by deletion of his “possible micronutrients” 
and use of sequestered iron. Glucose medium con- 
tained in addition to salts, 1.5% glucose at pH 5.5. 
In early growth experiments a complete medium 
was used consisting of Myers’ salt solution, 1.5% 
glucose, 1.5% casein hydrolysate, and 0.5% yeast 
extract. Since growth was better on glucose 
medium, complete medium was discarded. 


All cultures were grown under aseptic conditions. 
To ensure sterility, plates, slants, and liquid media 
were incubated for 3 4  days at  32” before inocula- 
tion. 


Growth Conditions-All cells were grown in a 
specially designed growth room with the tempera- 
ture and humidity continuously controlled and 
recorded. The mean temperature was 23.6 f 0.5” 
with a range of 22.2-25’. The relative humidity 
was maintained at 50% f5%. 


Light was supplied to the growing cells by 21 
fluorescent lamps adjusted to 121.9 cm. (48 in.) 
above the table surface.’ Photometer readings at  
table top level with new lamps were recorded as 500 
ftc. 


Petri dishes and slants held in wire racks were 
placed on the table top with the colonies facing the 
light source. Liquid medium was placed on a hori- 
zontal shaker regulated to give twenty-four W m l .  
flasks 150 r.p.m., thus providing aeration. No addi- 
tional means of introducing sterile air or carbon 
dioxide was used. 


Growth Rate-Growth rate was determined by 
daily measurements of packed cell volume, culture 
turbidity, or cell counts in a hemocytometer. The 
cells were harvested by scraping or washing solid 
media or centrifuging liquid cultures. 


Cell Size-Diameter measurements of cell popula- 
tions in the logarithmic growth phase mounted in 
water were taken with a calibrated ocular microm- 
eter. The diameters of approximately 1,000 cells 


Cultures were given continuous light. 


1 General Electric F 6 T 6 Cool White lamps. 
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were measured for each strain to provide an ade- 
quate sampling to ensure statistical validity. 


Irradiation-All irradiations were accomplished by 
a single 15w. germicidal lamp* giving off most of its 
energy a t  the wavelength of 2537 A. An individual 
lamp was used for 100 hr. and then discarded. The 
lamp was permanently situated in a fluorescent 
k t u r e  suspended 30.5 cm. (12 in.) above the table 
top with a white cardboard shield around the lamp 
to protect the investigator. The UV irradiation/ 
sec./sq. cm. was standardized.8 


The cells to be irradiated, in the logarithmic 
growth phase, were washed from slants and serially 
diluted. Aseptic aliquots of the dilutions were 
counted in a hemocytometer and the dilution repre- 
senting 1 X 10’ cells/ml. was used. One-milliliter 
aliquots were spread to a monocellular layer on the 
surface of sterile glucose medium Petri dishes. 


The inoculated plates were then placed under the 
irradiation lamp and the covers removed to allow 
UV penetration. Any contaminated plates were 
discarded. Initial experiments indicated that a 30- 
sec. dose of UV irradiation produced no mutations, 
even with replica plating screening procedures, while 
Smin. irradiation produced apparently discolored 
mutants. 


Of the surviving colonies, obvious mutants were 
aseptically transferred to glucose medium slants and 
allowed to multiply. The isolations surviving this 
transfer were labeled with letters of the alphabet 
(16 of the 55 isolations survived). To obtain pure 
clones, each isolation was serially diluted. Aliquots 
containing 1 cell/ml. were transferred to glucose 
plates and allowed to grow. Colonies of each of the 
16 types were labeled with numerical subscripts and 
continued through at least three subinoculations be- 
fore consideration as established mutants (Table I). 
A t  least 75 days of growth were needed to obtain 
enough cells of these pure strains to begin character- 
ization. 
Survival, Lethality, and Mutation-The mutation 


index for a strain was defined as the percentage of 
colonies demonstrating a color difference from the 
cells on the control plate (0 UV) per 100 colonies 
counted in the population of surviving irradiated 
cells. Such indexes were determined for each of the 
six major mutant strains investigated as well as the 
two wild types. 


Survival (survival capacity) is defined as the 
mean number of surviving colonies receiving a partic- 
ular dose of UV compared with the mean number of 
colonies on the respective control plate for each 
strain (X 100%). 


Lethality is defined as 100% minus the survival 
capacity. 


Histochemical Methods-Cells of the various 
strains in the late logarithmic phase on slant cultures 
were mounted in water. The various histochemical 
sta ins were applied directly to the slide. These 
stains included the periodic acid-Schiff test for 
complex carbohydrates (18), acridine orange for 
mucin (19), ruthenium red for pectin (18), sudans 
I11 and IV for lipids (20), mercuric bromophenol blue 
for proteins (21), and iron-hematoxylin for nuclear 
material (22). After a suitable time for these vari- 
ous colorimetric reactions had elapsed observations 
were made microscopically. Care was taken to treat 


2 General Electric lamp No. G16T8. 
Weston Electronic Instrument Corp., model 703 type 3. 
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the mutants and wild types concurrently with each 
stain as well as t o  compare the unstained counter- 
part for each strain. 


Chromatography and Quantitation of Pigments- 
Initial paper and column chromatographic separa- 
tion of plastid pigments proved unsatisfactory for 
this work. Thin-layer chromatography (23) pro- 
vided finer separation, less tailing, and the rapidity 
necessary to avoid photocatalysis of the various 
constitutents. 


Commercial sources of carotenes were satisfactory, 
but extraction of chlorophylls and xanthophylls of 
leaf tissue were necessary to obtain standards for 
chlorophylls A and B and the xanthophyll group. 
Action spectra of the leaf pigments provided proof 
of identity and purity. 


Cells representing 1-month growths in the logarith- 
mic phase (several successive cultures) for each 
strain were harvested by washing and centrifuga- 
tion. They were combined and then frozen. When 
needed for use the frozen cells were thawed, treated 


tracted exhaustively with petroleum ether (b.p. 30- 
60'). The petroleum ether fraction was evaporated 
in a vacuum desiccator to a minimal volume and 
quantitatively transferred to  10-ml. volumetric 
flasks and brought to final volume. Aliquots of 
these solutions were spotted on activated Silica 
Gel G plates, and developed in the following solvent 
mixture : petroleum ether-benzene-absolute ethanol 
(40:15:4) according to the method of Schaltegger 
(23). After development the solvent front was 
marked; the spots were outlined; notations were 
made as to color and R j values; and comparisons of 
various compounds were made. 


Elution and spectrophotometric determination of 
the separated pigments were attempted. The slow 
growth rate of the various strains and low concentra- 
tions of pigments limited further comparative 
quantitative work. 


RESULTS 
with liquid nitrogen for 15 mh., then extracted Macroscopic Obsemations-The major discernible exhaustively with acetone. The pigment-solvent macroscopic feature the mutants 
mixtures were combined for each strain and ex- Mutants from the wild tvDes was color (Table 1). 


G1 and G11 diskbuted themselves akoss the agar 
surface of glucose medium slants as a thin film while 
the other mutants and normal cells formed a thick 
layer. All mutants and the wild types were shiny 
while growing on glucose medium. 


Test for Glucose Dependency-When the cells 
from each strain were inoculated on both glucose 
medium and salt medium, it was found that  all of 
the strains were capable of growth on salt medium. 
All of the mutants were therefore classified as photo- 
synthetic mutants according t o  Kvitko's classifica- 
tion system (7). 


Comparative Survival After W Exposure- 
Strains C. vulgaris, C. pyrenoidosa A-1, A-2, C-1, 
C-11, E-4, and H-3 were each exposed to 0, 1, 3, 5, 
and 10 min. of UV light and their relative survival 
compared (Fig. 1 and Table 11). In all of the strains 
except E 4  there was a slight increase in survival 
over that of the control at low dosages of UV, 
though high doses produced the expected decrease. 


(3 0 1 2  3 4 5 6 7 8 0 :O Mutant E 4  decreased in survival even at low doses s of UV while its survival after high doses was greatly DOSE OF UV IRRADIATION, min 


reduced. Strains H-3, A-2, C. pyrenoidosa were sig- 
n*cantly more resistant to the lethal effects Of uv 
than the wild type ( p  < 0.01 in Table 11). 
Mutation Indexes-With increasing doses of UV 


Fig. 1-Survival of C .  vulgaris and C. pyrenoidosa 
after exposure to UV irradiation under standardized 
conditions. Key: *, d e r  deviations are standard 
deviation; narrower deviations are standard error of 


the mean. the mutation rate of the respective strains became 


TABLE 11-RELATIVE SURVIVAL OF SELECTED STRAINS OF Chlorella AFTER 1-MIN. 
AND 5-MIN. EXPOSURES TO UV IRRADIATION 


Probability That Probability That 
Percent This Culture Has Index of This Culture Has 


Increase, Same Survival Survival. Same Survival 
1-min. Capacity as its 6min. Capacity as c. vulgaris Strain UV" Control uv 


C. vulgaris 
C. pyren. 


A- 1 
A-2 
6 1  -~ 
G11 
E 4  
H-3 


15.59 p <0.01 


0.21 p >0.20 
15.59 p <0.02 
10.84 p >0.20 
12.93 p >0.2 


-11.49 p >0.2 


6.33 p >0.40 


20.62 p <0.005 


11.59 p = 1.00 
22.22 p <0.01 
5.98 p <0.10 


52.15 p <0.01 
9.77 p >0.20 
4.94 p <0.05 
7.43 p >0.2 


23.47 p <0.005 
Surviving colonies at  0-min. UV-surviving colonies at  5-min. UV/surviving colonies at 0-min. UV x 100%. 
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TABLE 111-RELATIVE MUTATION INDEXES~ OF SELECTED STRAINS OF CMorella 
AFTER 3-MIN. AND 5-MIN. EXPOSURE TO uv IRRADIATION 


Probability That Probability That 
Mutation Rateb This Culture Has Mutation Rate This Culture Has 
After Exposure Same Mutation After Exposure Same Mutation 


Strain to Smin. uv, % Rate as C. vulg. to 5-min. uv, Rate as C. oulg. 


c. wlg .  0.04 p = 1.00 3.93 p = 1.00 


A-2 2.63 <0.005 6.11 p <0.20 


C. pyren. 0.24 p <0.01 2.83 p >0.4 
A- 1 6.40 p <0.005 22.22 p <0.005 


c-1 14.00 p <0.005 19.23 p <0.005 
c-11 0.20 p <0.005 37.17 p <0.005 
E-4 - - 63.31 <0.005 
H-3 15.43 p <0.005 32.47 p<0.005 


a Mutation index = probability of pigmented mutant/probability of any mutation N constant. Number of colonies 
(per 100 colonies counted) having a color other than that of the control plate, respectively, for each strain. 


greater (Table 111). All of the mutants had muta- 
tion rates significantly higher than the wild type. 
A t  5-min. UV the differences in mutability were not 
statistically significant. The mutation rates of 
C. pyrenoidosa and C. vulgaris were not statistically 
different at the 1% level. 


Size Measurements-The mean diameters of all 
of the mutants were found to be larger or smaller 
than the normal cells ( p  < 0.05-0.005), but with no 
uniform pattern. The normal cells had a smaller 
range of size than the mutants. The strains were 
arranged from smallest to largest (Table IV). Mu- 
tant E 5  had the greatest standard deviation and 
demonstrated unequal divisions of the cells. Con- 
trary to the report of Retovsky ( l l ) ,  note should be 
taken that C. vulgaris and C .  pyrenoidosa, under 
uniform environmental conditions, can be dif- 
ferentiated by the criterion of cell size ( p  < 0.005, 
Table IV). Comparison of cell sue variation about 
the means of particular clones within an initial isola- 
tion (C and E but not A) demonstrated significant 
differences. If initial isolations were pure clones 
such variations would not be expected under uni- 
form environmental conditions. 


Histological Observations-The periodic Schiff 
reaction demonstrated the presence of complex 
carbohydrates in the walls of all cells, but this test 
as well as the aaidine-orange test did not demon- 
strate any significant difference between the mutants 
and the normal strains. Ruthenium red did not 
differentiate C.  vulgaris from C. pyrenoidosa as re- 
ported by Kessler (18), but did differentiate mutants 


A-1, C5, and (2-11 as having no pectin present. In 
all strains the mucilaginous envelope appeared to 
contain the greatest concentration of lipids. Mu- 
tants A-1 and A-2 appeared to contain less lipids 
than any of the others. 


No significant differences could be found in the 
protein and nucleic acid contents of the respective 
strains. 


Cytology of Irradiated Cells-Cytological ob- 
servations indicated differences in the gelatinous 
envelope, the cell wall, chloroplast structure, cell 
divisions, formation of spores, appearance of the 
protoplast, and pigment differentiation. The aber- 
rations from the normal are summarized in Table I. 


Chromatography and Comparison of Pigments- 
Chlorella vulgaris had a yellow carotene at Rj 0.93 
but C. hrenoidosa had a yellow compound at Rj 
0.82. Mutants A-2, A-1, €34, and H-3 had orange, 
red, yellow-orange, and red-orange spots, respec- 
tively, at R, values of 0.82, 0.82,0.87, and 0.90. No 
carotene compounds were observed in C-1 and G11 
(Fig. 2). 


Mutant E-4 was visibly darker green than C. 
wlgaris. On the TLC plate it contained 5 chloro- 
phyll spots instead of the 4 found in the other strains 
tested. Mutant G 1  demonstrated no chlorophylls, 
and C-11 had only minute amounts of 3 chlorophylls, 
though the poor growth rate of these strains and the 
quantity of compounds available for extraction were 
probably responsible. Mutants A-1, A-2, E-4, and 
H-3 produced a reddish spot a t  Rj 0.25 while both 
wild type strains had none (Fig. 2). 


TABLE IV-CELL SIZE (DIAMETER) OF NORMAL AND MUTANT Chlorella STRAINS 


Cell Type 
Number 
of cells 


Meall 
Diameter, a 


f 
SD S E M  Probability 


G 1  


G10 
C-8 


c-9 
A-2 
A-1 ~~ c. vulg. 
c-5 
E-4 
c-7  
c-11 
c. PVY. 


912 - -- 
1313 
1068 


6.45 &1.92 0.04 0.005 
7.80 f 1 . 9 1  0.05 0.005 
8.16 f2 .14  0.01 0.005 


688 8.22 f1.69 0.11 0.05 
1298 8.35 f1 .46  0.05 0.005 
1202 8.45 f1 .53  0.05 0.005 
1127 9.02 f 1 . 8 9  0.06 - 
1243 
1153 
903 


9.07 f .82 0.02 0.01 
9.10 f 1 . 6 5  0.05 0.005 
9.18 f 2 . 0 8  0.09 0.05 


1327 9.39 f2 .12  0.06 0.005 
1333 9.42 f 2 . 0 7  0.09 0.005 


H-3 944 9.51 f2 .12  0.07 0.005 
E 5  1382 10.10 f 2 . 2 0  0.06 0.005 
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differences from the normal, some strains were 
selected which, upon further irradiation, had the 
ability to  survive additional exposure better than 
their controls. All of the mutant strains had a 
mutation rate greater than the normal strains. As 
the lethality of the UV irradiation increased for the 
strains, the respective mutation rates (after 5min. 
UV) also increased. 


Retovsky (11) reported that the mean diameter 
of Chlorella cells in nature, i.e., not grown under 
uniform conditions, did not provide an adequate 
taxonomic criterion for differentiating the two wild 
type species. With the qualification of growth 
under uniform conditions significantly different 
mean cell diameter distributions could be obtained. 
On several bases Soeder (25) concluded that C. 
pyrenoidosa should be reclassified. In view of the 
large spread of cell diameter measurements about the 
mean reported in this work for C. pyrenoidosa com- 
pared with C. vulgaris, Soeder’s view is further 
strengthened (see Table IV). 


Kessler (18) reported a distinction between C. 
vulgaris and C. pyrenoidosa using ruthenium red. 
Such a distinction could not be made in this work, 
but mutants A-1, C-5, and G11 demonstrated a 
lack of pectins by this method. Mutants A-1 and 
A-2 appeared to contain less lipid than the other 
strains. Possible biochemical errors were indicated. 


The glucose-dependency test described previously 
(1) indicated no carbohydrate metabolic error 
present. 


Most of the morphological differences described 
by previous workers were macroscopic colony 
changes. The unequal division of mutant cells in 
certain strains is noteworthy. The characteristic 
thinner or not-evident gelatinous sheath (A-2, C-11, 
E4, C-10, C-4, and F-4) has a rough correlation 
with the characteristically less prominent or not- 
evident wall (A-2, E-4, C-4, (2-9, and F-4). Strains 
A-2, E-4, C4, and F-4 had both characteristics in 
common and differ in that C-9 had a prominent 
gelatinous sheath with a nonprominent wall. It 
may be surmised that the genetic mechanism govern- 
ing wall thickness may have some control over the 
gelatinous sheath. Both processes include glucose 
residues, polyuronides, and polysaccharides. I t  
should be noted also that C-10 had a more prom- 
inent wall than C. vulgaris, but also had no thin 
gelatinous sheath evident. 


The location of discrete chlorophyll spots appears 
to be distinctive for the C strains (C-1, C-4, C-7, 
and C-9) although not universal for all of the C 
strains. All of the other characteristics described 
appear to be distinctive for individual strains (Table 
1). 


Excellent separation of pigments was obtained by 
application of thin-layer chromatography. The 
presence of compounds with R, values similar to 
the carotenes of C. vulgaris provides substantial 
theoretical interest. The fact that  spots did occur 
implies that some kind of carotene was formed. 
The determination of whether these spots represent 
the build-up of a precursor from a genetic block or 
an entirely new substance produced by the cell 
could not be ascertained because the relatively slow 
growth rate of the strains restricted this work. 


Mutant E-4 appeared darker green to  the naked 
eye. On the thin-layer plate E-4 had an extra 
chlorophyll spot. In almost every test E-4 demon- 


The PAS reaction verified this result. 


0 


8 
0 


0 Q Q 8 


0 8  


C.V. Cp A-2 A-I E-4 H-3 GI1 C-I 


Fig. 2-Scale representation of thin-hyer chromato- 
gram of pigments extracted from Chlorella mutants. 
Key: G, green; R,  red; 0, orange; OP, orange-pink; 
GG, gray-green; BR, brown-red; OR, orange-red; LG, 


light green; 0 Y,  orange-yellow; Y ,  yellow. 


DISCUSSION 


With the minor modifications noted, Myers’ (13) 
medium appears to be highly satisfactory for muta- 
tion studies with Chlorella species. Addition of 
yeast extract and casein hydrolysate did not enhance 
growth as might be expected, but actually reduced 
the volume of packed cells obtained. 


All of the strains were able to grow on the salt 
medium but growth on glucose medium was faster 
and resulted in larger volumes of packed cells. Be- 
cause of the decreased growth rate of the mutant 
strains relative to  C. vulgaris, glucose medium was 
used to stimulate growth. No error in carbohydrate 
metabolism could be found in any of the mutant 
strains. 


Redford and Myers (24) reported a slight increase 
in survival capacity of normal C. vulgaris irradiated 
with low doses of UV but they did not statistically 
document their finding. When the increase of the 
mean survival at 1-min. UV exposure was compared 
with the controls for each strain, respectively, it  was 
found that C. vulgaris ( p  < 0.01) had a statistically 
significant increase while C. pyrenoidosa did not 
( p  > 0.4). C. pyrenoidosa had a significantly larger 
survival from its control at 5min. UV than did C. 
vulgaris over its control ( p  < 0.01). 


Taken together, these two phenomena may be 
useful to  differentiate the two species taxonomically 
(Table 11). 


This growth increase of C. vulgaris at low doses of 
UV irradiation may have practical applications for 
mass production of Chlorella as a source of food or 
other industrial uses. To enhance the growth and 
vitality of “seed cultures” for each batch, low doses 
of UV light may be significant. Low doses of UV 
to Chlorella represent rather high doses of UV light 
for bacterial contaminants and such doses may help 
ensure a more aseptic culture than would otherwise 
be expected. 


Mutants A-2, H-3, and C. pyrenoidosa were more 
resistant to the lethal effects of Bmin. UV exposure 
than the normal cells ( p  < 0.01) based on survival 
percentage at 5-min. UV (Table 11). It is evident 
that in the process of selecting mutants for color 
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strated difficulty adjusting to a new environment. 
This behavior might be explained in part if E-4 
were synthesizing an inactive form of chlorophyll. 


Mutants C-1 and C-11 had the slowest growth 
rate. Upon examination by TLC, fewer chlorophyll 
spots were found than would be expected. It is 
postulated that chlorophylls were present, however, 
because both C-1 and C-11 were photosynthetic on 
salt agar. 


It is noted that less than 50 mg. of cells (fresh 
weight) of each strain was available for cell extrac- 
tion. 


SUMMARY 


Thirteen UV-induced strains of C. vulgaris are 
reported. Especially interesting were mutants E4 
and E 5  which were darker green than normal to  
the eye. 


This research represents an attempt to char- 
acterize pure mutant clones by use of a variety of 
methods. 


Selected mutants were tested for susceptibility to 
UV damage and mutability. All of the mutants 
were found to be more mutable than the normal but 
several mutants were more resistant to the damage 
of UV irradiation than the normal. 


A new taxonomic criterion for distinguishing the 
two species of C.  vulgaris and C. pyrenoidosa became 
apparent. The increase in survival capacity over 
controls (0-min. UV for each strain) and the per- 
cent decrease after 5-min UV were statistically 
documented. 


I t  was suggested that irradiated seed cultures of 
Chlorella cells may enhance the initial growth rate 
and help sterilize cultures for industrial algal 
growth. 


Chlorella vulgaris and Chlorella pyrenoidosa could 
be differentiated by cell size when grown under uni- 
form environmental conditions. 


Clones within particular initial isolations demon- 
strated significant differences in cell size from the 
normal. 


C. vulgaris and C.  pyrenoidosa were not dis- 
tinguished with ruthenium red but certain mutants 
could be distinguished from the normals with this 
stain. 


Cytologic aberrations were observed including 
those of the sheath, cellulose wall, chloroplast, pig- 
mentation, patterns of cell division, and spore for- 
mation. 


TLC demonstrated that the mutants produced 
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certain pigments with similar Rf values to the normal 
pigments but of different color, and also produced 
several pigments apparently not synthesized by the 
normal. 


Mutant E4, visibly darker green to the naked eye, 
chromatographed an extra chlorophyll spot when 
compared with the normal. 
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In Vivo Evaluation of Local Anesthetics 
Applied Topically 


By ARTHUR H. CAMPBELL, JEANETTE A. STASSE, GEOFFREY H. LORD, a n d  


JOHN E. WILLSON 


A method has been offered for the screening of topically applied anesthetic agents of 
varying molecular structure. It is based on the observation that injuring, but not 


necessarily rupturing the skin, reduces its resistance to penetration. 


HE ADMINISTRATION of chemical agents T through the skin has long been the object of 
considerable investigation which, in isolated in- 
stances, has proved fruitful; but generally has 
been frustrated by as yet undefined or unproved 
explanations of normal skin function. 


Among the types of compounds with which 
there has been limited success (1) has been the 
agent which reduces discomfort resulting from 
relatively minor accessible injuries-the local 
anesthetic. 


A variety of topical anesthetic testing methods 
are contained in the literature. These have in- 
cluded studies in the lingual receptors of the frog 
( 2 ) ,  the nasal and bucco-pharyngeal mucosae 
of the rabbit (3, 4), the tail of the earthworm (5), 
the goldfish (G), the eyes of cats, dogs, guinea 
pigs, and mice (7-lo), as well as a host of in oitro 
techniques. 


No method could be found by which the po- 
tency of an anesthetic agent could be deter- 
mined, following its application to  the surface of 
the skin of the more commonly used laboratory 
animals. In an effort to fill this need, a series of 
testing procedures was developed. They have 
been successfully employed in these laboratories 
for several years. They are based on the observa- 
tion that superficial injuries which need not 
necessarily rupture the skin, may nonetheless 
alter the natural dermal barrier and thereby 
permit penetration of local anesthetic molecules. 


METHODS 


Each of the studies presented herein conforms to 
a basic six-step pattern: (a) determination of pre- 
injury skin sensitivity; (b)  the infliction of the in- 
jury; (c) the determination of postinjury, or pre- 
therapy, skin sensitivity; (d) application of the 
agent; (e) determination of posttherapy sensitivity; 
and (f) evaluation of the results. 


Twenty-four hours before the study, the backs of 
the guinea pigs were shaved with mechanical clippers 
and depilated with a commercial depilatory.' 
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During the test, no more than two animals were 
used at one time by one investigator. This rule 
tended to minimize the time gap between infliction 
of the injury and application of the agent. In addi- 
tion, the simultaneous handling of but two animals 
permitted adequate opportunity for observation of 
sometimes subtle, but nonetheless discernible, reac- 
tions. 


Because there is no other way of determining 
whether pain has been abolished, in the treated 
tissue of the laboratory animal, a stimulus must be 
applied to the test site and an absence of response is 
interpreted as being indicative of a state of anes- 
thesia. Thus, even though almost any type of pain- 
inducing stimulation may be used, it is important 
that the nature, duration, intensity, and frequency 
be sufficiently controllable as to make the stimulus 
reproducible. 


The manner in which each guinea pig reacted to 
pain varied and because of this, its individual type 
of response had to be established before the experi- 
mental agents were applied. Only the more demon- 
strable animals, which reacted in unmistakable fash- 
ion to the stimuli, were used. 


The type of stimulus selected was relatively 
supdcial, from the point of view of penetration; 
but it was of constant duration and was also con- 
trollable. It consisted of pricking the test area on 
the back of the immobilized guinea pig with the 
point of a 22-gauge hypodermic needle which was 
attached to the plunger of a 10-ml. plastic disposable 
syringe. The rubber tip of the plunger had been 
first removed to facilitate its free movement within 
the barrel. The barrel of the syringe was attached 
to a ring stand in a vertical position a t  a constant 
height. The distance from which the plunger (with 
the attached needle) was dropped before striking 
the test site on the guinea pig's back, as well as the 
addition or subtraction of weights taped to the top 
of the plunger, determined the intensity of the 
stimulus applied. Furthermore, by dropping the 
plunger from the same height (as determined by the 
calibrations on the barrel of the syringe) a stimulus 
could be duplicated. 


The sensitivity levels were determined by apply- 
ing stimuli, the intensities of which were only of 
sufficient magnitude to have elicited consistent and 
reliable responses, and a state of anesthesia was 
considered to have been induced when the pre- 
viously established postinjury sensitivity had been 
abolished following administration of the experi- 
mental agent. 


In order to determine whether any specific area 
of the denuded back may have been more suitable, 
preliminary studies were run on varying sections. 
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It soon became apparent that the skin directly over 
the scapulae was more sensitive and yielded higher 
levels of consistency. Thereafter, those areas were 
used exclusively. 


Two test sites were therefore used on the back of 
each animal (one over each scapula) for all but 
the Type I1 bum study. 


The Type I bum was made by momentarily 
touching the skin with the broad side of a 2.21-cm. 
(7/8 in.) steel spatula. Heating was effected by 
holding the spatula above the 3- to 5-mm. high blue 
portion of a flame emitted from a Fisher Wide 
Flame gas burner for 15 sec. 


The Type I1 bum (the scald) was inflicted by 
immersing the test area in a SOo bath for 5 sec. 
Here, as has been mentioned, only a single burn was 
made on the back of each animal. 


Type I11 bums were caused by immobilizing the 
animals beneath a 250-w. Lo-Glare ceramic IR 
lamp for periods of 5 min. at a distance of 21.59 
cm. (S1/s in.). Windowed shields of aluminum foil 
attached to  the backs, restricted the areas of ex- 
posure to approximately 1 sq. in. at each of the two 
sites. 


The experimental preparations were also tested 
on an abrasion which was induced by scraping the 
skin (5 strokes in one direction; then 5 more strokes 
at a right angle) with 150 (2/0) garnet carborundum 
paper. 


As was mentioned above, the sensitivity (thresh- 
old) was again established after each injury and it 
was consistently noted that a stimulus of much less 
intensity was required to cause reactions after in- 
flictions of the injuries. 


Of significant importance was the observation that 
all portions of the skin, damaged by Type I bums, 
were equally sensitive to stimuli of constant in- 
tensity. This was not the case, however, following 
the infliction of Type I1 burns. The periphery of 
the scalded areas seemed very sensitive and lightly 
applied pricks elicited markedly exaggerated pro- 
tests from the guinea pigs. As points nearer the 
center of the burn were stimulated, reactions tended 
to diminish and, in the center of the burn, levels of 
response which were inferior to those detected prior 
to  burning, were noted. Whether this apparent 
inhibition of impulse conduction was due to damage 
of the superficial nerve fibers, or was due to  a 
dampening effect created by the presence of edema 
fluid, was not established. Because of this varia- 
tion, the application of all stimuli was restricted to 
a zone approximately 6 mm. in width, around the 
circumference of the scald.. .even though the ex- 
perimental compounds were applied to  the entire 
burned area. This zone was the most sensitive 
and yielded the most constant results. As was true 
following the Type I bums, those areas which had 
been injured by Type I11 bums, as well as abra- 
sions, each exhibited increased sensitivity and all 
portions of the injured areas reacted equally to 
constant stimuli. 


To  illustrate the method, three known anesthetic 
agents diluted in a 80:20 propylene glycol-water 
mixture were applied at two concentrations, 0.125 
and l.OOO~, (w/v). These agents were lidocaine- 
(diethylaminoacet-2, 6-xylidide) ; benzocaine( ethyl 
aminobenzoate); and diperodon [3-( 1-piperidyl)- 
1,2-propanediol dicarbanilate] . 


Following the administration of each test prepara- 
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tion, stimuli equivalent to those required to have 
caused acceptable postinjury responses were ap- 
plied at 1-min. intervals until a total of 10 had 
been made. Following this, they were again 
stimulated 15 to 20 min. after the application. 


Every preparation was tested on a minimum of 
six sites to which the same type of injury had been 
inflicted; but on no occasion was the same agent 
applied to  more than one site on the same animal. 


Finally, in addition to being subjected to the pro- 
cedures described, it was felt that efficacy, following 
application to optic tissue, should be considered 
when screening for topical anesthetic potency. 
Toward this end, the preparations were tested in the 
rabbit and guinea pig via the method of Chance and 
Lobstein (9). The validity of their procedure, as 
well as that of the newly proposed method, depends 
on acceptance of the above-stated premise that ab- 
sence of response in a treated site, following applica- 
tion of a normally effective stimulus, is indicative of 
a state of anesthesia. In the eye, the relative po- 
tencies of topically administered agents were deter- 
mined on the basis of responses to corneal stimuli. 
These, in the form of gentle strokes on the cornea 
with a single camel hair, were applied once each 
min. for the next 18 consecutive min. following 
treatment. 


RESULTS 


The number of “no responses” to stimuli applied 
to each test area have been presented individually 
in Table I. As recommended by Chance and Lob- 
stein, optic sites were each stimulated 18 times; 
whereas only 12 stimuli were applied to injured skin 
sites. 


The number of negative responses for each test 
group of six were totalled and then divided by the 
number of stimuli-thereby yielding single values 
(see Table 11) which represented the anesthetic 
potencies of the preparations in the respective sites. 
A score of 1.000 was indicative of an onset of action 
of less than a min. and a duration of at least 18 min. 
in the eye or 20 min. in the skin. Values of lesser 
magnitude were proportional to the degree of 
anesthesia elicited. Also presented in Table I1 are 
the fiduciary limits for each value, calculated with a 
probability limit of 95%. Comparisons of these 
supported the following conclusions. 


Rabbit Eye-(a) The 0.125% concentrations of 
none of the three test agents was significantly more 
potent than the water control. (b) Diperodon 
(l.Oyo) was more potent than 1.0% lidocaine. 
(c) Lidocaine (1.0%) was more potent than 1.07, 
benzocaine. 


Guinea Pip Eye-(a) As compared with the 
water control, all six experimental solutions were 
significantly more active. ( b )  None of the three 
agents, when applied a t  concentrations of 0.125%, 
caused significantly different levels of response. 
(c) Lidocaine (1.0%) was more potent than 1.0% 
benzocaine. ( d )  Diperodon (l.O%), with a po- 
tency value which was between those of lidocaine 
and benzocaine, proved to have been no less potent 
than 1.0% lidocaine but simultaneously, no more 
potent than 1.0% benzocaine. The confidence 
limits of the diperodon value overlapped the con- 
fidence limits of both of the other solution values. 


Abraded Skin-(a) All solutions, except the 
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TABLE I-TOTAL NUMBERS OF NEGATIVE RESPONSES OBSERVED AT EACH OF THE SIX 


SITES WHICH WERE EMPLOYED PER COMPOUND PER ANALYSIS 


Compd. 


O.125Q/, 
benzocaine 


O.125yo 


0.12570 
diperodon 


lidocaine 
1.000% 


benzocaine 


diperodon 


lidocaine 


control 


1.000% 


1.000% 


Water 


Rabbit 
Eye Eye 


9,12,16, 7,10,8 
15,12,14 8,11,9 


8,5,7,7, 10,11,12. 
8.9 15.14.9 


-Guinea Pig 
r Burns 


Type 1 Type I1 Type I11 


0.125% benzocaine, were significantly more active 
than the water control. (b) Diperodon (0.125%) 
was more potent than 0.125% lidocaine. (c) 
Diperodon (1.0%) was more potent than 1.0% 
lidocaine. (d) Benzocaine (l.Oyo), with an inter- 
mediate value, was no less active than 1.0% dipero- 
don, but no more active than 1.0% lidocaine. 


Type I Burn--(a) Of the six solutions tested, 
only o.125y0 lidocaine exhibited no more potency 
than the water control. (b )  There was no signifi- 
cant difference between the potency of 0.125% 
benzocaine and that  of 0.125% diperodon. (c) 
There were no significant differences between the 
potencies of 1.0% diperodon, 1.0% lidocaine, and 
1.0% benzocaine. 


Type 11 Burn--(a) None of the three agents 
examined, when applied at concentrations of 0.125%, 
were more potent than the water control. (b)  
Benzocaine (1.0%) was significantly more potent 
than both 1.0% diperodon and 1.0% lidocaine. 
(c) The difference between the potency values of 
l.Oyo diperodon and l.Oyo lidocaine was not sig- 
nificant. 


Type III Burn-(a) Of the three agents tested, 


only benzocaine, at both concentrations employed, 
proved to  have been measurably effective in this 
type of injury. These h d i n g s  have been subse- 
quently confirmed in different vehicles as well as in 
blindly run studies. 


From these data it seemed apparent that no single 
agent was consistently the local anesthetic of pref- 
erence for all situations. Of those examined, 
diperodon may be the most effective in the eye and 
in the abraded skin-while any of the three may be 
correctly chosen to  abolish pain in the Type I burn. 
Benzocaine, on the other hand, seemed most ef- 
fective in the Type I1 and Type I11 burns. It was 
interesting to have noted that  Adriani, following 
studies in the human, also found (11) that anesthetic 
agents which exhibited considerable potency after 
topical application to  one type of site are not neces- 
sarily as active in another site. 


DISCUSSION 


Attention is directed to the quality of the data 
presented in Table I. An examination of these had 
led to the conclusion that (a)  these are valid observa- 


TABLE 11-ANESTHETIC POTENCY SCORES (TOTAL “No RESPONSES” DIVIDED BY THE TOTAL 
NUMBER OF APPLIED STIMULI PER COMPOUND PER ANALYSIS) AND 


THEIR RESPECTIVE 957‘ FIDUCIARY LIMITS 


-Guinea Pig 
Rabbit Abraded T Burns 


Compd. Eye Eye Skin Type 1 Type I1 Type 111 


- 


0. 


0. 


125% 0.009 0.111 n . on0 
benzocaine ( - 0.009 to (0.052 to 


125Yn 0.018 0.083 0.306 
0.027) 0.170) 


diperodon (-0.007 to (0.031 to (0.200 to 


1 id o c a in e (0.038 to (0.049 to 


benzocaine (0.052 to 10.227 to 10.174 tn 


0.044) 0.135) 0.412) 
0.125% O.OO0 0.093 0.125 


1. oOOyo 0.111 0.315 0.278 
0.147) 0.201) 


0.. 4-o-2j ~ - o-*3-lsj -- 0.170) 
l.ooo% 0.722 0.491 0.458 


diperodon (0.638 to (0.396 to (0.343 to 
0.807) 0.585) 0.573) 


1.000% 0.407 0.657 0.194 
lid&&ne (0.315 to (0.568 to  (0.103 to 


0.500) 0.747) 0.286) 
Water 0 .ooo 0.000 0.000 


0.069 0.000 


0.139 0.0000 


0.042 0.000 


(0.011 to 
0.128) 


(0.059 to 
0.219) 


(-0.004 to 
0.088) 


0.153 0.417 
(0 1070 to (0.303 to 
0.236) 0.531) 


0.222 0.083 
(0.126 to (0.019 to 
0.318) 0.147) 


(0.019 t o  (0.103 to 
0.083 0.194 


0.000 0.000 
0.147) 0.286) 


0.139 
(0.059 to 
0.219) 


0.0000 


0.000 


0.319 ~. _ ~ .  


(0.212 to 
0.427) 


O.OO0 


0.000 


0.000 
control 
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TABLE I 11-DATA ILLUSTRATING LEVELS OF CONSISTENCY FOLLOWING REPEATED 
TESTING OF 1.0% LIDOCAINE IN DERMAL INJURIES 


-Skin Abrasion- -Type I Burn- -Type I1 Burn-- -Type 111 Burn- 
Experi- Individual Potency Individual Potency Individual Potency Individual Potency 


ment No. Scores Value Scores Value Scores Value Scores Value 


1 2 , 1 , 3 , 3 , 2 , 0  0.153 0 , 2 , 1 , 3 , 1 , 1  0.111 1 ,3 ,2 ,2 ,0 ,1  0.125 O , O , O , O , O , O  0.000 
2 3 , 3 , 0 , 3 , 1 , 2  0.166 0 , 0 , 1 , 0 , 2 , 0  0.042 4 ,0 ,2 ,2 ,4 ,2  0.194 O , O , O , O , O , O  0.000 
3 1 , 5 , 4 , 2 , 1 , 3  0.222 1 , 1 , 0 , 2 , 0 , 0  0.056 3 , 1 , 0 , 2 , 4 , 1  0.153 0 .0 .0 .0 .0 .0  0.000 


tions and not the result of chance, and (b )  the values 
within groups have consistent variance and there- 
fore are considered compatible. 


Of course the potency scores in Table 11, which are 
derived from the data in Table I, differ significantly 
only when the confidence limits do not overlap. 


The importance of reproducibility cannot be too 
strongly emphasized. An example of the level of 
consistency which may be expected by use of this 
procedure has been presented in Table 111. Con- 
tained therein are the results of repetitive studies of 
the above described 1.0% lidocaine solution. These 
results, it will be noted, neither differ significantly 
from each other nor from those in Tables I and 11. 
Consistency of approximately the same order has 
been yielded by repeated topical studies of other ex- 
perimental compounds. 


The breadths of the confidence limits, which em- 
braced the respective potency scores, were of con- 
cern. It was found, however, that these ranges 
could be narrowed considerably by merely supple- 
menting the numbers of sites employed. After 
consideration, it was decided that the initial use of 
but six sites was sufficient to provide results which 
satisfied requirements of an initial screen; and that 
the strengthening process of adding data should 
probably best be limited to accurate appraisal of 
the more promising compounds. 


With regard to the mechanics of the method, it 
may be felt that receptors and nerve fibers may have 
been sufficiently damaged by the burns to possibly 
inhibit the transmission of impulses. If this were to 
occur, it  may be argued that applied stimuli may 
fail to elicit responses and that erroneous results 
as to the potency of the experimental compounds 
may be yielded. 


The fact that measurable decreases in the thresh- 
old responses can be demonstrated after injuring the 
skin certainly refutes this argument. Tissues within 
and beneath the dermal layers are highly sensitive 
to the painful influences of a histamine-like H-sub- 
stance (12) -which is liberated following infliction of 
skin injuries. With increased tissue damage, the 
source of the pain lies further from the surface and 
the challenge to the penetrating ability of the anes- 
thetic agent is correspondingly increased. I t  
should furthermore be remembered that the same 
injury which causes the pain also alters the per- 
meability, thereby providing the means by which the 
anesthetic may be permitted to  penetrate. 


I t  should again be emphasized that it is not the 
intent here to become involved in such matters as 
structure-activity relationships, penetration of the 
dermal barrier, biochemical or pathologic changes 


in skin following thermal injury, or any of a count- 
less number of other related problems of a funda- 
mental nature. 


Instead, a method has been offered which, despite 
acknowledged minor fluctuations in response, due to  
variation in the animals as well as slight differences 
in the severities of the injuries, has repeatedly 
proven to have been accurate and reproducible; and 
has permitted the simultaneous evaluation of the 
spectra of activity of structurally different anesthetic 
agents. 


CONCLUSION 


A series of procedures for the in oioo testing of 
topical anesthetic agents on the superficially injured 
skin of the rodent has been presented. The rela- 
tive potencies of three known agents were evaluated 
and the results indicated that (a) diperodon was the 
anesthetic of choice in nullifying pain in the abra- 
sion; (b)  lidocaine, benzocaine, and diperodon were 
equally effective in one type of bum; and (c) benzo- 
caine exhibited superior activity in two additional 
types of burns. 
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Effect of Deuteration on the Growth and Antibiotic 
Production of a Number of Strains of PeniciZZinm 
By KASHEED MOHAMMED, DANIEL A. NONA, and MARTIN I. BLAKE 


Thirteen strains of two species of Penicillium were surveyed for their ability to 
grow and produce antibiotic in a medium of high concentrations of heavy water. 
Mycelial dry weights, pH variation, and penicillin potency were noted over a 90-day 
study period. I n  the deuterio cultures autolysis and penicillin degradation did not 
occur. Phenylacetic acid was found to  stimulate penicillin production in  both 


the protio and deuterio cultures. 


HE EFFECTS of heavy water on the growth T rate and morphology of Penicillium notatum 
and Asfiergillus fonsecaeus have been reported by  
Shaffer et al. (1). The production and isolation 
of antibiotic were not considered in tha t  investiga- 
tion. More recently Nona et aZ. (2,3) studied the 
effects of DzO on the culturing of Penicillium 
janczmskii. Deuterated griseofulvin was iso- 
lated and its properties studied. A brief review 
of the literature dealing with the effects of 
deuteration on algae, bacteria, fungi, and higher 
plants was included. These represent the only 
studies concerning the effects of DzO on antibiotic- 
producing organisms. 


In the present study 13 strains of two species of 
Penicillium were surveyed for their ability to  
grow and produce antibiotic in high concentra- 
tions of heavy water. 


EXPERIMENTAL 


Penicillium Strains-The penicillin-producing 
strains used in this investigation and the com- 
mercial sources of supply are indicated in Table I. 
The organisms were stored on agar slants at 5' 
and were reslanted every 3 months. 


The agar slants used for maintenance of the molds 
were prepared in the following manner: Flask 1 
contained peptone, 0.6 g.; tryptone, 0.4 g.; yeast 
extract, 0.3 g.; dextrose, 0.1 g.; beef extract, 0.2 
g.; distilled water, 60 ml. Flask 2 contained 
potassium dihydrogen phosphate, 2.0 g. ; malt 
extract, 2.0 8.; agar, 3.0 g. The pH of Flask 1 was 
adjusted to 6.7. The contents of Flask 2 were 
added to  Flask 1 and the volume was diluted to 
100 ml. with distilled water. The medium was 
heated to dissolve the agar, and was then dispensed 
into test tubes in 5ml .  aliquots. The tubes were 
sterilized and slanted. 


Sterilization-A portable electric steroclave (Wis- 
consin-Aluminum) was used for sterilizing the slants 
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a t  15 p.s.i. for 20 min. Sterilization of all protio 
media was done under similar conditions. 


Sterilization of deuterio media was effected in a 
pressure cooker Presto (model KE03A). Pure 
deuterium oxide (99.6y0) was used as the steriliz- 
ing agent in place of water. Sterilization time 
was 15 min. in all instances. 


Protio Nutrient Medium-The culture medium 
had the following composition in each 100 ml. of 
solution: sodium nitrate, 0.3 g. ;  magnesium sul- 
fate, 0.025 g. ; potassium dihydrogen phosphate, 
0.05 g.; zinc sulfate, 0.005 g.; copper sulfate, 
0.0003 g.; ferrous sulfate, 0.005 g.; dextrose, 3.0 g. 
The pH was adjusted to 6.5 with a 25% potassium 
hydroxide solution. Finally 0.5 g. of calcium car- 
bonate was added. 


For each Penicillium strain a series of 10 cultures 
was prepared in 250-ml. conical flasks. Forty mil- 
liliters of the nutrient medium was added to each 
flask. The flasks were plugged with nonabsorbent 
cotton, capped with aluminum foil, and sterilized. 
Protio cultures served as controls. 


Deuterio Nutrient Medium-In the deuterio 
culture medium, 99.6% deuterium oxide was used 
in place of ordinary water. Otherwise, the com- 
position of the nutrient was the same as that used in 
the water cultures. All exchangeable hydrogen 
was previously replaced with deuterium by dissolving 
weighed quantities of the nutrient mixture in 
deuterium oxide, and then lyophilizing the solution. 
This procedure was repeated to ensure complete 
exchange. The final nutrient solution contained 
better than 98% deuterium oxide. Ten 40-ml. 
cultures for each strain were prepared and sterilized 
as described under Protio Nutrient Medium and 
Sterilization, respectively. 


Preparation of Seed Inoculum-A concentrated 
suspension of healthy spores in protio nutrient 
medium was prepared for each mold according to 
the formula shown under Protio Nutrient Medium, 
except for the dextrose content which was increased 
to 9.0 g. Fifty milliliters of the medium was 
placed in a 250-ml. conical flask and sterilized. 
One loopful of spores from each stock test tube 
slant was used for the seed inoculum. Submerged 
culture shake technique, as described below, was 
used in preparing the seed inoculum. 


Culture Methods-Shake Cultures-The inoculum 
for the submerged cultures consisted of a suspension 
of tiny pellets, about 1 mm. in diameter obtained 
from the seed culture. Inoculation for the protio 
nutrient medium was performed using 5-ml. por- 
tions of a heavy suspension of the spores. In  the 
case of the deuterio nutrient medium, the 5-ml. 
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TABLE I-MYCELIAL DRY WEIGHT AND ANTIBIOTIC PRODUCTION OF Penicillium STRAINS GROWN 
IN AN He0 AND D20 ENVIRONMENT 


Mycelial Dry Weight, &/I. Antibiotic Production, Units/ml. 
Strain Culture Method Hz0 DzO Hz0 Dz0 


PNa-35548" Surface 4.80 3.80 8 . 6  1 .1  
Shake 4.00 3.85 7 . 5  1 . 4  


PC?-37767d Surface 4.88 4.11 1 .1  1 .1  
Shake 5.00 4.80 3 . 2  0 .0  


PN-1537V Surface 6.50 6.11 10.0 2 . 8  
Shake 15.51 10.80 11.1 0 .0  


PC-167' Surface 20.10 15.89 3 . 0  2 . 1  
Shake 30.36 22.88 1 .1  3 .1  


PC-1428' Surface 6.38 6.60 8 . 1  3 . 2  
Shake 8.13 6.30 6 . 1  2 . 1  


PC- 153 1' Surface 9.88 7.30 8 . 7  3 . 8  
Shake 18.91 12.01 8 . 0  0 .0  


PN-230' Surface 35.50 18.98 6 . 6  0 .0  
Shake 38.00 23.91 8 . 0  0 . 0  


PN-2tMr Surface 8.00 3.82 2 . 9  0 . 5  
Shake 8.75 5.72 1 .8  0 . 1  


PC-451' Surface 10.01 10.34 10.1 0 .0  
Shake 16.00 8.72 8 . 3  0 . 0  


PN-6122 Surface 8.80 9.02 3 . 9  4 . 0  
Shake 23.60 16.71 3 . 0  2 . 1  


PC-1177J Surface 12.00 10.00 4 . 0  4 . 0  
Shake 21.66 13.81 1 .9  1.2 


PN-8210 Surface 10.25 3.00 10.0 3 . 1  
Shake 6.21 4.00 3 . 2  0 . 5  


PN-1249B2lg Surface 5.00 3.75 28.1 0 . 0  
Shake 8.50 4.89 12.1 0 .0  


O Pcnicillium notatum. ' Pcnicillium chrysogenum. Centraalbureau Voor Schimmelcultures, Baarn, Nederland. Com- 
monwealth Mycological Institute Kew, Surrey England. e Imperial Chemical Industries Ltd. Macclesfield Cheshire, 
England. Northern IJtilization Research & Diveloprnent D ~ Y . ,  Peoria, 
Ill. 


Laboratorie de Crypiogamie, Paris.' France. 


portions of spores were lyophilized before inocula- 
tion. The cultures were incubated at 24-25' on 
an Eberbach rotary shaker a t  215 r.p.m., for as 
long as 3 months in certain instances. 


Surface Cultures-Protio and deuterio cultures 
were inoculated with 5ml .  aliquots of the seed 
inoculum. However, the water was removed by 
lyophilizing prior t o  inoculating the deuterio 
nutrient medium. Incubation was at 24-25'. 
Care was taken to ensure that the surface pellicle 
was not disturbed. I t  was noted that when the 
pellicle sank below the surface of the nutrient 
solution, growth ceased and autolysis followed 
immediately. 


Phenylacetic Acid Additive-In several experi- 
ments 0.3% phenylacetic acid was added to the 
nutrient medium. The pH of the solution was 
adjusted to 6.5 with potassium hydroxide before 
sterilization. 


Analysis for Penicillin Potency-All cultures 
were periodically assayed for antibiotic activity. 
The cylinder-plate method described in USP XVII 
(4) was employed. 


Mycelial Dry Weight-At varying intervals during 
the experiment, the mycelium from a culture was 
separated from the fermented broth by vacuum 
filtration. The mycelium was dried to  constant 
weight in a convection air oven at 70'. 


Determination of pH and pD-At intervals 
throughout the study period the pH of the protio 
cultures and the pD of the deuterio cultures were 
determined. A Beckman pH meter (model 76A) 
was used for both series. In the case of the deuterio 
cultures the apparent pH was obtained and an 
appropriate correction (5) to the reading was made. 


Deuterium Analysis-At the conclusion of each 


experimental period, an aliquot of the deuterio 
culture broth was analyzed spectrophotometrically 
for deuterium oxide content according to the method 
of Crespi and Katz (6). 


RESULTS AND DISCUSSION 


Growth Observations-Growth was evident after 
2 days of incubation in all surface and shake protio 
nutrient cultures. In  the surface cultures rapid 
growth was evidenced by the enlargement of the 
surface pellicle. In the shake cultures this was 
demonstrated by the production of numerous 
globular pellets ranging in size from 2 to  about 10 
mm. in diameter. This was followed by a pro- 
gressive thickening of the nutrient medium. I n  
water all organisms sporulated in 5 to 7 days. The 
cultures appeared tan, light brown, or faint yellow 
in color. 


A somewhat different pattern was noted in the 
deuterio nutrient cultures. There was no sign of 
growth after 2 days of incubation for any of the 
cultures, surface or shake. However, within 10 
days after incubation the surface cultures did show 
definite signs of growth. Clusters of colonies, 
varying in size from 10 to 25 mm. in diameter, were 
apparent over the surface of the culture. One 
strain, PC-37767, produced very tiny brown 
colonies. The others ranged in color from white 
to  gray to  light tan and generally were lighter than 
the corresponding protio cultures. In general the 
shake cultures showed better growth than the 
surface cultures. In  6 days the shake cultures 
developed a sizable number of pellets though 
smaller in diameter (1.5 to  6.0 mm.) when com- 
pared with those formed in the protio nutrient 
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Fig. 1-The penicillin potency, pH profile, and 
mycelial dry weight of PC-1177 grown in protio 
medium by surface culture method. Key: A ,  
penicillin potency; B ,  pH profile; C, mycelial dry 


weigh$. 


medium. Growth was considerably slower for the 
13 strains of Penicillium grown in the deuterio 
nutrient, requiring roughly twice the time to 
produce the same amount of growth in the deuterio 
cultures as in the corresponding protio cultures. 


Mycelial Dry Weights-Dry weights of the 
mycelial tissue from the strains of Penicillium 
studied are listed in Table I. The values represent 
the maximum weights obtained by plotting dry 
weight versus time as typified in Figs. 1 and 2 for 
one of the strains in the study group. Considerable 
variation is apparent among the strains in both HzO 
and DzO and there appears to be little correlation 
between good growth and antibiotic production. 
Preliminary studies indicated that optimal growth 
was obtained when corn steep liquor was included 
in the nutrient medium. However, due to its 
indeiinite composition and since the introduction of 
hydrogen atoms into a deuterio nutrient medium 
would preclude the biosynthesis of a fully deu- 
terated antibiotic, this additive was not employed 
in subsequent studies. 
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Figure 1 shows the change in mycelial dry weight 
with time for the PC-1177 strain grown in a protio 
nutrient. There is a rapid increase in tissue for- 
mation for about 7 to 10 days followed by a rapid 
breakdown over the next 6 weeks. A different 
situation is apparent for the deuterio culture as 
shown in Fig. 2. There is a rather rapid formation 
of tissue over a 10-day period with little indication 
of autolysis in the following 80 days of the growth 
study period. This may be attributed to the fact 
that the enzymes responsible for autolysis are in- 
hibited or inactivated in the presence of high con- 
centrations of DzO. Another contributing factor 
may be that the more stable carbon-twdeuterium 
bonds comprising the deuterated tissue may tend 
to resist autolysis 


Penicillin Production-The Penicillium strains 
in this study varied markedly in their ability to 
produce antibiotic in a protio nutrient medium 
ranging from a low of 1.10 units/ml. to a high of 
28.11 units/ml. of fermented broth. Preliminary 
studies indicated that much higher production was 
possible when corn steep liquor was incorporated 
in the nutrient medium. This was not used in the 
present study for reasons already noted. In the 
deuterio nutrient medium penicillin production was 
severely depressed and in most cases was completely 
inhibited. The repressive effects of DsO on the 
production of alkaloids in belladonna have been 
reported by Uphaus et al. (7). Repression in giseo- 
fulvin production by the fungus P .  janceewskii 
in the presence of high concentrations of DpO was 
observed by Nona et al. (2). Nevertheless, in the 
present investigation two of the strains surveyed, 
PN-612 and PG1177, appeared to be less ad- 
versely affected by DpO than were the remaining 
strains. The penicillin production curves for the 
PG1177 strain by the surface culture method in 
Ha0 and DpO nutrient media are shown in Figs. 
1 and 2. 


Maximum production in protio medium is found 
to occur in about 10 days. Peak production is 
followed by a rapid loss in activity and within a 


6,01 


Fig. 2-The penicillin potency, pD profile, and 
mycelial dry weight of PC-1177 grown in DzO medium 
by surface culture method. Key; A ,  penicillin 


potency; B,  $0 profile; C, mycelml dry weight. 


Fig. 3-Effect of adding phenylacetic acid on penicd- 
lin production by PN-612 in protio medium. Key:  
a, protio medium; 0, 0.3% phenylacetic acid added 


to protio medium. 
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Fig. 4-Effect of adding phenylacetic acid on peni- 
cillin production by PAT-612 in deuterio medium. 
Key: 0, deuterio medium; 0, 0.3% phenylacetic 


acid added to deuterio medium. 


few days the penicillin titer reaches zero. In the 
deuterio cultures, however, the situation is quite 
different. There is noted a gradual increase in 
penicillin titer which reaches a maximum in about 
60 days. There is no indication of antibiotic deg- 
radation over the 90-day study period. In the 
protio culture penicillin destruction took place after 
the pH of the medium reached its maximum value 
of 9.0 (see Fig. 1). Since penicillin is most stable 
in solutions having a pH range of 6.4 to 7.0 the ob- 
served breakdown and disappearance of penicillin 
is expected. In  alkaline conditions the p-lactam 
ring of the penicillin molecule is broken producing 
a biologically inactive product. 


In the deuterio culture, Fig. 2, the pD values 
remained below 7 throughout the study period. 
This fact apparently explains why the penicillin 
was not destroyed. 


Effect of Phenylacetic Acid Additive-The effect 
of adding phenylacetic acid to the extent of 0.3% 
in the protio and deuterio nutrient media is illus- 
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shown (8) to be a precursor in the biosynthesis of 
benzyl penicillin and to be useful in stimulating 
antibiotic production by fungi. This effect is 
clearly demonstrated in the protio culture (Fig. 3) 
and in the deuterio culture (Fig. 4) where the 
response to the phenylacetic acid additive is com- 
pared with the corresponding controls. I t  should 
also be noted that in the deuterio cultures deg- 
radation of the antibiotic did not occur after a 
peak in production as in the case of the protio 
culture. 


At the conclusion of each fermentation period an 
aliquot of the culture medium was analyzed for 
DlOycontent. In the series reported here all of 
the cultures showed a D20 concentration above 
87% and most were over 90%. Dilution of the 
deuterium content is accounted for by the 3% 
protiwdextrose in the nutrient and by exchange 
over the 3-month study period with atmospheric 
moisture. The opening of the culture flasks was 
plugged with cotton which may have permitted 
moisture exchange to a small extent. 
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Ultraviolet Spectrophotometric Determination of 
Phenylbutazone in Biologic Specimens 


By JACK E. WALLACE 


A rapid spectrophotometric method for determining phenylbutazone in biologic 
specimens in the presence of its metabolites and other acid-extractable drugs is 
described. Extensive separation and extraction of the drug is not required. 
Alkaline permanganate oxidation of phenylbutazone to azobenzene is the basis for 
the analytical technique. The strong absorption of azobenzene at 314 rnp makes 
for a high order of specificity. The method is sufficiently sensitive for the deter- 
mination of phenylbutazone in blood of patients taking therapeutic amounts of the 


drug. Data showing the distribution of the drug in the rat are presented. 


HENYLBUTAZONE' IS A DRUG whichhas achieved P certain measures of success in the treatment 
of rheumatoid disorders and other inflammatory 
conditions. The patients should be under medi- 
cal care during treatment with the drug for a 
number of side reactions may occur. The most 
frequent side effects are various dyspeptic dis- 
orders, nausea, and drug rash. In addition, 
agranulocytosis is a rare but most feared com- 
plication. Phenylbutazone is rapidly absorbed 
from the gastrointestinal tract for it has been 
observed that 2 hr. after a single dose SO-SO% 
of the drug can be recovered in the blood (l), 
and only negligible amounts are excreted in the 
urine. Therefore, it is desirable during treat- 
ment with phenylbutazone to obtain blood levels 
as an aid to the control of drug toxicity. 


Several authors have reported blood concen- 
trations of phenylbutazone in humans after 
dosage with the drug. Pulver (2) first esti- 
mated phenylbutazone in serum by hydrolyzing 
the substance to hydrazobenzene which sub- 
sequently rearranged to benzidine. This latter 
substance was diazotized and measured colori- 
metrically. Moss (3) and Toph$j (4) inde- 
pendently modified Pulver's original method and 
obtained serum concentrations after therapeutic 
dosing. The colorimetric procedures all re- 
quire 4-6 hr. of supervised hydrolysis and exhibit 
a low order of specificity, sensitivity, and re- 
producibility. Burns et al, (5) described a 
direct UV spectrophotometric procedure which 
determines phenylbutazone at 265 mp, the 
absorption maximum for the compound in 
aqueous alkali. This procedure is sensitive but 
it affords no specificity since many acidic drugs 
particularly barbiturates absorb strongly in this 
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region of the spectrum. Certain normal tissue 
constituents also absorb in the 250-270 mp region 
and if present in the final extract contribute to 
significant absorption at  265 mp. Further, 
published spectrophotometric methods for analy- 
sis of phenylbutazone are not adequate for use in 
medical-legal investigations. Phenylbutazone is 
widely used and the need for a specific, rapid 
quantitative method for its determination in 
blood and tissues is evident. 


The method described in this report is rapid, 
sensitive, and highly specific for phenylbutazone 
and its thio derivative, sulfinpyrazone. No other 
acidic extractable drug including the hydroxy 
metabolite of phenylbutazone interferes. In the 
determination, alkaline permanganate oxidation 
at  controlled pH converts phenylbutazone to 
azobenzene which is extracted into refluxing 
n-heptane for final spectrophotometric assay. 


EXPERIMENTAL, 


Instrumentation-Ultraviolet absorption measure- 
ments were performed by using a ratio recording 
spectrophotometer ( Beckman DK-2A) equipped with 
linear wavelength presentation. The sample path 
was 1 cm. throughout. A doublebeam IR spectro- 
photometer (Beckman IR-4) was used for IR spec- 
tral characterization of the reaction product. 
Elemental carbon, hydrogen, and nitrogen analyses 
were performed (F  & M model 185 CHN analyzer). 


Method-Five to ten milliliter or gram amounts 
of whole blood, urine, gastric contents, or homog- 
enized tissue are adjusted to pH 1 to 2 with 1 N 
hydrochloric acid. The mixture is extracted by 
vigorous shaking with 200 ml. of n-heptane. If an 
emulsion occurs the hydrocarbon can be recovered 
by centrifugation. After separation the n-heptane 
is removed from the acidified solution and is sub- 
sequently extracted with 5 ml. of 0.5 N sodium 
hydroxide. Four milliliters of the aqueous layer is 
transferred to a 250-1111. round-bottom flask to which 
is added 20 ml. of 1% potassium permanganate in a 
0.4 M sodium triphosphate-0.4 M sodium hydroxide 
solution (pH 12.4), 10 ml. of n-heptane (spectro- 
photometric grade), and a Teflon-coated magnetic 
stirring bar. The contents of the flask are refluxed 
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TABLE 111-COMPOUNDS INVESTIGATED FOR 
INTERFERENCE WITH THE DETERMINATION 


OF PHENYLBUTAZONE' 


2x) 230 250 270 290 3x) 330 360 
220 240 260 280 300 320 340 360 


mlr 


Fig. 1- UV absorption spectra of phenylbutazone 
and of the phenylbutazone product both corresponding 
to a concentration of 15 mcg./ml. in n-heptane. Key:  
- , phenylbutazone; ---, phenylbutazone reaction 


product. 


for 30 min. with constant stirring. After the flask 
has cooled, the n-heptane is separated from the 
aqueous permanganate, washed with 5 ml. of 0.5 N 
HCl, and scanned on a spectrophotometer from 260- 
380 mp against an n-heptane blank. If absorption 
a t  a single wavelength is desired, it may be de- 
termined a t  314 mp. If large or trace amounts of 
phenylbutazone are suspected in the original speci- 
men, the amount of n-heptane in the oxidation step 
may be varied from 5 to 50 ml. with no adverse 
effect to the efliciency of the method. A standard 
curve is prepared from aqueous solutions of the 
drug which have been carried through the procedure 
as described above. 


RESULTS AND DISCUSSION 


The UV absorption curve of the product of phenyl- 
butazone oxidation is well defined. I t  exhibits an 
absorption maximum at 314 mp and a minimum at 
257 mp. The absorbance at 314 mp, illustrated in 


TABLE IGTANDARD CURVE DATA OF 
PHENYLBUTAZONE REACTION PRODUCT 


Compd. Absorbance of Product' 


Phenylbutazone 
Sulfinp yrazone 
Blank 
Acetophenetidin 
Bishydroxycoumarin 
Caffeine 
Diphenylhydantoin 
Methyprylon 
Oxyphenbutazone 
Phenaglycodol 
Phenobarbital 
Phenol 
Phensuximide 
Picrotoxin 
Salicylamide 
Salicylate 
Secobarbital 
Sulfadiazine 
Theobromine 
Theophylline 
Trimethobenzamide 


1.157 
0.868 
0.000 
O.Oo0 . . ~ ~ ~  


0.002 
0.000 
0.OOO 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.002 
0.000 
0.OOO 
0.000 
0.000 
0.000 
0.000 


Each compound was added directly to the reaction flask. 
The level corresponds to a concentration of 20 mcg./ml. of 
the compound per ml. of n-beptane. Each value is the 
average of three determinations. ' Read at 314 mr. 


Fig. 1, provides the increase in specificity of the 
present method over that of techniques which 
rely on colorimetry or direct spectrophotometric 
analysis of unconverted phenylbutazone. Sulfin- 
pyrazone yields a product, which has UV absorption 
identical to that of the product from phenylbuta- 
zone, except that the curve for the sulfoxide product 
provides a lower absorbance per unit concentration 
of original drug. Inability of the method to dis- 
tinguish between phenylbutazone and its sulfoxide 
derivative is considered to be no serious problem 
since the medical use and pharmacologic effect of the 
two drugs are very similar. The reaction product 
has a linear absorbance relationship, a t  the levels 
investigated, to the concentration of drug in the 
original sample (Table I). The recovery of phenyl- 
butazone which had been added in known amounts 
to whole blood and urine is summarized in Table 11. 
Average recovery from blood was approximately 
88% and from urine 91%. 


Other drugs, which might interfere with the de- 
termination of phenylbutazone and do so with other 
analytical techniques, were investigated for inter- 
ference. Each substance in an aqueous solution 
was added to permanganate and n-heptane. With 
the exception of phenylbutazone and sulfinpyrazone, 


Phenylbutazone 
in Sample, Absorbance Absorbance/ 
mcg./ml. in n-heptane Concn. 


20 1.157 0.058 
16 0.923 0.058 
12 0.691 0.058 
8 0.459 0.057 
4 0.229 0.057 


TABLE 11-RECOVERY STUDIES OF PHENYLBUTAZONE 


Phenyl- 
butazone 
Added, 


mcg./ml. Detn. WholgBlood Urine 
No. of Recovery Mean f SD,  mcg./ml. 


100.0 6 98.7 f 0.6 91.2 f 0.7 
50.0 7 44.8 f 0.3 45.9 f 0.4 
25.0 8 23.5 f 0.3 23.7 f 0.2 
10.0 10 8.4 f 0.2 8.9 f 0.2 
5.0 7 4.2 f O . l  4.3 f 0.1 


Av. recovery 88. 3y0 90. G o / ,  


Y V 
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Fig. 2-IR absorption spectrum of phenylbutazone, 1 
mg./POO mg. of pota.ssium bromide. 
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Fig. 3-IR absorption spectrum of phenylbutazone 
reaction product, 1 mg./eoO mg. of potassium bromide. 
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TABLE Iv-I'HENYLBLJTAZONU LEVELS I N  RAT _-___ ~. 


Tissue or Concn. in Specimen, mcg./g. (ml.)" 
Biologic Fluid Male Female 


no compound produced signiIicant absorbance a t  
314 mp (Table 111). 


1 - ( p  - hydroxyphenyl) - 2 - 
phenyl-4-butyl-3,5-pyrazolidinedione, a primary 
metabolite of phenylbutazone (6) and itself a 
therapeutic agent does not interfere. Barbiturates, 
which make direct UV determination of phenyl- 
butazone impracticable, if present, afford no inter- 
ference in the method of this report. 


The IR absorption spectra of phenylbutazone 
(Fig. 2) and its reaction product (Fig. 3) show 
several distinct differences. Strong carbonyl ab- 
sorption bands which exist a t  1598 cm.+ and 1720- 
1760 crn.-l in the spectrum of the drug are absent 
in the spectrum of the product. These bands are 
probably due to amide stretching vibrations. 
Further, methylene carbon absorption a t  2950 
an.-', though present in the spectrum of phenyl- 
butazone, is absent in that of the product. These 
observations suggest that the pyrazolidinedione 


Oxyphenbutazonr, 


1.00, 


I . . . . . . . . . . . . . L  
m ' 2 m  250 270 290 310 330 350 


2 2 0 2 4 0  260 280300 320340360 
mlc. 


Fig. 4-UV absorption spectrum of azobenzene, 7.5 
mcg./ml. in n-heptane. 


4500 3500 2500 1900 1700 1500 1300 lxx) 900 700 
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Fig. 5-IR absorption spectrum of asobeneene, 1 mg./ 
400 mg. potassium bromide. 


Blood 32.2 63.2 
Brain 5.3 8.8 
Fat 18.4 34.6 
Kidney 37.9 52.3 
Liver 54.5 77.4 
Muscle 8.0 14.3 


mSpecimens were obtained 6 hr. after rats were fed by 
Rats were fasted for 16 mouth 50 mg./kg. of body weight. 


hr. prior to  ingestion. Average of results from ten rats. 


ring is destroyed during permanganate oxidation. 
The absorption bands a t  692 ern.-' and 775 cm.-' 
in the spectra of the product indicate no loss of the 
aromatic rings during the oxidation process. Ran- 
dall et al. (7) have reported the Occurrence of absorp- 
tion a t  700 cm.-' f 10 cm.-l in numerous mono- 
substituted aromatic compounds and this band 
range is accepted as being specific for the monosub- 
stituted phenyl group. 


Ultraviolet '(Fig. 4) and infrared (Fig. 5) spectra 
of azobenzene were identical to the spectra of the 
phenylbutazone product. The weak intensity of 
the -N=N- band, and the knowledge that it 
arises in the 1600 cm.-l region along with aromatic 
absorptions precludes in this study any useful 
structural correlations from this functional group. 
Carbon, hydrogen, and nitrogen data demonstrate 
the product compound to be azobenzene. By com- 
parison of the UV spectra of the two compounds, 
it is apparent that approximately 82y0 of the 
phenylbutazone is converted to azobenzene in the 
analysis. 


The distribution of the drug among various tissues 
of the rat 6 hr. after the animals had received 50 mg./ 
kg. of body weight is shown in Tables IV and V. 
The levels of drug in various biologic fluids and 
organs in decreasing order are liver, kidney, whole 
blood, fat, muscle, and brain. 


It is of interest that tissues from female rats 
consistently exhibit significantly higher levels of 
the drug than corresponding specimens from male 
rats. A similar observation was made for serum 
levels in rats by Kampmann and Frey (8). A faster 
and more efficient absorption rate from the gut in 
females is indicated yet hormonal influences may 
contribute to this difference. If this effect were 
observed in humans, it could account for the alleged 
greater toxicity of phenylbutazone in the female of 
this species (9). 


TABLE V-PHENYLBUTAZONE DISTRIBUTION 
I N  THE RAT 


Distribution Ratiom, Mean f SD 
Concn. in Tissue/Concn. in Blood 


Tissue Male Female 


Blood 1.0 1.0 
Brain 0.15 i 0.02 0.16 f 0.03 
Fat 0.57 f 0.09 0.58 f 0.15 
Kidney 0.85 f 0.12 1.33 f 0.15 
Liver 1.25 f 0.15 1.74 f 0.14 
Muscle 0.24 f 0.02 0.28 i 0.04 
Specimens were obtained 6 hr. after albino rats were fed 


Rats were fasted for 
Average of results from 


by mouth 50 mg./kg. of body weight. 
16 hr. prior to ingestioq of drug. 
ten rats. 
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Synthesis of Some Iodopurine Derivatives 
By R. T. KODA, J. A. BILES, and W. WOLF 


Several new 6- and 8-iodopurine derivatives have been prepared. It was found that 
a nucleophilic displacement of a chloro- or mercapto- function by iodide ion was 
most successful for the introduction of iodine into the purine ring. The resultant 
iodopurine derivatives were also screened against the lymphoid leukemia L-12 10 


test system for biological activity. 


ECENT STUDIES (1) indicate that the anti- R tumor activity of purine and pyrimidine 
derivatives is associated with (a) their incor- 
poration into DNA or RNA, thereby altering or 
terminating normal replication; (b) the blocking 
of the incorporation of normal nucleic acid bases 
into the structure of DNA or RNA; or (c)  in- 
hibition of the de novo synthesis of naturally 
occurring purine or pyrimidine bases. 


Irrespective of the mechanism by which they 
act, many halogen and mercapto derivatives of 
purine and pyrimidine have been shown to pos- 
sess antitumor activity (2-5). This activity has 
been generally correlated to both steric and elec- 
tronic effects contributed by the substituent 
group. 


An iodine substitution on various purine 
derivatives may exert both a steric effect, because 
of its large molecular diameter (van der Waals 
radius = 2.15 A,),  or an inductive effect, due to 
its electronegativity. 
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The synthesis of a number of iodopurine deriva- 
tives was attempted with an  iodine atom residing 
in the three available positions-C-2, C-6, and 
C-8. The latter position is not normally in- 
volved in intermolecular hydrogen bonding in 
the polydeoxynucleotide strands but would 
contribute mainly by its inductive effect on the 
electron distribution in the purine ring. Iodo 
substitutions at both C-2 and C-6 are in close 
proximity to those regions on the purine ring 
at which intermolecular hydrogen bonding nor- 
mally occurs and may exert both steric and in- 
ductive effects by a purine base which has been 
incorporated into a polydeoxynucleotide strand. 


DISCUSSION 


Previous synthetic routes for the preparation of 
iodopurine derivatives involved either the direct 
iodination of the purine ring (6-9) with various 
electrophilic agents or nucleophilic displacement 
reactions (10-16) of functional groups such as mer- 
capto, alkylmercapto, or halogen by iodide ion. 
Since direct iodination procedures have proved to be 
only partially successful, the displacement of a mer- 
capto function on various purine derivatives by 
iodide ion was attempted. The synthesis of mer- 
captopurines was usually carried out by the dis- 
placement of a hydroxy function at  c-6 or c-8 by 
phosphorus pentasulfide in pyridine (10, 17-20) or 








2056 Journal of Pharmaceutical Sciences 


REFERENCES 


(1) Brodie, B. B., Burns, J. J., Lowman E. W. Chenkin T.,. Le_e,.,P.. Weiner, M.,  and Steele, J. M.,’Am. J.’Mcd., 16: 


Thcrafi., 109,27(1953). 
(6) Burns, J. J., Rose, R. K.,  Goodwin, S.. Reichenthal, 


J., Homing E. C. and Brodie B. B. ibid 113 481(1955). 
(7) Randall, H.’ M., Fowler: R. G.: Fus& NI, and Dangel, 


3. R., “Infrared Determination of Organic Structures,’’ Van 
Nostrand, New York, N.  Y., 1949, p. 16. 


(8) Kampmann, E., and Frey, H. H., Nature, 209, 519 
I l Q R R )  ,-”--,. 


(9) Beckman, H.,,,“Pharmacology: The Nature, Action 
and Use of Drugs, W. B. Saunders, Philadelphia, Pa., 
1961, p. 261. 


Keypbrases 
Phenylbutazone-analysis Sulfinpyrazone-analysis interference 
Biologic specimens-phenylbutazone analy- IR spectrophotometry-identity 


sis UV spectrophotometry-analysis 


Synthesis of Some Iodopurine Derivatives 
By R. T. KODA, J. A. BILES, and W. WOLF 


Several new 6- and 8-iodopurine derivatives have been prepared. It was found that 
a nucleophilic displacement of a chloro- or mercapto- function by iodide ion was 
most successful for the introduction of iodine into the purine ring. The resultant 
iodopurine derivatives were also screened against the lymphoid leukemia L-12 10 


test system for biological activity. 


ECENT STUDIES (1) indicate that the anti- R tumor activity of purine and pyrimidine 
derivatives is associated with (a) their incor- 
poration into DNA or RNA, thereby altering or 
terminating normal replication; (b) the blocking 
of the incorporation of normal nucleic acid bases 
into the structure of DNA or RNA; or (c)  in- 
hibition of the de novo synthesis of naturally 
occurring purine or pyrimidine bases. 


Irrespective of the mechanism by which they 
act, many halogen and mercapto derivatives of 
purine and pyrimidine have been shown to pos- 
sess antitumor activity (2-5). This activity has 
been generally correlated to both steric and elec- 
tronic effects contributed by the substituent 
group. 


An iodine substitution on various purine 
derivatives may exert both a steric effect, because 
of its large molecular diameter (van der Waals 
radius = 2.15 A,),  or an inductive effect, due to 
its electronegativity. 


Received May 22, 1968, from the Department of Phar- 
maceutical Chemistry, School of Pharmacy, University of 
Southern California, Los Angeles, CA 90007 


Accepted for publicatio4, August 22, 1968. 
Abstracted from a ortion of the dissertation submitted 


by R. T. Koda to the graduate school, University of South- 
ern California, in partial fulfillment of Doctor of Philosophy 
degree requirements. 
The authors thank Allergan harmaceuticals. Sank  Ana, 


Calif., for their financial assistance. 


The synthesis of a number of iodopurine deriva- 
tives was attempted with an  iodine atom residing 
in the three available positions-C-2, C-6, and 
C-8. The latter position is not normally in- 
volved in intermolecular hydrogen bonding in 
the polydeoxynucleotide strands but would 
contribute mainly by its inductive effect on the 
electron distribution in the purine ring. Iodo 
substitutions at both C-2 and C-6 are in close 
proximity to those regions on the purine ring 
at which intermolecular hydrogen bonding nor- 
mally occurs and may exert both steric and in- 
ductive effects by a purine base which has been 
incorporated into a polydeoxynucleotide strand. 


DISCUSSION 


Previous synthetic routes for the preparation of 
iodopurine derivatives involved either the direct 
iodination of the purine ring (6-9) with various 
electrophilic agents or nucleophilic displacement 
reactions (10-16) of functional groups such as mer- 
capto, alkylmercapto, or halogen by iodide ion. 
Since direct iodination procedures have proved to be 
only partially successful, the displacement of a mer- 
capto function on various purine derivatives by 
iodide ion was attempted. The synthesis of mer- 
captopurines was usually carried out by the dis- 
placement of a hydroxy function at  c-6 or c-8 by 
phosphorus pentasulfide in pyridine (10, 17-20) or 
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TABLE I-MERCAPTOPURINE DERIVATIVES 


Ri Ra R8 Method of Prewrationa Reference 


NHz OH SH Fusion 
H NHe SH Fusion 


H SH SH 
SH 
SH 
SH 


Fusion 
Fusion 
Fusion 
Fusion 
Displacement 
Fusion 
Fusion 


b 
b 


Fusion indicates a condensation between thiourea and 4,5-diaminopyrimidine derivatives to yield the corresponding 8 
Displacement indicates the substitution of a hydroxy function at C-6 and C-8 on purine derivatives using mercaptopurine. 


phosphorus pentasulfide in pyridine to yield the mercaptopurine. Cyclo Chemical Corp. 


the fusion of 4,5-diaminopyrimidine derivatives 
with thiourea (21, 22, 30-33) to  yield the corre- 
sponding 8-mercaptopurine derivatives (Table I). 


The displacement of an gmercapto function on 
purine nucleosides by iodide ion has previously been 
reported as successful (12). However, a cor- 
responding study of the displacement of an 8-mer- 
capto function on purine bases has not been previ- 
ously reported. 


As an example, when 6-amino-8-mercaptopurine 
(21) (8-mercaptoadenine) was treated with a mix- 
ture of iodine, potassium iodide, and sodium bi- 
carbonate in aqueous solution, a good yield of 8-iodo- 
adenine (I)  was isolated. This reaction was sub- 
sequently found to be general for all S-mercapto- 
purine derivatives having a single additional func- 
tional group (amino or hydroxy) at C-2 or C-6 
(Scheme I )  but not for those which were disubsti- 


Y 


X=HwhenY=NH,orOH 
Y = H whenX = NH20r OH 


Scheme I 
tuted in the pyrimidine ring as discussed below. 
Thus, the synthesis of 2-amino-84odopurine (11), 
6-hydroxy-8-iodopurie ( 111), 2-hydroxy-&iodo- 
purine (IV), in addition to  siodoadenine (I), was 
attained in good yield using this procedure. 


An alternate method for the synthesis of 8-iodo- 
purine derivatives involved the initial displacement 
of the 8-mercapto function by chlorine, using a mix- 
ture of chlorine gas and hydrochloric acid at Oo, 
followed by the displacement of the 8-chloro func- 
tion by treatment with hydriodic acid a t  0' 
(Scheme 11). The UV and IR spectra of the iodo- 


purine product obtained by either synthetic route 
were identical. 


It is surprising that either displacement reaction 
described above did not operate on more heavily 
substituted purine derivatives. Attempts to se- 
lectively displace one of the mercapto functions on 
B,&dimercaptopurine (22) by iodide ion were not 
successful, and attempts to displace an 8-mercapto 
function by iodide ion on purine derivatives having 
simultaneous substitutions at C-2 and C-6 presented 
some unusual problems. While treatment of 6- 
amino-2-hydroxy-8-mercaptopurine (8-mercaptoiso- 
guanine) with a mixture of iodine, potassium iodide, 
and sodium bicarbonate in water at room tem- 
perature resulted in the displacement of the 8-mer- 
capto function to  yield &iodoisoguanine (V), under 
similar reaction conditions, 8-mercaptoguanine or 
2,8-dimercaptoadenine did not yield the correspond- 
ing 8-iodo derivatives. 


It is possible that the presence of a hydroxy or 
mercapto function at C-2 and/or C-6, in addition to  
an amino substitution, increased the electron density 
at C-8 so that a stabilized carbonium ion inter- 
mediate cannot exist, making the usual displacement 
of the Smercapto function by iodide ion unsuccess- 
ful. It also has been reported that the thione tauto- 
meric form at C-8 predominates in neutral or weakly 
acidic conditions (23). 


The synthesis of several 6-iodopurine derivatives 
has previously been reported (24-28). The method 
for their synthesis generally involved a displacement 
of a 6-chloro function with hydriodic acid. How- 
ever, attempts to extend this procedure to the dis- 
placement of a 6-mercapto function did not succeed. 
Thus, the authors were unable to displace the 
mercapto group on 2-amino-6-mercaptopurine (thio- 
guanine) by iodide ion. However, 2-amino-6- 
iodopurine (VI) was successfully obtained by initially 
converting thioguanine to its 6-chloro derivative 
(using chlorine gas and hydrochloric acid), then 
treating the chloropurine derivative with hydriodic 
acid as shown in Scheme 111. 


Scheme 11 
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Scheme 111 


A similar attempt to synthesize 2-hydroxy-6- 
iodopurine from 2-hydroxy-6-mercaptopurine did 
not succeed. Treatment of 2-hydroxy-6-mercapto- 
purine with a mixture of hydrochloric acid and 
chlorine gas gave a chlorinated product which when 
treated directly with hydriodic acid failed to  yield 
the expected iodinated purine derivative. One may 
rationalize again that a hydroxy group at C-2 has 
increased the electron density at C-6 to  such an ex- 
tent that displacement cannot occur due to  the lack 
of stabilization of the required carbonium ion inter- 
mediate. 


The most serious problem encountered was the 
attempt to introduce an iodine at C-2. The authors 
have not been successful in this attempt. The 2-mer- 
capto function of 6-amino-2-mercaptopurine and 
6-hydroxy-2mercaptopurine could not be displaced 
under any conditions used. This failure to displace 
a mercapto function at C-2 is in agreement with 
similar results obtained by Robins (15) who re- 
ported that treatment of 2-methylthiopurines with 
chlorine yielded only the 2-methylsulfonyl deriva- 
tives, while a similar reaction on 6- and 8-methyl- 
thiopurines resulted in a facile displacement reaction. 
This inability to displace a substituent at C-2 as 
opposed to the uncomplicated displacement at C-8, 
where both carbons appear to be equivalent (-N= 
CH-N) may be explained by the substantial dif- 
ference that exists in the chemistry of the imidazole 
and pyrimidine ring systems. 


It has been reported (6, 7) that several purine 
nucleosides-guanosine, xanthosine, and 2‘-deoxy- 
guanosine--could be directly iodinated with N-iodo- 
succinimide in dimethylsulfoxide using catalytic 
amounts of n-butyl disufide. However, attempts 
to directly iodinate adenine and guanine using 
similar procedures to  the above failed to yield any 
product other than the starting material. Further 
studies of the direct iodination of adenine or guanine 
with iodine monochloride in either glacial acetic acid 
or dimethylformamide, or with mixtures of iodine 
and nitric acid or iodine-iodic acid in glacial acetic 


?H 


acid also failed to lead t o  the iodinated deriva- 
tives. 


However, treatment of adenine with iodine mono- 
chloride in a mixture of N-ethylacetamide and dry 
carbon tetrachloride gave a product containing 
iodine whose UV and I R  spectra varied considerably 
from that of the original material. Elemental 
analyses for carbon, hydrogen, and iodine did not 
agree with calculated values for iodoadenine. Fa- 
vorable results were not achieved even after re- 
crystallization from water. As it was observed that 
one of the characteristics of the substance was its 
ability t o  react with starch-iodide paper, it is likely 
that the product obtained was the N-iodo derivative 
of adenine at N-9. This would account for its oxi- 
dizing properties and may also explain the difficulty 
encountered in the purification of the product due to  
the relative instability of the N-iodo function. 


As neither nucleophilic displacement or electro- 
philic substitution methods has allowed the synthesis 
of 8-iodoguanine (VII), this was finally accomplished 
by the hydrolysis of the iodinated nucleoside &iodo- 
guanosine (6), under acidic conditions to  yield the 
iodinated purine base (Scheme IV). 


A summary of the results of the synthesis of iodo- 
purines is shown in Table 11. 


BIOLOGICAL EVALUATION OF 
IODOPURINES 


The biological evaluation of the iodopurine deriva- 
tives was conducted under the auspices of the Cancer 
Chemotherapy National Service Center, National 
Cancer Institute, according to previously described 
protocols (29). The results of this study are shown 
in Table 111. The results indicate that none of 
the compounds tested possessed any significant 
biological activity against the L-1210 lymphoid 
leukemia test system. All of the compounds, with 
the exception of 8-iodohypoxanthine (111) and 
8-iodoisoguanine (V), possessed toxicity at elevated 
dosages. When the compounds were submitted for 


?H 


ribose 
Scheme I V 
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TABLE 11-IOUOPURINE L)ERIVATIVES 
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Ri RI Ra Calcd. Found PH xmax. t x 10-2 
NHz 


OH 


H 


NH2 


H 


OH 


NHz I H 


C, 19.2 
H, 1.59 
C, 17.44 
H, 2.03 
C, 19.6 
H, 1.96 
N, 22.5 
C, 19.4 
H, 1.61 
C, 22.9 
H, 1.15 
C, 20.8 
H, 2.08 


c, 19.0 
H, 1.83 
C, 17.43 
H, 2.39 
C, 19.7 
H, 2.3 
N, 22.4 
C ,  19.5 
H, 2.14 
c, 22.85 
H, 1.6 
C, 20.87 
H, 2.21 


C, 23.0 C, 23.2 
H, 1.53 H, 1.84 


H NHn H c, 20.2 c, 20.0 
9-iodo H, 2.69 H, 2.68 


I, 42.7 I, 33.25 
N, 23.6 C, 18.69 


H, 2.69 
I, 38.56 
N, 19.75 


1.3 
11.9 
1.0 


14.0 
1.0 


11.9 


1.0 
12.85 
1.0 


12.85 
1.0 


12.85 
1 .o 


12.85 


275 
279 
299 
296 
272 
274 


222 
309 
259 
267 
306 
223 
299 
319 
213 
313 
224 


8.60 
7.37 


15.2 
13.3 
17.3 
15.4 


30.0 


14.4 
14.1 
7.18 


17.95 
6.77 
7.55 


23.0 
6.80 


22.90 


9.44 


evaluation, i t  was found that 2-amino-6-iodopurine 
had previously been submitted for testing under 
NSC No. 45254. The results showed that it also 
did not possess any signi6cant antitumor activity 
against the L-1210 tumor test system. 


Although the iodopurine derivatives did not show 
any significant biological activity against the L-1210 
tumor test system, it is suggested that further 
evaluation against other tumor test systems be 
made in order to determine the complete antitumor 
spectrum for this group of compounds. 


EXPERIMENTAL 


Melting points were determined on a Fisher-Johns 
melting point apparatus and are given uncorrected. 
Microanalyses were conducted by Elek Micro- 
analytical Laboratory, Torrance, Calif. All com- 
pounds were dried over phosphorus pentoxide a t  2 
mm. Hg and 100' for a t  least 12 hr. IR spectra 
were run as mineral oil mulls between sodium 
chloride windows on a spectrophotometer (Perkin 
Elmer 137 Infracord). UV spectra were run on a 
spectrophotometer (Beckman DB) using water as a 
solvent. 


Preparation of 8-Iodoadenine Hydrochloride (1)- 
To a suspension of 0.160 g. (0.96 mmole) of 6- 
amino-8-mercaptopurine (23) and 0.90 g. of sodium 
bicarbonate in 5.0 ml. of water was added, over a 
3 0 - 6 .  period, a solution of 0.90 g. of iodine and 
0.60 g. (3.75 mmoles) of potassium iodide in 2.0 ml. 
of water. After the addition was completed, the 
mixture was allowed to stir for an additional 18 hr. 
at room temperature and filtered. The precipitate 
was washed with 5.0 ml. of 10% potassium iodide 
solution and &ally with water. The yellow product 
was recrystallized from 5% by&qchlgyic acid to 


yield 0.120 g. (75%) of 6-amino-8-iodopurine hydro- 
chloride (I), which darkened above 250'. 


Anal.-Calcd. for C5HsClIN5-0.5H~0: C, 19.6; 
H, 1.96; N, 22.4. Found: C, 19.7; H, 2.3; N, 
22.4. UV data: pH 1, AmX. 272 mp ( E  = 17,300); 
pH 7, Amax. 271 mp ( E  = 14,900); 215 mp ( E  = 
20,300); pH 11.9, AmX. 274 mp ( E = 15,400). 


2-Amino-8-iodopurine Sulfate (II)-Method A- 
To a suspension of 0.165 g. (0.99 mmoles) of 2-amino- 
8-mercaptopurine (31) and 0.90 g. (3.75 mmoles) of 
sodium bicarbonate was added a solution of 0.90 g. 
of iodine and 0.60 g. potassium iodide in 2.0 ml. of 
water. The mixture was stirred for 18 hr. a t  room 
temperature and filtered. The precipitate was 
washed with water and recrystallized from 1 N 
sulfuric acid to yield 0.110 g. (36%) of 2-amino-8- 
iodopurine sulfate (11) which gradually decomposed 
above 160" when heated on a melting point block. 


And-Calcd. for C l ~ H ~ ~ I ~ N ~ o 0 4 S :  C, 19.4; H, 
1.61. Found: C, 19.5: H, 2.14. UV data: pH 1, 
A,=. 222 mp ( e  = 30,000); pH 6.65 A,=. 312 mfi 
( E  = 9,OOO); A,. 220 mfi ( e  = 22,300); pH 12.85, 
A,. 309 mp ( E = 9,440). 


Method B-To a mixture of 0.5 ml. of absolute 
methanol and 1.5 ml. of concentrated hydrochloric 
acid, previously cooled to -lo', was added 0.25 g. 
(1.5 mmoles) of 2-amino-8-mercaptopurine (31). 
Chlorine gas was passed into the mixture for 30 
min., never allowing the temperature to rise above 
0'. At the end of the reaction period, a white solid 
separated. The reaction mixture was neutralized 
with ammonium hydroxide, filtered, and washed 
with water. The white precipitate, without further 
purification, was added to 3.0 ml. of hydriodic acid 
(57%) which had been previously cooled to -10'. 
The suspension was stirred for 1.5 hr. at 0' then 
filtered. The precipitate was washed with water 







2060 Journal of Pharmaceutical Sciences 


TABLE 111-ANTITUMOR ACTIVITY OF %ME IODOPURINE DERIVATIVES 
AGAINST LYMPHOID LEUKEMIA L-1210 


Ri R2 RI 
Dose, 


m d k a .  


Animal 
Weight Diff.. 


Survivors T/C 


H 


NHz 


H 


NH2 


OH 


OH 


NHa 


NHz I 


H I 


OH 


OH 


H I 


NHz I 


I H 


400 
200 
100 
400 
200 
100 
80 
40 
20 
10 
5 
5 


400 
200 
100 
400 
200 
100 
80 
40 
20 
20 
10 
5 


400 
200 
100 
50 


400 
200 
100 
112-3 


:< -2.1 


-Survival, Day- % 
Test Control T/C 


9 . 3  9.4 98 
8.8 9.4 93 


o h  
3/6 -1.2 8 .0  8.3 


0.0 8.7 8.3 
0.6 8.2 8.3 98 


6/6 -0.7 
-0.7 


1 . 0  
4/4 


1.4 
4/4 


-4.3 
4/4 


-4.9 
1 /4 
1 /4 
014 
0 /6 


8 .7  9 .1  95 .. 


9.3  9.4 98 
9.3 9.4 98 
9 . 8  9.4 104 


10.0 9.4 
9.0 9.4 


5)6 -0.9 8 . 6  8.3 103 
0.4 8.2 8.3 98 


-0.7 9.0 9.1 98 
6/6 
6 /6 
676 0.1 
6/6 
2/6 
0/6 
4/6 
6/6 
5/6 
5/6 
5/6 
7/7 


0.1 
-0.6 


-0.1 
-0.2 
-1.9 
-4 .3  
-0.3 


0.0 


8.5 8.3 102 
8.2 8.3 98 
9.0 8.6 


8.3 8.6 96 
9.8 10.1 97 
9.8 8.6 113 
8.6 8.6 100 
8.4 8.6 97 
8.7 9.0 96 


a Previously evaluated under NSC No. 45254, Oct. 14, 1962. 


and recrystallized from 1 N sulfuric acid to  yield 
0.24 g. (51.5%) of 2-amino-8-iodopurine sulfate (11). 
UV and IR spectral evidence indicated that the 
compound was identical to that prepared by Method 
A. 


6-Hydroxy-8-iodopurine (III)-To a suspension 
of 0.168 g. (1 mmole) of 6-hydroxy-8-mercapto- 
purine (24) and 0.90 g. of sodium bicarbonate in 
5.0 ml. of water was added, over a 30-min. period, a 
solution of 0.60 g. of iodine and 0.60 g. (3.75 mmoles) 
of potassium iodide in 2.0 ml. of water. Stirring 
was continued for an additional 18 hr. at room 
temperature. The mixture was acidified to pH 5 
with glacial acetic acid then filtered to yield a light 
yellow precipitate which was washed with 5.0 ml. 
of 10% potassium iodide solution, then with water. 
Recrystallization from water gave 0.150 g. (57%) 
of 6-hydroxy-8-iodopurine (111) which gradually 
darkened above 245". 


Anal.-Calcd. for C5HaIN40.0.5HzO: C, 22.9; 
H, 1.15. Found: C, 22.85; H, 1.6. UV data: 
pH 1, Amax. 259 mp ( E  = 14,400); pH 6.65 Am,,. 
263 mp, ( a =  13,800); pH 12.85, XmS,. 267 mp 
( E  = 14,100). 


2-Hvdroxv-8-iodoourine (IW-To a susDension 
of 0.11$5 g. ( i  mmolejof 2-hydroxy-&mercap<opurine 
(32, 33) and 0.90 g. of sodium bicarbonate in 5.0 


ml. of water was added a solution containing 0.60 g. 
of iodine and 0.90 g. of potassium iodide in 2.0 ml. 
of water. The dropwise addition of the iodine- 
potassium iodide solution was conducted over a 
30-min. period. The reaction mixture was allowed 
to stir an additional 48 hr. at room temperature, 
then acidified with glacial acetic acid and filtered. 
The dark brown precipitate was washed with water 
and recrystallized from water to  yield light yellow 
crystals of 2-hydroxy-8-iodopurine (IV) which 
decomposed above 250". Yield: 0.130 g. (49.5%). 


Anal.-Calcd. for C5H81N40-1.5H20: C, 20.8; 
H,  2.08. Found: C, 20.87; H, 2.21. UV data: 
pH 1, Amax. 306 mp ( 6  = 7180); Am. 223 mp 
( a  = 17,950); pH 6.65, A,. 290 mp ( 6  = 4260); 
pH 12.85, A,. 299 mp ( = 6770). 


6-Amho-2-hydroxy-S-iodopurine (V)-A solution 
of 0.60 g. iodine and 0.90 g. of potassium iodide in 
2.0 ml. water was added dropwise, over a 30-min. 
period, to a suspension of 0.187 g. (1  mmole) of 
6-amino-2-hydroxy-8-mercaptopurine and 0.90 g. 
of sodium bicarbonate in 5.0 ml. of water. Stirring 
was continued for an additional 24 hr. a t  room 
temperature. The mixture was filtered and the 
precipitate washed with 2 ml. of 10% potassium 
iodide solution, then with water. Recrystallization 
from 1 N sulfuric acid gave 0.135 g. (40.5%) of a 
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white crystalline product which gradually darkened 
above 235". 


And-Calcd. for C6HIIN60.0.5 H20.0.5 H2S04: 
C, 17.44; H, 2.03. Found: C, 17.43; H, 2.39. 
UV data: pH 1, A,,,,,,. 299 mp ( a  = 15,200); pH 6.65, 
Amas. 297 mp ( e  = 15,650); pH 12.85, A,,,.,. 296 mp 
( e  = 13,300). 


2-Amino-d-iodopurine (VI)-To a mixture of 1.0 
ml. of absolute methanol and 3.0 ml. of concentrated 
hydrochloric acid, previously cooled to -10' was 
added 0.50 g. (3 mmoles) of 2-amino-6-mercapto- 
purine (12). Chlorine gas was passed into the 
mixture for 30 min., never allowing the reaction 
temperature to rise above -5". The mixture was 
neutralized with ammonium hydroxide and the 
white precipitate of 2-amino-6-chloropurine was 
filtered, washed with water, and dried. 


To 5.0 ml. of hydriodic acid (57%), previously 
cooled to -lo", was added 0.50 g. (2.95 mmoles) 
of 2-amino-6-chloropurine. The mixture was stirred 
for 1.5 hr. a t  -lo', then filtered. The precipitate 
was suspended in water and the pH adjusted to 
neutrality with ammonium hydroxide. The mix- 
ture was filtered and the precipitate recrystallized 
from ethanol-water (1 : l )  to give 0.32 g. (25%, 
based upon 2-amino-6-chloropurine) of 2-amin0-6- 
iodopurine (VI), which gradually darkened above 
245'. 


And-Calcd. for CSH~IN~:  C, 23.0; H, 1.53. 
Found: C, 23.2; H, 1.84. UV data: pH 1, Amas, 
319 mp ( e  = 7550), AmS. 213 mp ( e  = 23,000); 
pH 6.65, Am-. 314 mp ( e  = SOW), Ams, 240 mp 
( e  = 9120); Am=. 217 mp ( e  = 27,900); pH 12.85, 
Amas. 313 mp ( e  = SSOO), AmSx. 224 mp ( e = 22,900). 


8-Iodoguanine Hydrochloride (VII)-A suspension 
of 0.50 g. (1.22 mmoles) of 8-iodoguanosine (8, 9) 
in 15.0 ml. of 1 N hydrochloric acid was heated on a 
steam bath for 2 hr. During the heating period, 
light yellow needles separated from solution. The 
reaction mixture was cooled in an ice bath and addi- 
tional precipitation occurred. The crystals were 
filtered and washed with water. Recrystallization 
from 1 N hydrochloric acid gave 0.15 g. (40%) of 
2-amino-6-hydroxy-8-iodopurine (VII). 


And-Calcd. for C6H6ClINsO: C, 19.2; H, 1.59. 
Found: C, 19.0; H, 1.83. UV spectral data: pH 
1.3, Amas. 275 mp ( e  = 8600); pH 6.65, A,. 252 mp 
( t  = 9450); pH 11.9, Am-. 279 mp ( e = 7370). 


6,&Dimercaptopurine (V1II)-One gram (7.05 
mmoles) of 4,5-diamino-6-mercaptopyrimidme and 
3.0 g. (39.5 mmoles) of thiourea were thoroughly 
mixed, then fused a t  200-210' in an oil bath for 30 
min. After cooling, the mass was dissolved in 30 
ml. of 1 N potassium hydroxide, decolorized twice 
with charcoal, and filtered. The filtrate was 
acidified with acetic acid whereupon precipitation 
occurred. The yellow precipitate of 6,8-dimercap- 
topurine was filtered, washed with water, and dried. 
Purification was accomplished by reprecipitation 
from 1 N potassium hydroxide using glacial acetic 
acid. The UV spectral data at  pH 1 and 11 were 
identical to that reported by Robins (14). 


6-Amino-2,&dimercaptopurine (1X)-A mixture 
of 2.0 g. (14.1 mmoles) of 2-mercapto-4,5,6-tri- 
aminopyrimidine sulfate and 8.0 g. (0.105 mole) 
of thiourea was heated at 200" for 60 min. in an oil 
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bath. The fusion mixture was cooled and dissolved 
in 30 ml. of 1 N potassium hydroxide, decolorized 
with charcoal, and filtered. The filtrate was acidi- 
fied with glacial acetic acid and a bright yellow pre- 
cipitate separated. The precipitate was filtered 
and purified by reprecipitation from 1 N potassium 
hydroxide. Fine yellow microcrystals of 6-amino- 
2,s-dimercaptopurine (IX), which were slightly 
hygroscopic, were isolated and found to gradually 
darken above 240'. 


And-Calcd. for CsHsNsSz: C, 30.1; H, 2.51. 
Found: C, 29.9; H, 2.7 UV spectral data: pH 1, 


pH 6.65, Am=. 238 mp ( e  = 12,100); pH 12.85, 
Amax. 313 mp ( e  = 16,200), Amax. 230 mp ( e  = 19,100) . 
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Coumarins VIII 
Mass Spectra of Lomatin and Some of Its Derivatives 


By M. SHIPCHANDLER and T. 0. SOINE 


The fragmentation behavior of lomatin and certain of its derivatives has been 
studied. Two distinct fragmentation pathways have been observed, one leading 
to aromatization of the chroman ring and the other leading to its fission. These 
findings are in complete agreement with the observations of other workers. Prob- 


able fragmentation mechanisms have been proposed. 


HE AUTIIORS' PAST INTEREST in naturally T occurring coumarins had led them to the iso- 
lation and structural characterization of several 
new coumarins (1-5). Among these, lomatin 
(I) was subsequently obtained as the angelate 
ester (11) by Shanbhag et al. (6), Seshadri et al. 
(7), as well as by this laboratory (3, 5). Ad- 
ditionally, lomatin senecioate (111) was shown 
to be of natural occurrence (5) and given the 


R 
I -OH 
I1 -Angeloxy P III -Senecioyloxy 
V -Acetoxy 


VI -0 
R 


OH 
Iv 


provisional name of nuttallin. The present 
authors have previously studied the mass spectral 
characteristics of columbianetin (IV) and certain 
of its esters (8) as well as of certain glycosidic 
derivatives (9). Because of the close relation- 
ship of I to I V  it seemed desirable to examine the 
mass spectral characteristics of I and its naturally 
occurring congeners (I1 and 111) as well as 
certain other closely related derivatives. The 
mass spectrum of I1 has been reported by Seshadri 
et al. (7) but, nevertheless, it  has been reexam- 
ined in the present work along with the other 
esters and studied in greater detail. The obser- 
vations reported herein are concerned with the 
fragmentation patterns of lomatin (I), lomatin 
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acetate (V), lomatin angelate (II), lomatin 
senecioate (111), and the ketone (VI) derived from 
I. 


There is a difference of opinion among different 
groups of workers regarding the structure of the 
ion arising from 2-pyrones by loss of CO from 
the lactone carbonyl upon electron impact. It 
has commonly been assumed to have a furan-type 
structure although Pirkle (10) and Pirkle and 
Dines (11) have adduced evidence to show that 
this is not true. Dean et al. (12) support 
Pirkle's view as do Pike and McLafferty (13) 
and Bursey and Dusold (14). However, Green 
and Brown (15) consider the matter to be an open 
question and Nakata and Tatematsu (16) sug- 
gest that the fragmentation occurs, at  least in 
part, through an intermediate with a C-0 bond 
( i . q  a furan-like system). For the sake of 
simplicity, a practice which is not unprecedented 
in this field, the present authors prefer to employ 
a benzofuran structure for the ion arising by loss 
of CO from the coumarin lactone. This repre- 
sentation, it may be pointed out, is consistent 
with that of many other workers (17-25). 


Metastable ion peaks have been helpful in 
supporting many of the fragmentation pathways 
presented in this study and will be represented by 
a heavily lined arrow. Fragmentation pathways 
not substantiated by metastable ions but, never- 
theless, feasible on mechanistic grounds or because 
of past precedent, are suggested and represented 
with ordinary arrows. 


The fragmentation characteristics of a number 
of oxygen-containing heterocyclic compounds 
have been studied by Willhalm et al. (26) and 
their findings indicate that there is a strong 
tendency for stable aromatic ions (e.g., benzo- 
pyrilium ion in the case of chromenes) to be 
formed without heterocyclic ring fission. Such 
fission is observed in the corresponding reduced 
compounds (e.g., chromans) where such aro- 
matization is not feasible. The appearance of 
the benzopyrilium ion is a very characteristic 
feature in the mass spectra of chromenes, arising 
by expulsion of a methyl radical from the molecu- 
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lar ion (27). Its highly stable aromatic char- 
acter minimizes further fragmentation and, 
therefore, this ion appears as a prominent peak 
(17). In compounds containing chroman sys- 
tems with an oxygenated substituent, the benzo- 
pyrilium ion is generated in two steps as noted 
by Willhalm et al. (26) and confirmed in the 
present study. The f i s t  step involves a loss 
of ROH to generate a chromene system and this 
is followed by expulsion of a methyl radical. 
Thus, in the mass spectrum of I (see Fig. 1) the 
molecular ion loses HOH to give an ion of m / e  
228 which then expels the methyl radical to 
provide the benzopyrilium ion at  m / e  213 (see 
Scheme I). A loss of CO as in the case of seselin 
(17) is observed and gives a small peak a t  m/e 
185. In the mass spectrum of deuterated loma- 
tin (see Fig. 2) the peaks a t  m / e  228 and 213 
remain undisplaced. The pathway M + 228 
+ 213 + 185 is also operative in the case of 
columbianetin and its derivatives (8, 9). The 
benzopyrilium ion appears in their mass spectra 
even though this class of compounds lacks a 
chroma ring and a mechanism leading to ring 
expansion has been proposed (8). The pathway 
M + 228 + 213 + 185 is of minor consequence 
in the case of I, however, although it is the 


60 
M r 


W 
2 40 
G d 20 
K 
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W e  


Fig. 1-Mass spectrum of I .  Peaks of abundance 
ratio less than 3y0 have been omitkd in all spectra 
unless a reference has been made to them in the text. 


principal route in the case of the esters of I (se 
below). 


The principal route of fragmentation in the 
case of I is the fission of the chroman ring with a 
loss of two ring carbons and is in agreement with 
the observations of Willhalm et al. (26). The 
ring fission, in the present study, occurs with one 
as well as two hydrogen transfers and generates 
the ions of m/e 175 and 176 (base peak), re- 
spectively. As mentioned earlier, such ring 
fission is characteristic of chroman and 2,2- 
dimethylchroman and occurs with or without 
hydrogen transfer in the former and with hydro- 
gen transfer in the latter (26). The mechanism 
of the ring fission can be rationalized as shown in 
Scheme I1 and is partially supported by the fact 
that the base peak at  m/e 176 is displaced to 
m/e 177 in the mass spectrum of the deuterated 
sample (see Fig. 2) indicating that one of the 
transferred hydrogens arises principally from 
the hydroxy group. Loss of a hydrogen from 
the ion of m / e  176 would provide the ion of m / e  
175 which could also arise from the molecular ion 
directly by a fission with a single hydrogen 
transfer. The ion of m / e  175 very likely re- 
arranges to the corresponding tropylium ion 
which can lose three molecules of CO in a step- 
wise manner, a process characteristic of cou- 
marins (27). As a result, the ions of m / e  147, 


M 


7471~1 


I- 
a 20 = 
a i: p m y "  n 


80 100 120 140 160 180 200 220 240 
mle 


Fig. 2-Mass spectrum of deuterated I .  
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119, and 91 are produced. The ion of m/e 148 
can be envisioned as arising from the ion of m/e 
176 by loss of CO. A very broad metastable ion 
peak may be due to either the transformation 
M + 175 (124.5 theory) or to 175 + 147 (123.5 
theory) or both. However, the peak at  m/e 


125.9 is distinguishable and corresponds to the 
transformation M + 176 (125.9 theory). 


Another minor pathway observed is a loss of 
acetone from the molecular ion giving an ion of 
m/e 188 which loses a hydrogen giving rise to an 
ion of m/e 187 (see Scheme 111), the latter being 


L 


m/e 246 
molecular ion of I 


+ 
m/e 188 


m/e 131 m/e 159 


:co -3, 
CC8H71+ y [C,H,l+ 
m/e 103 C,H, m/e 77 


Scheme 111 


+ 
m/e 187 


:co 


- Po 
+ CH2 


m/e 159 







Vol. 57, No. 12, December 1968 2065 


w 100 
V 2 80 
$60 
a 


K:l , fp W (.r" , , 
a -.lye r9 


80 100  120 140 160 180 200 
Lr D 240 280 


m/e 


Fig. 3-Mass spectrum of V .  


supported by the appearance of the corresponding 
metastable ion peak. In the deuterated sample, 
the peaks at  m/e 188 as well as 187 are displaced 
to one higher unit, indicating that the transferred 
hydrogen originates from the hydroxy group. 
The isomeric I V  also shows a loss of acetone 
followed by a loss of hydrogen (8). However, in 
this case the pathway is the main fragmentation 
route giving the base peak a t  m/e 187. Once 
again, in the present study, a stepwise loss of 
three molecules of CO is observed giving rise to 
ions of m/e 159, 131, and 103. Finally, the ion of 
m/e 103 can lose a molecule of acetylene to 
account for the ion of m/e 77. The pathway 
131 + 103 + 77 is very similar, and probably 
analogous, to that of IV where it is supported by 


m/e 


Fig. &Mass spectrum of II .  


visualized as resulting from the loss of ketone by 
the molecular ion (see Scheme V) and it would be 
expected that this ion would then fragment further 
just as in the case of lomatin provided that the 
fragmentation generated ion is similar to that 
arising by direct electron impact. Therefore, it 
is expected that almost all of the peaks found in 
the spectrum of the parent compound would also 
be found in the spectrum in the present case. 
Moreover, the ions of m/e 176 and 175 could also 
arise directly from the molecular ion of the acetate 
as shown in Scheme V. 


The mass spectrum of lomatin angelate' (11) 
(see Fig. 4) was reported by Seshadri et al. (6)  
and comparison with the present spectrum shows 


:co C H j  CH,COOH 
1. Ion of 1 Ion of Ion of 


m/e 228 m/e 213 m/e 185 


m/e 288 
molecular ion of V 


Scheme I V 


the corresponding metastable ions. Finally, the 
proposed structures for the ions of m/e 175, 159, 
147, and 131 are in accordance with the corre- 
sponding ions found in the mass spectra of osthol 
and dihydroosthol (17, 27). 


The mass spectrum of lomatin acetate (V) 
(see Fig. 3) shows a predictable mode of frag- 
mentation as described in Scheme IV. Loss of 
a molecule of acetic acid by the molecular ion 
provides the ion of m/e 228 which expels a 
methyl radical to give the stable benzopyrilium 
ion as the base peak at  m / e  213 (doubly charged 
ion a t  m/e 106.5). This ion then loses a molecule 
of CO to produce the ion of m/e 185 (doubly 
charged ion a t  m/e 92.5). This pathway is 
analogous to those observed in the case of esters 
of I V  (8) and seselin (17). The M-42 ion can be 


marked similarity with the principal differences 
being in peak heights, a behavior not uncommon 
for identical compounds examined under differing 
instrumental conditions. The fragmentation 
pathways have been outlined in Scheme V I  and 
are in agreement with those of the previous 
workers. In addition, corresponding metastable 
peaks have been found for the transformations 
M + 228, 228 + 213, and 83 + 55. Fission of 
the heterocyclic ring with one hydrogen transfer 
is observed, giving the ion of m/e 175. 


The mass spectrum of lomatin senecioate (111) 
(see Fig. 5) resembles that of the isomeric 
angelate ester and, presumably, all of the frag- 
mentation pathways for I1 also hold true for 111. 


1 Lomatin angelate was named selinidin by Lesbadri e l  01. 
(7) and jatamansin by Shanbhag ct ol. (6). 
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The ion of m/e 228 arises by loss of senecioic acid 
from the molecular ion and the ion appearing at 
m/e 83 (base peak) probably has the isomeric 
structure VII. 


4. 


m/e 83 
VII 


The proposed fragmentation pathways for the 
ketone (VI) have been outlined in Scheme VII. 
The molecular ion appears as an intense peak in 
this spectrum (see Fig. 6) and most of the peaks 
arise from either a loss of CO or an expulsion of 
methyl radical from the molecular ion and then 
from the subsequent fragments. For example, 


the molecular ion shows a loss of CO, giving an 
ion of m/e 216 which expels a methyl radical to 
give the ion of m/e 201 (base peak). The alter- 
nate route, Le., initial expulsion of a methyl 
radical followed by a loss of CO, is also operative. 
The ion of m/e 201 shows a loss of CO to give the 
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Fig. 5-Mass spectrum of III.  
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m/e 187 


Scheme VII 


ion of m/e 173 which then fragments further as 
shown in Scheme VII. Fission of the chroman 
ring with one hydrogen transfer would result in 
the ion of m/e 175 as in the case of I. A peak at 
m/e 187 could be proposed as resulting from ion 
formation by the mechanism shown in Scheme 
VII. 


EXPERIMENTAL 


Materials-Lomatin (I), its angelate (11). and its 
senecioate (111) were available in these laboratories 
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from the studies of Lee and Soine (5). The acetate 
( V )  as well as the ketone (VI) were available in these 
laboratories from the studies of Gupta and S i n e  
(28). 


Deuteration of lomatin was achieved by heating 
a small amount of it overnight in a sealed tube at 
130” in the presence of enough DzO to form a clear 
solution during the heating period. After cooling, 
the crystallized product was removed by filtration 
and dried. The ratio of the molecular ion peaks 
(see Fig. 2)  indicated approximately 90% incor- 
poration. 


Mass Spectra-These were carried out by Mr. 
A. R. Swanson and Mr. D. L. Hobbs, School of 
Chemistry, University of Minnesota, employing a 
mass spectrometer ( Hitachi-Perkin-Elmer RMU-BD). 
The instrument was operated with a source tem- 
perature of 250° and an ionizing voltage of 50 ev. 
The direct sample inlet temperature was 90” in 
the case of I ,  deuterated I, 11, V,  and VI and 135” 
in the case of 111. 
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Radiosynthesis of 3 ’-Chloro-3-nitrosalicylanilide 
and Determination of Its Uptake 


by Lamprey Larvae 
By LARRY L. FRENCH and HOWARD A. SWART2 


Tritium radiosynthesis of 3 ’-chloro-3-niuosalicylanilide was accomplished by an 
exchange reaction with tritiated phosphoric acid-boron uifluoride reagent. Radio- 
chemical purity was established by means of paper chromatography and autoradi- 
ography. Residual activity in  lamprey larvae was determined at intervals of 1, 2 ,  
and 3 hr. T h e  values observed were 3.046, 3.16, and 3.512 percent, respectively, 
representing a total residue of 0.0182 mg./g., 0.0186 mg./g., and 0.02 1 mg./g. at the 


stated time intervals. 


HE LAMPREY EEL of the Great Lakes has T inflicted considerable damage to  the fishing its reproduction. 
industry of this region, and for many years at- 


tempts have been made t o  kill the eel and inhibit 


T h e  lamprey eel is a vertebrate of the Cyclo- 
stomi, the “round mouthed” class, constituting 
the  Petromyzon genus. Although there are five 
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Radiosynthesis of 3 ’-Chloro-3-nitrosalicylanilide 
and Determination of Its Uptake 


by Lamprey Larvae 
By LARRY L. FRENCH and HOWARD A. SWART2 


Tritium radiosynthesis of 3 ’-chloro-3-niuosalicylanilide was accomplished by an 
exchange reaction with tritiated phosphoric acid-boron uifluoride reagent. Radio- 
chemical purity was established by means of paper chromatography and autoradi- 
ography. Residual activity in  lamprey larvae was determined at intervals of 1, 2 ,  
and 3 hr. T h e  values observed were 3.046, 3.16, and 3.512 percent, respectively, 
representing a total residue of 0.0182 mg./g., 0.0186 mg./g., and 0.02 1 mg./g. at the 


stated time intervals. 


HE LAMPREY EEL of the Great Lakes has T inflicted considerable damage to  the fishing its reproduction. 
industry of this region, and for many years at- 


tempts have been made t o  kill the eel and inhibit 


T h e  lamprey eel is a vertebrate of the Cyclo- 
stomi, the “round mouthed” class, constituting 
the  Petromyzon genus. Although there are five 
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parasitic and nonparasitic, the species marinus 
was chosen for this work because they are the 
most abundant and harmful to the industry. 
Young eels, called ammocoetes, remain in the 
larval stage some 3 years. Although delectible 
food for other fish, they spend most of their time 
buried in the soft mud and sand at  the bottom of 
tAe lake for protection. It is the larva that is 
affected by chemical methods of eradication. 
Partial eradication has been attributed to the 
widespread treatment of the larval habitat with 
3-trifluoromethyl-4-nitropheno1, known commer- 
cially as TFM (1). The larvacidal LDlm for this 
compound varies from 3-10 p.p.m., depending on 
the physical and chemical characteristics of the 
water in which it is used. The LD2b for 11 species 
of fish indigenous to this area has been reported to 
be between 5-42 p.p.m. (2). During a continuing 
screening program to detect more potent and 
selectively toxic lamprey larvacides, substituted 
3-nitro- and 5-nitrosalicylanilides were found to 
be highly active with relation to TFM. One 
compound, 2’-5-dichloro-4’-nitrosalicylanilide, 
has been found and used successfully as a syn- 
ergist to TFM in the control of the lamprey. 
Many derivatives of the salicylanilide series have 
been found to exhibit a diverse bioactivity spec- 
trum, including antimicrobial activity (3), mollu- 
scidal activity (4), antitumor activity (5), and 
as a taenecide (6). Preliminary mammalian oral 
toxicity studies with substituted 3-nitro- and 5-ni- 
trohalo compounds of this series indicate lack of 
side effects in dosages less than 2.5 g./kg. of body 
weight (7). Prompted by the preliminary larvi- 
cidal screening studies and relatively low mam- 
malian toxicity, it was decided to evaluate the 
structural-activity relationships of a series of 3- 
nitro and 5-nitrosalicylanilides (8). From these 
studies it was found that the obligatory mol- 
ecular requirement for activity was the orthophe- 
nolic substituent on the carboxylic acid moiety of 
the salicylanilide. In addition, maximum toxi- 
city and selectivity required the optimum combi- 
nation of a halogen and a nitro group in the mole- 
cule. Substitution of more than two of the 
halogens in the aniline moiety, however, de- 
creased selectivity and toxicity due to a saturation 
effect (9). 


Studies by Starkey and Howell (10) showed 
that the combination 3’-chloro-3-nitrosalicyla- 
nilide, known experimentally as 33NCS, produced 
maximum toxicity and selectivity. The LDlm for 
this compound for the larvae was determined to 
be 0.3 p.p.m. and an LD2s for fingerling rainbow 
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1 Bayer 73. 


trout to be 0.9 p . p m  The compound was 
selected for the study reported here. 


A primary problem facing the investigatsr 
desiring to employ radiotracer methods is securing 
the suitable labeled compounds. The two major 
eletnents of radiolabeling are “C and 3H. Chem- 
ical syntheses employing these two isotopes are 
used frequently to prepare labeled compounds in 
many tracer studies. Tritium-labeled com- 
poilnds have been increasingly wed in recent 
years, even though the mean energy of the B- 
particles emitted is only 5.5 kev. However, with 
the advent of highly sensitive scintillation sys- 
tems, the usefulness of this isotope has been 
greatly exploited. Tritium-labeled compounds 
are usually “hotter” in terms of specific activity 
than other isotopic compounds available for bio- 
logical investigation. Tritium radiosynthesis 
may be accomplished by several methods, none 
offering a simple procedure but having the dis- 
tinct advantage of the high specific activity a t  
relatively low cost. 


The method of choice for most biological tracer 
studies with tritium is the reduction of a suitable 
unsaturated precursor with the carrier-free 
tritium gas, carried out in a nonoxidizing solvent 
under highly controlled criteria of study and eval- 
uation. The advantages of this system are a 
very high specific activity, purity of the product, 
and the known position of labeling of the com- 
pound. The major limitation to this method, 
however, is the availability of the suitable pre- 
cursor of the desired compound and the criteria 
for the reaction procedure. 


Random tritium labeling may also be secured 
by simple exchange methods, with or without a 
catalytic system. Usually this method employs 
either tritiated water or glacial acetic acid as the 
exchange medium and platinum black as the 
catalyst (1 1). Although high specific activities 
are available through this method, much of the 
tritium exchanged product will be labile, and will 
exchange, or reverse its initial exchange, upon 
contact with nonlabeled material. The removal 
of the labile tritium and subsequent purification 
may be very difficult to achieve. 


A third method, the Wilzbach reaction (12), or 
the Wilzbach gas exposure method, is largely 
responsible for the increased popularity of tritium 
as a tracer. In this method, the compound to be 
labeled is exposed to curie amounts of carrier-free 
tritium gas in a sealed reaction vessel for a period 
of from a few days to several weeks. External 
energy such as electric discharge, microwaves, 
UV irradiation, and y irradiation have been used 
to hasten the process, yielding, however, many 
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more degradation products. The energy released 
in the disintegration of the tritium and absorbed 
by the system provides the activation necessary 
to effect labeling. The major disadvantage of 
such a system is the formation of a great number 
of by-products, due largely to radiolysis. Rigid 
and extensive purification steps are necessary to 
insure radiochemical purity. 


An excellent method for tritium exchange was 
reported in the literature by Yavorsky and 
Gorin (13), and has been successfully used to label 
several compounds (14). The method involves 
the preparation of an exchange reagent, tritiated 
phosphoric aad-boron trifluoride (3HaPO4 BF3). 
Many organic compounds can be labeled with 
tritium by simply mixing the compound to be 
labeled with the reagent and agitating this mix- 
ture in a sealed vessel for several hours. The ul- 
timate speafic activity theoretically can be calcu- 
lated from the formula (14) : 


where SRO, initial specific activity of the reagent; 
-Mx, molecular weight of the product; WX/WR, 
weight ratio of product to reagent; NH, number 
of exchangeable hydrogen positions of the com- 
pound to be labeled. 


Studies with this procedure have shown that 
compounds having substituent groups that tend 
to withdraw electrons from the aromatic ring 
inhibit substitution of the tritium. This includes 
groups such as the nitro- and carboxyl- substit- 
uents. Substituent groups that contribute 
electrons to the ring, such as alkyl and aryl 
moieties, tend to activate exchange. This 
method appeared to offer a suitable approach to 
labeling the selected compound, 33NCS, with the 
distinct advantages of low radiation hazard and 
reduced purification requirements. 


EXPERIMENTAL 


Preparation of the Labeled Reagent-Tritiated 
phosphoric acid saturated with boron trifluoride 
(BFs) was prepared by the method of Yavorsky and 
Gorin (13). Two-tenths milliliter of tritiated water, 
with an initial specific activity of 500 mc./ml., was 
diluted to 5 ml., using triple-distilled deionized water. 
This combination was thoroughly mixed and added 
to 13.1 g. of anhydrous phosphorus pentoxide, in a 
sealed reaction chamber that had previously been 
purged with nitrogen. The apparatus employed is 
illustrated in Fig. 1. When all of the tritiated water 
had been added to the reaction flask and the dense 
fumes had dissipated, the mixture was saturated 
with the boron trifluoride (see Fig. 1). 


The stoichiometric equation for the reaction is as 
follows: 


6BFa + 9 3Hz0 + 3P20. + 6 3HaP04.BFs 


Fig. 1-Apparatus 
for radiosynthesis. 


The final product is a very dense, viscous, yellow 
liquid. 


Preparation of the Tritium-Labeled Compound- 
To the labeled reagent, 2.000 g. of thecompound 
33NCSa was added. This mixture was then heated 
to 40" and mixed by means of magnetic stirrers for a 
period of 24 hr. At the conclusion of this period, the 
mixture was allowed to reach equilibrium at room 
temperature and the flask containing the labeled 
mixture removed from the apparatus and the labeled 
33NCS precipitated from solution by the addition of 
a 50-ml. divided quantity of purified deionized dis- 
tilled water. The precipitate was collected on filter 
paper and dried in an oven at  37". The total weight 
of the dried, but unpurified, product was 1.818 g. 


Radiochemical Purity of the Compound-Several 
solvent systems were evaluated for recrystallization 
of the labeled product for purification purposes. 
The most &cient and convenient of these was ace- 
tone. This solvent proved to be superior for two 
reasons: first, upon solution and recrystallization, 
excellent yield was obtained, and second, acetone 
allowed sufficient removal of labile tritium on the 
labeled compound. 


The labeled compound was recrystallized four 
times from acetone in each of three separate quanti- 
ties. Samples were taken from each division on each 
occasion of recrystallization, and it was observed 
that constant specilic activity was obtained after the 
third recrystallization. After the total recrystalliza- 
tion effort, the combined weight of labeled 33NCS 
was 1.050 g. 


A 20-mg. sample of the purified product was added 
to 50 ml. of toluene, agitated to obtain complete 
solution, and allowed to reach equilibrium. Two 
0.01-ml. samples of this solution were spotted on 
separate Whatman No. 1 chromatographic paper. 
The spots were air dried, the papers placed in a chro- 
matographic chamber, allowed to attain equilibrium. 
One chromatogram was prepared using a solvent 
system of butanol4 parts, water 4 parts, and glacial 
acetic acid 1 part (No. 1). The other solutions con- 
sisted of butanol 4 parts, and water 1 part (No. 2). 
The individual chromatograms were placed on sheets 
of 8 X 11 film (No-Screen Kodak X-Ray), and ex- 
posed for 10 days. At the end of this period, the a m s  
were removed and developed. In both instances, a 
single, well-defined exposed area was observed, in- 
dicating complete radiochemical purity. 


Chemical Yields and Final Specific Activity-The 
final specific activity of the labeled 33NCS was deter- 
mined by taking 1 ml. of solution, containing 200 mg. 
of labeled compound in 20 ml. of toluene, and dilut- 
ing again to 10 ml. in toluene. A 0.1-ml. aliquot 
was taken for counting in a liquid scintillation detec- 


3'-Chloro-3-aitrosslicylanilide, supplied by Ben Venue 
I.aboratories, Inc., Bedford. Ohio. 
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tor.a These saniples were counted at the deter- 
mined tritium balance point for this instrument. 


Each sample was counted under these conditions 
and the necessary corrections made. The quenching 
effect was corrected by means of an internal standard 
of tritiated hexadecane. The true net counts per 
minute (c.p.m.) for each sample were then calculated 
and the specific activity in net c.p.m./mg. deter- 
mined. This value was calculated and found to be 
1.32 pc./mg. of labeled compound 33NCS. 
Determination of Residual Activity of Lamprey 


Larvae-A stock solution of the labeled 33NCS was 
prepared by dissolving 200 mg. in 2 1. of deionized 
water. Aliquots of 6 ml. of this solution, containing 
0.6 mg. of labeled compound, were diluted to 3 1. 
to give the maximum toxic dose of 0.2 mg./l., or 0.2 
p.p.m. The water employed for the 3-1. volumes 
was aged to afford removal of chlorine. The vol- 
umes were aerated and six lamprey larvae' added to 
each of three volumes. Aeration was continued a t  a 
constant rate throughout the experiment. One 
group of the lamprey larvae was removed at the end 
of the first hour after exposure to the labeled 33NCS. 
The second group was removed at the end of 2 hr., 
showing extremely toxic effects of the compound. 
The final group was removed a t  the end of the third 
hour. These larvae were completely immobilized, 
though not yet dead a t  the time that they were re- 
moved. Each individual larva for each group was 
accurately weighed (see Table I for individual 
weights) and placed into individual glass vials con- 
taining 25 ml. of a solution of 1 M diisobutylcresoxy 
ethoxyethyl dimethyl benzyl ammonium chlorides 
in methanol. The vials were then sealed by means 
of aluminum lined caps and incubated at 37' to 
facilitate digestion and solubilize the larvae. When 
these processes were complete, 1-ml. samples were 
taken for counting. 
All samples were then counted by means of a 


liquid scintillation c0unter.O The 1-ml. samples for 
counting were added to 15 ml. of a liquid scintillation 
counting solution contained in Wheaton No-Sol-Vite 
glass vials. This solvent system employed consisted 
of PPO (2,5-diphenyloxazole), 0.3y0; POPOP 
[1,4-bis-2-(5-diphenyloxazoyl) -benzene], 0.1%; 
naphthalene, 5%; cellusolve, 300 ml., dioxane, 300 
ml.; and toluene, a quantity sufficient to yield 1 1. 


The activity of the initial 0.2 p.p.m. solution was 
determined by taking 1 ml. of the original solution 
and adding to 15 ml. of the solvent system. The ac- 
tivity of the standards were determined at  the deter- 
mined balance point for tritium. A counting time of 
10 min. was employed for all samples. The counting 
error was calculated to be less than 1% in all in- 
stances. Quenching again was corrected by means of 
an internal standard of tritiated hexadecane. 


The percent residue for each larvae at each inter- 
val was determined by comparing the residual 
activity/g. to the total activity of the 3-1. solution. 
These values are tabulated in Table I and illustrated 
in Fig. 2. 


From the known activity/ml. of initial solution 
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* Ecko detector model N610A. Beta spectrometer, model 
N664A. 


4 The larvae wera supplied by Mr. John Howell, Hammoud 
Bay Biological Station, United States Department of the 
Interior, Millersburg, Mich. 


6 Hyamine, Rohm and Haas, Philadelphia, Pa. 
8 Packard Tri-Carb Counter and Detection System, model 


TABLE I-PERCENT RESIDUE OF LABELED SOLUTION 
PER GRAM OF LAMPREY LARVAE 


- 


No. Wt., g. % Residual Activity/g. 


141. Interval 
1 0.6914 
2 1.310 
3 0.3914 
4 0.5202 
5 0.4720 


0.7242 - 
- 1 sx 


2-hr. Interval 
1 1.330 
2 1.610 
3 0.4916 
4 0.6712 
5 0.4932 
6 1.061 
K sx 


- 
- 


2.72 
3.32 
3.37 
2.95 
2.88 
3.04 
3.046 
0.232 


2.59 
2.69 
4.24 
3.16 
3.19 
3.09 
3.16 
0.533 


3-hr. Interval 
1 1.4912 2.90 
2 0.8394 3.88 
3 1.1204 3.40 
4 0.7236 3.73 
5 0.4974 3.47 
6 0.5286 3.69 
d sx - 3.512 


- 0.319 


and the total activity per body weight of each larva, 
the total milliliters of the solution of the compound 
33NCS cleared by each eel were calculated, and the 
values tabulated in Table 11. 


DISCUSSION 


Radiosynthesis-Tritium labeling of compound 
33NCS (3 '-chloro-3-nitrosalicylanide) was achieved 
by use of tritiated phosphoric acid saturated with 
boron trifluoride. This method offers a distinct 
advantage over the recoil methods in the ease of 
recovery and purification. Three to four recrystal- 
lizations gave a radiochemical pure product, with 
very little loss of compound. The final specific 


1 2 3 
TIME, hr 


314-S. Fig. 2-Percent residual activity versus time. 
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crease from 1 hr. to the 3-hr. period. At this time, 
all of the larvae were immobilized and showing 
severe toxic effects. None were dead. The mean 
values for the milliliters of solution cleared of the 
labeled compound for the time intervals involved 
were 91.36 -I: 6.992/g. or 63.03 f 3l.l0l/total 
body weight, 94.53 f 16.44/g. or 81.47 f 34.915/ 
total body weight, and 105.46 f 96.63/g. or 99.628 
f 47.813/total body weight, respectively. These 
values do not take into consideration that the actual 
concentration was being reduced with time, and are 
therefore somewhat low. Based on these values the 
total uptake of the labeled compound, calculated 
from 0.0002 mg./ml. X ml. cleared/g., are 0.0182 
mg./g. at 1 hr., 0.0186 mg./g. at 2 hr., and 0.021 
mg./g. at 3 hr. Similar, but slightly higher, values 
are obtained by calculating the total uptake from the 
percent residues/g. and the initial concentration of 
thecompound(yo residue/g./100 X 0.6mg.). Thus 
on the values observed, it appears that an uptake of 
some 0.02 mg./g. of 33NCS produces severe toxicity 
in the larvae. This could be low also, as the figure is 
based on the observed residual activitylg. and it 
must be recognized that metabolic products could 
have been formed and excreted, which would reduce 
the residual activity. The milliliters of water 
cleared/g. at each time interval would not apply for 
the natural habitat as in this study a uniform or 
homogeneous distribution was employed which could 
not be expected in a lake or river. 


TABLE 11-TOTAL MILLILITERS OF COMPOUND 
33NCS SOLUTION CLEARED BY EACH ,LARVA 


No. ml./g.’ ml./Body Weight’ 


I-hr. Interval 
1 81.55 56.38 
2 99.60 129.48 
3 101.13 
4 88.52 
5 86.29 


91.10 
91.36 


39.58 
46.05 
46.73 
65.97 
63.03 


S X  6.992 31.101 
2-hr. Interval 


1 75.88 
2 80.81 
3 127.42 


113.17 
67.83 


142.76 
4 94.52 68.39 
5 9.5.81 47.65 _ _  ~~ 


6 92.75 


sx 16.444 
R 94.53 


~. ~. 


49.03 
81.47 
34.915 


3-hr. Interval 
1 87.09 115.83 
2 116.54 187.62 
3 102.04 50.06 
4 112.11 75.24 
5 104.04 51.31 


110.91 117.68 
105.76 99.628 


9.663 47.813 
R6 sx 


’ Calcdated from percent residue per gram and body 
weight and total initial activity. 


activity was 1.32 pc./mg. or 1/32 mc./g. which 
proved satisfactory for the uptake study even at the 
low concentration of 0.2 p.p.m. (0.2 mg. /I.). 


The position of the label, as with all tritium ex- 
change methods, was random. The structure of the 
product, (I) has a bearing on the degree of exchange 


c1 


I 


(14). The nitro and carboxyl groups in Ring A 
would tend to suppress tritium exchange in this ring 
as they are ring-deactivating groups. This would 
perhaps be overcome to some extent by the ring-act- 
ivating hydroxyl group. The chlorine in Ring B 
would have little influence on exchange. The hy- 
drogen of the A ring hydroxyl and the amino on Ring 
B would readily exchange, but being labile, would be 
removed in purification. On the basis of the electro- 
philic action of the carboxyl and nitro groups, with 
their inhibition of exchange in Ring A, it is estimated 
that Ring B contained the predominate number of 
tritium atoms and the label is principally found in 
this ring. 


Larvae Residual Activity-The mean value in 
percent for the residual activity/g. were 3.046 f 
0.232 a t  1 hr., 3.16 f 0.533 at  2 hr., and 3.512 f 
0.319 at 3 hr. A s  illustrated in Fig. 3, these values 
are indicative of a very rapid uptake from the 
surrounding medium with a slight but gradual in- 


SUMMARY 


Radiosynthesis of the compound 33NCS proved 
quite satisfactory. The distinct advantages of the 
method for tritium labeling gave a radiochemically 
pure product in good radio yields. 


The calculated dose of 0.2 p.p.m. appears to be 
quite toxic to the larvae. Toxic reactions and indi- 
cations were observed a t  the end of 1 hr. and by the 
end of 2 hr., the larvae were having extreme difficulty 
in maintaining the righting reilex. By the end of 
3 hr., all the larvae were completely immobilized 
and very near death. 
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Potential Antiarrhythmic Agents I 
Synthesis and Pharmacological Evaluation of Some Piperazine and 


Ethylenediamine Analogs of Procaine Amide 


By D. K. YUNG*, L. G. CHATTEN, and D. P. MACLEOD* 


Fourteen I-alkyl-4-benzoyl-, 1-alkyl-4-p-substituted benzoylpiperazine hydrochlo- 
rides and eight N, N'-dibenzoyl-, N, N'-di @-substituted benzoyl) -N-alkylethylene- 
diamines were synthesized as procaine amide analo s. These compounds were 
tested for their effect on the effective refractory periocfof isolated guinea pig atria. 
1-n-Propyl-4-benzoylpiperazine hydrochloride, l-n-butyl-4-benzoylptperazine 
hydrochloride, 1 -n-propyl-4-p-methoxybenzoylpiperazine hydrochloride, 1 
4-p-chlorobenzoyl iperazine hydrochloride, 1-isobutyl-4-p-chlorobenzoy pi er- 
azine hydrochlorile, 1 -n-penty.l-4-~-chlorobenzoylpiperazine hydrochloride, anathe 
eight N, N'-dibenzoyl-, N,N' - dj (p - substituted benzoyl) - N - alkylethylenediamines 
were further screened for anuarrhythmic activity in cats. Only 1-n-propyl-4-p- 
chlorobenzoylpiperazine hydrochloride showed some degree of protection against 


aconitine-induced cardiac arrhythmias. 


-TPY1- 


HE RELATIONSHIP between the structure and T the antiarrhythmic activity of procaine 
amide [N-(2-diethylaminoethyl)-p-aminobenza- 
mide, I] has not been thoroughly studied. A few 


I 


workers, however, have studied the alteration of 
antiarrhythmic activity caused by various sub- 
stituents on the benzene ring. Clinton et al. (1) 
reported that several of the higher members of 
the N-(2-diethylaminoethyl)-4-amino-2-alkoxy- 
benzamides, in particular the 2-hexoxy deriva- 
tive, showed outstanding properties as antiar- 
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rhythmic agents. Reisner and Cordasco (2) syn- 
thesized 2-chloroprocaine amide and found that 
this compound was approximately four times as 
potent as procaine amide in blocking atrial fibril- 
lation in dogs. Libonati and Segre (3) studied 
the antiarrhythmic activity of N-(2-diethyl- 
aminoethyl)-~-4-hydroxybutylbenzamide and N- 
(2 - diethylaminoethyl) - p - isopropylbenzamide 
and reported that these compounds showed an 
activity of 75 and 10 times, respectively, that 
of procaine amide. Similar compounds, such 
as N- (2-diethylaminoethyl) benzamide and N- 
(2 - diethylaminoethyl) - p - methoxybenzamide, 
have also been evaluated for antiarrhythmic 
activity (4). The former compound was found 
to have a lower toxicity but the same potency 
as procaine amide and the latter compound t o  
have a higher potency and toxicity than procaine 
amide. 


The first systematic synthesis of procaine 
amide analogs was reported by Thyrum and 
Day (5). In  the series of compounds they pre- 
pared, the following showed significant anti- 
arrhythmic activity when tested on isolated 
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TABLE ~-~-ALKYLPIPERAZINES 


Yield, B.p., OC./mm. 
Corn&. Alkyl Formula % Found Rewrted 


I1 -CHzCHa" cb&4N2 42 57-60/40 64/50 (6) 
111 -CHzCHzCHs CiHieNs 48 75-77/37 65/20 (6) 


V -CHzCH( CHa)z C8HmNz 57 88-90/47 
VI -CHzCHzCH&HzCHab CPHzoNz 58 116/48 105-110/9 (8) 


?&:/if? (7) 
IV -CHzCH2CHzCHa C~HISNZ 42 97-100/40 


aM.p. of the dipicrate 245.8-246.0° dec., reported m.p. 249O dec. (9). bM.p. of the di-HC1265.&266.S0 dec.,reported 
m.p. 267-269" dec. (8). 


rabbit heart: N- [2-(2-indolinyl)ethyl]-p-amino- 
benzamide, N, N- [bis-2 (p-aminobenzamid0)eth- 
yl 1-n-butylamine, N- (2-piperidinoethyl) -$-amino- 
benzamide, and N- [2- (N-methylanilino)ethyl]-$- 
aminobenzamide. The latter compound was re- 
ported to have a potency 15 times that of 
procaine amide. 


It would thus appear that studies of the struc- 
ture-activity relationship of procaine amide so far 
reported have been concerned with replacement 
of the aromatic amino group in the molecule by 
other groupings, substitution on the benzene ring, 
and modification of the diethyl substituent on the 
terminal tertiary nitrogen atom. The effects on 
activity caused by joining the amide nitrogen and 
the terminal tertiary amine nitrogen together by 
cyclization or conversion of the terminal tertiary 
amine nitrogen to a tertiary amide nitrogen in the 
procaine amide molecule have not been examined. 
The present work set out to study these molecular 
varients in an attempt to provide additional in- 
formation regarding the structure-activity rela- 
tionship of procaine amide and to prepare some 
potential antiarrhythmic agents. It was also the 
intention of the authors to attempt to map a re- 
ceptor for the antiarrhythmic agents. 


EXPERIMENTAL. 
Chemical Synthesis 


The synthesis of the compounds was initiated by 
treating excess piperazine or ethylenediamine with 
the various alkyl halides to produce the l-alkyl- 
piperazines or N-alkylethylenediamines. These 
monoalkylated piperazines and ethylenediamines 
were then allowed to react with benzoyl, anisoyl, 
p-chlorobenzoyl, or p-nitrobenzoyl chloride to yield 
the desired compounds. The l-alkyl-4-p-nitro- 
benzoylpiperazines and N, N'-di(p-nitrobenzoy1)-N- 
alkylethylenediamines were reduced to the corre- 


sponding amino compounds with iron and hydro- 
chloric acid. 


Melting points were taken with aThomas-Hoover 
capillary melting-point apparatus and are corrected. 
Elemental analyses were performed by Weiler and 
Strauss, Oxford, England. 


1-AUrylpiperazines (Table 1)-Anhydrous piper- 
azine (50.0 g., 0.56 mole) was dissolved in absolute 
ethanol (150 ml.). To  this solution was added the 
alkyl bromide (0.20 mole). The reaction mixture 
was refluxed for 10-12 hr. and then neutralized by 
sodium carbonate (0.25 mole). The ethanol was 
then removed by distillation, and after the addition 
of ice cold water (ca. 300 ml.), the reaction mixture 
was extracted with chloroform. The combined 
chloroform extracts were dried over anhydrous 
sodium sulfate and then filtered. After the removal 
of the solvent by distillation in uacuo, the products 
were distilled under reduced pressure. 


N-Alkylethylenedies (Table *The above 
procedure for preparing the 1-alkylpiperazines was 
followed, with the exception that 4 parts of an- 
hydrous ethylenediamine were used to react with 1 
part of an alkyl bromide. 


I--1-Cbenzoyl- and I-Alkyl-4-psubstituted 
Benzoylpiperazine Hydrochlorides (Table II1)- 
The 1-alkylpiperazine (0.2 mole) was dissolved in a 
mixture of dry benzene and anhydrous ether (1: 1, 
150 ml.). The acyl chloride (0.2 mole) in dry 
benzene (30 ml.) was added dropwise to the solution 
kept at a temperature of 0-5O. Stirring was con- 
tinued for 90 min at 10" after the addition was com- 
plete. The precipitate was then collected, washed 
with a small amount of anhydrous ether, and recrys- 
tallized from 2-propanol. 


N,N'-Dibenzoyl- and N,N-Dibsubstituted ben- 
zoy1)-N-alkylethylenediamines (Table IV)-To a 
mixture of 10% sodium hydroxide (40 ml.) and 
N-alkylethylenediamine (0.05 mole) in chloroform 
(100 ml.) was slowly added a chloroform solution of 
the acyl chloride (0.10 mole). The resulting mixture 
was kept at  a temperature of 0-5". After the addi- 
tion was complete, stirring was allowed to continue 
for 4-5 hr., while maintaining the temperature below 
10". The chloroform layer was separated and the 


TABLE 11-N-ALKYLETHYLENEDIAMINES 


Compd. Alkyl 
Yield, r B.p., OC./mm.- 


Formula % Found Reported 


VII -CHzCH*CHP Ca14Nl 40 52-56/38 153-154/749 (10) 
V I I I  -CH(CHa)i CsHir N n  57 134/724 137-138/752 (10) 


I X  -CHZCHZCH~CH~~ C&I& 50 74-76/37 7&80/25 (10) 


XI -CHsCH,CH$HzCHac GHieNz 66 98-100/51 335-140/90 (11) 
- X -CH&H (CH8)r COHisNz 47 72-73/51 


-M.p. of the  di-HC1 208.0" dec., reported ma.  204-205' dec. (10). 'M.P. of the di-HCI 230.6-231.8° dcc., reported 
m.p. 230' d e c  (10). M.p. of the di-HC1235.4-238.8" dec., reported m.p. 238-237'' dec. (12). 
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TABLE III-~-ALKYL-~-BENZOYL- AND 1-ALKYL--I-P-SUUS?.l1.UTEU BUNZOYLPIPEWLINE 1IYDROCIILORII)ES 


0 


R e l ! - N n N - - K '  HCI 


XI1 


XI11 


XIV 


xv 


XVI 


XVII 


XVIII 


XIX 


xx 


XXI 


XXII 


XXIII 


XXIV 


XXV 


XXVI 


XXVII 


XXVIII 


XXIX 


XXX 


XXXI 


-H -CHICHI 


-H -CH~CH~CHI 


-H -C!HzCHzCH2CHa 


4 C H s  -CHzCHo 


-0CHs -CHZCHICHO 


-0CHa -CHzCHzCHzCH3 


-C1 -CH*CHa 


-C1 -CHzCHzCH3 


-C1 -CHzCHzCHzCHa 


-C1 --CHzCH(CH3)2 


-C1 -CHzCHzCHzCHzCH3 


-NO2 -CHzCH3 


-NHa -CHzCHao 


-NHz -CHzCHa. 2H20 


-NO2 -CHzCHzCH3 


-NHz -CHzCHzCHa. HzOm 


-NHz -CHZCH~CH~.~HZO 


-NO* -CHzCHzCHzCHa 


-CHzCHzCHzCHso 


-NHz -CHzCHzCHzCHa. HzO' 


Yield, -Anal %- 


CisHipClNzO 243.0- 48 C, 61.29 61.34 
Compd. R R' Formula M.p., O C .  % Calcdy Found 


244.5 dec. H, 7.52 7.42 
N, 11.00 10.81 


214.8 dec. H. 7.88 7.74 
CuHziCINzO 214.0- 95 C, 62.55 62.60 


N; 10.43 10.10 
Cd€aClNPO 224.0- 88 C. 63.70 63.53 


224.9 dec. 


190- 
192.5 dec. 


218.0- 
220.0 dec. 


192.0- 
193.0 


240- 
243.0 dec. 


249.0- 
250 dec. 


228.5- 
229.2 dec. 


240.0- 
241.6 dec. 


223.6- 
225.0 dec. 


about 289 
dec. 


137.4- 
138.1 


foams 180 


277.2- 
280.5 dec. 


96.2- 
102.0 


above 300 


256.0- 
256.6 dec. 


103.0- 
103.5 


above 280 


93 


84 


93 


76 


92 


78 


94 


93 


49 


56 


45 


94 


81 


76 


87 


53 


45 


H, 8.20 
N, 9.91 
c ,  59.04 
H, 7.43 
N, 9.84 
C, 60.29 
H, 7.76 
N, 9.38 
C, 61.43 
H, 8.06 
N, 8.96 
c, 53.99 
H, 6.27 
N, 9.69 
c ,  55.45 
H, 6.65 
N, 9.24 
C, 56.78 
H, 6.99 
N, 8.83 
C, 56.78 
H, 6.99 
N, 8.83 
C, 58.01 
H, 7.30 
N, 8.46 
C, 52.09 
H, 6.05 
N, 14.02 
C, 66.92 
H, 8.21 
N, 18.01 
C, 51.06 
H, 7.91 
N, 13.74 
c ,  53.59 
H, 6.43 
N, 13.39 
C, 63.36 
H, 8.74 
N, 15.84 
C, 52.57 
H, 8.20 
N, 13.14 
C, 54.96 
H, 8.87 
N, 12.82 
C, 68.93 
H, 8.87 
N, 16.08 
C, 51.14 
H, 7.73 
N, 11.9 


8.11 
10.02 
59.00 
7.40 


10.00 
60.19 
7.71 
9.62 


61.53 
7.98 
9.00 


54.06 
6.27 
9.58 


55.35 
6.70 
9.40 


56.76 
7.06 
8.58 


56.80 
7.09 
8.92 


58.07 
7.41 
8.29 


52.41 
6.10 


14.49 
66.91 
8.19 


17.86 
51.01 
7.73 


13.95 
53.54 
6.41 


13.43 
63.22 
8.74 


15.83 
52.46 
8.24 


13.10 
55.00 
8.92 


12.90 
69.13 
8.92 


15.72 
51.11 
7.71 


12.35 


Free base. * Dihydrochloride salt. 


aqueous layer was washed with chloroform. The 
combined chloroform solutions were washed with 
water, dried over anhydrous sodium sulfate, and the 
solvent removed under vacuum. Ether or n-hexane 


was stirred into the residue until a white solid was 
obtained. The product was removed by filtration, 
washed with ether or n-hexane, and recrystallied 
from acetone and n-hexane. 
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TABLE IV-N, N'-DIBENZOYL- AND N, N'-DI(+SUBSTITUTED BENZOYL)-I\T-ALKYLETH~ENEDIAMINBS 


Compd. 


XXXII 


XXXIII 


XXXIV 


xxxv 


XXXVI 


XXXVII 


XXXVIII 


XXXIX 


XL 


XLI 


Yield, --Anal., yo- 
R K' Formula M.P., "C. '70 Calcd. Found 


-NO% 


-NHz 


--NO2 


- NH2 


-c1 


-c1 


-0CHa 


-0CHx 


-H 


-H 


-CHzCHzCHa 


-CHzCHzCHs 


-CH*CH (CH3 )z 


-CHXH(CHs)z 


-CH(CHa)r 


-CHzCHzCHxCH3 


-CHXHzCHa 


-CHzCHzCHpCHs 


-CHrCH (CH8)z 


--CH&HzCHzCHa 


190.0- 
190.5 


89.0- 
92.0 


178.0- 
178.9 


156.0- 
156.6 


184.2- 
184.9 


111.8- 
112.5 


125.9- 
127.0 


109.4- 
110.0 


144.6- 
145.6 


105.0- 
106.0 


64 


77 


81 


93 


66 


62 


87 


91 


42 


47 


56.99 
5.04 


13.99 
67.03 


7.11 
16.46 
57.96 
5.35 


13.52 
67.77 


7.40 
15.81 
60.16 


5.32 
7.39 


61.07 
5.64 
7.12 


68.08 
7.08 
7.56 


68.73 
7.34 
7.29 


74.04 
7.46 
8.64 


74.52 
7.74 
8.27 


57.25 
4.86 


14.12 
67.50 
7.11 


16.10 
57.95 
5.69 


13.53 
67.95 
7.41 


15.71 
60.18 


5.48 
7.35 


60.97 
5.68 
7.09 


68.13 
7.18 
7.41 


68.74 
7.37 
7.47 


73.68 
7.50 
8.65 


74.26 
7.49 
8.53 


I-Alkyl-Ppaminobenzoylpiperazines and Their 
Hydrochlorides (Table II1)-A suspension of 
powdered iron (0.30 mole) in water (ca. 80 ml.) and 
concentrated hydrochloric acid (2 ml.) was heated to  
85" and a warm aqueous solution of the l-alkyl-4-p- 
nitrobenzoylpiperazine hydrochloride (0.05 mole) 
was added in small portions with stirring. The mix- 
ture was stirred and heated for 2 hr. a t  75-80' and 
filtered while hot. The black residue was washed 
with hot water and the filtrate chilled, filtered and 
made alkaline with 10 yo sodium carbonate solution. 
The solution was then extracted with chloroform. 
The combined chloroform extracts were washed with 
water and dried over anhydrous sodium sulfate over- 
night. After removal of the solvent, the residue was 
dissolved in a small amount of acetone and n-hexane 
was added until the solution became cloudy. The 
solid 1-alkyl-4-p-aminobenzoylpiperazines were later 
collected and recrystallized from acetone and n- 
hexane, or from ethanol. 


The hydrochlorides were prepared by passing dry 
hydrogen chloride gas into a solution of the base in 
anhydrous methanol and recrystallized from metha- 
nol and ether. 


N,N' - Di(p - aminobenzoyl) - N - alkylethylene- 
diamines (Table JS')-These compounds were 
prepared according to  the method described by 
Clipton et al. (13) for the synthesis of ethyl 2-ben- 
zo~loxy-4-aminobenzoate. 


Pharmacological Testing 
The pharmacological testing was carried out in two 


stages. The first stage involved a determination of 
the relative activities of all the compounds synthe- 
sized on the effective refractory period of isolated 
electrically driven guinea pig atria. This was done 
by measuring the changes induced by a compound in 
the maximum rate of stimulation (MSR) that the 
suspended atria would follow with a 1 : 1 stimulus- 
contraction ratio (Table V). The rationale for this 
determination is based on the fact that prolongation 
of the refractory period of cardiac muscle is an 
important factor in terminating and preventing the 
occurrence of arrhythmias. The method of deter- 
mination was that reported by MacLeod and 
Reynolds (14) and was essentially as follows: 
after the atria were properly mounted for recording 
of contractile activity in the tissue bath, they were 
driven by a Grass model S4C stimulator at pro- 
gressively increasing rates with frequency incre- 
ments of 12 shocks per minute for 20-sec. intervals 
until they failed to follow the stimulus; this was 
manifested in the recording as a dropped beat 
followed by a contraction of greater than normal 
amplitude. Recording of contractile activity was 
done by means of a force displacement transducer 
on a physiograph. The rate at which the atria 
failed to follow the stimulus was taken as the MSR. 
At least four control determinations were carried 
out, depending upon their reproducibility. The 
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TABLE V-EFFECT OF COMPOUNDS ON THE MAXIMUM STIMULATION RATES (MSR) OF ISOLATED GUINEA 


PIG ATRIA= 


Compd. 


XI1 
XI11 


XIV 


xv 
XVI 


XVII 


XVIII 
XIX 


xx 
XXI 


XXII 


XV 
XXVIII 


XXXI 


XXXIII 


Concn. 


1:5,000 
1:5,000 
1:10,000 
1:5,000 
1:10,000 
1 : 5,000 
1:5.000 
1: io,ooo 
1:1o,OOo 
1:5O,OOO 
1:5.000 
1:5;000 
1:10.000 
115,000- 
1: 10,Ooo 
1: 100,000 
1:5O,iMo 
1 : 100.000 
1 : 5 , 0 b  
1 : 5,000 
1:5,000 
1:10.000 
1:10i).000 xxxv 1:100;000 


XXXVI 1: 100,000 
1 : 200,000 


XXXVII 1:100,000 
1 : 200,000 


XXXVII I 1:100,000 
1 : 100 , 000 


XL 1 : 100,000 
XLI 1 : 200,000 


XXXIX 


Procaine 1 : 5,000 
amide 


chloride 
hydro- l : lO ,OOO 


1:50,000 
1:100,000 


MSR 
Shocks/min.’ f SD 


Control Compd. 


416f6.9 396f12.2 
525f12.2 356f6 .9  
417f24.9 3 6 0 f 9 . 8  
4 3 8 f  14.7 3 2 4 f  12. ob 
491f7.5 357f14.8 
354f12.6 363f15 .1  
3Mf12.6 c 


453f12.6 43Ozk8.7 
3 4 3 f 4 . 6  c 


324f  12.6 c 


431f14 .4  4 1 6 f 6 . 9  
3 7 5 f 6 . 0  c 


412f27 .3  304f25 .0  
325f12 .0  3 2 0 f 6 . 9  
354f12.6 
4 1 6 f 6 . 9  c 


427f25 .8  c 


3 7 5 f 7 . 5  
3 1 2 f 3 . 2  310f10.2 
371f19 .6  336f13 .9  
4 1 0 f 6 . 9  268f6.9 
3 8 1 f 6 . 0  304f6.9 
424f12 .6  c 


Average % 
Depression, 


MSR 


No effect 
3 2 . 2 f  1 .3  
1 3 . 7 f 2 . 3  
2 6 . 0 1 2 . 7  
27 .3f3 .1  
No effect 


5 . 1 f 1 . 9  


No effect 


26.2f6.1 
No effect 


- 
- 
- 
- 


- 


No effect 
9 . 7 f 3 . 2  
34.6f 1 .7  
2 0 . 2 f l . 8  


- 
c - 


3 1 2 f 6 . 9  
3 7 7 f 6 . 6  
389 f 12.0 
438f11 .5  
3 5 4 f 6 . 9  
354f12 .6  
381 f 1 2 . 0  
4 6 1 f 7 . 5  
336f7.5 
4 4 3 f  15 318f25.5 2 8 . 2 f 5 . 2  


d - 
- 


d - 
d - 


- 
4 6 0 f 8 . 7  No effect 


- 


440f21 376f  13.9 


5 3 6 f 7 . 5  4 9 5 f  15.0 
4 9 9 f 7 . 5  4 9 0 f 6 . 9  


1 4 . 5 f 3 . 1  


7 . 7 f 2 . 8  
No effect 


a Unless otherwise indicated, data in this table were obtained at the 16-min. interval. *Calculation based on the 10-min 
Atria stopped beating. Atria too interval, because atria became too depressed to be measured a t  the 15-min. interval. 


depressed to be measured. 


control value was taken as the average of these 
determinations. The test compound was then 
added to the tissue bath and the MSR was deter- 
mined at 5-, lo-, and 15-min. intervals. Determina- 
tions were repeated three times after the test 
compound was washed out of the tissue bath and 
the MSR had returned to  approximately control 
levels. The piperazine hydrochlorides were dis- 
solved in demineralized water, and the ethylene- 
diamine compounds in 95% ethanol so that 1 ml. 
of the resulting solution added to  the tissue bath 
gave the desired concentration. 


The second stage of the pharmacological testing 
was the evaluation of some of the compounds for 
their ability to prevent or to terminate arrhythmias 
in cats (Table VI). The method as provided by 
Frank W. Homer Ltd. for inducing the arrhythmias 
was local application of aconitine nitrate solution 
(25%) on the right atrium of the cat. A somewhat 
different procedure was employed in testing Com- 
pound XIV for antiarrhythmic activity in this 
laboratory. The arrhythmias were induced by 
petroleum ether and adrenaline (14). After a con- 
trol arrhythmia produced by adrenaline following 
petroleum ether inhalation, the cat was then treated 


with the compound at doses varying between 2 and 
24 mg./kg. The petroleum etheradrenaline chal- 
lenge was repeated within 15 min. of the injection of 
the compound. Electrocardiogram and blood pres- 
sure recordings were taken before petroleum ether 
inhalation had begun and continuously from just 
before adrenaline injection to the end of the arrhyth- 
mias. Procaine amide hydrochloride was employed 
as the standard. 


RESULTS AND DISCUSSION 


In order t o  determine whether any effect on the 
antiarrhythmic activity of procaine amide was pro- 
duced by joining the amide nitrogen and the terminal 
tertiary amine nitrogen in the molecule by cycliza- 
tion, 1-ethyl-4-p-aminobenzylpiperazine hydrochlo- 
ride dihydrate (XXV) was synthesized by inducing a 
piperazine ring. It has been reported by Ellis and 
Sivertsen (16) that some o-alkylated benzhydr yl- 
piperazines showed considerable antiarrhythmic 
activity. Another piperazine derivative, hydroxy- 
zine has been introduced in clinical use for treatment 
of arrhythmias (17). This appears to indicate that  
the piperazine ring might be making a significant 
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TABLE VI-ANTIARRUYTIIMIC Acrivrw UP SVMB COMPOUNDSa 


Compd. 


XI11 


XVI 


XIX 


XIX 


XIX 


XIX 


XXI 


SXVIII 


XXXI 


Heart Frequency Before 
L h b  Compd. after Aconi- 


mg./kg. tine per min. 


240 Atrial = 900 
Vent. = 300 


218 Atrial >1 OOO 
Vent. = 600 


60 Atrial = 400 
Vent. = 200 


60 Atrial = 600 
vent. = 200 


60 Atrial > 1 000 
Vent. = 200 


60 Atrial >l.OOO 
vent. = 200 


360 Atrial >1,000 
Vent. = 200 


142 Atrial = 600 
Vent. = 300 


128 Atrial = 600 
Vent. = 300 


Quinidine sulfate 235 Atrial >1,000 


Quinidine sulfate 235 Atrial >1,000 
Vent. = 200 


Vent. = i80 


Dose, 
mg./kg. 


I.V. 


Heart Frequency 
After Cqmpd. 


per min. 


20 


20 


20 


20 


20/10/10d 


20 


"0 


50 


50 


10 


10 


Atrial = 240 
Vent. = 240 
Atrial = 500 
vent. = 150 
Atrial = 200 
Vent. = 200 


E 


Atrial = 200 
Vent. = 200 
Atrial = 200 
vent. = 2 0 0  
Atrial = 280 
Vent. = 140 
Atrial = 500 
Vent. = 250 
Atrial = 600 
Vent. = 300 
Atrial = 200 
Vent. = 200 
Atrial = 150 
Vent. = 150 


Data supplied by Frank W. Homer Ltd. * Calculated by the method of Litchfield and Wilcuxon (15) and based on 3-day 
observations. Cardiac arrest. Consecutive dose. 


contribution to the antiarrhythmic activity of these 
compounds. However, according to the data listed 
in Table V, Compound XXV showed no activity in 
reducing the MSR of isolated guinea pig atria at a 
concentration of 1 : 5,000, whereas procaine amide 
hydrochloride at this concentration reduced the 
MSR by 28.2 f 5.2%. Since this compound did 
not prolong the refractory period of isolated guinea 
pig atria, it was considered to be devoid of anti- 
arrhythmic activity. Therefore, joining the amide 
nitrogen and the aliphatic amine nitrogen together in 
the procaine amide molecule by cyclization appears 
to  reduce or eliminate its antiarrhythmic activity. 


Compound XXV was modified by replacing the 
N-ethyl side chain by a propyl group (XXVIII) or a 
butyl group (XXXI). Although the resulting com- 
pounds were capable of reducing the MSR (Table 
V), they failed to  show any antiarrhythmic property 
when tested in intact animals (Table VI). There- 
fore, no further attempt was made to modify the 
N-alkyl chain length of Compound XXV. 


Other modifications were carried out in which the 
aromatic amino substituent was replaced by a hy- 
drogen, methoxy, or chloro group. Accordingly, Com- 
pounds XII-XX were synthesized. From the data 
in Table V it is noted that Compounds XIII ,  XIV, 
XVI, and XIX exhibited an effect on the refractory 
period of atrial muscle and for this reason they were 
tested for antiarrhythmic activity in intact animals. 
The results summarized in Table VI show that only 
Compound XIX was found to  possess antiar- 
rhythmic activity in these experiments. In three 
out of four trials with this material, a sinus rhythm of 
normal frequency was established within 2 min. and 
lasted from 40 min. to 3 hr. In the fourth experi- 
ment cardiac arrest brought about the death of the 
animal. Control cats treated with quinidine also 
showed a sinus rhythm maintained from 2 to 4 hr. 
It appears from these experiments that the anti- 
arrhythmic activity of Compound XIX is approxi- 
mately half that of quinidine. Since procaine amide 


hydrochloride is less potent than quinidine on a 
weight basis (18), Compound XIX may be con- 
sidered to have an activity similar to that of procaine 
amide hydrochloride. 


Compound XIV was investigated to  determine 
whether it provided protection against arrhythmias 
induced by the combined use of adrenaline and 
petroleum ether in the cat. These tests showed that 
this compound exhibited no antiarrhythmic activity 
at a dose of 24 mg./kg. The dosage for procaine 
amide hydrochloride for preventing the occurrence of 
arrhythmias induced by the same technique was 8 


Compounds XXI  and XXII  were prepared follow- 
ing the detection of antiarrhythmic activity in Com- 
pound XIX. These two substances showed strong 
depressant action on the force and rate of contraction 
of isolated guinea pig atria even at a concentration of 
1 : 100,000. The atria were usually completely 
arrested at this concentration and therefore the effect 
of Compounds X X I  and XXII  on the MSR could 
not be determined. Nevertheless, Compound XXI 
was tested for antiarrhythmic activity in intact 
animals and was found to be inactive. 


A survey of the antiarrhythmic agents showed that  
the great majority of them possess a tertiary amine 
nitrogen in the molecule. Conn and Luchi (19) 
pointed out that the tertiary amine nitrogen in 
quinidine played an important role in the effective- 
ness of this drug. However, in the antiarrhythmic 
agent diphenylhydantoin (20) only two amide nitro- 
gens are present in the molecule. Thyrum et al. (21) 
found that substitution of an aromatic group for one 
of the ethyl groups at the tertiary amine nitrogen of 
procaine amide gave highly active compounds. 
According to  these workers, the basis for the in- 
creased activity of the aromatic substituents was 
probably due to the additional hydrophobic binding 
provided by the aromatic rings. Such additional 
binding would improve the facility for interaction 
between the drug and the receptor. Therefore, the 


mg./kg. 


' 
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introduction of a benzoyl group on the tertiary 
amine nitrogen in procaine amide, as typified by the 
ethylenediamine compounds in this investigation, 
should be expected to produce the same effect. 
However, this alteration also changes the character 
of that nitrogen to an amide from an amine. Con- 
sequently, it  is no longer possible for the molecule to 
be protonated at physiological pH. Any informa- 
tion with regard to the relationship between the 
activity and the ability of the molecule to be pro- 
tonated a t  physiological pH would be valuable in 
determining whether an anionic site exists a t  the 
receptor site. The presence of a charged group on 
an active compound suggests a counter charged 
group in the receptor. 


In light of this, it was considered of interest to 
synthesize some ethylenediamine analogs of procaine 
amide in which the tertiary amine nitrogen in the 
parent compound was replaced by a tertiary amide 
nitrogen and to study the effect of this modification 
on the antiarrhythmic activity. Consequently, 
Compounds XXXIII, XXXV-XLI were prepared. 
As shown in Table V these compounds did not reduce 
the MSR to any measurable extent a t  the concentra- 
tions used. On the other hand, these compounds 
exhibited a remarkable depressant action on the 
force and rate of contraction of the atria, even a t  a 
concentration as low as 1 : 100,000. At this concen- 
tration, the atrial beat was usually completely in- 
hibited, but the activity returned shortly after sev- 
eral washings. In one instance, however, a concen- 
tration of 1:20,000 of Compound XXXVII was 
found to completely abolish the contraction of the 
atria despite repeated washings. 


To be certain that the various effects on the iso- 
lated atria were due to the compounds themselves 
and not to the 95y0 ethanol which was employed as 
the solvent, control experiments with 95% ethanol 
were conducted. Results showed that the small 
quantity (0.3 ml.) of ethanol used had no effect on 
either MSR or force of contraction. 


Despite the fact that the ethylenediamine analogs 
(Compounds XXXIII, XXXV-XLI) did not exhibit 
any activity in depressing the MSR of isolated 
guinea pig atria, they were tested for antiarrhythmic 
activity in intact animals. The results of these ex- 
periments showed that compounds XXXIII, 
XXXV-XLI were absolutely without antiarrhyth- 
mic activity. Therefore, it would appear that the 
terminal amine nitrogen in procaine amide is essen- 
tial for activity. 


When the effective refractory period studies dem- 
onstrated that some compounds had marked depres- 
sant action on the contraction of isolated guinea pig 
atria, it was considered desirable to determine 
whether the nature of the depressant action was due 
to parasympathomimetic activity. If these com- 
pounds did act by this mechanism, then a parasym- 
patholytic substance, such as atropine, would block 
the depressant action. For this reason, a solution of 
atropine sulfate was added to the tissue bath to give 
a concentration of 3 mcg. of the substance and after 5 
min., the test compounds were administered. The 
experiments were repeated three times and on two 
different atria. The compounds chosen for the test 
were Compounds XXI and XXXIX, because both 
showed strong depressant activity (see Table V). 
The concentration used was 1 : 100,000 for both com- 
pounds. Results of the experiments indicated that 
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these two compounds did not appear to possess 
parasympathomimetic activity, since the atropine 
sulfate did not prevent their depressant effect in the 
slightest manner. The same concentration (3 
mcg.) of atropine sulfate, however, was found to 
block the depressant action of acetylcholine in a con- 
centration of 1 : 100,000. These observations con- 
firmed that those compounds which depressed atria 
did so by a direct action on the muscle. 


The results of this investigation have shown that 
the tertiary amine nitrogen in procaine amide must 
not be changed to an amide nitrogen, thus indicating 
the possibility of an anionic site on the receptor sur- 
face. This view is supported by the fact that such a 
tertiary amine nitrogen is found in agents of proven 
antiarrhythmic activity, such as quinidine, lidocaine 
(22), antazoline (23), hydroxyzine (17), amotriphene 
(24), pronethalol (25), and Compound XIX of this 
work. These agents can be protonated a t  physio- 
logical pH and therefore can bind to the anionic site 
on the receptor by ionic bonding. Another surface 
feature that can be present on the receptor is a flat 
area which allows binding with the area of aro- 
maticity provided by the aromatic ring of the anti- 
arrhythmic agents through hydrophobic or van der 
Waals’ forces. Such an area of aromaticity is found 
in all antiarrhythmic agents mentioned above. 


In order to establish the relative position of the 
anionic site to the flat area on the receptor surface, a 
Fisher-Hirschfelder-Taylor molecular model was 
prepared for all the antiarrhythmic agents cited 
above. I t  was found that despite the differences in 
the chemical structures, all these compounds can 
adopt a common orientation in which the tertiary 
amine nitrogen is approximately 4.5-5.0 4. away 
from the center and 3.0-3.5 A. above the plane of the 
area of aromaticity. The configuration considered 
here may not be the most stable, but one which could 
occur on the receptor. 


This proposed receptor cannot explain why di- 
phenylhydantoin has antiarrhythmic activity, since 
this molecule apparently can only bind to the flat 
area and not to the anionic site of the proposed re- 
ceptor due to its lack of a basic nitrogen. It is prob- 
able that diphenylhydantoin exerts its antiarrhyth- 
mic action through a different mechanism. 


SUMMARY 


1. In the procaine amide molecule conversion of 
the tertiary amine nitrogen to an amide nitrogen 
causes complete loss of activity, as indicated by the 
ethylenediamine analogs (Compounds XXXIII, 
XXXV-XLI). 


2. Converting the amide nitrogen and the 
terminal tertiary m i n e  nitrogen in procaine amide 
to a piperazine ring produced a compound, namely, 
1-ethyl-4-p-aminobenzoylpiperazine hydrochloride 
dihydrate, which has no antiarrhythmic activity. 


3. The ethylenediamine analogs (Compounds 
XXXIII, XXXV-XLI) showed marked depressant 
activity on the force and rate of contraction of iso- 
lated guinea pig atria. Some 1-alkyl-4-p-chloro- 
and 1-alkyl-4-p-methoxybenzoylpiperazine hydro- 
chlorides show similar effect. This depressant 
activity does not appear to involve the autonomic 
nervous system and is likely the result of a direct 
depressant action on the atrial muscle. 
4. 1-p-Propyl-4-p-chlorobenzoylpiperazine hy- 







2080 


drochloride was found to have antiarrhythmic 
activity in cats. I t  appears to have a potency 
similar to tha t  of procaine amide hydrochloride. 
Replacement of the chloro substituent in l-n-propyl- 
4-p-chlorobenzoylpiperazine hydrochloride by a 
hydrogen, methoxy, or amino group, or the n-propyl 
group by other alkyl groups abolished the activity. 


5. A receptor for antiarrhythmic agents has been 
proposed to consist of an anionic site and a flat area. 
The anionic site is believed to be approximately 4.5- 
5.0 A. away from the  center and 3.0-3.5 A. above the 
plane of the flat area. 
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Linear Nonisothermal Stability Studies 
By M. A. ZOGLIO, J. J. WINDHEUSER, R. VATTI, H. V. MAULDING, 


S. S. KORNBLUM, A. JACOBS, and H. HAMOT 


A method for evaluation and utilization of data from linear nonisothermal kinetics 
has been developed. The studies have yielded energy of activation, reaction rate, 
and stability predictions from a single experiment. The relatively short length of 
time needed to complete a study and the comparatively few analytical ex eriments 
required present a significant advantage over classical kinetic metho&. Large 
volumes of temperature-controlled space and the need for preliminary screening 
studies have been eliminated in the method. The advantage of this approach over 
other nonisothermal kinetic methods lies in the simplicity of equipment required 
and the ease of analysis of concentration-time (tem erature) curves. The hydrolysis 
of N-acetyl-paminophenol and procainamide hy&ochloride has been followed to 


demonstrate the validity of the theory and the advantages of the method. 


HE USE OF stability predictive methods, such formal stability program. The predictive meth- T as that described in this report and other ap- ods should rather be employed in cutting down 
proaches (l), cannot be expected to replace the the number of formulations which are subjected 


to formal testing by eliminating poor preparations 
Hanover, NJ 07936 through preformulation as well as formulation 


screening. The procedures which can be used to 
April 1967. predict stability have reached a reasonable degree 
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formulation testing programs will most likely in- 
crease the use of predictive methods and result in 
further technicological growth in the field. 


The classical isothermal approach to drug 
stability prediction has not disappeared from the 
industrial pharmacy scene for two reasons. 
First, some of the newer methods require esti- 
mates of reaction rate through slope determina- 
tions at points on a nonlinear curve and second, 
time-temperature relationships in the noniso- 
thermal studies reported in the literature to date 
are complex and somewhat difficult to accomplish 
without specially designed equipment. The 
slope estimate method is employed in differential 
thermal analysis (2). A spectrophotometric 
method (3), which utilizes the slope of a continu- 
ous spectrophotometric curve plotted against 
time while the temperature of the sample cell is 
raised also requires a slope estimate. The first 
mathematically precise nonisothermal stability 
study was reported by Rogers (4) and uses the 
time-temperature relationship. 


_ -  _ - -  2.303log (1 + t )  
T To 


The use of Rogers’ method by Cole and Lead- 
beater in two recent reports (5, 6) is indicative of 
the value of the nonisothermal technique. Limi- 
tations to this procedure which are applicable to 
other programmed kinetic methods including the 
linear method are put forth in an  excellent article 
by Carstensen (7). The second treatment was 
reported by Eriksen (8) using the time-tempera- 
ture relationship. 


The method described in this report involves a 
linear relationship of time and temperature (t = 
b T + C) Energy of activation is determined by 
comparing analytical data to model degradation 
curves. The curves are obtained through digital 
computer solution of equations derived in the lin- 
ear nonisothermal approach. The curves, once 
obtained for a given temperature range, can be 
used in any number of experiments which con- 
sider this range so that an understanding of the 
mathematics involved in obtaining model curves 
is not necessary in employing the method. After 
obtaining the energy of activation a simple calcu- 
lation is made from the analytical and computer 
data to arrive at a reaction rate or stability pre- 
diction at any desired temperature. The tem- 
perature range of the experiment may be con- 
trolled by analysis of the drug degradation during 
the early stages of the experiment. An impor- 
tant feature of the method is the concentration- 


time (temperature) curve. It allows a visual 
interpretation of the effect of temperature on the 
degradative rate of the formulation. In the 
curves it can be seen quite clearly that there are 
fairly prominent shoulders, especially at the 
higher activation energies where a drug degrada- 
tion rate will begin to accelerate rapidly with in- 
creased temperature. 


THEORETICAL 


In order to integrate the general differential equa- 
tions for zero-, first-, or second-order reactions where 
temperature is varying with time, one must be able 
to express and integrate the observed rate constant 
as a function of time. 


kobs. = ae-EjRT 


cannot be integrated for the case where temperature 
is changing linearly with time. I t  is not possible, 
therefore, to obtain a concentration-time equation 
which would yield energy of activation and reaction 
rate directly for the linear case. 


The approach used to handle the linear time- 
temperature relationship is based on the following: 


Consider the theoretical drug degradation in Fig. 
1. In this degradation the reaction order remains 
unchanged throughout the experiment. The tem- 
perature is changing linearly as a function of time. 


The expression 


(Eq. 1) 


t = b T + C  (Eq. 2 )  
The curve for the degradation can be described by a 
series of slopes or rate constants each representing 
the instantaneous rate of change of drug concentra- 
tion with time a t  some time (temperature). The 
linear method is based on the assumption that the 
arithmetic average of these rates of change is equal 
to the total degradation of the drug during the ex- 
periment divided by the time span required for the 


1. 


TIME 


Fig. 1-Hypothetical degradation of a drug during a 
h e a r  nonisothermal stability study. t b  - ts i s  the 
total time span of the experiment. In the studies con- 
sidered i n  this report b’ = 1 .  Time = b‘ temperature + constant. 







2082 


experiment. 


b - a  
f(b) -!(a)  = 


Journal of Pharmaceirtual Scicnccs 


implies thatf(c) = In C. 
The rate constant at time zero is 


K O  = a * e - E / R T o  (Eq. 11) 


If this temperature is maintained for a time incre- 
ment t ,  then the concentration at time t will be 


Cl = CO exp ( - t . a * e - E / R T o )  (Eq. 12) 


If the temperature is changed to TI and maintained 
for the same increment t ,  after which the temperature 
is changed to  Ts, and so on, then after n increments 
the concentration will be 


0%. 3) kt + kz + ka +. . . k i . .  . k m  
n 


If K i  = f’(cj), then the average of k over the interval 
(a$) is (9): 


For very large n, a discrete curve should approach 
the smooth curve and the average of k should not 
differ significantly from the quantity f ( b )  - f ( a ) /  
(b - a). The question still remains as to whether the 
average of k over a finite set of inteyals as defined in 
this treatment indeed approaches k and if so how 
large must n be to minimize error. Both of these 
questions will be dealt with after formulation of the 
basic expressions used in applying the linear nonise 
thermal method. 


To solve Eq. 3 for an individual rate constant, the 
rate constant must be expressed in terms of all other 
rate constants in Eq. 3. This can be done through 
Eq. 1. For the rate constant k i  


ki = a e - E / R T i  (Eq. 5) 


For the rate constant k ( i +  I )  


k ( i  + 1)  = a e - E / R T ( i  + 1) (Eq. 6) 


Dividing Eq. 6 by Eq. 5 yields 


hi+ 1) = kieE” P ( j +  1 )  - T i l / [ T i T ( i +  ,)I I ( E ~ .  7 )  


If the increment T(i + 1 )  - Ti is some constant incre- 
ment c then the solution for k ( i  + 2) in terms of k i  


becomes 


In this manner each rate may be expressed in terms 
of ki. These expressions can be substituted for the 
values kl through k, in Eq. 3. If k l  = ki  the follow- 
ing expression is obtained: 


e E l R [ d ( T i T z )  + c/(TzTa)l + . . . 
~ E / R [ ~ / ( T I T I )  + C / ( T Z T ~ )  + c / ( T I T I )  + . . . c/(TCn - l ) T n ) ] }  


(Eq. 9) 


The quantity in brackets can be determined using 
the digital computer. Since the quantity [ f ( b )  - 
f ( a ) ] / ( b  - a) is known through experiment, rate kl 
can be calculated for a particular activation energy. 
In the same manner equations similar to Eq. 9 may 
be derived and solved for kz through k , .  The q u e s  
tion as to  whether the fipite set of rates obtained in 
this manner approaches k is somewhat clarified by the 
following: 


In dealing with a first-order reaction 


n -  1 


i = o  
C, = CO IT exp ( - t - a * . e - E l R T i )  (Eq.13) 


Therefore, 


6, represents the average using n discrete values. 
If we consider the function: 


a* 
~ e - E / R T  
T n  - TO 


then an upper Rieman sum for the function in the 
intetval (TO, T,) formed by dividing the interval into 
n equal parts would be 


a* n - 1  
~ ~ e - E / K T i  = 


i = l  c T n  - TO 


This sum, as n approaches infinity, will tend towards: 


. P T n  


such as pointed out in Eq. 4, the average of the rate 
constant over the integral (TO, T,). Hence it is 
reasonable to assume that for a first-order reaction 
arithmetic average in this treatment is adequate. 
The question as to how large a value of n would be to  
approach a smooth curve is demonstrated by testing 
the convergence of the bracketed expression in Eq. 9. 


The reciprocal of the expression: 


n 
(Eq. 18) 


was evaluated for values of E at various levels of n 
using the values for TO and T, corresponding to those 
used experimentally. The results, are tabulated in 
Table I and show rapid convergence as n approaches 
384. The line of reasoning as outlined here for the 
first-order case can be employed for zero- and second- 
order reactions. For this study kt through k a M  are 
considered and a set of 384 rates obtained for a 
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TABLE I-CONVERGENCE OF EXPRESSION 


Value of Expression for- 
Value of % E - 10 kcal. E - 20 kcal. E = 30 kcal. 


8 0.322 0.0710 0.0141 
16 0.292 0.0610 0.0111 
48 0.271 0.0542 0.00923 
96 0.267 0.0527 0.00879 I 


~~ . . ~ Oi)&jQ] 192 0.267 0.0527 
3% 0.267 0.0527 0.00869 1 


particular activation energy. The rates were then 
used to synthesize families of model curves on a fist- 
order or logarithmic d e .  For the first-order acid- 
catalyzed degradation of N-acetyl-paminophenol 
and procainamide hydrochloride analytical data are 
superimposed over the model curves to determine 
activation energies (Figs. 2 and 3). The activation 
energy, actual experiment degradation, and com- 
puter data are then used in calculating a specific 
reaction rate. The reaction order is then utilizedin 
predicting stability. The Arrhenius equation may 
be used with these rates to calculate rates outside of 
the temperature range studied. 


EXPERIMENTAL 


Initial experiments were carried out utilizing a 
temperature programmed convection oven. The 
equipment consisted of a convection oven (Thelco 
model 17) equipped with thermocouple (West pro- 
gram controller JSBGB-2), and saturable core reac- 
tor (West). Temperature was continuously recorded 
(YSI model 4250 Tele-thermometer and the 
model G14A Varian recorder). The temperature 
range was arbitrarily set at 35-83' with a linear rise 
of l'/hr. The accuracy of the programmed oven 
was found to be f0.3'. The oven represented very 


IIYE. h, I 
s 10 I S  20 25 30 35 40 45 so 


TEMPERATURE, ?c. 


Fig. 2-Nonisothermal hydrolysis of N-acetydp 
amimpheno1 i n  aqueous solution (pH = 2) .  Tem 
perahre range. 308-356'K.; E, = 17 kcal./mole; 


E. literature = 16.69 kcal./mole. 


189. 


- 188- 


1.87. 


1.86. 
TIME. N. 


1.85 10 1 I0 15 20 21 33 3s 40 4s Y) 


'308 33 318 323 328 333 338 343 348 353 359 
TEMPERATURE. W. 


Fig. 3-Nonisothermal hydrolysis of procainumide 
hydrochloride in 0.934 M perchloric acid. Tempera- 
ture range, 308-356°K.; E. = 29 kcal./mole; E. 


literature = 13 kcalhole .  


flexible instrumentation since the set point unit cam 
could be cut for a variety of temperature functions. 
The accuracy, however, for the linear program could 
be improved to f0.1 '  by using a thermoregulator 
(Bronwill) driven by a synchronous clock motor as 
described by Scott (10). Temperature recording for 
this unit was accomplished in the same manner as for 
the oven. 
Hydrolysis of N-Acetyl-paminophenol-A 0.15% 


solution of N-acetyl-paminophenol1 in 0.2 M 
phosphate buffer (pH = 2.0) was prepared, filled 
into 10-ml. ampuls, and the ampuls sealed. Samples 
were then placed into the programmed oven and 
allowed to equilibrate at 35' for a period of 2 hr. 
A 0-hr. sample was removed and the temperature 
program begun. Samples were removed every 2 hr. 
during the first 8 hr. and analyzed for intact N-ace- 
tyl-paminophenol. The program of sampling was 
scheduled according to the results of these assays. 
Subsequent to the initial sampling, the ampuls were 
placed in a deep freeze immediately upon removal 
from the oven. At a convenient time the samples 
were quickly brought to room temperature by heat- 
ing over a steam bath and analyzed for N-acetyl-p 
aminophenol in the following manner. 


A chromatography column (10 mm. diameter) 
containing 1 g. of ion-exchange resin* was prepared. 
Five milliliters of ampul solution was transferred to a 
50-ml. volumetric flask and diluted to the mark with 
distilled water. Ten milliliters of this solution was 
pipeted into the chromatography column. The 
column was eluted with water to a volume of 100 ml. 
and the absorbance of the eluate determined a t  243 
mp in a recording spectrophotometed Cary model 11 ). 


1 Eastman Organic Chembals, m.p. 167-168O. 
9 Rohm and Haas Co.. Philadelphia, Pa. 
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The absorbance of the 0-hr. sample was used as the 
standard reading. Severely degraded samples, which 
distort the U\' absorbance curve, were not encoun- 
tered during the experiment. 


Hydrolysis of Procainamide Hydrochloride (Non- 
isothermal)-A 0.4 % solution of procainamide 
hydrochloride3 in 0.939 N perchloric acid solution 
was prepared, filled into 10-ml. ampuls, and ampuls 
sealed. The sampling procedure was the same as 
that described for N-acetyl-paminophenol. The 
programmed oven which had been used for three ex- 
periments with N-acetyl-paminophenol was used 
twice for procainamide. The third experiment with 
procainamide was performed using a motor-driven 
thermoregulator. The sampling schedule remained 
the same as with the oven experiments. Analysis 
for intact procainamide hydrochloride was accom- 
plished in the following manner. 


Four milliliters of the ampul solution was pipeted 
into a separator. Twenty-five milliliters of pH 9.5 
buffer (sodium carbonate-sodium bicarbonate) was 
added. The aqueous layer was extracted with 30- 
ml. portions of chloroform and the extracts collected 
in a 100-ml. volumetric flask. The extracts were 
diluted to the mark with chloroform and 5.0 ml. of 
this solution transferred to a 50-ml. volumetric flask. 
This sample was diluted to the mark with chloroform 
and the absorbance determined a t  272 mp in a re- 
cording spectrophotometer (Cary model 11). 


Hydrolysis of Procainamide Hydrochloride (Iso- 
thermal)-Hydrolysis of procainamide hydrochlo- 
ride in 0.939 N perchloric acid was studied iso- 
thermally a t  constant temperatures of 35" (f0.0l0) ,  
59" ( f 0 . 0 l 0 ) ,  and 83" (fO.OlO). Sampling was 
scheduled according to early assay results. Analyt- 
ical determinations were performed in the same 
manner as the nonisothermal experiments. 


RESULTS AND DISCUSSIONS 


The analytical data for the first-order linear non- 
isothermal hydrolysis of N-acetyl-paminophenol 
and procainamide hydrochloride are superimposed 
on model degradation curves in Figs. 2 and 3. The 
analytical results are average results from three 
separate experiments and represent a total break- 
down of 9.8y0 for N-acetyl-paminophenol and 
28.9'% for procainamide hydrochloride. The results 
indicate an activation energy of 17,000 cal. for N- 
acetyl-paminophenol and 29,000 cal. for procain- 
amide hydrochloride hydrolysis. 


The first activation energy is in fine agreement 
with the value of 16,700 cal. reported by Koshy (11). 
The activation energy of 29,000 cal. for procain- 
amide hydrochloride is not in agreement with the 
literature value of 13,000 cal. (12). Classical iso- 
thermal techniques were employed as experimental 
conditions for obtaining this lower value. Reaction 
rates were studied at  85.3, 91.3, and 97.3'. To re- 
solve this discrepancy, the isothermal experiment 
was repeated in these laboratories for the temperature 
range 35 to 83" and an activation energy of 27,000 
cal. found (Fig. 4). The low value reported in the 
literature could be due to the high temperatures and 
narrow temperature range chosen for the study. 


The information obtained through the linear non- 


3 The authors wish to express appreciation to the Squibb 
Institute of Medical Research for the generous sample of 
procainamide (Pronestyl). 


\\ 
0 . 2  


5 L, 2.'. 21.9 3 .i I .'I 1 .'2 1 !I 


(TEMPERATURE O K ) - '  X 102 


Fig. 4-A rrhenius plot showing the temperature de- 
pendency of the hydrolysis of procainamide. The 
energy of activation as found. from this {lot is 27.0 


kcal./mole. 


isothermal method can be used to calculate a rate 
constant or shelf-life prediction at some desired tem- 
perature. Using N-acetyl-paminophenol as an 
example, the following procedure would be employed 
in calculation of the apparent rate constant a t  35". 
From the left side of Eq. 9: 


f(b) - f(a) - 2.3 log l00/90.2 
b - a  48 


f ( b )  - f(a) represents the total first-order degrada- 
tion and b - a the total hours of the experiment. 
90.2 is the percentage of intact drug left a t  the end of 
the experiment. From the right side of Eq. 9: 


n 384 
k3: [l + e E / l l [ r ' ( T I T z )  + . . . ]  - k3> ~~~ (4278) - 


In this expression n represents the number of rate 
constants being considered in describing the total 
curve. The value of the bracketed quantity was ob- 
tained by digital computer solution of the expression 
with E equal to 17,000 cal. Values were generated 
through equations solved for kI  through ktsa for an 
activation energy range of 1030,000 cal. in incre- 
ments of 1000 caL4 The value for kaj calculated for 
the nonisothermal method is 1.95 X hr.-l. 
The value calculated from isothermal literature data 
is 2.52 X hr.-l. Knowing reaction order and 
rate, it is an easy task to integrate the appropriate 
rate equation to obtain a shelf-life estimation. For 
calculations of rates outside of the temperature range 
studied the Arrhenius equation may be employed. 


Figures 2 and 3 are not only useful with regard to 
shelf-life estimation, but also present an excellent 
picture of the effect of temperature on  reaction rate 
a t  a particular activation energy level. Analysis of 
these families of curves demonstrates the inade- 
quacies of single isothermal high-temperature experi- 
ments often employed in pre formulation and formu- 
lation screening. The slopes or first derivatives a t  
the higher temperatures can be very close yet the 
rates a t  lower temperatures widely different. If, for 
example, a procainamide hydrochloride solution were 
studied at 75" it would appear to be very unstable, 
whereas in fact if one examines the rates a t  lower 


4 IBM 360 Fortran program will be provided to interested 
parties upon request. 
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temperature the solution is stable at  these tempera- 
tures by virtue of the high activation energy of the 
hydrolytic reaction. 


SUMMARY 


Linear nonisothermal kinetic data from a single 
experiment can be used to obtain activation energy, 
reaction rate, and shelf-life prediction. The method 
described in this report involves a comparison of 
model degradation curves to experimental data for 
the determination of activation energy. Calcula- 
tion of reaction rate and shelf-life predictions at a 
specific temperature are made utilizing the total ex- 
perimental degradation and activation energy. The 
advantages of the method over the classical isother- 
mal method lie in the use of a single experimental 
unit, the analysis of one set of samples, the shorter 
time required for completion of the experiment, and 
the ability to change the temperature range of the 
experiment without interruption of the study. The 
advantages over other nonisothermal methods lie in 
the ease of analysis of data, simplicity of time- 
temperature relationship, and the use of readily 
available laboratory equipment. The approach is 
limited only by assay precision, constancy of activa- 
tion energy, and applicability of the Arrhenius equa- 
tion. The method is proposed and is currently being 
evaluated for preformulation and formulation 
screening of ampul solutions. 
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Separation and Determination of Chlorpheniramine 
and Its Dealkylated Metabolites from Urine 


By K. ALBERT and J. J. WINDHEUSER 


Application of ion-pair extraction to partition chromatogra hic techniques has 
been used effectively to separate chlorpheniramine and its deafkylated metabolites 
from one another in urine. Gas-liquid chromatography was employed to detect 
the amines. The ion-pair partition column employed selectively separated the 
amines prior to detection by gas chromatography. The chromato rams indicated 
symmetric peaks with little or no tailing typical of the secondary antprimary amine 
metabolites. Recovery studies from urine demonstrated that at the parts-per-mil- 
lion level, complete recovery of chlorpheniramine and its metabolites was achieved 
after certain precautions against loss were taken. On the basis of these studies, an 
analytical procedure to separate chlorpheniramine and its metabolites from urine 
was developed: Recoveries of chlorpheniramine and its dealkylated metabolites 
were quantitative. The method offers the advantage of complete isolation of all 
components from one another and suggests the possibility of using ion-pair parti- 
tion columns as a method to quantitatively separate other nitrogen-containing com- 


pounds from one another. 


HE SEPARATION AND DETECTION of drugs from ticular interest is the analysis of drugs and their T mixtures of closely related compounds is metabolites in blood and urine in microgram 
becoming more and more important. Of par- quantities. This communication deals with a 


model system utilizing the concept of ion-pair 
separation of related amines from urine. 


The suitability of ion-pair extraction as a pro- 
cess for separation and isolation of nitrogen- 
Containing compounds in analytical samples W a s  


recently demonstrated by Higuchi et al. (1, 2). 
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These researchers, using dextromethorphan and 
chlorpheniramine as examples of drugs containing 
one and two nitrogen centers, respectively, studied 
solvation effects and anion polarizability as 
factors responsible for the extractive equilibrium 
of ion pairs. 


Kamm and Van Loon (3) recently reported 
that i n  dogs and rats, the major metabolite of 
chlorpheniramine was the N-desdimethylated 
analog while the minor metabolite was N-desmon- 
omethylchlorpheniramine. Kabasakalian et al. 
(4, 5), in  their study of the urinary excretion of 
chlorpheniramine, brompheniramine, and pheni- 
ramine in humans, reported that N-demethyla- 
tion accounted for the metabolic degradation 
of the drugs. 


On the basis of the above results, i t  was con- 
sidered of interest to  study the use of ion-pair 
formation as a method to  separate and quantify 
nitrogen-containing compounds that undergo 
N-demethylation from their metabolites i n  urine. 
Chlorpheniramine was chosen as a model of such 
a drug. The general method would be applicable 
to other drugs of the chlorpheniramine type. 


EXPERIMENTAL 
All spectrophotometric measurements were made 


on a recording spectrophotometer (Cary model 11) 
using 5-cm. cells. A gas chromatograph (Barber- 
Coleman model 5000) equipped with a flame-ioniza- 
tion detector and a 1-mv. recorder was used with the 
following conditions: 182.9 cm. (6 ft.) X 4 mm. 
borosilicate column containing 2% polyethylene 
glycol1 and 2.5% KOH on 100/120 mesh Gas- 
Chrom Q operated at 235'; detector temperature 
248'; injector temperature 240"; nitrogen at 70 
ml. /mix 


The liquid-liquid partition chromatographic 
columns containing buffered ion-pair formers were 
19 mm. x 300 cm. and were equipped with Teflon 
stopcocks. The liquid level for the mobile phase 
was maintained constant by using a reservoir with 
a distended capillary tube placed approximately 
5 cm. into the column. 


Tapered centrifuge tubes with a capillary tip 
about 2 mm. internal diameter capable of containing 
a volume of 15 ml. were scored at 50 pl. 


Chemicals and Reagents 
All chemicals and reagents were analytical reagent 


grade unless otherwise indicated. Polyethylene 
glycol' and diatomaceous eartha were obtained from 
Applied Sciences Labs, and Johns-Manville, respec- 
tively; chlorpheniramine maleate was supplied by 
Schering Corp. ; N-desdimethylchlorpheniramine and 
N-desmonomethylchlorpheniramine were furnished 
by Smith, Kline & French. 


General Procedure for Preparation of Liquid- 
Liquid Chromatographic Columns-To 10 g. of 
diatomaceous earth 12 ml. of buffered anion solution 
was added and mixed well until the diato- 
maceous earth appeared uniformly wet and homoge- 
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FOR CHLORPHENIRAMINE ION PAIRS AT 1 M CHCIs 
CONCENTRATION 


TABLE I-COMPARISON OF EXTRACTION CONSTANTS 


Ks = P C a  /[X-1 
(1 +'&Ks) 


1 Carpowax 20M, Applied Science Labs, State College, Pa. 
2 Celtte 545, Johns-Manville, New York, N. Y. 


Peduorohexanoic acid 10 
Trifluoroacetic acid 2.1 x lo-' 
Bromide 1.4 X 10" 


neous. Enough water-saturated chloroform was 
added to  thoroughly wet the diatomaceous earth, 
and portions were added to the chromatographic 
column containing a small pledget of silanized glass 
wool and about 10 ml. of chloroform. Using a 
suitable length of glass dowling, the diatomaceous 
earth was thoroughly homogenized and tamped 
gently, but firmly. Subsequent to packing, about 
150 ml. of water-saturated chloroform was passed 
through the column to remove impurities. The flow 
rate was maintained constant at 2 drops/sec. 


General Procedure for Recovery Studies of 
Chlorpheniramine and Its Metabolites from Urine- 
All glassware used in this study was treated with 
hydrophobic monomers3 to  eliminate possible 
drug adsorption. The hydrophobic monomers were 
freely applied and the glass allowed to air dry. 
Following a chloroform rinse, the glass surface 
was rinsed with ethyl ether and allowed to dry. 


T o  25 ml. of urine contained in a 50-ml. glass- 
stoppered centrifuge tube, 25 mcg. (1 p.p.m.) of drug 
was added. The solution was brought to a pH of 10 
with 6 M NaOH and extracted with three 15-ml. 
portions of anhydrous ethyl ether. The solution 
was centrifuged and the ether layer withdrawn and 
collected in a beaker containing 500 mg. of diato- 
maceous earth. The hydrochloride salt of the 
drug was formed by bubbling in HCl gas prior to  
volatilization of the ether under nitrogen gas. 
Five-tenths milliliter of 6 M NaOH was added fol- 
lowed by quantitative transfer to  the liquid partition 
column. The beaker was dry rinsed with an addi- 
tional 200 mg. of diatomaceous earth, the rinsings 
added to  the column, and the column tamped. 


The drug was eluted with the appropriate chloro- 
form phase and the eluate collected in a round-bot- 
tom flask. The chloroform was slowly evaporated 
under nitrogen at room temperature to about 10 ml. 
and quantitatively transferred to a 15-ml. tapered 
tube. After evaporating the chloroform nearly to  
dryness, the residue was dissolved in dimethyl- 
formamide and diluted to the 50-pl. mark with di- 
methylformamide. A 2-p1. aliquot was injected onto 
the polyethylene glycol-KOH column and the area 
corresponding to the drug compared against a suit- 
able standard solution in dimethylformamide. 


RESULTS AND DISCUSSION 


It has been established that chloropheniramine 
formed ion pairs whose extraction constants varied 
depending upon the anion employed (2). Table I 
lists a comparison of the extraction constants for 
chloropheniramine obtained in this study and by 
Higuchi and Kato. Because the metabolites of 
chlorpheniramine are secondary and primary amines, 
their extraction constants into chloroform should be 


* Desicote, Beckman Instruments, Inc., Fullerton, Calif. 
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TABLE 11-EFFECT OF VARIOUS ANIONS ON THE 


C O L U ~  CHROMATOGRAPHIC SEPARATION OF 
CHLORPHENIRAMINE AND ITS DEMETHYLATED 


METABOLITES 


% Eluted' 
Desmon+ 
methyl- 


Chlor- chlor- 
phenir- phenir- 
amine amine 


Perfluorohexanoic acid, 0.25 M 
Fraction 


1 100 100 
2 


Trifluoroacetic acid, 0.25 M 
Fraction 


1 100 85 
2 d 15 
3 - - 


Sodium bromide, 0.25 M 
Fraction 


1 80 - 
2 20 


22 3 
60 4 - 
15 5 
3 6 


- 
- 
- 
- 


2087 


a N-desdimethyl chlorpheniramine was not eluted under 
these conditions. Dashes indicate no detectable drug. 


different enough from chlorpheniramine to  allow 
separation of the amines from one another. 


Liquid-liquid partition columns containing 0.25 
M perfluorohexanoic acid, trifluoroacetic acid, and 
sodium bromide in 0.01 M citrate buffer at pH 3.5 
were prepared, and 0.5 mg. each of the amines was 
eluted from individual columns using water-satu- 
rated chloroform as eluate. Twenty-five-milliliter 
fractions were collected and determined spectro- 
photometrically from 300-250 mp. The results of 
this experiment are presented in Table 11. It can 
be seen that only the bromide column effectively 
separated each of the amines. An examination of 
Table I will reveal a difference of almost 10' in the 
extraction constants for chlorpheniramine using 
perfluorohexanoic anion and bromide anion as 
ion-pair formers. The same differences could be 
anticipated for ion pairs of the metabolites. How- 
ever, if the partition coefficients of all three amine- 
ion pairs into chloroform were high, regardless of 
their individual differences in magnitude, then it 
would be difficult to separate them effectively on a 
partition column since all three would be eluted 
rapidly. To  further illustrate this point, Table I11 
exhibits the results of an experiment in which par- 
tition columns containing 1 M ,  0.5 M, and 0.25 M 
bromide ion were prepared, buffered as before. It 
would be expected that  the magnitudes of the parti- 
tion coefficients for the amines from 1 M bromide to  
0.25 M bromide would be considerably less than 106, 
yet only 0.25 M bromide effectively separated 
chlorpheniramine from its secondary metabolite. 
Consequently, anion polarizability as well as con- 
centrAtion are factors that contribute to separation. 
The primary metabolite was not eluted from any of 
the columns. 


In an attempt to explain the lack of elution of the 
N-desdimethyl metabolite, it  was suggested that the 
compound either did not form an ion pair or was so 


TABLE 111-EFFECT OF VARYING BROMIDE ANION 
CONCENTRATION ON THE COLUMN CHROMATOGRAPHIC 


SEPARATION OF CHLORPHENIRAMINE AND ITS 
DEMETHYLATED METABOLITES 


% Eluted' 
Desmono- 


methyl- 
Chor- chlor- 


phefir- phepir- 
amine amine 


Sodium bromide, 1 M 
Fraction 


1 
2 
" 
6 


Sodium bromide, 0.50 M 
Fraction 


1 
1 
2 
3 
4 


Sodium bromide, 0.25 M 
Fraction 


6 


100 
-b 
- 


99 
1 


80 
20 


55 
45 - 


30 
65 
5 - 


22 
60 
15 
3 


a N-Desdimethylchlorpheniramine was not eluted under 
these conditions. Dashes indicate no detectable drug. 


strongly adsorbed to the diatomaceous earth that  
even though an ion pair was formed, it was not 
eluted. Partition coefficients were determined for 
chlorpheniramine and its metabolites using equal 
volumes of mutually saturated p H  3.5, 0.25 M 
bromide in 0.01 M citrate buffer, and chloroform. 
The data, tabulated in Table IV, indicate that al- 
though the primary metabolite formed an ion pair 
with bromide with a partition coefficient close to  
that of the secondary amine, the more polar, basic 
primary metabolite was probably adsorbed by the 
diatomaceous earth during column separation. 


Chloroform saturated with ammonia was used to  
elute N-desdimethylchlorpheniramine which was 
found between the fourth and tenth 25ml. frac- 
tions. 


Table V illustrates the complete separation as well 
as quantitative and reproducible results obtained for 
elution of 500 mcg. each of the amines from the 0.25 
M bromide partition column. Eluting with water- 
saturated chloroform, the first 35 ml. containing 
only chlorpheniramine was determined spectro- 
photometrically and the percent recovery of chlor- 
pheniramine calculated. In a similar manner, the 
next 150 ml. of eluate containing only the secondary 
metabolite was collected in 25ml. fractions, and the 
recovery of N-desmonomethylchlorpheniramine cal- 
culated. 


TABLE IV-PARTITION COEFFICIENTS USING 0.25 M 


PAIRS OF CHMRPHENIRAMINE AND ITS METABOLITES 
BROMIDE ION IN 0.01 M CITRATE, pH 3.5 OF ION 


Tertiary Secondary Primary 
Amine Amine Amine 


1 . 5005 0.280" 0 .  193a 


Corrected for free base extraction. 
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TABLE VI-RECOVERIES OF CHLORPHENIRAMINE 
AND ITS METABOLITES AT 1 p.p.m. FROM URINE 


Chlorpheniramine. Secondary Primary 
% Metabolite, % Metabolite, % 


T A B L E  V-RECOVERIES OF AMINES FROM BROMIDE- 
PARTITION COLUMN 


Trial 3 O  Amine. %, 2O Amine, %, 1' Amine. %, 


1 100.0 99.7 100.0 
2 100.0 99.7 100.0 
3 100.1 100.1 100.1 
4 100.0 100.0 99.7 
5 100.1 100.1 99.9 


The eluent was changed to ammonia-saturated 
chloroform, the first 75 ml. discarded, and the fol- 
lowing 175 ml. containing only N-desdimethylchlor- 
pheniramine collected in 25ml. fractions. The per- 
cent recovery of the primary metabolite was cal- 
culated from spectrophotometric data. 


80 


60-  


B 


e 


u) 


E 
L 


40- 
W 


W - 3 
= 20- 


I t I 


15 75 135 195 255 


RETENTION TIME, see. 


Fig. 1-Chlorpheniramine and its demethylated 
metabolites, 2 mcg. in dimethylformamide. Column: 
Gas-Chrom Q ~ i t h 2 . 5 7 ~  KOH, 2% polyethylene glycol. 
Nitrogen $ow rate 70 ml./min. Injector 240", column 
235", and detector 248'. Attenuation as noted on plot. 


P 


CONCN.. mw./&l. 


Fig. 2-Detector response for chlorpheniramine and its 
metabolites. Key: - , chlorpheniramine maleate; 
- - -, N-desmonomethylchlorpkeniramine; - - -, N- 


desdimethylchlorph.eniramine. 


97.6 96.3 97.6 


Recovery of microgram quantities of the drug and 
its metabolites from urine necessitated the need for 
a sensitive method of detection. Gas chromatog- 
raphy was chosen. However, since the analytical 
method itself is specific, any sensitive, nonselective 
means of determination would be suitable. Figure 
1 illustrates the symmetrical peaks obtained for 2 
mcg. of chlorpheniramine and its metabolites in 
dimethylformamide on the polyethylene glycol 
-KOH column. For chlorpheniramine, 2,500 
theoretical plates were calculated, 3,010 for the 
secondary metabolite, and 2,580 for the primary 
metabolite. The linear flame-ionization response 
for the amines is illustrated in Fig. 2. 


Recovery studies were next initiated a t  the 1- 
p.p.m. level from urine. Aqueous solutions of chlor- 
pheniramine and its metabolites were prepared and 
25 mcg. of each drug added to 25 ml. of urine. Dur- 
ing evaporation of the ether extract under nitrogen 
gas, an all-glass system was used to eliminate con- 
tamination of the sample with plasticizer. Loss of 
the secondary and primary amines as free bases from 
ethereal solution was eliminated by forming hydro- 
chloride salts. Further, since the primary metabo- 
lite was eluted from the bromide partition column 
as a free base, the hydrochloride salt of the drug was 
formed in the chloroform solution prior to volatiliza- 
tion. Table VI exhibits the quantitative and 
reproducible recoveries of chlorpheniramine and its 
metabolites from urine. 


CONCLUSIONS 


In the present study, an attempt has been made, 
using chlorpheniramine as a model drug undergoing 
N-demethylation, to  evaluate the feasibility of using 
ion-pair formation as a method to  selectively sepa- 
rate the drug from its metabolites. In this investi- 
gation the selectivity of various anions on the column 
chromatographic separation of chlorpheniramine 
and its demethylated metabolites was studied. On 
the basis of the studies described, a general method 
for selectively separating N-demethylated metabo- 
lized drugs and their metabolites is proposed. 
The method offers the advantage of complete isola- 
tion of all components prior to  determination, per- 
mitting a nonselective means of analysis. 
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Comparative Effects of Chlorpromazine 
Hydrochloride and Quaternary Chlorpromazine 


Hydrochloride on the Central Nervous Systems of 
Rats and Mice 


By N. WATZMAN*, A. A. MANIANI, H. BARRY, 111, and  J. P. BUCKLEY 


The effects of quaternary chlorpromazine HC1 (QCPZ) and the tertiary parent com- 
pound chlorpromazine hydrochloride (CPZ) on the central nervous system were 
investigated in male rats and mice. CPZ was much more potent than QCPZ in in- 
ducing depressant effects on spontaneous activity of mice, forced motor activity of 
r?ts, continuous shock avoidance of rats, and potentiation of hexobarbital sleeping 
ume in mice. Neither compound significantly altered the threshold of convulsive 
seizures induced by either pentylenetetrazol or strychnine. Although quaternization 
of the CPZ molecule at the terminal side chain nitrogen produced a decrease in central 
nervous system activity, the resulting compound was much more toxic than CPZ. 


HE QUATERNIZATION of chlorpromazine (CPZ) T by introducing a functional 14C-methyl 
group into the terminal side chain nitrogen pro- 
vides a highly sensitive and convenient method 
for the quantitative analysis of minute amounts of 
this compound and some of its metabolites in 
human blood plasma (1). Quaternary am- 
monium compound formation, in all likelihood, 
could also be used for determining plasma levels of 
other psychoactive amines employed in the treat- 
ment of the mentally ill. 


Scientific literature discloses two references to 
biological information on this quaternary com- 
pound.' The first appears in a summary of an 
investigation by Seeman (2) on in vitro membrane 
stabilization by the phenothiazines, and the other 


by Fog et al. (3) describing the effects of quater- 
nary phenothiazines administered via intracere- 
bral injection in rats. Some quaternary pheno- 
thiazines such as 10-(a-dimethylamino-propi- 
onyl) -phenothiazine methobromide* (4, 5) have 
anticholinergic and ganglion-blocking actions 
while others such as 1-( 10-phenothiazinylmethy1)- 
ethyl-2-hydroxyethyldimethyl ammonium chlo- 
rides (6-9) possess antihistaminic activity. Ex- 
cellent review articles on the chemistry and 
pharmacologic actions of quaternary ammonium 
compounds, in general, have been presented by 
Cavallito and Gray (10) and D'Arcy and Taylor 


This current study was undertaken to investi- 
gate the comparative pharmacologic activity of 
the auaternarv chlormomazine. 1- (2-chloro-10- 


(11, 12). 
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at 4 r.p.m. during the first 30 sec. of each trial, at 6 
r.p.m. during the next 30 sec., and at progressively 
increasing speeds thereafter at 30-sec. intervals until 
the animals fell off. Six animals, tested simul- 
taneously, were given 10 trials, with two spaced 
several hours apart on each of 5 consecutive days. 
The tenth trial was preceded at an interval of 1 hr. by 
the administration of saline or one of three doses of 
either compound (1, 2, and 4 mg./kg.). The use of 
eight groups of six animals provided a total of 48 test 
subjects with 12 animals per dose level, including the 
saline group. The animals tested simultaneously 
included each of the four dosage conditions; each 
dose was tested an equal number of times in each of 
the six rod positions in a factorial design. The drug 
or placebo effects for each animal were computed as 
the ratio of performance time on the tenth trial 
divided by performance time on the ninth trial. A 
second experiment was performed with QCPZ only, 
using 6.25, 12.5, and 25 mg./kg. 
Continuous Shock Avoidance-Standard operant- 


conditioning chambers (Lehigh Valley Electronics, 
Inc., Fogelsville, Pa.), each with two levers on one 
wall, were used for a two-lever continuous shock- 
avoidance task with a separate shock-escape re- 
sponse. Painful electric shocks (250 v. a.c. through a 
series resistance of 150,000 ohms) were programmed 
to be delivered on the grid floor for a duration of 2 
sec. with a Bsec. interval between shocks. A press 
on one lever (Escape) terminated the shock, initiat- 
ing the Bsec. S S  interval. Each press on the other 
lever (Avoidance), provided the shock was not cur- 
rently on, initiated a longer, 20-se~. R-S interval 
until the next shock. Effects of the compounds were 
tested in 17 rats which had acquired a stable and 
proficient level of avoidance performance in more 
than 20 previous 3-hr. sessions. The test sessions 
were preceded at an interval of 1 hr. by injection of 
CPZ, QCPZ, or saline. Drug sessions alternated 
with saline sessions. The first two drug treatments 
were 2 mg./kg. CPZ and 2 mg./kg. QCPZ. Each of 
these treatments was given first to half the animals 
in order to  counterbalance the sequence. Subse- 
quent drug sessions consisted of progressively higher 
doses of QCPZ (4,8, and 16 mg./kg.). Eight of the 
animals were selected to receive additional doses of 
QCPZ (24, 32, and 48 mg./kg.) without intervening 
saline sessions. 


Hexobarbital Sleeping-Time Potentiation-A total 
of 40 mice was divided into four groups of 10 animals 
each; three groups received 4, 8, or 16 mg./kg. 
QCPZ 1 hr. prior to the intraperitoneal administra- 
tion of 100 mg./kg. of hexobarbital; the last group 
received 100 mg./kg. hexobarbital only. The same 
drug regimen was used for CPZ, except that only the 
two lowest doses (4 and 8 mg./kg.) were adminis- 
tered. Sleeping times for the animals of all groups 
were recorded as the interval between the loss and 
return of righting reflex. The criteria for the loss 
and return of the reflex are defined as the inability 
and ability, respectively, of the animal t o  right itself 
within 5 sec. in three successive trials when placed 
on its back. The trials were arbitrarily terminated 3 
hr. after the loss of righting reflex if the animals con- 
tinued to sleep. 


Pentylenetetrazol Antagonism-The protection of 
mice from tonic convulsions and death produced by 
pentylenetetrazol was studied in the following man- 
ner. A total of 77 male albino mice was divided into 


METHODS 


Subjects-Male albino mice (Swiss-Webster) 
and rats (Wistar descendant) were supplied by Hill- 
top Laboratory Animals, Inc., Scottdale, Pa. 
Drug Administration-Both QCPZ and CPZ 


were injected intraperitoneally in an isotonic saline 
solution of 0.1 ml./g. for mice or 1.0 ml./kg. for rats. 
The same volume of the isotonic saline served as the 
placebo. 


Gross Behavior-QCPZ was evaluated by a 
gross-obsetvation rating scale which reflects qualita- 
tive drug effects on gross behavior. The scale is 
divided into four major drug actions: (a) stimula- 
tion, (b) depression, (c)  autonomic activity, (d) 
reflexes and tone. Each of these actions is, in turn, 
subdivided into component characteristic responses; 
for example, motor activity and body tremors are 
two of the components of stimulation. Each trial 
consisted of the observation of a drug-treated animal 
simultaneously with a nontreated one. Items on the 
scale were checked 15,30,60, 120, and 240 min. after 
drug administration, so that the time course of the 
drug effect might be ascertained. QCPZ was admin- 
istered intraperitoneally to  two to six rats and mice a t  
each dose level, ranging from 6.25 to 100 mg./kg. 
The effects of CPZ, in comparable doses, were ob- 
served in the rats used in the spontaneous activity 
test and in the mice used in the hexobarbital poten- 
tiation test. In addition, the 72-hr. LDw was deter- 
mined for both compounds, with 12-14 mice at each 
dose level. Toxic doses of QCPZ were also tested 
in a small number of rats. 


Spontaneous Motor Activity-The effect of 
both compounds on the spontaneous motor activity 
of rats was measured in four photocell activity cages 
(Actophotometer, Metro Industries, Inc., New York, 
N. Y.). A single animal was placed in each phot- 
cell cage 1 hr. after drug administration and counts 
were recorded every 15 min. for a total of 1 hr. The 
doses were selected from the data obtained in the 
gross-observation studies. Animals tested simulta- 
neously were administered saline, 1,2, and 4 mg./kg. 
in one experiment, and saline, 6.25, 12.5, and 25.0 
mg./kg. in the other experiment. Each dose was 
tested in a factorial design in each of the four activity 
cages in order to  negate the differences in sensitivity 
among the units. This design, requiring 16 animals, 
was replicated once so that a total of 32 animals was 
tested for each compound (eight animals per dose 
level, including saline). The EDm of each com- 
pound, defined as the dose which decreased the level 
of performance to 50% of the control scores, was 
calculated according to the method of Miller and 
Tainter (13). 


Forced Motor Activity-The effects of the two 
compounds on forced motor activity of mice were 
compared on a rotarod, 5.08 cm. (2 in.) in diameter. 
The procedure was similar to  that described by 
Watzman and Barry (14): the wooden rod rotated 
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four treatment groups: the first five of these (10 
mice each) received 4 mg./kg. CPZ or QCPZ, 8 
mg./kg. CPZ or QCPZ and saline, respectively, 1 hr. 
prior to the subcutaneous administration of 100 
mg./kg. pentylenetetrazol; the last three groups 
(nine animals) received 16 mg./kg. CPZ or QCPZ 
and saline, respectively, 1 hr. prior to the administra- 
tion of pentylenetetrazol. Protection from convul- 
sions was indicated if tonic extension of the hind 
limbs for 5 sec. or longer did not occur. Time of 
convulsions and onset of death were recorded for each 
animal. 


Strychnine Antagonism-The same procedure and 
same number of animals as for pentylenetetrazol 
antagonism were used except that strychnine (2 
mg./kg., i.p.) was the convulsant employed. The 
highest dose level (16 mg./kg.) of both CPZ and 
QCPZ was tested simultaneously on a different day 
than the two lower dose levels, thus requiring a sepa- 
rate control group (saline). 


RESULTS 


Gross Behavior-The onset of action of QCPZ 
usually occurred within 15 min. in mice and 30 min. 
in rats. Minimal depression was produced in rats 
by doses of 6.25,12.5, and 25.0 mg./kg. and consisted 
of decreased motor activity, decreased irritability, 
and decreased startle response with no signs of auto- 
nomic effects or effects on reflexes and tone. Mice, 
however, did not display central nervous system 
depression, but autonomic activity was indicated by 
exophthalmos, mydriasis, and increased urination. 
Both mice and rats treated with the same doses of 
CPZ were so profoundly depressed that they did not 
move even when prodded. 


Toxic effects of QCPZ were noted in doses ranging 
from 30-100 mg./kg. These effects usually con- 
sisted of ataxia and labored respiration. Death 
usually occurred within 5 min. in mice, which was 
much quicker than in rats. The 72-hr. LDm in mice 
was 170 f 69 mg./kg. for CPZ and 35.5 f 2.1 
mg./kg. for QCPZ. A lethal effect of QCPZ oc- 
curred in one of two rats after 30 mg./kg. and in 
three of four rats after 100 mg./kg. The LDm for 
CPZ injected intraperitoneally was 115 mg./kg. for 
mice and 85 mg./kg. for rats in one prior study (15) 
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Fig. 1-Comparative effects of chlorpromazine hydro- 
chloride and quaternury chlorpromaaine hydrochloride 
on the spontaneous activity of rats. Key: Q - -0, 


QCPZ; 0-0, CPZ. 
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Fig. 2-Comparative effects of chlorpromazine hydro- 
chloride and quaternary chlorpromazine hydrochloride 
on rotarod performance of mice. Key:  0. - -0, QCPZ; 


0-0; CPZ. 


and 215 mg./kg. for mice and 150 mg./kg. for rats in 
another prior study (16). The LDm values of the 
present study are similar for CPZ but much lower for 
QCPZ. 


Spontaneous Motor Activity-Figure 1 shows the 
comparative effects of CPZ and QCPZ on sponta- 
neous activity of rats in two separate experiments. 
In both the lower and higher dose ranges, CPZ d e  
creased activity to a greater degree. The EDm 
values were 12.0 mg./kg. for QCPZ and 4.3 mg./kg. 
for CPZ. Thus QCPZ appears to have much less 
potency than CPZ. 


Forced Motor Activity-Figure 2 shows the 
comparative effects of CPZ and QCPZ on the rotarod 
performance times of mice. In doses of 1, 2, and 4 
mg./kg., CPZ clearly decreased motor coordination, 
whereas QCPZ had no reliable inhibiting effect. In 
the second experiment, higher doses of 6.25, 12.5, 
and 25 mg./kg. QCPZ likewise had no reliable inhibi- 
tory effect. In this test of forced motor activity, the 
EDm for CPZ was 2.8 i 1.1 mg./kg., whereas the 
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Fig. 3-Cmparative effects of chlorpromuzine hydro- 
chloride and quaternary chlorpromazine hydrochloride 
pn continuous shock avoidance by rats. Key:  ea, 


QCPZ; 0-0, CPZ. 
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TABLE I-COMPARATIVE EFFECTS OF QUATERNARY CHLORPROMAZINE HCl AND 
CHLORPROMAZINE HCl ON THE HEXOBARBITAL SLEEPING TIME OF MICE IN MINUTES 


QCPZ cpz 
Mouse No. Control" 4b 86 16 Control" , 4 8 b  


1 50 100 32 77 17 101 172 
2 41 94 135 82 21 95 180+ 
3 34 155 23 101 - 89 180+ 


6 56 90 76 82 54 161 127 
7 48 155 60 33 25 116 167 
8 56 126 67 66 45 97 126 
9 56 93 66 77 23 111 140 


4 46 151 65 41 33 117 180+ 
5 41 109 70 84 40 119 180+ 


10, 78 143 40 90 35 157 180+ 
X 50.6 121.6 63.4 73.3 32.6 116.3 163.2 
f SE 3 . 8  8.7 9 . 7  6 . 7  4 . 1  7.8 7 . 3  70 (incr.) - 142.0 25.3 45.0 - 256.7 400.6 
= hexobarbital (100 mg./kg. i.p.) only. = mg./kg. 


ED50 for QCPZ could not be determined but was 
definitely above 25 mg./kg. 


Continuous Shock Avoidance- Figure 3 shows 
the rate of shock avoidances for the entire 3-hr. ses- 
sion in four placebo sessions averaged together and 
after CPZ (2 mg./kg.) and QCPZ (2, 4, 8, and 16 
mg./kg.). Performance was decreased to  46% of 
the control rate by 2 mg./kg. CPZ, whereas a reliable 
effect of QCPZ was found only at 16 mg./kg., with 
performance at 707, of the control rate. A precise 
ED50 could not be determined for CPZ because of the 
single dose used, but appears to be less than 2 mg./ 
kg., in agreement with previous reports that shock 
avoidance is impaired by low doses of this compound 
(17). The ED50 for QCPZ could not be determined 
but appears to  be greater than 16 mg./kg. Evi- 
dence for severe toxicity of QCPZ a t  16 mg./kg. was 
found in that five of the 17 animals died within 24 hr. 
after this dose. Among the eight animals tested 
with higher doses of QCPZ, two died within 4 hr. 
after 32 mg./kg. and three within 4 hr. after 48 mg./ 
kg. In spite of these lethal effects in the majority of 
animals, no consistent performance decrement was 
found in the survivors, even at 48 mg./kg. 


Hexobarbital Sleeping-Time Potentiation-Table I 
shows the comparative effects of CPZ and QCPZ on 
the hexobarhital sleeping times of mice. CPZ, 8 
mg./kg., prolonged average sleeping time almost to  
the maximum of 180 min., whereas QCPZ was much 
less effective and the responses were not dose related. 


Pentylenetetrazol Antagonism-Pentylenetetrazol 
produced both clonic and tonic convulsions, the 
former occurring approximately 3-5 min. after injec- 
tion, whereas tonic extension of the hind limbs and 
arching of the back began approximately 10 min. 
after administration. Death usually occurred im- 
mediately following the tonic seizures. Neither 
CPZ nor QCPZ had any statistically significant 
effects, but only seven of the ten animals convulsed 
after 8 mg./kg. of QCPZ, and there was a slight in- 
crease in the time before death after 4 and 8 mg./kg. 
of CPZ. 


Strychnine Antagonism-Strychnine produced 
seizures in the form of tonic extension of the hind 
legs and arching of the back about 3-7 min. after 
administration, usually followed by death. CPZ 
and QCPZ had almost exactly the same effects as in 
the peritylenetetrazol test; only seven of the nine 
animals convulsed after 16 mg./kg. QCPZ. whereas all 


nine control animals convulsed, and CPZ showed 
slight evidence of increasing the time of onset before 
convulsions or before death. None of these effects 
of QCPZ or CPZ was statistically reliable. 


DISCUSSION AND CONCLUSION 


QCPZ and CPZ were studied in a battery of tests 
designed to  compare their effects on the central ner- 
vous system. The tests were: gross behavior, 
spontaneous motor activity, forced motor activity, 
continuous shock avoidance, hexobarbital sleeping- 
time potentiation, and pentylenetetrazol and strych- 
nine antagonism. In  each of the first five tests, 
CPZ clearly appeared to  be the more potent com- 
pound, although the LDeo was much higher for CPZ 
than for QCPZ. In the gross-observation experi- 
ments, both compounds produced a sedative profile 
in doses ranging from 1-25 mg./kg. CPZ produced 
generalized depression to  a large degree, whereas 
QCPZ-induced depression was minimal. From the 
standpoint of the central nervous system activity of 
QCPZ, the EDw and doses producing minimal de- 
pression are close to the lethal dose range, so that the 
theoretical therapeutic index is much smaller than 
that of CPZ. Both compounds potentiated hexo- 
barbital sleeping times with CPZ producing the 
greater effect. However, neither compound pro- 
tected the test animals from death due to strychnine 
or pentylenetetrazol. The data suggest that QCPZ, 
in common with 1-( 10-phenothiazinylmethy1)-ethyl- 
2-hydroxyethyldimethyl ammonium chloride (9), 
fails to  penetrate the blood-brain barrier to  an ap- 
preciable degree. Therefore, the effect of low doses 
of CPZ on various measures of performance, 
especially shock avoidance (17), can be attributed to 
the central rather than peripheral actions of CPZ. 


In conclusion, quaternization of the CPZ molecule 
a t  the terminal side chain nitrogen produces a 
marked increase in toxicity and a decrease in central 
nervous system activity. 
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Interaction of Methyl and Propyl Parabens 
with Selected Sucrose Esters 


By CARLOS VALDEZ, EUGENE I. ISAACSON, 
and FRANK P. COSGROVE* 


The interaction of methyl and propyl p-hydroxybenzoates with two sucrose esters, su- 
crose monotallowate and sucrose monococoate, was studied at different temperatures 
and concentrations of the sucrose ester by the solubility method. As ects of the 
qualitative and quantitative nature of the interaction are reported a n f a  possible 
mechanism of interaction based on hydrogen and hydrophobic bonding is proposed. 
Predictive effects on preservative activity due to intermolecular association were tested 


by microbiologic studies. 


UMEROUS REPORTS in recent years have noted N the inactivation of various preservatives in 
the presence of surface-active agents commonly 
employed in pharmaceutical preparations (1-11). 
Examples which have been frequently cited are 
the inhibition of preservative activity of phenolic 
compounds in the presence of polyether deriva- 
tives of fatty acid esters. 


The introduction, in 1956, of a novel series of 
nonionic surfactants, the fatty acid esters of 
sucrose, and their proposed use in forming 
emulsion bases and as dispersing agents in phar- 
maceutical suspensions warrants a consideration 
of their possible interaction with preservatives 
commonly used in such systems. A previous 
investigation by Blaug and Ebersman (12) using 
the dialysis method revealed evidence of inter- 
action between fatty acid mono and diesters of 
sucrose and fatty acid monoesters of propoxy- 
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lated sucrose and derivatives of benzoic acid. 
The present study employs the solubility method 
to investigate the interaction between methyl and 
propyl p-hydroxybenzoates with sucrose mono- 
tallowate and sucrose monococoate. The effect 
of elevation of temperature and change of con- 
centration of surfactant on the association is 
considered. Microbiologic studies have been 
designed so as to  permit a direct correlation of 
preservative activity and the degree of binding 
of the preservative. 


EXPERIMENTAL. 


Materials-Recrystallized methyl p-hydroxy- 
benzoate, m.p. 124-126O; recrystallized propyl 
p-hydroxybenzoate, m.p. 95-96', Eastman Organic 
Chemicals; sucrose monotallowate; sucrose mono- 
cocoate, Sucro-Chemical Division, Colonial Sugar 
Co., Gramercy, La. 
Solubility Method-The interaction of methyl 


and propyl parabens with sucrose monotallowate 
and sucrose monococoate was studied at different 
concentrations and temperatures according to the 
Higuchi and Zuck (13-15) solubility method. 
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compounds in the presence of polyether deriva- 
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The introduction, in 1956, of a novel series of 
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sucrose, and their proposed use in forming 
emulsion bases and as dispersing agents in phar- 
maceutical suspensions warrants a consideration 
of their possible interaction with preservatives 
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Fig. 1-Ratio R (total methyl paraben to free methyl 
paraben) as a function of the concentration of sucrose 
monotallowate (SET-I) at 30" and 40". Slope 30°,  


0.232; slope 40°,  0.154. 


Quantities (0.5000 g.) of the parabens were weighed 
and placed in 100-ml. volumetric flasks together 
with 50 ml. of varying concentrations of the sucrose 
ester. The stoppered flasks were placed in a me- 
chanical shaker in a constant-temperature bath. The 
shaking time for each reaction was determined 
beforehand from equilibration studies. After equil- 
ibration, 1-ml. volumetric pipets, the tips wrapped 
with Whatman No. 1 filter paper, were used to 
remove aliquot quantities free from excess solid para- 
ben. After appropriate dilution, samples were 
assayed for paraben content using the spectropho- 
tometer (Beckman DB) at a wavelength of 255 mp. 


Interaction of Methyl Paraben with Sucrose 
Esters-Data obtained in this study were plotted 
so as to  show the value R, the ratio of total paraben 
to  unbound paraben, as a function of the concentra- 
tion of the sucrose ester. The degree of association 
between the reactants can be seen from the diagrams 
(Figs. 14). 


A study of Figs. 1 and 2 indicates that the solubility 
of methyl paraben at 30" increases with an increase 
in macromolecular concentration in the range of 
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Fig. ,?-Ratio R (total methyl paraben to free methyl 
paraben) as a function of the concentration of sucrose 
monococoate (SEC-I) at 30' and 40". Slope 30°,  


0.238; slope 40", 0.189. 
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SET- I I %(w/v) 


Fig. 3-Ratio R (total propyl Maruben to free propyl 
paraben) as a function of the concentration o sucrose 
monotallowate at 30' and 40'. Slope 30{ 2.148; 


slope a", 1.818. 


0.054.EQ~o surfactant. An almost identical in- 
crease in paraben solubility is noted in the sucrose 
monotallowate and sucrose monococoate solutions, 
although the surfactants differ in the range of 4-5 
carbon atoms in their fatty acid moieties. This in- 
crease in solubility is attributable to  the formation of 
a soluble complex which continues to form without 
reaching a saturation point in the range studied. 


Examination of the slope values for similar 
studies at 40' indicates that at the elevated temper- 
ature, the solubility of the parabens diminishes 
somewhat from that expected with a 10" temper- 
ature rise. 


Interaction of Propyl Paraben with Sucrose 
Esters-It is evident that propyl paraben exhibits a 
greater solubilizing tendency with sucrose monotal- 
lowate and sucrose monococoate than was demon- 
strated by the methyl ester. A greater than twofold 
increase in the solubility of propyl paraben at 30' is 
noted in the presence of 0.5% sucrose monotal- 
lowate and O.5y0 sucrose monococoate solutions. 
At 40°, the propyl paraben exhibited a similar 
diminished solubility compared to that shown by 
the methyl paraben. It may be observed that, in 
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Fig. 4-Ratio it (total propyl paraben to free propyl 
puraben) as a function of the concentration of sucrose 
monococoate at 30" and 40". Slope 30°, 2.075; 


slope 40° ,  1.969. 
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general, the solubility which the parabens exhibit in 
the presence of the sucrose esters increases with the 
molecular weight of the parabens. This phenome- 
non has been reported for the interaction of methyl, 
ethyl, propyl, and butyl parabens with the poly- 
oxyethylene ester type molecules (16). 


DISCUSSION 


The Nature of the Paraben-Surfactant Associa- 
tion-The exact nature of the paraben-surfactant 
association is not completely known. A number of 
forces have been implicated in other drug-macromol- 
ecule associations to account for the experimental 
data generally obtained (1, 17-21). In aqueous 
solutions the possibilities exist for hydrogen bonding 
both in the monomer and in the micellar states. 
I t  is possible to visualize that at the dilute con- 
centrations of surfactant employed in this study, 
paraben molecules may become incorporated within 
the micelles and associate through a combination of 
hydrogen and hydrophobic bonding to form a some- 
what stable complex. 


Binding sites on the hydrophilic portion of the 
sucrose ester are equivalent to a minimum of 10 
ethylene oxide groups based on watersolubility 
data for the oxygen molecules on the sucrose moiety 
(22). Results obtained by Blaug and Ebersman 
(12) and in this study indicate that the macromole- 
cules in question are appreciably less reactive than 
the polyoxyethylene sorbitan ester series because of 
the lack of ethylene oxide groups in the sucrose por- 
tion of the molecule. 


In accordance with the low order of association 
exhibited by methyl and propyl parabens with 
sucrose monotallowate and sucrose monococoate, the 
interaction is postulated to  involve primarily hy- 
drogen bonding forces and hydrophobic association. 
The negative center of the alcoholic hydroxyl of the 
surfactant is seen as competing for the proton of 
the phenolic hydroxyl of the paraben more favorably 
than the carbonyl oxygen of the paraben for the 
alcoholic hydroxyl hydrogen of the surfactant, al- 
though both interactions may occur. The inter- 
action tendencies at 30 and 40' indicate polar forces 
are operative since these are weakened with an 
increase in thermal energy. Additionally, how- 
ever, the small decrease in binding tendency with an 
increase in reaction temperature of 10' suggests that 
hydrophobic binding, which is not affected to a 
great extent by increasing thermal energy (lo), is 
also operative. That hydrophobic binding is oper- 
ative is supported by the fact that there is a pro- 
nounced increase in interaction in going from methyl 
paraben to the more nonpolar propyl paraben. 


MICROBIOLOGIC STUDIES 


Microorganisms-The organisms selected for 
these studies were Aerobuter aerogenes and Esche- 
richia coli. The strain of A .  aerogenes exhibited a 
more suitable growth rate in the simple medium 
used, however, and was solely used in the study. 


Culture Medium-A simple 10% dextrose solu- 
tion was selected and the strain of A .  aerogenes 
was adapted to it. The possibility of an interaction 
between propyl paraben and the medium was inves- 
tigated by determining the solubility of the paraben 
in the 10% dextrose solution at various concentra- 


TABLE I-INTERACTION OF PROPYL PARABEN AND 
SUCROSE MONOTALLOWATE AT 30' 


Concn. Total 
Concn. Paraben RU R" (Physical 


Set-I (w/v) (moles/l. X 10;) (Biologic) Chemical) 


0 2.11 1.00 1-00 
0 . 1  2.60 1.23 1.21 
0 . 3  3.52 1.67 1.63 
0 . 5  4.49 2.13 2.08 


R = Total paraben/free paraben. 


tions of sucrose monotallowate. R values obtained 
did not differ significantly from the aqueous solu- 
tions. 


Sterilization -The propyl paraben and sucrose 
monotallowate were found to be stable to autoclav- 
ing procedures used in this study. 


Influence of Sucrose Monotallowate on Growth- 
The presence of sucrose monotallowate in the cul- 
ture medium exhibited no detectible influence on 
the growth rate of A .  aerogenes. 


Procedure-Growth studies were carried out in 
sterile test tubes 25 X 150 mm. (Pyrex). Tubes 
containing 20 ml. of medium with the desired con- 
centration of sucrose monotallowate and paraben 
were inoculated with 0.2 ml. of a 72-hr. suspension of 
A .  aerogmes grown in plain 10% dextrose medium 
and standardized to a Klett reading of 100. Tubes 
were incubated a t  30". Growth was followed using 
a Klett-sUmmerson photoelectric colorimeter with a 
No. 42 blue filter. Turbidity measurements were 
made after 3 weeks and the minimum inhibitory 
concentration (M.I.C.) was determined by taking as 
the inhibitory concentration the range between the 
lowest paraben concentration not showing growth 
and the next lowest paraben concentration. 


Discussion-Data on the degree of binding ot 
the preservative by the surfactant may be used to 
predict preservative activity if the assumption is 
made that preservative activity is a function of the 
concentration of the free or unbound paraben. On 
this basis: 


M.I.C. (predicted) = R (M.I.C.) 


a t  any given concentration studied. 
In order t o  permit a direct correlation of preserva- 


tive activity in binding, propyl paraben and sucrose 
monotallowate were studied at 30' and the minimum 
inhibitory concentrations of propyl paraben were 
obtained for A. aerogenes in a control medium con- 
taining no sucrose monotallowate and in media 
containing several concentrations of sucrose mono- 
tallowate. 


The method is similar to that used by Pisano and 
Kostenbauder (7) to study the preservative activity 
of p-hydroxybenzoic acid esters in the presence of 
polyoxyethylene sorbitan monooleate. Table I 
illustrates the close correlation of binding data and 
preservative activity obtained by employing physi- 
cal chemical and biologic procedures. Microbio- 
logic studies reveal a loss in preservative activity of 
the propyl paraben in proportion to the degree of 
binding exhibited by the paraben in the presence of 
sucrose monotallowate. 
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Identification of Medicinal Barbiturates by 
Means of Mass Spectrometry 


By R. T. COUTTS and R. A. LOCOCK 


The mass spectra of the eight barbiturates most commonly prescribed in North 
America (amobarbital, barbital, butabarbital, mephobarbital, pentobarbital, phe- 
nobarbital, secobarbital, and thiopental) and, for comparison purposes, the 
spectra of butethal (butobarbitone B.P.) and itobarbital were recorded. The 
weakly acidic material present in capsules or tablets of four different barbi- 
turate-containing roducts was extracted into ether and the mass spectrum of each 
extract was recor&d. Evidence is presented that it is possible to identify positively 
individual barbiturates, and mixtures of barbiturates in pharmaceutical dosage forms, 
by means of mass spectrometry. The mass spectrum of phenacetin (present in one 


of the capsules studied) is discussed. 


HE MASS SPECTRA of various barbiturates of T medicinal importance (1) and other barbitu- 
rates (2) have been recorded and interpreted. 
The former study has revealed that under elec- 
tron impact, barbiturate molecules undergo 
fragmentations in characteristic manner and the 
formation of the major ions in their mass spectra 
has been explained. The data as they are pre- 
sented, however, do not permit easy differentia- 
tion between closely related structures. A posi- 
tive identification of a particular barbiturate, 
such as would be desirable in toxicology studies, 
would not be possible using the reported (1) 
data. 


The present study, therefore, was undertaken 
to determine whether it was possible to identify 
positively individual barbiturates, and to see 
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whether mixtures of barbiturates in pharmaceu- 
tical dosage forms could be determined quali- 
tatively, using mass spectrometry. 


EXPERIMENTAL 


Materials-Some of the barbiturates used in 
this study were purchased from the sources indi- 
cated: May and Baker (Canada) Ltd., Montreal 
(amobarbital, butethal, butabarbital, pentobarbital, 
and secobarbital); The British Drug Houses Ltd., 
London (barbital); Merck and Co., Ltd., Montreal 
(phenobarbital). The remainder were gifts from 
various drug houses.’ 


Isolation Procedure-Capsules-A portion (5  mg. ) 
of the capsule contents was dissolved or suspended 
in water (2 ml.), concentrated hydrochloric acid 
(0.1 ml.) was added, and the whole extracted with 
ether (2 X 5 ml.). The combined ether extracts 


1 Abbott Laboratories Ltd., Montreal (thiopental); C. E. 
Frosst and Co., Montreal (Twinbarb capsules); Eli Lilly 
and Co. (Canada) Ltd., Toronto (Tuinal capsules); A. H. 
Robins Company of Canada, Ltd., Montreal (Phenaphen 
capsules) ; Sandoz Pharmaceuticals, Dorval. Quebec (ito- 
barbital and Plexonal tablets) ; Winthrop Laboratories, 
Aurora, Ontario (mephobarbital). 
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The mass spectra of the eight barbiturates most commonly prescribed in North 
America (amobarbital, barbital, butabarbital, mephobarbital, pentobarbital, phe- 
nobarbital, secobarbital, and thiopental) and, for comparison purposes, the 
spectra of butethal (butobarbitone B.P.) and itobarbital were recorded. The 
weakly acidic material present in capsules or tablets of four different barbi- 
turate-containing roducts was extracted into ether and the mass spectrum of each 
extract was recor&d. Evidence is presented that it is possible to identify positively 
individual barbiturates, and mixtures of barbiturates in pharmaceutical dosage forms, 
by means of mass spectrometry. The mass spectrum of phenacetin (present in one 


of the capsules studied) is discussed. 


HE MASS SPECTRA of various barbiturates of T medicinal importance (1) and other barbitu- 
rates (2) have been recorded and interpreted. 
The former study has revealed that under elec- 
tron impact, barbiturate molecules undergo 
fragmentations in characteristic manner and the 
formation of the major ions in their mass spectra 
has been explained. The data as they are pre- 
sented, however, do not permit easy differentia- 
tion between closely related structures. A posi- 
tive identification of a particular barbiturate, 
such as would be desirable in toxicology studies, 
would not be possible using the reported (1) 
data. 


The present study, therefore, was undertaken 
to determine whether it was possible to identify 
positively individual barbiturates, and to see 
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whether mixtures of barbiturates in pharmaceu- 
tical dosage forms could be determined quali- 
tatively, using mass spectrometry. 


EXPERIMENTAL 


Materials-Some of the barbiturates used in 
this study were purchased from the sources indi- 
cated: May and Baker (Canada) Ltd., Montreal 
(amobarbital, butethal, butabarbital, pentobarbital, 
and secobarbital); The British Drug Houses Ltd., 
London (barbital); Merck and Co., Ltd., Montreal 
(phenobarbital). The remainder were gifts from 
various drug houses.’ 


Isolation Procedure-Capsules-A portion (5  mg. ) 
of the capsule contents was dissolved or suspended 
in water (2 ml.), concentrated hydrochloric acid 
(0.1 ml.) was added, and the whole extracted with 
ether (2 X 5 ml.). The combined ether extracts 


1 Abbott Laboratories Ltd., Montreal (thiopental); C. E. 
Frosst and Co., Montreal (Twinbarb capsules); Eli Lilly 
and Co. (Canada) Ltd., Toronto (Tuinal capsules); A. H. 
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Fig. I-Mass spectra of ( a )  barbital; ( b )  butabarbital; 
( c )  butethal; ( d )  pentobarbztal; and ( e )  amobarbital. 


was extracted with sodium bicarbonate solution 
(2 X 2 ml., discarded), washed with water (2 ml.), 
and dried ( NazSOa). The ether solution so obtained 
was used for mass spectrum determination. 


Tablets-A portion (10 mg.) of the powdered 
tablet was treated in the manner described for 
capsules. 


Mass Spectra-The mass spectra of the solids 
and ether extracts were determined using an A.E.I. 
M.S.9 instrument equipped with a heated inlet 
system operating at 150-170'. The electron beam 
energy was 70 ev. Samples were introduced by 
direct probe. Line spectra were drawn from the 
mass spectra and in each instance the most abun- 
dant ion was set at 100. Lines of relative abundance 
less than 2% were ignored in all figures except Fig. 
3. 


RESULTS AND DISCUSSION 


Many deliberate and accidental deaths can be attri- 
buted to barbiturate poisoning. Summaries of cases 
of poisoning have been published (3,4)and these have 
revealed that the vast majority of deaths are the 
result of ingestion of one or more of a relatively 
small number of barbiturates; amobarbital, bar- 
tital, butethal (butobarbitone), pentobarbital, 
phenobarbital, and secobarbital (quinalbarbitone) 
are the ones most commonly used. The mass spec- 
tra of these six barbiturates were recordcd. In 
addition, the spectra of three other barbiturates, 
which are present in a significant number of prepa- 
rations available in North America ( 5 )  were run. 
For comparison purposes, the spectrum of itobarbital 
was also recorded. Line diagrams of all 10 spectra 
were drawn (Figs. 1 and 2). These spectra are 
discussed conveniently under four groups. 


The first group comprises compounds of General 
Structure I. None of the compounds in this group 
(barbital, butabarbital, butethal, pentobarbital, and 
amobarbital) gave a parent ion, an observation 
which is contrary to what was reported previously 
(1). The mass spectrum of each of these five com- 


pounds, however, showed a very weak M+1 peak 
(rel. abund. 0.2-1.7%). Its presence together with 
the virtual absence of an M peak was at first con- 
fusing, but this observation can be explained in 
terms of the abstraction of a proton from the neutral 
barbiturate molecule by the molecular ion, to  give a 
protonated molecular ion which is more stable than 
the molecular ion (6). 


All of the compounds of General Structure I are 


I,R=alkanyl 
barbiturate R 
barbital CHaCH2- 
butabarbital CHA!H*CH(CHa)- 
butethal CH~CH;CH;CH~-- 
pentobarbital CH3CHzCHzCH( CH8)- 
amobarbital CH~CH(CH~)CHZCH*- 


-C,H,CH=CH, - 
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Scheme I 
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known (1) to fragment in the manner illustrated in 
Scheme I for butethal, and give rise to  strong ions of 
m/e 156 and m/e 141. The direct m/e 156+m/e 
141 fragmentation is supported by the presence 
of a particularly strong metastable ion (m*) of m/e 
127.4. Barbital is readily distinguished from the 
other four structures. It gave peaks of only medium 
intensity at m/e 156 and m/e 141 as well as the 
metastable ion at 127.4; abundant ions were located 
at m/e 55,41,39,29, and 27 (Fig. la). In contrast, 
the mass spectra of butabarbital, butethal, pento- 
barbital, and amobarbital (Figs. lb-le) are ex- 
tremely similar. Under electron impact, all readily 
lose the alkyl side chain. The resultant abundant 
ion, m/e 156, fragments in virtually identical fashion 
in all instances. Thus, to  identify these compounds, 
reference must be made to  that part of the spectrum 
in which masses greater than 156 are recorded. 
Appropriate line diagrams were drawn (Fig. 3). 


The presenceof the peak at m/e 197 in thespectra of 
amobarbital and pentobarbital readily distinguished 
these two barbiturates from butethal and buta- 
barbital, in which this ion is absent. Butethal and 
butabarbital are isomeric, but nevertheless, i t  is 
possible to distinguish the one from the other by 
means of its mass spectrum. The former has an 
unbranched butyl substituent at CS. This increases 
the amount to which the fragmentation depicted in 
Scheme I1 occurs and thus increases the relative 
abundance of the M-28 ion. A weak metastable 
ion, m/e 151.7, supports the subsequent loss of an 
OH radical from the M-28 ion, which results in the 
formation of an ion, m/e 167 (i.e., M-45 ion), of signif- 
icant abundance. In contrast, the 1'-methyl 
substituent of the Cs-isobutyl side-chain of buta- 
barbital apparently minimizes an M+M-28 frag- 
mentation in this compound. The result is that the 
M-28 ion of butabarbital is of very low abundance, 
the M-45 ion is virtually absent, and a metastable 
ion at m/e 151.7 is not observed. 


U 


0 
m/e 212 (M) 


The other two barbiturates, amobarbital and 
pentobarbital, are also isomeric compounds, and 
they can be differentiated in a similar way. The 
former does not have a 1'-methyl substituent in the 
C5Hll side chain. The abundance of the M-28 
(m/e 198) and the M-43 (m/e 183) ions from this 
compound are significant. The latter fragment is 
reputed (1) to  be the M-HNCO ion. In addition, a 
weak metastable ion, m/e 165.5, in the spectrum of 
amobarbital supports a direct fragmentation of 
M - 2 e M - 4 5  (loss of .OH). The presence of the 
1'-methyl substituent in the CsHll side chain of 
pentobarbital again minimizes an M+M-28 transi- 
tion and thus the m/e 198 ion from this compound is 
of very low abundance. Also, no metastable ion is 
observed at m/e 165.5 in this spectrum. 


Phenobarbital and mephobarbital (IIa and IIb) 
are readily identified by means of their mass spectra 
(Figs. 2a and 2b). Both spectra show a parent ion, 
of low relative abundance, of m/e 232 and 246, 
respectively, and the base peak in both spectra is 
the result of the loss of the ethyl side chain as an 
ethylene molecule (cf. Scheme 11). The presence of 
a strong metastable ion, m/e 179.2, in the spectrum 
of phenobarbital and the equivalent ion, m/e 193.2, 
in the mephobarbital spectrum support a direct 
M-M-28 cleavage of both molecules. The pres- 
ence of these metastable ions is of value in identify- 
ing these two barbiturates. 


The third group of compounds investigated pos- 
sess the General Structure 111. Parent peaks (m/e 
238 and 224, respectively) were absent from the 
mass spectra of secobarbital and itobarbital; M f l  
ions (m/e 239 and 225, respectively) were present in 
less than 1% abundance. The most diagnostic fea- 
tures of the mass spectra of secobarbital (Fig. 2c) 
and itobarbital (Fig. 2 4 ,  as well as butalbital ( l ) ,  
are the presence of two very abundant ions of m/e 
168 and 167, both of which arise by the loss of the 
saturated Cs-substituent. Thus, the ion of m/e 168 
in the spectrum of secobarbital is formed by loss of 
CHaCH2CH2CH=CH~ from fhe molecular ion; 
loss of the radical CHaCH&H&HCHo accounts for 
the formation of the ion, m/e 167. Itobarbital and 
butalbital fragment in a similar way. The result is 
that the mass spectra of secobarbital, itobarbital, 
and butalbital are virtually identical. Minor, but 
significant differences are observed above m/e 168, 
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Fig. &Mass spectrum of an extract from a capsule 
which contained amobarbital and secobarbital. 


and in this way, it is possible to differentiate seco- 
barbital from itobarbital, even though molecular 
ions are absent from both spectra. The former 
molecule loses a propyl radical from the alkanyl side 
chain of the molecular ion, and gives an ion of sig- 
nificant abundance (26%) of m/e 195 (m/e calcd. 


I1 
R 


(a)  phenobarbital H 
( b )  mephobarbital CH: 


I11 


(a)  secobarbital CH.&!HzCHzCH(CH3)- 
( b )  itobarbital CHaCH(CHa)CH*- 
(c) butalbital CH&HzCH(CHa)- 


R 


IV 


for C ~ H I I N ~ O ~ :  195.0770; measured: 195.0764). 
Similarly, the loss of an ethyl radical gives an ion of 
low abundance (3%) of m/e 209. The former ion 
is absent from the mass spectrum of itobarbital. 


The structure of thiopental (IV) is related to those 
compounds of General Structure I and fragments in a 
similar manner (Fig. 2e). The presence of the 
sulfur atom stabilizes the molecular ion, however, 
and an M peak (rel. abund. 2073, m/e 242, is 
observed. The other major diagnostic features 
in the mass spectrum of this molecule are abundant 
ions of m/e 172 and 157 and a strong metastable ion 
of m/e 143.3. These ions correspond to the ions of 
m/e 156, 141, and 127.4, respectively, in compounds 
of Structure I, and are formed in the same manner 
(cf. Scheme I). 


To determine whether mass spectrometry could 
be used to identify barbiturates in pharmaceutical 
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Fig. 5-Mass spectrum of an extract from a capsule 
which contained pentobarbital and butabarbital. 


dosage forms, four commercially available products, 
each of which contained a t  least one of the barbitu- 
rates already discussed in this study in combination 
with other medicaments, were selected. T h e e  of 
the products were capsules and one was a sugar- 
coated tablet. Ether extracts of the weakly acidic 
materials (and neutral materials, if present) con- 
tained in 5 mg. of each capsule or 10 mg. of the 
powdered tablet were made, and the mass spectra of 
all four ether extracts were recorded. As ions of 
small mass are of limited value in fragmentation 
studies, a line diagram of the ions of m/e 100 (arbi- 
trarily chosen) and greater mass was drawn from 
each spectrum. The four diagrams so obtained 
(Figs. 4-7) dBered appreciably from each other. 


In the spectrum (Fig. 4) of the extract from a 
capsule which contained sodium amobarbital and 
sodium secobarbital,’ the abundant ions of m/e 156 
and 141 together with the strong metastable ion m/e 
of 127.4 confirmed the presence of a barbiturate of 
General Structure I; the two abundant ions of m/e 
168 and 167 indicated that a barbiturate of Structure 
I11 was also present. Consideration of the m/e 
180-240 region permitted more positive identifica- 
tion. The very weak peaks of m/e 239 and 209 and 
the weak peak of m/e 195 are all found in the spec- 
trum of secobarbital and correspond to the M+1, 
M-29, and M-43 ions, whose formation has been 
discussed earlier. The presence of a very weak pcak 
of m/e 227 and weak peaks of m/e 198,197, and 183 
suggest amobarbital, rather than its isomer (pento- 
barbital). 


The simple mass spectrum (Fig. 5) of the extract 
from a capsule containing sodium pentobarbital and 
butabarbital,* with its abundant ions of m/e 156 
and 141 (and a very strong metastable ion of m/e 
127.4) clearly indicates that one or more compounds 
of General Structure I are present in this prepara- 
tion. The absence of M peaks and the very low 
abundance of M+1 peaks makes a positive identifi- 
cation of pentobarbital and butabarbital impossible. 
However, when reference is made to the m/e 160- 
230 portion of the spectrum of the extract and this is 
compared with the information included in Fig. 3, 
then some compounds of Structure I may be elimi- 
nated as possible components of the preparation. 
The intensities of the ions of m/e 184 and 198 (Fig. 
5) would tend to eliminate butethal and amobarbital 
from consideration, for example. 


2 Tuinal capsules (Eli Lilly and Co. Ltd.). 
I Twinbarb capsules (C. E. Frosst and Co.). 
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Fig. 6-Mass spectrum of an extract from a tablet 
which contained barbital, phenobarbital, butalbital, and 


other medicinal agents. 


The tablet studied contained sodium barbital, 
sodium phenobarbital, sodium butalbital, dihydro- 
ergotamine methanesulfonate, and scopolamine 
hydrochl~ride.~ The mass spectrum (Fig. 6) of the 
ether extract of this tablet is quite diagnostic and 
indicates that a mixture of three barbiturates are 
present in the extract. A barbiturate of General 
Structure I is indicated by the presence of abundant 
ions of m / e  156 and 141 and the strong metastable 
ion of m / e  127.4. A positive identification of this 
barbiturate is not possible, although a comparison of 


-CHI=C==O ~ ,$ m'104.9 (calcd. 104.9) 


L NHCOCH~ 
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Fig. 7-Mass spectrum of an extract from a capsule 
which contained phenobarbital, phenacetin, and other 


medicinal agents. 


dant ions of m / e  179, 137, 109, and 108, all of which 
arise from electron bombardment of the phenacetin 
molecule in the manner shown (Scheme 111). The 
presence of strong metastable ions (m*) of appropri- 
ate masses confirm these fragmentation pathways. 


In addition to  these abundant ions, significant 
ions of m/e  232 and 204 were observed. Their pres- 
ence together with a metastable ion of m/e  179.2, 
which was somewhat obscured by the strong parent 
peak of phenacetin, indicated the presence of pheno- 
barbital in the extract. No attempt was made to 
remove the phenacetin before recording the mass 
spectrum. Had this been done, the spectrum would 
have been characteristic of many preparations con- 
taining phenobarbital as the sole barbiturate. 
The retention of phenacetin in the ether extract 
makes the mass spectrum much more diagnostic. 


CONCLUSION 
It has been demonstrated that i t  is possible to iden- 


tify individual barbiturates by means of mass spec- 
trometry. Barbiturates in pharmaceutical dosage 
forms can be identified also in this way. The results 
obtained in this study suggest that a library could be 
assembled of the mass spectra of extracts from phar- 
maceutical preparations containing barbiturates. 
The spectra so collected could be used as reference 
spectra in forensic studies, when only a very small 
portion of the pharmaceutical preparation is avail- 
able. 
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(which contained phenacetin, acetylsalicylic acid, 
phenobarbital, and hyoscyamine sulfate) are abun- 


4 Plexonal tablets (Sandoz Pharmaceuticals). 
6 Phenaphen capsules (A. H. Robins Co. Ltd.). 
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( 5 )  "Vademecum International," 15th ed., J. Morgao Jones 


Publications, Ltd.. Montreal, 1968. 
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Heyden and Son, Ltd., London, 1966, pp. 27, 29. 
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Absorption of Lincomycin and Lincomycin 
Esters from Rat Jejunum 


By H. PATRICK FLETCHER, HEATHER M. MURRAY, and TODD E. WEDDON 


The absorption of lincomycin equivalents from rat intestinal loops was improved 
when short-chain (3  and 4 carbons) fatty acid esters of the drug were used. The 
7-butyrate and 7-propionate esters of lincomycin appear to be absorbed more 
efficiently than corresponding &esters. In vivo and i n  vitro experiments indicate 
that this difference in absorption results from intestinal hydrolysis of the %esters. 
The first-order rate constants for the disappearance of the esters from the intestinal 
loops were obtained from an equation which expresses the disappearance of lin- 


comycin as the sum of two first-order expressions. 


. 


HE INCOMPLETE ABSORPTION of lincomycin these compounds from ligated loops was studied 
T(I) from the rat gastrointestinal tract was in the rat jejunum. 
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indicated by results of Meyer and Lewis (1). It 
was estimated that 45% of the lincomycin dis- 
appeared from the small intestine after oral 
dosing and that most of the absorption occurred 
in the first quarter of the small intestine. 


Fatty acid esters of lincomycin were synthesized 
in an attempt to find a tasteless derivative for a 
pediatric preparation. The monoesters used in 
this study were formed at the 2- and 7-positions 
and were hydrochloride salts. Since the addition 
of the fatty acid moiety increased the lipid 
solubility of the lincomycin molecule (2), the 
absorption from the small intestine was investi- 
gated. Results reported in the literature (3, 4) 
have indicated that increased lipid solubility may 
play an important role in the absorption of certain 
drugs. 


The object of this study was to find an ester 
or analog which would be more efficiently ab- 
sorbed from the intestine and result in higher 
serum antibiotic levels. Thus, the absorption of 


EXPERIMENTAL 


Animals-Male, albino rats of the Sprague- 
Dawley strain weighing between 180-210 g. were 
used throughout this study. Food and water were 
available to the animals up to the time of surgery. 
Five rats were used for each time interval in the 
intestinal absorption studies. 
Drug Solutions-The drug solutions were prepared 


so that 0.5 ml. yielded 6.50 pmoles of lincomycin base. 
The compounds were placed into distilled water, 
and no suspending agents or solubilizers were used. 


Intestinal Loops-The method for preparing 
intestinal loops in the rat jejunum was described 
by Levine and co-workers (5). Under ether anes- 
thesia, a midline incision was made, and the first 
10 cm. of the jejunum were exposed. After the 
lumen of the exposed jejunum had been cleared, 
a proximal ligature was loosely placed around the 
intestine and a distal ligature secured 10 cm. below it. 
Care was taken so that the ligatures did not inter- 
fere with the major blood vessels supplying the 
intestinal loop. The drug solutions were placed 
into the lumen of the loop viu a 1-ml. syringe at- 
tached to a 26-gauge needle after the proximal 
ligature had been tightened around the needle. 
After delivery of the drug solution, the needle was 
withdrawn and the proximal ligature was completed. 
The intestine was replaced into the abdomen, the 
incision closed, and the rat was allowed to recover. 


At the end of appropriate time intervals, the rats 
were again given ether anesthesia, sacrificed by 
decapitation, and blood samples were taken. 
The intestinal loops were removed and individually 
homogenized in saline with glass homogenizers. 
The homogenized loops from rats given lincomycin 
HCl were placed into volumetric flasks and brought 
to a 100-ml. volume with 0.1 A4 phosphate buffer 
(pH 7.9). 


The antibiotic activity of the lincomycin esters are 
much less than lincomycin HCl. Since the amount 
of lincomycin ester remaining in the loop was de- 
termined by the microbiological assay for linco- 
mycin base, it was necessary to hydrolyze the esters 
by subjecting such loops (as the homogenates) to 
alkaline hydrolysis. The homogenized loops from 
rats given the lincomycin derivatives were quanti- 
tatively placed into 20-~1. beakers and subject& 
to alkaline hydrolysis with 0.4 N NaOH over steam 
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for 5 min. After the hydrolysis, the homogenates 
were cooled, adjusted to pH 7.9-8.0 with HCl, and 
brought to  a volume of 100 ml. with 0.1 M tris 
buffer (pH 7.9). Preliminary experiments dem- 
onstrated that the hydrolysis procedure did not 
degrade lincomycin as determined by the micro- 
biological assay. 


The amount of lincomycin or lincomycin deriva- 
tives originally placed into the loops was also de- 
termined by microbiological assay. The drug 
solution, 0.5 ml., was placed into 3 ml. of homog- 
enates of jejunum from nontreated rats and sub- 
jected to  the same procedures as given above for 
loops from experimental rats. Five of these spiked 
homogenates were prepared for each absorption 
study. 


In Vitro Hydrolysis by Intestinal Homogenates- 
Segments of jejunum were taken from nontreated 
rats immediately after sacrifice and homogenized 
with chilled Kreb’s Ringers bicarbonate solution 
containing glucose (5  g./l.). Three milliliters of 
homogenate, equivalent to 0.5 g. of intestine, was 
placed into 25-ml. conical flasks. Control flasks 
received the 3 ml. of homogenate which had been 
coagulated by heat. After 0.5 ml. of drug solution 
containing 2.65 mg. of lincomycin base equivalents 
of the lincomycin ester was deposited into each 
flask, it  was placed into the Dubnoff metabolic 
shaker for appropriate time intervals. The flasks 
were incubated under a constant pressure of 95y0 
02 and 5% COZ at 37’. At the end of the incuba- 
tion period, all homogenates were coagulated with 
heat and the contents were brought to  appropriate 
volume using a 0.1 M phosphate b&er pH 7.9. 
The amount of hydrolysis was estimated by an 
increase in microbiological activity from the in- 
trinsic activity level observed in the control flasks. 


Statistical Treatment of Data-The intestinal 
absorption of the esters were compared using semi- 
log plots based on the disappearance of lincomycin 
from the intestinal loop. A regression analysis 
was used to determine the slopes of the absorption 
plots. These slopes were compared to lincomycin 
HC1 and the significance of the differences was 
tested by analysis of covariance. The computa- 
tions for these studies were obtained by use of the 
IBM 1620 computer. The curve resulting from 
nonlinear regression analysis was completed by the 
IBM 360. 


Microbiological Assay-The microbiological assay 
for lincomycin in the serum described by Vavra 
et al. (6) was used for both serum and homogenates. 
The test organism was Sarcina lutea grown in 
Penassay seed agar. The samples from the ab- 
sorption study of a particular ester were assayed on 
the same day. The results were corrected for day 
to day assay variation using the spiked homogenates 
and the theoretical content of lincomycin base. 


RESULTS AND DISCUSSION 


Absorption from Intestinal Loops-The absorp- 
tion of lincomycin HCl from the loops was repeated 
four times during the study. The absorption plots 
were reproducible and the slopes were not signifi- 
cantly different when compared by analysis of co- 
variance. A representative lincomycin absorption 
plot is shown in Fig. 1. 


The semilog plots (Fig. 1) indicated that the 


1w- 120 180 
MINUTES 


Fig. 1-Absorption of lincomycin and lincomycin esters 
from jejunal loops of rats. Each point is a mean of 
fme rats. Key: A ,  2-laurate; C ,  2-octanoate; D ,  
2-hexanoate; E,  l i m o  HC1; F ,  2-butyrate; G, 2- 


propionate. 


absorption of the 2-monoesters of lincomycin in- 
creased as the chain length of the fatty acid group 
decreased. Also, unlike the absorption of linco- 
mycin HCl, this figure shows that the absorption 
of the esters was rapid at the early time intervals 
and much slower in the later intervals. Thus, the 
semilog plots of these means resulted in a curved 
line, especially for the 2-butyrate and 2-propionate 
esters. A possible explanation for this curvature 
will be given later. 


By takiig the results (mcg. remaining in loop 
uersw time) in the early time intervals prior to  the 
“leveling off’ of the absorption curve, the slopes 
of the esters were compared to lincomycin HCl in 
the same time intervals. 


The increased slopes (Table I )  from the regression 
analysis in the early time intervals appear to cor- 
respond with the percent dose absorbed after 2 hr. 
The analysis of covariance indicated that 2-butyrate, 
7-butyrate, 2-propionate, and 7-propionate esters 
are significantly better absorbed (as reflected by 
the slopes) than lincomycin HCl (Table I). 


The results in Table I also show the increase in 
lipid solubility resulting from the addition of the 
fatty acid groups to  the lincomycin molecule. It 
appears that  as far as the esters are concerned, the 
amount absorbed decreases as the lipid solubility 
increases. This may be a result of the decreased 
aqueous solubility of the longer chain esters. 
This decreased aqueous solubility may partially 
explain the poor absorption of the 2-laurate and 
2-octanoate, since a precipitate was noted when 
they were placed in loops or intestinal homogenates. 
Thus, the better absorbed esters probably possess 
a balance between an increased lipid solubility and 
an adequate aqueous solubility. 


The 7-butyrate and 7-propionate esters were 
better absorbed than their corresponding 2-esters 
(Table I). The comparison of the 2-butyrate and 
7-butyrate esters (Fig. 2) revealed that the means 
in the later time intervals of the 2-butyrate ab- 
sorption run parallel to  lincomycin HC1. This was 
also apparent when the slopes in the later time inter- 
vals were not significantly different when compared 
by analysis of covariance. This parallelism in the 
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TABLE I-ABSORPTION OF LINCOMYCIN ESTERS 
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Lincomycin Compd. 


Lincomycin HC1 
2-Laurate HCI 
2-Octanoate HCI 
ZHexanoate HCl 
2-Butyrate HCI 
2-Propionate HCI 
7-Butyrate HCl 
7-Propionate HC1 


PHO 


5.7 
3.8 
3.9 
5.0 
4.6 
4.4 
5.2 
5.2 


Initial Slope* 


-0.0015 
-0.OOO9 
-0.0017 
-0.0051 
-0.0084 
-0.0120 
-0.0094 
-0.0170 


Results of 
Analysis of 
Covariance' 


- 
0.05 
N.S. 
N.S. 
0.05 
0.01 
0.01 
0.01 


Intrinsic Partit'on 
c o e ~ c i e n t s i  


0.06 
7.800 
2,750 


390 
40 
14 
4 
1 


Apparent '?& 
Absorbed 


a t  End 
of 2 hr. 


33 
17 
27 
40 
54 
64 
82 
91 


" pH of drug solutions placed in loops. Based on mcg. remaining in the intestine at 0, 16, and 30 min. Statistically 
Ether-water: values were reported by W. Morozowich and F. Young (personal communica- compared to lincomycin HC1. 


tion). 


3000 k 
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Fig. 2-Absorption of 2- and 7-butyrate from rat 
jejunal loops. (Each Qmnt represents a mean of five 
rats SE.) Key:  A ,  l imo HC1; B,  linco-2- 


butyrate; C, linco-7-butyrate. 


later part of the absorption plots was also found for 
the 2-propionate ester. These results indicate that 
lincomycin HCI was being absorbed in the later 
time intervals after the ester had been placed into 
the loop. This leads to the investigation of the hy- 
drolysis of the ester by the intestinal enzymes. 


In Vitro Hydrolysis-The increase in antibiotic 
activity from the control flask level (Table 11) 
was assumed to be due to the presence of lincomycin 
base resulting from hydrolysis of the less active 
ester. Even though hydrolysis rates as such were 
not obtained due to the presence of antibiotic 
activity in the control flasks, it is obvious from 
Table I1 that the 7-esters, butyrate and propionate, 
are more resistant to the hydrolysis of intestinal 
enzymes than their corresponding 2-esters. The 
differing hydrolysis of the 2- and 7-butyrates in 
homogenates was also confirmed by gas chro- 
matographic results. By measuring the resulting 


lincomycin peaks, approximately four times as 
much lincomycin was noted in the case of the 2- 
butyrate which confirmed the results obtained with 
microbiological assay. Also, the apparent re- 
sistance of the 7-butyrate to hydrolysis was dem- 
onstrated in uiuo when intestinal loops were removed 
30 min. after dosing and a microbiological assay 
was run before and after alkaline hydrolysis. The 
pre- and posthydrolysis antibiotic activities of the 
lincomycin-2-butyrate loops were not significantly 
different. However, the posthydrolysis antibiotic 
activity for the 7-butyrate ester was four times that 
of the prehydrolysis activity and this difference 
was statistically significant. Although the absorp- 
tion of the 7-hexanoate was not studied, its hy- 
drolysis in intestinal homogenates revealed again 
the apparent protection from hydrolysis afforded by 
the 7-position. 
Serum Levels-The serum levels (Table 111) 


reflected the amount of absorption from the in- 
testinal loops as f a r  as the 2-esters are concerned. 
The results also indicate that the serum levels for 
the better absorbed 2-esters appear to reach higher 
levels earlier than lincomycin HCl. These higher 
levels were especially apparent when lincomycin- 
2-butyrate and lincomycin-2-propionate were placed 
into ligated loops. 


The antibiotic serum levels obtained after the 
more efficiently absorbed 7-esters were no higher 
than lincomycin HCI. An explanation for these 
results may be that a portion of the lincomycin 
in the serum was present as the 7-ester which is 
essentially inactive in the assay. Alkaline hy- 
drolysis of serum from animals with lincomycin-7- 
butyrate and 7-propionate in ligated loops increased 
the antibiotic activity (Table IV). I t  is probable 
that this increase in antibiotic activity resulted 
from the hydrolysis of 7-esters to the active linco- 
mycin. 


Lincomycin-7-propionate was identified in the 
serum of rats which had the ester in intestinal loops. 
This identiiication was made by mass spectrometric 
results from chloroform extracts of the rat serum. 


TABLE 11-HYDROLYSIS OF LINCOMYCIN ESTERS BY HOMOGENATES OF RAT INTESTINE 


Intrinsic Activity Lincomycin, mcg. 
mcg." Placed into Flask mcg. in Control d s k  after Incubation Derivative 


ZButyrate 2,280 f 280 421 f 2 2,220 f 48 
7-Butryate 2,050 f 68 60f  6 610 f 62 
2-Propionate 2,640 f 10 400 f 18 2,630 f 45 
7-Propionate 2,700 f 56 <15 <15 


a Determined by microbiological assay. Contained boiled homogenate. Mean of six flasks f SE. 
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TABLE 111-SERUM LEVELS OF LINCOMYCIN 
ACTIVITY (mcg. /ml. ) AT VARIOUS TIME INTERVALS 


Lincomycin , Postdose, min. 
Derivatives 15 30 60 120 180 


Lincomycin 
HC1 0.4a 1.3  0 .6  0 . 5  0 . 3  


PLaurate 0.8 0 . 5  <0.3 <0.3 <0.3 
2-Octanoate 0 .7  0 .7  0.4 <0.3  <0.3 
BHexanoate 1.6 0.9 0.6  0 . 5  <0.3 
2-Butyrate 2 . 1  1 . 2  0.8  0 . 6  <0.3 
%Propionate 4 .7  1.9 1.0 0 . 3  <0.3 
7-Butyrate 1.3  1 . 0  0.4 <0.3 <0.3 
7-Propionate 1.0  0.9 0 . 5  <0.3  <0 .3  


a Mean of 5 rats. 


The hydrolysis of serum from rats receiving linco- 
mycin HCl and lincomycin-2-butyrate in ligated 
loops did not increase the antibiotic activity in the 
serum. These results indicated that the increased 
antibiotic activity was not a result of hydrolysis of 
some inactive conjugate of lincomycin. 


If the 7-ester were present in the serum, then the 
ester, as such, was absorbed from the intestine and 
the enzymes outside the intestine must also have a 
decreased ability to hydrolyze the 7-esters. Studies 
with liver homogenates indicated that the enzymes 
in the liver also have a decreased ability to hy- 
drolyze the 7-butyrate ester when compared with 
the 2-butyrate ester. 


Stephens and Conine (7) reported increased blood 
levels resulting from oral administration of fatty 
acid esters of erythromycin to  humans. As in the 
lincomycin study, the highest levels were obtained 
with the propionate and butyrate esters. 


Effect of pH of Drug Solution-The pH of the 
various solutions of esters used in this study varied 
from 3.8 to 5.2 (Table I). No effect on absorption 
was detected when the 2-propionate solution was 
adjusted from 4.4 to 6.0, when the 2-octanoate 
was adjusted from 3.8 to 4.9, and when lincomycin 
HCl was adjusted from 5.0 to 3.0. 
Proposed Model for Intestinal Absorption-The 


proposed model for the absorption of the linco- 
mycin esters assumes that the esters are better 
absorbed than lincomycin HCI. This increased 
absorption probably results from increased lipid 
solubility as reflected by the intrinsic partition coefi- 
cients of the ester, or perhaps other properties 
which were not examined in this study. Thus, the 
amount of lincomycin or its ester absorbed depends 
upon how well the ester resists hydrolysis and 
remains in the ester form while in the intestinal 
loop (Fig. 3). Evidence presented thus far in uivo 
and in uitro indicates that this could explain the 
difference in absorption between the 2- and the 
7-esters. 


TABLE IV-LINCOMYCIN SERUM LEVELS IN 
HYDROLYZED AND NONHYDROLYZED SERUM 


rncg./mLa 
Postdose. min. 15 30 80 120 180 


7-Butyrate 
Nonhydrolyzed 1.3  1 .0  0 .4  <0.3 <0.3 
Hydrolyzed 2 .2  1.8  1 . 0  0 . 3  <0.3 


7-Propionate 
Nonhydrolyzed 1.0 0.9 0 . 5  <0.3 <0 .3  
Hvdrolyzed 2 . 8  1 .8  1 .2  0 .3  <0.3 - -  
a Results from the pooling of samples from five rats. 


BLOOD 


6 


LYMPHATICS? 


Fig. 3-Diagram for the proposed model for the ab- 
sorption of lincomycin esters. 


The equation for the proposed model is 


y = Xle-kit + X2e-kzf 


where 


k, = first-order rate constant for the dis- 


kl = first-order rate constant for the dis- 


XI = amount of lincomycin ester 
xz = amount of lincomycin HCl 
t = time 
y = amount of lincomycin in intestine 


appearance of lincomycin ester 


appearance of lincomycin HCl 


This equation states that the amount of drug 
remaining in the intestine (y) is the sum of two 
first-order expressions representing the disap- 
pearance of two different compounds from the 
intestine. The first-order rate constants, kt and 
k l ,  were estimated from the absorption curves (Fig. 
1) for the particular 2-esters. The kz constant was 
estimated from a line drawn through the means in 
the later time intervals. The kl was estimated 
from plotting the residuals in the first three time 
intervals of the absorption curve. I t  was assumed 
that this constant represented the estimate of the 
constant for the disappearance of the lincomycin 
ester from the intestine. Thus, kZ was used as the 
rate constant for the disappearance of lincomycin 
HCl. 


These rough estimates for kl and kz and the in- 
dividual rat data were used in the computer pro- 
gram which calculated the kl and k p  based on non- 
linear regression analysis. This is a modification 
of a method described by Wagner and Metzler (8). 


The 2-propionate curve calculated by the above 
method by IBM computer is shown in Fig. 4. The 


30001 


4 


g I000 
600 


120 180 15 30 60 
MINUTES 


Fig. 4-Calculated curve (using nonlinear regression 
analysis) for the absorption of lincomycin-2-pro- 
pionate. Key: 0, observed data; - , computer- 


calculated curve. 
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modified by intestinal hydrolysis. The explanation 
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TABLE V-ESTIMATES OF FIRST-ORDER RATE CONSTANTS” FOR THE 
DISAPPEARANCE OF LINCOMYCIN AND LINCOMYCIN ESTER 


kib* 95% C.L. ka,c 95% C.L. 


Lincomycin-Zpropionate 
Lincomy cin-Zbutyrate 
Lmcomycin-Zhexanoate 


8.32 (2.29-14.35) 
6.06 (0.00-12.4) 
9.67 (0.00-20.9) 


0.17 (0.05-0.30) 
0.13 (0.01-0.25) 
0.06 (0.02-0.11) 


Obtained from nonlinear regression analysis. kt rate constant for ester. kz rate constant for lincomycin. 


first-order rate constants for the better absorbed 
2-ester are shown in Table V. Even these cal- 
culated rate constants must be considered esti- 
mates, since this equation does not take into con- 
sideration the rate of enzymatic hydrolysis in the 
intestine. The amounts of lincomycin base and the 
ester in the intestine are not only dected by the 
disappearance of each through absorption, but 
also by the amount of ester being hydrolyzed. 
However, even with these limitations, this method 
allows one to estimate kl and ka when the semilog 
absorption plots are not linear. Because of the 
linearity of its semilog absorption plots (Fig. l ) ,  
the rate constant for the absorption of lincomycin 
HC1 was calculated by the usual method using the 
slope obtained by linear regression analysis. This 
rate constant was 0.21 hr.-l for lincomycin HCI. 
The estimates for lincomycin HCl are lower in 
Table V, 0.17 hr.-l, 0.13 hr.-l, and 0.06 hr.-l. 


This model and the data presented in this study 
indicate that the 2-ester and its hydrolysis product, 
lincomycin HCl, are both absorbed a t  the early 
time intervals, while only lincomycin HCl is ab- 
sorbed in the later time intervals, the ester being 
completely hydrolyzed. 


for absorption of these esters is based on a model 
which states that the lincomycin ester and linco- 
mycin base both contribute to this absorption. 
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The absorption of lincomycin was improved by 
using derivatives of lincomycin which consisted of 
esters of short-chain fatty acids (3 and 4 carbons). 
The absorption efficiencies of the various esters were 
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Ultraviolet Spectrum Correlations with the Conjugate 
Acid-Base Species of Acetarsone and Arsthinol 


By C. F. HISKEY and F. F. CANTWELL 


The ionization constants of acetarsone (pK1 = 3.73, ~ K z  = 7.9, pKa = 9.3) and 
arsthinol (9.5 f 0.1) have been determined potentiometrically in aqueous solution 
and the UV spectra of the individual conjugate species have been deduced. Assign- 
ment of the second ionization step of acetarsone to the phenolic proton is made. 
Hydrolytic atmosphere oxidative cleavage of arsthinol in alkaline aqueous solution 
to produce acetarsone has been demonstrated and spectrophotometric assay methods 


for these two substances are proposed. 


CETARSONE (3-acetamido-4-hydroxy phenyl- droxypropylene ester of 3-acetamido-4-hydroxy A arsonic acid) and arsthinol (cyclic 3-hy- dithiobenzene arsenous acid) have the following 
structures: Received July 6,  1966, from Endo Laboratories, Inc., 
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0.17 (0.05-0.30) 
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first-order rate constants for the better absorbed 
2-ester are shown in Table V. Even these cal- 
culated rate constants must be considered esti- 
mates, since this equation does not take into con- 
sideration the rate of enzymatic hydrolysis in the 
intestine. The amounts of lincomycin base and the 
ester in the intestine are not only dected by the 
disappearance of each through absorption, but 
also by the amount of ester being hydrolyzed. 
However, even with these limitations, this method 
allows one to estimate kl and ka when the semilog 
absorption plots are not linear. Because of the 
linearity of its semilog absorption plots (Fig. l ) ,  
the rate constant for the absorption of lincomycin 
HC1 was calculated by the usual method using the 
slope obtained by linear regression analysis. This 
rate constant was 0.21 hr.-l for lincomycin HCI. 
The estimates for lincomycin HCl are lower in 
Table V, 0.17 hr.-l, 0.13 hr.-l, and 0.06 hr.-l. 


This model and the data presented in this study 
indicate that the 2-ester and its hydrolysis product, 
lincomycin HCl, are both absorbed a t  the early 
time intervals, while only lincomycin HCl is ab- 
sorbed in the later time intervals, the ester being 
completely hydrolyzed. 


for absorption of these esters is based on a model 
which states that the lincomycin ester and linco- 
mycin base both contribute to this absorption. 
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SUMMARY 


The absorption of lincomycin was improved by 
using derivatives of lincomycin which consisted of 
esters of short-chain fatty acids (3 and 4 carbons). 
The absorption efficiencies of the various esters were 
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Ultraviolet Spectrum Correlations with the Conjugate 
Acid-Base Species of Acetarsone and Arsthinol 


By C. F. HISKEY and F. F. CANTWELL 


The ionization constants of acetarsone (pK1 = 3.73, ~ K z  = 7.9, pKa = 9.3) and 
arsthinol (9.5 f 0.1) have been determined potentiometrically in aqueous solution 
and the UV spectra of the individual conjugate species have been deduced. Assign- 
ment of the second ionization step of acetarsone to the phenolic proton is made. 
Hydrolytic atmosphere oxidative cleavage of arsthinol in alkaline aqueous solution 
to produce acetarsone has been demonstrated and spectrophotometric assay methods 


for these two substances are proposed. 


CETARSONE (3-acetamido-4-hydroxy phenyl- droxypropylene ester of 3-acetamido-4-hydroxy A arsonic acid) and arsthinol (cyclic 3-hy- dithiobenzene arsenous acid) have the following 
structures: Received July 6,  1966, from Endo Laboratories, Inc., 


Accepted for publication August 19, 1968. 
Garden City, N Y  11530 







2106 Journal of Pharmaceutical Sciences 


0.1 N sodium hydroxide. Throughout the course 
of the titration a vigorous stream of nitrogen was 
blown into the solution to prevent carbon dioxide 
uptake. 


A Beckman model DK-2 ratio-recording spectro- 
photometer was used in obtaining the spectrograms 
in this study and a Beckman model DU spectro- 
photometer was used for measuring absorbances a t  
isolated wavelengths. Measurements were made 
in matched 1.00-cm. quartz cells. 


Solutions for spectrophotometric measurements 
were prepared in the following manner: An amount 
of pure substance, approximately equal to a quarter 
of a millimole, was accurately weighed and trans- 
ferred to a 100-ml. volumetric flask. Solution was 
effected using either anhydrous methanol in one 
group of studies or more commonly by the addition 
of 0.01 N sodium hydroxide. The solutions were 
brought to  volume after which an appropriate ali- 
quot was transferred to a second 100-ml. volumetric 
flask, and there again diluted with appropriate 
reagents to give the desired solution. 


When determining the various spectra associated 
with the conjugate acid-base species of acetarsone, 
solutions were buffered so as to have a pH in the 
region where each species was dominant. 


Solutions in approximately 0.1 N sodium meth- 
oxide were prepared by dissolving about 0.1 mole 
of metallic sodium in anhydrous methanol previously 
distilled over sodium. A 5.00-ml. aliquot of a stock 
solution of arsthinol in anhydrous methanol was 
transferred to a 100-ml. volumetric flask and the 
sodium methoxide solution was added to mark. 
A reference solvent for spectral work was prepared 
in an identical manner, using 5.00 ml. of methanol 
in place of the arsthinol stock solution. 


Iodometric titrations employed in this study were 
done as follows: An aliquot was acidified with sul- 
furic acid, an equal amount of propylene glycol, 
and then an excess of standard iodine solutions was 
added. The iodine is back titrated with thiosul- 
fate to a water-white solution. The starch-iodine 
end point cannot be used in this instance because the 
high concentration of propylene glycol present pre- 
cludes its formation. 


RESULTS 
Titration of Acetarsone-Acetarsone has a very 


limited solubility in water at room temperature. 
Consequently it was necessary in the initial stages 
of the titration to wait after each addition of alkali 
for the pH meter to drift to its final steady-state 
values. During this period, more undissociated 
acetarsone went into solution until both the solu- 
bility and the ionization equilibria were satisfied. 
This situation continued until about 80% of the 
first equivalent of alkali had been added, at which 
point all of the undissolved acid was in solution 
and from then on equilibrium was established 
quickly after each addition of alkali. Typical of the 
data obtained are those presented in Fig. 1 where 
they are plotted as the individual points. The 
titration curve shown in the figure is that calculated, 
using the ionization constants determined in this 
study. 


As expected, it was found that acetarsone titrates 
as a triprotic acid, i .e.,  two of the protons come from 
the arsonic moiety and one from the phenolic group 
para to it. The first stage of ionization is separated 


?H 


Acetarsone Arsthinol 


The first of these has been known for many 
years being Ehrlich's 596. I ts  synthesis has 
been described by Raiziss and Fisher (1). The 
synthesis of arsthinol (by the reaction of 3-acet- 
amido-4-hydroxy phenyl arsenoxide with 2,3- 
dimercapto-propanol) was reported by Friedheim 
(2) in 1953. 


Some of the chemical properties of this sub- 
stance and methods of assay for i t  in the various 
dosage forms have been briefly described (3). 
In order to understand more about its acid-base 
chemistry and its absorption spectra for analytical 
purposes an experimental study was made of it, of 
acetarsone, and of some of their surrogates. 


An examination of the literature revealed that 
Gex and Kreimer (4) had done differential titra- 
tions of acetarsone and reported four (sic) ioniza- 
tion constants having the following values: 
pK1 = 3.3; pKz = 4.2; pK8 = 7.6, andpK4 = 
9.4. They appear to have been under the mis- 
apprehension that the amide group had amine- 
like characteristics. They were also troubled by 
extensive precipitation of the acetarsone as they 
made their solutions acidic and seem to have 
made no provision to take this into account. 
They also present some data on the UV absorption 
spectrum of acetarsone. 


EXPERIMENTAL 


The arsthinol used in this study was regular pro- 
duction grade material, corresponding in its char- 
acteristics to its description in Tests and Standards 
of @e N.N.R. It was used without further purifi- 
cation. 


The acetarsone used in the titration study was 
dissolved in aqueous alkali solutions, filtered to re- 
move any insoluble matter, and then precipitated 
with hydrochloric acid. The precipitates were 
washed repeatedly with distilled water until all 
traces of chloride were removed, after which they 
were dried a t  105' to constant weight. This pro- 
duced a fine powder which dissolved rapidly during 
the titration experiments as described below. 


The absolute methanol was analytical grade and 
the propylene glycol was USP grade material. 


The acid-base titrations were performed in a wide- 
mouth conical flask with magnetic stirring, using a 
Teflon-coated stirring bar, and employing a model 7 
Coming pH meter. About 1.5 mmoles of the com- 
pound was suspended in a known volume of carbon 
dioxide-free water and titrated with approximately 
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0%. 5b) 
mK1 H - O H = - - C g  


H + K I  
where m is the formal concentration of acetarsone. 


To use Eq. 5a the solubility of the undissociated 
acetarsone must be known. It was determined 
spectrophotometrically in 0.1 N hydrochloric acid 
(0.478 g./l.; 1.74 X M) and in water (0.616 
g./l.; 2.24 X lo-' M). 


Since the solubility in water is substantially 
greater than it is in 0.1 N hydrochloric acid, it is 
evident that considerable ionization has occurred 
in the pure water solvent, i.e., 23y0. From these 
data and Eq. 3, K1 is calculated to be approximately 
1.5 X lo-'; pK1 = 3.8. However, a more ac- 
curate value of 3.73 was determined by fitting the 
potentiometric titration data to Eqs. 5u and 5b. 


The evaluation of KS and Ka was performed by a 
method originally developed by Linderstrom-Lang 
and subsequently modified by Bjernun (5). With 
it the data of Fig. 1 were evaluated; the slope at the 
second equivalence point was found to be 0.66 which 
gives a value for the spreading factor of 5.0. From 
this it follows that pK, equals 8.6 - log 5.0 = 7.9 
and pKs equals 8.6 + log 5.0 = 9.3. 


Thus all three constants for this triprotic acid 
have been determined and it now becomes possible 
to calculate the relative abundance of all of the four 
conjugate species as a function of pH. The results 
of these calculations are plotted in Fig. 2. These 
results were used in assigning spectra to the different 
conjugate species. 


Titration of Arsthinol-The only acidic functional 
group in the arsthinol molecule is the phenolic one. 
Consequently the initial part of its titration curve 
prior to the addition of a full equivalent of alkali was 
consistent with this view and consistent with a pH 
for that phenolic group of about 9.4 to 9.6. Inas- 
much as the phenolic ionization constant is so small, 
there is little of the compound in solution when a 
slurry of arsthinol in water is made. The solubility 
as determined in water a t  25' was 0.32 g.11. or 
0.00116 M. Less than 1% of the dissolved ars- 
thinol would be ionized. However, somewhat be- 
fore the first equivalent of alkali was added, all of 
the arsthinol had dissolved, leaving a water-white 
solution. 


Addition of more than one equivalent of alkali did 
not cause the pH to change from about 11.2 even 
though two, three, and four equivalents were added. 
This indicated that hydrolytic cleavage of the ar- 
senic sulfur bonds was occurring, and that the sulf- 
hydryl groups and the arsenous acid were consum- 
ing the alkali. This formulation is consistent with 


EQUIVALENTS of NaOH ADDED 


Fig. 1-Potentiometric titration curwe of acetarsone 
with sodium hydroxide. Points shown are experi- 
menW results and the line is that calculated from the 


evaluated constants. 


from the second stage by about four orders of mag- 
nitude, while the second and third stages of ioniza- 
tion are so close to each other that there is only a 
barely perceptible break observable in that region 
of the titration curve. 


The evaluation of the successive ionization con- 
stants was performed as follows: 


First it was assumed that the ionization of this 
triprotic acid could be represented by the equilibria: 


Since the first stage of ionization is so widely 
separated from the second and third stages, its con- 
stant may be evaluated separately according to the 
equilibria : 


KI 
HaAeolid (HaA).,. (HzA-)aq. (Eq. 2) 


The fmt ionization constant is then 


In this expression S is the solubility of the undis- 
sociated acetarsone. The latter term in Eq. 3 ap- 
plies when dilute slurries of acetarsone are being 
considered while the middle term applies to its 
solutions. 


The equation for the titration function of this 
monoprotic acid is as follows: 


H - OH = [ HzA-] CB (Eq. 4) 


In the above expression, since these data are only 
approximate, only the H and OH terms represent 
the activities of the HaOf and OH- in the solution. 
The other terms refer to the concentration of strong 
base, CB, and to the concentration of the conjugate 
base HzA-. Substitutions for the HzA- term may 
be made to treat the situations where acetarsone is 
( a )  partly and ( b )  completely dissolved. These are, 
respectively: 


(Eq. 5a) KiS H - OH = -- - CB and H 


PH 


Fig. .%-Relative abundance of the various conjugate 
acid-base species of acetarsone as a function of p H .  
Key: I ,  H d ;  11, H A - ;  111, HA-; IV, A'. 







2108 


the experimental observations of Cohen et a l .  (6) 
on the reversible hydrolysis of dithioarsenites of the 


composition K-As in aqueous solution. 


S-R’ 
\ 


When air was substituted for the nitrogen, the pH 
began to fall immediately, suggesting that the tri- 
valent arsenic was being oxidized to  make acetarsone 
which, with its greater acid ionization constants, 
would cause a shift to  lower values of the pH. This 
continued until a pH of about 10.2 was reached and 
then as the air bubbling continued, the solution 
became turbid while the pH abruptly shifted to 
higher values. 


The explanation of this phenomenon is also easily 
understood in terms of the reactions given above. 
After all, or the bulk of the trivalent arsenical was 
oxidized to acetarsone, the fully ionized 2,3-dimer- 
captopropanol is next oxidized to  give disulfido 
linkages producing the insoluble matter observed 
and simultaneously releasing two equivalents of 
alkali to the solution, this accounting for the sudden 
increase in pH. The precipitate that is formed 
resembles the precipitate formed when 2,3-dimer- 
captopropanol is oxidized. 


Additional evidence for aqueous alkaline air oxi- 
dation of arsthinol was obtained from a measure- 
ment of the iodometric titer of previously alkaline 
arsthinol solutions which had been aerated at room 
temperature for various periods of time. In these 
studies a 0.029 M arsthinol solution in 0.1 N sodium 
hydroxide was aerated. At periodic intervals an 
aliquot was taken and titrated according to the 
procedure described above. The arsthinol IS 


titrated to  acetarsone according to the following 
reaction : 


‘\A~-R + 21, + 3H20 -- 
CH,OH LA 


(HO)ZOAs-R + Fi + 4HI 


I t  is entirely possible that the disulfide compound is 


CH,OH 


CH,OH 
I 


polymeric, i.e., (-S-CHz- CH-S-),. The elas- 
tic, gummy nature of the precipitate suggests this. 
The data obtained are listed in Table I and show 
that with time, continued aeration will eventually 
oxidize the arsthinol to acetarsone and disulfide. 


When a similar type of experiment was done, us- 
ing anhydrous methanol as the solvent, with sodium 
methoxide as the alkali, little or no oxidative cleav- 
age of the arsenic-sulfur bonds occurred. This fact 
made it possible to obtain the phenolate spectrum 
of arsthinol. 


Further supporting evidence for the hydrolytic 
cleavage of the sulfur arsenic bonds and the oxida- 
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TABLE I-AIR OXIDATION OF ARSTHINOL IN 
ALKALINE SOLUTION 


Aeration Molarity of Initial Molarity. 
Time, min. Arst hinol % 


0 0,0288 100.0 
10 0.0261 90.4 
20 0.0234 81.2 
30 0,0220 71.3 
60 0.0021 7.0 


presence of nitroprusside, a red-violet color is ob- 
served indicating the presence of free sulfhydryl 
groups. If these solutions are acidified with a bi- 
carbonate buffer to a pH of about 7.0 to 8.0, the 
nitroprusside test for the mercaptan group fails. 
However, if additional alkali is again added, cleav- 
age of the linkages occurs and the nitroprusside test 
is again positive. This is indicative of a reversible 
hydrolysis of the -%As bonds of arsthinol. In 
the presence of oxygen, however, this nitroprusside 
test weakens in intensity and in due course fails as 
all of the mercaptan groups are oxidized. 


Finally, as will be demonstrated below, the spec- 
trum of 10-6M arsthinol in aqueous alkali solution, 
prepared with air-saturated water, gave only the 
spectrum of acetarsone. This could be proved 
easily by acidulating these solutions, whereupon 
the spectrum which was obtained was that of un- 
ionized acetarsone and not that of arsthinol. In 
order to  observe the spectrum of phenolate species 
of arsthinol it was necessary to use a sodium 
methoxide solution in anhydrous methanol. This re- 
sult is exactly what would be anticipated in the light 
of the failure to oxidize this substance in the experi- 
ment cited previously. 


Spectrophotometric Studies and Their Interpreta- 
tions-Some of the spectra determined in the course 
of this study are presented in Figs. 3-8 and if ex- 
amined before reading the following will facilitate 
the understanding of the interpretations. 


Spectra of Acetarsone-Considering acetarsone 
first, it may be noted that the spectra of the HgA, 
HIA-, and A’ species (Fig. 3) were obtained by 
scanning solutions a t  pH’s of about 1, 5.16, and 
about 13, respectively, where it will be seen (Fig. 2)  
that the particular species accounts for at least 98% 
of the formal acetarsone concentration. The spec- 
trum of HA= was deduced from scans made on solu- 
tions with pH values in the vicinity of 8.6 by sub- 
tracting the fractional contribution of the other 
conjugate species present from the observed spec- 
trum. 


The spectrum of acetarsone, a trisubstituted ben- 
zene derivative, is essentially the spectrum of ben- 
zene considerably modified by the substituent groups 
(7).l I t  has been shown that the B and C bands 
(designated first primary and secondary by Doub 
and Vandenbelt) of compounds of the type: 


tion of the sulfhydryl groups in alkaline solution 


When arsthinol solutions are made alkaline in the 


~ 


them. SOC., 1951, 804. 


was elicited by means of the nitroprusside test (3). ’ The absorption hand nomenclature used in this discussion 
is that proposed by Moser, C., and Kohlenberg, A. I., J .  
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Fig. 3-Spectra of conjugate acid-base species of 
acetarsone i n  aqueous solwents. Key: ' . a ,  H&; 
- , H A - ;  - - -, HA-; 000, A". 


where Y and Z are electron donating and X is elec- 
tron attracting often resemble that band which 
is the most displaced among corresponding bands 
of the three constituent disubstituted compounds. 


The o-p-directing properties of the hydroxyl and 
acetamido groups are well established and their 
bathochromic effect on benzene bands is evident in 
the spectra of phenol and acetanilide. The spec- 
trum of phenylarsonic acid (Fig. 4), on the other 


0 
220 260 3 00 340 


WAVELENGTH, m p  


Fig. &Spectra of phenylarsonic acid in  0.1 N HC1, 
5% MeOH (I); p H  = 6 ,5% MeOH (IT); and in  0.1 


N NaOH, 5% MeOH (III). 


WAVELENGTH, mp 


Fig. 5-Spectra of p-hydroxyphenylarsonzc acid in 
0.1 N HCI, 5% MeOH, - - -; pH = 6, 5% MeOH, 


- . -; and in  0.1 N NaOH, 5% MeOH, -. 


hand, would indicate little or no m- or o-p-directing 
properties for the arsonic group in all three states of 
protonation since the C band is very similar to that 
of benzene being shifted only a few mp and increased 
in intensity two to  five times. 


However, the m-directing nature of the arsonic 
group when under the influence of a strongly o-p- 
directing group para to  it is inferred from the shift in 
the B band of p-hydroxyphenylarsonic acid produced 
by the loss of the first proton (Fig. 5 ) .  The loss of the 
proton from an electron-attracting group would be 
expected to diminish its electron-attracting prop- n 2 .o 


'\. 
220 260 300 340 
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Fig. 6-Spectra of acetarsone, - and arsthinol, - - - 
in  0.1 N HC1, 5y0 MeOH. 
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Fag. 7-Spectra of o-hydroxyacelanilide in 0.1 N 
HCl, 5% MeOH, -; and in 0.1 N NaOH, 5% 


MeOH, - - -. 


erties and move the band to  shorter wavelengths 
(7). 


An examination of the spectrum of the H A  
species of acetarsone (Fig. 6 )  reveals a C band at 280 
mp resembling the C band of o-hydroxy acetanilide 
(Fig. 7 )  a t  278 mp. Loss of the first proton, which 
undoubtedly comes from the arsonic group, pro- 
duces little change in the C band but appears to 
have a hypsochromic effect on the B band below the 
spectral range investigated. Loss of the second 
proton produces a marked bathochromic effect on 
the B and C bands which are now located at 251 
mp and 300 mp, respectively. The C band now 
resembles closely the band of the phenolate form of 
o-hydroxyacetanilide. This type of effect is fre- 
quently observed upon loss of a proton from an elec- 
tron-donating substituent group (ie., phenol). 
Finally, loss of a third proton from acetarsone pro- 
duces little effect on the C band but has a hypso- 
chromic effect on the B band; analogous to that 
observed with the loss of the first (arsonic) proton. 
It would therefore seem that the second ionization 
step can only be associated with the phenolic hy- 
droxyl group and the third ionization step with the 
remaining arsonic proton. 


This tinding is not completely unanticipated since 
Pressman and Brown (8) have postulated a similar 
ionization sequence for p-hydroxyphenylarsonic 
acid. They reasoned that since the analinium ion of 
aniline has its acidity increased by about 1.6 pK 
units as a consequence of having a singly ionized 
arsonic acid group para to it in p-aminophenyl- 
arsonic acid, the same should apply to the phenolic 
group in p-hydroxyphenylarsonic acid (pK1 = 
3.88, pKa = 8.37, PI& = 10.05) as compared to 
phenol. 


Designation of the peak at 226 mp in the fully 
ionized acetarsone spectrum as an A band or as an 
additional B band is uncertain. The effect of the 
less polar solvent, methanol, on both the 226-mp and 


L 


h a 
0 
u) m 
a 
K 


-I 
0 
I 


a 


0- 300 340 
220 260 


WAVELENGTH, m p  


the 251-mp bands is to  shift them to the red about 
6-7 mp although the absorptivities of the two are 
affected differently (Fig. 8). This similar batho- 
chromic solvent effect would seem to favor the 
designation of the higher energy band as an addi- 
tional B band possibly associated with the o-hy- 
droxyacetanilide portion of the acetarsone molecule. 
The 251-mp band closely resembles in position and 
peak form, the B band of the fully ionized p-hy- 
droxyphenylarsonic acid and is probably associated 
with that portion of the acetarsone molecule. 


Spectra of Arsthinol-A consideration of the 
spectra of arsthinol in aqueous acid (Fig. 6) and 
methanolic alkali (Fig. 8) solvents reveals a greater 
similarity to o-hydroxyacetanilide than to acetar- 
sone. The disappearance of the acetarsone B band 
at 257 mp in methanolic alkali upon substitu- 
tion of the cyclic 3-hydroxypropyldithioarsenous 
groups for the arsonic acid group indicates the dif- 
ferent character of these groups and further supports 
the association of that band with the p-hydroxy- 
phenylarsonic portion of the acetarsone molecule. 


Analytical Applications-It is self-evident from 
these data that the analyst is afforded a wide range 
of choice in devising spectrophotometric methods of 
assay for these two pharmaceutical entities. If one 
uses anhydrous alkaline methanol as the solvent 
medium, the spectra of arsthinol will be that of the 
intact molecule. Any oxidative hydrolysis which 
may have occurred to it as a consequence of aging 
in its various pharmaceutical formulations can be 
readily detected by the appearance of a peak at 260 
mp due to acetarsone as well as a substantial reduc- 
tion in its absorption in the 307-mp region. 
Coupling this method with the iodometric titration 
affords corroborative data. 
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Hypoglycemic Activity and Chemical Structure 
of the Salicylates 


By VICTOR FANG*, WILLIAM 0. FOYE, SUMNER M. ROBINSONT, 
and HOWARD J. JENKINS 


The results obtained in a study undertaken to clarify both thestructuralrequirements 
of salicylate hypoglycemic activity in the hope of diminishing the unpredictability 
associated with it and the mechanism of such activity are presented in an effort to 
shed further light on the pathophysiology of diabetes mellitus. Results of the struc- 
ture studies point to the carboxyl group as being essential to the salicylate hypogly- 
cemic activity, the hydroxyl radical in the ortho position as being beneficial but not im- 
perative with respect to this activity. Results of the action mechanism studies in- 
volve suppression of the release of fatty acids from adipose tissues in salicylate hy- 


poglycemic activity. 


HE SALICYLATES have been used for nearly a T century in the treatment of diabetes mellitus 
but their usefulness as hypoglycemic agents has 
been limited by the fact that the doses required to 
bring about a significant blood glucose lowering 
response are relatively large and the response is 
somewhat unpredictable in that a wide variety of 
effects other than the hypoglycemic effect is 
elicited concomitantly. The advent of insulin 
and the oral hypoglycemics signaled a loss of 
interest in the antidiabetic action of these com- 
pounds. 


The effectiveness of salicylates in decreasing 
glycosuria and hyperglycemia in various animal 
preparations (1-6) and in man (7-12) is, however, 
well established. The discovery of the cause of 


Received May 20, 1968, from the Edwin Avery Brewer 
and Howard D. Brewer Pharmacology Laboratories, Massa- 
chusetts College of Pharmacy, Boston, MA 02115 


Accepted for publication September 8. 1968. 
Abstracted in part from a thesis submitted by Victor S. 


Fang to the Massachusetts College of Pharmacy in partial 
fulfillment of Doctor of Philosophy degree requirements. * Present address: Postdoctoral Fellow, Harvard School 
of Dental Medicine Boston MA 02115 


t Present addres:: U. S.'Army Res. Ins. Environ. Med., 
Natick, MA 01701 


their unpredictability and the mechanism of their 
action has not been achieved. 


Salicylates diminish the hyperglycemia of some, 
not all, human diabetics, both of maturity-onset 
and juvenile types. Salicylate-induced hypo- 
glycemia can be demonstrated in alloxan or 
pancreatectomized diabetic animals of different 
species. 
In general, a fairly large dose of salicylates is 


required to produce significant lowering of blood 
sugar. In man the maximal hypoglycemic ac- 
tivity is reached at  plasma salicylate concentra- 
tions of between 20 and 30 mg./100 ml. Salicy- 
late levels as low as 6 to 10 mg./100 ml. have 
been claimed to reduce hyperglycemia effectively 
(13-16). The effect of salicylates to reduce 
hyperglycemia in the rat is not abolished by hy- 
pophysectomy (6, 17) or by bilateral adrenalec- 
tomy (5,  18). 


The blood sugar response to salicylates in 
humans and animals is related to blood salicylate 
level and to initial blood glucose concentration. 
The hypoglycemic activity of salicylates is more 
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Hypoglycemic Activity and Chemical Structure 
of the Salicylates 


By VICTOR FANG*, WILLIAM 0. FOYE, SUMNER M. ROBINSONT, 
and HOWARD J. JENKINS 


The results obtained in a study undertaken to clarify both thestructuralrequirements 
of salicylate hypoglycemic activity in the hope of diminishing the unpredictability 
associated with it and the mechanism of such activity are presented in an effort to 
shed further light on the pathophysiology of diabetes mellitus. Results of the struc- 
ture studies point to the carboxyl group as being essential to the salicylate hypogly- 
cemic activity, the hydroxyl radical in the ortho position as being beneficial but not im- 
perative with respect to this activity. Results of the action mechanism studies in- 
volve suppression of the release of fatty acids from adipose tissues in salicylate hy- 


poglycemic activity. 


HE SALICYLATES have been used for nearly a T century in the treatment of diabetes mellitus 
but their usefulness as hypoglycemic agents has 
been limited by the fact that the doses required to 
bring about a significant blood glucose lowering 
response are relatively large and the response is 
somewhat unpredictable in that a wide variety of 
effects other than the hypoglycemic effect is 
elicited concomitantly. The advent of insulin 
and the oral hypoglycemics signaled a loss of 
interest in the antidiabetic action of these com- 
pounds. 


The effectiveness of salicylates in decreasing 
glycosuria and hyperglycemia in various animal 
preparations (1-6) and in man (7-12) is, however, 
well established. The discovery of the cause of 
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not all, human diabetics, both of maturity-onset 
and juvenile types. Salicylate-induced hypo- 
glycemia can be demonstrated in alloxan or 
pancreatectomized diabetic animals of different 
species. 
In general, a fairly large dose of salicylates is 


required to produce significant lowering of blood 
sugar. In man the maximal hypoglycemic ac- 
tivity is reached at  plasma salicylate concentra- 
tions of between 20 and 30 mg./100 ml. Salicy- 
late levels as low as 6 to 10 mg./100 ml. have 
been claimed to reduce hyperglycemia effectively 
(13-16). The effect of salicylates to reduce 
hyperglycemia in the rat is not abolished by hy- 
pophysectomy (6, 17) or by bilateral adrenalec- 
tomy (5,  18). 


The blood sugar response to salicylates in 
humans and animals is related to blood salicylate 
level and to initial blood glucose concentration. 
The hypoglycemic activity of salicylates is more 
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pronounced when the hyperglycemia of diabetes 
is marked and is more pronounced when fasting 
rather than postprandial blood levels are  in- 
volved. It would appear tha t  salicylates d o  not 
have a significant hypoglycemic effect in normal 
(euglycemic) man or animals. On the other 
hand, many salicylate poisoning cases have been 
reported to  be  complicated by hyperglycemia and 
glycosuria ( 19, 20). 


The study reported was undertaken to  deter- 
mine the structural requirements of the hypo- 
glycemic activity of the salicylates and the mech- 
anism of this activity. 


EXPERIMENTAL 


The animals used were alloxan-diabetic male and 
female rats, weighing between 130 and 150 g., which 
were the offspring of Carworth Wistar males and 
Charles River females. The rats selected for the 
production of diabetic animals were starved for 24 
hr. but were given water ad libitum during this 
period. Glucose determinations on blood samples 
withdrawn from the stubs of the cut tails of the rat  
just prior to their alloxan injections served as con- 
trol values. Each rat was given a subcutaneous 
injection of the first alloxan dose of 150 mg./kg. 
body weight. Two days later, each rat received a 
subcutaneous injection of the second dose of the 
diabetogenic drug of 120 mg./kg. The incidence 
and severity of the resultant diabetes could be 
judged by the appearance of characteristic s y m p  
toms and the subsequent blood glucose determina- 
tion. Sometimes it was necessary to give a third 
and even a fourth dose of the drug of 100 mg./kg. 
each at 2-week intervals until the diabetic symptoms 
became very apparent and the fasting blood glucose 
was more than 200 mg.%. 


Most diabetic rats could survive for a t  least 1 year 
without any insulin treatment, provided good care 
was maintained. Adequate food and water, opti- 
mal room temperature, and clean cages were indis- 
pensable. Usually the diabetic rats developed the 
characteristic “poly triad” shortly after the first two 
injections. Retinopathy was recognizable within 1 
to 2 months after alloxan treatment. Retardation 
of growth was easily observed in a comparison of the 
injected animals with their normal littermates. The 
most reliable criterion of diabetes was, of course, the 
lowered glucose tolerance with the pronounced 
h yperglycemia. 


The diabetic rats were not used in the experiments 
of this study unless they had survived for at least 3 
months after the alloxan treatment. A diabetic rat 
would be used repeatedly for many experiments, but 
it was required to have a 1-month period of rest after 
each experiment to ascertain the clearance of any 
residual drug effect. 


Screening of salicylate derivatives and compounds 
similar in structure to salicylate for their effects on 
the blood sugar levels of the rats was carried out as 
follows. 


The food but not the water intake of normal as 
well as diabetic rats was restricted for 18 to 20 hr., in 
order to establish a rather stable fasting blood glu- 
cose level. Blood samples from tail stumps were 


taken before the rats received any treatment. 
Then the animals were given the test compound of 
specified dosage by subcutaneous injection. If the 
compound could not be made soluble enough to 
prepare an aqueous solution for injection, it was 
administered orally to the animal in a freshly-pre- 
pared CMC medium in accord with a modified Du- 
link formula (benzyl alcohol omitted); sodium 
carboxymethylcellulose, 0.5%; polysorbate 80,’ 
0.4%; sodium chloride, 0.9%. blood samples 
were collected 0.5, 1, 2, 3, 5,  and in most cases 7 hr. 
after injection or 1, 2, 3, and 5 hr. after oral adminis- 
tration. 


Nondrug control tests were accomplished with 
normal and diabetic rats receiving either saline 
injection or oral administration of CMC medium 
only. In most experiments one diabetic rat receiv- 
ing a subcutaneous injection of 4 mmoles of sodium 
salicylate/kg. body weight served as the drug con- 
trol. Furthermore, glucose tolerance tests for a 
few normal and a few diabetic rats were performed 
and served as a reference. 


The maximal dose level was 4 mmoles/kg. body 
weight. If a toxic reaction were observed at such a 
dose, lower levels were employed until there was no 
evidence of toxicity. The minimal dose, 0.5 mmole/ 
kg., was reached in some instances. The limit for 
the volume of the injection or oral dose was fixed a t  
5 ml./kg. body weight. The p H  of the injected 
solution was adjusted to the range between 6.5 and 
8.5. 


It was found important to handle the animals as 
gently as possible and to  avoid any unnecessary 
stress and injury. If the animal were too feeble, its 
response to  drug was not considered reliable. The 
animals undergoing testing had to  be able to tolerate 
the Whr. fast plus the 7-hr. test period. Care was 
taken to prevent coprophagy during the fast. Test 
rats were not used more frequently than once each 
month. 


The blood glucose concentration of the samples 
was determined by the enzymatic method described 
by Saifer and Gerstenfeld (21) and Washko and 
Rice (22) slightly modified to  conserve the blood of 
the animal. 


In this method, when the animal was immobilized, 
50 fil. of blood was taken from the stump of the 
severed tail tip by means of a lambda pipet and 
diluted to  1 ml. with distilled water. To this 1 ml. 
(20-fold dilution), 0.5 ml. each of barium hydrox- 
ide solution and zinc sulfate solution were added 
with thorough mixing to precipitate the proteins. 
The now 40-fold diluted specimen was centrifuged 
and 0.5 ml. of the clear supernatant liquid was 
pipeted to  a test tube. To  the tube containing this 
blood specimen 4.5 ml. of Glucostat reagent solution 
was added. The test tube was incubated in a water 
bath a t  37” for a t  least 30 min. At the end of in- 
cubation 2 ml. of 17.1 N HSOt was added to develop 
a pink color. The color intensity was measured by 
the absorbance of the sample at 540 mp in a spectro- 
photometer (Coleman). Water, instead of blood, 
processed in the same way, served as a blank. 


A standard curve was prepared during each assay 
with standards of known amounts of glucose, as was 
the case in the different dilutions of the glucose stock 
solution. The concentration of glucose in a specific 
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blood sample in mg./100 ml. of blood could thus be 
read directly by converting its absorbance to the 
standard curve glucose equivalence. 


The Novak colorimetric ultramicro method (23), 
slightly modified, was used for the determination of 
plasma nonesterified fatty acids (NEFA) in sam- 
ples. 


In this method, 50 pl. of blood was taken from the 
stump of the severed tail tip and mixed immediately 
with 75 pl. of heparinized saline. The blood sus- 
pension was centrifuged and an aliquot of 70 pl. of 
plasma solution was taken and kept frozen until the 
start of the assay. T o  the frozen plasma solution 
0.4 ml. of Dole’s extraction mixture (24) was added. 
The liquids were mixed by vibration and the test 
tube was cooled in an ice bath. After 0.3 ml. of hep- 
tane and 0.5 ml. of water were added, the contents 
of the tube were thoroughly mixed again. Three- 
tenths milliliter was drawn from the upper heptane 
phase and transferred to another test tube. To  it 
0.5 ml. of chloroform-heptane mixture and 0.6 ml. of 
the cobalt reagent were added. The solution was 
thoroughly mixed and centrifuged. Six-hundredths 
milliliter of the upper chloroform-heptane layer was 
transferred to a third test tube containing 0.75 ml. 
of the indicator solution and an orange color devel- 
oped. The color intensity was measured by the ab- 
sorbance of the sample at 500 m p  (Coleman spectro- 
photometer). A tube which contained heparinized 
saline instead of plasma solution was processed in 
the same way to serve as a blank. 


A standard curve was prepared in each assay by 
measuring the absorbance of standard palmitic acid 
solutions containing known quantities of the fatty 
acid. The concentration of NEFA in the assay 
sample in meq./l. of plasma could be read directly 
from the corresponding absorbance on the standard 
curve. 


RESULTS AND DISCUSSION 


The effect of salicylic acid on the blood glucose of 
alloxan diabetic rats is illustrated in Fig. 1. The 
effect of each of the compounds studied on the blood 
sugar level of the diabetic ra t  is listed in Table I. 


Chemical Structure-Biological Activity Rela- 
tionships-Acetylsalicylic acid possessed almost 
the same hypoglycemic activity as salicylic acid. 
Salicylamide elevated blood sugar levels. 


Block of carboxyl group, as in semicarbazone and 
hydrazine derivatives, caused abolition of the glucose 
lowering action of salicylic acid. Benzoic acid was 
less effective than salicylic acid as an hypoglycemic 
agent, yet i t  had significant hypoglycemic activity. 


Insofar as the hydroxyl group is concerned, phenol 
had no significant activity on blood sugar concentra- 
tion. Catechol also had no activity. Both were 
toxic. An additional hydroxyl radical on the ben- 
zene ring of salicylic acid eliminated hypoglycemic 
activity. If the hydroxyl group were replaced by 
an amino group, such as anthranilic acid, the hy- 
poglycemic effect-was reduced but was still signifi- 
cant. If it were substituted by a nitro or mercapto 
group or by fluorine, blood sugar tended to rise and 
toxicity was increased. 


If the benzene ring were alkylated, the toxicity 
was increased and the hypoglycemic activity dis- 
appeared. The toxicity of alkylated salicylic acid 
was increased in proportion to the number of carbon 


120 


Fig. 1-Effect of salicylic acid (S.A.)  on blood glucose 
of diabetic rats. Key: 0, 11 rats, 86.4444.0 mg./lOO 
ml., 5 ml. saiinzlkg., s.c.; X, 5 rats, 130.0-193.6 mg./ 
1GO ml., 2 mmoles S.A./kg., s.c.; a, 7 rats, 88.0-375.0 


mg./lOO ml., 4 mmoles S.A./kg.,  S.G. 


atoms of the alkyl group or groups. Also, the posi- 
tion of alkylation made no difference. If the ben- 
zene ring were replaced by a naphthalene ring, the 
effect on blood glucose was like that of alkylation. 
Replacement of the benzene ring with a Bmembered 
ring seemed to increase hypoglycemic potency. 


Nicotinic acid analogs had greater hypoglycemic 
activity than salicylic acid itself. The sugar-low- 
ering activity of nicotinic acid and 2-hydroxynico- 
tinic acid was even more pronounced. Isonicotinic 
acid derivatives did not follow this pattern. Pyra- 
zine and pyrimidine analogs of salicylic acid had 
little effect to alter blood sugar level. 


In summary, the carboxyl group of salicylic acid 
appeared to be responsible for the hypoglycemic 
activity. The hydroxyl group at the ortho position 
was not imperative but beneficial to the hypogly- 
cemic action. 


Mechanism of Action of Salicylates-A consider- 
able difference of opinion exists on the matter of 
the mechanism of salicylic acid’s hypoglycemic 
effect, some investigators being of the opinion tha t  
these agents suppress gluconeogenesis, some that  
they promote glycogen formation. In addition, a 
number of other mechanisms representing possibili- 
ties for hypoglycemic activity have been introduced. 
None is supported by available evidence. Salicy- 
lates do not diminish the in vivo rate of intestinal ab- 
sorption of glucose in either animal preparations 
(25,26) or in man (10,27). Also, they do not reduce 
dietary intake of glucose because they are not re- 
sponsible for a reduction in body weight of those 
animals to which they are administered. They have 
no effect on glomerular filtration or reabsorption of 
glucose because the glycosuria of diabetic patients 
treated with salicylates diminishes to  an extent par- 
allel to  that of the reduction in blood sugar (10). 
Any observed salicylate effect of expanding the 
plasma volume is quantitatively inadequate to ac- 
count for the fall in blood sugar (27). The formation 
of salicylate glucuronide is unlikely to be a mechanism 
of salicylate hypoglycemia (28). The conversion of 
glucose to  liver and muscle glycogen might represent 
a possible mechanism of blood glucose lowering. 
But salicylates either have no glycogenetic effect or 
they deplete liver glycogen. Smith, Meade, and 
Bornstein (3) observed that large doses of salicylates 
reduced the glycosuria and blood glucose in the 
diabetic rat but caused no changes in the liver glyco- 
gen content and that in the normal ra t  the same 
treatment caused no alteration in blood glucose but a 
depression of liver glycogen. The glycogenolytic 
effect of salicylates in normal man and animals is 
responsible for the hyperglycemia of salicylate in- 
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TABLE I-EFFECT OF COMPOUNDS TESTED ON BLOOD GLUCOSE LEVELS OF DIABETIC RATS 


% Change in 
Plasma Glucose at 6 hr.- Compd. 


Hypoglycemic Effect 
Salicylic acid, 4 mmoles/kg., s.c., oral 57.8 


93.5 
Anthranilic acid, 4 mmoles/kg., S.C. 90.8 
Nicotinic acid, 2 mmoles/kg., S.C. 41.3 


47.5 


Indole-3-acetic acid, 4 mmoles/kg., S.C. 81.1 
2-Thiophenecarboxylic acid, 2 mmoles/kg., S.C. 85.0 


Hyperglycemic Effect 
Salicylamide, 4 mmoles/kg., S.C. 141.6 
o-Mercaptobenzoic acid, 1 mmole/kg., S.C. 138.2 
o-Nitrobenzoic acid, 4 mmoles/kg., S.C. 128.7 
a-Resorcylic acid, 4 mmoles/kg., S.C. 150.4 
m-Cresotic acid, 4 mmoles/kg., S.C. 143.2 
o-Thymotic acid, 1 mmole/kg., S.C. 130. 7b 
3,5-Diisopropylsalicylic acid, 0.5 mmoles/kg., S.C. 138.3 
o-Fluorobenzoic Acid, 1 mmole/kg., S.C. 163.3 
1-Hydroxy-2-naphthoic acid, 1 mmole/kg., S.C. 227.9 
3-Hydroxyisonicotinic acid, 1 mmole/kg., S.C. 129.4 


No Sipidcant Effect 
Nicotinamide, 4 mmoles/kg., S.C. 85.5 
Salicylaldehyde semicarbazone, 4 mmoles/kg., oral 106.3 
Salicylhydrazide, 2 mmolesjkg., oral 111.7 
3,6-Dimethylsalicylic acid, 2 mmoles/kg., S.C. 105.9 
3-tert-Butyl-6-methylsalicylic acid, 0.5 mmole/kg., S.C. 99.2 
Phenol, 4 mmolesjkg., S.C. 93.5 
Catechol, 1 mmole/kg., S.C. 105.9 
Saligenin, 2 mmoles/kg., S.C. 83.9 
2,4-Dihydroxybenzoic acid, 4 mmoles/kg., S.C. 90.7 
Gentisic acid, 4 mmoles/kg., S.C. 80.1 
2-Hydroxy-3-naphthoic acid 1 mmole/kg., S.C. 135.9 
2-Aminopyrimidine-3-naphthoic acid 1 mmole/kg., S.C. 97.4 
4-Aminopyrimidine-5-carboxylic acid 2 mmoles/kg., S.C. 121.8 
4-Hydroxy-2-methylquinoline-3-carboxylic acid, 4 mmoles/kg., S.C. 117.1 
Methyl-3-hydroxythiophene-2-carboxylate, 4 mmoles/kg., oral 116.1 
Ethyl-4-hydroxy-2-methyl-thiazole-5-carboxylate, 4 mmoles/kg., oral 107.5 


Benzoic acid, 4 mmoles/kg., S.C. 


2-Hydroxynicotinic acid, 4 mmoles/kg., S.C. 
2-Hydroxypyrazine-3-carboxylic acid, 2 mmoles/kg. 88.0 


* t value significance never as much as 0.05. % change in plasma glucose at 3 hr. 


toxication. Niederlund (29) showed that both 
single and continuous doses of salicylates in the 
range of 230 to 810 mg./kg. body weight caused 
depletion of glycogen in the skeletal muscles and 
the myocardium of rabbits. Stowers (27) concluded 
that a long-term hypoglycemic action such as that 
induced by salicylates in man could not be explained 
by a change in distribution of or conversion to car- 
bohydrates which could have only a transient action 
on blood glucose levels. Absence of relationship 
between salicylate uncoupling oxidative phosphor- 
ylation effect and hypoglycemia was reported by 
Gilgore (11) and Stowers (27). The hypoglycemic 
effect of salicylates does not appear to depend on 
either an insulin-like action or on liberation of in- 
sulin (10, 30-33). That the inhibition of lactate 
dehydrogenase by salicylates as a result of the re- 
versible competition between them and pyridine 
nucleotide enzymes (NAD or NADP), is responsible 
for the hypoglycemia effect of the salicylate is un- 
likely because it is improbable that there is any dif- 
ference in this inhibition in normal and diabetic 
animals. Attempts to  correlate the metabolic effects 
of salicylates and their effects to diminish the protein 
binding of insulin and thyroxine (31, 34, 35) have 
not been convincing simply because the mode of 
action of these hormones does not fit the pattern of 
the hypoglycemic response to the salicylates. 


Accumulating evidence suggests a reciprocal 
correlation between glucose utilization by peripheral 
tissues and release of nonesterified fatty acid 
(NEFA) from adipose tissue into the blood stream 
(36, 37). Carlson and Ostman (38) discovered that 
calcium acetylsalicylate in normal and diabetic 
subjects caused blood glucose and NEFA concentra- 
tions to fall. 


Salicylate appears to  depress NEFA release from 
adipose tissue. Inadequate glucose utilization by 
adipose tissue will induce a high level of NEFA in 
blood plasma (39). Observations by Shipp et ul. (40) 
and Randle et al. (41) have shown that plasma fatty 
acids at high concentrations can inhibit the tissue 
utilization of glucose. These observations have 
been interpreted to  suggest that the increase in 
NEFA occurring in diabetes can block the utilization 
of glucose from the blood stream. Thus, agents 
which will depress NEFA such as salicylate, should 
secondarily increase glucose utilization in diabetics 
and may lower blood sugar. 


Table I1 illustrates the relationship between 
blood glucose and plasma NEFA. The effect of 
salicylic acid on plasma NEFA is seen within the 
fist hour following administration, while the effect 
on blood glucose shows up toward the end of the 
third hour. 


To determine whether or not the blood glucose 
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TABLE 11-RELATIONSHIP BETWEEN BLOOD GLUCOSE AND PLASMA NEFA 


-Blood Glucose Contents, mg./100 m1.- -Plasma NEFA Contents in meq/l.- 
4 hr.- -Changes in %- -0 hr.- -Changes in %-- 


D.R.' Treatment Range Av. 1 hr. 3 hr. 5 hr. Range Av. 1 hr. 3 hr. 5 hr. 


16 Sa!ine.cc+rol, 86.9-350.1 188.2 117.0 115.6 115.8 0.55-1.65 0.92 93.4 104.3 129.6 
b ml./ug., S.C. 


4 mmoles/kg., S.C. 


4 mmoles/kg., S.C. 


4 mmoles/kg., S.C. 


1 mmole/kg., S.C. 


10 Salicylic acid, 94.2-350.7 182.4 103.7 91.6 72.7 0.51-1.27 0.81 17.9 53.1 93.0 


8 Salicylamide, 132.5-535.7 328.1 107.0 104.3 108.3 0.75-1.69 1.26 87.7 111.7 106.1 


8 Benzoic acid, 96.7-371.4 229.6 88 .8  88.8 112.2 0.54-1.51 0.93 20 .1  76.9 141.1 


8 Thiosalicylic acid, 158.0-392.9 280.9 108.3 107.0 110.4 1.12-2.00 1.37 58 .5  76.8 94 .1  


~ 


' Number of diabetic rats. 


TABLE 111-EFFECT OF EXOGENOUS NEFA TO BLOCK THE HYPOGLYCEMIC 
ACTIVITY OF SALICYLIC ACID IN DIABETIC RATS 


-Blood Glucose Contents, mg./100 m1.- 


D.R. Injected __O hr.- -Changes in yo- Injected 4 hr.- -Changes in yo.- 
-Plasma NEFA Contents, meq./l.- Blood of 


GroupNo. Serumo Range Av. 1 hr. 3 hr. 5 hr. Serumm Range Av. 1 hr. 3 hr. 5 hr. : 
I b 5  - 0.76-2.48 1.44 96.6 100.7 109.8 - 337.7-387.1 364.5 104.4 96.5 94.2 - 


I Ic  5 - 0.70-1.69 1.30 24.1 39.8 53.0 - 198.0-408.6 349.5 96.3 69.2 45.4 0.005 
IIId 5 1.24-1.56 1.00-1.29 1.15 156.4 121.0 105.5 56.1-68.3 1 9 3 . H 6 6 . 5  330.1 116.4 130.4 130.7 0.005 
IV' 3 1.28-1.56 1.08-1.86 1.55 51.3 76.8 87.0 56.1-58.7 133.3-505.7 349.6 116.1 103.3 101.7 0 . 1  


The plasma NEFA and blood glucose contents of the blood samples, from which the serum was obtained and used for injec- 
Normal saline, 5 ml./kg. s.c 


Salicylic acid, 4 mmoles in 5 ml./kg., S.C. and then serum from starve 
tion. 'Normal saline control, 5 ml./kg., S.C. 
and then serum from starved normal rats, 5 ml./kg., i.v. 
normal rats, 5 ml./kg., i.v. 


Salicylic acid, 4 mmoles in 5 ml./kg., S.C. 


1.2. 


1.0 


0.8. 


4 8 12 16 20 24 
STARVATION TIME, hr. 


Fig. .?-Relationship between plasma NEFA level and 
starvation time (mean f S D ,  10 normal rats). 


lowering capacity of salicylic acid is dependent upon 
the supression of plasma NEFA and therefore 
secondary to  it, exogenous NEFA was supplied to 
salicylic acid pretreated animals. 


The relationship between plasma NEFA level 
and starvation time is shown in Fig. 2. The effect 
of exogenous NEFA to block the hypoglycemic 
activity of salicylic acid in diabetic rats is seen in 
Table 111. Thus, when the primary effect of sali- 
cylic acid to  depress blood NEFA concentration is 
nullified by the addition of exogenous NEFA, the 
secondary hypoglycemic effect of salicylic acid is 
abolished. 


SUMMARY 


1. The carboxyl group of salicylic acid appears 
to be responsible for the hypoglycemic activity of 
this compound. The hydroxyl group at the ortho 
position is not imperative but beneficial to the 
hypoglycemic activity. 


It would appear that the hypoglycemic action 2. 


of salicylates is achieved through a primary effect 
to  suppress the release of fatty acids from adipose 
tissues. 
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Identification of a Prednisolone Derivative 
Interacting with Calf Thymus Histones 


By KIYOSHI SUNAGA* and S .  S .  KOIDE 


Prednisolone dissolved i n  0.2 M phosphate buffer, p H  7.4, was analyzed by TLC 
and found to undergo degradative changes. One  of the products on  the chromato- 
gram was identified as 2 1-dehydroprednisolone which interacted with calf thymus 
histones. Minimal or n o  binding occurred with prednisolone and the carboxylic 
derivative. T h e  transformation of prednisolone to 2 1 -dehydroprednisolone was 
blocked by EDTA and facilitated by cupric ions. However, the binding of histones 
with prednisolone in  phosphate buffer was depressed when cupric ions were added 
to the media. T h e  results of this study suggest that prednisolone in  phosphate 
buffer is  transformed to 2 1-dehydroprednisolone which interacts with calf thymus 


histones. 


HE BINDING OF glucocorticoids with calf T thymus histones was shown to be dependent 
on a preliminary incubation of the steroids in 
phosphate buffer (1). In this study, the transfor- 
mation of prednisolone’ in  phosphate buffer was 
studied. A derivative was isolated and identified 
as 21-dehydroprednisolone which interacted with 
histones. Comparative studies of the binding 
capacity of histones with 21-dehydroprednisolone 
and prednisolone in phosphate buffer at various 
p H  values were carried out. 


MATERIALS AND METHODS 


The material and methods for the determination 
of the binding of histones with steroids were the 
same as previously reported. (1-3). 1,2,4- 
predni~olone-~H with specific activity of 721 mc./ 
mmole was purchased from Schwarz Bio-Research 
Inc., New York, N. Y. The steroids were purified 
on silica gel chromatogram (6061, Eastman Kodak 
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Co., Rochester, N. Y.) before use. The 21-dehydro 
and 21-carboxylic derivatives of prednisolone were 
prepared according to  the method of Lewbart and 
Mattox (4). The amount of steroid was estimated 
by measuring absorbance at 240 mp or by the 
radioactivities and by the blue tetrazolium ( 5 )  and 
Porter-Silber reactions (6). A liter of phosphate 
buffer was washed with 100 ml. of O.OOl’% dithizone 
in CClr, v/v. The aldehyde group was detected by 
the Sawicki reaction (7). 


Chromatogram sheets were developed by the 
ascending technique. Two solvent systems were 
used; namely, chloroform-ethanol, 96:4, v/v, 
and ethyl acetate-tert-butanol-5N NH40H, 
50:40:20 by vol. The sheets were developed and 
dried at room temperature. The unlabeled steroids 
were detected by UV lamp. The labeled steroids 
were determined by cutting the sheets in 1-cm. 
sections and placing each strip in a counting vial. 
Ten milliliters of phosphor in toluene were added 
to each vial and the samples were counted as 
previously reported (1-3). Each steroid component 
separated on the chromatogram was extracted with 
2 ml. of ethanol for 24 hr. at room temperature. 
The extract was dried under vacuum and the 
residue was dissolved in distilled water. The eluted 
components were rechromatographed. About 49r, 
of the material remained at the origin and other 
metabolites were not detected. The binding of 
the steroid fraction with arginine-rich histones was 
performed as previously reported (1-3) with slight 
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Identification of a Prednisolone Derivative 
Interacting with Calf Thymus Histones 
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Prednisolone dissolved i n  0.2 M phosphate buffer, p H  7.4, was analyzed by TLC 
and found to undergo degradative changes. One  of the products on  the chromato- 
gram was identified as 2 1-dehydroprednisolone which interacted with calf thymus 
histones. Minimal or n o  binding occurred with prednisolone and the carboxylic 
derivative. T h e  transformation of prednisolone to 2 1 -dehydroprednisolone was 
blocked by EDTA and facilitated by cupric ions. However, the binding of histones 
with prednisolone in  phosphate buffer was depressed when cupric ions were added 
to the media. T h e  results of this study suggest that prednisolone in  phosphate 
buffer is  transformed to 2 1-dehydroprednisolone which interacts with calf thymus 


histones. 


HE BINDING OF glucocorticoids with calf T thymus histones was shown to be dependent 
on a preliminary incubation of the steroids in 
phosphate buffer (1). In this study, the transfor- 
mation of prednisolone’ in  phosphate buffer was 
studied. A derivative was isolated and identified 
as 21-dehydroprednisolone which interacted with 
histones. Comparative studies of the binding 
capacity of histones with 21-dehydroprednisolone 
and prednisolone in phosphate buffer at various 
p H  values were carried out. 


MATERIALS AND METHODS 


The material and methods for the determination 
of the binding of histones with steroids were the 
same as previously reported. (1-3). 1,2,4- 
predni~olone-~H with specific activity of 721 mc./ 
mmole was purchased from Schwarz Bio-Research 
Inc., New York, N. Y. The steroids were purified 
on silica gel chromatogram (6061, Eastman Kodak 
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Co., Rochester, N. Y.) before use. The 21-dehydro 
and 21-carboxylic derivatives of prednisolone were 
prepared according to  the method of Lewbart and 
Mattox (4). The amount of steroid was estimated 
by measuring absorbance at 240 mp or by the 
radioactivities and by the blue tetrazolium ( 5 )  and 
Porter-Silber reactions (6). A liter of phosphate 
buffer was washed with 100 ml. of O.OOl’% dithizone 
in CClr, v/v. The aldehyde group was detected by 
the Sawicki reaction (7). 


Chromatogram sheets were developed by the 
ascending technique. Two solvent systems were 
used; namely, chloroform-ethanol, 96:4, v/v, 
and ethyl acetate-tert-butanol-5N NH40H, 
50:40:20 by vol. The sheets were developed and 
dried at room temperature. The unlabeled steroids 
were detected by UV lamp. The labeled steroids 
were determined by cutting the sheets in 1-cm. 
sections and placing each strip in a counting vial. 
Ten milliliters of phosphor in toluene were added 
to each vial and the samples were counted as 
previously reported (1-3). Each steroid component 
separated on the chromatogram was extracted with 
2 ml. of ethanol for 24 hr. at room temperature. 
The extract was dried under vacuum and the 
residue was dissolved in distilled water. The eluted 
components were rechromatographed. About 49r, 
of the material remained at the origin and other 
metabolites were not detected. The binding of 
the steroid fraction with arginine-rich histones was 
performed as previously reported (1-3) with slight 
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Fig. 1-Binding afinity of arginine-rich histones 
of calf thymus with prednisolone incubated at different 
temperatures for 7 2  hr. Prednisolone was dissolved 
in 0.2 M potassium phosphate buffer, p H  7.8. 


modifications. A mixture was prepared containing 
0.2 ml. (3 mg.) of aqueous histone solution, 0.2 ml. 
of 0.2 M potassium phosphate buffer, pH 7.4, and 
0.05 ml. of SH-steroid extracted from the chro- 
matogram. The final concentration of the steroids 
ranged from 36 to  170 mpM. For comparative study 
the final concentration was 50 mpM. The mixture 
was incubated at 37' for 30 min. and filtered on a 
column (Sephadex G-25) (0.8 X 32 cm.) in the cold 
(04'). The column was eluted with 0.2 M po- 
tassium phosphate buffer, pH 7.4. 


RESULTS 


In  a preliminary experiment, the monobasic and 
dibasic potassium phosphates were recrystallized 
from 0.001 M EDTA and several times from de- 
ionized water. The transformation of prednisolone 
to 21-dehydroprednisolone in phosphate buffer 
prepared with recrystallized phosphates occurred at 
the same rate as buffer prepared from reagent grade 
phosphates. Similarly, the transformation occurred 
in phosphate buffer washed with dithizone. 


Figure 1 shows the binding of prednisolone (de- 
rivatives) with arginine-rich histones of calf thymus 
on storage of the steroid dissolved in phosphate 
b d e r  or water and incubated at 37' for 72 hr. The 
maximum binding occurred with the sample stored 
at 37' for 48 hr. in phosphate buffer. This finding 
suggested that prednisolone undergoes transforma- 
tion in phosphate buffer. When EDTA was added 


w 


Fig. 3-Binding afinity of arginine-rich histones of 
calf thymus with prednisolone dissolved in phosphate 
buffer with and without added cupric ions. Pred- 
nisolone was dissolved in potassium phosphate buffer, 
p H  7.4, and incubated at 37 ' for  72 hr. The final 
concentration of cupric ions was 1 mM.  The p H  
of the copper sulfate solution without phosphate buffer 


was 4.6. 


to the solution, the binding capxi ty  was markedly 
depressed (Fig. 2). The addition of cupric salts 
reversed the inhibition; whereas Ca2+, Mnz+, 
and Mg2+ ions did not. On the other hand, the 
addition of cupric salts to  prednisolone in various 
concentrations of phosphate buffer decreased its 
binding with calf thymus histones (Fig. 3). 
Other trace metals may be present in analytical 
grade potassium phosphates which may influence 
this transformation. No binding was observed 
when prednisolone was incubated in aqueous cupric 
sulfate in the absence of phosphate ions (Fig. 3). 


Figure 4 shows the TLC of prednisolone dissolved 
in 0.2 M phosphate buffer, pH 7.4, and incubated at 
37' for 48 hr. The chromatogram was developed 
with 4y0 ethanol in chloroform. Three major and 
one minor components were detected. These com- 
ponents were identified as the 21-carboxylic deriva- 
tive (Sp-1), prednisolone (Sp-2), and 21-dehydro- 
prednisolone (Sp-3). The fourth component (Sp-4) 
which ran with the solvent front was tentatively 
identified as androsta-l,4-dien-11j3-ol-3,17-dione. 
The Sp-4 spot appeared when 21-dehydropredni- 
solone was heated at 100' for 10 min. That this 
component may be androsta-l,4-dien-11j3-01-3,17- 


w.3 SP-4 
x 


/ 
I u .- * I s /  


PO4', mM EDTA 


V, 0 1 2 2 4 3 6 4 8 6 0 7 2  - 
hr. z 


Fig. 2-Binding of arginine-rich histones of calf 
thymus with prednisolone treated with E D T A  and 
various cations. The following salts were used: 
CuSOl- 5H20, MgC12 e6H20, MnC12.4H20, and Ca Ch 
at a final concentrataon of 1 mM. The salts were 
added 12 hr. after the preparation of the prednisolone 
solution and incubated at 37'. Alipuots of the pred- 
nisolone solution were assayed for binding afinity at 


12-hr. intervals for  7 2  hr. 


t 
Origin 


i 
Front 


Fig. &Thin-layer chromtogram of prednisolone in 
phosphate buffer. The analysis was performed with 
prednisolone dissolved in 0.2 M potassium phosphate 


buffer, p H  7.4, at 37'for 48 hr. 
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TABLE I-PROPERTIES OF STEROID DERIVATIVES 


SEPARATED ON THIN-LAYER CHROMATOGRAM 


Proportion of Aldehyde 
Components 240 mfi: BT: PS Reaction Rr 


sp-1 1:0.4:0.4 0 0 
S P 2  1 : l : l  0 0.2 
SP3 1:0.1:0.3 + 0.7 


Journal of Pharmaceutical ScienCes 


dione is supported by the reports that adreno- 
sterone was formed when cortisone was heated to 
90' in ethyl ether peroxides (8) and that the main 
decomposition product of cortisol-4-14C was an- 
drost-4-en-11j3-ol-3,17-dione (9). Adrenosterone 
migrates with the solvent front when developed on 
silica gel chromatogram with this system. When 
the chromatogram was developed with a mixture 
containing ethyl acetate-tert-butanol-5 N NH4OH, 
prednisolone and 21-dehydroprednisolone migrated 
with the solvent front. With this system, the Rj 
of Sp-1 was identical with the carboxylic derivative. 


Table I shows some of the properties of these 
three components. When the amounts were de- 
termined by measuring the absorbance at 240 mp 
and with the blue tetrazolium (BT) and Porter- 
Silber (PS) reactions, the proportions of the amounts 
determined by these three methods were markedly 
different. Only Sp-2 gave equivalent amounts by 
all three methods and was identified as prednisolone. 
Only Sp-3 gave a positive aldehyde reaction with 
the Sawicki reagent identifying it as the 21-dehydro 
derivative. These results suggest that  the a,& 
unsaturated 3-keto group remains intact and that  
the side chain had been altered. 


Figure 5 shows the relationship of the binding 
capacity of histones with prednisolone in phosphate 
b d e r  which was incubated at varying lengths of 
time at 37' to the content of the various steroid 
derivatives. The transformation of prednisolone 
in 0.2 M potassium phosphate, pH 7.4, and 37' was 
followed and the contents were analyzed by TLC 
at 24, 48, and 72 hr. The carboxylic derivative 
(Sp-1) increased with time; whereas the unchanged 
prednisolone (Sp-2) decreased. The binding ca- 
pacity correlated with the content of 21-dehydro- 
prednisolone (Sp-3). These results indicate that  
the transformation of 21-dehydroprednisolone (sp-3) 
to  the carboxylic derivative (Sp-1 ) increased at 72 hr. 


v) .-. 
>- .- W 0- 0 - 0  ; 


z 


hr. I 


Fig. 5-Content of prednisolone derivatives during stor- 
age of prednisolone in  phosphnte buffer. The binding 
afindy was determined with the original prednisolone 
solution dissolved in 0.2 M potassium phosphate buf- 
fer, pH 7.4, and with the various derivatives. The 
jinal concentration of the steroids was 50 mpM. At time 
zero, the steroid solution was analyzed immediately 


after preparation. 


p s p - 3  


PH 


Fig. 6-Binding afinity of prednisolone derivatives 
with arginine-rich histones of calf thymus at various 
PH values. The steroids were isolated from the thin- 
layer chromatogram and dissolved in  water. 0.2 
M potassium phosphate buffers at the indicated pH 
values were used as the incubating media. Gel filtra- 
tion was performed with 0.2 M potassium phosphate 
bufer, pH 7.4. The final concentration of the steroids 


was 50 muM. 


Figures 6 and 7 show the binding of these three 
components isolated from the thin-layer chro- 
matogram with arginine-rich and lysine-rich histones 
of calf thymus at various pH values. Interaction 
occurred principally with 21-dehydroprednisolone 
(Sp-3). Little or no binding was detected with 
prednisolone (Sp-2) and the carboxylic derivative 
(SP-1). 


DISCUSSION 


Although cupric ions catalyze the degradation of 
prednisolone to 21-dehydroprednisolone in phos- 
phate buffer, the transformation which proceeds 
unabated in phosphate b d e r  washed with di- 
thizone or prepared with recrystallized phosphates 
remains unexplained. The transformation is in 
accord with the reports that corticosteroids undergo 
degradation in aqueous solutions and that the de- 
composition is catalyzed by cupric ions and in- 
hibited by EDTA (10, 12). It is conceivable that 
trace amounts of cupric ions are required for the 
transformation and that an excess may be in- 
hibitory. Cupric ions may influence the binding of 
prednisolone derivatives with histones. Although 
the degradation occurs in alkaline media in the 
absence of cupric ions, the transformation catalyzed 


z 
In- 


,OSp-3 


Fig. 7-Binding afinity of prednisolone derivatives 
with lysine-rich histones of calf thymus at various PH 
values, The steroids used were isolated from the thin- 
layer chromatogram and dissolved in water. 0.2 M 
potassium phosphate buffers at the indicated pH values 
were used as incubating media. Gel filtration was 
performed with 0.2 M phosphate. buffer, pH 7.4. 


The final concentration of the sterozds was 50 mpM. 
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by cupric ions in aqueous solutions a t  neutral pH 
can be demonstrated only in the presence of phos- 
phate ions. 


It has been demonstrated in this study that 
21-dehydroprednisolone interacts with histones. 
This is in accord with the report of Kripalani and 
Sorby (10) that the degradative products of hydro- 
cortisone interact strongly with human serum albu- 
min. The different binding characteristics of histones 
with prednisolone and 21-dehydroprednisolone (Fig. 
6) suggest that they interact with different loci on 
the histone molecule. The binding characteristics 
of these two steroids with transcortin and serum 
albumin were distinctly different (13). Preliminary 
studies on the interaction of 21-dehydrocorticoster- 
oids with amino acids in this laboratory suggests that 
the reaction occurs between the 21-aldehyde and the 
a-amino group to form Schiff bases. 


The possibility that prednisolone (21-dehydrocor- 
tisol, is formed under physiological conditions is sug- 
gested by the demonstration of 21-hydroxysteroid 
dehydrogenase in rat and sheep liver and bovine 
adrenal gland (14-16) although the reaction is 
strongly in the direction of the alcohol formation. 
It is noteworthy that the 21-dehydrosteroids are 
less active or inactive in biological systems in com- 
parison to the parent corticosteroids (17, 18), sug- 
gesting that they need to be converted to the alco- 
hol form to be biologically active. Since the bio- 
logically active prednisolone did not bind appreciably 
with histones in comparison with prednisolone, the 
mechanism of action of prednisolone probably does 
not depend on its interaction with histones. 
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Copper-Catalyzed Oxidation of Ascorbic Acid in Gels 
and Aqueous Solutions of Polysorbate 80 


By ROLLAND I. POUST and JOHN L. COLAIZZI 


The stability of ascorbic acid in a ueous solution has been studied as a function 
of polysorbate 80 concentration. ?he range of polysorbate concentrations studied 
was sufficiently wide to provide systems ranging from solutions of low viscosity 
to hydrogels. The study has been conducted at 30, 40, 50 ,  and 60". First-order 
rate constants for the oxidative reaction were calculated, and they appear to decrease 
as a function of polysorbate 80 concentration up to 10 percent, except at 30° ,  in 
which case the rate constants decreased up to 30 percent polysorbate 80. The rate 
generally leveled off at higher surfactant concentrations. It appears that this phe- 
nomenon is probably a result of micelle formation, or, more specifically, the increases 
in micellar aggregation number and micellar concentration which occur u to about 
30  percent polysorbate 80. It does not appear that increased viscosity gas a sig- 


nificant influence on the rate of ascorbic acid oxidation in these systems. 


HE POSSIBILITY OF ENHANCING the stability tured vehicles, such as thixotropic gels, has been T of drugs by incorporating them into struc- suggested. Drugs such as vitamins, which are 
susceptible to decomposition, have been found 


Pittsburgh, PA 15213 to be stable for longer periods of time in thixo- 
tropic preparations (1). Macek (2) noted that a 
vehicle of peanut or sesame oil gelled with 2% 
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by cupric ions in aqueous solutions a t  neutral pH 
can be demonstrated only in the presence of phos- 
phate ions. 


It has been demonstrated in this study that 
21-dehydroprednisolone interacts with histones. 
This is in accord with the report of Kripalani and 
Sorby (10) that the degradative products of hydro- 
cortisone interact strongly with human serum albu- 
min. The different binding characteristics of histones 
with prednisolone and 21-dehydroprednisolone (Fig. 
6) suggest that they interact with different loci on 
the histone molecule. The binding characteristics 
of these two steroids with transcortin and serum 
albumin were distinctly different (13). Preliminary 
studies on the interaction of 21-dehydrocorticoster- 
oids with amino acids in this laboratory suggests that 
the reaction occurs between the 21-aldehyde and the 
a-amino group to form Schiff bases. 


The possibility that prednisolone (21-dehydrocor- 
tisol, is formed under physiological conditions is sug- 
gested by the demonstration of 21-hydroxysteroid 
dehydrogenase in rat and sheep liver and bovine 
adrenal gland (14-16) although the reaction is 
strongly in the direction of the alcohol formation. 
It is noteworthy that the 21-dehydrosteroids are 
less active or inactive in biological systems in com- 
parison to the parent corticosteroids (17, 18), sug- 
gesting that they need to be converted to the alco- 
hol form to be biologically active. Since the bio- 
logically active prednisolone did not bind appreciably 
with histones in comparison with prednisolone, the 
mechanism of action of prednisolone probably does 
not depend on its interaction with histones. 
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Copper-Catalyzed Oxidation of Ascorbic Acid in Gels 
and Aqueous Solutions of Polysorbate 80 


By ROLLAND I. POUST and JOHN L. COLAIZZI 


The stability of ascorbic acid in a ueous solution has been studied as a function 
of polysorbate 80 concentration. ?he range of polysorbate concentrations studied 
was sufficiently wide to provide systems ranging from solutions of low viscosity 
to hydrogels. The study has been conducted at 30, 40, 50 ,  and 60". First-order 
rate constants for the oxidative reaction were calculated, and they appear to decrease 
as a function of polysorbate 80 concentration up to 10 percent, except at 30° ,  in 
which case the rate constants decreased up to 30 percent polysorbate 80. The rate 
generally leveled off at higher surfactant concentrations. It appears that this phe- 
nomenon is probably a result of micelle formation, or, more specifically, the increases 
in micellar aggregation number and micellar concentration which occur u to about 
30  percent polysorbate 80. It does not appear that increased viscosity gas a sig- 


nificant influence on the rate of ascorbic acid oxidation in these systems. 


HE POSSIBILITY OF ENHANCING the stability tured vehicles, such as thixotropic gels, has been T of drugs by incorporating them into struc- suggested. Drugs such as vitamins, which are 
susceptible to decomposition, have been found 


Pittsburgh, PA 15213 to be stable for longer periods of time in thixo- 
tropic preparations (1). Macek (2) noted that a 
vehicle of peanut or sesame oil gelled with 2% 
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aluminum monostearate reduces the rate of solu- 
tion (and thus the hydrolytic tendency) of peni- 
cillin due to a physical entrapment of the peni- 
cillin within the cells of the hydrophobic struc- 
tural network of the gel. However, relatively 
little experimental evidence exists describing 
specific studies performed to investigate this 
potential means of drug stabilization. 


Several studies have indicated the stabilizing 
effects of nonionic surfactants on various drugs. 
Kern and Antoshkiw (3) found that aqueous 
dispersions containing 20% (w/v) polyoxy- 
ethylene (20) sorbitan monolaurate' stabilized 
vitamin A to a greater extent than did cotton- 
seed oil containing 2y0 tocopherol and 4% 
lecithin, the optimum antioxidant combination 
for the oil. Swarbrick and Rhodes (4), in a study 
on the oxidation of linoleic acid in aqueous solu- 
tions of polyoxyethylene (23) lauryl ether, 
found that increasing the surfactant concentra- 
tion significantly decreased the rate of oxidation. 
In a series of studies, Carless et al. (5-9) found 
that the rate of oxidation of certain aldehydes and 
oils was decreased by increasing the concentra- 
tion of nonionic surfactants used (cetomacrogola 
and betaine'). In  a similar study, Mitchell and 
Wan (10) also found that for a fixed concentra- 
tion of aldehyde, an increase in surfactant con- 
centration caused a decrease in the rate of oxida- 
tion. Swarbrick (11) has reviewed most of these 
studies in a review article dealing with solubilized 
pharmaceutical systems. 


With such observations in mind, the authors 
have investigated the stability pattern of ascorbic 
acid at several temperatures in a range of con- 
centrations of polysorbate SO6 sufficiently wide 
to provide vehicles ranging from aqueous solu- 
tions to hydrogels. Thus it was possible to 
investigate relative effects of surfactant con- 
centration, viscosity, and gelation on the stability 
of this particular drug. 


Several attempts have been made to stabilize 
aqueous solutions of ascorbic acid against oxida- 
tion to dehydroascorbic acid by employing various 
pharmaceutical vehicles and additives, all of 
which tend to cause slight increases in the 
viscosity of the solution. Gird (12) hints that 
the viscosity of a pharmaceutical vehicle such as 
simple syrup might be a protective factor in 
stabilizing ascorbic acid. Bandelin and Tusch- 
hoff (13) found that natural hydrophilic colloids 
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(methylcellulose, carboxymethylcellulose, traga- 
canth, and pectin) which were added to produce 
solutions of greater viscosity, seemed to accelerate 
oxidation. This could have been due to trace 
metals or other impurities introduced by these 
gums. They also stated that aqueous solutions 
of sucrose, sorbitol, glycerin, and propylene 
glycol stabilized ascorbic acid. In a similar study, 
Bartilucci and Foss (14) found that ascorbic 
acid was most stable in high concentrations of 
propylene glycol with either (a) water and glyc- 
erin or sorbitol, or ( b )  a mixture of glycerin and 
sorbitol. In  a study similar to this one, Nixon 
and Chawla (15) determined the effects of a wide 
range of polysorbate 20 concentrations on the oxi- 
dation rate of ascorbic acid in an aqueous solution 
buffered at  pH 3.4. They found that the oxida- 
tion rates for the copper-catalyzed oxidation rise 
slightly in aqueous solutions of polysorbate 20 
up to a concentration of about 40% (w/w). 
From that concentration, the oxidation rate then 
decreased quite rapidly until a concentration of 
75% surfactant was reached. Here a leveling off 
of the rate of oxidation was observed up to about 
93% where a slight decrease occurred. At the 
same time they noted that the aqueous systems 
showed a fairly rapid increase in viscosity from 
about 30 to 60% polysorbate 20. From the 
maximum, which occurred at 62.8%, a gradual 
decrease in viscosity was noted as the concentra- 
tion of surfactant approached 100%. In all 
cases, the rheological properties of these systems 
were found to be Newtonian in nature. From 
these results the authors concluded that in- 
corporation of ascorbic acid within the micelle 
appeared to be responsible for an increase in the 
oxidation rate a t  low surfactant concentrations, 
but that the high viscosity of the concentrated 
polysorbate 20 solutions caused a much larger 
reduction in oxidation rate due to a decrease in 
the diffusion of oxygen to the reaction site. 


The viscosity-building and gelation character- 
istics of aqueous polysorbate 80 mixtures have 
been reported by Atlas Chemical Industries, 
Inc. (16). For example, it was reported that the 
viscosity of aqueous polysorbate 80 systems in- 
creased to 740 cps. a t  a surfactant concentration 
of 40% (w/w). Actual gel formation occurred 
from 45 to 65% surfactant concentrations. The 
viscosity then decreased from 4,700 to 500 cps. 
between 70 and 95% polysorbate 80. Poly- 
sorbate 80 was chosen for this study because of 
its nontoxic nature (17), gelling characteristics, 
viscosity-building effects, and the apparent 
physical, chemical, and microbial stability of 
the systems. 


I Marketed as Tween 20, Atlas Chemical Industries, Inc., 


'Marketed 89 Brij 35. Atlas Chemical Industries, Inc.. 
Wilmington, Del. 


- .  
Wilmington, Del. 


a Polyethylene glycol 1000 monocetyl ether. 
4 N-Alkyl, N,N-dimethylglycines. 
5 Marketed as Tween 80 by Atlas Chemical Industries, 


Inc., Wilmington, Del. 
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MATERIALS A N D  METHODS 


Ascorbic acid was well suited for this study be- 
cause its fairly rapid copper-catalyzed oxidation 
can be followed by a simple UV spectrophotometric 
assay (18). This method enables one t o  distinguish 
between ascorbic acid, which absorbs UV light in 
acidified solutions at 245 ma, and its main product 
of oxidation, dehydroascorbic acid, which shows 
virtually no absorbance in this region of the spec- 
trum. 


Preparation and Storage of Test Systems-Ex- 
actly 3.00 g. of ascorbic acid6 was weighed and dis- 
solved in a small quantity of deionized water.7 The 
remaining water, enough to give a total mass of 
100 g., was then added. Polysorbate 80 USP 
XVI16 in sufficient quantities to make concentra- 
tions of 0, 0.015, 0.05, 5, 10, 30, 40, 50, 60, and 
70%* was then gradually stirred into the aqueous 
solution (using a Fisher Fultork Labmotore) until 
a homogeneous mixture was obtained. For con- 
centrations of polysorbate 80 above 40y0, the mix- 
ture was heated on a steam bath to facilitate the 
escape of air which became entrapped as gels were 
formed in this concentration range. Initial readings 
indicated that this heating was not deleterious to 
the stability of the drug. Finally, 1.0 ml. of a 
1 X 10-2 M cupric sulfatelo solution was pipeted 
into the mixture to  give a concentration of 1 X 


Each test system was as- 
sayed immediately upon the completion of its p r e p  
aration, and was then poured into a 4-oz. amber 
glass jar, sealed, and stored a t  either 30, 40, 50, 
or 60". Temperature control was achieved by a 
water bath (30") Sargent Thermonitorll or one of 
two ovens employed.12 Temperatures were kept 
within f 0 . 5 " .  


Periodic Assays of Test Systems-All test sys- 
tems were assayed immediately upon completion 
of their preparation at various predetermined time 
intervals. This was accomplished by accurately 
weighing a 1-g. sample of the test system, quanti- 
tatively transferring it to  a 100-ml. volumetric 
flask, and diluting to  volume with deionized water. 
Then 5.0 ml. of this solution was pipeted into 
another 100-ml. volumetric flask, 10.0 ml. of a 
0.2 N hydrochloric acid solution was added, and the 
solution diluted to volume with deionized water. 
The absorbance of this solution was then deter- 
mined at 245 mfi on a spectrophotometer (Beck- 
man DB-G)Ia against a suitable reagent blank. 
The concentration of ascorbic acid remaining was 
determined from a Beer's law plotI4 of absorbance as 
a function of ascorbic acid concentration. From 


M in cupric ions. 


a Analytical reagent grade, Fisher Scientific Co., Pitts- 
burgh, Pa. 


7 Deionized water was used throughout the study and was 
prepared by passing distilled water through two glass percola- 
tion columns containing a mixture of cationic- and anionic- 
exchange resins (Rexyn AG 501, Fisher Scientific Co.). 
Conductivity was below 0.1 p.p.m. (as sodium chloride) as 
determined with a Barnstead purity meter (Barnstead Still 
and Sterilizer Co., Boston, Mass.) 


8 Percentage values indicate percent by weight. 
9 Fisher Scientific Co., Pittsburgh, Pa. 


Analytical reagent grade, Merck and Co., Rahway, N. J. 
11 E. H. Sargent and Co., Chicago, Ill. 
l a  Blue M Stabil-Therm Mechanical Convection Oven and 


Labline Radiant Heat Oven, Aloe Scientific, St. Louis, Mo. 
18 Beckman Instruments, Inc., Fullerton, Calif. 
1' These plots were prepared by determining absorbance 


values of solutions containing 2.00, 1.75, 1.50, 1.00, 0.50, and 
0.25 mg.% ascorbic acid against a suitable blank. This 
was done for each concentration of polysorbate SO used in 
the study. 


TABLE I-VISCOSITY VALUES OF VARIOUS CON- 
CENTRATIONS OF POLYSORBATE 80 IN WATER AT 30" 


Concn. of 
Polysorbate 80, Viscosity, 


?& w/w CDS. 


40 
50 
60 
70 


100 


1304 
- a  
- ( I  


4154 
609 


a Gel formation. 


these values, the percentage of ascorbic acid re- 
maining was calculated. 


RESULTS 


The physical appearance of the test systems in 
the concentration range studied was somewhat 
varied. Those systems containing no polysorbate 
80 were clear, colorless solutions at all tempera- 
tures. The systems containing 0.015 and 0.05% 
polysorbate 80 were clear, faintly yellow solutions. 
The systems containing 5, 10, 30, and 40y0 sur- 
factant were all clear solutions of increasing vis- 
cosity and increasing intensity of yellow color, due 
to the increasing concentrations of polysorbate 80. 
The 50% polysorbate 80 system was a translucent 
yellow gel a t  30 and 40°, and a clear, yellow, highly 
viscous liquid a t  50 and 60". The 60% polysorbate 
80 system was a clear yellow gel at 30" and a clear, 
yellow, highly viscous liquid at the other tempera- 
tures. The systems containing 70% surfactant were 
clear, yellow, viscous liquids at all temperatures. 
The liquid systems exhibited Newtonian rheological 
properties, and the gels behaved as nowNewtonian 
systems when analyzed in the rotational viscosi- 
meter (Stormer). Viscosity values for some of the 
Newtonian liquids, as determined a t  30°, are sum- 
marized in Table I. 


The results of the stability studies at 30, 40, 50, 
and 60" are summarized in Tables 11-V, showing 
the percentage concentrations of ascorbic acid 
remaining at various times in each concentration 
of polysorbate 80 used. At certain concentrations 
of surfactant, some protection from oxidation was 
afforded the ascorbic acid. In the cases of 60 and 
70% polysorbate 80 at 30 and 40°, the reaction 
seemed to stop after a few days. The logarithms of 
the percentages of ascorbic acid remaining were 
plotted as a function of time for all concentrations 
of polysorbate 80 used at all temperatures. Four 
such plots representing the reaction in water, 10, 
40, and 60Y0 polysorbate 80 appear as Figs. 1 4 .  
From these plots it appeared that the kinetics of 
these reactions is first-order. This is in agreement 
with the findings of Dekker and Dickenson (20) 
who stated that the copper-catalyzed oxidation of 
ascorbic acid in water is a first-order kinetic process. 
The straight lines shown were obtained by the 
method of least squares ( Z l ) ,  but the points shown 
represent the experimental values. The slopes 
obtained from the least-squares calculations were 
used to calculate values (k) for the first-order rate 
constants (22). First order-rate constants were 
calculated for each experimental situation and were 
plotted as a function of polysorbate 80 concentra- 
tion a t  all temperatures. These graphs appear as 
Fig. 5. 







21 22 Journal of Pharmaceutical Sciences 
TABLE 11-PERCENTAGE CONCENTRATION OF ASCORBIC ACID REMAINING AS A FUNCTION OF TIME IN 
VARIOUS CONCENTRATIONS OF POLYSORBATE 80 AT 30" IN THE PRESENCE OF 1 X M CUPRIC ION 


Time, Concn. of Polysorbate 80, % w/w 
davs Water 0.015 0.05 10 30 40 50 6 O  70 


0 
1 
2 
3 
4 
7 
8 
11 
18 
25 
32 
39 
46 


100.00 
95.00 
89.20 
92.93 
90.86 
86.70 


83.33 
78.73 
73.73 
71.66 
70.96 
67.06 


- 


100.00 
95.90 
91.02 
91.02 
89.40 
86.15 


81.27 
75.22 
69.11 
64.17 
60.92 
55.26 


- 


100. 00 
95.04 
90.87 
90.08 
90.87 
85.52 


81.82 
78.51 
72.70 
62.78 
55.38 
49.17 


- 


100.00 
92.86 
94.00 
91.26 
90.43 
85.87 


82.47 
79.54 
72.91 
71.70 
69.34 
68.13 


- 


100.00 


98.71 
- 
- 
- 
- 
96.62 
96.08 
94.53 
92.03 
90.34 
88.65 


100.00 


98.35 
- 
- 
- 
- 
95.75 
94.93 
93.22 
88.09 
88.09 
86.79 


100.00 


92.46 
- 
- - - 
- 
92.46 
83.73 
79.13 
79.13 
79.13 


100.00 


96.15 
- 
- 
- 
- 
83.65 
87.56 
84.95 
81.52 
81.52 
74.72 


100.00 


94.91 
- 
- - - 
93.62 
93.62 
93.62 
91.52 
91.52 
91.52 


TABLE 111-PERCENTAGE CONCENTRATION OF ASCORBIC ACID REMAINING AS A FUNCTION OF TIME IN 
VARIOUS CONCENTRATIONS OF POLYSORBATE 80 AT 40" IN THE PRESENCE OF 1 X M CUPRIC ION 


Time, 
days Water 0.015 0.05 10 30 40 50 60 70 


Concn. of Polysorbate 80. yo w/w 


0 
1 
5 
6 
8 
12 
19 
26 
33 


100.00 
95.00 


86.70 
83.33 
76.67 
68.33 
58.33 
50.40 


- 
100.00 
95.08 


85.24 
80.78 
75.80 
65.57 
54.75 
46.29 


- 
100.00 
95.83 


86.78 
83.01 
78.51 
66.49 
56.17 
49.57 


- 
100.00 
96.13 


91.80 
88.52 
86.88 
81.83 
77.44 
70.09 


- 
100.00 
97.52 


92.52 
91.02 
89.79 
84.13 
81.27 
74.38 


- 
100.00 
100.00 
96.64 


94.04 
91.51 
85.49 
80.36 
78.45 


- 


100.00 
100.00 
91.41 


91.41 
84.13 
84.13 
76.44 
76.44 


- 
100.00 
93.53 
87.53 


93.33 
90.86 
90.00 
85.00 
83.33 


- 


100.00 
89.01 
88.13 


89.01 
89.01 
89.01 
88.54 
88.13 


- 


TABLE IV-PERCENTAGE CONCENTRATION OF ASCORBIC ACID REMAINING AS A FUNCTION OF TIME IN 
VARIOUS CONCENTRATIONS OF POLYSORBATE 80 AT 50" IN THE PRESENCE OF 1 X M CTJPRIC ION 


Time, Concn. of Polysorbate 80, % w/w - 
days Water 0.015 0.05 10 30 40 50 60 70 


0 
1 
4 
7 
11 
14 
18 
21 
25 
28 


100.00 
95.00 
84.52 
75.16 
60.14 
54.48 
46.74 
40.63 
32.89 
27.63 


100. 00 
96.56 
86.78 
75.21 
61.92 
52.87 
42.96 
38.00 
31.59 
27.23 


100.00 
84.85 
91.80 
85.24 
77.44 
72.13 
67.60 
61.44 
56.52 
54.09 


100.00 
98.71 
96.08 
92.03 
84.40 
81.02 
72.18 
65.83 
59.55 
55.70 


100.00 
99.17 
94.04 
88.50 
81.66 
76.94 
70.51 
66.68 
61.55 
58.13 


100.00 
98.71 
97.42 
90.23 
83.86 
75.38 
71.59 
67.79 
63.11 
57.22 


100.00 
100.00 
98.33 
92.06 
83.73 
81.66 
75.00 
71.73 
66.67 
61.66 


100.00 
100.00 
92.40 
91.52 
84.74 
81.35 
77.55 
71.18 
69.49 
66.91 


TABLE V-PERCENTAGE CONCENTRATION OF ASCORBIC ACID REMAINING AS A FUNCTION OF TIME IN VAR- 
IOUS CONCENTRATIONS OF POLYSORBATE 80 AT 60" IN THE PRESENCE OF 1 X M CUPRIC ION 


Time, -Concn. of Polysorbate 80, % w/w 
days Water 0.05 5 10 30 40 50 60 70 


0 
1 
5 
8 
12 
15 
19 
22 
26 
29 


100.00 100.00 
91.67 95.00 
71.67 78.33 
58.80 65.00 
45.00 50.75 
38.33 45.87 
30.87 35.87 
25.87 33.33 
20.00 26.67 
17.53 25.87 


100.00 
96.67 
80.80 
69.10 
58.80 
55.00 
50.87 
48.33 
44.13 
41.67 


100.00 
99.67 
90.00 
83.40 
75.80 
70.00 
64.13 
61.67 
57.53 
54.20 


100.00 
100.00 
92.53 
88.45 
80.80 
75.00 
68.33 
66.67 
60.00 
56.67 


100.00 
96.67 
86.67 
83.40 
75.00 
70.86 
65.00 
60.87 
54.20 
51.67 


100.00 
91.33 
85.00 
80.80 
76.70 
75.00 
68.33 
64.13 
60.67 
55.00 


100.00 100.00 
90.87 99.67 
88.33 92.53 
85.00 85.00 
80.00 76.70 
76.70 75.00 
70.00 71.67 
66.67 66.67 
62.47 62.47 
56.67 60.87 


As can be seen from the plots in Fig. 5, the rate 
of oxidation in 0.015% (slightly below the CMC of 
0.030/,)16 and 0.05% (slightly above the CMC) is 
slightly higher than that of water at all tempera- 
tures except at 60O where a slightly lower value for 
0.05% polysorbate 80 was observed. These in- 
creases are followed by a lowering of the rate at a 
10% polysorbate 80 concentration at all tempera- 
tures. At the lower temperatures, this is followed 
by a further decrease at 30% polysorbate 80, some- 


This value for the CMC was determined a t  30° with a 
Fisher Surface Tensiomat, Fisher SFientific Co.. Pittsburgh 
Pa. 


what of a leveling effect at 40%, an increase at 50%, 
and subsequent decreases at 60 and 70%. At the 
higher temperatures, the general trend seems to be 
a leveling off between 10 and 40% polysorbate 80 
followed by a gradual decrease up to 70%, the 
limiting concentration to which the study was 
performed. 


DISCUSSION 


Weissberger et al. (23) have reported that the 
copper-catalyzed oxidation of ascorbic acid is a 
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Fig. 1-Log of percentage of ascorbic acid remaining 
as a function of time i n  water. Key:  a, 30'; D, 


40'; m, 50"; 0, 60'. 


first-order kinetic process and that the rate is 
proportional to  the oxygen concentration in neutral 
and acid solutions. (While not carefully controlled 
through the use of buffers, pH values for the systems 
employed in this study fell within a range of 2.5 
to 4.0.) They indicated that the rate-determining 
step is the formation of an intermediate semiquinone- 
like structure from the ascorbate ion, and that the 
formation of this intermediate is catalyzed by the 
presence of the cupric ion. Subsequent oxidation of 
this intermediate to dehydroascorbic acid is there- 
fore dependent upon the concentration of oxygen 
present. Dekker and Dickenson (20) have reported 
much the same findings and are in agreement with 
Weissberger et al. as to the proposed mechanism of 
oxidation. As was mentioned previously, the de- 
composition kinetics of ascorbic acid for the sys- 
tems investigated in the present study appears to  
be first-order, which is in agreement with the 
literature references indicated here. 
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Fig. 2-Log of erc.entage of ascorbic acid remining 
as a function oftime in 10% polysorbate 80, Key:  
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Fig. 3-Log of percentage of ascorbic acid remaining 
as a function of time i n  40% polysorbate 80. Key:  


a, 30'; 0,40'; m, 50'; 0, 60'. 


As illustrated in Fig. 5, the general effect ob- 
served upon the addition of polysorbate 80 to  aqu- 
eous solutions of ascorbic acid is the occurrence of a 
reduction in rate constant. However, it  should be 
noted that  this reduction seems to  be significantly 
influenced by surfactant concentration only up to  
a polysorbate 80 concentration of approximately 
soy0 at 30' and 10% at the other temperatures. 
Then there was a general leveling off of the rate 
constants at higher surfactant concentrations. In 
all studies except that carried out a t  60°, an initial 
increase in rate constants was observed in the sys- 
tems containing 0.015 and 0.05% polysorbate 80. 
This may be duelto an association complex formed 
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uptake for the total system, thus introducing the 
possibility that substances other than ascorbic 
acid may utilize oxygen and alter the rate of oxygen 
uptake. However, in the present study, the assay 
method was speciiically designed to determine only 
the concentration of ascorbic acid remaining in the 
system thus eliminating any interference introduced 
by other components of the system. The initial 
concentration of ascorbic acid could also be re- 
sponsible for differences in the results. Nixon and 
Chawla employed saturated solutions of ascorbic 
acid in polysorbate 20 whereas 3% (w/w) ascorbic 
systems were employed in the present study. The 
use of buffers, such as the dibasic sodium phosphate- 
citric acid buffer utilized by Nixon and Chawla, 
may have caused some difference in the results 
since no buffers were used in the present study. 
Finally, the stability studies carried out by Nixon 
and Chawla were at 25" exclusively, while four 
different temperatures-30, 40, 50, and 60"-were 
employed in the present study. 


If the stabilizing effects of polysorbate 80 are, 
in fact, related to the presence of micelles, then 
those factors which are known to alter the micellar 
properties of a system should also influence stabiliza- 
tion profiles such as those observed in this study. 
Becher (24), in a discussion of micelle formation 
has stated that the aggregation number (number 
of monomer units per micelle) of a micelle appears 
to increase with increasing surfactant concentra- 
tion up to those concentrations that are between 
100 and 1,000 times the CMC. Thus, based on this 
idea, micelles in the surfactant systems of this 
study would increase in aggregation number and 
hence in micelle size between concentrations of 3 
and 30y0 polysorbate At  higher surfactant 
concentrations, the aggregation number levels off 
and thus the size of the micelles is somewhat the 
same at the various higher concentrations of poly- 
sorbate 80 employed in this study. Micellar shape 
can also vary with surfactant concentration as has 
been indicated by Nakagawa (25) who stated that 
micelles in dilute solutions are spherical or globular, 
but in more concentrated solutions the micelles 
tend to assume a lamellar structure. It has been 
found (24) that increased temperatures cause in- 
creases in the micellar weight suggesting that larger 
micelles would occur a t  higher temperatures. The 
addition of electrolytes has been found to cause a 
drop in the CMC, but causes very little, if any, 
change in the size of the micelle. Thus, the addi- 
tion of ascorbic acid to these systems will have no 
appreciable effect on the size and shape of the 
micelle. 


Based on the ideas in the preceding discussion 
and the plot of rate constants presented in Fig. 5, 
it appears possible that increases in the number of 
micelles and increases in the micellar aggregation 
number, i e . ,  increases in the size of the micelles, 
which occur up to  about 30% polysorbate 80, may 
cause the sharp decrease in the rate constants which 
is observed in this concentration range. The more 
extensive formation of lamellar-type micelles may 
also come about in this concentration range, and 
this might be another factor responsible for the 
decrease in rate constants. This decrease in oxida- 
tion rate may be due to a decrease in the collision 


'SThese figures are based on the previously mentioned 
CMC of 0.03% for polysorbate 80 at 30°. 
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Fig. 5-First-order rate constants as a function of 
polysorbate 80 concentration. Key: a, 30"; 0 ,  


40'; w, 50'; 0, 60". 


between the ascorbic acid and polysorbate 80 
molecules in which the ascorbic acid is made more 
readily susceptible to oxidative degradation. An- 
other possibility might be that the ascorbic acid 
molecules are adsorbed onto the surface of the sur- 
factant molecules, again making them more sus- 
ceptible to Oxidative attack due to a surface-type 
catalysis. These findings are in agreement with the 
observation of Nixon and Chawla (15) that low 
surfactant concentrations caused a rise in the rate 
of oxidation of ascorbic acid. Whatever the reasons 
for this phenomenon, these effects are apparently 
overcome at higher polysorbate 80 concentrations 
where a decrease in the rate of oxidation (as com- 
pared with the rate in systems containing no sur- 
factant) occurred a t  all concentrations of poly- 
sorbate 80 studied. This decrease in the rate, or 
protection from oxidation, is most probably related 
in some way to micelle formation. 


As was mentioned previously, Nixon and Chawla 
(15) carried out a stability study with ascorbic 
acid which in some respects resembles the present 
study. However, there are significant differences 
in the results of the two studies which could be 
accounted for in terms of differences in experimental 
conditions. The results in the present study showed 
that the greatest decrease in the copper-catalyzed 
oxidation rate occurred between 0.05 and 10% sur- 
factant except a t  60" where there was no  initial 
increase in the rate with the very low surfactant 
concentration. A t  polysorbate 80 concentrations 
higher than lo%, a general leveling o f f  of the rate 
constants occurred with an additional slight de- 
crease occurring between 50 and 70%. However, 
in their study, Nixon and Chawla found an increase 
in the copper-catalyzed oxidation rate a t  the lower 
concentrations up to  about 40%, where a sharp 
decrease in the rate occurred which continued up 
to a concentration of about 75% polysorbate 20, 
followed by a leveling off. I t  should be pointed out 
that different surfactants were utilized in each of the 
studies-polysorbate 80 in the present study and 
polysorbate 20 in the other. Also, with polysorbate 
20, no gel formation, such as that which occurred in 
the present study, was observed. Perhaps the most 
significant difference was the method of assay 
employed by Nixon and Chawla in which a War- 
burg apparatus was used to measure &he oxygen 







Vol. 57, No. 12, December 1968 


frequencies caused by the increasing size of the 
micelles. The larger micelles may slow down the rate 
of oxygen diffusion and thus slow down the rate of 
oxygen attack of the semiquinone-like ascorbic 
acid intermediate. As was indicated previously, 
the micellar size remains essentially constant a t  
polysorbate 80 Concentrations above 30% as does 
the rate of oxidation as can be seen by the general 
leveling off in Fig. 5 at higher surfactant con- 
centrations. The increase in micellar size would be 
even larger at the higher temperatures possibly 
causing the sharper drop in the rate constants which 
was observed. In fact, different micellar properties 
at the higher temperatures might be responsible 
for the interesting grouping and similarity of slope 
observed with the results at 30 and 40” as compared 
to  the results at 50 and 60’ as illustrated in Figs. 
24. 


Based on these observations, it  would seem that 
the increased number of micelles and changes in 
micellar shape that  may occur with increasing 
polysorbate 80 concentrations (above 30%) have 
no appreciable effect on the rate of oxidation. It 
was noted that a slight decrease in the rate of 
oxidation occurred between 50 and 70% poly- 
sorbate 80, a region where gels and the liquid of 
maximum viscosity occurred. Nixon and Chawla 
(15) stated that a t  very high polysorbate 20 con- 
centrations water was enclosed as a discontinuous 
pseudophase inside the micelle and that the ascorbic 
acid dissolved in i t  was protected from the oxygen 
by the surfactant. This might account for the slight 
additional decrease in oxidation rate at these higher 
surfactant concentrations. Nixon and Chawla have 
also proposed that the stabilizing effect of poly- 
sorbate 20 is closely related to  the increasing 
viscosity of the systems which decreases the rate of 
oxygen diffusion. The work of Bartilucci and 
Foss (14) indicates that i t  would be possible that 
retardation of oxidation of ascorbic acid may be 
due primarily to the decrease in water content as 
surfactant concentrations increase. The results of 
this study, however, would seem to indicate that 
increased viscosity or simple reduction in water 
content are not the primary factors responsible 
for surfactant stabilization of ascorbic acid in the 
case of polysorbate 80. The viscosity of the systems 
employed in this study increased markedly between 
40 and 50% polysorbate 80 (where gel formation 
occurred), whereas no significant change in the rate 
constants occurred in this region. The 60% poly- 
sorbate 80 gel and the 70% liquid also have viscosity 
values which are much higher than the 40% sur- 
factant system, but no corresponding decrease in 
the rate constants was observed at these concentra- 
tions as would be expected if viscosity were the 
primary factor responsible for stabilization of 
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ascorbic acid. Atlas Chemical Industries (16) has 
reported that only a gradual increase in viscosity of 
polysorbate 80-water systems occurs between 20 
and 40% surfactant concentrations. Such a gradual 
increase in viscosity does not account for the large 
decrease in rate constants which was observed 
around 10% polysorbate 80. Similarly, a more 
gradual decrease in rate constants would probably 
have been observed if simple reduction in water con- 
tent had been the stabilizing factor. Thus, it  would 
seem that changes in micellar structure provide a 
more suitable explanation for the results obtained 
in this study. 
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Some Pharmacokinetic Aspects of 
5 -( Dimethyltriazeno)-imidazole-4- 


carboxamide in the Dog 
By TI LI LOO, BRENDA B. TANNER, GLENN E. HOUSHOLDER, 


and BEVERLY J. SHEPARD 


The renal clearance of 5 -  (dimethyltriazeno)-imidazole-4-carboxamide (DIC, NSC- 
45388) has been determined in the dog using radioactive inulin as the reference com- 
pound. The clearance ratio of DIC to inulin was greater than one, suggesting tubular 
secretion of DIC. The volume of distribution of DIC in the dog was determined 
from plasma clearance curves. I n  ex eriments lasting 1 hr., this volume was greater 
than total body water, indicating the f)ocalitation of the drug in some tissues. How- 
ever, when the experimental period was extended to 2 hr., the localized drug was 
eliminated from the body by both biotransformation and excretion, and the result 
was a reduction in the volume of distribution. A new mathematical treatment is 


described for analysis of the plasma clearance curves from 2-hr. experiments. 


POTENT CANCER chemotherapeutic agent of A recent development, 5-(dimethyltriazen0)- 
imidazole-4-carboxamide (DIC, NSC-45388) (1) , 
compares quite favorably with existing clinically 
useful agents such as cyclophosphamide and 6- 
mercaptopurine against the solid form of mouse 
Ehrlich carcinoma (2). In addition, it has shown 
activity against certain human malignant mela- 
nomas during clinical trials (3). Studies of its 
pharmacology have been reported (4). In this 
paper, certain pharmacokinetic aspects of DIC in 
the dog are described. 


The renal clearance of DIC has been deter- 
mined using radioactive inulin as the reference 
compound (5). The drugs were administered 
either by a single, rapid intravenous injection 
(6), or by constant infusion (7). Radioactive 
inulin was given either in trace dosage or diluted 
with unlabeled inulin. 


The volume of distribution of the drug is esti- 
mated by a single, rapid intravenous injection 
technique (8-11). Frequent blood samples &re 
taken at intervals. The plasma levels of DIC are 
plotted against time on a semilog scale. In ex- 
periments lasting 1 hr., the data are fitted by two 
exponential functions of time. This is inter- 
preted to mean that the body behaves like a two- 
compartment open system in which the drug 
equilibrates between an immediately permeable 
compartment and a second compartment not 
immediately permeable to DIC. In addition, the 
drug is eliminated from the body by biotransfor- 
mation and excretion following first-order kinet- 
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ics (10). An alternative interpretation similar to 
that aboveis that thedrug leaves the lirstcompart- 
ment both by elimination and by passive diffusion 
into a second compartment in accordance with 
Fick's law (8). In either case a second-order 
linear homogeneous differential equation with 
constant coefficients is derived. The volumes of 
the two compartments and the two clearance 
constants are computed from the graphic data. 
By either model, exactly the same numerical 
values are obtained in each experiment. 


However, in volume of distribution experiments 
lasting over 1 hr., the data can best be fitted by 
three instead of two exponential functions of time. 
In other words, the differential equation relating 
plasma levels of DIC to time is now a third-order 
linear homogeneous one with constant coeffi- 
cients. Again, two models can be constructed to 
arrive at  such an equation. Either the body can 
be thought of as a three-compartment open 
system (9) or the previous two-compartment con- 
cept may be retained but the intercompartmental 
clearance written as a linear function of time. 
The volumes of distribution of the reference com- 
pounds, inulin and mannitol, are invariant with 
time in the dog, and their values agree with 
published data (8). 


EXPERIMENTAL 


Materials-Both DIC and DIC-2I4C were sup- 
plied by the Drug Development Branch of the 
Cancer Chemotherapy National Service Center, 
National Cancer Institute, Bethesda, Md. For in- 
travenous administration to the dog, DIC was dis- 
solved in 0.1 N hydrochloric acid containing 0.88% 
of sodium chloride. No significant pH change in 
plasma after such an injection was ever observed in 
the experiments. Inulin carboxyl-14C, inulin meth- 
~ x y - ~ H ,  and mannitol-lJ4C were supplied by New 
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England Nuclear Corp., Boston, Mass., and dissolved 
in normal saline for administration. 


Colorimetric Determination-DIC was deter- 
mined by a colorimetric method developed by the 
authors (12). The principle involves the photode- 
composition by ultraviolet light irradiation of a solu- 
tion of DIC in dilute acid in the presence of N-( 1- 
naphthy1)-ethylenediamine (Bratton-Marshall re- 
agent), followed by measurement of the color inten- 
sity of the azo compound thus formed. The method 
is specific for diakyltriazeno compounds, and me- 
tabolite interference has not been encountered. 
Plasma and urine standards were prepared from 
samples collected just before the experiment. 


Radioactivity Determination-A liquid scintilla- 
tion spectrometer (Packard Tri-Carb, model 3375) 
was used. All plasma and urine samples (0.2 ml.) 
were counted directly as a suspension in 11 ml. of 
counting solution described previously (13). 
Quenching was determined by chamel ratios of an 
automatic external standard. Solutions containing 
precisely measured amounts of radioactive drugs 
were counted together with the samples. 


Dogs--Mongrel dogs, 13-30 kg., of both sexes 
were lightly anesthetized with phenobarbital. Drug 
administration and blood sampling were performed 
in different veins. Heparin was used as an anti- 
coagulant. Urine was collected by an indwelling 
Foley catheter. 


Renal Clearance-The renal clearance of DIC in 
comparison with inulin was determined by both 
constant infusion and single i.v. techniques. Prior 
to all experiments the bladder was emptied and 
preinjection blood samples obtained. 


Blood samples were taken a t  the midpoint of urine 
collection intervals over a 2-hr. period. A Sigma- 
motor 18 SH pump (Sigmamotor Inc., Middleport, 
N.Y.) was used in constant infusion experiments. 
The priming dose consisted of 20 mg./kg. DIC in 
all experiments while inulin ranged from 0.25 mg./kg. 
(radioactive inulin only) to 60 mg./kg. (a mixture of 
radioactive inulin and unlabeled inulin). The 
sustaining dose for DIC was 10-15 mg./kg./hr. and 
for inulin was 0.49 (radioactive only) to 131 mg./kg./ 
hr. 


In single i.v. experiments the dose of DIC was 20 
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mg./kg. and inulin ranged from 0.65 mg./kg. (radio- 
active only) to 100 mg./kg. 
Volume of Distribution-Intravenous infusion of 


normal saline (about 2 ml./min.) was started 30 min. 
prior to each experiment. The bladder was emptied 
and a blood sample taken immediately before the 
injection. DIC was administered a t  a dose range of 
10-20 mg./kg. The dose of the reference substance 
used in combination with DIC (mannitol and inulin) 
was 100 mg./kg. Blood samples were taken every 
5 min. over a 2-hr. period. 


RESULTS AND DISCUSSION 


Renal clearance of DIC and that of inulin are 
compared in Table I. The sustaining dose of DIC 
used to maintain a fairly constant plasma level of 
the drug in the dog is based on previous experience 
(4). The sustaining dose of inulin follows a recom- 
mendation in the literature (14). There appears to 
be no significant difference in renal clearance whether 
the single intravenous injection technique or the 
constant-infusion technique is adopted. Also, the 
amount of inulin used does not seem to be critical. 


The authors inulin clearance value is lower than 
that reported in the literature (14) because the urine 
flow in the anesthetized dog is much lower than the 
published average. However, since the clearances of 
both DIC and inulin are equally affected by the low 
urine flow, clearance ratios of the two substances 
must be substantially correct. The average clear- 
ance ratio of DIC to inulin is 1.8, indicating tubular 
secretion of DIC. Compounds with dipolar struc- 
ture, such as p-aminohippuric acid (I) are known to 
be secreted by renal tubules; DIC (11) also has a 
dipolar structure as shown below. Renal tubular 
secretion of DIC is therefore not surprising. 


A typical 1-hr. plasma clearance curve plotted on a 
semilog scale is illustrated in Fig. 1. It is evident 
that the data can be adequately described by two 
exponential functions of time, thus: 


Cl = Ae-rlt + Be-W 


In other words, the plasma clearance curve is resolv- 
able into two exponential (straight lines on a semilog 


iEq. 1) 


TABLE I-RENAL CLEARANCE OF DIC IN COMPARISON WITH INULIN 


Clearance 
Priming Dose, Sustaining Dose, Clearance Ratio, 


Dog No. kg. DIC Inulin DIC Inulin DIC Inulin Inulin 
Wt., mg./kg. mg./kg./hr. ml./min./kg. DIC 


Single i.v. 
2 .6  1 . 4  1 .9  
5.1 2 . 6  2 . 0  
4 . 3  2 . 6  1.7 
1 .7  1 . 6  1 . 1  
- .  - - 


Average 3.4 2 . 1  1 .7  
Infusion 


16 14.8 20 50 10 131 3 . 0  2 . 0  1 .5  
18 19.9 20 50 15 98 3 . 9  3 . 9  1 . 0  
37 19.6 20 0.25a 15 0.49" 4 .4  2 . 2  2 . 0  
41 16.0 20 50 15 121 9 . 4  3 . 0  3 . 1  


279 26.0 20 60 10 75 3 . 6  2 . 2  1 .6  


Average 4 . 9  2 . 7  1 . 8  
- . . - .  ~ 


Radioactive material only. 







21 28 


2 
V z 
8 


Journal of Pharmaceutical Sciences 


'\, , , Equations 8 and 9 are readily derived from Eqs. 11, 


When the volume of distribution experiments were 
extended to  2 hr., the plasma clearance curve could 
best be resolved into three instead of two exponential 


, 12, and 13. , 
, , 
, 
, 


terms (Fig. 2), thus: 


'NH3 ~ C O - N H - C H , - - C O , -  


I 
,CONH, 


n 
scale) curves. 
Eq. 1 is the general solution is 


The differential equation of which 


D2C. + (r + r2)DCl 4- rlrzCl = 0 (Eq. 2) 


Consider now the distribution of the drug in a two- 
compartment open system according to  Scheme I. 


Scheme 1 


Eq. 2 may be rewritten in terms of the rate constants 
of Scheme I. Thus, 


From the graphically obtained values of A ,  B, r1, and 
rz, the rate constants are readily computed (11): 


50 
40 


V1 is simply 


The volume of the second compartment which is not 
immediately permeable to DIC, and the volume of 
distribution are also explicit in A ,  B, r1, and rp. 


The derivation of Eqs. 8 and 9 will be discussed later. 
Results of eight experiments are shown in Table 


11. In all cases the volumes of distribution of DIC 
in the dog are in excess of total body water content 
of the animal, suggesting local concentration of DIC 
in some tissues of the dog. 


An alternative model for the fitting of the experi- 
mental data by two exponential terms has been 
offered by Sapirstein et al. (8). These authors con- 
sidered the mass transfer from the first compartment 
by both elimination and passive diffusion into the 
second compartment. If the elimination follows 
first-order kinetics and the dsusion obeys Fick's law, 
the following equation is readily derived; 


CYG 
VI vz DZCl + + +) DCl + ~ Cl = 0 


(Eq. 10) 
If the drug suffers biotransformation, and if the 
method of drug determination is specific for the drug 
alone, the rate constant for biotransformation can be 


(Eq. 4) absorbed into G. Equation 10 can be rewritten 


CYG D2C1 + (;l + ?! + s ,  DC1 + ~- Cl = 0 vz VI Vl vz 
0%. 5 )  (Eq. 10a) 


A comDarison of Ea. 10a with Ea. 3 reveals 


a CY G 
- = kz,  - = k-2, and - = k .  
Vl vz Vl 


, 
C, = Ae-'if + Be-fz' + Fe-W (Eq. 14) 


10 20 30 40 50 60 Apparently under these circumstances the body be- 
TIME, min. haves like a three-compartment open system. This 


situation is frequently encountered in tracer prob- 
lems in which the body is treated not as a three- 
compartment system but as a multiple-compartment 
open system (15-17). At steady state, the number 


',, 


Fig. l -p lasm lael of DIG in  dog No. 57 after a 
sin& i.v. injection (20 mg./kg.). A 1-hr. experiment. 


C, = 19.2 e--O.OOEt + 32.7 e*.lllt. 
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TABLE 11-VOLUME OF DISTRIBUTION OF DIC (1 hr.) 


Volume of 
Distribu- 


Dose, G, $./ a, ml./ tion, ki  X lo*, k-1 X 102 ,  ke X 102, 
min. VI, 1. Vz, 1. % Body wt. mm-1 mm-1 min.-l 


Dog 
No. Wt., kg. mg./kg. min. 


57 30.3 10 162 578.1 9 . 3  25.7 115.5 6 . 3  2 . 2  1 . 8  
57 30.3 20 225 628 11.7 13.6 83.5 5 . 4  4 . 6  1 .9  
63 13.5 10 104 255.2 4 . 1  7 . 0  82.2 6 . 3  3 . 6  2 . 6  
63 13.5 20 174 256.9 7 . 3  5 . 9  97 .8  3 . 5  4 . 3  2 . 4  
72 22.3 20 512 444 10.2 9 .8  89.7 4 . 4  4 . 5  5 . 0  
76 23 .6  20 146 481.2 9 . 5  7 . 3  71.2 5 . 1  6 . 9  1 . 5  
87" 19.3 20 146.1 548 5 . 7  6 . 0  60.6 9 . 6  9 . 2  2 . 6  
91* 18.5 20 170.6 203.5 8 . 0  5 . 4  72.4 2 .6  3 . 7  2 . 1  


a DIC-2-14C used in combination with unlabeled DIC and inulin-methoxy-'H. The volume of distribution of inulin was 32% 
The volume of distribution of mannitol was 18% of body weight. 


of body weight. 
* Unlabeled DIC used in combination with mannitol-l-14C. 


of postulated compartments and the rate constants 
of intercompartmental transport (namely, intercom- 
partmental clearances) are estimated by nonlinear 
statistical regression analysis. Such a treatment 
requires a certain amount of mathematical sophisti- 
cation and skill, and computer programs have been 
written t o  aid the analysis. Even in the present 
three-compartment problem, when the rate equa- 
tions are written down, the solutions, though by no 
means difficult, are extremely cumbersome (see 
Appendix). Finally, on pharmacokinetic grounds 
alone, one finds it hard to explain why DIC becomes 
distributed in three instead of two functional com- 
partments as the period of observation is extended. 


However, the simpler two-compartment treatment 
can still be made applicable to  the present problem if 
all functional body compartments except the one 
immediately permeable to the drug (plasma water in 
most cases) are conceptually combined and con- 
sidered as one composite compartment. Intuitively 
one may write Vc, the volume of the composite 
compartment, as a weighted mean of all the compart- 
ments 


The intercompartmental clearance between the 
central compartment and the composite peripheral 
compartment is the mean of all the intercompart- 
mental clearances. 


01 + + ... + a n  a =  n 


T o  derive a third-order linear homogeneous differen- 
tial equation with constant coefficients for the 
description of the above two-compartment open 
system, one writes a' as a linear function of t ,  thus: 


a' = CY + Pt, /¶ << a (Eq. 17) 


Consider the rate of decrease of a quantity of the 
drug from the central compartment both by elimina- 
tion (and biotransformation) and by passive diffu- 
sion into the composite peripheral compartment (8): . 


DQi = ViDCi = -GCi - CY' (Ci - Cz) (Eq. 18) 


QJ = CI Vi + C2 Vz + 


or 


Cz = $l ( Q I  - C1V1 - If G C d t )  (Eq. 19) 


Substitution of Eqs. 17 and 19 into Eq. 18 followed 
by rearrangement gives 


a + ") c1 + vz 


The integral is removed by differentiating Eq. 20 
twice with respect to  t 


(Eq. 21) 


The general solution of Eq. 21 is complex. How- 
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Fig. 2-Plasma level of DIC i n  dog No. 57 after a 
sing1ei.o. injection (20 mg . /kg . ) .  A 2-hr. experiment. 


C, = 11.4 e*.OoJt + 10.3 e+JDt + 30.5 e-o.117t. 
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TABLE 111-VOLUME OF DISTRIBUTION OF DIC 
(2 hr.) 


Volume of 
Distribu- 


Dog Wt., tion, % G, ml./ a', ml./ 0. ml./ 
No. kg. Body wt. min. nun. min.* 


57 30.3 50.8 585 279 0.32 
72 22.3 49.3 862 100 0.39 
76 23.6 52.5 354 136 0.28 
85" 21.6 35.2 322 68 0.09 
87" 19.3 47.6 309 259 0.12 


a DIC-2-14C used. 


ever, remembering j3 << a, provided t is not too 
large, a + j3t + a'. Under these conditions Eq. 21 
is therefore reduced to 


This is precisely the equation desired because the 
general solution of Eq. 22 is Eq. 14, (h., 


Cl = A.-ri: + Be-rzf + Fe-W).  


The usual boundary conditions are: at t = 0, 


Ci = Co = A + B + F (Eq. 23) 


and also 


DCl = - ( A n  + Br2 + Fr3) = 
- (a + G)Co/vi 0%. 24) 


By simple algebraic manipulations, V1, VZ, G, and a 
are now expressed in A ,  B, F, r1, r2, and r3. 


Therefore : 


Vi = QI/ (A  + B + F )  0%. 25) 


VZ = a ' G / ( m  + r~r3  + r1rdV1 (Eq. 26) 


and, finally, the volume of distribution, v d ,  is 


Table I11 shows the numerical values of the 
volume of distribution and G, a', and 8. In the 2- 
hr. experiments, the volume of distribution of DIC 
averages 47% of body weight of the dog, or 80% of 
the total body water content. It may be recalled 
that, in all experiments of 1-hr. duration, the 
volumes of distribution exceed total body water con- 
tent, suggesting the localization of the drug in some 
tissues. This contention receives support from 
recent preliminary studies. Using DIC-2-I4C, it 
has been shown that 15 min. after an i.p. injection 
in the mouse radioactivity is indeed localized in the 
liver and the small intestine.' When the volume of 


1 Housholder, G. E., unpublished observation. 
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distribution experiment is carried on to 2 hr., the 
localized drug is eliminated from the body by both 
biotransformation and excretion, and consequently 
a reduction in the volume of distribution is observed. 


NOTATIONS 


C = Concentration of DIC. The subscripts 
denote individual compartments. 


A,B,F = Intercepts of plasma clearance curve 
(plotted on a semilog scale) on the y-axis 
(concentration). 


ri,rz,ra = Slopes of the individual exponential 
lines. 


= Time. 
= The differential operator d / d t .  
= First-order rate constant of drug trans- 


port from the central, immediately 
permeable compartment (plasma) to  
Compartment 2, with the dimension of 
t -1. 


= Similar constant for Compartment 3. 
= First-order rate constant of reverse drug 


transport from Compartment 2 back to  
the central compartment. 


= Similar constant for Compartment 3. 
= Quantity of DIC. The subscripts refer 


to individual compartments. 
= Quantity of DIC eliminated from the 


body. 
= First-order rate constant of drug elimina- 


tion, with the dimension of t-'. 
= Glomerular tiltration rate, with dimension 


Lat- l .  ( L  stands for length.) 
= Volume (dimension L.3) of individual 


functional compartment. The subscripts 
have the usual meaning. 


= Intercompartmental clearance with a 
dimension L*t-'. 


= Quantity of DIC injected. 
= A constant of dimension L a t P .  
= Volume of distribution. 
= Volume of the composite compartment. 
= Body weight. 


APPENDIX 


Distribution of a Drug in a Three-Compartment 
Open System-Consider Scheme 11. 


kr ka 
Q3 (C3,va) & QI (G, V I )  Qz (Cz, Vz) 


k -1 


k-r 1 k. 


QB 
Scheme 11 


DCI = -(kz + k3 4- ke)G + 
R-zCz + k-3C3 (Eq. 31) 


DCz = k2Ci - k-& 


DC3 = k3C1 - k-3C3 
0%. 32) 


(Eq. 33) 


Substitute Eqs. 3% and 33 into Eq. 31 and re- 
arrange 


D 3 G  + (k ,  + k3 + k-2 + k-3 + k.)D2G + 
(k2k3 + k3k-2 + kek-2 + kek-a + k-zk-a)DCi + 


k-zk-akr Ci = 0 (Eq. 34) 
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TABLE IV-FIRST-ORDER RATE CONSTANT ( X  lo2 
IN M I N . - ~ )  OF TRANSPORT OF DICa IN THE DOG IN 


2-hr. EXPERIMENTS 


Dog No. kz ka ke k-a k-a 


57 3.8 2 .5  1.2 6 . 0  1 .4  
72 2 . 7  1 .9  4 .3  5 .3  2.2 
76 3 . 1  0.2 1 . 3  5 .3  1.5 
85 2 . 3  2 . 5  1 . 1  6.0 1.7 
87 4 . 5  2.6 0 .1  14.0 1.0 


a Dose of DIC injected: 20 mg./kg. 


The general solution of Eq. 34 is Eq. 14. 


r~ + rz + 7 3  = kz + k3 + k-2 + 
rlrz + r1r3 + r~r3 = kZk-3 + ksk-2 + k.k-2 + 


Therefore, 


k-3 + ke (Eq. 35) 


kek-3 + k-zk-3 (Eq. 36) 


rlrzr3 = k--2k-3ko (Eq. 37) 


The boundary conditions are, at t = 0 : ci = co = 
A + B + F, which is Eq. 23, and 


DCi = - (kz  + ki + k.)Co = 
-(A71 + Brz + Fra) (Eq. 2 4 ~ )  


It follows that 


Fe-+)dt = ke($ + a + g) (Eq. 40) 


therefore, 


and from Eq. 36, 


From Eqs. 39 and 42, k--5 and k-8 are computed; 
and from Eqs. 36 and 38, k2 and ka are computed. 
Table I V  presents the numerical values of these rate 
constants. 
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Thin-Layer Chromatography of Certified Coal Tar 
Color Additives 
By MELVIN H. PENNER 


A comprehensive thin-layer chromatographic procedure has been developed for the 
systematic separation and identification of 19 water- and/or alcohol-soluble coal 
tar dyes currently permitted for use in pharmaceutical dosage forms. TLC on 
cellulose-coated chromatoplates and development in one of the following solvent 
systems: (A) ethyl acetate-n-butanol-pyridine-water (5 : 5 : 6:  5) ;  (B) ethyl acetate- 
n-butanol-concentrated ammonia (20: 5 5 : 2 5);  (C) ethyl acetate-n-propanol-con- 
centrated ammonia-water (3 5 : 3 5 : 20: 20) ;  (D) n-propanol-ethyl acetate-concen- 
trated ammonia (65 : 7 5 : 60) offers rapid, sharp separations into compact zones 
of the most common colorant combinations used to achieve special color effects. 
Quantitation of the colorants may then be achieved by densitometric scanning of the 
developed plates. The method has also been applied for the detection of dye in- 


compatibility in a liquid preparation. 


YES ARE USED in the pharmaceutical in- D dustry to achieve esthetic color character- 
istics required for consumer acceptance of drug 
products and for the identification and differ- 
entiation of dosage forms. Only those colorants 
which have been certified by the Food and Drug 
Administration may be used in drug products 
marketed in the United States. The array of 
coloring agents previously available has been 
considerably reduced because of the delisting of a 
number of certified dyes, necessitating the re- 
formulation of many products. Since colors are 
generally produced by blending two or more 
dyes to achieve a desired effect, a rapid chromato- 
graphic system for the separation and identifica- 
tion of the component dyes in a color was highly 
desirable for formulation studies. Since the 
separation of all dyes is more of theoretical than 
practical interest, this investigation was limited 
to 19 certified colorants most frequently en- 
countered in pharmaceutical formulations. 


Prior separation of dyes in mixtures is necessary 
for identification and quantitation in most cases, 
for absorption spectrophotometry usually pre- 
sents a confusing picture of overlapping bands. 
Color analysis based on partition of the dyes be- 
tween two immiscible solvents was reported by 
Koch (1). However, at  best the separations are 
only fractional and several of the permitted dyes 
are discolored by the treatment. 


The chromatography of coal tar colorants has 
been the subject of numerous investigations. 
Separation of colors by paper chromatography 
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(2-9) gives sharper separations than parti- 
tion or adsorption column chromatography 
(10-13), electrophoresis (14-16), or ion-ex- 
change methods (17, 18). However, no one 
solvent can effect satisfactory separation of 
mixtures of dyes, particularly the red dyes which 
give almost the same Rlvalue with most solvents. 


Absorption spectrophotometric methods have 
been most widely used for the quantitative esti- 
mation of separated colors. Stanley and Kirk 
(3) have also applied reflectance measurements to 
the isolated dyes on paper chromatograms and 
achieved better results. 


This report describes a scheme for the separa- 
tion, identification, and quantitation of the most 
frequently used certified water- and/or alcohol- 
soluble colorants by TLC in a limited number of 
solvent systems. An example of the use of this 
technique in studying dye incompatibility is 
presented. 


EXPERIMENTAL 
Chromatoplates-Commercially prepared plates, 


20 X 20 cm., coated with microcrystalline cellu- 
lose' to a layer thickness of 250 fi  and purchased from 
Analtech, Inc., were used in this study without 
prior activation. 


Solvent Systems-Four monophasic solvent 
systems were found to be the most useful: A, ethyl 
acetate-x-butanol-pyridine-water (5: 5:  6:  5); B, 
ethyl acetate-n-butanol-concentrated ammonia 
(20: 55:25); C, ethyl acetate-n-propanol-con- 
centrated ammonia-water (35:35:20:20); D, 
n-propanol-ethyl acetateeconcentrated ammonia 
(65: 75: 60). 


Dye Solutions-Stock solutions of the following 
certified dyes were prepared at  a concentration of 
1 mg./ml. of water: FD&C Red No. 2 (R2), 
FD&C Red No. 3 (R3), FD&C Red No. 4 (R4), 
D&C Red No. 19 (RlS), D&C Red No. 22 (R22), 
D&C Red No. 28 (R28), D&C Red No. 33 (R33), 
FD&C Blue No. 1 (BI), FD&C Blue No. 2 


1 Trade marked as Avicel by American Viscose Div. of 
FMC Corp., Marcus Hook, Pa. 
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(B2), FD&C Yellow No. 5 (Y5) ,  FD&C Yellow 
No. 6 (Y6), D&C Yellow No. 10 (YlO), D&C 
Orange No. 4 (04), FD&C Violet No. 1 (Vl), 
FD&C Green No. 3 (G3), and D&C Green No. 
5 (G5). The stock solutions of D&C Yellow No. 11 
(Yl l ) ,  D&C Green No. 6 (M), and D&C Orange 
No. 5 (05)  were prepared at the 0.1% concentration 
in alcohol since they are not water soluble. 


Chromatographic Development-To determine 
the Rf values of the individual dyes under consider- 
ation and to determine the most effective solvent 
system to achieve the desired separation, 1 pl. of 
each stock solution, dispensed from a 1-pl. disposable 
pipet, was spotted to separate points on the origin on 
each of four chromatoplates, approximately 2.5 cm. 
from the bottom edge. The plates were then placed 
in the chromatographic chamber which has been 
equilibrated with the respective solvent system for 
30-60 min. and the solvent allowed to travel a dis- 
tance of 10-15 cm. from the point of origin. The 
plates were removed from the development chamber 
and air dried. 


Detection-The developed chromatograms were 
viewed under long-wavelength UV light in addition 
to ordinary illumination. The colors and R! values 
were noted. 


Quantitation-A standard mixture containing 
four certified dyes, ie., FD&C Red No. 2 (0.5 
mg./ml.), D&C Red No. 33 (0.5 mg./ml.), FD& 
C Yellow No. 6 (0.75 mg./ml.), and D&C Green 
No. 5 (0.1 mg./ml.), was prepared in aqueous alcohol. 
This stock solution was then serially diluted to con- 
tain 0.4, 0.3, 0.25, 0.2, 0.15, and 0.1 mg. of D&C 
Red No. 33/ml. solution. Five microliters of each 
solution, employing self-filling micropipets cali- 


21 33 


brated to deliver accurately known volumes, was 
spotted to alternate 1-cm. wide channels inscribed in 
a cellulose-coated chromatoplate (20 X 20 cm.) 
and allowed to air dry. The plate was developed in 
a chamber equilibrated with solvent system C to a 
distance of 12 cm. from the origin, removed from 
the chamber, and air dried. A Schoeffel spectro- 
densitometer model SD 3000, a double-beam ratio- 
type scanning instrument equipped with a high- 
intensity continuous xenon light source, quartz 
prism monochromator, and an integrating recorder 
was used for quantitation. Each dye was scanned 
and recorded with the monochromator set a t  the 
wavelength of maximum absorbance for the re- 
spective dye as determined on the chromatoplate. 


RESULTS AND DISCUSSION 


Qualitative Separations-The average RJ values 
of the 19 dyes considered in this investigation in 
each of the four solvent systems and the respective 
colors observed under long-wavelength UV light are 
recorded in Table I. The values reported in the 
parentheses represent minor impurities detected in 
the raw materials. 


In conjunction with the Rj values, further veri- 
fication of identities of the colorant mixture com- 
ponents may be ascertained by viewing the de- 
veloped chromatogram under long-wavelength UV 
light and/or spraying the plate with various reagents 
noting the change in color as reported by numerous 
investigators (3, 4, 7, 19). I t  should be noted that 
FD&C Blue No. 2 has a tendency to fade in systems 
containing ammonia. 


In 1944, Peacock (20) published colorant formulas 


TABLE I-R, VALUES OF CERTIFIED DYES BY TLC 


-Solvent System------- -Color-- 
Dye A B C D Under UV Light 


Blue 
F D  & C No. 1 
F D  & C No. 2 


Green 
F D  & C No. 3 
D & C N o . 5  
D & C No. 6 


D & C No. 4 
D & C No. 5 


Orange 


Red 
F D  & C No. 2 
F D  & C No. 3 
F D  & C No. 4 
D & C No. 19 ~ .~ ~ 


D & C No. 22 
D & C No. 28 
D & C No. 33 


Yellow 
F D  & C No. 5 
F D  & C No. 6 


D & C No. 10 


D & C N o .  11 


F D L k C N o . 1  
Violet 


0.53 
0.33 


0.49 
0.64 
1.0 


0.76 
0.74 


(0.94) 


0.28 
0.94 
0.53 
0.93 
0.88 
0.79 
0.43 


0.26 
0.47 


(0.26) 
0.62 


(0.70) 
0 .95 


0.61 


0.24 
0.09 


0.11 
0.38 
1 . 0  


0.55 
0.28 


(0.23) 


0.00 
0.46 
0.05 
0.96 
0.37 
0.51 
0.12 


0.00 
0.15 


0.29 
(0.42) 
1.0 


0.38 


0.72 
0.47 


0.57 
0.77 
1 .0  


0.89 
0.63 


(0.67) 


0.28 
0.79 
0.30 
0.98 
0.73 
0.83 
0.54 


0.15 
0.62 


0.72 
(0.77) 
1 . 0  


0.80 


0.56 
- 


0.38 
0.63 
1 . 0  


0.79 
0.55 


0.10 
0.68 
0.21 
1 . 0  
0.61 
0.74 
0.39 


0.06 
0.41 


0.58 
(0.69) 
1 .0  


0 .66 


Violet 
Blue 


Pink 
Blue 
Blue 


Yellow-brown 
Yellow 


Red 
Dull orange 
Reddish-orange 
Brilliant orange 
Yellow-green 
Orange 
Scarlet 


Deep yellow 
Red 


Green 


Green 


Violet 
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TABLE 11-TLC SEPARATION OF SOME 
COLORANT MIXTURES 


Solvent 
Color Dye Mixture System 
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601 /IR3) 


Black 
Black 


R2, Y6, B1 C, D 
R2.Y6. B2.Y5 C 


Blue R3; G5. . B 
Deep blue/grape R2, B1 A, C, D 
Caramel/chocolate R2, Y5, Y6, B1 C 
Mint-green Y11, G6 A 
Lime B1, Y5 A, c 
Reddish-orange R2, Y6 C, D 
Medium orange R4, Y5 A, c, D 
Amber R2. Y5 C 
Orangeade R4; Y5, Y6 C ,  D 


Cola R2, Y5. B1 
Wine R2, Y6, B1 Z D  


' 65 


mcg G5 


Fig. 1-Relationship of the spot area of various dyes 
lo the concentrations applied. Slit width = 1 mm.; 
monochromator: RZ and R33 = 515 mp, Y6 = 485 
mp, G5 = 628 mH; recorder range: R2, R3, Y6 = 


0-3 full scale, G5 = 04.5 full sa l e .  
Maroon R2; V1- A, C, D 
Cherrv R2. R4 A. D 
straw-berry R2; R4, Y6 D' 
Pink R3, Y6 A, B, C, D 


R2, Y6 C, D 
C 


Raspberry 
Em-veUow/lemon R2. Y5. Y6 


for use in proprietary mixtures to obtain various 
color effects, such as mint-green, caramel, straw- 
berry, etc. Since each of these formulas contained 
some proportion of FD&C Orange No. 1 or FD&C 
Green No. 2, which have since been delisted, new 
formulas had to be devised. Several such replace- 
ments were reported by Peacock (21) and Zucker- 
man (22). Table I1 lists the colorant mixtures 
used to produce some popular color dec t s  and the 
solvent system(s) best suited in each case to resolve 
the dye components. 


As evident from Tables I and 11, solvent systems 
C and D are the best choice for general screening of 
all the dyes and the latter especially where the pres- 
ence of one or more red colorants is indicated. The 
remaining two systems were developed for special 
cases as shown in the tables. 


Quantitation-Both absorbance and reflectance 
measurements for the quantitation of the chroma- 
tographically resolved dyes have been reported by 
Stanley and Kirk (3). However, the quantity 
of dye required in their method was considered ex- 
cessive, since repeated evaporation of a dilute dye 
solution may be accompanied by sufficient build-up 
of excipient materials to affect the migration of the 
dye material. 


Spectrodensitometry offered a significant increase 
in sensitivity. A plot of the integrated area ob- 
tained versus the concentration applied is shown in 
Fig. 1. Statistically, the best straight line was 
constructed for each colorant by means of linear 
regression analysis. A linear relationship was ob- 
tained over the concentration range considered 
which is also evidenced by the calculated value of 
the correlation coefficient, r,  for each dye being ex- 
tremely close to 1. From Fig. 1, the standard error 
of estimate, sy.=, for each colorant was calculated. 
Table I11 summarizes the rand sU.= values obtained 
in each case. 


The lower limit of detection of 0.2 mcg. of D&C 
Green No. 6 was achieved utilizing a more sensitive 
recorder range than for the remaining three dyes. 


Standard calibration curves were necessarily 
prepared for each dye since the slopes of the four 
lines varied which may be attributed to several 


factors such as the intensity of stray light reaching 
the photocell detector, the purity of the standards, 
and variation in adsorbent layer thickness. De- 
viations from linearity resulting in curvature of the 
lines as the amount of dye spotted increases may be 
caused by saturation so that the peak density no 
longer increases proportionally with concentration. 
Differences in scans are then mainly caused by in- 
qeases in spot size. 


In order to ensure reproducibility and accuracy of 
the densitometric quantitation, several experimental 
parameters were found to be critical. The spectro- 
densitometer employed is designed to minimize 
errors due to moisture and to variations in thickness 
of the adsorbent material by scanning the sample 
channel uersus the adjacent strip untouched to 
serve as the reference. Since the reference and 
sample beams are closely adjacent, positioning of 
the well-defined strips evenly under the sample and 
reference beam is important. The scribe line must 
be positioned evenly between the two light beams for 
reproducible results. Although the width of the 
channels is approximately 1 cm., care should be 
taken when depositing the sample to minimize 
diffusion of the sample laterally toward the edges 
of the strip. If this occurs, the subsequently chro- 
matographed strip may exhibit the edge phenomenon 
which will seriously affect the results. The slit 
covers virtually the entire channel which has the 
advantage that the full width of the absorbing spot 
is scanned and all the material in the spot con- 
tributes to absorption of light. This eliminates 
errors due to small changes in shape and centering 
of the spot. Care should be taken, however, to 
deposit the initial spot as uniformly as possible. 
Excessive tailing or overlapping of zones decrease 
the precision of area measurements. The densi- 
tometry error, calculated from repetitive scanning 
of the same spot, was 1.3%. The micropipets used 
for spotting the dyes are capable of delivering a 
known volume with an accuracy of f 3 7 &  


Dye Incompatibility-The present chromato- 
graphic procedure has also been applied to deter- 


TABLE 111-CALCULATED VALUES OF r AND sY.* 


Dye r Su.r. % 


R2 
R33 
Y6 
G5 


0.988 f 6 . 1  
0.993 f 4 . 1  
0.997 f 3 . 3  
0.992 f 3 . 8  
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area versus concentration resulted in reasonably 
linear relationships with high sensitivity allowing for 
direct quantitation of the colorants on the chromato- 
plate. 


The present chromatographic procedure has also 
been used to determine the cause of color darkening 
in a liquid preparation. Chemical reaction of one 
of the dyes with a ibvor component resulted in the 
formation of a violet species responsible for the 
color change upon storage. 
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SOLVENT FRONT 7 
Fig. 2-Dye incompatibility study. Solvent system: 
ethyl acetate-n-butanol-pyridine-watel (5 :5 :6 :5 ) .  
Plate: microcrystalhe cellulose. Key: A ,  FD & C 
Red No. 2; B,  FD 6 C Red No. 4; C and I ,  mix- 
ture of reds 2, 4,  and 33; D ,  D & C Red No. 33; 
E,  sample after 4 days at 60’; F, sample after 12 
days at 60’; G and H ,  sample after 18 months at room 


temperature (3 and 5 d., respectively). 


mine the cause of color darkening observed visually 
in a liquid dosage upon aging a t  room temperature. 
The proposed formula contained a mixture of FD & 
C Red No. 2, No. 4, and D & C Red No. 33. A 
100-ml. aliquot was extracted according to the pro- 
cedure reported by Bandelin and Tuschhoff (7) and 
redissolved in 5 ml. alcohol. Standard solutions 
of the individual dyes and the sample extract were 
spotted on a microcrystalline cellulose plate and 
chromatographed in solvent system A. The 
resulting TLC pattern indicated the depletion of 
D & C Red No. 33 with the concomitant formation 
of a violet-colored species. Further experiments 
demonstrated that a reaction between D & C Red 
No. 33 with a ibvoring component, anise oil, in the 
presence of formaldehyde was responsible for the 
formation of the violet moiety. This was clearly 
demonstrated when a synthetic mixture of the three 
red colorants with anise oil and formaldehyde were 
heated at  60’ for 4 and 12 days and then chroma- 
tographed. The TLC pattern obtained is shown in 
Fig. 2. 


SUMMARY 


A thin-layer chromatographic procedure has been 
described which allows the rapid screening of 19 
water- and/or alcohol-soluble certified colorants 
frequently used in the pharmaceutical industry. 
Since colorants are usually present in minute quan- 
tities in dosage forms, TLC is ideally suited due to 
the sharp separations and compact zones which 
result in its use. 


A standard sample containing four certified 
dyes was scanned with a spectrodensitometer after 
thin-layer chromatographic separation. Plots of 
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Induction of Photohemolysis 
by Tetrachlorosalicylanilide 


By W. S. OLENIACZ, E. J. SINGER, A. B. DOYLE, a n d  L. J. VINSON 


The antibacterial agent 3,3’,4’,5-tetrachlorosalicylanilide (TCSA) enhanced the 
sensitivity of erythrocytes to long-wave UV light in vitro. The exposure of TCSA- 
treated red cells to UV radiation resulted in photohemolysis; the extent of photo- 
hemolysis was related to the duration of irradiation. The photohemolytic reaction 
appeared to be a consequence of UV excitation of TCSA to the triplet state and sub- 
sequent reaction of the latter molecule with the erythrocyte membrane. The in- 
teraction of the excited TCSA molecule with the red cell membrane was manifested 
as increased permeability towards Mg*+, K+, or Na+ ions. Photohemolysis was 
prevented by the UV absorbers urocanic acid and 2-hydroxy-4-methoxybenzo- 
phenone-5-sulfonic acid. In addition to TCSA, 3,3’,4’,5- and 2’,3,4’,5-tetra- 
bromosalicylanilides caused photohemolysis. Monobromo-, dibromo-, and 
tribromosalicylanilides failed to induce significant photohemolysis. The results 
suggest that some instances of photodermatitis due to TCSA may be related to changes 


in cell permeability and lysis. 


HoToDEmATiTIs resulting from the topical P application of the antibacterial agent 3,3’,4’, 
5-tetrachlorosalicylanilide (TCSA) has been re- 
ported by several investigators (1-5). The in- 
flammatory reaction is elicited upon exposure of 
the skin to long-wave UV light within the range 
300 to 425 mp (6). The manner by which TCSA 
produces skin damage has not been definitely 
established. Primary irritant, phototoxic, con- 
tact allergic, and contact photoallergic processes 
have been suggested as possible mechanisms. 
Recent preliminary work has demonstrated the 
induction and passive transfer of TCSA photo- 
contact hypersensitivity in guinea pigs (4). 
These results indicate that photodermatitis due 
to TCSA may be related to a delayed light- 
mediated immunological process, although fur- 
ther confirmation is required. However, i t  is 
well known that certain factors can contribute to 
photosensitization. The factors include the con- 
centration of the agent used, the vehicle em- 
ployed, the nature of the light source, and the 
length of exposure of the skin to light. Since the 
latter factors can influence the skin response, it is 
conceivable that TCSA may also cause photoder- 
matitis by a mechanism other than that respon- 
sible for delayed hypersensitivity. 


In  addition to TCSA, various medicinal agents 
have been incriminated as photosensitizers (7). 
With the exception of the furocoumarins (8), it is 
generally believed that photosensitizing agents 
produce photodermatitis as a consequence of in- 
creased cell permeability and concomitant cell 
lysis. Increased permeability is the resultant 
manifestation of a photochemical reaction in- 
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volving a photosensitizer, oxygen, and an un- 
known membrane component. Evidence has 
been presented which indicates that the disrup- 
tion of lysosomal and mast cell membranes may 
be the primary event in photosensitization (9). 


The possibility that photodermatitis due to 
TCSA may also be related to changes in cell 
permeability has not been considered nor sub- 
stantiated in clinical investigations reported. 
This report presents the results of in nitro studies 
which demonstrate that the interaction of long- 
wave UV radiation with TCSA can cause altered 
membrane permeability, as evidenced by photo- 
hemolysis of erythrocytes. The value of eryth- 
rocytes as models for assessing photosensitiza- 
tion effects has been documented (9-1 1). 


EXPERIMENTAL 


Preparation of Erythrocytes-Adult rats, derived 
from the Sprague-Dawley strain, were used through- 
out this investigation. The animals were killed by 
decapitation and blood was collected from the 
severed vessels into heparinized tubes. Red cells 
were sedimented by centrifugation, washed three 
times with isotonic saline-phosphate buffer of pH 7.4 
(0.14 M NaCl, 8.8 X M NaZHP04, 1.4 X lo-’ 
M NaHzP04), and then resuspended in buffer to 
original volume. 


Photohemolysis Assay, General Procedure-The 
erythrocyte suspension was diluted 1 : 200 with 
M TCSA contained in saline-phosphate buffer. 
Appropriate controls consisted of erythrocytes 
diluted 1 : 200 with saline-phosphate buffer lacking 
TCSA. The samples were dark-incubated (low- 
actinic test tubes, 18 X 150 mm.) for 30 min. at 25O 
on a reciprocating shaker, operated at 68 strokes/ 
min. Five milliliters of the suspension was then 
transferred to an open Stender dish (4.9 cm. diam- 
eter) and irradiated on the shaker. All assays were 
performed in triplicate. The radiation factors em- 
ployed were: exposure time, 60 min.; target dis- 
tance, 10 cm.; radiation source, multiray lamp 
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fitted with a long-wave UV light having maximum 
energy output at 366 mp; intensity of incident radia- 
tion, 1.44 X 10' ergs/cm.2, as measured with a YSI 
model 65 radiometer (Yellow Springs Instrument 
Co., Ohio). Following the irradiation period, the 
samples were returned to the dark and stationary 
incubated for 15 min. The suspensions were then 
diluted 1 : 1 with 0.44 M NaNOe to terminate hemol- 
ysis.' Cellular debris was removed by centrifuga- 
tion and the hemoglobin content of the supernates 
determined by  measuring the absorbance at 420 mp 
with a colorimeter (Klett-Summerson). Samples, 
similarly prepared, which had been allowed to remain 
in the dark for 105 min. were used to  correct for 
spontaneous hemolysise (not due to  UV light). 
Results were quantitated in terms of percent photo- 
hemolysis with red cells hemolyzed by 5.8 X lo-* M 
NaCl serving as the standard for 1 0 0 ~ o  hemolysis. 
The latter standard was also diluted with 0.44 M 
NaNOs to insure uniform conditions. 


Chemicals-3,3',4',5 - Tetrachlorosalicylanilide 
(TCSA) was obtained from Geigy Chemicals, Ards- 
ley, N. Y. 3,3',4',5-Tetrabromosalicylanilide was 
supplied by the Organics Section of Lever Brothers 
Co., Edgewater, N. J. Other salicylanilides em- 
ployed were obtained from Fine Organics, Inc., 
Lodi, N. J. Urocanic acid was purchased from 
Mann Research Laboratories, Inc., NewYork, N. Y. 
(2 - Hydroxy - 4 - rnethoxybenzophenone - 5 - sulfonic 
acid) Uvinul M S 4 0  was obtained from Antara 
Chemicals, New York, N. Y. 


RESULTS AND DISCUSSION 


Figure 1 shows the relationship of the length of 
irradiation to  the percent photohemolysis noted in 
the presence of TCSA. Photohemolysis greater 
than the control value was observed initially when 
the TCSA-treated cells were subjected to  UV light 
for 30 min. The amount of photohemolysis in- 
creased as the irradiation time was extended, 
maximum lysis occurring with a 60-min. exposure. 
The latter irradiation time was therefore chosen for 
use in the subsequent phases of this investigation. 


The exposure of TCSA-treated red cells to long- 
wave UV light produced marked increases in mem- 
brane permeability towards Mg*+, K+, and Na+ 
ions, as compared to irradiated control erythrocytes. 
Equivalent degrees of photohemolysis (63%) were 
obtained when the TCSA-treated cells were irradi- 
ated in buffer containing 0.14 M NaCI, 0.12 M KCl, 
or 0.12 M MgC12. Irradiation of erythrocytes in 
buffer which contained TCSA and isotonic* CaCln, 
glucose, or sucrose (0.28 M ,  0.3 M, and 0.25 M ,  
respectively) yielded insignificant photohemolysis 
when compared to irradiated controls. Irradiated 
TCSA-deficient samples had photohemolytic values 
of 0% (CaCI*), 12y0 (glucose), and 10% (sucrose). 
The results therefore indicate that  UV light does not 
increase permeability of TCSA-treated cells to either 


1 The hypertoniaty of the NaNOa solution stops hemolysis 
by causing cell shrinkage and its reducing action prevents 
further photochemical reactions (10). 


%Hemolytic values of approximately 35 and 30% were 
usually noted for the nonirradiated samples with and without 
TCSA, respectively. These values were subtracted from 
the hemolytic values of the corresponding irradiated samples 
to give the degree of hemolysis due to UV light. 


8 Isotonic concentrations of CaClp, KCl, MgClz, glucose, 
and sucrose, respectively, were calculated by determining 
the amount required to exert approximate1 the same osmotic 
pressure as 0.85% NaCl (isotonic to blood?. 
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Fig. 1-Photohemolysis versus time of long-wave 
U V irradiation for 3,3',~',5-tetrachlorosalicylanil~e 
T C S A )  at 25'. Intensity of incident radiation, 4 x 
108 ergs/cm.Z/sec.; T C S A ,  lo+ M i n  isotonic saline- 
phosphate buffer, pH 7.4. Key:  a, T C S A ;  ., 


control. 


Cae+, glucose, or sucrose. The impermeability to  
Ca*+ ions is noteworthy; Ca'+ has a role in main- 
taining the normal low permeability of erythrocyte 
membranes (12). 


Cations leaking across electrochemical gradients of 
normal erythrocytes are constantly being balanced 
by cations actively transported against these gradi- 
ents (13). When the cell membrane is damaged by 
UV light, there is an isosmotic movement of salts and 
water into the cell. The accelerated diffusion rates 
cannot be overcome by active transport mech- 
anisms. The erythrocytes therefore swell and lyse 
(14). In order to  establish that the photohemolysis 


I 


2f 50 


0.1 4 M NoC1/0.25 M SUCROSE 


Fig. 2-Effect of NaCl content of the extracellular 
environment on the induction of photohemolysis by 
3,3',4',5-tetrachlorosaWcy~n~~e ( T C S A  ). In- 
tensity of incident radiation, 1.44 X lo7 ergs/cm.z; 
T C S A  (lov4 M )  and concentrations of NaCl and 
sucrose shown were contained i n  phosfihate buffer, pH 


7.4. Key:  a, TCSA;  U, control. 
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of TCSA-treated cells, reported here, was due to the 
facilitated cellular uptake of cations, the red cells 
were irradiated in various isotonic NaCl 4- isotonic 
sucrose mixtures. The results obtained are illus- 
trated in Fig. 2. I t  is apparent that photohemolysis 
of TCSA-treated cells was related to the Na+ content 
of the external environment; photohemolysis de- 
creased as the NaCl content of the medium was 
lowered. 


Cation leakage associated with irradiated red cells 
is dependent upon the radiation dose and proceeds 
after irradiation is terminated (14). Thus, percent 
hemolysis usually becomes a function of incubation 
time after irradiation. Higher lytic values are ob- 
tained when the postirradiation period is prolonged. 
An evaluation of the relationship of the length of the 
postirradiation incubation period to the photohemol- 
ysis of TCSA-treated cells, observed here, was there- 
fore of interest. The TCSA-treated cells were ir- 
radiated in saline-phosphate buffer and the percent 
photohemolysis determined 0, 5, 10, and 15 min. 
after irradiation. At each time interval, a photo- 
hemolytic value of 63y0 was obtained. These 
results thus indicate that the extent of photohemoly- 
sis was independent of the postirradiation sampling 
time under the conditions employed. Maximal lysis 
occurred during the exposure of erythrocytes to UV 
light. These findings suggest that, in this case, 
hemolysis is probably due to extensive alterations in 
membrane permeability as a result of the interac- 
tion of UV radiation, TCSA, and a membrane com- 
ponent responsible for maintaining cellular integrity. 


It is well known that UV light causes the electronic 
excitation of photosensitive molecules to higher en- 
ergy states (triplet or singlet). The excited mole- 
cules are extremely reactive and can transfer their 
energy to other molecular species by collision; the 
latter species then undergo a chemical reaction. 
Excited molecules can also dissipate their energy by 
dissociation into either radicals or more stable mole- 
cules. The interaction of long-wave UV radiation 
with TCSA is known to result in free radical produc- 
tion (15, 16). The photoconversion of TCSA to 
3',4',5-trichlorosalicylanilide has also been reported 
(16). In the present study, it is conceivable that 
UV light may have excited TCSA to the long-lived 
metastable (triplet) state. The reaction of the 
highly energized TCSA molecule with the red cell 
membrane could therefore be responsible for the in- 
duction of structural alterations and associated 
permeability changes. Indirect evidence that this 
may be the case was obtained here through the use of 
K I  and the paramagnetic ions, Cuz+ and Mn2+, 
known quenchers of triplet state molecules (17). 
Photohemolysis failed to occur if the TCSA-treated 


TABLE I-EFFECT OF VARIOUS CHEMICALS ON THE 
INDUCTION OF PHOTOHEMOLYSIS BY 
TETRACHLOROSALICYLANILIDE (TCSA) 


Concn.. Photo- 
Chemicalm m M  hemolysis ', % 


60 None - 
MnClz. 4Hz0 2.5 31 
KI  1.0 29 
CUClz * 2H20 2.5 10 


"TCSA, 1 0 - 4  M, and chemical indicated were contained 
in isotonic saline-phosphate but€-, pH 7.4. bErythrocytes 
irradiated with long-wave uv light for 60 min. Intensity of 
inadept radiation, 1.44 X 107 ergs/cm.a. 


' O r  


0- 0 2.5 5.0 7.5 10.0 


UROCANIC ACID x 1Q4H 


Fig. 3-Effect of urocanic acid on the induction of 
photohemolysis by 3,3',8',5-tetrachlorosalicylanilide 
(TCSA). Intensity of incident radiation, 1.44 X 
lo? ergs/cm.z; TCSA M) a,nd urocanic acid 
concentrations shown were contazned in isotonic 
saline-phosphate buj'er, pH 7.4.  Key: a, TCSA; 


0, control. 


cells were irradiated in isotonic KI (0.15 M), rather 
than in isotonic NaCl. When either KI (10-8 M) or 
MnClz (2.5 X M )  was included in the saline 
phosphate buffer, photohemolysis of TCSA-treated 
cells decreased by approximately 50% in comparison 
to the value obtained with saline-phosphate buffer 
alone (Table I). The inclusion of CuClz (2.5 X lo-* 
M) in the buffer prevented the TCSA-inducthn of 
photohemolysis, as evidenced by a photohemolytic 
value identical to that of the corresponding irradi- 
ated control. Average photohemolytic values of 
10% were obtained when TCSA-delicient cells were 
irradiated in the presence of KI, MnC12, or CuCI2. 
The results thus indicate that the triplet state of 
TCSA is the reactive species in the photohemolytic 
reaction. It should be noted that biological photo- 
sensitization due to psoralens likewise involves light 
excitation of the latter agents to the triplet state 
(18). 


Urocanic acid, the principal acid-soluble UV ab- 
sorber present in the epidermis (19), was found to 
have an effect on the photohemolytic reaction. The 
addition of increasing concentrations of urocanic acid 
to the saline-phosphate buffer produced decreases in 
the percent photohemolysis of TCSA-treated cells 
(Fig. 3). Values identical to those of irradiated 
control cells were noted when urocanic acid was pres- 
ent in the irradiation mixture a t  a content of 5 X 
10-4 M. 2-Hydroxy-4-methoxybenzophenone-5- 
sulfonic acid, a commercial sun screener used in 
cosmetic preparations, also protected TCSA-treated 
cells against UV radiation (Fig. 4). The effective 
concentration (5 X 10-8 M) required for inhibition 
of the photohemolytic reaction was greater than 
the quantity of urocanic acid needed. 


To determine whether the enhanced light sensi- 
tivity of erythrocytes was unique to TCSA, red cells 
were irradiated for 60 min. in saline-phosphate buffer 
containing various salicylanilide isomers. In addi- 
tion to TCSA, only 3,5',4',5 or 2',3,4',5-tetrabromo- 
salicylanilide induced significant photohemolysis 
(Table 11). Although the failure of the other iso- 
mers tested to cause photohemolysis signiicantly 
greater than the control value may be related to the 
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TABLE 11-INDUCTION OF PHOTOHEMOLYSIS BY 


SALICYLANILIDE ISOMERS 


Photo- 


hemoll- sis, 
Isomer' % 


3,3 ' ,4',5-Tetrabromosalicylanilide 69 
3,3',4' ,&Tetrachlorosalicylanilide 63 


47 
3,4 ' , 5-Tribromosalicylanilide 16 
3,5Dibromosalicylanilide 13 
5-Monobromosalicylanilide 13 
Salicylanilide 12 
4 ',5Dibromosalicylanilide 11 
None 10 


2 ',3,4 ' , 5-Tetrabromosalicylailide 


' Isomer concentration 10 -4 M contained in isotonic 
* Erythrocytes irradiated 


Intensity of incident 
salinephosphate buffer, pH 7.4. 
with long-wave UV light for 60 min. 
radiation, 1.44 X 10' ergs/cm.z. 


e k . ) .  
if this is actually the case. 


Additional studies are planned to determine 


70 r 


2-HYDROXY-4 - METHOXYBENZOPHENONE- 
5-SULFONIC ACID X M 


Fig. 4-Effect of 2-hydroxy-4methoxybenzophenone- 
5-sulfonic acid on the induction of photohemolysis 
by 3,3',4',5-tetrachlorosalicylanilide (TCSA) .  Inten- 
sity of incident radiation, 1.44 X lo7 ergs/cm.2; 
TCSA (lo-* M) and 2-hydroxy-4-methoxylbenzopb- 
none-5-sulfonic acid concentrations shown were con- 
tained i n  isotonic saline-phosphate buffer, pH 7.4.  


Key: a, TCSA;  a, control. 


concentration employed M), a study of con- 
centration effects was precluded by limited solu- 
bilities of the isomers in aqueous solvents. Simi- 
larly, the possibility exists that enhanced photo- 
hemolysis may have been observed if a longer irradia- 
tion exposure was used. Nevertheless, the mono- 
bromo-, dibromo-, and tribromosalicylanilides lack 
the photohemolytic capabilitity of TCSA since 
the irradiation time employed was optimal for 
the TCSA induction of photohemolysis (Fig. 1). 
Photohemolysis may therefore be of value for com- 
paring the potential photosensitizing effects of select 
salicylanilides with those of TCSA. 


The membrane component damp-ged by the inter- 
action of long-wave UV radiation with TCSA was not 
determined in the present investigation. Lipopro- 
teins may be involved, however, since it is well 
known that lipoproteins have an important role in 
the structure and permeability characteristics of cell 
membranes. 


The data reported here have shown that TCSA 
can cause light-mediated permeability changes in 
cell membranes and that the extent of cell lysis is 
related to extraneous factors ( i e . ,  exposure time, ex- 
ternal cellular environment, UV absorbers). Al- 
though the experiments performed were in witro 
studies, it seems likely that some instances of photo- 
dermatitis due to TCSA may be related to increased 
cell permeability and lysis. The established role of 
lysosomes in inflammatory processes (20) suggests 
that lysosomes may be the target organelles in  uiwo. 
UV light causes increased lysosomal fragility (21); it 
is therefore conceivable that TCSA may enhance the 
light sensitivity of lysosomes with concomitant clin- 
ical developments ( i e . ,  edema, erythema, wealing, 


REFERENCES 


(1) Wilkinson D. S. Brit. J .  Dcrmafol. 73 213(1961). 
(2) Calnan, C: D., HHrmon, R. R. M., ahd *ells, G. C., 


(3) Vinson, L. J.. and Flatt, K. S., J .  Inuest. Dnmolol., 


(4) Harber, L. C.. Targovnik, S. E., and Baer, R. L., 


(5) Epstein, J. H., Wuepper, K. D., and Maibach, H .  I., 


(6) Freeman, R. G.,  and Knox, J. M., ibid., 97. 130 


Bril. Med. J . ,  1 1 ,  1266(1961). 


38. 327(1962). 


Arch. Dermatol., 96, 646(1967). 


ibid., 97, 236(1968). 


(1 !XQI \-""-,. 
(7) Storck, H. ,  ibid.. 91, 469(1965). 
(8 )  Musajo, L., and Rodighiero, G., Acta Dermata- 


(9) Allison, A. C., Magnus, I .  A., and Young, M. R., 


(10) Cook, J. S., and Blum, H. F., J .  Cell. Comp. Physiol., 


(11) Musajo, L., Rodighiero. G., and Santamaria, L., 


(12) Maizels, M., Nature, 184, 366(1959). 
(13) Tosteson. D. C., and Hoffman, J. F.,  J .  Gen. Physiol., 


(14) Cook, J. S. ,  ibid. ,  48, 719(1965). 
(15) Jenkins, F. P.. Welti, D.. and Baines, D., Nafure ,  


201, 827(1964). 
(16) ,Coxon, J.  A., Jenkins, F. P., and Welti, D., Photochem. 


Photobd. ,  4, 713(1965). 
(17) Posthuma, J.. and Berends, W.# Biochim. Biophys. 


A d o ,  112. 422(1966). 
(18) Pathak, M. A., Allen, B.,  Ingram, D. J. E., and Fell- 


man, J. H.. ibid., 54, 506(1961). 
(19) Baden, H. P., and Pathak, M. A,, ibid., 104, 200, 


(1965). 
(20) Weissmann, G., Federation Proc., 23, 1038(1964). 
(21) Weissmann, G., and Fell, H. B., J .  Erp l l .  Med., 116, 


Venereol., 47, 298(1967). 


Nature, 209, 874(1966). 


53, 41(1959). 


Atti SOC. Ital. Patologia, 5 ,  l(1957). 


44, 169(1960) 


365(1962). 


Keypbrases 


Photohemolysis induction-tetrachlorosalicyl- 


Erythrocytes-photohemolysis determination 
UV irradiation-photohemolysis 
Cell permeability, cations-UV light effect 


anilide 








Determination of First pKa’ Value and Partition 
Coefficients of Bromothymol Blue 


By V. DAS GUPTA and D. E. CADWALLADER* 


The first pKa’ value and partition coefficients (between buffered aqueous phases 
and organic solvents; benzene, carbon tetrachloride, chloroform, ethylene di- 
chloride, methylene chloride, and toluene) of bromothymol blue have been de- 
termined. The  pKa’ value was determined using a method similar to that of Reilley 
and Swayer. Chloroform showed the highest affinity for bromothymol blue, 
followed by methylene chloride, ethylene dichloride, benzene, toluene, and carbon 
tetrachloride. Even at low concentrations (6 X 1 0 - 6  M) bromothymol blue appears 


to undergo polymerization, since partition coefficient values change with pH. 


ANY AMINES FORM SALTS with acid dyes. 
These salts can be  extracted by  organic 


solvents and the dye component measured spec- 
trophotometrically. This method has been 
used to assay many drugs (1). The amount of 
amine-dye salt extracted b y  an organic solvent 
is dependent upon the  p H  of the aqueous phase 
(2). Gupta  et al. (3) derived an equation which 
can be  used to  predict the  optimum assay con- 
ditions, such as pH,  of the aqueous phase. To 
solve this equation, the first pKa value and the 
partition coefficient of the dye between the  
organic solvent t o  be used for extraction and the 
buffered aqueous phase are required. In the 
authors’ previous paper (3) on the effect of pH 
and dye concentration on the extraction of a 
thiamine-dye salt b y  an organic solvent, they 
had reported the determination of the parti- 
tion coefficient of bromothymol blue only between 
chloroform and water, using the approximated 
pKa value The  approximated p K a  value did not 
agree with the  reported value of Schill (4). 


This paper describes the determination of the 
first pKa’ value and the partition coefficients of 
bromothymol blue between buffered aqueous 
phases and the organic solvents (benzene, carbon 
tetrachloride, chloroform, ethylene dichloride, 
methylene chloride, and toluene) which are most 
commonly used for the extraction of amine-dye 
salts (1). 


EXPERIMENTAL 
Reagents-All chemicals and reagents used were 


either USP, NF, or ACS grade. Bromothymol 
blue was purchased from W. H. Curtin & Co. and 
used without further purification. 


Preparation of Solutions-Bromolhymol Blue 
Solutions for the Determination o j  pKa’ Valtie- 
Bromothymol blue (100.0 mg.) was dissolved in 
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10 ml. of ethyl alcohol in a 50-ml. volumetric flask 
and enough distilled water added to make up to  
volume. Solutions of different pH values were 
prepared by diluting 0.5 ml. of this solution to  100 
ml. with hydrochloric acid of various concentra- 
tions. All the solutions contained 0.001% of 
bromothymol blue. Hydrochloric acid (12.0 N) was 
standardized according to  USP procedure (5). 
This hydrochloric acid solution was diluted with 
distilled water to obtain various other strengths as 
needed. 


Bromothymol Blue Solutions for the Determination 
of Partition Coejicients-Aqueous buffer solutions of 
bromothymol blue (6 X M) were prepared 
by dissolving 18.7 mg. of dye in approximately 0.5 
ml. of 0.2 M sodium hydroxide solution and then 
adding enough 0.05 M phosphate buffer solutions 
of various pH values to make 500 ml. The pH of 
each solution was determined with a pH meter (Corn- 
ing 12). Buffer solutions of various pH values were 
prepared according to the directions in the USP 
(6). 


Determination of pKa’ Value-The pKa’ value 
was determined according to  the procedure of 
Reilley and Swayer (7). Solutions of bromothymol 
blue ( O . O O 1 ~ o )  in hydrochloric acid solutions of 
various concentrations were scanned between 360 
and 600 mp using a Beckman DK 2 spectrophotom- 
eter. Distilled water was used as the blank. 
Two wavelengths were chosen where the H2I and 
HI- forms of the dye showed a maximum difference 
in their absorbance. Plots of absorbance versus 
theoretical pH concentration (-log [H+]) were 
prepared for each of the two wavelengths selected. 
Two horizontal lines across each of the plots were 
drawn; one corresponding to the absorbance of the 
dye solution of theoretical pH - 1.08, and the other 
corresponding to the absorbance of solution of 0.92 
pH value (Figs. 1 and 2). The first line (A in Fig. 1 
and B in Fig. 2) gave the absorbance of the dye 
when present entirely in the HzI form. The second 
line (A in Fig. 2 and B in Fig. 1) gave the absorb- 
ance of the dye when present entirely in the HI- 
form. The midpoint of each curve between the 
Lines A and B represented the equal concentra- 
tion of HzI and HI-  form of bromothymol blue. 
This was marked as the pKa‘ value on each curve. 


From each figure, the ratio of (HI-/HzI) a t  var- 
ious pH values was obtained by measuring the rela- 
tive distances of the point from HI-  and HzI lines. 
Plots of log (HI-/HzI) (vertically) versus pH con- 
centration were prepared (Figs. 3 and 4) for each of 
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Fig. 1-Determination of pKa' value using absorbance 
values at 558 mp. 


the two wavelengths selected. The point where the Fig. 3-Determination of pKa' value using log 
curve crossed the pH axis corresponded to pKa' ( H I - / H z I )  (from Fig. 1 )  versus pH concentration 


to  12- and H +  can be nenlected in the DH range of 
value, since HzI HI-  + H +  (dissociation of HI-  plot. 


-1.08 to 0.92 since KZ;S 1 X Therefore, 
K, = [(HI-) (H+)]/HzI], or log K, = log HI- + log H +  - log HtI; hence, first pKa' = pH - 
log HI- + log H21, or log (HI-/H2I) = pH -pKa'. 
Therefore, when HI- = &I, log (HI-/H21) = 
0 and pH = pKa'. Results from Figs. 1 4  are pre- 
sented in Table I. 


Determination of Partition Coefficients-To de- 
termine the partition coefficients ( D )  of bromo- 
thymol blue, 25.0 ml. of dye solution (6 X 10- M) 
of appropriate pH value was mixed with 25.0 ml. 
of an organic solvent in a 250-ml. conical flask, 
and the flask shaken at high speed (temperature 
24.5 =I= 0.5') for 30 min. using an Eberbach shaking 
machine. Preliminary investigations indicated that 
an equilibrium between the aqueous and organic 
phases was established within 30 min. After shak- 
ing, the mixture was placed in a 125ml. separator 
and polar and nonpolar layers were allowed to  
separate and the organic phase collected. A por- 
tion of the organic phase was centrifuged at high 
speed for 10 min. using an International clinical 
centrifuge. The absorbance of clear solution so 
obtained and of the original dye solution used in 
each experiment was read at 503 mp, the isosbestic 
point of bromothymol blue (7) using a spectropho- 
tometer (Bausch & Lomb Spectronic 20). Distilled 
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Fig. 2-Determination of pKa' value using absorbance 
values at 470 mp. 


water was used as the blank. The amount of dye 
present in the organic phase was calculated by dif- 
ference between the original and final absorbance 
values. T o  determine the partition coefficient D 
= [(HzI)~]/[(H~I),] the amount of dye present in 
the organic phase was assumed to  be undissociated 
and therefore represented (HZL)~. The fraction of 
undissociated dye present in the aqueous phase, that  
is (HJ),, at each pH value was calculated as fol- 
lows (8): 


Results are presented in Table 11. 


DISCUSSION 


pKa' Value-The pKa' value of -0.662 (Table I )  
did not compare with the value (1 to 1.48) reported 
by Shi l l  (4). Three-point straight lines crossing the 
axis (Figs. 3 and 4) predict that the pKa' value 
lies between -0.95 and -0.47. Two points did not 
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Fig. 4-Determination of pKa' value using log 
(HI- IHJ)  (from Fig. 2 )  versus PH concentration 
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TABLE I-pKa’ VALUES AS DETERMINED P R O M  
FIGURES ONE THROUGH FOUR 


Figure 
No. First pKa‘ Value KI 


1 -0.670 4.68 
2 -0.648 4.45 
3 -0.668 4.66 
4 -0.600 3.98 


Av. -0.662. Av. 4.60a 


a Average of first three values. 


TABLE II--EFFECT OF CHANCES IN pH ON THE 
PARTITION COEFFICIENTS OF BROMOTHYMOL BLUE” 


Solvent Partition Coefficient X 10-5 a t  pH 
5.0 5 . 5  6 . 0  6.4 


Benzeneb 2.18 2.81 5.61 - 
Carbon 


tetrachlorideb 0.69 1.26 1.46 - 
ChloroformC - 12.15 18.70 27.42 
Ethylene 


dichloridec - 8.11 10.32 16.13 
Methylene 


chloride= - 10.03 15.00 23.95 
Tolueneb 1.29 1.98 2.50 - 


a Each value is an average of two experiments. b Not done 
a t  pH 6.4 due to  lack of sensitivity in the method to  cal- 
culate the amount of dye in the organic phase. c Not done 
a t  pH 5.0 due to lack of Sensitivity in the method to  calculate 
the amount of dye in the aqueous phase. 


fall on these straight lines, probably due to lack 
of sensitivity in the method to  calculate either 
H21 or HI-. It was not possible to take into ac- 
count the activity coefficients a t  these high con- 
centrations of hydrochloric acid. This will, no 
doubt, cause some error in the determination of the 
pKa’ value. 
Partition Coefficients-Partition coefficients 


varied with changes in pH (Table 11). This may be 
due to  the formation of polymers. The HI-  has 
been reported (4) to  form dimers and tetramers. 
Error will probably be higher at higher pH value 
since the concentration of H I -  (present only in the 
aqueous phase) will increase with the pH. An 
error in the first pKa’ value does not appear to 
affect the relative differences between the partition 
coefficient values with changes in pH (Table 111). 


It is apparent that chloroform has the highest 
partition coefficient value (Table 11), followed by 
methylene chloride, ethylene dichloride, benzene, 
toluene, and carbon tetrachloride (arranged in order 


TABLE 111-EFFECT OF CHANCES IN pKa’ VALUE 
ON THE RATIO OF PARTITION COEFFICIENTS AT 
pH 5.0 AND 5.5 USING BENZENE AS THE MODEL 


Partition Coefficient X 10 -6 a t  pH 
uKa’ 5.0 5.5 Ratios 


-0.845 3.37 4.33 1.29 
-0.662 2.18 2.81 1.29 
-0.544 1.68 2.16 1.29 
-0,301 0.954 1.24 1.30 


1 .o 0.482 0.619 1.28 
a Calculated taking pH 5.5 value and dividing by pH 5.0 


value. 
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Fig .  5-lYot of partition coejicient versus dielectric 
constant. 


of decreasing partition coefficient values). This is 
true when partition coefficient values are compared 
at any particular pH. Further analytical applica- 
tion of this information will be discussed in another 
report. 


A plot of partition coefficient a t  pH 6.0 (Table 11) 
versus dielectric constant (9) at 20” (benzene, 2.28; 
carbon tetrachloride, 2.24; chloroform, 4.81; ethyl- 
ene dichloride, 10.65; methylene chloride, 9.08; 
and toluene, 2.39) passes through a maximum (Fig. 
5). The maximum occurs a t  a dielectric constant 
value of 4.81 which corresponds to chloroform. 
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Interdependence of Physiological Surfactant and Drug 
Particle Size on the Dissolution Behavior of Water- 


Insoluble Drugs 
By SONG-LING LIN, J0HA"E MENIG, and LEON LACHMAN 


A series of in uitro experiments was performed to demonstrate the interdependence 
of physiologic surfactant and drug particle size on the dissolution rate of glutethim- 
ide, griseofulvin, and a new diuretic Compound A. The presence of physiological 
concentrations of lysolecithin (a naturally occurring biosurfactant) is shown to 
exhibit micellar solubilizing properties on the drugs investigated. The data ob- 
tained from the dissolution rate studies showed that aqueous lysolecithin solution 
caused significant enhancement of the extent of solution of the drugs investigated. 
However, the reduction of particle size through micronization may not necessarily 
increase the in uitro dissolution rate. Data to support this statement are presented, 
and a plausible explanation for its occurrence is the electrostatic charge that de- 
velops on the solids after milling. This results in aggregates which can be larger in 


particle size than the unmilled drug. 


URFACE-ACTIVE AGENTS are commonly used as S adjuvants in pharmaceutical preparations. 
Through the reduction of interfacial tension and 
micelle formation, these materials are capable of 
enhancing the aqueous solubility of poorly soluble 
drugs. 


In biological systems, naturally occurring 
physiological surfactants are present in various 
tissues and organs at  varying levels of concentra- 
tion. There are a number of literature reports 
pertaining to the micellar solubilizing properties 
of physiologic surfactants for water-insoluble or 
slightly soluble medicinal agents. The physio- 
logic surfactants most extensively employed in 
studying drug solubilization and dissolution are 
the bile salts. It has been shown that various 
bile salts are capable of solubilizing strychnine, 
quinine, quinoline, and camphor (l), dyes (2, 3), 
steroid hormones (4-6), carcinogenic polycyclic 
hydrocarbons (7-9), fatty acids, monoglycerides 
and cholesterol (10-14), glutethimide, griseo- 
fulvin and hexestrol (15), and inorganic salts (1). 


In 1959 Robinson and Saunders (16) reported 
on the micellar solubiliuing characteristics of the 
nonionic surfactant lysolecithin with triolein, 
monostearin, and cholesterol. More recently it 
was reported that lysolecithin exhibited marked 
solubilizing properties for and increased the 
dissolution rates of dienestrol, hexestrol, and 
griseofulvin (17). 


It is generally believed that in order for a solid 
drug to  be absorbed to any appreciable extent 
across the gastrointestinal membrane, i t  is prefer- 
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able to have the drug go into solution in the 
gastrointestinal fluid prior to the absorption pro- 
cess. The rate-determining step in the diffusion- 
controlled absorption process for orally admin- 
istered water-insoluble drugs is usually the dis- 
solution rate of drugs in the biological fluids of 
the gastrointestinal tract. The significance of 
this on the transport and absorption processes is 
well recognized and has been the subject of 
several detailed discussions (18-21). 


The factors iduencing the dissolution rate are 
many and varied but one important factor is the 
surface characteristics of the solid particles (22- 
25). Following the disintegration of tablet and 
capsule dosage forms in the gastrointestinal tract, 
the particles break down into their initial particu- 
late state or form small aggregates of drug. 
The surface characteristics of these aggregates 
would be dzerent from the individual particles 
of drug and their subsequent dissolution behaviors 
would not be the same as for nonaggregated drug 
particles. Since most of the dissolution studies 
performed in the presence of physiologic SUT- 


factants have been reported to have been carried 
out without controlling the particle size of the 
medicinal agent, the present investigation was 
undertaken to study the influence of varying de- 
grees of available surfaces on the dissolution 
rate of glutethimide, griseofulvin, and a new 
diuretic Compound A. The dissolution rate was 
determined in distilled water, 0.1 N hydrochloric 
acid, and 0.05% w/v aqueous lysolecithin solution 
at 37'. 


EXPERIMENTAL 


Materials-Glutethimide NF was dried at 45" 
over phosphorus pentoxide and was used without 
further purification. Analysis by N F  assay (26) 
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indicated a purity of better than 99.95%. Part of 
the samples were sieved through U. S. standard 
sieves and fractions of 20/40 and 100/120 mesh 
particles were collected for use in this investigation. 
The remaining material was micronized through a 
fluid energy mill' to obtain material less than 5 p in 
size. 


The new diuretic Compound A was dried at 100" 
for 8 hr. Analysis by a nonaqueous titrimetric 
method indicated a purity of better than 99%, which 
was substantiated by TLC analysis. Samples 
consisting of material being less than 5 p and particles 
of 12/16 and 60/80 mesh were prepared as described 
for glutethimide. 


Griseofulvin,e micronized and nonmicronized, was 
used as received. The nonmicronized powders were 
sieved and the particles of 12/16 and 20/40 mesh 
were employed in this study. 


Lysolecithina was reported to be better than 99% 
pure by paper chromatographic analysis. Elemental 
analysis of the lysolecithin sample was reported 
previously (17). The sample was dried in vacuum 
for at least 24 hr. prior to use. 


Analytical Method-Beer's law curves were 
constructed individually for glutethimide (256 
mp), diuretic Compound A (282 mp), and griseo- 
fulvin (292.5 mp). The solvent systems employed 
were methanol-water in the ratio of 1:4, 1: 1, and 
3:2 for glutethimide, diuretic Compound A, and 
griseofulvin, respectively. In the dissolution rate 
determination the concentration of lysolecithin 
present in the diluted sample aliquots was found 
not to interfere with the spectrophotometic assay 
at the aforementioned wavelengths. A Beckman 
DB spectrophotorneter with a Sargent recorder was 
used to obtain absorbance readings throughout the 
study. 


Determination of Dissolution Rate-The pro- 
cedures of Shefter and Higuchi (27) were employed 
with slight modification. A quantity of drug, in 
large excess of its predetermined solubility in 0.05% 
w/v aqueous lysolecithin solution was weighed and 
rapidly introduced to a 250-ml. water-jacketed 
beaker containing exactly 100 ml. of dissolution 
medium maintained at 37 0.5". The solution 
was agitated by means of an overhead stirrer. The 
three-blade stirrer was 2.5 cm. in diameter and 
located 2 cm. below the surface of dissolution me- 
dium. Constant agitation intensity was achieved by 
utilizing a constant torque unit (Servodyne). In  
order to insure complete contact of the hydrophobic 
drug with the fluid of the dissolution medium, a rela- 
tivelyhigh intensityof agitation, 600 r.p.m., was em- 
ployed throughout the study. Water, 0.1 N hydro- 
chloric acid, or 0.05y0 w/v aqueous lysolecithin 
solution was used as the dissolution medium. A 
5ml. aliquot was withdrawn at prescribed time 
intervals from the dissolution flask and replaced 
immediately with the same volume of dissolution 
medium maintained at 37". The aliquot was 
rapidly filtered through 0.45-r( pore size Millipore 
filter paper to remove remaining undissolved drug. 
The clear filtrate was assayed spectrophotometrically 
after proper dilution with appropriate solvent. A 
cumulative correction was made in accordance with 
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the method reported by Wurster and Taylor (28) to 
account for the previously removed samples in 
determining the total amount of drug dissolved at 
any specific time. 


The photomicrographs of the drugs before and 
after the dissolution study were taken with a Polar- 
oid camera attached to the photomicrographic ap- 
p a r a t ~ s . ~  


Electrostatic Charge of the Powders-The elec- 
trostatic properties of the various sized fractions of 
glutethimide, diuretic Compound A, and griseo- 
fulvin were determined at 37% R.H. and 25" using 
the apparatus and procedure described in an earlier 
publication (29). 


RESULTS AND DISCUSSION 
The solubilization of a water-insoluble drug, D, 


in the presence of surfactant can be treated as a 
process in which the drug is distributed between a 
micellar phase and an aqueous phase. Above the 
CMC of a surfactant, the solution is saturated with 
respect to surfactant monomers and an equilibrium 
exists between monomers and micellar aggregates. 
Therefore, the following equilibrium state can be 
written: 


DBoiid 8 DM + DNM 
where DM is the concentration of drug in micelle 
and DNM is the drug concentration in the nonmicel- 
lar phase. The equilibrium is influenced not only 
by the parameters of temperature, pressure, and 
surfactant concentration, but also by the char- 
acteristics of the solid particles employed. The 
reduction of particle size results in an increase of 
available surface area as well as a considerable in- 
crease in surface free energy. In general, the 
smaller the particle size of the solid, the greater is 
the shift of the equilibrium to the right-hand side of 
Eq. 1. This phenomenon of increasing solubility with 
decreasing particle size has been reported (30-32). 
The importance of identifying the characteristics 
of the physical state of the solid in solubility measure- 
ment as well as in the determination of dissolution 
rate is evident. 


Figure 1 demonstrates the dissolution behavior of 
diuretic Compound A using 12/16 mesh, 60/80 
mesh, and micronized powders, in water and O.O50j, 
aqueous lysolecithin solution a t  37O, respectively. 
Each curve is drawn through points which re- 
present an average of at least two dissolution runs. 
In all instances the reproducibility is within the 
experimental error. It can be seen from these 
curves that the presence of lysolecithin in the dis- 
solution medium significantly enhances the extent 
as well as the rate of dissolution of diuretic Com- 
pound A when compared to the extent and the rate 
of dissolution found in water. Since the dissolu- 
tion rate is directly proportional to the solubility 
term in the Noyes-Whitney equation, the modifica- 
tion of the nature of the dissolution media which will 
effectively increase the solubility term should in- 
crease the dissolution rate. The ratio of the quan- 
tity of the solubilized drug in lysolecithin to the 
quantity of drug in water at the same time interval 
is expressed as relative extent of dissolution. As 
shown in Table I the lysolecithin micelle displays 


(Eq. 1) 


4 Phaphot, Ernest Leitz Ltd., Germany. 
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Fig. 1-Dissolution profiles of diuretic Compound A i n  
water (-) and 0.05y0 aqueous lysolecithin solution 
(. ..) at 37'. Key:  0,  micronized powder; 0, 60/80 


mesh powder; A, 12/16 mesh powder. 


approximately threefold increase in relative extent 
of dissolution for the 12/16 and 60/80 mesh powders 
of diuretic Compound A, while about fivefold in- 
crease was observed for micronized diuretic Com- 
pound A during the time period of 10-30 min. The 
ratio persists even after 2 hr. The enhancement in 
the extent as well as the rate of dissolution in the 
presence of lysolecithin is due to the lowering of the 
interfacial tension between the drug and the dis- 
solution medium, as well as to micellar solubilization. 
The latter mechanism is most likely more significant 
since the concentration of lysolecithin employed in 
the dissolution rate determination is much higher 
than the CMC of lysolecithin. 


As expected, the reduction of particle size from 
12/16 mesh to 60/80 mesh slightly increases the ex- 
tent of dissolution behavior of diuretic Compound A 
in water and 0.05y0 lysolecithin solution. However, 
when the particle size is further reduced to the 
micron range, the extent of dissolution of diuretic 
Compound A in water decreases somewhat when 
compared with the 12/16 or 60/80 powders. The 
probable explanations for these surprising results 
are ( a )  that the hydrophobic properties of the powder 
increases with the degree of subdivision of the 
powders because of absorption of air caused by 
micronization, and (b) the relative magnitude of the 


interparticulate binding force, such as electrostatic 
charge, is increased as the particle size is greatly 
reduced. Clumping of the diuretic Compound A 
micronized particles was observed during the dis- 
solution experiments. Large particulate agglomer- 
ates, some being larger in particle size than the 
unmilled drug, were found to persist in the water 
even after 2 hr. of dissolution study. As shown in 
photomicrographs A and B of Fig. 2, the micronized 
sample observed after a 2-hr. dissolution run in 
water is present as aggregates having diameters 
larger than the 60/80 mesh powders. The measure- 
ment of the electrostatic charge of the various parti- 
cle sizes of diuretic Compound A indicated that the 
electrostatic charge of the powders increased with 
increasing surface area through particle size reduc- 
tion (33). 


When 0.05% lysolecithin solution was employed as 
the dissolution medium, the dissolution rate of 
diuretic Compound A increased with the decreasing 
particle size as illustrated by the upper three curves 
of Fig. 1. This difference in effect of dissolution in 
water and lysolecithin solution can be explained by 
the surfactant wetting the hydrophobic surface of 
diuretic Compound A and breaking the large particle 
agglomerates into their original individual particu- 
late state. This is illustrated with photomicro- 
graphs A and C or B and D of Fig. 2. The inter- 
particulate interactions observed in photomicro- 
graph B are reduced greatly in the presence of lyso- 
lecithin, as demonstrated in photomicrograph D of 
Fig. 2. This accounts for the fact that micronized 
diuretic Compound A exhibits a greater extent of 
dissolution than the unmilled powder in lysolecithin 
solution but not in water. The photomicrographs 
were taken of the samples before filtration through 
the Millipore assembly. If the photomicrographs 
are taken on the filtered powders upon dispersion in 
a suitable medium, such as mineral oil, it  is not 
realistic of the state of the micronized drug during 
the dissolution run. 


A similar phenomenon was observed for griseoful- 
vin. The dissolution behaviors of micronized, 
20/40, and 12/16 mesh samples of griseofulvin are 
depicted in Fig. 3. The extent of dissolution is 
increased a t  least twofold, when the dissolution 
medium is changed from water to  o.0570 lysolecithin 
solution. 


Inspection of the data in Table I shows that after 
10 min., the ratios of the amount of drug dis- 
solved in the 0.05% lysolecithin solution to  that 
amount dissolved in water are 2.3, 2.1, and 2.4 for 
12/16 mesh, 20/40 mesh, and micronized griseofulvin, 
respectively. 


TABLE I-RELATIVE EXTENT OF DISSOLUTION AT 37' 


Relative Extent of ,Dissolution0 
Time, mm- 


Compound Particle Size 1 2 5 10 20 30 


Diuretic 12/16 mesh 2.12 2.65 2.74 3.00 3.08 2.89 
Compound 60/80 mesh 2.50 2.37 2.52 2.98 3.04 2.96 
A Micronized 5.81 5.55 5.39 4.86 4.97 4.86 


Griseofulvin 12/16 mesh 5.11 3.47 2.64 2.28 2.29 2.32 
20/40 mesh 2.01 2.05 2.16 2.13 2.17 2.25 
Micronized 2.68 2.62 2.40 2.38 2.41 2.46 


Glutethimide 20/40 mesh 1.00 1.02 1.01 1.01 0.99 1.01 
100/120 mesh 1.12 1.14 1.10 1.07 1.09 1.09 
Micronized 1.03 1.03 1.01 1 .oo 1.01 1.02 


Ratio of the quantity of solubilized drug in lysolecithin to the quantity of drug in water at the same time intervals. 
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Fig. 2-Photomicrographs illustrating the physical 
state of diuretic Compound A after 2 hr. of dissolu- 
tion study. Key:  A ,  60/80 mesh powders i n  water; 
B, micronized powders i n  water; C,  60/80 mesh pow- 
ders in 0.0570 aqueous lysolecithin solution; D, micro- 
nized powders in 0.050/, aqueous lysolecithin solution. 


In lysolecithin solution, the extent as well as the 
rate of the dissolution increases as the particle size 
is decreased from 12/16 mesh to  micronized powder. 
However, in water the dissolution profile of microni- 
zed griseofulvin lies between that of 20/40 and 
12/16 mesh samples. 


It has been reported that when micronized griseo- 
fulvin is used, the blood levels can be achieved with 
approximately half the dose of the larger particle 
size material (34). Thus it is clear that the increase 
of in vivo drug availability in the biological system 
through particle size reduction may not readily be 


V 
0 10 20 30 


TIME, min. 


Fig.  3-Dissolution profiles of griseofulvin in water 
(-) and 0.05% aqueous lysolecithin solution (. . .) 
at 37'. Key:  0, micronized powder; 0, 20/40 mesh 


powder; A, 12/16 mesh powder. 


predicted by i n  vitro dissolution studies in aqueous 
systems. This is especially true when the dissolu- 
tion rate of the water-insoluble hydrophobic drug is 
studied in water. Although the addition of syn- 
thetic or naturally occurring surfactant in the dissolu- 
tion medium gives a better indication of the influ- 
ence of particle size reduction on increasing dissolu- 
tion rate, the ultimate means of providing the evi- 
dence to  demonstrate that particle size reduction de- 
creases the dose needed to produce an equal pharma- 
cological response is by in vivo rather than in vitro 
study. 


An interesting dissolution behavior was observed 
for glutethimide. The results of the dissolution 
rate study in water and O.05y0 lysolecithin solution 
are depicted in Fig. 4. The extent of dissolution at 
the first 10-min. period was found to decrease in the 
following order: 


100/120 mesh > micronized > 20/40 mesh 
glutethimide; 


whereas after 20 min. the order becomes 


100/120 mesh > 20/40 mesh > micronized 
glutethimide. 


The same trend is found in both water and 0.050/, 
lysolecithin solution. In contrast t o  the common 
belief that the dissolution rate is increased or reaches 
a plateau with respect to the decreasing particle size, 
it  seems that an optimal particle size is desirable for 
glutethimide since the dissolution rate increases up 
to a particular particle size then decreases. As 
discussed previously and indicated in Table I the 
relative extent of dissolution of diuretic Compound 
A and griseofulvin was considerably enhanced by 
the presence of lysolecithin solution. However, the 
dissolution rate of the 20/40 mesh and micronized 
glutethimide was not affected and 100/120 mesh 
glutethimide was increased only 10% by the incor- 
poration of the biosurfactant as seen in Fig. 4. This 
case seems to be an excellent example where particle 
size rather than the presence of biosurfactant has the 
predominant effect on dissolution rate. 


Photomicrographs of the glutethimide taken 
after the 2-hr. dissolution rate study in water and 


t 
t 
J 
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F 
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. 
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W 


U 0 


i V z 
0 0 


15 20 25 3'6 
TIME, min. 


0-5 1 0  


Fig.  4-Dissolution profiles of glutethimide i n  water 
(closed symbols) and 0.05% aqueous lysolecithin solu- 
tion (open symbols) at 37". Key:  0, e, micronized 
sample; A, A, 100/120 mesh sample; n, W, 20/4Q mesh 


sample. 







Vol. 57, No. 12,  December 1968 2147 


Fig. 5-Photomicrographs illustrating the physical 
state of glutethimide after 2 hr. of dissolution study 
Key: A ,  20/40 mesh powders i n  water; B ,  micro 
nized powders i n  water; C, 20/40 mesh powders i n  
o.05yO aqueous lysolecithin solution; D ,  micronized 


powders i n  O.O5a/, aqueous lysolecithin solution. 


0.05% lysolecithin solution are shown in Fig. 5. 
The decrease in the dissolution rate by changing 
from 20/40 mesh powder to  micronized glutethimide 
as shown in Fig. 4 can be attributed to the fact that  
the particulate agglomerates of the micronized 
sample (photomicrograph B, Fig. 5) are larger in 
size than the 20/40 mesh particles (photomicrograph 
A, Fig. 5). When 0.05% lysolecithin solution is 
employed, the hydrophobic surface of glutethimide 
is wetted by the surfactant and the particulate 
agglomerates were dispersed to their individual 
particles as shown in photomicrographs C and D of 
Fig. 5. However, a corresponding increase of the 
dissolution rate was not observed. A possible 
explanation for this phenomenon may be the fact 
that micellar aggregates of lysolecithin have little 
affinity for glutethimide, as demonstrated by the 
equilibrium solubility curve of Fig. 6. The equilib- 


0.01 0.02 003 0.04 005 
CONCENTRATION OF LYSOLECITHIN. % w/v 


Fig. 6-Solubilization of glutethimide i n  aqueous lyso- 
lecithin solutions at 37". 


Fig. 7-Dissolution profiles of glutethmide in 0.1 N 
hydrochloric acid at 37". Key:  -, micronized 


mesh powder. 
powder; 10O/120 mesh powder; - , Z O / M  


rium solubility of glutethimide in 0.05% aqueous 
lysolecithin is increased only 1570 as compared with 
the equilibrium solubility of glutethimide in water. 
It has been demonstrated, i n  vivo, that the blood 
level of glutethimide is not influenced by the reduc- 
tion of particle size. On the contrary, griseofulvin 
which exhibits a particle size effect on the blood 
levels of griseofulvin has an equilibrium solubility of 
0.024y0 in 0.05% aqueous lysolecithin solution which 
is about 70% higher than that in water (17). It 
seems that the higher the extent of interaction be- 
tween the drug and biosurfactant, the greater the 
dependency of the drug concentration in the blood on 
the particle size of the drug. 


Since glutethimide is available commercially as a 
solid dosage form, the effect of particle size on the 
dissolution rate of glutethimide in 0.1 N hydrochloric 
acid at 37O was investigated. The results are 
graphically shown in Fig. 7. As observed previously 
for the dissolution rate in water and lysolecithin, the 
micronized glutethimide does not appear to  go into 
solution faster than 100/120 mesh sample. How- 
ever, the dissolution rate is increased signi6cantly at 
the first 5-min. period of the dissolution run when the 
micronized or 100/120 mesh glutethimide is used in 
place of the 20/40 mesh material. 


The physicochemical approach for investigating 
the nature of the interactions of water-insoluble 
drugs with normal constituents of the biological 
system is believed to contribute significantly to a 
greater understanding of the complexity of absorp- 
tion, transport, interaction, and excretion of the 
drug in the living system. There exist certain 
physiologic surfactants either as normal constituents 
of the biological fluids or resulting from the discharge 
into a particular compartment or compartments of 
the biological system. Typical examples of these 
are lecithin, lysolecithin, and bile salts (35-40) 
which appear in the pancreas, duodenal fluid, and 
blood stream. As a result of the findings in this 
investigation and those from previous reports (17) 
the presence of naturally occurring physiologic 
surfactants, such as lysolecithin in the biological 
system can possibly increase the extent as well as the  
rate of dissolution of water-insoluble medicinal 
agents prior to  the absorption process. 
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Presently under study is the influence of other 
physiologic surfactants, such as a-cephalin, phos- 
phatidyl ethanolamine, and phophatidyl serine as 
well as phosphatidyl inositol on the dissolution prop- 
erties of poorly soluble drugs, and information being 
obtained will be presented in a subsequent report. 


Journal of Pharmaceutical Sciences 
(15)’yBates T. R. Gibaldi M., and Kanig, J. L., J. 


Pharm.”Sci., 55, 191, ’901 (1966 j .  
(16) Robinson, N., and Saunders, L., J. Pharm. Pharmacol., 


11,346(1959). 
(17) Bates T. R .  Lin, S. L., and Gibaldi, M.. J. Pharm. 


Sci., 56, 149i(l967).‘ 
,.^__I (18) Nelson, E., J .  A m .  Pharm. Assoc., Sci. Ed., 46, 607 


CONCLUSION AND SUMMARY 


The interdependence of physiologic surfactant and 
drug particle size on the extent and the rate of dis- 
solution of diuretic Compound A,  griseofulvin, 
and glutethimide was investigated. The presence 
of lysolecithin is generally shown to exhibit micellar 
solubilizing properties on the drugs investigated. 
From the dissolution profiles of these relatively 
water-insoluble drugs, the aqueous lysolecithin solu- 
tion caused significant enhancement of the extent 
as well as the rate of solution. However, reduction 
of particle size through micronization does not neces- 
sarily increase the in vitro dissolution rate. A plau- 
sible explanation for this occurrence is the electro- 
static charge that develops on the solids after milling 
resulting in the development of aggregates which 
can be larger in size than the unmilled drug. 
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Determination of Vitamin E in Multivitamin 
Products by Gas-Liquid Chromatography 


By F. P. MAHN, V. VISWANATHAN, C. PLINTON, A. MENYHARTH, 
and B. 2. SENKOWSKI 


The determination of vitamin E in multivitamin preparations has presented con- 
siderable analytical problems. Reports on the gas-liquid chromatography of this 
vitamin have shown that a linear response with concentration can be obtained. 
This investigation deals primarily with the quantitative analysis of alpha-tocopheryl 
acetate utilizing a hydrogen-flame detector. The influence of gas flow rates on detec- 
tor response and retention times is demonstrated. The conditions for the assay 
of vitamin E in multivitamin preparations are outlined. A suitable internal stan- 
dard employed in this study was dotriacontane. The precision of the proposed 


procedure under the conditions studied is f 2-3 percent. 


INCE A CONSIDERABLE number of multivitamin S preparations contain vitamin E (alpha to- 
copherol or its esters), a specific and reproducible 
method of determination is desirable. A com- 
prehensive review of the literature has been 
made by Kofler et al. (1) pertaining to existing 
methodology. The most popular procedure for 
the analysis of alpha tocopherol in vitamin 
preparations is the Emmerie-Engel (2) reaction 
utilizing the iron-bipyridyl complex. However, 
this method is susceptible to many interferences, 
especially vitamin A, which is present in most 
multivitamin products. In addition, the use of 
the colorimetric procedure requires a hydrolysis 
step to be carried out if esters of tocopherol are 
present. A publication by Fisher et al. (3) em- 
ployed a hydrogenation step prior to colorimetry 
of alpha tocopherol in order to minimize the 
interference due to vitamin A. A review of 
titrimetric and colorimetric methods for the 
assay of vitamin E in pharmaceutical products 
was made by Lehman (4). 


It would appear that the tremendous versatil- 
ity of GLC should make this technique the one of 
choice for the quantitative determination of 
vitamin E. The majority of reports in the litera- 
ture, concerning the GLC of vitamin E, em- 
phasized the qualitative separation of the various 
isomers of the tocopherols (1, 5, 6, 7, 8). Most 
of the investigators reported that the best 
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separations of the tocopherols were achieved 
using columns prepared with SE-30 on diato- 
maceous earth.’ In this laboratory good results 
were obtained using a column containing 10% 
SE-30 on Aeropak 30, 100/120 mesh. However, 
the silanization of the diatomite aggregatesZ did 
not significantly change the results of the vitamin 
E assay, when this high percentage of liquid phase 
was used. Libby and Sheppard (9) have re- 
ported on the quantitative response of alpha, 
gamma, and delta tocopherol as well as alpha 
tocopheryl acetate, utilizing an argon ionization 
detector. Pillsbury et al. (10) in a later report, 
have applied GLC to vitamin E in pharmaceuti- 
cals and quantitatively analyzed for vitamin E, 
utilizing a hydrogen-flame detector. Comparison 
was also made with the Emmerie-Engel method. 


This investigation deals primarily with the 
quantitative determination of alpha tocopheryl 
acetate by GLC, as carried out in this laboratory 
for quite some time on a number of different 
multivitamin preparations. In  order to com- 
pensate for column characteristics, instrumental 
variations, and sample introduction technique, an 
internal standard was employed. Dotriacon- 
tane (1 l), a C-32 hydrocarbon was used as an 
internal standard in this study. It should be 
mentioned that a C-33 or C-34 hydrocarbon 
would have been preferable, but were not avail- 
able commercially. An aluminum oxide column 
was used in the sample preparation in order to 
remove some interferences derived from excipi- 
ents in the various formulations. 


1 Silanized Gas-Chrom P, Applied Science Laboratories, 
State College. Pa.; and Celite, Johns-Manville, New York, 
N. Y. 


2 Chromosorb W, Johns-Manville, New York, N. Y. 


2149 







21 50 


This method had previously been submitted, in  
1965, to the United States Pharmacopeia for a 
preliminary collaborative trial. 


EXPERIMENTAL 


Operational Parameters-The instrument used 
for this work was a gas chromatograph, (Varian 
Aerograph model 600 or equivalent), equipped with a 
hydrogen flame-ionization detector. The column 
used was a copper coil, 121.9 cm. (4 f t . )  long and 3 
mm. i.d., packed with 10% SE-30 on Aeropak 30, 
100/120 mesh. Prior to use, this packed column 
was flow conditioned at 280" for 16-20 hr. with a 
stream of nitrogen. The temperatures were: 
column, 245"; injector port, 275" with a Pyrex 
insert; and detector, 275O. The flow rates were: 
carrier gas, nitrogen, 40 ml./min.; detector gas, 
hydrogen, 20 ml./min.; and air 300 rnl./min. 
All injections were made using a 1O-pl. syringe 
(Hamilton) with the injection volume being approxi- 
mately 5 pl. The instrument was operated at a 
range of 10 and attenuation 32X, or equivalent to  
result in approximately 50'% response of the re- 
corder 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 either a disk integrator, digital in- 
tegrator, or the peak height multiplied by the peak 
width at half height. Under the conditions stated 
the relative retention time of alpha tocopheryl 
acetate was 0.85with respectto theinternal standard, 
dotriacontane, which has a specific retention time of 
approximately 30 min. A sample chromatogram 
is shown in Fig. 1. 


Reagents and Chemicals-Silicone gum rubber 
SE-30 and Aeropak 30, 100/120 mesh were ob- 
tained from Varian Aerograph. Benzene and 
tetrahydrofuran were obtained from Fisher Scien- 
tific Co. Solvent hexane (petroleum ether) was 
Merck grade, b.p. 30-60O. Alumina was Woelm 
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neutral. Dotriacontane was purchased from East- 
man Organic Chemicals. 


Standard Preparation-Internal Shndard-Ac- 
curately weigh 200 mg. of dotriacontane into a 100- 
ml. volumetric flask. Dissolve and dilute to vol- 
ume with tetrahydrofuran. Mix well (internal 
standard stock solution). 


Reference Standard-Accurately weigh 100 mg. 
of reference dl-alpha tocopheryl acetate into a 50- 
ml. amber volumetric flask. Dissolve and dilute 
to volume with the internal standard stock solution 
(working standard solution). Standards of alpha 
tocopherol and alpha tocopheryl succinate are 
prepared in a similar manner. 


Sample Preparation-A. Multivitamin Tablets or 
Capsules-Determine the average tablet weight or 
capsule fill. Grind the tablets using a mortar and 
pestle and weigh a quantity of the tablet mass, or 
capsule fill, equivalent to about 6 mg. of dl-alpha 
tocopheryl acetate, into a 50-ml. centrifuge tube. 
Add 25.0 ml. of benzene, stopper, and shake, or 
place into an ultrasonic vibrator bath for 20 min. 
Centrifuge at high speed for 5 min. Transfer 15.0 
ml. of the benzene layer into a glass column, 1.5 
cm. in diameter and 30 cm. in length, which has 
been packed with 8 g. of alumina (Woelm, neutral) 
deactivated with 10-12% water (w/w). Collect 
the eluate in a glass-stoppered 50-ml. conical flask. 
Further rinse the column with an additional 30 ml. 
of benzene in small portions, allowing each portion 
to  drain to the surface of the alumina, and collect 
the combined eluates in the 50-ml. conical flask. 
Evaporate the solution to  dryness on a steam bath 
under a flow of nitrogen. Dissolve the residue in 
2.0 ml. of the internal standard stock solution 
(sample working solution). 


B. Gelatin Capsules-In the case where gelatin 
capsules are encountered, 5 ml. of water is placed 
into the centrifuge tube with the sample capsules 
and warmed for 5-10 min. a t  50" t o  dissolve the 
gelatin. The resulting mixture is cooled, 25.0 ml. 
of benzene is added, and the procedure described 
under A carried out. Capsules which would not 
dissolve in water were slit open and the contents 
extracted with benzene as described. 


C. Injectables and Liquids-Injectables and liquid 
samples are diluted directly with tetrahydrofuran 
and water is added, if necessary, to obtain a clear 
homogeneous solution resulting in the alpha to- 
copheryl acetate concentration of 4 mg./rnl. Mix 
5.00 ml. of this solution with 5.00 ml. of the internal 
standard stock solution (sample working solution). 
If miscibility is poor or interference is encountered, 
then extraction with 25.0 ml. of benzene is necessary 
and the procedure described under A carried out. 


It may be necessary in some formulations to  ex- 
tract several times with benzene in order to  quan- 
titatively remove the alpha tocopheryl acetate. 
In such instances the combined extracts should be 
concentrated to  25 ml. and subjected to the pro- 
cedure described under A. 
D. Multivitumin Cream-Into a 50-ml. glass- 


stoppered centrifuge tube weigh accurately a 
sample of the multivitamin cream equivalent to 
about 10 mg. of alpha tocopheryl acetate. Add 
10 ml. of water and heat at 70-80' for 10 min. 
Cool to  room temperature and add 3 g. of sodium 
chloride. Extract the sample in the centrifuge 
tube with five 20-ml. portions of solvent hexane, 


TIME, min. 


Fig. 1-Sample chromatogram. 
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CD = mg. of dotriacontane per ml. of working 


C E  = mg. of tocopheryl acetate per ml. of work- 
standard. 


ing standard. 


per gram of sample is: 
The equation for mg. of alpha tocopheryl acetate 


(Merck, b.p. 30-60°), shaking mechanically. Sep- 
arate the layers by centrifugation. Collect the 
combined hexane extracts in a 125ml. conical 
flask. Evaporate to a volume of approximately 
10 ml. on a steam bath with the aid of a 
stream of nitrogen. Quantitatively transfer the 
hexane concentrate, with the aid of a small volume 
of additional hexane, onto a glass column, 1.5 cm. 
in diameter and 30 cm. in length which has been 
packed with 17 g. of alumina (Woelm, neutral) 
deactivated with 10-12% water (w/w). Adjust 
the elution rate at 4 ml./min., drain the solvent 
hexane to  the surface of the alumina, and then 
elute with an additional 175 ml. of solvent hexane. 
Discard the first 25 ml. of solvent hexane, and 
collect the remaining eluate in a 250-ml. conical 
flask. Evaporate the collected hexane to  dryness 
on a steam bath under a stream of nitrogen. Dis- 
solve the residue in a sufficient volume of internal 
standard stock solution (5 ml.) to result in a con- 
centration of alpha tocopheryl acetate of 2 mg./ml. 
(sample working solution). 
E. Dry Powders-Weigh accurately a portion of 


the sample equivalent to 100 mg. of alpha tocopheryl 
acetate into a 50-ml. centrifuge tube. Add 5 ml. of 
4N sulfuric acid and 5 ml. of 3A alcohol.a Swirl 
and heat in a hot water bath for 5 min. to disperse 
the beadlets. Cool to room temperature. Extract 
with 6 X 15 ml. of solvent hexane (Merck, low- 
boiling 30-60"), shaking mechanically for 5 min., 
centrifuging, and combining the hexane extracts 
in a 100-ml. volumetric flask. Dilute to volume 
with hexane and mix well. Pipet 10.0 ml. of the 
hexane solution into a small glass-stoppered flask. 
Evaporate this solution to dryness on a steam bath 
under nitrogen. The residue obtained is taken up 
in 5.00 ml. of internal standard stock solution (work- 
ing sample). 


Standard Calibration and Sample Analysis- 
Chromatography of several 5pl .  injections of work- 
ing standard solution is required in order to con- 
dition the column and to  determine the instrument 
sensitivity and peak retention times. 


Five-microliter volumes of the working standard 
and sample solutions, equivalent to approximately 
10 mcg. of alpha tocopheryl acetate are alternately 
injected into the instrument with the described o p  
erational parameters. After the elution of the dotri- 
acontane peak the instrument is ready for the 
following injection. Duplicate samples and stan- 
dards are chromatographed and the respective areas 
are determined from the integrator or by the peak 
height multiplied by the peak width at half height. 


Calculations-Assay for alpha tocopheryl acetate 
in the preparation. 


Determination of response factor for alpha to- 
copheryl acetate ( R F E ) .  


Ag(std.1 X CIJ 
RFE = AD (std.) X CE 


where: 


Ag = peak area of tocopheryl acetate in the 


A D  = peak area of dotriacontane in the working 
working standard. 


standard. 


8 Five parts methanol and 100 parts alcohol, v/v. 


AE(sp1.) x C D  x F 
A D  (spl.) X R F E  X sample weight (g.) 


where: 


A 
R FE 
C D  


F 


= peak area in the working sample. 
= response factor as described above. 
= mg. of dotriacontane per ml. of working 


= dilution factor of sample (per ml. of work- 
sample. 


ing sample). 


Milligrams of alpha tocopheryl acetate per tablet, 
capsule, etc. = mg. of alpha tocopheryl acetate per 
gram X average unit weight. 


RESULTS AND DISCUSSION 


It was found necessary to saturate the column 
daily with the form of vitamin E to be determined 
in order to  attain reproducible results. This con- 
ditioning effect also was described by Libby and 
Sheppard (9) in their initial report. Tocopheryl 
acetate required minimal daily conditioning to  attain 
constant detector response. Tocopherol and to- 
copheryl succinate required longer conditioning 
times as well as periodic checking throughout the 
day. 


In the course of this study a high ratio of liquid 
phase to inert support was employed in order to  
overcome any major loss of vitamin E by adsorp- 
tion, thereby causing low results. Aeropak 30, 
with a mesh range of 100/120, increased column 
efficiency, and minimized adsorption. 


Since no signilicant difference was observed in 
the results obtained with Pyrex or metal columns, 
copper tubing was selected for this work. Aging 
of the packed column will be evident by the resolu- 
tion of the peaks. Usually a new column should be 
prepared when this resolution becomes poor, or 
after approximately 1 month of continuous use. 


Several solvents were investigated for the dis- 
solution of vitamin E prior to gas chromatography. 
It was found that acetone and chloroform resulted 
in poor reproducibility of response per unit quantity 
of vitamin E. This effect could be attributed to  
column adsorption. Tetrahydrofuran as well as 
n-hexane (9) appeared to  minimize this result. 
Since the use of water was contemplated in some 
sample preparations, tetrahydrofuran, because of its 
water miscibility, was chosen as the solvent. 


The effect of carrier gas flow rate with retention 
time was investigated and a linear relationship 
obtained. The equation calculated by the method 
of least squares is log tl = -0.796 log Rf + 2.38, 
where t, is the retention time in minutes and Rf 
is the flow rate in ml. per min. The effect of 
column temperature on retention time also resulted 
is a straight line following the equation log t, = 
-0.0160 Tc + 5.33, where Tc is the column tem- 
perature in "C. Theoretical considerations of 
retention volume with absolute temperature and 
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TABLE I-DETECTION LIMITS AND RETENTION TIME“ 


Limit of Approximate Relative 
Detection, Retention Retention 


Compd. mcg. Time, min. Time 


Alpha tocopheryl 
acetate 0 .4  25.5 0.85 


Alpha tocopherol 1 . 2  21.3 0.71 
Alpha tocopheryl 


succinate 1 . 2  22.5 0.75 
Vitamin Df 


(calciferol) 1-2 20.4 0.68 
C-32 30.0 1.00 


Column: 10% SE-30 on Aeropak 30. length 121.9 cm. 
(4 ft.) temperature 245’. Flow rate: N z  = 40 ml./min.; 
Hn = ‘20 ml./min.; air = 300 ml./min. 


column loading are discussed in a paper by Sawyer 
and Barr (12). The detector response per approxi- 
mately 10.8 mcg. of alpha tocopheryl acetate with 
the change in hydrogen flow rate at constant air and 
carrier flow was obtained. The optimum hydrogen 
flow to carrier gas was in the ratio of 1 : 2. 


In this investigation the level of detectability of 
the various forms of vitamin E studied, as well 
as their relative retention times with respect to 
dotriacontane, are listed in Table I. 


The retention times of alpha tocopherol and alpha 
tocopheryl succinate are quite similar under these 
conditions. The identification of these forms should 
be made using the Emmerie-Engel test while gas 
chromatography would serve as the quantitative 
assay. 


The possibility of vitamin D interference in the 
determination of vitamin E also was investigated. 
With the use of a hydrogen-flame detector the ratio 
of vitamin E and vitamin D,  per injection, which 
would affect the assay results by 5y0, are 
shown in Table 11. Since most multivitamin 
pharmaceutical products, with both vitamin E and 
D, contain up to 15 mg. of vitamin E per 400 
units (10 rncg.) of vitamin D, no interference from 
vitamin D in the gas chromatographic method would 
be expected. 


The linearity of response with alpha tocopherol, 
alpha tocopheryl acetate, and alpha tocopheryl 
succinate is shown in Fig. 2. As can be seen, the 
linearity of response for alpha tocopherol and alpha 
tocopheryl succinate is not as good at the lower 
concentrations. For these two forms it is de- 
sirable to work at the 10-15-mcg. range for best 
linearity. Since the alpha tocopherol and alpha 
tocopheryl succinate are usually present at higher 
levels than alpha tocopheryl acetate, an alumina 
column was not found necessary for tablets and 
capsules containing these forms of Vitamin E. 


TABLE 11-EFFECT OF VITAMIN D ON VITAMIN E 
RESPONSE PER INJECTION 


Level of 
Vitamin D 
to Cause a 


5% Positive 
Error in 


Vitamin E 
Results, mcg. Vitamin E, 10 mcg. 


Alpha tocopheryl acetate 
Alpha tocopherol 
Alpha tocopheryl succinate 


8 
1-2 
1-2 


16 7 


I 
0 1.0 20 3.0 4. 


AREA a 10’ MSK UNITS 


Fig. .!?-Linearity of response with concentration. 
Column: 10% SE-30 on Aeropak 30, length 121.9 cm. 
( 4  f t . ) ;  temperature 265’; 5 al. injected; attenuation 
32X. Key: @, alpha tocopheryl acetate; 0, alpha 
tocopherol; x , alpha tocopheryl succinate. 


TABLE 111-DETERMINATION OF VITAMIN E IN 
MULTIVITAMIN PRODUCTS 


Sample Label Claim Found 


Tablet 
A 2.00 mg./tablet 2.36 mg./tablet 
B 1.00 mg./tablet 1.01 mg./tablet 
C 2.72 mg./tablet 3.36 mg./tablet 


Liquid 3.33 mg./ml. 3.76 mg./ml. 
Cream 5 . 0  mg./g. 5.60 mg./g. 
Capsule 


A 5.00 mg./capsule 5.14 mg./capsule 
B 15.0 mg./capsule 15.2 mg./capsule 


added 


A number of products containing tocopheryl 
acetate were assayed and the results presented in 
Table 111. The area of the chromatographic peaks 
in a majority of samples was determined with the 
use of a disk integrator. Where applicable this 
technique of area measurement was found most 
suitable. The precision obtained with replicate 
determinations on manufactured multivitamin t-b- 
lets of known composition was 101 f 2.4%. 


SUMMARY 


A gas chromatographic method for alpha tocoph- 
eryl acetate has been developed which, in ad- 
dition to saving considerable analytical time, also 
adds to  the specificity of the assay for this vitamin. 


Subsequent to the preparation of this manuscript 
a similar procedure was reported (13). 
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Powder Flow Studies IV 
Uniformity of Flow: Instrumentation and Applications 


By GERALD GOLD, RONALD N. DUVALL, BLAZE T. PALERMO, and 
JAMES G. SLATER 


Use of the recording powder flowmeter for the qualitative evaluation of nonuni- 
form flowing formulations and additional instrumentation for the quantitative mea- 
surement of the variation are described. This additional refinement prints out the 
time, in hundredths of a minute, for preselected weight increments of powder to 
flow from a hopper. The variation in time is a measure of the uniformity of flow. 
To illustrate the utility of the instrument, two formulations having similar average 
flow rates but differing in their uniformity of flow were tableted. The nonuniform 
flowing formulation tableted on a single-rotary press had a higher coefficient of in- 
tertablet weight variation and did not conform to USP standards. Both formulations 
were tableted on a double-rotary press equipped with induced die feed and low co- 
efficients of variation were obtained in both instances indicating that the die feed 
mechanism was effective in minimizing intertablet weight variation of an irregularly 


flowing formulation. 


LUCTUATING FLOW properties of tablet and F capsule formulations have been generally over- 
looked in studying such formulations or a t  best, 
evaluated only very subjectively. This has 
been due, quite largely, to the fact that the two 
general methods used to evaluate flow of powders, 
angle of repose measurement, and timed delivery 
through an orifice, do not distinguish irregularly 
flowing materials from those which flow smoothly 
and consistently. For example, Gunsel and 
Lachman (1) in comparing the flow of formula- 
tions prepared with conventionally processed 
and spray-dried lactose using timed delivery 
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through a funnel found that the formulation 
having the fastest flow rate exhibited the highest 
intertablet weight variation. 


Another method used to evaluate flow is 
based on tablet weight variation as actually ob- 
tained during tableting trials. Augsburger and 
Shangraw (2) utilized this method in investigat- 
ing the effect of various silica-type glidants on 
the fluidity of direct compression formulations. 
Increased tablet weight, along with decreased 
weight variation, indicates improved flowability. 
This method does give a true picture of the situa- 
tion under production conditions, but i t  is time 
consuming, requiring numerous weighings, and 
expensive since large quantities of raw material 
are usually required. Knoechel et al. (3) used an 
instrumented rotary tablet press to evaluate 
the relative flowability of tableting materials. 
However, the use of either of these techniques is 
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on the stripchart recorder. At full-scale the pen- 
drive drum engages the microswitch thereby energiz- 
ing both the time interval recorder and stepping coil 
relay of the attenuator. The span potentiometer of 
the attenuator was then adjusted so that each step 
in the stepping relay resulted in a voltage of equal 
magnitude, but opposite polarity to the output of 
the strain gauge balance, thereby returning the pen 
carriage to its original position. The time interval 
recorder prints out the time in hundredths of a 
minute for each consecutive weight increment and 
the variation in time is a measure of the uniformity 
of powder flow. 


The instrumentation may be readily used for 
either qualitative or quantitative measurements by 
turning the on-off switch of the attenuator and time 
interval recorder and adjusting the span and zero 
controls. 


Measurement of Powder Flow-Flow measure- 
ments were made by allowing 1 kg. of material to 
flow through a stainless steel conical hopper of 20 cm. 
top diameter, 30 cm. in length, and interchangeable 
orifices of 4.76, 6.35, 7.93, 9.52, and 12.70 mm. To 
study poorly flowing materials, a pressure of 10 p s i .  
was used as described in a previous pubication (4). 


Fig. 1 -Photograph of instrumentation showing time 
interval recorder, attenuutor, strain gauge balance, 


hopper, and ship-chart recorder. 


not very practical during the preliminary product 
development stage. 


With the development of more potent drugs, 
it is becoming increasingly important to prepare 
dosage forms exhibiting minimum weight varia- 
tion. Research in this area has been hindered at 
least in part, by the lack of suitable instrumenta- 
tion for the direct measurement of variation in 
flow. This paper describes the use of the re- 
cording powder flowmeter (4) for the qualitative 
evaluation of nonuniform flowing formulations 
and describes additional instrumentation for the 
quantitative measurement of the variation in  
flow. Another objective was to determine the 
relationship between uniformity of flow and 
tablet weight variation as i t  is influenced hy 
certain variables in the tableting process. 


EXPERIMENTAL. 


Instrumentation-The recording powder flow- 
meter (RPF) consisting of a hopper, strain gauge 
balance, and recorder described in detail in the first 
report of this series (4) was redesigned to contain four 
strain gauges of which two were bonded to the upper 
surface and two to the under surface of a 0.47 X 
0.95 X 25.4-cm. cantilever beam. The instnunenta- 
tion and electrical diagram are shown in Figs. 1 and 
2, respectively. Also included was a transistorized 
power supply containing a variable span and a zero 
control potentiometer for balancing the voltage 
across the two arms of the bridge circuit. It is im- 
portant in constructing the platform of the canti- 
lever beam that weight applied to the platform be 
transmitted to  a central point on the beam. Other- 
wise, powder falling on different areas of the platform 
will cause the millivolt response to fluctuate. The 
range of the stripchart recorder was 0-2 mv. for 
25.4 cm. full scale and a chart speed of 0.33 cm./ 
sec. 


The R P F  was further modified by the addition of 
a microswitch circuit, an attenuator, and a time 
interval recorder! in order to quantitatively measure 
variation in flow. Span and zero controls on the 
balance were adjusted so that a selected weight 
increment such as 50 g. caused full-scale deflection 


1 Model ET-100, Simplex Time Recorder Co., Gardner, 
MP99. 


RESULTS AND DISCUSSION 


Application of the RPF for the qualitative evalua- 
tion of nonuniform flowing formulations is illus 
trated in Fig. 3. The flow patterns for aspirin 
granules* and anhydrous dicalcium phosphate (<I00 
mesh) are indicated by A and E, respectively, and 
various combinations by B, C, and D. The straight 
line tracing obtained for aspirin granules indicates 
uniform flow and the irregular tracing obtained for 
dicalcium phosphate indicates nonuniform flow. 
The closer the tracing is to the abscissa, the faster the 
flow rate. Aspirin had a flow rate of 10.53 g./sec. 
and dicalcium phosphate 2.38 g./sec. The addition 
of 25% dicalcium phosphate (Tracing B) increased 
the flow rate and did not alter uniformity of flow. 
In contrast, 50% dicalcium phosphate (Tracing C) 
did not change the flow rate but caused irregular 
flow. Increasing the concentration of dicalcium 
phosphate to 757, (Tracing D) resulted in both a 
slower flow rate and irregular flow. The pulsating 
characteristic of Formulation D may be measured. 
From Points a to b in Line D the rate of flow was 
9.72 g./sec. and from b to c 3.17 g./sec. representing 
alternating periods of flooding and starving. The 
phenomenon of increased flow up to a maximum 
followed by a decrease on the addition of the finer 
dicalcium phosphate to the 12/50 mesh aspirin 
granules is consistent with previous findings in this 
laboratory (5) relative to the effects of added fines to 
granules. 


To  illustrate the utility of the RPF, two formula- 
tions having similar flow rates, but differing in uni- 
formity of flow were studied. Figure 4 illustates the 
flow patterns of both formulations. Formulation A 
consisted of 32.57, anhydrous dicalcium phosphate, 
33% microcrystalline cellulose,s 33 % aspirin gran- 
ules,2 and 1.57, magnesium stearate and had an 


3 Marketed as Aspirin 10% starch granulation, white, 


a Market& as A v i d  by the FMC Corp., dmerican Viscose 
12-60 mesh by the Mons;nto Co., St. Louis Mo. 


Div., Marcus Hook, Pa. 
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Fig. 2-Electrical diegram for the strain gauge balance, attenuator, and time interval recorder. 


irregular flow characterized by flooding and starving. 
Formulation B consisted of 68.5% sorbitol granules, 
30% mannitol powder, and 1.5% magnesium 
stearate and exhibited uniform flow. 


6 


# 3 5  
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Fig. 3-Flowmeter tracings of formulations contain- 
ing aspirin granules and anhydrous dicelcium phos- 
phate powder. Key: A, ASA lOo/DCP, 0%; B, 
75/25; c, 50/50; D, 25/75; and E, 0/100. 


Fig. +Flowmeter tracings comparing the JIOW paf- 
terns of two formulations. Key: A, anhydrous di- 
calcium phosphate, 32.5%; microcrystalline cellulose, 
3370; as rin granules, 33%; and mugnesium star- 
ate, 1 . 5 8  B, sorbitol granules, 68.5%; munnitol, 


30%; and magnesium stearqe, 1,5%, 


Formulations A and B were tableted on the 
single-rotary press (Colton 216) using 10.3-mm. (l*/32 
in.) tooling. Due to  the irregular flow of Formulation 
A the quantity of powder in the feed frame varied. 
When powder surged through the hopper the feed 
frame filled and in many instances overflowed; 
whereas, scanty flow resulted in a feed frame which 
was nearly empty. Comparative data obtained at 
three press speeds are given in Table I. The irreg- 
ularly flowing Formulation A had a higher coefficient 
of variation at all press speeds and did not conform 
to the official USP weight variation test. In con- 
trast, the formulation with uniform flow had a lower 
coefficient of variation and passed the official test. 


Both formulations were also tableted on a double- 
rotary press (Colton 247) using 7.91-mni. (6/la in.) 
tooling and equipped with an induced die feed. The 
data obtained are given in Table 11. The coefficient 
of variation for both formulationswas low and tablets 
from each formulation had intertablet weight varia- 
tion well within the official limits. The induced die 
feed was, therefore, effective in minimizing inter- 
tablet weight variation of this irregularly flowing 
formulation. These experiments indicate irregular 
flow is associated with higher intertablet weight 
variation which may be minimized by appropriate 
mechanical flowing aides. 


The R P F  is capable of identifying nonun'form 
flowing materials and is a useful tool in formulating 
a uniform flowing mixture. However, a definitive 
study of the factors affecting the uniformity of flow 
requires an instnrment capable of quantitatively 
measuring the variation in flow. Such an instru- 
ment was constructed and the modified R P F  mea- 
sures the time interval in hundredths of a minute for 
consecutive weight increments of powder to flow, and 
the variation in time is a measure of the uniformity 
of flow. Measurements were made on the flow of 
25/40 mesh glass beads, aspirin granules, and spray- 
dried lactose through dMerent sue orifices and the 
data are summarized in Table 111. Since the magni- 
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TABLE 1-UNIFORMITY O F  TABLET WEIGHTS USING SINGLE-ROTARY TABLET  PRESS^ 


Av. Wt., SD cv, USP 
Formula Tab./min. mg. mg. % XVII 


A 548 554 21.5 3.89 Failed 
B 548 510 7.6 1.49 Passed 
A 687 548 19.7 3.59 Failed 
B 687 506 3 .5  0.71 Passed 
A 863 5 12 17.4 3 .4  Failed 
B 863 486 11.8 2 .4  Passed 


Colton 216, 16 stations, 'a/az-in. diameter stand concave. 


TABLE 11-UNIFORMITY OF TABLET WEIGHTS USING DOUBLE-ROTARY 
 PRESS^ WITH INDUCED FEEDING* 


Agitator Av. Wt., SD. cv. USP 
Formula Tab./min. Setting mg. mg. % XVII 


~~ 


A 3,200 50 low 193.3 3.93 2.03 Passed 
B 3,200 50 low 160.1 2.68 1.67 Passed 
A 3,200 50 high 196.3 3.89 1.99 Pa.ssed 
B 3,200 50 high 156.9 2.85 1.82 Passed 
A 4,000 50 high 190.5 3.45 1.81 Passed 
B 4,000 50 high 155.5 3.c3 1.95 Passed 


a Colton 247, 49 stations, &/win. Model 245. 


TABLE 111-INTERVAL TIME MEASUREMENTS" OF 10 CONSECUTIVE 50-g. INCREMENTS 
OF 25/40 MESH GLASS BEADS, ASPIRIN GRANULES, AND SPRAY-DRIED LACTOSE 


10-2 min. Hopper Orifice -_-- 
Material mm. Mean SD SD Range cv, % 


Glass beads 4.76 28.6 0.64 0 4 2 4  70 2 24 
~ . _. - -_  


6.35 13.2 0.43 0.21-0.67 3.08 
7.93 6 . 7  0.24 0.21-0.47 4.86 


Aspirin granules 7.93 24.7 0.89 0.74-1.22 3.65 
9.52 14.43 0.54 0.39-0.78 3.78 


12.70 6.13 0.23 0.00-0.45 3.75 
Spray-dried lactose 4.76 58.8 0.98 0.77-1.25 1.67 


6.35 30.5 0.79 0.53-1 .60 2.59 
7.93 17.0 0.61 0 .360 .74  3.59 


a Based on six determinations. 


tude of the standard deviation is related to  the 
magnitude of the interval time measurement, such 
measurements should be approximtely the same for 
a valid comparison. For formulations having 
different flow rates this may be accomplished by 
varying the size of the orifice and weight increment. 
For this study, application of the instrument was 
limited to the comparison of formulations having 
similar flow rates. 


Formulations A and B (Fig. 4) which had pre- 
viously been evaluated qualitatively were also 
evaluated quantitatively using the time interval 
print out. From a plot of increment time measure- 
ments in Fig. 5, it is readily evident that Formula- 
tion A exhibited greater variation in flow. Formula- 
tion A had a SD of 8.85 X min. and a CV of 
63.6% as compared to a SD of 1.19 X lo-* min. and 
CV of 7.53% for B. This is in agreement with the 
qualitative results and illustrates the utility of the 
instrumentation for quantitative measurements of 
the variation in flow. 


Another application for quantitative measiirement 
is illustrated by a practical example encountered in 
this laboratory. Qualitative analysis of a poorly 
flowing formulation indicated that ~ n e  of the fine 


powders comprising 12% of the formulation was 
responsible for the poor flow. This powder was less 
than 40 mesh and was being offered in a 16/40 mesh 
granular form. Average flow rates of the formula- 
tions containing the powder and the granular form 
were found to be comparable. However, a plot of 
increment time measurements (Fig. 6) showed that 
Formulation A exhibited much greater variation. 
Formulation A had a SD of 1.99 X min. and a 
CV of 26.39% as compared to  a SD of 0.56 X 
min. and a CV of 7.477, for Formulation B. Both 


1 2  3 4  5-6 7 8 9 10 
CONSEUITIM W E M  MCREMMS. 50q 


Fig. 5-Increment time measurements comparing the 
variation an flow of two formulations. Key: A, 
anhydrous dicalcium phosphate, 32.5%; macrocrys- 
talline cellulose, 33%; aspirin granules, 33%; 
and magnesium stearate, 1.5%. B, sorbitol granules, 
68.5Y0; mannitol, 3097,; and magnesium stearate, 


1.5%. 
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rials. For quantitative measurement, a print out  
of the time for preselected weight increments of 
powder to flow is obtained and the variation in time 
is a measure of the uniformity of flow. Examples 
were presented to illustrate the utility of the instru- 
mentation in identifying and evaluating nonuni- 
form flow. 
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Fig. 6-Increment time measurements showing the e - 
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formulations were subsequently tableted on the 
single-rotary press. Tablet weight data using the 
F test at 95% confidence limits indicated the more 
uniform flowing formulation had significantly less 
tablet weight variation. 


SUMMARY 


Instrumentation has been described for the 
qualitative and quantitative evaluation of the uni- 
formity of flow of powders through a hopper orifice. 
For the qualitative evaluation, a recording powder 
flowometer was utilized in which a recorder tracing 
identifies fluctuating or inconsistently flowing mate- 
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LSD Analogs 11. N-[  2- (3-Pyridy1)ethyll-P-alanine Derivatives 
By KENNETH J. LISKA and ANJANEYULU S. TADEPALLI 


As a continuation of the study of structure-activity relationships in  LSD analogs, the 
ethyl esters and N,N-diethylamides of N-[2- (3-pyridyl)ethyl]-&alanine and N-methyl- 
N-[2 - (3-pyridyl)ethyl]-p-alanine were prepared and evaluated for antiserotonin 
activity in  the isolated rat  fundus. All four compounds and one of the intermediates 


were found to be  devoid of activity. SAR implications are discussed. 


HE THEORY OF a biochemical etiology of mental T illness, especially of schizophrenia, expounded by 
Woolley (1) and others, has not gained general ac- 
ceptance. Yet complete rejection of this theory is 
not justified, for i t  appears that insufficient data have 
been accumulated on all aspects of the problem. 
Among the various kinds of data needed are those on 
structure-activity relationships in the various chem- 
ical types of psychotomimetics. With these data, it  
might be possible to draw conclusions regarding the 
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mechanism of action of both natural and unnatural 
neurochemicals and neurohormones. 


The aim of this investigation was to  continue the 
preparation of relatives of lysergic acid diethylamide 
(LSD). In part I ( 2 ) ,  serotonin inhibition was 
utilized as an index of LSD-like activity, and three 
8-alanine derivatives were found to possess signifi- 
cant pharmacological properties. In the present 
work, four additional 0-alanine derivatives have been 
prepared and evaluated, again utilizing serotonin in- 
hibitory activity as the criterion. 


Woolley believed that serotonin was a key sub- 
stance in any consideration of a biochemical etiology 
of schizophrenia, and it is true that all of the psycho- 
tomimetic indoles antagonize serotonin (3). Past 
criticisms of the use of serotonin inhibition as an 
index of LSD-like activity were based in part on the 
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failure of 2-bromolysergic acid diethylamide (BOL) 
as a psychotomimetic even though it was a serotonin 
inhibitor. This criticism appears to be less valid 
when it is realized that substances such as BOL 
which antagonize serotonin in smooth muscle prepa- 
rations need not necessarily have the same actions as 
LSD on the central nervous system. Thus, as 
Crossland points out (3), the sedative effect of sero- 
tonin, injected into cerebral ventricles, is antago- 
nized by LSD but not by bromo-LSD, and there is 
evidence that bromo-LSD may not reach LSD-sensi- 
tive areas as easily as does LSD itself (3). 


DISCUSSION 


The relationship between LSD and this new type of 
8-alanine derivative is apparent from a consideration 
of their structures: 


Journal of Pharmaceutical Sciences 


VIII, AND IX IN RESPONSE OF ISOLATED RAT 
FUNDUS TO SEROTONIN 


TABLE I-EFFECT OF COMPOUNDS I v ,  VI, VII,  


Dose, No. of Potentiation, %m 
Compd. m c d m l .  ExDt. Mean f SE 


CH, 
LSD 


Rl 


&Alanine Derivatives 


In place of the pyrrole ring in LSD, the analogs pos- 
sess a pyridine ring. The simple ester (Rz = OEt) 
and the N,N-diethylamide (Rz = NEtz) were pre- 
pared in both the N-H (RI = H )  and the N-methyl 


Addition of primary or secondary amines to acrylic 
acid derivatives was utilized in all four preparations: 


(Ri = CHa)~eries. 


Hydrogenation of 3-pyridineacetonite in the 
presence of alcoholic ammonia aflorded 3-(2-amino- 
ethy1)pyridine (Compound I in Experimental sec- 
tion). Without the presence of ammonia t o  sup- 
press secondary amine formation, the yield of the 
product was reduced by half. Even under optimum 
conditions, an average yield of 8% of the secondary 
amine, di-2-(3-pyridyl)ethyI amine (Compound I1 in 
Experimental) was obtained. 


Formylation of the primary amine followed by 
lithium aluminum hydride reduction of the forma- 
amide gave 3-( 2-methy1aminoethyl)pyridine (Com- 
pound IV). Yields of the N-methyl amine were 
poor owing to  the insolubility of the formyl deriva- 
tive in ether. The formylation was accomplished 
using formic acid and the primary amine, followed by 
heating to dehydrate; in each reaction, the simple 
formate salt could be isolated and recrystallized from 


~- 
IVb 50 5 117.9 + 6.1  


100 5 130.3 f 5.2 
VI 50 6 159.0 f 14.15 


100 6 174.0 f 14.53 
VII  50 5 144.0 f 17.6- 


100 5 163.2 f 23.2 
VIII  50 1 121.0 


100 1 110.5 
IX 50 1 127.8 


100 1 141.7 


mControl response to serotonin is taken as 100%. h p  
values: Compd. IV, p > 0.05; Compd. VI. p < 0.01; Compd. 
VII, 9 < 0.05. 


n-butyl alcohol. It was found to  be extremely 
hygroscopic. 


The addition of the primary and secondary amines 
to  ethyl acrylate and to N, N-diethylacrylamide pro- 
ceeded well without the inclusion of any glacial 
acetic acid. No yield, however, was obtained when 
3-(2-aminoethyl)pyridine was allowed to react with 
acrylamide per se. The failure of this specific type of 
addition has been noted before, and it is assumed 
that while the desired compound may form initially, 
it readily decomposes under the conditions of isola- 
tion by distillation. All of the new compounds re- 
ported herein are water soluble; the tendency to  
form hygroscopic salts was pronounced. 


The pharmacological procedures used were those 
described in the first paper in this series (2). The 
results, as summarized in Table I indicate that con- 
trary to  expectation, all of the compounds tested 
were devoid of serotonin inhibitory activity on the 
isolated rat fundus. Indeed, a slight but significant 
potentiating action was demonstrated for compounds 
VI and VII. The active serotonin inhibitors in 
Series I (2) possessed a group of high electron density 
on the aromatic ring, whereas the present compounds 
do not and and are devoid of serotonin inhibitory 
activity. Thus it appears that one of the structural 
requirements for serotonin inhibition in these @-ala- 
nine derivatives, is the presence of groups of high 
electron density on the N-aromatic portion of the 
molecule. 


EXPERIMENTAL' 


3(2-Aminoethyl)pyridine (I)-W-2 Raney nickel 
reduction of commercial 3-pyridine acetonitrile, fol- 
lowing the work of Robison and Robison (4), but 
using absolute alcoholic ammonia in place of aque- 
ous, afforded 3-(2-aminoethyl)pyridine in 71% 
yield. ny1.5379, b.p. 126-128' (24 mm.) Lit. (4) 
114-119' (15 mm.)]; picrate, from ethanol, m.p. 
213.5-215' dec. (lit. 213-214' dec.); diHC1, from 
alcohol, m.p. 207.5-208.5' (lit. 206-207'). Primary 
amine NH (str. )  3413, 3333 cm.-'. 
Di-2-(3-pyridyl)ethylamine (II)-This secondary 


amine was isolated as a by-product in the prepara- 
tion of Compound I by distillation of the pot residue. 
It was obtained in an average 8% yield as a yellow, 
mobile oil, b.p. 174-180' (0.1 mm.), n'," 1.5631. 
Secondary amine NH (str.) 3356 cm.-l. 


1 M.p. and b.p. are not corrected. M .'s were determined 
Analyses by Zalbraith Labs. IR in a Thiele apparatus. 


data from liquid 61ms taken on an Infracord. 
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And-Calcd. for CIIHITN~: C, 73.97; H, 7.54; N, 
18.49. Found: C, 74.10; H, 7.59; N, 18.67. 
N-[2-(3-Pyridyl)ethyl]formamide (111)-To Com- 


pound I (18.9 g., 0.15 mole), formic acid (7.2 g., 
0.15 mole) was added dropwise with stirring in an 
open beaker. The solid formate salt which resulted 
was heated on a hotplate until most of the water was 
driven off as evidenced by cessation of fuming. The 
22 g. crude yield was distilled directly, and after dis- 
carding a forerun, the fraction b.p. 170-172’ (0.7 
mm.) was collected as a colorless oil, n v  1.5468, 
amide CO (str.) 1681 cm.-l. Obtained 17.9 g. 
(77%). 


And-Calcd. for CSHION~O: C, 63.98; H, 6.71; 
N, 18.66. Found: C, 63.91; H, 6.70; N, 18.67. 
3-(2-Methylaminoethyl)pyridine (IV)-Reduc- 


tion of the formyl derivative (111) was accomplished 
using LiAlH4, following the general procedure of 
Baumgarten et al. (5), and the work-up given by 
Mii:oviC and Mihailovii: (6). The liquid formamide 
was added dropwise and the reaction mixture was 
stirred 4 hr. after addition was complete. Repeated 
ether extractions were found to be essential in the 
work-up owing to the water solubility of the product. 
In a typical reaction, the yield was 38% of a colorless 
oil, b.p. 124-128’ (24 mm.), ny 1.5185. Secondary 
amine NH (str.) 3356 cm.-l. 


And-Calcd. for CsH12Nz: C, 70.55; H, 8.88; N, 
20.57. Found: C, 70.49; H, 9.05; N, 20.67. 
Picrate, from absolute ethanol, m.p. 190-190.5’ 


N,N-Diethylacrylamide (V)-This was prepared 
according to the literature (7, 8), b.p. 90-95’ (16 
mm.), ng 1.4655 [lit. 95’ (19 mm.), TZ;’ 1.46721. 
N-[2-(3-Pyridyl)ethyl]-&alanine Ethyl Ester (VI) 


-Commercial ethyl acrylate (14.4 g., 0.14 mole) was 
added with swirling to the primary amine (I) (17.6 g., 
0.14 mole). The mixture was refluxed gently for 3 
hr. and allowed to stand for 20 hr., after which it was 
distilled directly. After discarding a 1-g. forerun, an 
amber oil was collected, b.p. 160-170’ (2-2.5 mm.), 
13.7 g. (43%). n’,” 1.5100, carbonyl CO (str.) 1725 
crn.-l. 


And.-Calcd. for CIZHI~NZO~: C, 64.83; H, 
8.16, N, 12.60. Found: C, 64.72; H, 8.24; N, 
12.65. 


Picrate, from alcohol, m.p. 138.5-140.5’. The 
HCl salt could not be obtained crystalline. 
3 - [2 - (3 - Pyridy1)ethylaminol - N’,N’ - diethyl- 


propionamide (vII)---N,N-Diethylacrylamide (V) 
(6.35 g., 0.05 mole) was added dropwise to the 
primary amine (I). The mixture, protected with a 
drying tube, was heated under reflux on a steam bath 
for 4 hr. and then allowed to stand for 16 hr. Distil- 
lation yielded a main fraction, 7.9 g., b.p. 155-162’ 
(0.08 mm.), which was redistilled to give 4.5 g. (36%) 
of a colorless oil, b.p. 160-170’ (0.5 mm.). ny 
1.5083, tertiary amide CO (str.) 1625 em.-’. 


And-Calcd. for CIJ-ISN~O: C, 67.43; H, 9.30, 
N, 16.85. 


The HC1 salt was prepared crystalline but was 
very hygroscopic. The picrate crystallized after 4 


Found: C, 67.49; H, 9.17; N, 17.02. 


1 
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days standing and was recrystallized from absolute 
alcohol, m.p. 102-103O, hygroscopic. 


N - Methyl - N - [2 - (3 - pyridy1)ethyll - @ - alanine 
Ethyl Ester (VII1)-Commercial ethyl acrylate (3.2 
g., 0.03 mole) was added with swirling to the 
secondary amine ( IV)  (4.2 g., 0.03 mole), and the 
mixture heated, as in the previous preparation, for 5 
hr. and then allowed to stand overnight. Direct 
distillation gave a main fraction, b.p. 142-147’ (0.2 
mm.), which was redistilled to give 3.8 g. (52%) of 
yellow oil, b.p. 141-145’ (0.1 mm.). ny 1.4938, 
carbonyl CO (s t r . )  1727 cm.-l. 


And-Calcd. for Cl3HmNZOz: C, 66.07; H, 
8.53; N, 11.85. Found: C,65.89; H,8.55; N, 11.79. 
Picrate, from absolute ethanol, m.p. 143-145’. 
3 - [N - Methyl - N - 2 - (3 - pyridy1)ethylaminoI- 


N’,N’-diethylpropionamide (1X)-NJ”Diethylacry1- 
amide (2.8 g., 0.02 mole) was added to the second- 
ary amine (IV) (3.0 g., 0.02 mole) as described in 
the preparation of VII. The reaction mixture was 
distilled directly, and after discarding a 2-g. forerun, 
collected 2.8 g. (48%) of a pale yellow oil, b.p. 170- 
177’ (0.08 mm.). ny 1.5089, tertiary amide CO 
(str.) 1655 cm-1. 


Anal.-Calcd. for CI5Hz5N30: C, 68.40; H, 9.57; 
N, 15.95. Found: C, 68.20; H, 9.77; N, 15.85. 
The picrate could not be obtained in a crystalline 
state. 


PHARMACOLOGY 


All experimental procedures were the same as for 
the previous series (2), except for the following. A 
Grass polygraph model No, 7WC8PA was used in- 
stead of a kymograph; the sensitivity of the poly- 
graph was maintained constant for all experiments. 
The minimum amount of serotonin required to give a 
response of 7-10 mm. was determined to be 0.5-1.0 
ng./ml. of bathing solution. 
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Gas Chromatographic Analysis of the Essential Oil from 
Achillea millefolizlm L. 


By ELWINA A. BEJNAROWICZ and STANISLAUS J. SMOLENSKI 


Gas chromatography with a differential flame-ionization detector was used with 
polyethylene glycol adipate on Chromosorb W AW 60/80 column. Thirteen com- 


ponents of the essential oil were identified and quantitatively determined. 


N THE PAST 200 years the essential oil from Achillea I species has been a subject of interest to many in- 
vestigators. The earliest recorded production of the 
volatile oil was in 1719 by Hoffman ( I ) ,  whereas 
Bley (2) is officially considered to be the first one to  
produce the oil. Many investigators directed their 
work towards the study of azulene in the essential oil 
since it is responsible for the blue coloration of the oil 
(2-7). Oswiecimska (8) has reported that the pres- 
ence of azulene or azulene precursors in the various 
species of Achillea is related to the number of chro- 
mosomes. Oswiecimska has found that the tetra- 
ploid plants produce azulene, whereas the hexaploid 
and octoploid plants do not. The authors have con- 
centrated their work on Achillea millefolium L. 
which is the hexaploid variety and therefore it is 
azulene free (9). 


EXPERIMENTAL 


Plant Material Used-The plants used were a 
done which has been started from seeds of a wild- 
growing specimen in Bemis Woods, Forest Preserves, 
Chicago, 111. The seeds were germinated in the 
greenhouse of the University of Illinois Drug and 
Horticultural Experiment Station, Downers Grove, 
111. Later generations were obtained by vegetative 
propagation of shoots, thus assuring a pure strain for 
all observations. 


Stems, leaves, and inflorescences were determined 
for the yield of the volatile oil and it was found that 
the anthodia (flower heads) produce the highest 
amounts of the oil. The following yields of oil were 
obtained per 100 g. of air-dried plant parts: Stems- 
0.18 ml; leaves-0.41 ml.; and anthodia-1.67 ml. 
The essential oil free of azulene is light yellow in 
color. 


Extraction-The essential oil was obtained by 
steam distillation using a Clevenger apparatus. 
One hundred grams of anthodia were placed in a 
5000-ml. round-bottom flask and 2000 ml. of water 
was added. The distillation was completed in 3 hr. 
From 1400 g. of anthodia 23.4 ml. of essential oil was 
obtained. 


The distillate was saturated with anhydrous NaCl 
and then taken up in ether. The ether extract was 
then washed with an aqueous solution of NaHC03 
and this was followed with an aqueous solution of 
NaOH and finally washed with distilled water until 
the extract was neutral. The ether was distilled off 
under reduced pressure at 32O, and the essential oil 
was stored over anhydrous NazS04 and refrigerated. 


Apparatus-The oil was analyzed using a gas 
chromatograph (Perkin-Elmer model 881), with a 


Received April 12, 1968. from the Department of Phar- 
macognosy and Pharmacology, College of Pharmacy, Univer- 
sity of Illinois a t  the Medical Center, Chicago, IL 60612 


Accepted for publication August 9. 1968. 


differential flame-ionization detector. A recorder 
(Sargent SR) was employed, which was equipped with 
disk chart integrator model 204. Helium was used as 
a carrier gas, and the flow rate was maintained at 15 
rnl./min., which the chart speed of the recorder was 
1.27 cm./min. and in the course of analysis was 
changed to  2.54 cm./min. as indicated on the chro- 
matogram (Fig. 1). The gas chromatograph was 
equipped with automatic temperature programming. 


Fig. 1-Gas chromatographic separation of com- 
ponents of Achillea oil on polyethylene glycol adipate. 
The attenuation settings are as follows: X1K-1, 2, 
8, 1 1 ,  16, 18; X2-6, 7 ,  20- 
23; X5-9, 10, 12-14; XlOk---l5; X5K-17. 


X2K-3 ,  4,  5,  19; 


(For operating conditions see Table I I . )  


Column Preparation-Two 152.4 cm. (6 ft.) 
columns were packed with 15% poiyethylene glycol 
adipate as the stationary liquid phase. Polyethyl- 
ene glycol adipate' was supported on Chromosorb 
W AW 60/80 mesh. One column served as reference 
and another as sensing. Columns were made of 
glass, with 0.71 cm. (0.28 in.) 0.d. and 0.191 cm. 
(0.075 in.) i.d. and were cylindrically coiled. 


Operating Conditions-Dual detector was used. 
A 4.5-pl. sample was used. Sample was injected a t  
55". The temperature was kept constant for 15 
min. After that time the programming was started 
at  a rate of 2O/min. which was changed to  4O/min. 
when a temperature of 110' was reached. With the 
elution of Component 15 the chart speed was 
changed from 1.27 cm. to  2.54 cm./min. Maximum 
temperature at which 15% polyethylene glycol adi- 
pate column was operated was 210'. 
Oil Sample and Standard Compounds-For 


purposes of identification, the retention times and 
relative retention times were compared with a known 
pure standard sample. This provided a tentative 
identification of most of the compounds. Table I 
lists the retention times, and relative retention times 
of standard compounds. 


1 Reoplex 400. 
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TABLE I-RETENTION TIMES AND RELATIVE 
RETENTION TIMES OF STANDARD COMPOUNDS 


ON POLYETHYLENE GLYCOL ADIPATE AT A 
FLOW RATE of 15 ml./niin.o 


Reten- 
tion Relative 


Times, Retention 
Standard Compd. min. Times 
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TABLE 111-PERCENT YIELD OF COMPONENTS OF 
Achillea OIL 


Component Percent 


Menthol 2 . 0  0.20 
(+)-a-Pinene 7 . 0  0.70 
DL-Camphene 9 . 8  1.00 
( - )-B-Pinene 12.3 1.21 
L-Limonene 13.8 1.40 
Cineole 21.9 2.30 
p-Cymene 36.5 3.80 
L-Borneo1 41.8 4.40 
Isovaleric acid 46.9 4.90 
1-( - )-Camphor 49.5 5.20 
Isobutyl acetate 51.9 5.41 
Furfuryl alcohol 54.8’  5.71 
Terpineol 59.4 6.21 


DL-Camphene = 1.00 


This procedure was followed by enrichment 
method in which known compounds were added in- 
dividually to the sample chromatographed and com- 
pared in each instance to the oil alone. In each in- 
stance, on addition of standard compound, the height 
of the tentatively identified peak was increased. 
Table I1 lists relative retention times of individual 
components as compared with standard compounds. 


TABLE 11-COMPARISON OF RELATIVE RETENTION 


STANDARD COMPOUNDS~ 
TIMES OF THE COMPONENTS OF Achillea OIL WITH 


Un- 
Peak No. Compd. known Known 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


Menthol 
(+)-a-Pinene 
DL- Camphene 
(- )I-@-Pinene 
L-Limonene 
Unidentified 
Unidentified 
Cineole 
Unidentified 
Unidentified 
p-Cymene 
Unidentified 
L-Borneo1 
Isovaleric acid 
1-( - )-Camphor 
Isobutyl acetate 
Furfuryl alcohol 
Unidentified 
Terpineol 
Unidentified 
Unidentified 
Unidentified 
Unidentified 


0.20 
0.70 
1.00 
1.21 
1.40 
1.80 
2.01 
2.30 
2.60 
2.91 
3.81 
4.11 
4.40 
4.90 
5.20 
5.50 
5.80 
5.91 
6.21 
6.71 
8.31 
9.10 
9.71 


0.20 
0.70 
1.00 
1.21 
1 .4  - 
- 


2.30 - 
- 


3.80 


4.40 
4.90 
5.20 
5.41 
5.71 


6.21 


- 


- 
- 


a Stationary phase-polyethylene glycol adipate; helium 
60w rate-15 ml./min.; DL-Camphene = 1.00. 


Menthol 
(+)-a-Pinene 
DL-Camphene 
(- )+-Pinme 
L-Limonene 
Cineole 
p-Cymene 
~-Borneol 
Isovaleric acid 
1-( -)-Camphor 
Isobutyl acetate 
Furfuryl alcohol 
Terpineol 
Unidentified 


Total 


1.04 
8.21 
5.98 
5.49 


10.70 
9.70 
7.30 
0.41 
0.81 


20.61 
1.41 


11.41 
4.30 


12.63 
100.00 


The percentage yield of each tentatively identified 
component was determined and is presented in 
Table 111. 


DISCUSSION 
The gas chromatographic analysis indicates the 


presence of 23 compounds of which 13 were tenta- 
tively identified. The remaining 10 components are 
present in about 12.5% of the total amount of com- 
pounds. An analysis of Achillea fragrantissima was 
made by Shalaby and Richter (11) and i t  revealed 
the presence of 17 compounds of which identifica- 
tions were indicated in 14 cases. It has been found 
that A. millefolium has 11 compounds not found in 
A .  fragrantissima and that the latter has 12 com- 
pounds not detected in A. millefolium. 
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Pharmacokinetics of Accumulation 
By J. M. VAN ROSSUM 


The rate and degree of drug accumulation following multiple fixed interval dosage 
schedules is calculated from the average plasma water concentration of drug 1."' 
dosage interval. The  degree of accumulation is determined by the dose, the 1s- 
tribution volume, the biological half-life, and the dosage interval. T h e  rate of accu- 
mulation is mainly determined by the biological half-life. Accumulation to  90 per- 
cent of the plateau is reached after a time interval of 3.3 times the biological half-life. 


HRONIC ADMINISTRATION of a drug to  patients C may lead to a gradual increase in blood levels 
until finally a steady-state condition is reached. 
Accumulation occurs if drug intake exceeds elim- 
ination which may be the case when a drug is re- 
peatedly administered in fixed doses at fixed inter- 
vals (3, 9-11). Accumulation is most evident for 
drugs which are slowly eliminated such as bromides 
and digitoxin (1). 


In  case of multiple dosing of drugs it is of im- 
portance to know the rate with which drug accumu- 
lation occurs and the plasma level that is attained 
a t  the plateau. The average plasma concentration 
at the plateau may be calculated by an equation 
presented by Wagner (9). The rate of drug accu- 
mulation has not been calculated. 


In this paper the kinetics of drug accumulation 
with respect to both the rate and the degree of accu- 
mulation is presented. 


MATHEMATICS OF DRUG ACCUMULATION 


Most drugs are administered by oral or rectal 
routes. Assuming the operation of first-order 
kinetics, the drug concentration in the plasma water 
after administration of a single dose of a drug (A)  may 
be given in the following equation (3,s): 


CA = CA, (e - f ln  - e - t h i )  (Eq. 1) 


Here CA is the plasma water concentration at the 
time t after administration, 71 and 7 2  are time con- 
stants for absorption and elimination, while CA, 
is a constant depending on the dose Q A O ,  the volume 
of distribution VI, and the time constants [CA, = 
Q A " * T Z / ( T Z  - 71)ViI. 


The biological half-life is directly related to the 
time constant for elimination (t i /z  = 0.693.72). 


During administration of a drug on a multiple fixed 
dosage schedule such that a fixed dose QA" is given 
after a fixed time interval At, the plasma water con- 
centration may be presented by the following equa- 
tion (3): 


Here CA(~, is the plasma water concentration in 
the j ' th interval at the time t after administration of 
the j ' th  dose ( j  = 1 for the first interval). Equation 2 
has been called the accumulation equation (6). 


The plasma water concentration of a theoretical 
drug A administered on a fixed multiple-dosage 
schedule as calculated with Eq. 2 is given in 
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Fig. 1. It is obvious that for large values of j 
Eq. 2 acquires a limit which is the concentration for 
each interval at the steady-state situation: 


C A ( p 2 )  = CAm[e-r/TZ/(l - e-j.Af/Ts) - 
e - f /n / ( l  - e-j.Af/ri)] (Eq. 3) 


Here C A ( ~ ~ )  is the plateau plasma water concentra- 
tion at the time t after administration of a dose. 
The plasma water concentration at the plateau there- 
fore oscillates between a minimum value (when 
t = 0) and a maximum value (3, 6). (See also Fig. 
1.) 


The rate of accumulation could be calculated from 
Eqs. 2 and 3 by computing the time G.At) at 
which the plateau is reached for 90 or 95%. The 
combination of Eqs. 2 and 3 leads however to  
complicated relations. A simple relation may be 
obtained from equations for the average plasma 
water concentration over each At interval. 


The average plasma water concentration in the 
j'th interval may be obtained by integration of Eq. 2 
for each At interval and division of the result by 
At, as shown by the following equation: 


- CADI [ ~ ( l  - e-j f A f / r z )  - rl(l - e-3 . A f / r l ) ]  At 
(Eq. 4) 


Here c~( j )  is the average plasma water concentration 
in the j'th interval. The average plasma water con- 
centration of two theoretical drugs administered 
on a fixed multiple-dosage schedule as calculated 
with Eq. 4 is given in Fig. 2. It may be seen that 
the plateau is reached earlier when the half-life 
is shorter. 


Fig. 1-An accumulation curve as calculated with Eq. 2 
of the plasma water concentration following multiple 
dosing of a drug A (71 = Vo/kOl and 7 2  = Vl/klz). 
Dosage regimen, t.i.d.: A t  = 8 hr. Dose: 10 mg.; 
t 1 / 2  = 24 hr. VO = 6 1.; VI = 36 1.; kol = 12 l./hr.; 


k12 = 1.04 l./hr.; 71 = 0.5 hr.; 7 2  = 34.6 hr. 
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accumulation half-life ( t a / , ) .  The latter may be 
obtained from Eq. 8 by computation of j . A t  for 
the case that Z A ( ~ ) / ~ A ( ~ I )  equals 0.5 (7): 


tCl/, = t l / z [ l  + 3.30 log 7 z / ( 7 z  - TI)] (Eq. 9) 
The accumulation half-life therefore is independent 
of the dosage interval and is directly proportional to 
tl/n, it  approaches to t i / ,  for 7 2  >> 71 or T~ --* 0. This 
is generally the case for drugs with long half-lives 
( t i / a  > 12 hr.) and always so in case of intravenous 
administration. This approximation does not hold 
for sustained-release preparations. 


The plateau plasma concentration is practically 
reached after such a time interval ( j . A t )  since C A ( ~ )  
equals 0.9 or 0.95 of C A ( ~ I ) .  For clinical purposes 
it may be stated that the plateau is reached after a 
time equal to  3 4  times the biological half-life. The 
accumulation half-life, the number of doses, and the 
time for accumulation to  90% of the plateau as 
related to  the biological half-life and the dosage 
interval are given in Table I. 


RESULTS AND DISCUSSION 


The gradual increase of the plasma concentration 
of desipramine following a fixed multiple-dosage 
schedule of 25 mg. t.i.d. in a single patient is given 
in Fig. 4 (4). In this patient the accumulation 
plateau is reached after 5 days. The logarithm of 
the accumulation deficit as a function of time results 
in a straight line from which the biological half-life 
may be calculated (see Fig. 5). The t i / ,  in this 
patient is 33 hr. From the data for different pa- 
tients receiving the same drug (4) it follows that the 
accumulation plateau is reached sooner when the 
half-life is shorter. Variation in the biological 
half-life for humans and animals thus results in a 
variation of the plateau level as well as the rate of 
accumulation. 


Since many drugs may cause an induction of 
drug metabolism (2) the half-life of a drug may de- 
crease during the drug treatment. Consequently 
elimination may occur at a higher rate after cessa- 
tion of chronic dosing. 


For most drugs the biological half-life merely 
determines the accumulation rate. If excessive 
plasma protein binding occurs the apparent half-life 
is shorter when the plasma concentration is higher 
(5). This implies that deviation may occur from 
the equations derived above. 


- . 


'% Wl . . . . . . . . . . . . ... . . ... . . ... .... .. . ...... ... 
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Fig. 2-Average plasma water concentration calculated 
with En. 4 following multiple dosing of two drugs with 
half-lives of 24 and 12 hr., respectively. The accumula- 
tion plateau i s  directly proportional to the biological 
half-life while the rate of accumulation i s  inversely 
proportional to t l t z .  In this case 71 = 0.2 hr. Dosage 


regimen, t3.d.: A t  = 8 hr. Dose: 10 mg. 


Equation 4 reduces to the following equation for 
large j values, thus representing the average plasma 
water concentration at the plateau: 


This equation, which represents the degree of 
accumulation, is identical to  that presented by Wag- 
ner et al .  (9) and is discussed in detail by Kriiger- 
Thiemer (6). 


The rate of accumulation may be calculated from 
a combination of Eqs. 4 and 5 :  


(1 - - 7 2  e-j . At/?* + 2 e-j . A t / n  
7 2  - 71 7 2  - 71 


(Eq. 6) 
The second exponential term of Eq. 6 is small with 
respect to  the first one if 7 2  > 71. This implies that 
in such cases Eq. 6 reduces to the following equa- 
tion: 


It may be seen from this equation that the rate of 
accumulation largely is determined by the time con- 
stant for elimination and therefore by the biological 
half-life, and is dependent of the type of dosage 
regimen. See also Fig. 2. 


It follows from Eq. 7 that the lo_arith-m of the 
accumulation deficit, log [1 - CA(,>/CA(pl)], is 
linearly related to the time ( j . A t )  after the start of 
the dosage schedule as may be seen from the fol- 
lowing equation: 


log [l - C A ( ~ ) / ~ A ( ~ I ) ]  = -0.301j * At/tl/z + 
log [ ~ Z / ( T Z  - TI)] (Eq. 8) 


The slope of the straight line representing the loga- 
rithm of the accumulation deficit as a function of 
time ( j -  At) is merely determined by the half-life. 
This relationship as calculated from Eq. 8 for two 
theoretical drugs is given in Fig. 3. It may be seen 
from this figure and Eq. 8 that the rate of accumu- 
lation does not depend on the dosage interval, but 
only depends on the ti/, value. 


The rate of accumulation may be expressed in 
terms of a time constant for accumulation or as an 


I I 
i 5 19 15 


- 
2 4 
~ O Y S  ( i A m 4 )  


Fig. 3-Logarithm of the accumulation deficit as func- 
tion of time for two drugs as calculated with Ep .  8. 
The slope of the straight line is inversely proportional 
to the biological half-life. Dosage regimen, t.i.d.: 


A t  = 8 hr. Dose: 10 mg. 
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ACCUMULATION AND THE AVERAGE PLASMA CONCENTRATION AT EQUILIBRIUM FOLLOWING CHRONIC DRUG 
 ADMINISTRATION^ 


TABLE I-THE RELATIONSHIP BETWEEN THE BIOLOGICAL HALF-LIFE, THE DOSAGE INTERVAL, THE RATE OF 


Dosage Biological Accumulation Av. Plateau Number of Doses and Time for Reaching a Plasma 
Interval Half-life Half-time Concn. Concentration of SOYo of the Plateau Value 


A f ,  hr. l ~ t z ,  hr. tc1h. hr. C A A  mg./l. N Days hr. min. 


1 3 3.79 1.20 11 10 45 
2 3 3.79 0.60 5 10 45 - 
1 6 
2 6 
3 6 
4 6 
4 12 
6 12 
8 12 
4 24 
6 24 
8 24 


12 24 


6.75 2.40 2i 
6.75 1.20 10 
6.75 0.80 7 
6.75 0.60 5 


20 40 
20 40 
20 40 
20 40 


12.74 1.20 10 1 16 35 
12.74 0.80 7 1 16 35 
12.74 0.60 5 1 16 35 
24.73 2.40 20 3 8 
24.73 1.60 13 3 8 
24.73 1.20 10 3 8 
24.73 0.80 7 3 8 ~~ 


6 48 (2d) 48.72 3.21 27 6 16 
8 48 (2d) 48.72 2.40 20 6 16 


12 48 (2d) 48.72 1.60 13 6 16 
24 48 (2d) 48.72 0.80 7 6 16 
8 96 (4d) 96.72 4.81 40 13 7 


12 96 (4d) 96.72 3.21 27 13 7 
24 96 (4d) 96.72 1.60 13 13 7 
12 144 (6d) 144.72 4.81 40 19 23 
24 144 (6d) 144.72 2.40 20 19 23 
24 192 C3d) 192.72 3.21 27 26 14 
24 288 (l2d) 288.71 4.81 40 39 22 


a The initial and maintenance dose has been fixed at 10 mg., the volume of distribution at 36 I . ,  and the time constant for 
resorption ZL = 0.72 hr. 


The calculation of the average plateau plasma 
concentration by Eq. 5 is based on the assumption 
of irreversible first-order processes for absorption 
and elimination. This equation is not valid if 
absorption process is a reversible first-order process 
with clearance constants kol and klo. The time 
constants 7 1  and 7 2  then are no longer inversely 
proportional to k ~ l  and klz but also dependent on klo. 


The constant CA, in that case is also different 
[ C A ~  = Q A ' / ( ~ z  - n)k12]. The average plasma 
water concentration a t  the plateau is then given 
by the following equation: 


cia(pi) = QA'/kiz . At (Eq. 10) 


50 ,  - 0  


I 


40 


I f 


0 :  


t 
1 3 5 7 9 1 1  


d 


Fig. 4-Accumulation curve of desipramine following 
chronic administration of 25 mg. 3 times a day to a 
patient. Data after Hammer e t  al. ( 4 ) .  The curve i s  
the result of two experiments. The second experi- 
ment (0 )  is made 5 weeks after thefirst (0). Accumu- 
lation to 90% of the plateau is reached within 5 days. 
Desipramine, 25 mg. Dosage regimen, t.i.d.: A t  = 


8 hr. 


d 


Fig. 5-Logarithm of the accumulation deficit of desi- 
pramine as a function of time. Data after Hammer 
et  al. ( 4 ) .  From the straight line the half-life of the 


accumulation i s  found to be 33 hr. for this patient. 


The clearance constant, kl2, may be obtained from 
plasma curves after intravenous administration of 
a drug. The equation for the accumulation rate 
remains valid, however in case of reversible absorp- 
tion also. 


REFERENCES 
(1) Augsberger A. Klin. Wochschr. 32, 945(1954). 
( 2 )  Conney, A.'H..'Pharmacol. Rev., '19,317 (1967). 
(3) Dost F. H. "Der Blutspiegel. Kinetik der Konzen- 


trationsabl8;fe in her Kreislauffliissigkeit," Georg Thieme, 
Leipzig, 1953. 


(4) Hammer, W., Idestrom, C. M., and Sjoqvist, F., 
"Antidepressant Drugs Intern. Congr. Ser. No. 122," Excerpta 
Medica," 1967, pp. 301-310. 


(5),Krii,ger-Thiemer, E., Diller, W.. and Biinger. P., 
Anlrmrcrobral. Agents Chem. Therap., 19 


(6) Kriieer-Thiemer. E.. J .  Theorel. 


Pi."\IL.YO,. r., Arch. Inlern. Pharmacodyn., 57, 205, 226 
\ _ "  .,.,. 


(9) Wagner, J. G., Northam, J. I., Alway, C. D., and 


(10) WAgner ). G. J.'Clin: Pharm. 7,84(1967). 
(11) Wieganh, R. G., Buddenhageh, J. D., and Endicott, 


Carpenter 0. S. Nalure 207 1301(1965). 


C .  J., J .  Pharm. Scr., 5 2 ,  268(1963). 







Vol. 57, No. 12, December 1968 2165 


& Keyphrases 


Drug accumulation-pharmacokinetics 
Pharmacokinetic equations-drug accumula- 


Accumulation plateau-drug, multiple doses 


tion 


Gas Chromatographic Determination 
of Hexachlorophene in Blood and Urine 


By R. S. BROWNING, JR., JOHN GREGO, and H. P. WARRINGTON, JR.* 


A rapid and convenient gas chromatographic technique has been developed for the 
determination of traces of hexachlorophene i n  human blood and urine. After a 
simple extraction, the hexachlorophene is acetylated. T h e  acetyl derivative chroma- 
tographs well on conventional columns at a temperature within the operating range 


of a tritium foil electron capture detector. 


LTHOUGH HEXACHLOROPHENE (2,2'-methylene A bis(3,4,6-trichlorophenoI) is widely used in 
cosmetic preparations and pharmaceuticals, few 
methods are available for the determination of very 
low levels in blood or other tissue. Johnston and 
Porcaro (1) have described a method in which the 
hexachlorophene, after a relatively complex extrac- 
tion procedure, is measured by colorimetry with 
4-amino antipyrine as reagent. Using their method, 
as little as 20 mcg. of hexachlorophene can be mea- 
sured in up to 100 g. of tissue. Wit and Van Gen- 
deren (2) used a similar technique in studying the re- 
covery of hexachlorophene from the urine, feces, and 
milk of cattle dosed with the drug. Recovery data 
were reported for samples of various sizes, from a 
fraction of a gram for feces to  25 ml. for milk, con- 
taining 10-110 mcg. of drug. In another part of the 
same study, radiochemical assay methods were used 
to  determine hexachlorophene in the excreta of rats 
and rabbits dosed with labeled drug. 


Porcaro (3) has also described a gas chromato- 
graphic procedure for the determination of various 
bisphenols, including hexachlorophene. The mini- 
mum measurable quantity was claimed to be 5-10 
mcg. He mentioned, but did not investigate, the 
potential increase in sensitivity which could result 
from the use of an electron capture detector. More 
recently, Wisniewski (4) has reported a gas chromato- 
graphic method for the determination of hexachloro- 
phene in soap. In contrast t o  Porcaro's approach, 
in which the unmodified phenol was injected on a 
short, specialized column with a relatively high liquid 
loading, Wisniewski first prepared the trimethylsilyl 
derivative in order to reduce tailing and sample loss 
on the more conventional column he used. He, too, 
used a flame-ionization detector. 
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On columns available to the authors, using tem- 
peratures and liquid phases compatible with the use 
of a tritium foil electron capture detector, direct in- 
jection of hexachlorophene was unsatisfactory. 
Instrument response to samples in the subnanogram 
range was erratic. This variability was largely 
explained when it was definitely established that 
fractional amounts of hexachlorophene samples were 
held in the instrument. Derivatives which could 
eliminate this problem were therefore investigated. 
In  this laboratory, silyl derivatives were not wholly 
satisfactory. Detector response at low levels con- 
tinued to be somewhat erratic, and the retention 
times for the derivatives were undesirably long. 
Acetylation, however, proved to  be rapid, simple, 
and reproducible, and the diacetyl derivative chro- 
matographed reliably on several substrates, includ- 
ing a silicone gum (SE-30), a silicone oil (OV-17), and 
an organosilicone polymer (EGSP-2). 


On the basis of these results, a sensitive gas chro- 
matographic method for the determination of hexa- 
chlorophene in extracts from whole blood and urine 
has now been developed. Using the procedure de- 
scribed here, it is easy to measure hexachlorophene 
at levels down to 0.05 mcg./ml. 


EXPERIMENTAL 


Reagents-USP grade hexachlorophene obtained 
from Winthrop Laboratories was used without fur- 
ther purification. All other materials were reagent 
grade, obtained from recognized suppliers. 


Apparatus-All the glassware used was cleaned 
before use by soaking in a 1: 1 mixture of 6 N HCI 
and methanol for about 0.5 hr., then rinsing with 
distilled water. Glassware was oven-dried. An F 
and M (Avondale, Pa.) model 400 gas chromato- 
graph equipped with a tritium foil electron capture 
detector was used for the chromatography. The 
121.9-cm. (4-ft.) long 0.635-cm. (0.25-in.) diameter 
column was packed with 1% EGSP-2 on 100/120 
mesh Gas-Chrom Q (Applied ScienceLabs, Inc., State 
College, Pa.). The oven temperature was 205-210", 
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Acetylation, however, proved to  be rapid, simple, 
and reproducible, and the diacetyl derivative chro- 
matographed reliably on several substrates, includ- 
ing a silicone gum (SE-30), a silicone oil (OV-17), and 
an organosilicone polymer (EGSP-2). 


On the basis of these results, a sensitive gas chro- 
matographic method for the determination of hexa- 
chlorophene in extracts from whole blood and urine 
has now been developed. Using the procedure de- 
scribed here, it is easy to measure hexachlorophene 
at levels down to 0.05 mcg./ml. 


EXPERIMENTAL 


Reagents-USP grade hexachlorophene obtained 
from Winthrop Laboratories was used without fur- 
ther purification. All other materials were reagent 
grade, obtained from recognized suppliers. 


Apparatus-All the glassware used was cleaned 
before use by soaking in a 1: 1 mixture of 6 N HCI 
and methanol for about 0.5 hr., then rinsing with 
distilled water. Glassware was oven-dried. An F 
and M (Avondale, Pa.) model 400 gas chromato- 
graph equipped with a tritium foil electron capture 
detector was used for the chromatography. The 
121.9-cm. (4-ft.) long 0.635-cm. (0.25-in.) diameter 
column was packed with 1% EGSP-2 on 100/120 
mesh Gas-Chrom Q (Applied ScienceLabs, Inc., State 
College, Pa.). The oven temperature was 205-210", 
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TABLE 11-RECOVERY O F  HEXACHLOROPHENE 
FROM URINE 


Added, p.p.m. Recovered, p.p.m. 


TABLE I-RECOVERY OF HEXACHLOROPHENE 
FROM BLOOD 


Added, p.p.m. Recovered, p.p.m. 


On 
00 
0.050 
0.060 
0.100 
0.120 
0.200 
0.240 
0.300 
0.360 


0.031 
0.006 
0.036 
0.051 
0.079 
0.108 
0.162 
0.192 
0.236 
0.238 


Blood blanks from two separate donors. All other 
tabulated values are corrected for the appropriate blank. 


the detector temperature 215", and the injection port 
temperature 275'. Helium was used as the carrier 
gas, and the pulse type detector was purged with 
10% methane in argon. The pulse setting was 50 
psec. 


Procedure-As soon as blood samples were 
drawn, they were well mixed with finely ground po- 
tassium oxalate, 0.7 mg./ml., to  prevent clotting. 
Exactly 3 ml. of the oxalated whole blood was then 
transferred to  a 15-ml. glass-stoppered centrifuge 
tube, 1 ml. of 0.4M pH 7.5 phosphate buffer added 
(the buffer was prepared by mixing 1 vol. of 0.4 M 
NaHZP04 with 10 vol. of 0.4 M NaeHPOI), and the 
contents mixed well. The tube was then immersed 
at an angle, to  prevent breakage, in a dry iceace- 
tone bath adjusted to about -20', until the contents 
were solidly frozen. If the bath temperature is too 
low, or if tubes are supported vertically, some break- 
age may result. The tube contents were then al- 
lowed to thaw a t  room temperature. When the 
contents were liquid, exactly 10 ml. of ethyl acetate 
was added, the tube stoppered, and the contents 
mixed vigorously for 3 min. The tube was then 
centrifuged at moderate speed. Exactly 5 ml. of the 
clear ethyl acetate layer was transferred to a 
graduated 15-ml. tube, which was then immersed in a 
water bath held at 80'. The ethyl acetate was 
evaporated, under a stream of nitrogen, to  0.5-1.0 
ml. The tube was then removed from the bath, 0.1 
ml. of a 1 : 1 mixture of acetic anhydride and pyridine 
added, and the contents mixed well, after which the 
tube was placed in a second bath at 60' for 10 min. 
After removing from the bath, tube and contents 
were cooled to  room temperature and the volume 
adjusted to 1.1 ml. with ethyl acetate. Aliquot por- 
tions of exactly 3 PI. of the well-mixed solution were 
then injected into the chromatograph. 


Urine samples were handled similarly, but were 
not frozen. 


Hexachlorophene standards, containing from 0 to  
0.75 mcg. in 5-ml. portions of ethyl acetate, were 
evaporated to  0.5-1.0 ml. and treated in the same 
way as the sample extracts. 


RESULTS 
When amounts of hexachlorophene ranging from 


0.05 to 0.36 p.p.m. were added to  whole blood, the 


0 
0.12 
0.24 
0.48 


0 
0.101 
0.186 
0.406 


mean absolute recovery (least squares slope) was 
81.6%. The recovery of similar amounts from urine 
was 84.3%. In no case was the relative standard 
deviation of the slope greater than 3.1%. The data 
for blood are reported in Table I and for urine in 
Table 11. In each case the reported value, from 
which the recoveries above were calculated, is the 
average of duplicate assays. The estimate of the 
standard deviation of the assay pairs (blood) was 
0.013. Variation in the volume of sample injected 
into the instrument is undoubtedly the major source 
of error, and this is not excessive. The relative 
standard deviation of four replicate injections was 
2.3%. 


DISCUSSION 


The peak found in the blank blood samples has not 
yet been positively identified, but all the present 
evidence indicates that i t  is, in fact, caused by hexa- 
chlorophene present in the samples. The retention 
times of hexachlorophene and the unknown peak 
correspond on both the EGSP-2 and on an SE-30 
column, and in each case, before and after acetyla- 
tion. No such peak was found in monkey, rabbit, 
or dog blood, nor in human urine. 


The procedure has adequate accuracy at the level 
discussed. Greater precision can be achieved, if 
necessary, by running additional samples, without 
greatly increasing analytical time. The total 
elapsed time for an analysis is approximately 2 hr. 
Of this, the gas chromatographic step takes about 10 
min. 
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Cuthurunthzcs Alkaloids XXI. Isolation of Lochnerinine, One 
of the Cytotoxic Principles of C. pusiZZzcs 


By M. TIN-WAY H. H. S. FONG, R. N. BLOMSTER, and N. R. FARNSWORTH 


Cutbarantbus usilk alkaloid fractions were found to be active against Eagle’s 9 KB 
carcinoma o t the  nasopharynx in cell culture. Chromatographic separation of one 
of the active fractions resulted in  the isolation of lochnerinine, and the activity of this 
alkaloid against the 9 KB carcinoma has been confirmed. Gradient pH fractiona- 
tion of another active alkaloid fraction yielded Cjmalicine and vindorosine, which 


were not cytotoxlc. 


N APOCYNACEOUS PLANT indigenous to India is A Cutharunthus pusillus. Prior phytochemical 
investigations in these laboratories have yielded the 
alkaloids ajmalicine and vindorosine (1). Majumdar 
and Paul have reported the isolation of two amor- 
phous alkaloids having cardiotoxic properties, which 
they named pusiline and pusiliniue, in addition to 
three unidentified sterols (2). Battersby and Kapil 
isolated a neutral substance from a weakly basic 
alkaloid fraction of this plant in a yield of 1 X 
which was identified as N-benzoyl-bphenylalaninol 
(3). No other phytochemical studies on C. pusillus 
have been reported in the literature. 


In a continuing study of Cutharunthus species for 
new antitumor agents, the authors have examined 
the alkaloids of C. pusillus leaves, utilizing dif- 
ferent procedures than in previous studies from 
their laboratories (4). This study has led to the 
coniirmation of ajmalicine and vindorosine in this 
plant, and reports for the first time the isolation of 
the cytotoxic alkaloid lochnerinine from C. pusillus. 


EXPERIMENTAL 
Plant Material-The Cutharanthus pusiZZus 


(Murr.) G. Don (Apocynaceae) leaves used in this 
study were obtained from Drugland Corporation, 
Delhi, India, and a voucher specimen has been 
identilied by one of the authors (N.R.F.), and has 
been deposited in the herbarium of the Department 
of Pharmacognosy, School of Pharmacy, University 
of Pittsbmqh. 


Preparation of Alkaloid Fractions-A sample of 
coarsely milled leaves (19.75 kg.) was extracted 
continuously for 24 hr. in a Lloyd extractor with 
skellysolve B. This extract was concentrated and 
removed from the extractor and a fresh charge of 
solvent was added. The procedure was repeated 
four times. Pooling of the four concentrates was 
followed by reduction of the volume to 2.0 1. To 
this concentrate was added 1.6 1. of 2 N HCI, and 
the mixture was distilled in vucuo to remove the 
skellysolve B, cooled, and filtered. A residue on 
the filter pad was dissolved in benzene and re- 
extracted into 2 N HCI as described above, and the 
two acid filtrates were combined (cu. 3 1.). This 
extract was decolorized with charcoal and filtered 
through a diatomaceous earth’ filter pad. Ice was 
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added to the clear filtrate and ammonium hydroxide 
solution was added in small portions with continuous 
stirring until the solution was alkaline to litmus 
paper. In order to extract the alkaloids from this 
basic solution, it was shaken several times with 
ethylene dichloride, and the ethylene dichloride 
extracts were dried over anhydrous sodium sulfate, 
filtered, and taken to dryness in vucuo to yield 6.7 g. 
of crude, weakly basic alkaloids (Fraction I). 


The skellysolve B-extracted C. plsillus leaves 
were air dried, macerated with methanol, and ex- 
haustively extracted by repeated maceration and 
percolation. The combined percolates (cu. 400 1.) 
were concentrated to 20 1. and then extracted into 
20 1. of a 2% tartaric acid solution, residual methanol 
being removed in vucuo, and the acid solution filtered. 
Three 20-1. volumes of benzene were used to ex- 
tract the combined filtrates, and the benzene ex- 
tracts were pooled, dried over anhydrous sodium 
sulfate, filtered, and concentrated to give 43 g. of 
Fraction I1 (acid benzene solubles). 


Residual benzene was removed from the aqueous 
acid layer of post-Fraction I1 in wcuo, and the result- 
ing solution was chilled and rendered alkaline with 
ammonium hydroxide solution. This alkaline 
solution was then extracted with three 20-1. volumes 
of ethylene dichloride. The ethylene dichloride 
extracts were pooled, dried over anhydrous sodium 
sulfate, filtered, and were taken to dryness to yield 
50 g. of crude tertiary alkaloids. This fraction was 
further divided into the nonphenolic part (Fraction 
111), and the phenolic part (Fraction IV) by passing 
it through a column of ion-exchange resin (IRA-400) 
(500 g.), which was pretreated with 5% sodium 
hydroxide solution, and washed with distilled water 
until the effluent was neutral to litmus paper. 
Fraction I11 (37 g.) was obtained by eluting the 
resin column containing the crude tertiary alkaloids 
with methanol (cu. 16 l.), and Fraction IV (6 g.) 
was removed from the column by elution with 0.1% 
HC1 in methanol (ca. 4 1.). 


The quaternary alkaloids (Fraction V) were 
obtained as chlorides from the aqueous alkaline 
solution after the removal of the total tertiary bases. 
This was accomplished according to the method 
described by Hogg et ul. (5),  to yield 29 g. of Fraction 
V. The mother liquor remaining after removal of 
Fraction V was termed Fraction VI. A scheme 
showing the method of preparation of the alkaloid 
fractions is presented in Scheme I. 


Cytotoricity Evaluation of Alkaloid Fractions- 
Fractions I-VI were evaluated for cytotoxicity 
against Eagle’s 9 KB carcinoma of the nasopharynx 
in cell culture according to established protocols,2 


f For a description of the methods employed see Canccr 
Chemotherapy Regf . .  25, l(l962). 
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C. pusillus leaves (19.75 k g . )  
skellysolve B 


1 


ex'tract 


skelly-soluble 
alkaloids 


Fraction I (6.7 g.) 


defatted drug 


lEvIeOH 
I 


MeOH ext. 


remove MeOH and filter 


aaueous acid ext. 


I 


1 benzene 


I I 
acid benzene extract aqueous acid 
Fraction I1 (43.0 g.) 


aldaline EtCI2 extract Aqueous alkaline extract 


ion-exchange resin small voltrme 


reineckate 


tertiary phenolics 
Fraction IV (6.0 g . )  Fraction I11 (37.0 g.) 


quaternary alkaloids 
I 


Fraction i' (29.0 g.) Fraction \ct 


Scheme I 


through the auspices of the Cancer Chemotherapy 
National Service Center, Bethesda, Md. The 
results are presented in Table I. Phytochemical 
work-up was made on the basis of active fractions 
being given fist priority. 


Chromatographic Separation of Fraction I-A 
glass chromatographic column (3 X 38 cm.) was 
slurry packed with 170 g. of alumina (Alcoa F-20) 
and benzene as previously described (4). The frac- 
tion (6.0 g.) was dissolved in a small volume of ben- 
zene and this solution was adsorbed to the top of the 
column, followed by the addition of benzene. 
Elution of the alkaloids was accomplished with 
benzene, followed by mixtures of benzene and chloro- 
form, and finally with chloroform. Twenty- 
milliliter fractions were collected from the column, 
analyzed by means of TLC on silica gel G plates 
(6), and combined on the basis of the pattern of 
resolved alkaloids and chromogenic reactions after 
spraying each plate with the ceric ammonium sulfate 
reagent (6). The results of this chromatographic 
separation are presented in Table 11. 


TABLE I-CYTOTOXICITY OF Catharunthus 
pusillus FRACTIONS 


Fraction EDao(mcg./ml.) a 


I 
I1 


I11 
IV 
V 


VI 


2 .6  X loob 
1 .7  X 10' 
1 .4  X loob 
6.1 x lWb 
1 .0  x 102 
1.0 x 102 


An active fraction is one that exhibits EDso 5 15.0 
mcg./ml. ' Active cytotoxic fraction. 


Isolation of Lochnerinine-Combined Fractions 
V-VI from the column appeared to contain only one 
alkaloid as evidenced by TLC. This alkaloid was 
suspected to be lochnerinine on the basis of its R, 
value in three different solvent systems (6). The 
combined fractions were freed from solvent to yield 
a thick oil, which was dissolved in a small volume 
of methanol and hydriodic acid solution was added 
dropwise until an acidic solution resulted (pH ca. 
3.0). Refrigeration of the solution for about 2 hr. 
resulted in the formation of fine yellow needles, 
which were removed by filtration. Recrystallization 
from methanol yielded 24.5 mg. of alkaloid, which 
when dried in  vacua at 100' for 24 hr., gave m.p. 
207". The UV and IR spectra, as well as TLC 


TABLE 11-CHROMATOGRAPHIC SEPARATION OF 
C. pusillus FRACTION I ALKALOWS 


Fraction 
N0.O Eluent 


1 4  Benzene 
5-6 Benzene 
7-13 Benzene 


14-48 Benzene 
49-70 Benzene 
71-154 Benzene 


155-200 Benzene 
201-240 Benzene-chloroform (3: 1) 
2 4 3 5 0  Benzene-chloroform (3: 1) 
351-380 Benzene-chloroform (1 : 1) 
381400 Benzene-chloroform (1: 1) 
401-449 Chloroform 
450-480 Chloroform 


Each fraction was 20 ml. and all fractions contained alka- 
loids. 
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results (6), showed that the isolated alkaloid was 
identical with a reference sample of lochnerinine 
hydriodide which was prepared from authentic 
lochnerinine, isolated in these laboratories from 
C. lanceus (7). 


Gradient pH Separation of Fraction 111-Fraction 
I11 was subjected t o  a gradient pH separation 
according to the method of Svoboda ( S ) ,  with only 
minor modifications. The fraction (32.0 9.) was 
dissolved in a minimum volume of ethylene di- 
chloride and extracted into 1.5 1. of 0.2 M citric acid 
solution by heating on a steam bath and removal of 
the ethylene dichloride in vacuo. The resulting 
aqueous phase was decolorized with charcoal, and 
filtered. Extraction of this acidic filtrate (pH 2.7) 
was effected with three separate volumes of benzene 
and the aqueous layer was adjusted to pH 3.2 with 
ammonium hydroxide solution, followed by three 
benzene extractions. This procedure was continued 
with increases in pH by 0.5 units, with ammonium 
hydroxide solution, until a final pH of 9.2 was 
attained. Benzene extracts from each pH level were 
combined, taken to  dryness, and adjusted to ca. 
100 ml. with benzene. TLC (6) of each of the pH 
fractions served to point out those pH fractions to 
be combined prior to crystallization attempts. In 
this manner, the following groupings were made: 


Group PH Wt., g. 
111-A 2 . 7 3 . 2  3.42 
111-B 3.7  1.84 
111-c 4.2-5.2 3.55 
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DISCUSSION AND SUMMARY 


Catharanthus pusillus leaves of Indian origin were 
studied in this investigation. The total crude 
alkaloids (0.6%) were separated into six fractions, 
and three of these were found to  be cytotoxic against 
Eagle's 9 K B  carcinoma of the nasopharynx in 
cell culture. Lochnerinine, an a-methyleneindoline 
base previously reported isolated only from the 
related C. roseus and C. lanceus, was isolated from 
the weakly basic alkaloid Fraction I by column 
chromatography, as the hydriodide salt, and was 
shown to be responsible for at least a part of the 
cytotoxicity of this fraction. Additional alkaloids 
could not be isolated from other chromatographic 
cuts of this fraction, each of which was extremely 
complex. 


Fraction 111, representing the nonphenolic ter- 
tiary bases, was subjected to  a gradient pH separa- 
tion and vindorosine was isolated in a yield of 0.2% 
of the total crude alkaloids, from the pH 2.7-3.2 
fraction. Vindorosine has been isolated previously 
only from the related C. roseus. From the pH 3.7 
fraction was isolated ajmalicine in a yield of O.O4a/, 
of the total crude alkaloids. This base also occurs 
in C. roseus, C. lanceus, and C. trichophyllus, as well 
as in many other apocynaceous plants. 


The remaining pH fractions of Fraction I11 were 
complex and did not yield alkaloids by conventional 
crystallizing techniques. Neither vindorosine nor 
ajmalicine were found to be cytotoxic, and the active 
entity in Fraction I11 remains unknown. 


As yet no attempt has been made to separate alka- 
loids from Fractions 11, IV, or V. 
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111-D 
111-E 


5.7-7.2 
7.9-9.2 


4.73 
1.25 


These five groups were then each subjected to  
crystallization attempts using benzene, chloroform, 
acetone, ethylene dichloride, ethanol, or methanol. 


Isolation of Vindorosine-Fine needles (250 mg.) 
were obtained from a benzene solution of Group 
11-A. An analytical sample was obtained following 
several recrystallizations from benzene. This 
sample was identical (m.p., UV, IR, TLC) with a 
reference sample of vindorosine. 


Isolation of Ajmalicine-Colorless crystals (50 
mg.) were obtained from an ethanol solution of 
Group 111-B. Several crystallizations from ethanol 
afforded an analytical sample which was shown to be 
identical with reference ajmalicine. 


Cytotoxicity of Lochnerinine-Ajmalicine and 
vindorosine were found to be inactive in the cyto- 
toxicity test of the Cancer Chemotherapy National 
Service Center screening laboratories. Lochner- 
inine, however, exhibited E D s  <1.0 X 10-2mcg./ml. 
aginst the 9 KB cell culture. A compound is 
considered an active cytotoxic agent if it has 
ED50 6 1.0 mcg./mL2 All three alkaloids were 
inactive when evaluated against the P-1534 leu- 
kemia in DBA/2 mice.2 
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Chromatographic Separation and Bioassay of the Gentamicin Complex 
By NATHAN KANTOR and GEORGE SELZER 


The gentamicin com lex consists of three components, Cl, Ga, and G, which are 
separated by paper cgromatography using the lower phase of a solvent system of 
chloroform, methanol, and 17  % ammonia (2:l:l). Two identical chromatograms 
are developed. On one, the positions of these components a t  R,'s of approximately 
0.75,0.35, and 0.50, respectively, are located by means of ninhydrin. O n  the other, 
corresponding areas are cut out, eluted from the paper with 0.1 M potassium phos- 
phate buffer, pH 8.0, and assayed microbiologically. This  procedure determines 
the relative amounts of the three entamicin fractions, and is superior to the original 


official FDA procedure that measured only two fractions. 


HE ISOLATION of gentamicin, an antibiotic T complex from Micromonospora puurpurea, was 
reported in 1963 (1, 2). Initially, this complex was 
considered to  be a mixture of two fractions (Cl and 
C2). The invariance quotient of these two fractions 
is determined by acetylating the gentamicin sample 
with 14C-labeled acetic anhydride, separating the 
two acetyl derivatives by paper chromatography, 
and measuring the relative amounts of the two frac- 
tions by radioautography (3). Further work (4), 
utilizing the technique of descending paper chro- 
matography with a solvent system composed of 
chloroform, methanol, and 17y0 ammonia, revealed 
that Cl consists of two fractions, C1 and Cia, making 
three fractions altogether. The exact structures 
of the gentamiciu fractions are unknown, but they 
are amino-sugar antibiotics resembling the neo- 
mycin-kanamycin-streptomycin groups. 


In order to  characterize various batches of genta- 
micin with a view toward assuring compositional 
similarity of different batches, an analytical pro- 
cedure for the gentamicin complex was developed, 
in which paper chromatography is used to  separate 
the fractions and microbiological assay to measure 
the activity of each fraction. 


EXPERIMENTAL 
MaterialkReagent grade solvents and chemicals. 


Chromatographic paper, Whatman No. 2, 14.25 X 
46 cm. Rule an origin line 9 cm. from the top of the 
paper and mark two dots on the origin line 4 cm. 
from each edge of the paper. 


Apparatu-A skndard cylindrical chromatog- 
raphy jar (30.5 cm. diameter, 61 cm. high) with a 
tightly fitting, ground-glass contact top and equipped 
for descending chromatography. 


Solvent System-Equilibrate 200 ml. of chloro- 
form and 100 ml. of methanol with 100 ml. of 17% 
ammonia [ammonium hydroxide + water (3 + 2)] 
by shaking in a separator. Without allowing the 
phases to separate, add the entire mixture to the 
chromatography jar and allow 24 hr. for saturation. 
Prepare another equilibration mixture as above but 
allow the phases to separate and use the lower phase 
only as the chromatographic solvent. 


Ninhydrin Reagent-Prepare a modified Bar- 
rollier reagent (5) as follows: To  1 g. of ninhydrin 
and 0.1 g. of cadmium acetate, add 3 ml. of water 
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and 1.5 ml. of glacial acetic acid, and shake. Add 
100 ml. of n-propanol and shake until solution is 
complete. Store this solution in a brown bottle 
under refrigeration. 


Procedure-Prepare an aqueous solution con- 
taining 40 mg. of the sample/ml. Apply 5 pl. to  
each of the two dots on the chromatographic paper 
and allow to dry. In like manner, prepare another 
paper. Place the papers in separate troughs in the 
chromatographic chamber, and fill the two troughs 
with the chromatographic solvent. Chromato- 
graph until the solvent front reaches the bottom 
of the paper (approximately 3.5 hr.). Remove the 
papers and dry them in a hood for 30 m h .  Cut 
each paper in half lengthwise; spray one half with 
ninhydrin reagent, and place it in a drying oven 
at 100" for 1 min. 


The gentamicin fractions appear as reddish zones; 
the zone farthest from the origin is CI, the zone 
nearest is Cia, and the middle zone is Ce. Using 
this half as a guide, cut the other half of the paper 
into segments representing, respectively, the CI, CP, 
and CIa fractions. Cut each segment thus obtained 
into small strips and put the strips into a separate 
125ml. glass-stoppered flask. To  each flask add 
50 ml. of 0.1 M potassium phosphate buffer, pH 8.0, 
and swirl the flasks mechanically for 30 min. 
Decant each solution into a test tube and allow 
the paper to settle. Pipet 4.0 ml. of the clear 
solution into a 25ml. volumetric flask and make t o  
volume with the same buffer. Assay these solutions 
by the microbiological plate assay, using Staphyylococ- 
cus epidermidis as the test organism (6). 


Computations-The percentage of each fraction 
is calculated as follows: 


A1 100 % G c -  5 0 4 x 7  


A ,  100 
%C2 =mx- B 


where: 


A1 = concentration of the assayed CJ solution in 


A,, = concentration of the assayed CIS solution in 
mcg./ml. 


mcg./ml. 


mcg./ml. 
A2 = concentration of the assayed CZ solution in 


504, 626, and 656 are the activities of C1 sulfate, 
C1, sulfate, and CZ sulfate, respectively, compared to  
the gentamycin sulfate standard. 
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TABLE I-COMPARISON OF KNOWN AND ASSAYED 
VALUES OF THE GENTAMICIN FRACTIONS 


Gentamicin % % 
Fraction Present Found f S D  
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C, 37.8 37.2 f 2.04 
Ch 33.3 32.7 f 2.17 
c2 28.9 30.0 f 2.26 


RESULTS AND DISCUSSION 


A synthetic mixture of the three gentamicin 
fractions was prepared and assayed six times. 
The average recoveries for the fractions ranged from 
98 to 104% (Table I). 


Seven production lots of gentamicin sulfate were 
analyzed. The results (Table 11) show a pattern of 
relative fractional composition which is rather 
consistent for this type of sample. 


A differential microbiological assay of the genta- 
micin complex has been suggested which involves 
the use of a bioautographic procedure (7). Micro- 
gram and submicrogram amounts of antibiotic are 
spotted on narrow strips of paper for chromato- 
graphing. The chromatographed papers are placed 
on a seeded agar plate for the determination of 
antibacterial activity in which the sizes of the zones 
of inhibition produced by the sample are compared 
with those of the standard. A serious problem that 
may occur is the production of spurious zones caused 
by contamination, atmospheric and otherwise. This 
could be minimized by meticulous handling in a 
clean environment. 


In the procedure described in the experimental 
section of this paper, any such possible interference 
is reduced more than 300-fold because microgram 
amounts of antibiotic are placed on the paper, and 
they are eluted and diluted even more to  obtain 
concentrations suitable for microbiological assay. 
Another feature of this new procedure is that there 
is no need for reference standards of the fractions, 
since the dose-response curves for the three genta- 
micin components have the same slopes (4). Once 
the positions of the three fractions have been located 
on the chromatogram, the relative proportions are 
determined by microbiological assay using a single 
reference standard of gentamicin sulfate rather than 
three individual standards. 


The solvent system of chloroform-methanol-l7% 
ammonia ( 2 : l : l )  was used by Ikekawa et al. (8) 
for the separation of various antibiotics by T L C .  
Gentamicin was not included, as it was unknown at 
that time. Moreover, the upper layer of this solvent 
system was used, which is unsatisfactory for the 
separation of the gentamicin fractions. The lower 
layer must be used in the procedure described here. 


The chromatography tank must be completely 
saturated for a satisfactory and rapid separation. 


TABLE 11-ANALYSIS OF PRODUCTION LOTS OF 
GENTAM WIN SULFATE 


Lot % % % 
NO. CI f S D  CI. f SD Cz f S D  


1 37.0 f 1.73 27.0 f 2.13 36.1 f 0.96 
2 34.0 f 2.41 34.3 f 4.20 31.7 f 3.66 
3 39.5 f 2.26 25.2 f 1.66 35.3 f 1.80 
4 40.7 f 1.56 26.4 f 1.19 32.9 f 1.80 
5 29.7 f 1.40 32.8 f 3.00 37.5 f 2.36 
6 38.3 f 3.29 20.6 f 1.89 41.1 f 2.38 
7 40.7 f 2.14 21.0 f 2.21 38.4 f 2.81 


The appearance of two phases on the paper is an 
indication that the tank is not completely saturated. 
I t  may be possible to obtain an acceptable chro- 
matographic separation under this condition but the 
time of development would be increased so that the 
separation and elution could not be finished in one 
day. 


Other papers such as Whatman No. 1 and S&S 
589 Blue R were not as  satisfactory; the time of 
development was longer and the separation of the 
fractions not as consistently good. 


An attempt to  assay the three fractions colori- 
metrically after a ninhydrin spray by determining 
the absorbances on a densitometer proved un- 
satisfactory. The intensities of the colors varied with 
time and with the fraction. Also, trace amounts of 
ammonia in the atmosphere caused the paper to grad- 
ually turn pink, thus interfering with the base line. 
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Colorimetric Method for Determination of 
7-Aminocephalosporanic Acid (7-ACA) and Related Compounds 


By L. P. MARRELLI 


A reproducible colorimetric method is de- 
scribed for the determination of 7-amino- 
cephalosporanic acid (7-ACA) and related 


compounds. 


NUMBER OF ACYL derivatives of 7-aminocephalo- A sporanic acid (7-ACA) (I) and their anti- 
bacterial activities have been described (1-4). The 
D-phenylglycine derivative of 7-ACA, known generi- 
cally as cephaloglycinl (11), has a broad spectrum 
of antibacterial activity. To determine the extent 
of acylation in the production of cephaloglycin, 
an assay was neededfor small concentrations of 
7-ACA. Methodology for the assay of 6-amino- 
penicillanic acid (6-APA) (111) in penicillin deriva- 
tives was investigated ; however, the methods en- 
countered had t w o  basic drawbacks: (a) specificity 
(separation techniques utilized) and (b) sensitivity. 


This paper describes a chemical method which 
permits the direct determination of small amounts of 
7-ACA (0.2-1.5%) in cephaloglycin. A t  lower 
concentrations of 7-ACA (0.0470), a 25% error 
may be incurred. Optimum conditions were estab- 
lished for the rapid development of the 7-ACA- 
ninhydrin chromophore. Essentially no color 
formation was obtained with either cephaloglycin or 
phenylglycine under the same conditions. 


7-Aminodesacetoxycephalosporanic acid (7- 
ADCA) (IV) and 6-aminopenicillanic acid (8APA), 
both having an a-amino group adjacent to  a p- 
lactam ring in common with 7-ACA, were found 
to respond in a similar manner. Likewise, 7-ADCA 
could be determined directly in small amounts 
(0.4-1.5Oj,) in cephalexin2 (V).  At lower concentra- 
tions of 7-ADCA (O.lyo), a 25y0 error may be in- 
curred. 


EXPERIMENTAL 


Apparatus and Reagents-A spectrophotometer 
(Beckman model DU) with 1-cm. glass cells was used 
in this laboratory, but any suitable spectrophotom- 
eter may be used. (a) Buffer solution-2.0% w/v 
citric acid ( H ~ C ~ H B O ~ . H ~ O )  in 0.8 M sodium hy- 
droxide; (b) formic acid-C.P., 98-10070; (c) 
ninhydrin solution-5.0% w/v ninhydrin (certified 
triketohydrindene hydrate, Fisher Scientific Co.) in 
methylcellosolve (peroxide-free). 


Recommended Procedure-Method I- Delermina- 
lion of 7-ACA-Accurately weigh approximately 7 
mg. (fO.O1 mg.) of sample and 7-ACA reference 
standard, and quantitatively transfer each to a 
100-ml. volumetric flask. Dissolve the contents in 
5.0 ml. of formic acid, dilute to volume with distilled 
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1 Cephaloglycin is the generic name given to ~ - ( D - u -  
arninophenylacetarnido) cephalosporanic acid. 


2 Cepbalexin is the generic name given to 'I-(o-a-amino- 
phenylacetamido) desacetoxy cephalosporanic acid. 
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HzO, and mix thoroughly. Prepare a reference 
blank solution in a 100-ml. volumetric flask by 
diluting 5.0 ml. of formic acid to volume with dis- 
tilled HzO and mixing well. Add by transfer pipet 
to a test tube in the following order: 2.0 ml. of each 
prepared solution, 1.0 ml. of buffer solution, and 
0.50 ml. of ninhydrin solution. Mix thoroughly, 
and after a 9-min. waiting period, determine the 
absorbance of each solution a t  407 mfi on a suitable 
spectrophotometer, using 1 .O-cm. glass cells and the 
reference blank solution in the reference cell. 


Calculations: 


abs.to7 sample X mg. standard 
abs.to~ standard X mg. sample X 100 = 9; i-ACA 


Method 11-7-A CA in Cephaloglycin-Accurately 
weigh approximately 100 mg. ( f O . l  mg.) of cephalo- 
glycin sample, and quantitatively transfer to a 
10-ml. volumetric flask. Dissolve the contents in 
0.50 ml. of formic acid, dilute to volume with dis- 
tilled HzO, and mix thoroughly. Prepare a reference 
standard stock solution by dissolving 70 mg. of 
7-ACA reference standard in 50 ml. of formic acid 
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TABLE I-ABSORPTIVITY ( a )  AT 407 mp 


Compd. a 


Fig. 1-Rate of 
color formation 
of 7-ACA chro- 


mophore. - 
1 2 4 6 8 1 0 1 2 1 4  


TIME. min. 


7-ACA 
7-ADCA 
BAPA 
Cephaloglycin 
Cephalexin 
Phenylglycine 
NHiCl 


15.3 
11.0 
5.4 
0.0018 
0.0035 
0.33 
0.16 


and mixing well. Add 0.50 ml. of this stock solution 
to  a 10-ml. volumetric flask, dilute to volume with 
distilled HzO, and mix thoroughly. Prepare a 
reference blank solution in a 10-ml. volumetric 
flask by diluting 0.50 ml. of formic acid to  volume 
with distilled H20 and mixing well. Continue the 
assay as outlined in Method I, and calculate accord- 
ingly. 


DISCUSSION 
Standard Curve-A plot of the absorbance versus 


concentration was found to be linear and to  pass 
through the origin, obeying Beer’s law from 4 4 0  
mcg./ml. 


Stability of the Color-The color formation in- 
creases uniformly and rapidly, reaching a maximum 
in 9 rnin., then decreasing (Fig. 1). The yellow 
chromophore described exhibits a peak at 407 mp; 
a secondary peak is also present at 570 mp (Fig. 2). 


Influence of Reagents-The color intensity was 
found to increase with a corresponding increase in 
pH, reaching a maximum at pH 4.5, then decreasing. 
An increase in pH not only influenced the rate of 
color development but also shifted the maximum 
absorbance peak to a higher wavelength (415 mp). 
The intensity of the secondary peak (570 m p )  
decreased with a pH increase. A pH 3 buffered 
system was selected, since cephaloglycin was found 
to  be some-what reactive at a higher pH. Both of 
the final concentrations of ninhydrin and methyl- 
cellosolve were found to influence the color forma- 
tion. Optimum color formation was obtained when 
the final concentration of methylcellosolve (con- 
taining 50 mg./ml. of ninhydrin) was set at 14.3% 
v/v. Temperature fluctuations of f3O, as well as 
light, did not affect the reaction rate. The effect 
of the 7-ACA standing in formic acid was found to be 
insignificant (0-3 min.). 


Interferences-Several compounds were assayed 


by this procedure to determine the extent of color 
formation, as shown in Table I. 


Reproducibility-The following standard devia- 
tions were obtained on the methods outlined in 
Methods I and I1 of the Procedure: Method I- 
2s = rt3.70/,, n = 6; Method 11-2s = f4 .2%,  
n = 6. 


A sample of cephaloglycin was assayed for 7-ACA 
by the colorimetric method, as well as by the amino 
acid analyzer. Agreement was obtained as  follows: 
amino acid analyzer-l.35%; colorimetric method 


7-ADCA and 6-APA-Essentially the same pro- 
cedure was found to produce characteristic chromo- 
phores with 6-APA and 7-ADCA (Fig. 2); however, 
the rates of formation differed. In addition, the 
7-ADCA color curve exhibited a third peak at 480 
mp which proved to be more suited to the direct 
determination of 7-ADCA in cephalexin. Maximum 
color development for the 7-ADCA chromophore 
was obtained in 18 min. at 407 mp and in 50 min. 
a t  480 mp. The 6-APA chromophore reached 
maximum color development in 45 min. a t  407 mp. 


The absorptivity for Compound 7-ADCA was 
12.2 at 407 mp and 11.5 at 480 mp; for Compound 
cephalexin a = 0.0065 at 407 mp and a = 0.0035 
at 480 mp; for Compound 6-APA a = 9.55 a t  
407 mp. 


-1.42%. 
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Drug Release from Compressed H ydrophilic Matrices 
By H. LAPIDUS* a n d  N. G. LORD1 


This study is concerned with the release of drugs from the planar surface and the 
whole surface of a hydrophilic polymer tablet matrix. The sustained drug-release 
characteristics of hydroxypropyl methylcellulose 1 5,000 cps. previously described 
was found to be the result of a hydration layer being formed at the tablet 
surface. As long as the integrity of the hydrated polymer was maintained, the re- 
lease of drug was diffusion controlled. Environmental conditions have been inves- 
tigated. Diffusion coefficients for the drugs used were calculated by means of the 
model equations predicting drug release from inert matrices and ointment bases. 
Comparison of the rates of drug release from the planar surface of a compressed 


polymer matrix with theoretically predicted values was made. 


PHYSICAL BARRIER is used in the majority of A prolonged-action dosage forms to decrease 
the rate of drug release to the absorption site. 
One type of prolonged action tablet can be pre- 
pared by compressing a mixture of a hydrophilic 
polymer and drug (1). In  contact with moisture, 
the tablet swells, effecting delayed release of drug. 
Huber, Dale, and Christenson (2) proposed that 
drug release was controlled both by drug dif- 
fusion through and attrition of the gel sheath 
formed around the tablet. However, their data 
precluded quantitative interpretation of the exact 
mechanism of release. 


Recently, the authors reported datacharacteriz- 
ing the release of chlorpheniramine maleate from 
a hydroxypropyl methylcellulose ether matrix 
(3). Release patterns measured from one face 
of flat-surfaced tablets could be linearized when 
plotted as a function of the square root of time. 
This suggested to us that equations derived by 
Higuchi (4) and Higuchi (5) for drug release 
from insoluble matrices and from homogeneous 
ointments were applicable to this system. A 
question was also raised concerning the signifi- 
cance of the rate of water penetration through 
the hydrated matrix as a factor in controlling 
drug release. 


Further data are presented here to establish the 
extent of application of the Higuchi equations to 
the availability of both water-soluble and insolu- 
ble drugs from hydratable matrices. In addi- 
tion, the effect of temperature, added diluent, and 
polymer type on release patterns measured from 
plane surfaces and whole tablets is reported. 
Whole-tablet release data were utilized to es- 
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timate the relative contributions of attrition and 
diffusion to drug availability from this type of 
dosage form. A technique for measurement of 
drug release from the fully hydrated polymer was 
also developed in order to ascertain the relative 
importance of the rate of water penetration and 
drug diffusion in the gel matrix. 


EXPERIMENTAL 


Materials-A hydroxypropyl methylcellulose 
ether 90 HG,' 15,000 cps. was selected for detailed 
study as a base material because of its demonstrated 
effectiveness in retarding drug release from tablets 
(2) .  The other polymers employed as base mate- 
rials were hydroxypropyl methylcellulose 90 HG, 25 
cps., methylcellulose MC, 4,000 cps., sodium car- 
boxymethylcellulose (Hercules Company, Wilming- 
ton, Del. ), carpolene, and polyvinylpyrrolidone K30 
(General Aniline and Film Corp., New York, N. Y.). 


Table I lists the drugs employed in this study. 
Included are the solubilities measured at 37', the 
wavelengths used for their spectrophotometric assay, 
and the moles of drug required to produce an ab- 
sorbance value of 1.00 in 1 ml. of water. Beer's law 
was followed in all instances. Chlorpheniramine 
maleate (CPM) and sodium salicylate were included 
as examples of water-soluble drugs; benzoic acid and 
benzocaine were representative of water-insoluble 
drugs. 


Lactose (USP) and tricalcium phosphate (NF)  
were added as diluents. Neither t h e  diluents nor 
gums, with the  exception of carpolene, interfered 
with the spectrophotometric analysis. An absorbing 
species was extracted from carpolene matrices neces- 
sitating blank corrections. 
Drug Release from Tablets-Tableting granula- 


tions were prepared by mixing the drug with the base 
material and granulating with USP ethanol, except 
for tablets where polyvinylpyrrolidone and carpolene 
were used as bases. In  these cases, the powders were 
blended and compressed directly. 


1 Methocel 90 HG, Dow Chemical Co., Midland, Mich. 
2Carbopol 934, B. F. Gocdrich Chemical Co.. Akron, 


Carpolene is the title under which this article was Ohio. 
provisionally admitted to National Formulary XIII .  
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TABLE I-SOLUBILITIES AND ABSORBANCE OF DRUGS 
USED IN THIS STUDY 


Wave- Moles/ml. 
length X 10' to 


Solu- of Obtain 
bility Maximum Absorb- 
(37O) Absorb- ance 


DNg g./ml. ance. rmr of 1.OOOO 


1293 


Chlorpheniramine 
maleatea 0.6100 262 1.72 


Sodium salicvlateh 0.6850 294 2.84 
Benzocainer 0.0012 282 0.58 
Benzoic acidd 0.0042 274 13.60 


a Roselle Labs-USP. * Merck Co.-reagent. Merck 
Co.-NF. New York Quinine Co.-USP. 


In  some experiments with hydroxypropyl methyl- 
cellulose 90 HG, 15,000 cps. hydroalcoholic solutions 
were used to granulate in order to assess the effect 
of initial water content on drug-release patterns. 
Water was added to the USP ethanol in varying 
concentrations (10 and 20q70), and all of the solution 
was used for the granulation. Increased water con- 
centration in the granulation did not provide any 
observable effect in drug release from the tablet 
matrix. 


Details of the tableting procedures were previously 
reported (3). Compression forces of both 3,000 and 
10,000 Ib. were utilized. However, no significant 
difference in drug-release patterns was observed from 
tablets of differing density. This observation has 
been confirmed by Huber and Christenson (6). 


The techniques, equipment, and composition of 
the solvents used to measure drug release from both 
the single face of a tablet and whole tablets were 
previously described (3). Flat-faced tablets of 1.11 
cm. (7/1( in.) diameter, weighing 300 mg., were used 
in all experiments. In  cases where the drug concen- 
tration was altered or where diluents were added, the 
polymer concentrations were increased or decreased 
to produce a 300-mg. tablet. 


Two-layer tablets were prepared for some experi- 
ments in which the inner layer contained drug and 
the outer layer was a placebo. This was accom- 
plished by lightly pretamping the drug layer initially 
placed in the die, adding the placebo granulation, 
and then compressing the combined granulations. 
Drug Release from Gels-Predetermined amounts 


of drug, diluent, and hydroxypropyl methylcellulose 
90 HG, 15,000 or 25 cps. were added t o  a tared 
beaker. Approximately 10 ml. of boiling water was 
added with careful stirring, ensuring complete dis- 
persion of the gum and either dispersion or solution 
of the drug and diluents. Care was taken to  ensure 
that the stirring did not introduce air into the system. 
The beaker was then covered with plastic wrap and 
placed in the freezer compartment of a refrigerator 
for 15 min., after which time the plastic wrap was re- 
moved and the total weight of the beaker and con- 
tents recorded. From these values an accurate 
calculation of total water content was made, thereby 
determining the exact gel concentration. At this 
time the gel was completely transparent and con- 
tained no air bubbles. 


The density of the gel was measured by weighing 
a quantity of hydroxypropyl methylcellulose 90 HG, 
15,000 cps. into a tared graduate having a ground- 
glass stopper. Approximately 10 ml. of boiling 
water was then added to the graduate and the con- 
tents stirred gentlyand cooled. From the finalweight 


E- 12 


Fig. 1-Sketch of the diffusion cell used to measure 
drug-release rates from a fully hydrated polymer 
matrix. K e y :  1 ,  hydrated gel; 2,  Gelman mem- 
brane; 3, Kel-F gasket; 4 ,  Kel-F tubing; 5, Tygon 
tubing; 6, to Beckman $ow cell; 7, from Beckman 
$ow cell; 8, solvent; 9, stirring rod; 10, magnetic 
stirrer; 11, inlet for water jacket; 12, outlet for water 


jacket. 


and volume of the gel, the density was calculated. 
This figure was used to determine the w/v yo drug 
in the gel. 


The gel was forced into the internal cylinder of 
the diffusion cell, a sketch of which is shown in 
Fig. 1, and cut so that it was flush with the bottom 
of the tube. A precut Gelman Acropor membrane, 
type AN-3000, pore size 3.0 p, and 85yo porosity (7) 
was placed over the exposed gel and kept firmly in 
place by an 0.31-cm. (l/&-in.) gasket composed of the 
same Kel-F material. A thin film of silicone grease 
was applied to the external walls of the inner tube 
and the tube and gasket forced (telescoped) into the 
outer sleeve of polymer material. The cylinders 
were designed to ensure a tight fit in order to prevent 
any water seepage between the walls. The inner 
tube was then corked to prevent any water evapora- 
tion and the entire cell secured in a jacketed beaker 
containing 125 or 300 ml. of water maintained a t  37'. 
The volume of solvent was varied, depending on the 
concentration and absorbancy of the drug being 
studied. The water level was maintained just above 
that of the gel plug. The beaker rested on a mag- 
netic stirrer, and a stirring bar was rotated in the 
beaker at a rapid rate in order to ensure adequate 
mixing. The release medium was cycled through the 
flow cell of the spectrophotometer and a continuous 
recording of the drug release obtained. 
Analysis of Results-In applying the Higuchi 


model to release of drug from a compressed hydro- 
philic matrix, water penetration is visualized as a 
front moving into the tablet, hydrating the polymer, 
and dissolving the active material, which then dif- 
fuses out through the swollen matrix. If the drug 
has limited water solubility such that  i t  has not 
completely dissolved when the polymer is hydrated, 
then diffusion will commence from a saturated solu- 
tion. The expression describing drug release from 
the single face of a tablet would be (4) 


p, wr = S [ D'eCs ('7 &- - .6)]"' (Eq. 1) 
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Further investigation showed that a portion of the 
standard tablet containing 14.4% of the tablet mass 
swelled to a volume of 4.34 times that of its original 
volume. The estimated value of 2Wo/V in Eq. 1, 
considering the swelling of the hydrated portion of 
the tablet, is 0.074 g./nil. in a 16.6y0 chlorphenir- 
amine maleate tablet. This is much smaller than C, 
(0.615 g./niI.), therefore, invalidating the application 
of Eq. 1 for the more water-soluble drugs. 


If Eq. 2 applies in this situation, one would also 
expect a linear relationship as the concentration of 
drug is increased. all other parameters remaining 
constant. However, the S/V(D' )1 /2  term is subject 
to variation as the drug-to-polymer ratio is increased. 
The surface-to-volume ratio would be a function of 
the extent to which the polymer swells on hydration 
and its resistance to attrition. That the hydroxy- 
propyl methylcellulose 90 HG, 15,000 cps. resists 
attrition under the conditions of measurement is 
indicated by the linear P* relation observed a t  even 
5: 1 drug-to-polymer ratios. No significant differ- 
ence in the surface-to-volume ratio was observed at  
the different polymer levels studied. The diffusion 
coefficient, being a function of the drug concentra- 


where W, is the amount of drug released in time 1. 
14'0 is the dose of the drug, S is the effective diffu- 
sioiial area, V is the effective volume of the hydrated 
matrix, C, is the solubility of the drug in the release 
medium, E is the porosity of the hydrated matrix, 
and D' is the apparent diffusion coefficient of drug in 
the hydrated matrix. The following expression 
relates D' to the actual diffusion coefficient, D, of 
the drug in the release medium: D' = D / T  where T 
is the tortuosity of the hydrated matrix. 


If the drug has completely dissolved when the 
matrix is hydrated, then the following expression 
should apply (5): 


J f  the assumptions made in the derivation of Eqs. 
1 and 2 hold for measurements of drug release from 
compressed hydrophilic matrices, the right-hand side 
of these expressions should be constant. The ex- 
perimental conditions were established so that drug 
release was measured in a near-perfect sink, since the 
concentration in the release medium was insignificant 
compared to that in the tablet. I n  addition, the 
percent drug released was significantly less than 30% 
of the initial dose, conforming to the restrictions 
placed on Eq. 2 by Higuchi (5). However, the S 
and V terms are larger than the corresponding sur- 
face area and volume of tablet prior to immersion 
in the solvent, owing to swelling of the matrix when 
hydrated. 


Experimental data in the form of absorbance 
readings were fitted to a linear function of t l l a  using 
the least mean squares criterion. Absorbance read- 
ings at 34 time intervals were obtained over a period 
of 115 min. for this purpose. The slopes computed 
in absorbance units were converted to moles/min.1'2 
using appropriate conversion factors. The variance 
observed for the slopes in all cases analyzed never 
exceeded 2% and generally were less than 1% of the 
slope values, indicating excellent linearity. 


Although Eqs. 1 and 2 predict a zero intercept, 
small negative intercepts were observed in all cases, 
including both measurements of release from the 
tablets and gels. This was attributed largely to 
failure of the systems to immediately attain the state 
of diffusion described by Eqs. 1 and 2. 


RESULTS AND DISCUSSION 


Effect of Drug Concentration-Figure 2 shows 
square root of time plots for representative runs of 
sodium salicylate, benzocaine, and benzoic acid used 
as the drug contained within the hydroxypropyl 
methylcellulose 90 HG, 15,000 cps. polymer matrix. 
Although the solubilities of all the drugs tested vary, 
their rates of release were apparently linear with thc 
square root of time. 


I n  the previous publication (3) i t  was noted that a 
plot of the slopes of the lines obtained as  a function of 
the dose of chlorpheniraniine maleate in the tablet 
was linear up to  a 25% concentration of the drug. 
This is reproduced in Fig. 3 along with sodium 
salicylate data. The conclusions drawn in that 
publication suggesting that  Eq. 1 applies to this 
system were in error. Equation 1 was derived 
assuming ( WO/ V) >> C,. In  the case of chlorphenir- 
amine and sodium saliryla te, however. C, is greater 
than Wo/V. 


(1IME)n. MH. 


Fig .?-Drug release as a function of the square root 
of time from a hydroxypropyl melhylcellulose .90 HG. 
15+Olx) cps. lablet matrix. K e y :  @, benzoraine 25%) 
w/w;  m, sodiiim salicylate 8.3% w / w ;  A. henzoic 


acid 33(% w / w .  
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;i 5.0 
A 4.0 
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Fig.  .?-Rates of drug release in water as a function oJ' 
drirb concentration in a hydroxypropyl rnelhyylcellulost. 
.Wj H g .  15,OOO cps. tablet matrix. Key: a, sodium 


salicylute; @, CPM.  
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tion, decreases as the concentration is increased (8). 
Therefore, the positive deviation in linearity shown 
in Fig. 3 must be the result of a change in tortuosity 
of the hydrated polymer. The tortuosity of a gel 
is an inverse function of polymer concentration (9); 
therefore, as the drug is increased beyond the 25% 
level, one could expect 7 to decrease significantly. 
At the lower drug concentrations, 7 remains essen- 
tially constant. Hence, linearity is apparently 
maintained, and the results conform with those pre- 
dicted from Eq. 2. 


The plot of W,/t1'2 versus WO for sodium salicylate, 
Fig. 3, shows a similar relationship to that for 
chlorpheniramine maleate except that deviation ap- 
pears to occur at lower drug content. The greater 
apparent effect of sodium salicylate in decreasing the 
tortuosity of the gel may be due to the greater ability 
of sodium ion, compared to  the chlorpheniramine 
ion, to dehydrate the polymer. 


The effect of concentration of benzocaine and 
benzoic acid can be seen in Fig. 4. This result is 
predicted by Eq. 1. Since the C, term is very small, 
i e . ,  1.2 X 10-3 g./ml. at 37" in the case of benzo- 
caine, Eq. 1 reduces to: 
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0 5 10 15 
(Wo)I /a  mg. 


Fig. 4-Rates of drug release from 0.3-g. lablets as a 
function of the square root of Wo assuming the effective 
volume of the matrix is constant. Key:  m, beneo- 


caine; a, benzoic acid. 


4.000, I I I I 1 


u 
8.3 16.6 25.0 33.3 


W.(Ye WIW)  


Fig. 5-Rales of drug releuse a s  a junction of chlor- 
phenirumine concentration i n  (I hydroxypropyl methyl- 
1-ellulosp .90 HG* 15,000 cps. tablet matrix at p H  1.5. 


A linear relationship should be observcd if drug- 
release rate ( Wv/t'/g) is plotted versus ( UO)"* assum- 
ing that S/V/* is constant. This is apparently a 
correct assumption since Fig. 4 shows such linearity. 


Limited data were obtained in the case of benzoic 
acid due to the low degree of sensitivity found in the 
assay for benzoic acid. The concentrations of  the 
solutions obtained from tablets containing less thaii 
25% by weight of benzoic acid were not high enough 
to give acceptable absorbance readings. 


A plot of drug-release rates for tablets with varying 
concentrations of chlorpheniramine maleate in a pH 
1.5 medium is shown in Fig. 5. Comparison of these 
results with those shown in Fig. 3, where water was 
the solvent, showed a deviation from linearity a t  a 
lower drug level. Deviation occurred after 16.6% 
w/w of drug in 0.1 N HCI in comparison to  25s'; 
w/w of drug in water. These results are under- 
standable if, in addition to the decrease in tortuosity 
due to  the dissolution of drug in tablets with high 
drug levels, consideration is given to  the additive 
effect of lowered viscosity introduced by protonation 
(3). In  the acid medium the tortuosity has been 
lowered by both the decreased viscosity of the gel 
due t o  less tightly bound water molecules and the 
effect of drug dissolution. 


Effect of Diluents-The effects of the addition of 
the water-soluble diluent lactose, and the water- 
insoluble diluent tribasic calcium phosphate, t o  
16.6y0 by weight chlorpheniramine maleate in a 
hydroxypropyl methylcellulose 90 HG, 15,000 cps. 
matrix (to be referred to as the standard tablet) can 
be seen in Fig. 6. The increase in specific release 
rates was similar for both diluents up to the addition 
of 33% by weight of diluent. At a dilution level of 
50%, however, a marked divergence occurred which 
was accentuated at the 66.6% level. 


The observed divergence can be explained by the 
difference in solubility of the diluents and their subse- 
quent effects on the tortuosity factor. As the water- 
soluble diluent dissolved, it diffused outward and 
decreased the tortuosity of the diffusion path of the 
drug. On the other hand, the tricalcium phosphate 
did not diffuse outward, but rather became entrapped 
within the matrix and effected an increase in release 


4.0r----l 


0 
16.6 33.3 50.0 66.6 83.2 


DILUENT ( X W / W )  


Fig. 6-Efjects of addition of tablet diluents on the 
rate of chlorpheniramine maleate release from a 
hydroxypropyl methykellulose 90 HG, 15,000 cps. 
tublet mafrzx. K e y :  A, lactose; a, tricalcium phos- 


phate. 
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TABLE 11-DRUG RELEASE FROM HYDROXYPROPYL METHYLCELLULOSE H G  15,000 cps. TABLET MATRICES 
PROM VARIOUS SOLVENTS AND TEMPERATURES 


7- w7/t1/---, 


CPM 16.6 Water 1.05 1.16 1.24 
CPM 16. 65 Water 1.48 1.83 2.22 
Benzocaine 8 . 3  Water 0.43 0.47 


% Drug (Moles/Min.'/2) X 106 
Drug (w/w) Solvent 2 5 O  370 600 


CPM 16.6 0.15 M NazSO4 0.93 0.95 m 


CPM 16.6 0.20 M Na2SOn 1.06 m 
CPM 16.6 0.1 NHCI 1.38 1.40 1.66 


The tablet base had 33.3% w/w lactose in addition to the polymer 


of drug only by the fact that its presence necessarily 
decreased the gum concentration. 


Further evidence for these conclusions was ob- 
tained when the hydrated portions of the following 
three tablets mentioned were removed from the 
tablet after 2 hr. of exposure to the solvent, weighed, 
dried, and the residue reweighed. Measurements 
were made in triplicate. The results for the stan- 
dard tablet were 11.8 f 0.4% residue, 8.0 f 0.8% 
residue, for the tablet containing an added 16.6% 
lactose and for the tablet with 16.6y0 tricalcium 
phosphate 9.5 + 0.79; residue. These results were 
consistent with the fact that a lower concentration 
of polymer produced faster drug release, and the 
addition of a soluble diluent acted to further increase 
release due to its dissolution and, therefore, complete 
elimination from the matrix. 


Effect of Temperature-The experimental results 
summarized in Table I1 show the expected increase 
in release rate of all drugs tested as the temperature 
was increased. 


For systems governed by Eq. 2, only the diffusion 
coefficient and the tortuosity term should be affected 
by an increase in temperature. Furthermore, if the 
work by Longsworth (10) on the temperature de- 
pendence of diffusion coefficients in aqueous solu- 
tions is considered, the diffusion coefficient for mole- 
cules of somewhat similar properties to those of the 
drugs used here appears to increase by about 33% 
when the temperature is raised from 25 to 37". 
Since Wr/t112 is proportional to  DLI2, a 15% increase 
in slope measured at 37" over that measured at  25" 
would result. A less than 33% increase in the 
diffusion coefficient would be expected when the 
temperature is raised from 37 to 50" since an 
Arrhenius-type relationship with temperature should 
be observed. A 10% increase in slope is observed 
from 25 to 37" and a iyo increase from 37 to 50" 
for the standard tablet. The apparent diffusion 
coefficient would appear to have a smaller tempera- 
ture dependence than the bulk diffusion coefficient. 
However, an increase of over 20yo in the slopes is 
observed when lactose is substituted for polymer. 
This must be attributed to  a signscant temperature- 
induced decrease in tortuosity. 


In the case of an insoluble drug in suspension 
which would be characterized by Eq. 2 in addition 
to the diffusion and tortuosity terms, the solubility 
term (C.) is also increased. Although the relative 
increase in release rate observed for benzocaine is 
very similar to that observed for chlorpheniramine 
maleate, this does not seem contradictory if con- 
sideration is given to the fact that C. is very small. 
The solubility of benzocaine is 9 X 10-4 g./ml. a t  
25" and 1.2 X g./ml. at 37", both values being 
negligible in comparison to 2Wo/V (0.37 gJm1.). 


I t  is of interest to note the effect of increased 
temperature on release of chlorpheniramine maleate 
from hydroxypropyl methylcellulose 90 HG, 15,000 
cps. tablets into 0.1 N HC1 (Table 11). I n  relation 
to this experiment, i t  has been shown that as the gel 
point is approached, small increments of temperature 
produced greater changes in viscosity than at lower 
temperatures (11). Therefore, since the gel a t  25' 
has already been disoriented, as indicated by the 
30y0 increase in release rates over that for water, an 
increase in temperature to 37' showed a small effect. 
On the other hand, the change from 37 to 50' brought 
the matrix much closer to its gel point a t  which 
temperature-induced discontinuities and diminished 
tortuosities became exaggerated. These results il- 
lustrate the similarity between temperature, salt, 
and pH effects on the hydroxypropyl methylcellulose 
90 HG, 15,000 cps. matrix. 


Extremely rapid release of chlorpheniramine 
maleate was observed within minutes after the stan- 
dard tablet was placed in 0.2 M solutions of either 
sodium or magnesium sulfate at 37' (Table 11). As 
was reported previously (3), a noticeable elongation 
of the tablet was observed, similar in appearance to 
a "gum drop." This same effect was duplicated by 
immersing a similar tablet into water held a t  a tem- 
perature (95") above the gelation point of hydroxy- 
propyl methylcellulose 90 HG, 15,000 cps. which 
was reported to be 85" (12). As the gel point for a 
polymer of this type is reached, the bound water 
molecules are removed from the hydration shell. 


When the concentrations of both salts reached 
0.2 M ,  hydration of the polymer along with almost 
instantaneous dehydration of the formed gel pro- 
duced a solid aggregation of polymer particles with 
massive discontinuities and no inhibition for out- 
ward diffusion. The effect is similar to that of 
decreasing the gel point of the polymer to 37" by 
aiding the withdrawal of water from the gelled 
matrix with the use of dissolved electrolytes. Proof 
of this conclusion was shown by running an experi- 
ment in 0.2 M NatS04 at 25" and obtaining a normal 
release pattern with no gum drop effect. As can 
also be seen in Table 11, a similar effect was observed 
in 0.15 M NazSOa solution. Whereas 37" was a 
sufficient temperature to reach the gelation point in 
0.2 M salt solutions, 50" was necessary in 0.15 M 
solutions. 


Effect of Polymer Type-Hydroxypropyl methyl- 
cellulose 90 HG, 25 cps. was chosen for investigation 
in order to determine the effect of polymer molecular 
weight on drug release. Initially, this tablet was 
positioned so that its surface was set flush with the 
edge of the Kel-F holder. A plot of absorbance 
versus the square root of time for a 16.6% by weight 
chlorpheniramine tablet showed linearity for ap- 
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Fig. 7-Release of chlorpheniramine maleate from a 
hydroxypropyl methylcellulose 90 HG, 25 cps. tablet 
matrzx. Key :  a, planar tablet surfare placed Jush 
in holder; ., planar tablet surface reressed in holder. 
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Fig. 8-Drug release from various compressed poly- 
mer matrices. K e y :  0,  CPM from polyvinylpyr- 
rolidone; A~ sodium salicylate from sodium carboxy- 
methylcellulose; 1, CPM from methylcellulose MC,  
4,000 cps.; +, C P M  from sodium carboxymethylcellu- 


lose; - , CPM from lactose. 


proximately 25 min. An upward deviation from 
linearity was observed at later times as can be seen 
in Fig. 7. When this same tablet was recessed in 
the Kel-F holder and the assay procedure repeated, 
the drug release pattern was shown to remain linear 
with the square root of time for the entire 115-min. 
time period. 


In the former case, hydration of the lower molec- 
ular weight polymer occurred rapidly, and the gum 
resisted attrition for the first 25 min. After this 
period, significant erosion of the surface due to  the 
convective movement of the solvent past the tablet 
was observed. The eroded particles exposed greater 
surface area for drug release, resulting in a progres- 
sive increase in release rate. When the tablet was 
recessed 0.15 cm. in the holder, convection main- 
tained the hydrated layer within the boundary of 
the holder. 


Figure 8 shows the release of chlorpheniramine 
maleate from a tablet where lactose, polyvinylpyr- 
rolidone, methylcellulose MC, 4,000 cps., and sodium 
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carboxymethylcellulose had been used as the tablet 
matrix. The tablets contained 16.6% by weight of 
drug in all cases, and the release of drug maintained 
linearity when plotted against time a t  37’. 


Lactose served as a base line for a matrix which 
undergoes simple dissolution. The very water-solu- 
ble polyvinylpyrrolidone forms a hydrated layer that 
is very susceptible to attrition. The drug-release 
rate from this tablet was slightly less than that of 
lactose but by such a small degree as to indicate the 
formation of a hydration layer of minor significance. 


The release of chlorpheniramine maleate from a 
methylcellulose MC, 4,000 cps. matrix was slower 
than that from the polyvinylpyrrolidone matrix but 
still maintained a straight-line relationship with 
time. The retarding action can be directly at- 
tributed to the formation of a hydration layer by 
this polymer. This hydration layer, however, did 
not resist attrition and remain intact. The MC 
variety of polymer is less hydrostable than the 
hydroxypropyl derivative. Consequently, attrition 
becomes more important than diffusion; the hy- 
drated layer dissolved away almost as  rapidly as i t  
formed. Recessing this tablet did not alter its linear 
release pattern but merely reduced the slope slightly. 


When the sodium carboxymethylcellulose tablet 
was removed from the flow cell, it was found to be 
misshapen and had the distinctive gum drop appear- 
ance. The outer area of the hydrated portion was 
clear and showed greater continuity than had been 
found in the previous two cases. When a tablet 
containing 16.6% by weight of sodium salicylate was 
analyzed, the same linear relationship with time was 
observed, although a more rapid release was apparent 
(Fig. 8). The significantly higher release rate of 
sodium salicylate as compared to  chlorpheniramine 
maleate from the carboxymethylcellulose matrix 
shown in Fig. 8 indicated that the latter drug inter- 
acted with the polymer. Since sodium salicylate 
was an anionic drug, interaction with sodium 
carboxymethylcellulose was not likely, while com- 
plexation of chlorpheniramine maleate could be ex- 
pected with the polymer on the basis of the work 
performed by Kennon and Higuchi (13). 


It appears that the polymer which forms the 
hydration layer least susceptible to erosion and dis- 
solution will show the greatest retarding action on 
drug release. If the hydrated layer remains intact, 
the drug diffuses through that layer, and the release 
pattern is linear with the square root of time. If 
the hydrated layer does not maintain its integrity, 
the release of drug will be linear in relation to time 
as is expected from a system of constant surface area 
subject to dissolution in a perfect sink. 


Another polymer material used as a tablet matrix 
was carpolene. The advantage of this acidic poly- 
mer, as stated by Mayron (14), was that the polymer 
did not dissolve or hydrate in gastric juice but was 
neutralized and became water dispersible in the in- 
testinal tract. The result of the neutralization was 
proported to  increase the rate of release of the drug. 
I n  this study of carpolene rapid and continued release 
of chlorpheniramine maleate was obtained in 0.1 N 
HC1 throughout the 115-min. period of analysis 
(Fig. 9). The decreased release rate observed in 
pH 7.5 buffer could be attributed to the increased 
gelation of the polymer in an alkaline media and 
interaction of the cationic chlorpheniramine with 
the polymer. The pKa of carpolene is 6.6 (15); 
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therefore. the polymer is almost completely dis- 
sociated at pH 7.5. 


The rapid release of sodium salicylate in contrast 
to the slow release of chlorpheniramine maleate ob- 
served in water (pH = 5.5) indicated that the latter 
reacted with the polymer. Precipitation of a car- 
polene complex with chlorpheniramine was observed 
when the polymer was added to an aqueous solution 
of the drug. 


Barrier-Layer Effect on Drug Release-Figure 10 
shows the release of chlorpheniramine maleate from 
a standard tablet and a standard tablet with a 25- or 
50-mg. barrier layer of compressed hydroxypropyl 
methylcellulose 90 HG, 15,000 cps. on its surface. 
The quantity of drug released after 115 min. for 
the tablet with the 25-mg. barrier layer was 18% of 
that which was observed with the standard tablet. 
I n  addition, a time lag of 2.2 min. was noted before 
drug appeared in the solvent. The release curve was 
linear with time rather than with the square root of 
time. The tablet with a 50-mg. barrier layer showed 
slower drug release than the tablet with the smaller 
barrier layer. The time lag was approximately 5 
min. for this tablet. The delay in the observance of 
drug release is clearly due to the time required for the 
water to pass through the barrier layer and then for 
the dissolved drug to pass back through this partially 
hydrated layer. This delay also accounts for the 
apparent zero-order release rate. The drug is not 
depleted very rapidly from the barrier layer; there- 
fore, this layer acts as a "buffer" zone of constant 
concentration and area. Since this is the case, the 
concentration gradient does not change, and a zero- 
order release rate is observed. Deviation from zero- 
order release should be subsequently observed. The 
rate will ultimately decrease as drug is depleted from 
the core. 


The 2-min. delay before drug release is observed 
as  an indication of the time required for the water to 
penetrate the additional thickness provided by the 
barrier layer. A thickness of the standard tablet 
equivalent to the barrier layer contained about 4 mg. 
of chlorpheniramine maleate. Since only 4.7 mg. 
of drug is released from this tablet after 115 min. 
under standard conditions, i t  appears that the pene- 
tration of water into the tablet is not the rate-deter- 
mining step for drug release. 
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Fig. 10-EJect of a barrier layer on chlorpheniraminc~ 
maleate release from the planar surface of a standcird 
tablet. K e y :  0, standard tablet; A, 25-mg. barrier 


layer; U, 50-mg. barrier layer. 


Another indication that water penetrability is not 
the rate-determining step is shown by Higdon and 
Robinson (16) whose calculation of the diffusion 
coefficient for water through an 8% sodium carboxy- 
methylcellulose gel was 2.06 X 10-6 cm.*/sec. A 
value for the diffusion coefficient of benzoic acid was 
given by Higuchi et al. (17) as 1.1 X 10-6 cm.*/sec. 
Therefore, the diffusion coefficient of water in the 
polymer is about twice the value of a typical drug 
investigated in this study. 


Diffusion Measurements from a Hydrated Poly- 
mer-The objective in making di&sion measure- 
ments in a fully hydrated hydroxypropyl methyl- 
cellulose 90 HG, 15,000 cps. polymer gel was to 
establish that diffusion was the controlling mecha- 
nism in drug release from the tablet. If the diffusion 
coefficients of the drugs used in this study could be 
obtained, then by substitution into Eqs. 1 and 2, it 
would be possible to confirm the application of these 
equations to  drug released from the plane surface of a 
tablet matrix without attrition. 


The data obtained are summarized in Table 111. 
Drug-release rates from a fully hydrated polymer 
gel were evaluated for all the drugs used in the tablet 
study. The relative effects were similar to  those 
observed with tablets. 


Since W,/tl'* equals the slope obtained from this 
particular system, the following equation may he 
used to  calculate the apparent diffusion coefficient of 
water-soluble drugs in the gel. 


where Co is the initial concentration of drug in the 
gel in moles/ml. The cross-sectional area of the 
diffusion cell was 0.094 em.*. The Gelman mem- 
brane had a porosity of 85%; hence, the actual 
diffusional area (S) was 0.59 cm.z. 


Extrapolation of a plot of D' as a function of 
polymer concentration indicated an approximate 
diffusion coefficient for chlorpheniramine maleate of 
8 X 10" cm.* sec.-I, which seemed reasonable for 
:L molecule of its molecular weight. Approximate 
diffusion coefficients and tortuosities were calculated 
using this value and are listed in Table 111. 


The relative values of the experimentally observed 
relvase rates for the soluble drug are understandable 
in terms of 7 values obtained for each diffusion 
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TABLE 111-DRUG RELEASED FROM A FULLY HYDRATED HYDROXYPROPYL METHYLCELLULOSE 90 HG 
MATRIX IN WATER AT 37' 


Drug 
CPM 


CPM 
CPM 
CPM 
CPM 
CPM 
CPM 
CPM 
CPM 


(moles (cm.2 
% Drug '% min.-'/2 sec.-l 


Polymer (w/w) Polymer c m . 3 )  X 109 7 


Viscosity grade, cps. 
15,000 5 .27  2 . 6  3.26 5.37 1.49 
15,000 5.35 5 . 4  2.65 3.45 2.32 
15.000 5.34 8 . 0  2.34 2.69 2.97 
151000 
15,000 
15,000 
15,000 
15,000 
15.000 


CPM 15; 000 
Sodium salicylate 15,000 
Benzoic acid 15, Ooo 
Benzocaine 15,000 
CPM 25 
CPM 
CPM 


25 
25 


5.28 10.6 2.02 2.04 3.92 
5 3 4  16.7 1-68 1.40 5.70 _ -  
2.73 10.9 i . i 3  2.55 3.92 
4.08 10.9 1.55 2.07 3.92 
5.28 10.6 2.02 2.04 3.92 
6 .47  10.3 2.43 1.94 3.92 
7.99 10.7 2.95 1.89 3.92 . _. . . 
5.35 10.7 7.54 4.68 3.92 
5.20 10.4 5.37 14.66 3.92 
5.20 10.4 5.48 0.94 - 
5.23 10.5 2.24 2.53 3.16 
5.22 15.7 1.73 1.50 5.33 
5.37 21.4 1.62 1.29 6 . 2  


D 
(cm.'! 
sec. - 1  


x 1W) 


8 . 0  
8 . 0  
8 . 0  
8 . 0  
8 . 0  


10.0 
8 .1  
8 . 0  
7 . 6  
7 . 4  


18.3 
57.5 


8 . 0  
8.0 
8.0 


- 


measurement. An increase in the polymer con- 
centration showed a corresponding increase in 
tortuosity for the same concentration of drug. If 
the T value is assumed to be independent of drug 
concentration, the data indicate an overall decrease 
in diffusion coefficient of about 257, as the chlor- 
pheniramine maleate concentration is increased from 
2.7 to 8%. In  addition, the lower expected tortuos- 
ity of the 25 cps., as compared to the 15,000 cps. 
hydroxypropyl methylcellulose 90 HG, was con- 
firmed. 


An approximate diffusion coefficient of 18.3 X 
cm.% sec.-l at 37' was indicated for a 5.35% 


sodium salicylate solution. This value compares 
favorably with the value reported by Desai et el. 
(18) which was 10 X cm.a sec. at 30' for a 6.8% 
solution. 


The following form of Eq. 1 was used to calculate 
the apparent diffusion coefficients of the insoluble 
drugs in the gel. 


The diffusion coefficient of benzoic acid, estimated 
using the 7 value which characterized a 1 0 - l l ~ o  gel, 
is too large. Higuchi et al. (17) report a value of 
11.1 X a t  30'. This suggested that the T 


values characterizing release of benzoic acid and 
benzocaine from the gel were close to unity. This 
did not seem unreasonable when the length of the 
diffusional path was considered. A greater amount 
of drug is concentrated in the surface layer of the gel 
in the suspension case. I n  the same 2-hr. period, 
molecules diffusing from a suspended solid phase 


had a much shorter distance to  travel and, therefore, 
a less tortuous path than molecules diffusing from a 
solution. It is also reasonable to assume that as 
the concentration of the solid phase is increased, the 
tortuosity value should be progressively lowered. 


The estimated diffusion coefficient of benzocaine, 
9.4 X 10-7, is too low and cannot be considered the 
true diffusivity for this drug. Since benzocaine is 
very insoluble, solution of the drug at the gel inter- 
face becomes the rate-determining step rather than 
diffusion of the drug through the gel matrix. There- 
fore, the apparent diffusion coefficient is in error. 


Correlation of Diffusion Data with Drug Release 
from a Tablet-Apparent diffusion coefficients 
derived from gel-diffusion measurements were sub- 
stituted in Eqs. 1 and 2 and theoretical drug-release 
rates from hydroxypropyl methylcellulose 90 HG, 
15,000 cps. compressed matrices calculated. The 
dry-tablet volume was 0.311 ml. for the standard 
tablets. Analysis of the swollen portion of a tablet 
showed that the polymer matrix swelled 4.3 times 
its original volume during the 2-hr. test period. 
The surface-to-volume ratio of the hydrated tablet 
was assumed constant during the course of the 
experiment and the lateral swelling of the tablet was 
ignored. The S term, or the effective diffusional 
area calculated on a dry basis of flat face, was 0.98 
cm2.  A standard tablet recessed 0.15 cm. in the 
holder so as to prevent lateral swelling, yielded a 
10% lower slope than a tablet that was not recessed. 
The apparent diffusion coefficients estimated in 
10.4-10.770 polymer gels were substituted in Eqs. 1 
and 2. An average value of 11.8 f 0.6% polymer 
was obtained when the hydrated portion of a stan- 


TABLE IV-COMPARISON OF THE RATES OF DRUG RELEASE FROM THE PLANAR SURFACE OF A COMPRESSED 
HYDROXYPROPYL METHYLCELLULOSE 90 HG 15,000 cps. MATRIX WITH THE THEORETICALLY 


PREDICTED VALUES 


Theoretical Actual 


Drug 
CPM 
Sodium salicylate 
Benzoic acid 
Benzocaine 


Release Release 
'% Drug (W,/P'*) ( W . / W  


in Tablet moles/min. 112 moles/min.'/' 
(w/w) D' X 10s x 1w x 10s % Theory 
16.6 2.04 1.13 
16.6 4.68 4.44 
33.0 14.66 6.06 
16.6 0.94 0.42 


1.16 103 
4.85 109 
4.38 72 
0.47 112 
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dard tablet after a 2-hr. assay was removed, dried, 
and weighed. This polymer concentration will vary, 
however, depending on the drug or diluent content. 
Some actual and theoretical release rates are sum- 
marized in Table IV. 


The actual drug-release rates obtained from the 
tablet containing 16.6% chlorpheniramine maleate 
and sodium salicylate came within 3 and of 
theory, respectively, as  calculated by Eq. 2 .  The 
theoretical value for benzocaine was 12% of the 
experimental value, while in the case of benzoic acid, 
a 28y0 faster release rate was predicted than was 
observed. This deviation reflects the high D‘ value 
calculated for benzoic acid. The agreement between 
actual drug-release rates and theoretical values 
appears to  confirm the fact that diffusion is the 
major factor in determining drug release from a 
planar surface of a tablet prepared from a hydroxy- 
propyl methylcellulose 90 HG, 15,000 cps. matrix. 


Although the theoretical values predicted by 
Eq. 1 for insoluble drug systems are in good agree- 
ment with the actual values obtained, the error 
encountered in determining diffusivity must limit 
any conclusions that might be drawn. 


Drug Release from Whole Tablets-The results 
obtained when drug release from a plane surface of a 
standard tablet was analyzed for 5 hr. showed 
linearity for the entire run (Fig. 11) when percent 
total drug released was plotted versus the square root 
of time. This established that an intact hydrated 
layer was maintained over this period of time; 
therefore, diffusion was the most important factor 
contributing to the rate of drug release in this sys- 
tem. However, when release from a whole tablet 
was analyzed rather than from a plane surface, 
linearity was not maintained, since other factors 
influenced the drug-release rate. 


In  Fig. 11 plots of percent of total drug released 
versus the square root of time show the release of 
chlorpheniramine maleate from the whole standard 
tablet. The release pattern in 0.1 N HCI is also 
shown together with drug release from a similar 
tablet containing 33y0 by weight lactose as a diluent 
in addition to the drug. I t  can be seen that the 
standard tablet showed a linear relationship for 
approximately 100 min., after which time there was 
a positive deviation. If diffusion were the only 
factor involved in drug release from the tablet, 
linearity would have been maintained as in the 
release from the plane surface.3 


Attrition of the tablet surface accounts for the 
positive deviation. If attrition is considered to be 
the wearing away of the external surface of the 
hydration layer, the eroded material will go into 
solution quickly and provide drug in addition to that 
already available from diffusion. 


When the standard tablet was exposed to  0.1 N 
HCI, the drug-release rate was faster than that 
observed in water. The tablet containing lactose 
showed release of drug to be somewhere in between 
that for the water and acid. These results are simi- 
lar to those obtained in the flow cell. A whole 
tablet containing tricalcium phosphate was also 


a Higuchi (4) has described a theoretical treatment of drug 
release from a spherical pellet of a homogeneous matrix. He 
concluded that for the first 50% of release there should be 
no deviation between a sphere and a plane of the same area. 
Thereafter, the rate of release would be less from a sphele. 
‘The swollen standard tablet maintained essentially cylindri- 
m l  geometiy under the conditions of measurement. 


8 


75.0 7 


ITIME)”~ MIN 


Fig. 11-Chlorpheniramine maleate release from a 
whole tablet. K e y :  1, hydroxypropyl methylrellulose 
90 HG, 25 cps.; m, standard tablet an pH 1.5 solution; 
A, 33.3% w / w  of polymer replaced with lartose in the 
standard tablet; 0,  standard tablet an water; 0, 


planar surface of a standard tablet. 


28 


s 12c 


4 


a 
OO 


TIME, MIN 


Fig. 12-Difference between the linear extension of 
the drug plot versus t l / p  and the actual drug release 
from a whole tablet. K e y :  0,  hydroxypropyl methyl- 
cellulose 90 HG, 25 cps.; A, hydroxypropyl methyl- 


cellulose 90 HG, 15,000 cps. 


evaluated in this manner but is not graphically 
illustrated. The release of drug was faster in this 
tablet than the standard, but this could not be 
numerically evaluated due to the diluent producing 
opacity in the circulating media. This was not en- 
countered in measurements from plane surfaces. 
Therefore, the fact that attrition of the hydrated 
layer is important in determining release from the 
whole tablet was confirmed. 


The difference between the linear extension of the 
drug release plot versus t1’* and the actual drug- 
release data on Fig. 11 was plotted for hydroxypropyl 
methylcellulose 90 HG, 25 cps. and hydroxypropyl 
methylcellulose 90 HG, 15,000 cps. matrices. A 
straight line is obtained in both cases (Fig. 12). 
Assuming that the deviation in drug release from 
linearity is considered the result of attrition, it  is 
not possible to determine the relative contribution 
made by this factor drug release By extrapolating 
the data in Fig. 11, i t  was determined that the 
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hydroxypropyl methylcellulose 90 HG, 15,000 cps. 
matrix would release 82% of drug through diffusion 
in approximately 9.5 hr. Attrition, based on the 
slope obtained in Fig. 12, would contribute 18% drug 
at  9.5 hr. Similarly, the hydroxypropyl methyl- 
cellulose 90 HG, 25 cps. matrix would be totally 
depleted of drug after 2.8 hr. Attrition accounts for 
36% of drug release in this case while diffusion con- 
tributes the remainder. It appears from these data 
that the lower molecular weight polymer is approxi- 
mately two times more susceptible to attrition than 
the higher molecular weight species. 


The area of the planar surface of the tablet is 
0.98 cm.2. The area for the standard whole tablet 
is 3.06 cm.e. The ratio of experimental drug-release 
rates between the whole tablet and the planar sur- 
face was 4: 1, while the ratio for the dry, unhydrated 
surfaces was 3: 1. These results are not unexpected 
if the hydrated surface is considered in both cases. 
Hydration of the planar surface results in essentially 
a projection of the same area. Hydration of the 
whole tablet, however, changes the tablet diameter 
resulting in an increase in the area of the planar sur- 
face in proportion to the square of the radius. In 
addition, the increase in the circumference provides 
more area to the rim of the tablet in proportion to 
the radius. The added diffusional area resulting 
from hydration would account for the increased drug 
release observed over that expected from the un- 
hydrated surface. 


Chlorpheniramine maleate release patterns ob- 
tained from methylcellulose MC, 4000 cps. tablets 
appear to be completely dependent on attrition since 
a straight-line relationship holds when drug release 
is plotted against time. 


It would appear that since the surface of the tablet 
was diminishing, a nonlinear release rate would be 
expected. However, erosion was not uniform, and 
fragmented particles continued to add to the drug 
concentration. 
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Renal Metabolizing Activity Studied in Dog 
and Monkey by the Isolated Perfused Kidney 


By G. BENZI, F. BERTi, A. CREMA, and E. ARRIGONI 
The drug metabolizing power of the renal tissues in an isolated in sit# kidney prepa- 
ration has been evaluated in the dog and monkey. Under these experimental condi- 
tions, the kidney remained connected to the other parts of the living animal, except 
for blood circulation which was supplied by a pump-oxygenator system. The  dis- 
appearance of the tested substances (oxazepam and aminopyrine) from extracor- 
poreal blood was partially replaced by their metabolites. In  fact, both the drugs 
and the metabolites were present at different concentrations in the excreted urine 


and in the cortical and medullar renal tissues. 


the body (liver, brain, uterine-fetal complex) to 1 described for the perfusion of isolated areas of study Some of their drug-metabolizing activities, 
N PREVIOUS PAPERS (1-3) the techniques were 
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substituents should protect better and more effec- 
tively preclude interaction with a bioactive macro- 
molecule. Rationalization t, because it is a com- 
bination of a and b, also is apparently disputed. 


The fact that the N,N-dialkylamides are as 
potent as the N-monoalkylamides could be ration- 
alized as follows: (a) better distribution to the 
receptor because of the increased hydrocarbon con- 
tent, (b) a substantial amount of N-dealkylation, 
(c) increased hydrophobic interactions. Upon ex- 
amination however, rationalizations a and c must 
be discarded. for on the basis of these, N-mono- 
alkylation should not have decreased activity. It 
thus appears that N-dealkylatim may be a factor. 
If this is the case the three rationalizations previ- 
ously set forth with respect to the effect upon ac- 
tivity of mono-N-aIkylation may be valid. These 
rationalizations are consonant with a sterically ac- 
cessible amide function interacting with the bio- 
active macromolecule. The interaction possibly 
involves hydrogen bonding through the media of an 
amide hydrogen atom. 


CONCLUSIONS 


The following compounds: %ethyl-2-propyl- 
cyanoacetamide; N-methyl-2,2dipropylcyanoacet- 
amide; N-methyl-2-ethyl-Zpropylcyanoacetamide; 
N-dimethyl-2ethyl-2-propylcyanoacetamide; 2,2- 
diethylcyanoacetamide6; N - methyl - 2,2 - diethyl- 
cyanoacetamide6 ; and N-dimethyl-2,%diethylcyano- 
acetamide have been found active when subjected 
to testing by an electroshock method using rats. 
The median effective dose (EDw, mg./kg.) of each 
active drug was determined and reported. The least 
toxic and most active compounds were (EDwLDw,~ 
TI, respectively) : N-methyl-2,2-dipropylcyano- 
acetamide, 70, 450, 6.4; 2-ethyl-2-propylcyano- 
acetamide, 71, 575,S.l; 2,2diethylcyanoacetamide, 
170, I,OOO, 5.9. 


Approximate. 
6 See Footnote a, Table I. 
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Convulsive tendencies and/or lack of activity 
prevented quantification of the seven drugs: N- 
propyl-2-ethyl-Zpropylcyanoacetamide; N-propyl- 
2,Zdiethylcyanoacetdde; 1-(2- cyano - 2 - ethyl- 
butyry1)-piperidine; 1-(2- cyano - 2 - ethylvalery1)- 
piperidine; 1-(2-cyano-%ethylbutyryl)-pyrrolidme; 
1-(2 cyanoethylvaleryl) - pyrrolidine; and 4 - (2- 
cyano-2-ethylbutyryl)-mwpholine. Qualitative ob- 
servations were made and recorded. 
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Development of a Sustained-Release Aspirin Tablet 
By EDWARD H. WISEMAN and N. J. PEDERICI* 


Several sustained-release aspirin tablets, some of which are capable of attaining and 
maintaining plasma salicylate concentrations of about 30 mcg./d.  for 8 hr. after in- 
gestion from a total dose of 975 mg. aspirin are described. The design of the final 
tablet characteristics was guided by analysis of lasma salicylate concentrations in 


vim, and the rate of aspirin r&ase in  vi-. 


SUSTAINED-RELEASE product has been defined 
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drug determining its intrinsic availability for ab- 
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projected as follows. Plasma levels of 30 mcg./ 
ml. should be attained within 1 hr. after dosage 
and be maintained for 8 hr. Physical limitations 
on the tablet size dictated that total aspirin 
content should be not more than 487.5 mg./tab- 
let. The studies undertaken to design a sus- 
tained-release formulation with these character- 
istics, and to investigate the factors which deter- 
mine these characteristics, are detailed in this 
report. 


METHODS 
Preparation of Tablets-All tablets were double 


layer in composition, with aspirin incorporated into 
a restraining matrix in one layer, and aspirin and a 
cornstarch binder in the second layer. The restrain- 
ing matrix consisted of a vegetable wax, insoluble 
extenders, a water-soluble binder, and a fatty-acid 
salt lubricant. The release rate was governed by 
the ratio of the sustaining base to active ingredient, 
as well as tablet hardness. Two restraining matrices 
were investigated. 


Matrix A-Calcium phosphate (tribasic, NF;  
175 parts), talcum (USP; 25 parts), and carnauba 
wax (passing No. 30 mesh sieve; 125 parts) were 
mixed thoroughly, moistened with glucose (USP ; 
25 parts) in water, and the granulation dried at  60" 
for 2 hr. The dried granulation was powdered, and 
finally screened through a No. 30 sieve. 


Mutrix B-Lactose (USP; 125 parts), sucrose 
(USP; 125 parts), carnauba wax (passing No. 30 
mesh sieve; 75 parts), and polyvinylpyrrolidorie 
(12.5% solution; 4.5 parts) were mixed thoroughly. 
This granulation was then dried, powdered, and 
screened as for Matrix A. 


For preparation of the restraining matrix granula- 
tion, appropriate amounts of restraining matrix ( A  
or B) and acetylsalicylic acid (USP) were mixed 
with small amounts of magnesium stcarate (USP) 
and cornstarch (USP; dried) and the mixture 
slugged into 1.9-cm. slugs. The slugs were reduced 
progressively to pass finally through a No. 20 sieve. 
This granulation, thoroughly mixed with corn- 
starch (2'%), was used for the sustained layer of the 
final tablet. The instant release layer consisted of 
acetylsalicylic acid (USP) and cornstarch ( loyo). 
The tablets were made in a Stokes BB2 rotary 
tableting machine, using a capsule-shaped punch 
[(1.9cm. X 0.63 cm.) (0.75in. X 0.25in.)], thickness 
0.71 cm. (0.28 in.), to the appropriate hardness 
(8-20 kg., Pfizer tester). 
In Vitro Studies-The tablet under investigation 


was placed in one chamber of the basket of a USP 
disintegration apparatus, and the basket immersed 
in 0.1 N hydrochloric acid (500 nil.) maintained at 
37". Samples (1 ml.) of the hydrochloric acid were 
removed at varying times, filtered, and the absorb- 
ance at 295 m p ,  determined in a Beckman DU spec- 
trophotorneter. Acetylsalicylic acid concentrations 
were then determined by reference to a standard 
curve of absorbance versus concentration of known 
solutions. 
In Vivo Studies*-Healthy men who had fasted 


for 12-14 hr. ingested the tablets under investiga- 


of activity a t  the initial level for a desirable num- 
ber of hours in excess of the activity resulting from 
the usual dose of drug" (1). The advantages of 
such a dosage form are chiefly the maintenance of 
therapeutic drug concentrations without incur- 
sions into higher concentrations which may lead 
to undesirable effects, plus the convenience of less 
frequent dosage. A further possible advantage is 
the prolonging of drug action throughout sleeping 
hours without the necessity to ingest medication. 


A convenient way to achieve rapidly and then 
maintain a desired plasma drug concentration is 
to combine the active ingredient in a multilayer 
tablet consisting of a sustained-release core with 
an outer, instantly available coating. This tech- 
nique was familiar to the authors in connection 
with products containing triethanolamine tri- 
nitrate biphosphate (2), and it was desired to 
extend the process to sustaining the action of 
other therapeutic agents, for example aspirin. 


I n  the design of a prolonged action form of a 
therapeutic agent, i t  is important that the aims 
and limitations of the desired formulation be de- 
fined. For an aspirin product, the plasma salicy- 
late level required for analgesia in mild acute pain 
should be maintained for the maximum possible 
duration, within the limitation of the amount of 
aspirin which can be conveniently incorporated 
into a tablet. 


A recent careful study was conducted on the 
relief of post-partum pain with 650 mg. of aspirin 
(3). In that investigation, pain relief significantly 
different from placebo control did not appear 
carlier than 45 min. after drug administratioh, 
and did not increase in intensity after 60 min. as 
determined either by the number of patients ob- 
taining relief or the magnitude of relief of the 
individual patient. Four hours after aspirin in- 
gestion, pain relief was no longer significantly 
different from placebo control. Two earlier 
studies (4, 5), although less rigorously controlled, 
reached similar conclusions and suggest analogous 
pain-relief patterns in a variety of clinical states, 
including headache. 


Following the ingestion of G50 mg. of aspirin, 
by normal men, average plasma salicylate con- 
centrations reached about 30 mcg./ml. a t  45 
min., with a maximum of about 40 mcg./ml. a t  2 
hr., and declined to about 30 mcg./ml. a t  4 hr. 
For the purpose of this study, therefore, these 
results, viewed in conjunction with the clinical 
studies, were taken to indicate that pain relief 
occurred during the time when plasma salicylate 
levels were above 30 mcg./ml. 


The desired characteristics and limitations of 
the sustained-action aspirin tablet were therefore 


* The authors wish to thank Miss J. Chiaini, Mr. A. Ca- 
pozza. and Mr. I<. Lehel for expert technical assistance. 


2 Carried out iu collaboration with Dr. I). G. lezzoni. 
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TABLE I-PLASMA SALICYLATE CONCENTRATIONS (mcg./ml.) IN NORMAL HUMAN MALE SusjEc.rs AFTER 
ORAL ADMINISTRATION OF PROPRIETARY ASPIRIN (650 mg.) 


Time After 
Administration. hr. C.L. M.O. W.O. C.K. T.H. Av. 


0 
0.5 
1 
2 
3 
4 


0 0 0 0 0 0 
24 27 13 21 5 18 
30 36 36 45 20 33 _. 


35 
34 


_. 


37 
40 


_. 


40 
37 


~- 
41 
43 


38 
37 


_ _  
39 
37 


- - 29 35 31 32 
5 20 25 24 27 26 25 


16 24 18 22 21 20 
18 - 22 14 20 


6 
7 
7.75 11 20 12 14 14 14 


- 


TABLE I I-COMPOSITION AND HARDNESS OF EXPEIUMENTAL ASPIRIN TABLETS 


-Instant Layer- Sustained Layer - 
Formulation Aspirin, mg. + Matrix Carnauba Aspirin, Av. Hardness, 


NU. 10% Cornstarch Type Wax, mg. mg. kg. 


I 162 A 90 324 10.5 
I1 162 A 140 324 10.5 


I11 162 A 140 324 11.5 
I V  162 A 125 324 11.5 
V 162 A 110 324 11.5 


VI 162 B 130 324 12.5 
VII 162 B 75 324 12.5 


VIII 162 B 75 324 11.5 


tion (total aspirin, 975 mg.) followed by 200 ml. of 
water. Blood samples were drawn by venipuncture 
and transferred immediately to heparinized tubes. 
Plasma samples were separated by centrifugation 
and assayed for total salicylate by the method of 
Brodie et al. (6). 


RESULTS 
The plasma salicylate levels attained in normal 


man after the ingestion of 650 mg. of a commercial 


1 2 3 4 s  
IMMERSION, hr. 


aspirin preparation (Bayer) are shown in Table I. 
Experimental two-layer tablets were formulated as 
described in M e t W s .  Either the ratio of aspirin: 
restraining matrix was varied, or, at constant com- 
position, the hardness to  which the tablets were 
pressed was changed. All experimental tablets com- 
prised 162.5 mg. of aspirin in the “instant” layer and 
325 mg. aspirin in the “restrained” layer (Table 11). 


In Vitro Release Studies-The in d r o  aspirin 
release from the experimental tablets is shown in 


I 2 3 4 5  
IMMERSION, hr. 


Fig. 1-Rate of aspirin release in vitro from tnbiets Fig. 2-Rate of aspirin release in vitro from tablets 
con~prising restraining Matrix A .  Each poinl repre- comprising restraining Matrix B .  Each point rspre- 
sents delernrinalion on 8-15 tnlilets. Key: 0,  i; sents determinations ova 8-15 lublels. Key: X,  VlII; 


V, II; 0, V; A, IV; X, iII. 0, V l i ;  A, VI. 
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40 


50 


o ’ 1 2 3 4 . S 6 7 8  
hr. 


1- f 


d 4 
!! l L f z I !  10 1 2 3 4 5 6 7 8  


hr. e 


1 2 3 4  5 6 7 c  
hr. 


Figs. 1 (Matrix A) and 0 (Matrix B). In  both 
series, when tablet hardness was held constant, in- 
creasing the ratio of restraining matrix to aspirin 
content led to  a decrease in rate of release of aspirin 
from the tablet. If the composition of the tablet 
was held constant, an increase in tablet hardness 
caused a similar, but less pronounced, decrease in 
rate of aspirin release. 
In Vivo Studies-The plasma salicylate concentra- 


tions produced by the experimental tablets are shown 
in Fig. 3 ( 6 4 ) .  Tablets I and I1 gave no evidence 
of sustained action in vim. The time course of 
plasma salicylate concentrations was indistinguish- 


able from that obtained by oral administration of 
975 mg. of nonsustained aspirin (Fig. 3a). Tablets 
111-VIII all exhibited varying degrees of sustained 
action. 


DISCUSSION 


For many drugs, it has been shown that the thera- 
peutic effect is proportiold to the coticentration of 
drug in the blood (7). The dctcrininatio~~ of the ef- 
fective dose of aspirin however, is complicated by 
the subjectivc nature of the assay of “pain relief.” 
Nevertheless, the work of investigators skilled in 
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this type of evaluation parallel in a striking manner 
the objective plasma salicylate determinations made 
in this study. Since aspum has a relatively short 
plasma half-life (about 4 hr.), “analgesic” plasma 
salicylate concentrations cannot be maintained much 
beyond 4 hr. following a single 650-mg. d w .  Ex- 
tended analgesic plasma concentrations may be 
obtained by giving a second dose 4 hr. after the first, 
or by giving a larger dose initially. A sustained 
release form of aspirin would eliminate the frequent 
dosage required by the first alternative, and elimi- 
nate the unnecessarily high plasma drug concentra- 
tions in the early hours of the second alternative. 


With both of the experimental restraining matrices 
studies, rate of aspirin release was found to be con- 
trolled by the hardness to  which the tablet was com- 
pressed and the ratio of restraining matrix t o  aspirin. 
For example, Tablet I1 (hardness 10.6 kg.) exhibited 
no sustained action in vivo. Tablet 111, of identical 
composition, but of hardness 11.5 kg., exhibited good 
sustained properties, but did not exactly conform to 
the desired specifications. If tablet hardness was 
kept constant, a reduction in the amount of re- 
straining matrix (Tablets IV and v )  led to an in- 
crease in both in vitro and in vivo release rates. 
Tablet IV had the characteristics desired in a sus- 
tained-release preparation, in that it produced 
plasma salicylate concentrations of about 30 mcg./ 
ml. within 1 hr. of ingestion, and maintained these 
concentrations for at least 8 hr. 


Similar effects were noted with tablets derived 
from sustaining Matrix B. Tablet VIII performed 
in vivo essentially the same as Tablet IV, while 
Tablets VI and VII, with higher matrix-aspirin 
ratios, both displayed slower rates of aspirin release. 


The alliance of in vitro and in Vivo techniques 
proved to be a powerful combination in this investi- 
gation. Although in vitro studies were unable to 
provide absolute values for in vivo performance, the 
qualitative picture was maintained. Those tablets 
which released their aspirin swiftly in vilro ( I  and 11) 
proved, in vivo, to be indistinguishable from non- 
sustained aspirin. As the rate of aspirin release in 
cfitro was decreased, either by increasing the amount 
of restraining matrix or by increasing tablet hard- 
ness, the tablets exhibited sustained release over 
longer periods in vivo. Most interestingly, Tablets 
I V  and VJII,  although of different restraining 
matrices, had essentially identical rates of aspirin 
release in vilro, and the time course of plasma salicy- 
late concentrations from these tablets was virtually 
identical. The entirely artificial in vitro rate of re- 
lease of aspirin from the tablet into dilute hydro- 
chloric acid thus proved to be a reliable guide to 
tablet performance in vivo. In vdro release rates 
were therefore used in the selection of tablets for in  
viuo studies, and finally in the quality control of the 
production in quantity of Tablets IV and VIII. 


Tablets IV and VIII represented the successful 
attainment of the goal of this study. Both of these 
tablets, in a single dose of 975 mg., rapidly achieved 
plasma salicylate concentrations of about 30 mcg./ 
ml., and maintained those concentrations for a 
period of 8 hr. Either formulation eliminated the 
need for frequent aspirin ingestion, or of plasitia 
salicylate concentrations above those required for 
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Fig. &Individual plasma salicylate concentrations 
achieved following oral administration of 650 mg. 


aspirin as sustained Tablet VIII. 


therapeutic effects. The individual plasma salicy- 
late concentrations in subjects receiving Tablet VIII 
[the tablet in which aspirin showed excellent sta- 
bility (8)] are shown in Fig. 4. Chronic administra- 
tion of Tablet VIII  (2 tablets = 975 mg. aspirin, 
every 8 hr. for 56 hr.) resulted in relatively constant 
plasma salicylate concentrations at all times during 
treatment. These findings will be reported in detail 
in a subsequent paper (8). 


SUMMARY 


The development of several sustained-release 
aspirin tablets, which rapidly achieve and maintain 
constant plasma salicylate concentrations over 8 hr., 
is described. The tablets are two-layered, consisting 
of 162.5 mg. aspirin in a rapid-release layer, to- 
gether with 326 mg. aspirin in a sustained-release 
layer. Carnauba wax, in combination with soluble 
extenders, was used as the restraining agent. It was 
found that the in vitro rates of aspirin release into 
acid media showed excellent correlation with the 
observed in vivo sustained characteristics. One of 
the experimental sustained-release aspirin tablet 
gave constant plasma salicylate concentrations on 
chronic administration. 
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observed rotation is the sum of the above a t  the same 
wavelength 


CY = K C [ a ]  = K ( C H A  + C A )  [a] 


a = a H A  + CXA = K C H A [ C Y ] H A  + K C A [ a ] A  (Eq. 1) 


(Eq. 2) 
where C is the total concentration of the compound 
and [a] its specific rotation. Combining Eqs. 1 and 
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D chloride 1.76 f 0.03 
D bromide 1.73 f 0.02 


The results show the pKa’ to  be independent of 
the configuration of the betaine and the nature of 
the anions investigated. 
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In  any pKa’ determination the concentration of the 
compound is kept constant and observed rotations 
can be substituted for specific rotations and the 
pKa”s are given by (6). 


Measurements were made in at least eight buffers 
and the pKa”s were calculated from the rotations 
at several wavelengths. The results are summarized 
below. 


Betaine pKa’ (r = 0.10) 
L chloride 1.75 i 0.02 
L bromide 1.75 f 0.02 


Keyphrases 


Betaine salts 
Dissociation constants-betaine salts 
Spectropolarimetry-dissociation constants 


Improved Method for Preparing 3-Azabicyclo[ 3.2.lloctane 
Hydrochloride and the Synthesis of its Phenothiazine Derivatives 


By N. D. POTTI and W. LEWIS NOBLES 


Hydrazoic acid i n  the presence of concentrated sulfuric acid and phosphorus pent- 
oxide has im roved the yield of the lactam in the Schmidt reaction of norcamphor. 
Reduction o r t h e  lactam with lithium aluminum hydride gives 3-azabicyclo[3.2.1]- 
octane in  good yields. The  synthesis of two new phenothiazine derivatives of this 


complex amine is reported. 


EVERAL COMPOUNDS derived from azabicyclic S amines were reported to possess useful and in- 
teresting pharmacodynamic and chemotherapeutic 
properties (13). The primary purpose of this 
study was to elaborate an easier method for the 
preparation of 3-azabicyclo[3.2.l]octane (111). A 
few methods have been reported in the literature 
(2, 4-7) for the synthesis of this compound or its 
derivatives; however, these methods either are 
time-consuming and laborious or they make use of 
special equipment. The synthesis of two new 
phenothiazine derivatives of this complex amine is 
also reported. 


The Schmidt reaction of norcamphor (I) was 
reported (7) to  yield l0-28% of the lactam (II), 
which on reduction gave the desired amine (111). 
(Scheme I.) 


The reaction was repeated under different condi- 
tions in order to account for the unusually low 
yield of the lactam (11). It was noted that by 
using sodium azide at a temperature of -loo, 


approximately 40y0 of the norcamphor remained 
unreacted. Furthermore, the presence of unused 
sodium azide was noted. On repeating the re- 
action with hydrazoic acid instead of sodium azide, 
the yield of the lactam was found to increase up  
to  34%. Several attempted changes in the re- 
action conditions did not noticeably improve the 
yield. Nevertheless, an overall yield of 4045% 
of the lactam (11) was obtained when the reaction 
was carried out in the presence of phosphorus 
pentoxide. The method of Blicke and Doorenbos 


I 
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tion of the acid. The temperature was not allowed 
to rise above 5" throughout this addition. The 
chloroform solution of hydrazoic acid was decanted 
into a 1-1. conical flask. The residue was washed 
with 100 ml. of chloroform, and the washings were 
added to the main bulk of the solution. The 
solution was kept cooled in an ice bath and dried 
with anhydrous sodium sulfate. 


In a 2-1., three-neck flask equipped with a 
stirrer, a thermometer, and a dropping funnel, 90 
ml. of concentrated sulfuric acid was placed. To 
this, 15 g. of phosphorus pentoxide was added and 
stirred while 55 g. (0.5 mole) of norcamphor2 
was added slowly, keeping the temperature of the 
mixture below 30" by occasional cooling with an 
ice-salt bath. Stirring was continued for another 
15-30 min., and 250 ml. of dry chloroform was 
added. The temperature was maintained between 
@8", using an ice-salt bath, while the hydrazoic 
acid solution was added dropwise with vigorous 
stirring. Stirring was continued for another 4 
hr. after the addition, during which time the tem- 
perature of the reaction mixture was allowed to 
come to room temperature. It was made alkaline 
with 20% sodium hydroxide solution (about 750 
ml.) with cooling, so that the temperature was kept 
below 30". The chloroform layer was separated; 
the aqueous layer was extracted with two 250-ml. 
portions of chloroform and added to the main bulk 
of the chloroform solution. This chloroform solu- 
tion was washed with 50 ml. of distilled water and 
dried over anhydrous sodium sulfate; it was then 
filtered into a 2-1. distilling flask. The chloroform 
was removed using a water aspirator. The residue 
(47 g.) was distilled under vacuum, using an oil 
bath whose temperature was kept between 130- 
150". Twenty-seven grams (43.2%) of the lactam 
(11) boiling between 110-125" (5 mm.) was col- 
lected; this soon solidified into a white mass, 
which was recrystallized from petroleum ether 
(b.p. SO-SO0); m.p. 93-94", 


Method B-Following the method of Blicke and 
Doorenbos (8), the Schmidt reaction with nor- 
camphor was performed. In a three-neck, round- 
bottom flask, fitted with a stirrer and thermometer, 
22 g. (0.2 mole) of norcamphor was dissolved in 
200 ml. of concentrated hydrochloric acid. The 
reaction mixture was kept a t  about 5" and 21 g. 
(0.32 mole) of sodium azide was added with stir- 
ring, which was continued for 5 hr. Solid sodium 
carbonate was added gradually with stirring until 
the reaction mixture was alkaline. The organic 
material was extracted with chloroform, and the 
extract was dried over anhydrous sodium sulfate. 
Removal of the solvent left 16.5 g. of a yellow oil, 
which was distilled under vacuum to yield 4 g. 
(16%) of a lactam boiling between 110-125" (5 
mm.). About 6 g. of a low boiling fraction con- 
taining mostly cyclopentene-3-aceto nitrile was 
also collected. 
3-Azabicyclo[3.2.l]octane Hydrochloride ( I I I -  


The reduction of the lactam was effected essentially 
by following the method of Elderfield and Losin (7). 


In a 3-I., three-neck flask fitted with an efficient 
condenser, stirrer, and dropping funnel was placed 
1.5 1. of absolutc ether. With stirring, 16 g. (0.16 
mole) of lithium aluminurn hydride was added 


(8) gave about 16% of the lactam. The reduction 
of the lactam with lithium aluminum hydride pro- 
ceeded smoothly to yield the amine (111) in almost 
quantitative yields. 


Cyclic ketones, in general, undergo the Schmidt 
reaction to give the respective cyclic lactam in 
very good yields (8-10). The bicyclic ketone 
norcamphor differs considerably in this respect. 
I t  may be noted that a good percentage of cyclo- 
pentene-3-acetonitrile has been formed as a minor 
product (7). This is to be expected when one 
considers norcamphor as a branched aliphatic 
ketone, since such ketones are reported (11) to  
give nitriles as by-products in the Schmidt reac- 
tion. 


Several aliphatic and alicyclic amine derivatives 
of phenothiazine were reported (12), but only a 
few compounds derived from azabicyclic amines 
were reported (13,14). These compounds were 
found to  possess chlorpromazine-like activity. The 
compounds described herein were synthesized by 
Scheme I1 and were isolated as the oxalate, since 
other salts offered difficulty in crystallization. 


X=H,OCH, 
Scheme 11 


EXPERIMENTAL' 


3-Azabicyclo[3.2.l]octane-2-one (11)-Method 
A-In a 2-l., three-neck flask equipped with a 
stirrer, a thermometer, and a dropping funnel, a 
paste of 45 g. (0.7 mole) of sodium azide in 45 ml. of 
warm water was made. Five-hundred milliliters of 
chloroform was added and stirred while the tem- 
perature was maintained between 0-5", with the 
help of an ice-salt bath. Forty-five milliliters of 
concentrated sulfuric acid was added dropwise, 
while the temperature was kept in the temperature 
range mentioned above. Stirring was continued 
for another 0.5 hr. after the completion of the addi- 


1 All melting points are uncorrected. Melting points were 
determined on a Thomas-Hoover capillary melting point a p  
paratus. Infrared spectra were determined on a Perkin-22lmer 
model 137 G Infracord spectrophotometer. As sod*m azide 
and hydrazoic acid are highly toxic, the reaction must be 
carried out in a well-ventilated hood. 


* Norcamphor was purchased from Aldrich Chemical Com- 
pany, Inc., Milwaukee, Wisc. 
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T A B L E  1-PHENOTHIAZINE DERIVATIVES OF 3-AZABICYCL0[3.2.1]OCTANE 


---Anal., %c-- 
No." X Formula M.p., oC.b Calcd. Found 
1 H CZZHZBNZS . CzHiOa 204-205 C 65.48 65.32 


H 6.37 6.76 
N 6.37 6.26 


63.75 2 OCHI CsH2sNtOS. CzHz04 15.5156 C 63.91 
6.44 H 6.39 


pu- 5.97 5.86 
~~ 


Recrystallized from ethanol. Melting points are uncorrected. Microanalysis through Dr. Alfred Bernhardt, West 
Germany. 


slowly. A solution of 25 g. (0.2 mole) of 3-aza- 
bicyclo[3.2.l]octane-2-one (11) in 750 ml. of ab- 
solute ether was added to the above, the addition 
being made in such a way that the reaction mixture 
refluxed gently. Stirring was continued for another 
4-6 hr., and the reaction mixture stood overnight. 
A minimum quantity of ice was carefully added 
in small portions to  break the complex (the color 
changed from gray to milky) and allowed to stand 
for 2 hr. The ether layer was separated from the 
inorganic material by filtration, and the residue 
was washed with two 200-ml. portions of ether. 
The ether solution was dried with anhydrous sodium 
sulfate. Twenty-two milliliters of concentrated 
hydrochloric acid (36%) in 100 rnl. of ethanol was 
added with stirring to the above. The ether was 
removed by evaporation. The yellow viscous liquid 
was transferred to a 250-ml. round-bottom flask 
and evaporated to dryness under water vacuum. 
The crude hydrochloride was recrystallized from 
an ethanol-acetone mixture. The yield of the 
pure product was 21.8 g. (70%). The pure amine 
hydrochloride melted with decomposition above 
298". [Lit. (7) darkened a t  240" and decomposed 
above 300O.I By further treatment of the mother 
liquor one may isolate 10-15"/, more of the com- 
pound. 


The phenothiazine derivatives were prepared by 
following the method of Yale and Sowinski (15) 
with some modifications. 


3 - (10 - Phenothiazinyl) - 1 - ( N - (3 - azabicyclo- 
[3.2.l]octyl) }propane Oxalate (Compound 1, Table 
1)-A mixture of 5.97 g. (0.03 mole) of phenothia- 
zine and 1.4 g. (0.035 mole) of sodamide was refluxed 
in 100 ml. of dry toluene for 2 hr. To this 16.0 g.  
(0.12 mole) of 1-bromo-3-chloropropane was added. 
The refluxing was continued for 18 hr. The solvent 
and the excess 1-bromo-3-chloropropane were re- 
moved by distillation under water vacuum, and 
the residue was treated with 10 ml. of water and 
was extracted with 75 ml. of ether. The ether 
solution was dried with anhydrous sodium sulfate. 
The ether was removed under vacuum. The resi- 
due was dissolved in 100 ml. of dry toluene and 
dried with anhydrous sodium sulfate. The solu- 
tion was decanted into a W@ml. round-bottom flask 
and refluxed with 1.4 g .  (0.035 mole) of sodarnide 
and 3.3 g.  (0.03 mole) of 3-azabicyclo[3.2.l]octane 
for 20 hr. The toluene solution was decanted into 


a separator and was extracted with dilute hydro 
chloric acid. The free base was precipitated from 
the acid solution by sodium carbonate and was 
extracted with 100 ml. ether. After drying, the 
ether was removed by evaporation. The residue 
was dissolved in 20 ml. of ethanol and 2 g. of oxalic 
acid in 20 ml. of ethanol was added. On cooling, 
the oxalate separated; on recrystallization from 
ethanol, this gave 3.60 g. (280j0) of product, m.p. 


3- [ 10- (2-Methoxy ) Phenothiazinyll- 1- ( N- (3-aza- 
bicyclo [3.2.l]octyl) }propane Oxalate (Compound 2, 
Table 1)-This compound was prepared by the same 
procedure as described above, using 6.9 g. (0.03 
mole) of 2-methoxy phenothiazine, which yielded 
2.8 g. (25%) of the pure oxalate, m.p. 155-156'. 


204-205'. 
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Antiviral Activity of Selected Cutharanthas Alkaloids 
By N. R. FARNSWORTH, G. H. SVOBODA,* and R. N. BLOMSTER 


Thirty-six alkaloids isolated either from Catharanthrrs roseas or C. Zancerrs were 
evaluated for in vitro activity against vaccinia and polio type 111 viruses. Nine of 
these alkaloids were effective as antiviral agents, with pericalline being 


the most effective. 


N RECENT YEARS, investigators have directed their I attention toward the plant kingdom as a source of 
antiviral agents, and a number of plant extracts have 
been found to  inhibit a variety of viruses in tissue 
culture as well as through in vivo experiments (1-11). 


Although the authors were primarily interested in 
Cuthurunthus species as a source of antitumor alka- 
loids, the presence of compounds with other types of 
biological activity was not precluded. Thus, all iso- 
lates which were available in sufficient quantity were 
evaluated for in vitro antiviral activity against the 
vaccinia and polio type I11 viruses. 


Prior to this investigation, Johnson had reported 
briefly on the in vivo antiviral activity of leurocristine 
against the mengo virus (12). To illustrate the 
specificity of this antiviral agent, it  was shown that 
vincaleukoblastine was completely devoid of activity 
against the mengo virus in vivo, and these two alka- 
loids differ only slightly in their structures (leuro- 
cristine = N-CHO, vincaleukoblastine = N- 
CHa). 


A search of the literature has revealed that  this is 
the first report to appear on the in vitro evaluation of 
alkaloids as antiviral agents. 


EXPERIMENTAL 


Materials-The following alkaloids, isolated either 
from C. roseus or C. Zanceus, were utilized as test 
compounds in the study: pericalline (hydrochlo- 
ride) (13, 14), perivine (hydrochloride) (15, 16), 
periformyline (17), leurosivine (sulfate) (14), leuro- 
cristine (sulfate) (lS), vincaleukoblastine (sulfate) 
(16), perividine (19), vindolinine (dihydrochloride) 
(16, 20). carosine (21), leurosidine (sulfate) (IS), 
desacetyl VLB (sulfate) (22), vindoline (hydro- 
chloride) (15, 23), ajmalicine (13, 16), leurosine 
(sulfate) (15, 16), neoleurocristine (21), vincarodine 
(21),vinosidine (14,23,24),virosine( 16),ammorosine 
(14), ammocalline (14, 25), Catharine (20, 26, 27), 
carosidine (21), cavincine (sulfate) (14), lochrovicine 
(28), lochrovidine (28), lochrovine (28), lochnerine 
(acetate) (16), mitraphylline ( 14), neoleurosidine 
(21), perimivine (13, 28), sitsirikine (sulfate) (29), 
tetrahydroalstonine ( 16, 17), vinaphamine (22), 
vincolidine (28), and vincoline (25,2S). 


Solutions of each alkaloid were prepared in a suit- 
able solvent (benzene for the free bases and ethanol 
for the salts), and measured amounts were transferred 
to suitable filter paper disks, and the solvent was 
allowed to evaporate spontaneously. Disks were 
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each impregnated with 1000, 500, 250, or 125-mcg. 
amounts of the separate alkaloids. 


Test Procedure-The agar diffusion method 
based on reports by Herrmann (29) and Siminoff 
(30) was used. Green monkey kidney cells (BSC1) 
were maintained in medium 199, containing 5% calf 
serum and penicillin (50,000 units/ml.). Vaccinia VI 
Lindeman and Type I11 poliomyelitis viruses were 
separately maintained in the above medium, and 
when used in the test had a titer at between log 106 
and lo7 viral particles/ml. 


Interpretation of the Test-Activity (A) values 
represent the size (mm.) of the zone where protection 
of the cells from virus damage was observed. Mor- 
phology (M)  values represent the degree of protec- 
tion as shown in Table I. 


RESULTS AND DISCUSSION 
Of 36 alkaloids evaluated, nine showed a degree of 


antiviral activity which varied from moderate to 
marked (pericalline, perivine, periformyline, leuro- 
sivine, leurocristine, vincaleukoblastine, perividine, 
vindolinine, carosine) (see Table 11). Leurosidine 
(sulfate), desacetyl VLB(sulfate), and vincarodine 
exhibited minimal activity. The following alkaloids 
were inactive at the concentrations tested: vindo- 
line (HCI), ajmalicine, virosine, leurosine (sulfate), 
neoleurocristine, vinosidine, ammorosine, ammocal- 
line, Catharine, carosidine, cavincine, lochrovicine, 
lochrovidine, lochrovine, lochnerinine, mitraphylline, 
neoleurosidine, perimivine, sitsirikine, tetrahydro- 
alstonine, vinaphamine, vincathicine, vincolidine, 
and vincoline. 


In all instances, with the exception of perivine, 
activity was specific for either a DNA virus (vac- 
cinia), or a RNA virus (polio 111). It is difficult at 
this time to draw any conclusions regarding the 
structure-activity relationship of these alkaloids, 
since 17 of the 36 evaluated are of unknown struc- 
ture. Monomeric as well as dimeric alkaloids were 
active. 


Pericalline, the most active of the test compounds, 
is an unusual indole alkaloid in that it contains no 


TABLE I-INTERPRETATION OF 
MORPHOLOGY (M) VALUES 


M 
Value Description 


4+ Dark staining areas that show healthy cells 
with no visual virus or drug damage upon 
microscopic examination. 


Stained area, not dark, upon microscopic 
examination show no virus damage but 
do not appear to be very healthy. 


2+ Healthy cells with moderate amount of 
virus breakthrough. 


1 + Healthy cells with an increased virus break- 
through. 


- No viable cells. 


3+ 


21 74 
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TABLE 11-ANTIVIRAL ACTIVITY OF 
Catharunthus ALKALOIDS 


Concn., 
mcg./ Vaccinia Polio 111 


Alkaloid Form ml. A’ M A M 


21 75 
(2) Cochran K. W., andLucas, E. H., Anfibiof. Annual, 


1958-59, 104(19’59). 
(3) Cadman C. H., J. Cen. Microbiol. 20, 113(1959). 
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A, activity; M, morphology; 0,  no activity. See the 
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oxygen in the molecule. On the other hand, peri- 
vine, periformyline, and perividine are the only rep- 
resentatives of monomeric 2-acylindole bases tested, 
and all three were active. Leurosivine, leuro- 
cristine, viacaleukoblastine, leurosidine, and leuro- 
sine, all dimeric indole alkaloids, are active tumor 
inhibitors, and with the exception of leurosine, they 
all showed antiviral activity. 
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Effect of Various Liquids on the Diffusion of 
Salicylic Acid from Ointment Bases 


By CLYDE W. WHITWORTH 


Water, alcohol, and dimethyl sulfoxide were each incorporated at 1,2, and 5 percent 
concentrations into four ointment bases containin salicylic acid. The bases tested 
were white petrolatum, a hydrogenated cottonseefoil base, a water-in-oil emulsion 
base and an oil-in-water base. The diffusion of salicylic acid from five samples of 
each mixture was determined at 20-min. intervals for a period of 2 hr. All three 
liquids enhanced diffusion from the white petrolatum base and the water-in-oil 
base but tended to inhibit diffusion from the cottonseed oil base and the oil-in- 
water formula. In some instances the concentration of liquid appears to have an 


effect. Statistical analyses of data point out significance of differences. 


HE TRANSFER ability of the skin is probably T very strongly influenced by the presence of 
moisture as suggested by Higuchi (1). He 
showed that near 100% relative humidity the 
permeability of glyceryl monostearate was de- 
pendent on water activity. Wurster and Kramer 
(2) showed an increase in absorption of three 
salicylate esters accompanied increased moisture 
conditioning. Shelmire (3) has stated that hy- 
dration of the stratum corneum appears to in- 
crease the rate of passage of all substances which 
penetrate the skin. 


Since moisture greatly influences percutaneous 
absorption, it was decided that a study of drug 
release from different ointment bases as influenced 
by various liquids might yield useful information. 
It is recognized that in vitro drug release measure- 
ments may be diificult to correlate with in vivo 
results; however, such studies may be useful in 
discovering and observing interactions between 
drugs and vehicles which in turn iniluence drug 
absorption. Diffusion techniques have been 
extensively employed to measure drug release 
especially from heterogeneous preparations such 
as ointments (4) and emulsions (5). 


EXPERIMENTAL 


Three liquids, water, alcohol, and dinicthyl 
sulfoxide, were incorporated at  1, 2, and 5% con- 
centrations into four di5erent ointment bases. 
The bdSeS consisted of: 


(a) White petrolatum USP 


(b) Water-in-oil base: 
(Standard Oil Co.) 


White petrolatum USP 
Sorbitan monooleatel 


64% 
6% 


Recdved A ‘1 16 1968 from the School of Pharmacy, 
University of &g$, Athins, GA 30601 
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Section, APtrA Academy of Pharmaceutical Sciences, Miami 
lJcach meeting. May 1968. 


1 Ttademarked as Arlaccl 8U. Atlas Chcluicdl ludtiatlics. 
Inc., Wilmiugton, Uel. 


Distilled water 
(c) Oil-in-water base: 


Stearvl alcohol* 


30% 


25% 
White petrolatum USI’ 25% 
Glycerin’ 12% 
Polysorbate 8 0 8  5% 
Distilled water 33% 


Oil6 10% 


( d )  Partially hydrogenated cottonseed oil‘ 90% 
Completely hydrogenated cottonseed 


The bases were prepared by fusion at  low tem- 
peratures. The salicylic acid was added to the 
warm base and the mixture stirred until it  cooled 
in order to achieve homogeneity. The liquids were 
mixed with the ointments just prior to use in order 
to minimize loss by evaporation. 


Five samples of each ointment were packed into 
hollow plastic stoppers which had a top (open end) 
diameter of 40 mm., a bottom diameter of 30 mm., 
and a depth of 25 mm. The open end was then 
covered by a membrane bupplied by Young Drug 
Co.) and sealed by a rubber band so that the entire 
exposed surface of the ointment was brought into 
contact with the membrane. The containers were 
then inverted in 60 ml. of distilled water contained 
in 4oz. ointment jars and the tops put on the jars 
to prevent evaporation of the diffusion media. The 
jars were then placed in a constant-temperature 
shaker-type water bath a t  37.5’. At 20-min. 
intervals for 2 hr. the diffusion medium of each 
sample was assayed for salicylic acid content by 
reading absorbance on a Beckman DU spectro- 
photometer at  297 mp. The assay samples were 
returned to the diffusion media each time in order 
to maintain volume. 


Controls consisted of the basc and the salicylic 
acid without additional liquids. All bases contained 
2%) by weight of salicylic acid except the oil-in- 
water base which contained 1% due to the rapid 
rate of diffusion from this vehicle. 


Figures 1-12 are plots of the concentration of 
salicylic acid in the diffusion media against time. 
Each point represents the average of five samples. 


Fisher Scientific Co. 
1 Trademarked as Tween 80, Atlas Chemical Industries, 


4 ‘Trademarked as Cotmar, Procter and Gamble Co.,  
Inc., Wilmington, Del. 


Cincinnati. Ohio. 
6 Tmdcik-kcd as Cutullakes, I’iuclcr aud Galuble Co., 


Ciuciuuati, Ohio. 
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TIME, rnin. 


Fig. 1-Diffusion of 2% saljcylic acid from white 
petrolatum (o), and from whzte petrolatum contain- 
inz: 1 % water (@), 2% water (A ) ,  and 5y0 water (A). 


20 40 60 80 100 120 
. TIME, min. 


Fig. 2-Diffusion of 2% salicylic acid from white 
petrolatum (o), and from whzte petrolatum containing 
1% ethanol (o), 2y0 ethanol ( A ) ,  and 5% ethanol (A). 


20 40 60 80 100 120 
TIME, rnin. 


Fig. 3-Diffusion of 2% salicylic acid from white 
petrolaturn (o), and from white petrolatum containing: 
1% DMSO (a), 2% DMSO (A) ,  and 5% DMSO (A). 


20 40 60 80 100 120 
TIME, min. 


Fig. &Diffusion of 2y0 salicylic acid from a w /o  
base (o), and from a w/o base containing: 1% 


water (o), 2% water (A), and 5% water (A). 


RESULTS AND DISCUSSION 


White Petrolatum Base-The diffusion of salicylic 
acid from white petrolatum base proceeded more 
slowly than from any of the other bases. All 
concentrations of all three liquids significantly in- 
creased the rate of di&sion of the drug, however, as 
seen in Figs. 1-3. Of the three liquids used water is 


i -;-"-i 
y/--- 


20 40 60 80 100 120 
TIME, min. 


Fig. 5-Diffusion of 2% salicylic acid from a w /o  
hase (o), and from a w /o  base containing: 1% 
ethanol (a), 2% ethanol (A),  and 5% ethanol (A). 


20 40 60 80 100120 
TIME, min. 


Fig. 6-Diffusion of 2% salicylic acid from a w / o  
base (o), and from a w/o base containing: 1% DMSO 


(o), 2% DMSO (A) ,  and 5% DMSO (A). 


20 40 60 80100120 
TIME, min. 


Fig. ?-Diffusion of 1% salicylic acid from a n  o/w 
base (o), and from an o /w  base containing: 1% 


water (o), 2% water (A) ,  and 5% water (A). 


seen in Fig. 1 to have the least effect, dimethyl 
sulfoxide (DMSO) the greatest effect, the results 
with alcohol falling in between. While it is evident 
that all three liquids increase diffusion. the influence 
of the concentration of each liquid on diifusion 
does not follow a similar pattern for all liquids. 
In the case of water a significant difference exists 
only between the results with 1 and 2% water. 
Other differences may be taken as due to chance. 
In Fig. 2 each increase in concentration of alcohol 
shows an increase in rate of diffusion. All difIerences 
are significant. As seen in Fig. 3, DMSO has a 
great &ect on the diffusion process with the 2y0 
concentration showing the greatest influence. All 
differences at 2 hr. are significant except between 
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TIME, min. Fig. 8-Diffusion of 1% salicylic acid from an o / w  
base to), and from an O / W  base containing 1% 
ethanol (@), 2% ethanol (A) ,  and 5% e l h a d  (A). 


Fig.  Il-D$usion of 2% salicylic acid from a cot- 
tonseed oil base (o), and from a cottonseed oil base 
containing: lvO ethanol (@), 2% ethanol (A), and 


r. 


75.0 
0 


65.0 >OB 
$!: 55.0 


45.0 
2% 35.0 


2% 25.0 


z$z 15.0 


5.0 


ak 


o o w  


20 40 60 80 100 120 
TIME, min. 


Fig. 9-Diffwsion of 1% salicylic acid from an o / w  
base (o), and from an o / w  base containing: 1% 
D M S O  (@), 2% D M S O  (A),  and 5% DMSO (A) .  


2, -6 85.0 
Q- 
GX 75.0 
4 ,3 65.0 


?f 55.0 


% 45.0 


i' 35.0 
LZ 
02 25.0 


*m $z 15.0 


gg 5.0 - 
20 40 60 80 100 120 


TIME, min. 


Fig. 10-Diffusion of 2yo salicylic acid rom a cotton- 


taining: 1 % water (@), 2% water (A), and 5% water 
seed oil base (o), and from a cottonsee d oil base con- 


(A). 


1 and 5% amounts of DMSO. The crossover seen 
between the 2 and 5y0 DMSO is probably due to a 
lack of homogeneity of the mixture containing 5% 
DMSO, a condition which tends to diminish as the 
diffusion process proceeds. 


Water-In-Oil Base-Figure 4 shows all three 
concentrations of water to significantly increase the 
di5sion of salicylic acid from the water-in-oil 
emulsion base by about the same amount. Com- 
parisons by statistical analyses show no significant 
differences in the results from the treated bases at 
the 2-hr. mark. 


Alcohol significantly increases the diffusion of the 


570 ethanol ( A ) .  


2, 
'B 85.0 
Q- 
U X  75.0 


zs 65.0 


2% 55.0 
0- 22 45.0 


35.0 
UZ 0s 25.0 


Ea 15.0 
Z L  0~ 5.0 
0 


20 40 60 80 100 120 
TIME, min. 


Fip. 12-Diffusion of 20/, salicvlu acid from a col- 
toiseed oil bYase (0),4and-from 'a cottonseed oil base 
containing: 1% DMSO (a), 2% DMSO (A), 5% 


DMSO (A). 


drug in all concentrations (Fig. 5). The diffusion 
rate, however, tends to decrease as the concentra- 
tion of alcohol increases with the 1% concentration 
giving the greatest rate of passage. All differences 
are statistically significant. 


Dimethyl sulfoxide (Fig. 6) significantly increases 
the diffusion of salicylic acid from this base. The 
5y0 concentration has the greatest d e c t  and all 
differences in the points of 2 hr. are signifscant 
except between 1 and 2%. 


Oil-In-Water Base-In the case of the oil-in- 
water emulsion base it was necessary to  reduce the 
concentration of salicylic acid from 2 to 1% because 
of the rapid rate of diffusion. In this base all con- 
centrations of all liquids except 1% DMSO were 
found to be retard difision. The 1% concentration 
of water (Fig. 7) is seen to have the greatest effect in 
inhibiting the diffusion process. All differences a t  
2 hr. are significant except between 2 and 5%. 


Alcohol in all three concentrations significantly 
retards diffusion (Fig. 8).  However, there is no 
significant difference among the results from the 
different amounts of alcohol at the 2-hr. point. 


Figure 9 shows 1% dimethyl sulfoxide to sig- 
nificantly increase the diffusion of drug from this 
base however the 2 and 5y0 concentrations sig- 
nificantly inhibit the process. The 2% quantity 
has the greatest effect of inhibition of the three 
concentrations used. 
Cottonseed Oil Base-Results with the cotton- 
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seed oil base were similar to those with the oil-in- 
water emulsion in that all three liquids inhibited 
diffusion. Figure 10 shows the three concentrations 
of water to  significantly retard diffusion. However, 
the results with water do not differ significantly 
from each other. 


The results with alcohol differ significantly from 
the control (Fig. 11). As the concentration of 
alcohol is incrcased, the retardation of diffusion 
becomes more pronounced. However, the results 
with the 2 and 5% do not differ significantly. 


The results with DMSO and this base (Fig. 12) are 
very similar to those obtained with alcohol. All 
differ significantly from the control. As with the 
alcohol and this base the difference in results be- 
tween 2 and 5% DMSO may be taken as due to 
chance and is not significant. Again as the con- 
centration of liquid is increased inhibition of 
diffusion becomes more pronounced. 


CONCLUSIONS 
Undoubtedly the solubility of a drug in an oint- 


ment base plays a major part in the diffusion or 
release of the drug from that base (6). For the 
most part the solubility of a drug in an intact 
ointment base is impossible to determine with any 
degree of confidence due to the fact that one is 
working with a solid and perhaps a heterogeneous 
or multiphase system. 


Factors which also may influence diffusion in 
such instances are those of viscosity and the nature 
of the diffusion membrane. In preliminary ex- 
periments alcohol and DMSO in 1, 2, and 5% con- 
centrations did not appreciably influence the passage 
of salicylic acid from aqueous solutions through the 
membrane used in this study. From this i t  is as- 
sumed that the liquids used in this study exerted 
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their influence on diffusion by means other than 
their action on the membrane. Although viscosity 
measurements were not taken on the ointments, 
the quantities of liquids added to the various bases 
were so small that their influence on viscosity would 
be negligible. If viscosity changes were a great 
factor in this study, one would expect to get results 
all going in one direction, probably toward increased 
diffusion rate, rather than results shown in these 
experiments, i.e., increased diffusion from two 
bases and decreased release from the other two. 


It is apparent that  from this study no general 
explanation is sufficient to cover all the results. 
The results indicate that diffusion from ointment 
bases is greatly influenced by the inclusion of 
liquids. The characteristics of the base probably 
determine whether the diffusion process is enhanced 
or retarded. 
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Effect of @-Adrenergic Blockade on the Toxicity of 
Bronchoconstricters in Guinea Pigs 


By P. P. LUDUENA and W. B. McKEON, JR. 


Propranolol (10 mg./kg.) greatly increased the intravenous toxicity of serotonin, 
oxotremorine, histamine, and nicotine in  guinea pigs. I n  the case of serotonin, the 
LDso i n  the controls was more than 100 times larger than in  the propranolol-treated 
animals. In both groups, bronchoconstriction was the cause of death following the 
injection of histamine, serotonin, and oxotremorine. I n  the case of nicotine, lethal 
bronchoconstriction was produced only in the propranolol-treated animals. The 
presence or absence of bronchoconstriction was determined by in vitro perfusion of 


the lungs, excised immediately after death. 


T HAS been reported recently that j3-adrenergic pigs (1-5) and man (6, 7) t o  bronchoconstrictors. I blockade increases the sensitivity of guinea This potentiation has been attributed to an - 
antagonism of the bronchodilator effect of 
catecholamines, released as a result of the action 
of bronchoconstrictors. This suggested that the 
LDa values of histamine, serotonin, and a cholin- 
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Neutron Activation Analysis of I-Ephedrine and Norephedrine 
Silver Complexes 


By MITCHELL L. BORKE*, PRADEEP B. MADANt, and BRUCE D. MARTIN 


Silver complex pyridinates of  Le hedrine and norephedrine were prepared and 
analyzed by neutron activation. T i e  analytical results have established satisfactory 
correlations between theoretical and experimental values for percent silver in the 


two compounds. 


URING THE PAST several years neutron activa- D tion analysis (NAA) has become a sensitive, 
powerful analytical tool effective for approximately 
two-thirds of the elements. NAA provides an 
analytical method without destruction of the sample. 
Activation is carried out by placing the sample in a 
neutron field; i.e., in a nuclear reactor or a neutron 
howitzer, where thermal neutrons present create 
radioactive nuclides through an (n, y ) nuclear reac- 
tion. Analysis is usually achieved by measuring 
the radioactivity of the product nuclides by direct 
y r a y  spectrometry with a scintillation detector and 
a y-ray spectrometer or a multichannel analyzer. 


Quantitative measurements are made either by 
comparison of the sample with a standard or by 
mathematical calculations based on the knowledge 
of the neutron flux (1) as well as the efficiency and 
geometry of the "/-ray detector (2). Sometimes the 
actual measurement must be preceded by a radio- 
chemical separation procedure. Basic principles 
and application of NAA are described in the litera- 
ture as well as in the excellent reference books (3-6). 


This paper presents an analytical procedure for 
the determination of silver in Z-ephedrine and nor- 
ephedrine silver complex pyridinates by neutron 
activation utilizing the logAg(n,y)lloAg nuclear reac- 
tion and equipment available to  educational and 
manufacturing facilities, and requiring a minimum 
of shielding. 


EXPERIMENTAL 


Both Z-ephedrine and norephedrine silver complex 
pyridinates were prepared according to  the method 
reported by Nakatsuka in 1936 (7) for the synthesis 
of argentic %hydroxyquinolinate. 


Neutron Activation Analysis-Solid samples of the 
silver complex and a standard sample (AgN03) of 
approximately the same, but accurately known, 
weight were placed in separate 2-ml. volumetric 
flasks, and introduced into the irradiation ports of a 
neutron howitzer' containing 3 Ci of plutonium- 
beryllium. After 20 min. both the sample and the 
standard were removed and counted for 10 sec. 
The counting system consisted of a commercial 
shielded well scintillation detector with 4.4 X 5 cm. 
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(13/4 X 2 in.) NaI(T1) crystal.2 The detector output 
was fed into a ?-ray spectrometer3 set on the "OAg 
photopeak (0.663 Mev.) and using a 20-Rev. 
window. Since the irradiation time was sufficiently 
long to achieve saturation, and the time between 
the removal of the material from the howitzer and 
the beginning of counting was maintained constant 
for both the sample and the standard, no decay 
correction was necessary. 


'% silver in sample = 


The silver content was calculated as follows: 


X 
g. of standard X '% silver in standard 


g. of sample 
c.p.m. (sample) 


c.p.m. (standard) 


Table I summarizes the results of NAA Z-ephedrine 
and norephedrine silver complex pyridinates. The 
data for the samples and the standards are the 
averages of 15 determinations. 


The activity of the samples (A) was calculated 
from the relationship 


RESULTS AND DISCUSSION 


A = i i = k S , , ,  


where ii is the average count rate and S, is the 
standard deviation of the mean (8). Chauvenet's 
criterion was applied to  each set of data in order t o  
determine whether or not any values should be 
rejected as not being representative of the Poisson 
distribution. The chi-square test (9) indicated that 
the counting equipment was operating properly. 
Because of the short half-life of the radionuclide 
produced ("OAg), no time was required for any 
products to  decay before counting as noted pre- 
viously by some authors (10). 


The results of this study have established satis- 
factory correlation between theoretical and experi- 
mental values for percent silver in the two com- 
pounds as indicated by 1.90 and 1.35% error 
for Z-ephedrine and norephedrine silver complex 
pyridinates, respectively. This investigation pri- 
marily demonstrated the usefulness of NAA as a 
method for the determination of silver content of 
compounds having pharmaceutical interest. It also 
showed that by selecting suitable metals for com- 
plexation with some organic compounds, NAA can 
be carried out using isotopic neutron sources. The 
radioactive product is not excessively active and 
may be easily handled by laboratory technicians 
trained in the handling of radioactive isotopes. 


* Model 810B Baird-Atomic Inc Cambridge Mass. 
8 Model 630, Baird-Atomic. inc., Cambridge, Mass. 
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TABLE I-RESULTS O F  NEUTRON ACTIVATION ANALYSIS OF L-EPHEDRINE AND NOREPHEDRINE SILVER 


COMPLEX PYRIDINATES 
_ _  -. ~ 


Compound 


Sample Amount 
Wt., Ag, Activity, 70 Ag % Ag %* 


g. g. C.p.m. (Exptl.) (Theor.) Error 
I-Ephedrine-Ag pyridinate 


(CzoHmN*Oz)Ag(CsHsN) 0.5393 0.0541 38 f 2 
Standard AgN03 0.5393 0.1665 114 f 3 


20.6 21.0 1.90 
- 63.5 - 


Norephedrine- Ag-pyridinate 


Standard AgN03 0.3929 0.1215 113 f 3 
39 f 2 22.0 22.3 1.35 


- 63.5 - 
(C18HBN20z)Ag(C5HsN) 0.3918 0.0491 


x 100. [Percent Ag (Exptl.) - Percent Ag (Theor.)] 
Percent Ag (Theor.) 


The use of this procedure in a manufacturing facility 
would provide a convenient analytical method for 
compounds of this nature. 
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Identification of Aliphatic Amines from Rates of Cinnamoylation 
By WEN-HAI HONG and KENNETH A. CONNORS 


T h e  second-order rate constants for reaction between trans-cinnamic anhydride 
and 26 aliphatic amines i n  acetonitrile solution are reported. The rate constant 


for this reaction is a discriminating criterion of identity. 


ARLIER PAPERS in this series have described the E identification of alcohols from rates of alkaline 
hydrolysis of their 3,5dinitrobenzoate esters (1) 
and of sugars from their rates of oxime formation 
(2). Kinetic studies provide a powerful approach 
to  the characterization of organic compounds because 
of the marked sensitivity ofreaction rate to structure 
of the reactants. Because of its potential for dis- 
tinguishing between closely related compounds, 
and its advantages of sensitivity, simplicity, and 
speed, rate measurement (actually rate constant 
measurement) should become a useful adjunct to  
spectroscopy and t o  conventional chemical methods 
of qualitative analysis.’ 


A procedure for the determination of amines has 
recently been described in which the amine is 


Received May 6, 1968, from the School of Pharmacy, 
University of Wisconsin, Madison, WI 53706 


Accepted for publication June 25, 1968. 
Supported in part by a grant from the Research Committee 


of the University of Wisconsin and by general research grant 
FR 05456 from the National Institutes of Health. 


1 An incidental benefit of this approach is the accumulation 
of extensive collections of rate data for related compounds 
under common conditions; such data may be put t o  valuable 
mechanistic use, and may also provide guidance in the de- 
velopment of quantitative analyses. 


quantitatively converted to the corresponding cin- 
nainide by acylation with trans-cinnamic anhydride 
(3). During the development of the method some 
cinnamoylation rates were measured, and it was 
noted that the acylation rate constant is dependent 
upon the amine structure. In the present paper this 
dependence is exploited to provide a new method 
for the characterization of primary and secondary 
aliphatic amines. 


EXPERIMENTAL 


MaterialsTruns-cinnamic anhydride (J. T. 
Baker Chemical Co.) was recrystallized three times 
from benzene; m.p. 134-136’. Acetonitrile (Fisher 
Scientific Co., catalog No. A-21) was refluxed over 
phosphorus pentoxide and then distilled from phos- 
phorus pentoxide through a packed column (4); b.p. 
81-81.5’. Amines were purified by distillation. 


Appara tudpec t ra l  measurements were made 
with a Cary model 14 recording spectrophotometer 
fitted with a thermostated cell compartment. 


Procedure-Acetonitrile solutions of cinnamic 
anhydride (approximately 4 X 10-6 M) and of an 
m i n e  (5.0 X 10-6 to 2.5 X M ,  depending upon 








New Compounds: Derivatives of Some Imido Compounds 
Likely to Possess Therapeutic Activity 


By S. EL-ZANFALLY, M. KHALIFA, and Y. M. ABOU-ZEID 


The synthesis of certain N-alkylated derivatives of hydantoin, barbituric acid, suc- 
cinimide, and lutarimide is described. The  alkylation was achieved either by 
direct fusion ofthe imide with the halo compound i n  the presence of anhydrous 
potassium carbonate or by heating the sodio derivative of the imide with the halo 
compound in the presence of dimethylformamide as solvent. In  the case of bar- 
biturates, a dialkylated product was always obtained even when equimolecular 


amounts of reactants were used. 


LKYLATION of the imido nitrogen in hydantoins, A barbiturates, succinimides, and glutarimide has 
recently become the subject of several patents. The 
vast majority of these N-substituted derivatives 
have been prepared as potent sedatives, analgesics, 
and hypnotics (1, 2). Motivated, in part, by the 
desire of producing other such new derivatives and 
in the light of what has been reported on the analgesic 
properties of N-substituted saccharin (3) and phthal- 
imide (4), the authors decided to synthesize deriva- 
tives of hydantoins, barbiturates, succinimides, 
and glutarimide with the N-alkyl grouping con- 
taining the saccharino or phthalimido moieties.' 


R'. R'. 


I II 
Derivatives having the above general formulas 


were synthesized by condensing the imido com- 
pound with @-substituted ethyl bromide. @- 
Saccharin0 ethyl bromide and o-bromophenacetin 
were prepared according t o  reported procedures 
(5, 6). On the other hand @-phthalimido ethyl 
bromide was prepared from potassium phthalimide 
and ethylene bromide applying Gabriel's procedure 
after being modified by the use of dimethylforma- 
mide as solvent. As a result the dark colored re- 
action tars-frequently accompanying the Gabriel 
reaction-were completely excluded and a product 
of high purity was obtained. 5,5Disubstituted hy- 
dantoins were synthesized from the appropriate 
ketones by decomposing the bisulfite addition 
products with potassium cyanide and heating the 
cyanohydrins, thus obtained, with ammonium 
carbonate (7). Glutarimide was obtained by fusing 
a mixture of glutaric anhydride and ammonium 
carbonate for 30 min. only instead of passing gaseous 
ammonia in the molten anhydride (8) or heating 
glutaric acid with concentrated ammonium hydrox- 
ide solution for 7 hr. (9). This modification, be- 
sides improving the yield, resulted in a considerable 
reduction in the reaction time. 


Received January 30, 1968. from the Faculty of Pharmacy, 
Cario University Cario U.A.R. 


Accepted for phlicat'ion May 2, 1968. 
The authors express their appreciation to J. R. Geigy 


S.A.. Basle, Switzerland, and to Bayer, Leverkusen, Gerl 
many, for a donation of 1 kg. of dimethylformamide from 
each. 


1 The products at present are under preliminary screening 
for possible sedative and hypnotic action or any other pos- 
sible pharmacological activity. 


Condensation of the imides with the halides was 
realized via two different procedures: (a) direct 
fusion of the starting materials in the presence of 
anhydrous potassium carbonate, and (b) heating the 
sodio derivative of the imide with the halo compound 
in the presence of dimethylformamide. Procedure 
b, which is essentially that described for the N- 
alkylation of saccharin, proved to  be superior to  u 
since through its application many of the compounds 
not obtainable by Procedure a were successfully 
prepared. 


When sodium barbital was condensed with @- 
saccharino ethyl bromide according to  Procedure b, 
two molecules of the latter condensed with one 
molecule of the former although equimolecular 
quantities of the reactants were used. For such a 
condensation product two structures, IITu and IIIb, 


/"\ 
R' R" R' R" 


IIIa IIIb 


are theoretically possible. A choice between the 
two structures was made possible by infrared 
analysis2 because the observed frequencies of about 
1776 and 1675 cm.-l may be ascribed t o  the 4 and 
%position carbonyls, respectively, of Structure IIIa 
(10, p. 221). On the other hand, the strong sharp 
band a t  768 cm.-l may be assigned t o  the out-of- 
plane deformation vibration of the four adjacent 
ring hydrogen atoms (10, p. 77). Furthermore, the 
strong sharp bands at 1193 cm.-l and 1211 cm.-l 


may be attributed to the structure Et2< by 


analogy with the structure Met< which absorbs 


a t  1195 and 1210 cm.-l, respectively (10, p. 26). 
Finally, it has bcen reported (11) that although the 
alkali salts of 5,Sdialkyl barbituric acids are known 
to exist in the enolic form, alkyl products prepared 
from them are known to occur only in the keto form; 
a fact which supports Structure IIIa. 


EXPERIMENTAL 


N-(8-Bromoethyl) Phthalimide-This compound 


2 The infrared spectra were determined on a 300-mg. KBr 
The spectra were run on a disk containing 1 mg. of sample. 


Perkin-Elmer model 21. 
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was prepared in 70% yield from potassium phthal- 
imide and ethylene bromide applying Gabriel's 
procedure with the modification of using dimethyl- 
formamide as solvent. The. heating and occasional 
shaking was continued for 2 hr. a t  130". The 
product crystallized from aqueous ethanol melted 
at 80-81' as reported (12). 


Glutarimide-This compound was obtained in 
75% yield by fusing glutaric anhydride with ammo- 
nium carbonate for 0.5 hr. Crystallization from 
acetone yielded a product melting at 150-151". 
Reported yield and melting point are 63y0 and 
145-146", respectively (9). 


Procedures for Final Compounds-The final 
compounds were obtained via two different proce- 
dures according to  the following general directions. 


Direct Fusion Method-The imide (1 mole), the 
halo compound (1 mole), and anhydrous potassium 
carbonate (0.5 mole) were mixed and heated gently 
to a state of quiet fusion in a small flask fitted with 
an air condenser. The heating and occasional shak- 
ing were continued for 2 hr. After being cooled, the 
hard brown glossy mass was dissolved in boiling 
diluted acetic acid and the product which separated 
on cooling was iiltered and crystallized from the 
appropriate solvent (see Table I). 


Dimethylformamide Method-A mixture of equi- 
molecular amounts of the sodio derivative of the 
imide and the halo compound was suspended in di- 
methylformamide (about 5 ml. solvent per 1 g. of 
mixture) and heated under reflux at 120-130° for 
2 hr. with occasional shaking. The product which 
separated on pouring the cold reaction mixture onto 
crushed ice was filtered, dried, and crystallized from 
the appropriate solvent (see Table I). 
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hydroxypropyl methylcellulose 90 HG, 15,000 cps. 
matrix would release 82% of drug through diffusion 
in approximately 9.5 hr. Attrition, based on the 
slope obtained in Fig. 12, would contribute 18% drug 
at  9.5 hr. Similarly, the hydroxypropyl methyl- 
cellulose 90 HG, 25 cps. matrix would be totally 
depleted of drug after 2.8 hr. Attrition accounts for 
36% of drug release in this case while diffusion con- 
tributes the remainder. It appears from these data 
that the lower molecular weight polymer is approxi- 
mately two times more susceptible to attrition than 
the higher molecular weight species. 


The area of the planar surface of the tablet is 
0.98 cm.2. The area for the standard whole tablet 
is 3.06 cm.e. The ratio of experimental drug-release 
rates between the whole tablet and the planar sur- 
face was 4: 1, while the ratio for the dry, unhydrated 
surfaces was 3: 1. These results are not unexpected 
if the hydrated surface is considered in both cases. 
Hydration of the planar surface results in essentially 
a projection of the same area. Hydration of the 
whole tablet, however, changes the tablet diameter 
resulting in an increase in the area of the planar sur- 
face in proportion to the square of the radius. In 
addition, the increase in the circumference provides 
more area to the rim of the tablet in proportion to 
the radius. The added diffusional area resulting 
from hydration would account for the increased drug 
release observed over that expected from the un- 
hydrated surface. 


Chlorpheniramine maleate release patterns ob- 
tained from methylcellulose MC, 4000 cps. tablets 
appear to be completely dependent on attrition since 
a straight-line relationship holds when drug release 
is plotted against time. 


It would appear that since the surface of the tablet 
was diminishing, a nonlinear release rate would be 
expected. However, erosion was not uniform, and 
fragmented particles continued to add to the drug 
concentration. 
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Renal Metabolizing Activity Studied in Dog 
and Monkey by the Isolated Perfused Kidney 


By G. BENZI, F. BERTi, A. CREMA, and E. ARRIGONI 
The drug metabolizing power of the renal tissues in an isolated in sit# kidney prepa- 
ration has been evaluated in the dog and monkey. Under these experimental condi- 
tions, the kidney remained connected to the other parts of the living animal, except 
for blood circulation which was supplied by a pump-oxygenator system. The  dis- 
appearance of the tested substances (oxazepam and aminopyrine) from extracor- 
poreal blood was partially replaced by their metabolites. In  fact, both the drugs 
and the metabolites were present at different concentrations in the excreted urine 


and in the cortical and medullar renal tissues. 
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collected blood was filtered through cloth. preserved 
by  ampicillin (1 : lO,OOO), and stored in a refrigerator. 
The perfusions were made with (a) whole blood. ( h )  
blood diluted with Tyrode solution (3: l ) ,  (c) blood 
diluted with Tyrode solution (3: l )  and added to  
glucose (lOo/o), ( d )  blood diluted with Tyrode solu- 
tion ( 3 : l )  and added t o  both glucose (10%) and 
cyproheptadine (5-10 mcg./ml.) plus dibenamine 
hydrochloride (2.5-5 mcg./ml.). When whole blood 
was used, this was obtained from a donor 20 min. 
prior to  use, to prevent the accumulation of lactic 
acid which would require a subsequent large neutral- 
ization. Before the perfusion, the heparinized 
blood, compatible with that of the subject, was 
filtered through glass wool or polyester staple, and 
adjusted t o  pH 7.35 using 1 M sodium bicarbonate. 
The priming blood was circulated through the pump- 
oxygenator system fully oxygenated and warmed. 
A flow of 0 2  or OZ-CO~ mixture (95:5) into the 
oxygenator was maintained a t  the rate of 4-6 I./min.; 
a t  the beginning of the extracorporeal renal perfu- 
sion, the blood flow was kept at the rate of 5-7 ml./ 
kg./min. related to  a pressure equal to  the initial 
systemic pressure of the animal (9&145 mm. Hg). 
The time of kidney perfusion was limited from 60 
to  120 min. Blood samples from extracorporeal 
circuit were collected every 15 min. for determina- 
tion of hematocrit, clotting time, arterovenous blood 
oxygen, pH, and plasma electrolytes (Na, CI, K). 
The urine from isolated and perfused kidney was 
collected and measured every 15 min. for determina- 
tion of flow, pH, and electrolytes excretion (Na, K, 
a). 


The metabolizing activity of the kidney isolated 
in situ was investigated by  (a) the glucuronide con- 
jugation, by evaluating the transformation of 
oxazepam to glucuronide (10) after addition of 10-20 
mcg./ml. of oxazepam into the extracorporeal cir- 
cuit, (b) the demethylation, by evaluating the trans- 
formation of aminopyrine to 4-aminoantippine (11) 
after addition of 40-80 mcg./ml. of aminopyrine into 
the extracorporeal circuit, (c) the acetylation, by 
evaluating the transformation of 4-aminoantipyrine 
to  N-acetyl4aminoantipyrine (1 1) under the condi- 
tions mentioned in b. 


The eventual leakage of perfusate into the sys- 
temic circulation was evaluated by taking samples 
of blood and lymph, to  verify the absence of the 
tested substance or of its metabolites. 


RESULTS AND DISCUSSION 


The most frequent observation during an extra- 
corporeal kidney perfusion isolated in situ, was 
the steady increase of blood perfusion pressure a t  
constant rates of flow. 


In the experimental conditions, the authors pre- 
liminarly minimized one of the various responsible 
factors by filtration of the blood through glass wool 
or polyester staple to remove both platelet aggre- 
gates and fibrin clots that tend to block the microvas- 
culature of the organs (12-14). 


Table I shows occurrence and degree of the in- 
crease of the renal vascular resistance, in different 
experimental conditions of dog’s extracorporeal 
kidney perfusion in situ. A mixture of 57.. carbon 
dioxide and 95% oxygen, used instead of pure oxygen 
in the aeration of the extracorporeal blood, reduced 
the clegrce of the perfusion pressure increase, in 
agreement with the results of Bachrack et al. (15), 


metabolism and tissue distribution, the present re- 
search was extended to the metabolizing activity 
of the kidney isolated in situ in living animals. 


The techniques of the perfusion in vitro of 
isolated kidney suspended in a special box and 
placed in an extracorporeal circuit have been 
utilized for about a century (6, 7). 


The present research, instead, utilizes the con- 
cept of Creech et al. (8) that various anatomic 
regions of the living animal can be isolated from 
the general circulation, supplied with a separate 
cxtraneous system for pumping and oxygenating 
the blood, and maintained for varying periods of 
time under these conditions without significant 
damages. 


To test the metabolizing activity of the kidney 
isolated in situ, some transformations of oxaze- 
pam (glucuronide conjugation) and of amino- 
pyrine (demethylation and acetylation) have 
been examined. 


METHOD 


The simple abdominal technique of kidney per- 
fusion in situ was carried out on 39 dogs (9.S18.8 
kg.) and six monkeys (C. hamudryus: 7.8-13.8 kg.) 
preanesthetized with urethan (0.4 g./kg. i.p.). 
Anesthesia was induced and maintained in closed 
circuit by nitrous oxide, cyclopropane, or ethyl 
ether. 


The animals were given artificial ventilation by a 
tracheal Warne tube placed during succinylcholine 
chloride action (1 mg./kg. i.v.). Arterial blood 
pressure was measured from a cannula inserted into 
a femoral artery and connected with a Polygraph- 
Schwarzer recorder. 


After laparatomy, the left kidney and the upper 
part of the left ureter were exposed; the peritoneal 
sheath around the left ureter was opened 3-6 cm. 
from the renal pelvis to expose the ureter and the 
vessels of the surrounding fat. All the vessels were 
ligated and a polythene catheter was gently inserted 
in the ureter, pointing towards the renal pelvis. 


The left adrenal gland was removed and the 
adrenal vessels ligated. The left renal artery and 
vein were isolated from the surrounding fat and a 
chain of loose ligatures placed around the vasal con- 
nection of the renal area. Both isolated left renal 
artery and vein were ligated, cannulated, and con- 
nected with a pump-oxygenator system; the liga- 
tures around the vasal renal area were tightened to 
block the communications between the left kidney 
and the remainder of the body. The time from 
clamping of the renal artery until the start of per- 
fusion was between 3 and 6 min. 


The renal perfusion apparatus employed (9) con- 
sists of a venous reservoir, an oxygenator with gas 
meter, a roller-type pump with flow meter, a glass- 
wool or a polyester staple blood filter, ail apparatus 
to eliminate blood foam, a blood exchanger with 
telethermometer, and a perfusioii pressure regulator 
connected with a Polygraph-Schwarzer recorder. 


Before the extracorporeal kidney perfusion, the 
pump-oxygenator system was filled with 400-600 ml. 
of heparinized blood drawn from donors. The 
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TABLE I-OCCURRENCE IN DOG OF INCREASE OF THE RENAL PERFUSION PRESSURE AT CONSTANT KATE OF 
BLOOD FLOW (5-7 ml. /kg./min. ) IN DIFFERENT EXPERIMENTAL CONDITIONS 


Medium of Perfusion 
-With Addition of- Occurrence After 2 Hr. of the 


CYPro Increase of Perfusion Pres- 
Aeration in Oxygenator Diluted heptadine sure in Comparison with the 


Oz(lOO%) coz(5%) Blood (3:l) (10%) Dibenamine Dogs <lo% 10-30% >30% 
0?(95%) + Whole Blood Glucose + No. of Initial Values 


8 1 2 5 
8 1 4 3 


Yes yes - 8 2 5 1 
- Yes yes Yes 8 2 3 3 


- - - 
- - - 


Yes 
Yes 


- Yes 
- Yes 


Yes 


- 
yes - 


- 


Malette et al. (16), and Steyn et al. (17). In com- 
parison with the whole blood, the use of the blood 
diluted with Tyrode solution ( 3 : l )  and added to 
glucose (10%) reduced occurrence and degree of the 
increase of vascular resistance, in agreement with 
the data of Dottori et nl. (18), Harvey (19), and 
Steyn et al. (17). The use of antihistaminic, antise- 
rotoninic, and adrenergic-blocking agents was with- 
out any effect in reducing the increase of renal 
perfusion pressure, in partial agreement with Steyn 
et al. (17) and in contrast with Hollenberg et al. (20) 
and Belzer et nl. (14). During the extracorporeal 
renal circulation in situ, no significant difference was 


0 30 60 0 30 60 


Fig. 1-Oxazepam metabolism studied by the isolated 
kidney perfusion in situ in a dog weighing 18.2 kg. 
Blood in kidney extracorporeal circuit = 520 ml.; 
blood flo2u rate of extracorporeal circuit = 110 ml./ 
man.; initial concentration of oxazepam in the plasma 
of the extracorporeal circuit = 17.5 mcg./ml. Top,  
at left the plasma concentration curues (mcg./ml., in 
ordinate) of oxazepam (oxp)  and its glucuronide (oxp- 
X I ) ,  assayed every 15 min., for 75 min. A t  right, the 
urine concentration curves (rncg./ml., in ordinate) of 
oxazepam and its glucuronide; insert shows the cortical 
(cor) and medullar ( m d )  renal concentration (mcg./g., 
in ordinate) of oxazepam and its glucuronide, evaluated 
75 min. after the extracorporeal kidney perfusion with 
addition of oxazepam. Bottom, at left the plasma elec- 
trolytes concentrations (meq./l.) of the extracorporeal 
circulating blood assayed, every 15 min., or 75 min. 
At right, the urine pH,Jow (m1./15 min.fkg., in ordi- 
nate) and electrolytes excretion (meq./min., in ordi- 


nate) assayed as above indicated. 


observed between initial and terminal values of 
both the plasma electrolytes concentration of the 
perfusing blood, and the urine pH and electrolytes 
excretion, as indicated in Fig. 1. 


In the extracorporeal circuit of both dog and 
monkey, the decrease of oxazepam plasma levels was 
5270 (42-58y0) in 60 min.; the drug disappearance 
was partially replaced by its glucuronide. Both 
oxazepam and its studied metabolite appeared in the 
urine, as shown in Fig. 1; the oxazepam urine con- 
centration decreased with the decrease of plasma 
concentration as the glucuronide urine concentra- 
tion increased with the increase of its plasmatic con- 
centration. 


In  the extracorporeal circuit of both dog and 
monkey, the decrease of aminopyrine plasma levels 
was 35% (2841%) in 60 min.; the drug disappear- 
ance was partially replaced by its metabolites. 
Aminopyrine and its demethylated and acetylated 
metabolites appeared in the urine as indicated in Fig. 
2. Figures 1 and 2 show the cortical and medullar 
concentrations of the drugs and their studied metab- 
olites after the perfusion of the kidney: the 
affinity for aminopyrine, or instead for oxazepam, 
seems similar in both animal species. 


ug/ml 


Fig. 2-Aminopyrine metabolism studied by the iso- 
lated kidney perfusion in situ in a monkey ( C .  hama- 
dryas) weighing 12.3 kg. Blood in kidney extra- 
corporeal circuit = 480 ml.; blood pow rate of extra- 
corporeal circuit = 74 ml./min.; initial concentration 
of aminopyrine in the plasma of the extracorporeal 
circuit = 51.9 mcg./ml. A t  left, the plasma concentra- 
tion curves (mcg./ml., in ordinate) of aminopyrine 
( a m ) ,  4-aminoantipyrine (a t ) ,  and N-acetyl-4-amino- 
antipyrine (a-at)  assayed every 15 min. f o r  105 min .  
A t  right, the urine $ow (m1./15 min./kg., in ordinate) 
and urine concentration curves ( r n c g . / m l . ,  in ordinate) 
of aminopyrine and its mentioned metabolites. Insert 
shows the cortical (cor) and medullar ( m d )  renal con- 
centrations ( m c g . / g . ,  in ordinate) of aminopyrine and 
its two metabolites, assayed 105 Inin. after the extra- 
corporeal kidney perfusion with addition of amino, 


pyrine. 
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CONCLUSIONS 


The kidney isolated in situ shows a good nieta- 
bolizing power evaluated by studying the glucuro- 
nide conjugation of oxazepam and the demethylation 
and acetylation of aminopyrine, both in the dog and 
the monkey. The tested substances and their 
metabolites were present in the excreted urine and in 
the renal tissues. During the extracorporeal renal 
perfusion (from 1 to 2 hr.) no significant differences 
were observed between the initial and final values of 
plasma electrolytes concentrations and urine pH, 
flow, and electrolytes excretion. 


In comparison with the metabolizing power of 
other organs isolated in situ the kidney shows a 
lower activity than the liver (1) and a higher activity 
than the brain (2 ) .  
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Influence of Calcium and Antiarrhythmic Drugs on 
Palmitate Uptake by Rabbit Heart Slices 


By C. M. MOKLER* and P. P. MATHUR 


Nonesterified fatty acids diffuse into myocardial cells at a rate which is proportional 
to the concentration of unbound acid, and are used in intracellular oxidative and 
synthetic reactions. Quinidine is known to inhibit cellular oxidative processes. 
The effects of uinidine, disopyramide, and pronethalol on oxygen consumption and 
palmitate upt% e by rabbit ventricle slices were determined by standard Warburg 
manometric techniques. In the absence of Ca++, all three drugs in concentrations of 
1 0 - 6 - 1 0 - 4  moles/l. induced marked increases in the rate of palmitate uptake from 
its albumin-bound form in incubation media without significant changes in tissue 
Qo2. This effect was not seen at drug concentrations of 1 0 - 6  or lo-* moles/l., or 
when 2 mM Ca++ was present. A relationship is suggested between palmitate, 
Ca+ +, antiarrhythmic drugs, and extracellular protein, which may involve the bind- 


ing of fatty acid to the protein moiety. 


LASMA NONESTERIFIED FATTY ACIDS (NEFA) P serve an important function in mammalian 
myocardial nutrition (1). They apparently 
diffuse across cell membranes and become avail- 
able to cytoplasmic and mitochondria1 enzyme 
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systems in quantities which are related to the 
molar ratio of NEFA-plasma albumin (2) be- 
cause of the reversible manner in which NEFA 
are bound to plasma albumin. Quinidine is 
also bound to plasma albumin (3), as is ionic 
calcium (Ca++) (4), which is known to play an 
important role in cardiac function (5). Nayler 
(6) has shown an additional relationship between 
Ca++. quinidine, and cell lipids. Quinidine will 
inhibit the movement of Ca++ from an aqueous 
phase into a chloroform phase which contains 
lipids extracted from myocardial memhranes and 








1304 Journal of Pharmaceutical Sciences 


CONCLUSIONS 


The kidney isolated in situ shows a good nieta- 
bolizing power evaluated by studying the glucuro- 
nide conjugation of oxazepam and the demethylation 
and acetylation of aminopyrine, both in the dog and 
the monkey. The tested substances and their 
metabolites were present in the excreted urine and in 
the renal tissues. During the extracorporeal renal 
perfusion (from 1 to 2 hr.) no significant differences 
were observed between the initial and final values of 
plasma electrolytes concentrations and urine pH, 
flow, and electrolytes excretion. 


In comparison with the metabolizing power of 
other organs isolated in situ the kidney shows a 
lower activity than the liver (1) and a higher activity 
than the brain (2 ) .  
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manometric techniques. In the absence of Ca++, all three drugs in concentrations of 
1 0 - 6 - 1 0 - 4  moles/l. induced marked increases in the rate of palmitate uptake from 
its albumin-bound form in incubation media without significant changes in tissue 
Qo2. This effect was not seen at drug concentrations of 1 0 - 6  or lo-* moles/l., or 
when 2 mM Ca++ was present. A relationship is suggested between palmitate, 
Ca+ +, antiarrhythmic drugs, and extracellular protein, which may involve the bind- 
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systems in quantities which are related to the 
molar ratio of NEFA-plasma albumin (2) be- 
cause of the reversible manner in which NEFA 
are bound to plasma albumin. Quinidine is 
also bound to plasma albumin (3), as is ionic 
calcium (Ca++) (4), which is known to play an 
important role in cardiac function (5). Nayler 
(6) has shown an additional relationship between 
Ca++. quinidine, and cell lipids. Quinidine will 
inhibit the movement of Ca++ from an aqueous 
phase into a chloroform phase which contains 
lipids extracted from myocardial memhranes and 
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microsomes. A similar effect was demonstrated 
with pronethalol and propranolol (7) which also 
possess antiarrhythmic properties. These find- 
ings suggest that the a n t i a r r h m c  drugs may 
modify the aliinity of membrane lipids for Ca++, 
or that they may compete with these lipids 
for Ca++. 


The work described here will show a further 
interaction of quinidine, pronethalol, and diso- 
pyramide with myocardial cells which results 
in modified uptake of palmitate by these cells, 
and a reversal of the effect with extracellular 
Ca++. 


METHODS 


Standard Warburg manometric techniques were 
employed. Healthy, male, nonfasting animals were 
used in this study. New Zealand white rabbits 
were stunned by blows on the head and hearts were 
removed and placed in chilled buffer without sub- 
strate. Thin longitudinal slices (0.5 mm.) were 
taken from ventricles with a Stadie-Riggs slicer. 
Slices were halved and distributed equally between 
control and drug-containing vessels. Each Warburg 
reaction vessel contained 150-200 mg. of tissue in 
buffer containing the drug but no substrate. Each 
experiment included a thermobarometric control 
flask (no tissue) and at least four control flasks 
which contained tissue and buffer but no drug. 
Calcium levels were the same in all flasks of a given 
experiment. The low calcium buffers contained 88 
mM NaCl, 5 mM KCI, 2 mM MgC12, 40 mM 
NanHPOd, and either no calcium or 0.2 mM CaCln. 
The high mmoles calcium buffer differed only by 
having 2 mM N d P O d ,  2 mM CaCh, and 124 
mM NaCl to keep ionic strength constant. The pH 
of each solution was adjusted with 1 N HC1 to 7.4 
before use. The substrate solution was prepared 
by adding warm sodium palmitate solution dropwise 
with stirring to a solution of bovine albumin (Cohn's 
fraction Vl), to give 3 mg. palmitate per ml. of 
16% albumin solution. This mixture was refriger- 
ated overnight and filtered at least once before use. 
When added from the side arm of the Warburg 
flask, 0.5 ml. gave flask concentrations of 5-8 
pmoles palmitate and 80 mg. albumin per 3 ml. of 
medium, or a molar ratio of about 5: 1. 


The reaction vessels were gassed for 5 min. with 
100% oxygen, equilibrated for 5 min. at 37 f 0.1" 
and, after initial manometer readings, substrate was 
added from the side arm. Manometer readings were 
made every 15 min. for 2 hr, but calculation of oxygen 
consumption was based on readings from the first 
hour. 


At the end of the incubation period, flasks were 
immediately chilled in crushed ice. A 2.o-ml. 
aliquot of medium was quickly removed from each 
flask, the fatty acids were extracted, and the con- 
centration of fatty acids in each extract was de- 
termined by the microtitration method of Dole and 
Meinertz (8). To calculate tissue uptake of palmi- 
tate, the quantity remaining in the medium of each 
control and experimental flask was compared with 


1 Palmitate and +lbudn from Nutritional Biochemicals 
&orporntion: 
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Fig. 1 -Comparison of drug-treated heart slices with 
untreated control slices with res@ect to tire oxygen con- 
qmpt{on at varying Concentrations of drugs and caL 
cmm zons. Asterisk (*) indicates significant differ- 
ence from controls (p < .05). The ver tb l  bar in 
each figure indicates the shnclurd error of the change 
from control found with each treatment. Key: 0, 


No Ca; 0,0.2 mM Ca; 0, 02.0 mM Ca. 


TABLE I-RESPONSE OF HEART SLICES TO CHANGES 
OF CALCIUM CONCENTRATION IN THE INCUBATION 


MEDIUM 


Palmitate 
Uptake 


(pmol per .'/hr.) 
(mM) Q m * S / E  fi S l f i  P 
Ca++ 


0 5.6 f 0.54(8)" 0.82 f 0.20(8) 
0.2 4.0*0.55(6) >.05 0.75&0.26(6) >0.5 
1.0 3.3 f 0.29(6) <.008 0.66 f 0.18(6) >0.5 


" Number of flasks. Significant difference from control 
(0 calcium). 


that remaining in the thermobarometric control 
flask. 


Tissue slices were blotted, weighed, and dried 
overnight at 104" before the final weighing. Oxygen 
consumption was expressed as QQ, or microliters of 
oxygen used per milligram dry weight of tissue per 
hour. 


Drugs used were quinidine sulfate (USP crystals, 
Mallinckrodt), crystalline disopyramide,2 and pron- 
ethalol.8 Drug concentrations ranged from 10-6 M 
to lo-' M. 


The data from drug-treated heart slices were 
compared with those from untreated control slices 
by Fisher's t test, using the 5% significance level. 


RESULTS 
Figure 1 summarizes the effects of varying drug 


concentrations and Ca++ levels on the rate of oxygen 
consumption by rabbit ventricle slices. Significant 
changes in QQ were found only with 2 mM Ca++ 
at quinidine concentrations of 10-6 to lo-* M, and 
with 0.2 mM Ca++ only at 10-8 M quinidine. That 
this effect may be due to  Ca++ is illustrated by 
Table I, which indicates a significant reduction in 
Qo, in untreated heart slices when incubated with 
2 mM Ca++. This reduction of Qo, was in general 


a Kindly sup lied by Dr. Donald L. Cook. G. D. Searle & 


8 Kindly supplied by Dr. Alex Sahagian-Edwards, Ayent 
cu., Chicago, 18. 
Laboratories, New York, N. Y. 
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not seen when disopyramide or pronethalol was 
present. 


Figures 2-4 show how these factors altered the rate 
of disappearance of palmitate from the medium of 
Warburg flasks. The rate of palmitate uptake ap- 
pears to be inversely related to  the Ca++ concen- 
tration at the intermediate drug levels in each case, 
but is less dependent on Ca++ concentration at 
higher and lower concentrations of drugs. In the 
absence of drugs, palmitate uptake was not de- 
pressed by increasing Ca++ concentrations (Table I). 


While reasonably small differences in Q% and 
palmitate uptake were observed between control 
slices from any one heart, considerable variation 
between hearts was observed. Thus, the treated 
slices from any heart were compared only with un- 
treated control slices from the same heart, and 
results are expressed as the observed change from 
control values. 


Control studies revealed no significant differences 
between vessels containing 2 mM phosphate and 
those containing 40 mM phosphate with respect 
to either Qop or palmitate uptake from the medium 
(Table 11). 
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Fig. 2-Changes in palmitate uptake by heart slues 
as induced by puinidine at various levels of calcium. 
Changes in Qs of these slices are shown in Fag. 1 .  
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TABLE 11-EFFECT OF PHOSPHATE CONCENTRATION 
ON QOa AND PALMITATE UPTAXE BY k B L T  


VENTRICLE SLICES (No Ca++) 
PalmitateU take 


Phosphate (pmolesPB. 
Concn. N Qon tlSsUC/hr.) 


2mM 6 8.2 f 0.4" 2.90f 0.25 
40mM 6 8.4f0.7 2.44f0.30 


(I Mean f SE. 


DISCUSSION 


As Evans (2) has indicated, the movement of fatty 
acids across cell membranes is probably a physical 
process since the rates of its loss from the medium 
(9) and its oxidation to  COB (10) appear to  be de- 
pendent on the quantity of unbound or loosely bound 
NEFA in the medium. The experiments described 
here show that quinidine, disopyramide, and 
pronethalol will, at certain concentrations, enhance 
the rate of disappearance of palmitate from the 
medium in which rabbit ventricle slices are in- 
cubated. The effect is not present when calcium is 
added in concentrations (2 mmoles/l.) which ap- 
proach the normal concentrations found in plasma. 
The increased rate of palmitate uptake is not ac- 
companied by a parallel change in the rate of oxygen 
consumption by the ventricle tissue. Thus, al- 
though additional palmitate appears to  be moving 
into the cells under these conditions, it must be 
used in nonoxidative or synthetic reactions of a 
nature which is not revealed by these experiments. 


Several possible explanations of this phenomenon 
exist. One such explanation is related to  the binding 
of fatty acids to plasma albumin. Goodman (11) 
has shown that palmitate is bound to  plasma al- 
bumin in molar ratios of up to 27: l, with approxi- 
mately 20 moles of palmitate per mole of protein 
having a relatively low association constant. If the 
antiarrhythmic drugs alter this binding to lower the 
association constant or to displace fatty acid from 
this binding, more NEFA will be available to 
be taken up by intacellular proteins (2). That 
quinidine is also bound t o  albumin (3) increases the 
plausibility of such an explanation, although there 
is no a priori reason to believe that albumin could 
not hind both fatty arirl and quinidine inde- 
penclcntly. 
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At the higher drug concentrations where palmitate 
uptake is reduced to control values or below, ex- 
planations for the obsened data become more 
speculative. It is possible that, even though palmi- 
tate is made more available for diffusion into the 
cells, less is taken up  because of drug inhibition 
of intracellular enzyme systems which would nor- 
mally utilize the fatty acid as a substrate in oxidative 
or synthetic reactions. The concentration gradient 
for diffusion of fatty acids into the cells would not 
be as great as normal under these circumstances. 
There is evidence that palmitate oxidation is 
inhibited (12) by quinidine in concentrations (greater 
than lo-‘ M) at which the rate of uptake (Fig. 2) 
begins t o  diminish. Other workers have demon- 
strated inhibited oxidation of citric acid cycle 
intermediates (13, 14) in the presence of high con- 
centrations of quinidine. 


However, the rate of oxygen utilization (Fig. 1) 
did not diminish with increased quinidine concentra- 
tion in those slices (no Ca++) which showed the 
greatest change in fatty acid uptake. Nor was the 
Qoz much altered by disopyramide or pronethalol, 
both of which induced similar changes in palmitate 
uptake. These observations could mean that  the 
rate of incorporation of the fatty acid into neutral 
lipid molecules is diminished by the higher concen- 
trations of the drugs, but additional experiments are 
needed to  support this theory. A more plausible 
explanation for the quinidine data is that  quinidine 
inhibits endogenous substrate oxidation, but that 
the absence of calcium permits easier entry of 
palmitate into the cell where it is available for 
oxidation and prevents a fall in the oxygen con- 
sumption. This possibility also requires additional 
experimentation for support. 


The role of Ca++ in cancelling the drug effect is 
also obscure. Ca++ itself is bound to  plasma 
protein, to  quinidine (15), and t o  fatty acids, and 
thus could significantly affect acid release from 
albumin in several ways. 


A third possible explanation for the phenomenon 
may be seen in the alteration of cell-membrane 
permeability by Ca++ and the antiarrhythmic 
drugs. It is known that Ca++ and quinidine have 
definite effects on membrane electrical characteristics 
which are, in turn, dependent on the relative move- 
ments of ions across the membrane. It is possible 
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that Ca ’ ’ and the antiarrhythmic drugs could 
alter the permeability of myocardial cell membranes 
to palmitate and exert their individual effects oa 
NEFA uptake in this manner. 


The alteration of palmitate uptake by heart 
slices which is caused by antiarrhythmic drugs in 
the absence of Ca++ ions reveals a relationship 
between the three factors which may have some 
bearing on the action of this class of drugs. The 
intracellular presence of quinidine and fatty acid is 
measurable and relatively constant during therapy, 
and sarcoplasmic Ca++ concentrations vary con- 
siderably during the cardiac cycle. If fatty acid 
binding to intracellular proteins varies inversely 
with the drug concentration, the presence of these 
drugs may alter the availability of the fatty acids 
for enzymatic processes, and thus affect the economy 
of the cell. 
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seed oil base were similar to those with the oil-in- 
water emulsion in that all three liquids inhibited 
diffusion. Figure 10 shows the three concentrations 
of water to  significantly retard diffusion. However, 
the results with water do not differ significantly 
from each other. 


The results with alcohol differ significantly from 
the control (Fig. 11). As the concentration of 
alcohol is incrcased, the retardation of diffusion 
becomes more pronounced. However, the results 
with the 2 and 5% do not differ significantly. 


The results with DMSO and this base (Fig. 12) are 
very similar to those obtained with alcohol. All 
differ significantly from the control. As with the 
alcohol and this base the difference in results be- 
tween 2 and 5% DMSO may be taken as due to 
chance and is not significant. Again as the con- 
centration of liquid is increased inhibition of 
diffusion becomes more pronounced. 


CONCLUSIONS 
Undoubtedly the solubility of a drug in an oint- 


ment base plays a major part in the diffusion or 
release of the drug from that base (6). For the 
most part the solubility of a drug in an intact 
ointment base is impossible to determine with any 
degree of confidence due to the fact that one is 
working with a solid and perhaps a heterogeneous 
or multiphase system. 


Factors which also may influence diffusion in 
such instances are those of viscosity and the nature 
of the diffusion membrane. In preliminary ex- 
periments alcohol and DMSO in 1, 2, and 5% con- 
centrations did not appreciably influence the passage 
of salicylic acid from aqueous solutions through the 
membrane used in this study. From this i t  is as- 
sumed that the liquids used in this study exerted 
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their influence on diffusion by means other than 
their action on the membrane. Although viscosity 
measurements were not taken on the ointments, 
the quantities of liquids added to the various bases 
were so small that their influence on viscosity would 
be negligible. If viscosity changes were a great 
factor in this study, one would expect to get results 
all going in one direction, probably toward increased 
diffusion rate, rather than results shown in these 
experiments, i.e., increased diffusion from two 
bases and decreased release from the other two. 


It is apparent that  from this study no general 
explanation is sufficient to cover all the results. 
The results indicate that diffusion from ointment 
bases is greatly influenced by the inclusion of 
liquids. The characteristics of the base probably 
determine whether the diffusion process is enhanced 
or retarded. 
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Effect of @-Adrenergic Blockade on the Toxicity of 
Bronchoconstricters in Guinea Pigs 


By P. P. LUDUENA and W. B. McKEON, JR. 


Propranolol (10 mg./kg.) greatly increased the intravenous toxicity of serotonin, 
oxotremorine, histamine, and nicotine in  guinea pigs. I n  the case of serotonin, the 
LDso i n  the controls was more than 100 times larger than in  the propranolol-treated 
animals. In both groups, bronchoconstriction was the cause of death following the 
injection of histamine, serotonin, and oxotremorine. I n  the case of nicotine, lethal 
bronchoconstriction was produced only in the propranolol-treated animals. The 
presence or absence of bronchoconstriction was determined by in vitro perfusion of 


the lungs, excised immediately after death. 


T HAS been reported recently that j3-adrenergic pigs (1-5) and man (6, 7) t o  bronchoconstrictors. I blockade increases the sensitivity of guinea This potentiation has been attributed to an - 
antagonism of the bronchodilator effect of 
catecholamines, released as a result of the action 
of bronchoconstrictors. This suggested that the 
LDa values of histamine, serotonin, and a cholin- 
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omirnetic, such as oxotremorine, represent the 
effect of doses that surmount the antagonistic 
effect of released catecholamines on the bron- 
chioles. It may explain the negligible effect of 
injected catecholamines on the toxicity of 
histamine in guinea pigs which had been observed 
in  preliminary experiments. 


In order to determine the degree of potentiation 
of the action of the above bronchoconstrictors, 
experiments were performed on guinea pigs. The 
toxicity of nicotine was also determined on the 
assumption that in the presence of propranolol 
this alkaloid may produce death by broncho- 
constriction. It is generally accepted that in un- 
treated animals, the lethal effect of nicotine is 
due to  paralysis of the respiratory muscles 
(myoneural junction blockage) (8). On the 
other hand, guinea pig bronchiolar chains (9) and 
perfused bronchioles (lo), are strongly contracted 
by nicotine. Since nicotine is known to be a re- 
leaser of catecholamines from the adrenal gland 
(11, 12), it was assumed that nicotine broncho- 
constriction might become lethal, if the 8-agonist 
effects of endogenous catecholamines were 
blocked by propranolol. 


METHODS 


Potentiation of the Lethal Effect of Bronchocon- 
strictors-Using a special technique for intravenous 
injection in the ear veins of guinea pigs (13), the 
LDm of the bronchoconstrictors was determined in 
control and pretreated albino animals, weighing 
225-300 g. In each toxicity determination, three 
doses, graded a t  0.3-log intervals were used. Each 
dose was tested on 15 guinea pigs. Pretreatment 
consisted of a dose of 10 mg./kg. of propranolol 
injected intravenously, approximately 15 min. 
before the dose of the bronchoconstrictor. Only in 
the case of nicotine, this drug was injected simul- 
taneously with propranolol. 
Lung Perfusion-In order to obtain an indication 


as to the cause of death, lung perfusion experiments 
were carried out. In  control experiments, the 


Jniirnnl of Phnrmnceutkd .%iences 


guinea pigs were stunned or killed with a head 
blow, the chest was opened, and the lungs were 
excised; one lung was tied off and the other was 
attached through the trachea to a perfusion ap- 
paratus ( 14) containing Krebs-Henseleit solution at 
34-36O. The manometer in the apparatus received 
approximately 20 ml./miti. of perfusion fluid. 
With no outlet, the fluid level increased in the 
manometer a t  an approximate rate of 1.5-1.7 ml./sec. 
In the case of control animals, an average pressure of 
20 ml. was sufficient to force the fluid through the 
bronchiolar tree, and the lung became rapidly 
distended. When this happened, the perfusion 
pressure declined until the lung was maximally 
distended. The highest perfusion pressure (here- 
after called critical perfusion pressure) before the 
lung was filled with fluid was read off the manom- 
eter. This is the value recorded in Table I and 
could be defined as the minimal perfusion pressure 
required to  force the fluid through the bronchioles. 
I n  the experiments where lethal doses of broncho- 
constrictor were injected, the lungs were excised 
immediately after the animal died following the 
injection. The survival time after lethal doses of 
serotonin, histamine, and nicotine varied from 3 to 
5 min. After oxotremorine the survival time was 
7-12 min. Those guinea pigs which received the 
smaller, nonlethal doses of the bronchoconstrictors, 
(Table 11) were killed approximately 5 min. after 
injection. 


The animals injected with propranolol alone were 
killed 15 min. after injection. In all cases, the lungs 
were set up for perfusion as described above for the 
controls. 


The drugs tested were histamine diphosphate, 
serotonin creatinine sulfate, oxotremorine, nicotine 
D-bitartrate dihydrate, propranolol hydrochloride, 
and DCI (dichloroisoproterenol HCI). The doses 
are expressed in terms of the bases. 


RESULTS 


The toxicity of the bronchoconstrictor in control 
and propranolol-pretreated guinea pigs is shown in 
Table 11. Propranolol produced a 7- t o  %fold 
increase in the toxicity of nicotine, histamine, and 
oxotremorine. The effect on the toxicity of serotonin 
was considerably more pronounced; the LDsa of 
serotonin in the control was 105 times larger than 
in the propranolol-treated animals. 


TABLE I-GUINEA PIC LUNG PERFUSION 


Dose, No. of Critical Perfusion CPP, cm. HIO; 
mg./kg. i.v., Lungs CPP Reached Max. Value 82 em. 


Bronchoconstrictors as Base &Blocker Perfused Mean H@. Number of Lung9 - - 12 20 - Controls - - Propranolol, 10 6 52.3 - 
ma./ka. i.v. 


Serotonin 
Serotonin 
Serotonin 
Histamine 
Histamine 
Histamine 
Oxotremorine 
Oxotremorine 
Oxotremorine 
Nicotine 
Nicotine 


I, - - 
- 54 


0 .4  
Propranolol" 0.4 


0.6 
0.03 


Propranolol" 0.03 
1.2 
0.012 
0.012 Propranololo 
3.0 
1.5 Propranololb 


- 
- 
- 
- 
- 


11 
6 
7 


13 
6 
5 
6 
4 
5 
5 
6 


> 70 
> 79 
> 77 
> 79 
>60 


>80 


> 79 


20.2 


22.8 


27.5 


23.6 


proprpnolol HCI, 10 mg./kg. injected i.V. 16 min. before bronchoeonstrictor. Propranolol HCL, 10 mg./kg. injected 
simultaneously with nicotine. 
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TABLE 11-EFFECT OF PROPRANOLOL ON THE TOXICITY OF HISTAMINE OXOTREMORINE, SEROTONIN, AND 
NICOTINE IN GUINEA PIGS 


Propranolol 
Interval Between LDm of Toxicity 


Bronchoconstrictor, Dose, No. of Route of Propanolol and Rronchoconstrictor Increase 
i.v. admin. mg./kg. Doses Admin. Injections mcg./kg., as Base LDm Ratios 


Histamine 0 3 - 220 f 19 22 
Histamine 10 3 
Serotonin 0 3 


Serotonin 10 3 
Oxotremorine 0 3 


- 
i.v. 15 min. 9.8 f 1.2 - - 12,800 i 290 


i.v. 15 min. 122.0i15.6 - 162.0f17.0 


105 
- 


26 ~ 


i.v. 15 min. 6.2 f 0.4 
- - 1,080 i 150 


Oxotremorine 10 3 
Nicotine 0 3 


CI 
I 


Nicotine 10 3 i.v. Simultaneous 150 f 38 


In all cases, with the exception of the lethal effect 
of nicotine in the animals not pretreated with 
propranolol, death appears t o  be due to respiratory 
obstruction; the pressure required to  initiate the 
perfusion of the lungs (critical perfusion pressure) 
was much greater than in the unmedicated animal 
dying from a head blow. 


Dichloroisoproterenol (DCI) also increased the 
toxicity of histamine, confirming that the effect is 
due to a blockade of p-receptors. The i.v. LDw of 
histamine was reduced from 220 f 19 to  54 f 8.8 
mcg./kg. 30 min. after the subcutaneous injection 
of 10 mg./kg. of DCI. 


Perfusion Experiments-The results of the per- 
fusion experiments clearly indicate that  lethal 
bronchoconstriction persists after death, as measured 
by the increased resistance of the bronchiolar tree 
to perfusion. 


The height of the critical perfusion pressure was 
much larger in animals dying after lethal doses of 
known bronchoconstrictors (histamine, serotonin, 
oxotremorine). The smaller doses (histamine: 
0.03 mg./kg., serotonin: 0.4 mg./kg., oxotremorine: 
0.012 mg./kg.) which were well-tolerated in the 
nonpretreated guinea pig, did not result in post- 
mortem bronchoconstriction ; the critical perfusion 
pressure readings after administration of those doses 
were not much higher than those of the control 
lungs. On the other hand, the highest critical 
perfusion pressure readings were obtained with 
lungs from animals which received the same small 
doses after propranolol pretreatment, strongly 
suggesting that  bronchoconstriction was the cause 
of death. After the largest dose of nicotine used 
(LDw X 3) the  critical perfusion pressure was not 
much larger than that of the controls. A smaller 
dose injected with propranolol resulted in a pro- 
nounced postmortem bronchoconstriction. 


DISCUSSION 


As suggested by Collier el ul. (l), Townley et ul. 
(2,3), and others (4, 5), the blockade of 8-receptors 
in the bronchioles would prevent the bronchodialator 
&ect of released epinephrine. The bronchoconstric- 
tors the authors have studied could provoke the 
release of catecholamines from the adrenal glands 
by two mechanisms: a direct action on chromaffin 
cells, and an indirect one provoked by asphyxia and 
mediated through the splanchnic nerves [Cannon 
and Hoskins (15), Tournade and Chabrol (M), 
Houssay and Molinelli (17), Houssay (18), and 


others]. The output of adrenal catecholamines is 
increased by histamine [Elliott (19), LaBarre (20), 
Malmejac, Gross, and Neverre (21), Houssay (18)], 
serotonin [Poisnier and Douglas (22), Douglas (23)], 
and muscarinic agents (23, 24). The dose of pro- 
pranolol was sufficiently large to  antagonize the p- 
receptor effect of released epinephrine. 


The experiments suggest that  the biogenic 
substances that produce bronchoconstriction also 
stimulate the release of endogenous bronchodilators 
(oxotremorine and nicotine mimic the muscarinic 
and nicotinic effects of acetylcholine, respectively). 
That this antagonism is fairly efficient is indicated 
by the fact that the released catecholamines an- 
tagonize many lethal doses of the bronchoconstric- 
tors. In the case of serotonin, the endogenous 
catecholamines appear to  protect against more than 


The perfusion experiments indicate that maximal 
bronchoconstriction is the cause of death in guinea 
pigs receiving nicotine and propranolol simul- 
taneously. On the other hand, in control animals 
the intravenous injection of a large dose of nicotine 
(3 X LDw) kills by a different mechanism. 


Propranolol alone, injected i.v. 15 min. before 
death by a head blow, produced moderate increases 
in critical perfusion pressure. However, the degree 
of bronchoconstriction was not sufficiently large to 
produce visible symptoms of respiratory distress 
during the intervening 15min. period. 


Another point t o  be considered is the proportions 
of receptors occupied by the agonists in the presence 
and in the absence of propranolol. In the pro- 
pranolol-treated guinea pigs a dose of 400 mcg./kg. 
of serotonin killed all the animals injected. It was 
assumed that the contraction of the bronchioles was 
maximal. In other words, all or most of the sero- 
tonin receptors were occupied. In the absence of 
propranolol enormous doses of serotonin were needed 
to  produce maximal contraction of the bronchioles. 
This result could be explained, either by accepting 
the existence of a very large excess of spare serotonin 
receptors, or by assuming that endogenous catechol- 
amines, acting on &receptors, reduce the affinity of 
serotonin to  its specific receptor. 


SUMMARY 


100 LDM’s. 


The intravenous toxicity of histamine, serotonin, 
oxotremorine, and nicotine in guinea pigs was 
greatly increased by propranolol (10 mg./kg. i.v.). 
The LDw values in mg./kg. in control and pre- 
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treated animals were as follows: histamine, 
0.22 zk 0.019 and 0.0098 f 0.0012; oxotremorine, 
0.16 f 0.017 and 0.0062 f 0.0004; nicotine, 1.08 f 
0.15 and 0.15 f 0.038; and serotonin, 12.8 f 0.29 
and 0.12 =t 0.016. The toxicity of histamine was 
also increased by pretreatment with dichloroiso- 
proterenol. 


The resistance of the bronchiolar tree to  Krebs- 
Henseleit perfusion in lungs excised after intravenous 
injection of lethal doses of bronchoconstrictors was 
much higher than that of lungs from control animals. 


Doses of oxotremorine, serotonin, and histamine 
which did not change the resistance to perfusion, 
resulted in pronounced postmortem bronchocon- 
striction when the animals had received an intra- 
venous dose of 10 mg./kg. of propranolol 15 min. 
before the bronchoconstrictor. A similar phe- 
nomenon was observed when 1.5 mg./kg. of nicotine 
was injected i.v. with propranolol. 


The results indicate that in toxicity tests in 
control guinea pigs endogenous catecholamines 
exert a powerful antagonistic action against the 
bronchoconstrictor effect of histamine, serotonin, 
and oxotremorine. In the case of these three sub- 
stances this protective mechanism can be over- 
whelmed by larger doses; the mechanism of death 
is bronchoconstriction. Nicotine, which is a 
bronchoconstrictor in the guinea pig pretreated 
with propranolol, does not kill untreated guinea 
pigs by producing bronchoconstriction. 
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Antimicrobial Activity of Dermatomucosal Agents 
By LEO GREENBERG 


Dermatomucosal agents act in a local manner on the skin and mucous membranes 
and are, in general, not regarded as materials which alter the microbial flora of 
the body. The present study was undertaken to determine whether they are, in 
fact, microbiologically inert. Nine cate ories of dermatomucosal agents were 
established and at least six commonly avaiable products were investigated in each 
category. Products were evaluated for antimicrobial activity by the “small tube 
method” and by filter disk zone of inhibition method utilizing 12 organisms repre- 
sentative of the normal aerobic skin flora as substrates. Results indicate a wide 
range of antimicrobial activity among dermatomucosals with the distinct possi- 
bility that such producr~ may, in actual conditions of use, alter normal human skin 


flora leading either to beneficial or deleterious results. 


HERE IS, in modern pharmaceutical termi- T nology, a large group of drugs which can 
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collectively be identified as “dermatomucosal 
agents.” These are compounded and dispensed 
in a multitude of different ways, but they all 
possess the property of acting in a local manner 
on the skin and mucous membranes. Some act 
purely in  a physical o r  mechanical fashion (e.g., 
demulcents, protectives) while others have a 
chemical mode of action (e.g., astringents, anti- 
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TABLE I-RESULTS O F  NEUTRON ACTIVATION ANALYSIS OF L-EPHEDRINE AND NOREPHEDRINE SILVER 


COMPLEX PYRIDINATES 
_ _  -. ~ 


Compound 


Sample Amount 
Wt., Ag, Activity, 70 Ag % Ag %* 


g. g. C.p.m. (Exptl.) (Theor.) Error 
I-Ephedrine-Ag pyridinate 


(CzoHmN*Oz)Ag(CsHsN) 0.5393 0.0541 38 f 2 
Standard AgN03 0.5393 0.1665 114 f 3 


20.6 21.0 1.90 
- 63.5 - 


Norephedrine- Ag-pyridinate 


Standard AgN03 0.3929 0.1215 113 f 3 
39 f 2 22.0 22.3 1.35 


- 63.5 - 
(C18HBN20z)Ag(C5HsN) 0.3918 0.0491 


x 100. [Percent Ag (Exptl.) - Percent Ag (Theor.)] 
Percent Ag (Theor.) 


The use of this procedure in a manufacturing facility 
would provide a convenient analytical method for 
compounds of this nature. 
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Identification of Aliphatic Amines from Rates of Cinnamoylation 
By WEN-HAI HONG and KENNETH A. CONNORS 


T h e  second-order rate constants for reaction between trans-cinnamic anhydride 
and 26 aliphatic amines i n  acetonitrile solution are reported. The rate constant 


for this reaction is a discriminating criterion of identity. 


ARLIER PAPERS in this series have described the E identification of alcohols from rates of alkaline 
hydrolysis of their 3,5dinitrobenzoate esters (1) 
and of sugars from their rates of oxime formation 
(2). Kinetic studies provide a powerful approach 
to  the characterization of organic compounds because 
of the marked sensitivity ofreaction rate to structure 
of the reactants. Because of its potential for dis- 
tinguishing between closely related compounds, 
and its advantages of sensitivity, simplicity, and 
speed, rate measurement (actually rate constant 
measurement) should become a useful adjunct to  
spectroscopy and t o  conventional chemical methods 
of qualitative analysis.’ 


A procedure for the determination of amines has 
recently been described in which the amine is 
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1 An incidental benefit of this approach is the accumulation 
of extensive collections of rate data for related compounds 
under common conditions; such data may be put t o  valuable 
mechanistic use, and may also provide guidance in the de- 
velopment of quantitative analyses. 


quantitatively converted to the corresponding cin- 
nainide by acylation with trans-cinnamic anhydride 
(3). During the development of the method some 
cinnamoylation rates were measured, and it was 
noted that the acylation rate constant is dependent 
upon the amine structure. In the present paper this 
dependence is exploited to provide a new method 
for the characterization of primary and secondary 
aliphatic amines. 


EXPERIMENTAL 


MaterialsTruns-cinnamic anhydride (J. T. 
Baker Chemical Co.) was recrystallized three times 
from benzene; m.p. 134-136’. Acetonitrile (Fisher 
Scientific Co., catalog No. A-21) was refluxed over 
phosphorus pentoxide and then distilled from phos- 
phorus pentoxide through a packed column (4); b.p. 
81-81.5’. Amines were purified by distillation. 


Appara tudpec t ra l  measurements were made 
with a Cary model 14 recording spectrophotometer 
fitted with a thermostated cell compartment. 


Procedure-Acetonitrile solutions of cinnamic 
anhydride (approximately 4 X 10-6 M) and of an 
m i n e  (5.0 X 10-6 to 2.5 X M ,  depending upon 
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TABLE I-CINNAMOYLATION RATE CONSTANTS FOR ALIPHATIC AMINES - - _ _ _ _ _ ~  
. ---k ( d l  -1  sec. -1) h-7 


Amine B.p., OC.‘ Mean Av. devd 
Isopropyl- 33 (32-33) 21.42 0.09 
tertButy1- 46 (44-45) 0.436 0.001 


Diethyl- 55 (54) 


Isobutyl- 69 (6G66.3) 115.3 0 . 0  
n-Butyl- 77 (76) 158.3 0 . 4  
Isoamyl- 95 (94-95) 156.8 5 . 9  
n-Am yl- 104 (103-105) 160.8 4 . 5  
Cyclopentyl- 105 (104-106) 46.0 0 . 8  
Piperidine 109 (104-105) 1139 17 
Di-n-DroDvl- 110 (109) 23.8 0 .1  


n-Propyl- 49 (47) 134.5 3 . 6  
30.3 0 . 6  
33.8 0 . 5  Allyl- 56 (53) 


sec-Butyl 63 (62) 16.95 0.07 


pKa 
10.63 
10.82 
10.53 
10.98 
9.69 


10.56 
10.72 
10.60 
10.6 
10.64 
9.95 


11.22 
11.00 ’ .I 


n-Hex yl- 
Morpholine 
Cyclohexyl- 
Diisobutyl- 
N-Methyl-cyclohexyl- 
N-Ethvl-cvclohexvl- 


130 (130-131 j 1.51.6 4 . 1  8.70 
134(131-131.2) 25.9 0 . 3  10.64 
139 (137-139) 6.76 0.27 10.68 
146 (146. S147.51 17.37 0.01 10.9 
164 (163-164) 0.629 0.006 11.3 


- d -.. 
N-Isopropyl-cyclohexy1- 174 (17i -mj  0.107 0.004 11.3 
n-Octyl- 180 (178-180) 164.4 3.7 10.65 


Diisoamyl- 187 (186-189) 3.69 0.05 10.94 


Diisooctyl- - (276) 8.34 0.03 


Benzyl- 184 (181-183) 25.97 0.02 9.34 


p-Phenethyl- 198 (197-198) .58.3 0 . 5  9.83 


Dibenzyl- 300 (285) 1.08 0.02 
- 
- 


a Values in parentheses are the author’s values. At 2.5O in acetonitrile solution. Mean of 2 to 5 determinations. 
Average deviation = Zlxi - Zl/(n - 1 ) .  


reactivity) were equilibrated at 25.0 f 0.1’. 
Fifteen milliliters of each solution was mixed in a 
50-ml. beaker and rapidly transferred to  a 10-cm. 
cylindrical cell. The absorbance of the reaction 
mixture a t  305 mp was followed with time as a 
continuous trace on the recorder chart. 


RESULTS AND DISCUSSION 


The reaction studied is 
6 


(C6H,CH=CHC0)20 + RR’NH --+ 
C6HsCH=CHCONRR’ f Ce.HCH=CHCOOH 


For many amines this reaction is very rapid in 
acetonitrile solution, but the rate can be made 
experimentally accessible and convenient by em- 
ploying low concentrations of the reactants. The 
amine concentration was always in excess, and first- 
order plots of log(At - A,) against time were 
obtained.* From the slope the apparent first-order 
rate constant kobs. was calculated. This is related 
to the second-order rate constant k by kobs. = k 
[amine], thus permitting evaluation of k. Variation 
in amine concentration produced a directly propor- 
tional change in kobs., showing that the reaction is 
first order with respect to the amine. 


Table I lists 26 amines, in order of increasing 
boiling point, with the second-order rate constants 
for their cit~namoylation.~ The results in Table I show 
that the cinnamoylation rate constant is a very dis- 
criminating criterion of identity, the maximum range 


2 Note that for use as an identification tool, reaction kinetic 
studies must be designed to give first-order kinetics, because 
only a first-order rate constant can be evaluated without 
knowledge of reactant concentration. Since (presumably) 
the reactant identity will be unknown, its molecular weight 
and hence its concentration will be unknown. 


J Pyrrolidine was too reactive to be studied under first- 
order conditions. 


in relative rate being about lo4. (Aromatic amines 
are much less reactive than aliphatic amines.) In 
fact, this rate constant alone would permit one to  
identify most of the amines listed. By taking both 
boiling point and rate constant, positive identifica. 
tion could be made of every amine studied, excepl 
perhaps diethylamine and allylamine (and these can 
be distinguished by their pKa values). 


A Bronsted-type plot of log k against pKa shows 
considerable scatter. Primary amines with no sub- 
stituents on the a or @ carbon atoms appear to 
behave well, giving a line with slope 0.78. Most 
of the deviations from this line can be accounted 
for in a qualitative way in terms of steric effects, 
which usually lower k, so that the reactivity (nucleo- 
philicity) of the amine toward the anhydride is less 
than would be predicted from its basicity. The 
alicyclic secondary amines react faster than antici- 
pated on the basis of their pKa values. Attempts to 
correlate the data with the use of Taft polar and 
steric substituent constants did not give useful 
results. 
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Determination of Impurities in 
Phenacetin by Thin-Layer 


Chromatography I1 


Sir: 


We reported earlier (1) that TLC can be 
applied to detect certain impurities in phenacetin. 
Additional experimentation in this laboratory 
prompted us to introduce a modification which, 
in addition to enhancing the extraction of the 
impurities, extends the upper limit of detection. 
The modified procedure is as follows: 


(a)  Control solution-Dissolve 10.0 mg. each 
of acetanilid, p-chloroacetanilid, and p-phenetidin 
in 100.0 ml. of absolute ether. 


(b) Test and control preparations-Place 1.0 
g. of finely powdered phenacetin into an 18- X 
150-mm. test tube, add 3.0 ml. of absolute ether, 
and mark the volume. To a similar test tube, 
add 1.0 g. of finely powdered phenacetin refer- 
ence standard and 3.0 ml. of the control solution, 
and mark the volume. To both test tubes, add 
15 ml. of the ether and, by gently boiling on a 
steam bath, evaporate to the mark. Cool, adjust 
the volume to the mark with the ether, add 2.0 
ml. of n-hexane, mix, and allow the particles to 
settle. 


(c) Procedure-Perform TLC concurrently 
with the control preparation and the test prepara- 
tion. Use a plate with a 0.25-mm. layer of 
Silica Gel GF,' a freshly prepared developing 
solvent consisting of 99 volumes of absolute ether 
and 1 volume of n-hexane, and a chromatographic 
chamber not lined with filter paper. Spot 50 pl. 
each of the supernatant obtained in the test prep- 
aration and in the control preparation, applying 
a continuous current of warm air in order to 
concentrate the spots and to completely evaporate 
the solvent. Allow the developing solvent to 
ascend at least 15 cm. above the spot points, 
remove the plate, allow it  to air dry, and expose 
it to iodine vapor for 20 sec. Observe the 
chromatogram under short-wave UV light. (The 
spots from the control preparation appear in the 
following order above the principal spot of 


1 Among the adsorbents tested. Silica Gel GFw (from 
E. Merck AG., Darmstadt. Germany) allowed for a relatively 
rapid development. 


Fig. I-TLC of: A, 
phenacetin; B, p-chloro- 
acetanilid: C .  acelani- 
lid; D, ' p -phne t id in .  
K e y :  1 B, 30.0 mcg. 
(0.3%); 2 B, C, and D, 
15.0mcg. (0.15%,) each. 


phenacetin: p-chloroacetanilid, acetanilid, and 
p-phenetidin.) 


As a corroborative estimation of the p-chloro- 
acetanilid, the plate should be exposed to short- 
wave UV radiation for about 5 min., and then 
inspected under a long-wave UV lamp: p-chloro- 
acetanilid exhibits a bright blue fluorescence. 


The significant differences between the original 
procedure and the modified procedure are as 
follows. (a) Original Procedure-Impusties are 
extracted by agitating 1 g. of phenacetin with 
5.0 ml. of absolute ether for 5 min. ; solvent in 
the final mixture is 5.0 ml. of ether; development 
is 10 to 15 cm. (b) Modified Procedure-Impuri- 
ties are extracted by boiling 1 g. of phenacetin 
with an initial volume of 18 ml. of ether and con- 
tinuing the warm extraction until the volume is 
reduced to 3.0 ml. ; solvent in the final mixture 
is 3.0 ml. of absolute ether and 2.0 ml. of n-hexane; 
development is at least 15 cm. 


The modifications were adapted basically for 
the following reasons. 


1. The extraction technique provides for a more 
efficient dissolution of the impurities due to the 
initially larger volume of the solvent and to the 
applied heat. 


2. Absolute ether-n-hexane (3: 2) dissolves 
about 2.7 times less phenacetin than does ab- 
solute ether. Consequently, the area of the 
phenacetin spot becomes much smaller when the 
mixed solvent is applied. This reduces the pos- 
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sible overlapping of the phenacetin and p-chloro- 
acetanilid spots, and extends the upper limit of 
detection and estimation of the latter. A typical 
chromatogram is  shown in Fig. 1. 


3. By allowing the solvent front t o  ascend at 
least 15 cm. from the starting line, resolution of 
the spots is increased. 


Summarizing our results, it was found that  the 
proposed modified procedure provides a n  im- 
proved technique for identifying and estimating 
p-chloroacetanilid, acetanilid, and p-phenetidin 
in phenacetin with the aid of TLC. 


(1) Turi, P. ,  and Polesuk, J., J .  Phorm Sci., 56, lOll(1967). 
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Books 


REVIEWS 


Atomic Absorption Spectroscopy and Analysis by 
Atomic Absorption Flame Photometry. By JUAN 
RAMEREZ MUNOZ. American Elsevier Publish- 
ing Co. Inc., 52 Vanderbilt Avenue, New York, 
NY 10017, 1968. 16 X 23.8 cm. 
Price $28.50. 
This book is highly recommended for those in- 


terested in becoming familiar with this rapidly ad- 
vancing technique and i t  will be of interest to the 
advanced student of atomic absorption. The book 
is divided into five sections. Part I covers the 
fundamentals and adequately covers the principals 
for a beginner. Part I1 on instrumentation is well 
written but slightly out of date which is to be ex- 
pected in such a rapidly moving field. Part 111 
covers the elements applicable to atomic absorption 
and the sensitivity for these elements whereas Parts 
IV and V cover methods and application. The 
book has an excellent bibliography and a very useful 
appendix. 


Reviewed by William J. Mader 
Drug Standards Laboratory 
American P h  rmaceu tical 


Association Founduticn 
Washington, DC 20037 


xii + 493 pp. 


A Textbook of Pharmaceutical Analysis. By KEN- 
NETH A. CONNORS. John Wiley & Sons, Inc., 
605 Third Ave., New York, NY 10016, 1967. 
xvii + 614 pp. 15.5 X 23.5 cm. Price$12.50. 
This textbook for use in a course in pharmaceutical 


analysis has a somewhat new approach to the sub- 
ject-it is not a commentary on the official com- 
pendia nor a catalog of assay methods for specific 


drugs. It is a presentation of basic concepts with 
experimentation only to provide the basis for these 
concepts, so that the reader will understand drug 
analyses in principle and many in detail. In the pre- 
face the author points out that his wish is to enable 
students to approach with understanding not only 
the official compendia, but also reference works in 
analytical chemistry and specialized monographs. 
He has presented the field of pharmaceutical analy- 
sis in five parts-fundamental titrimetric analysis, 
physical methods of analysis, separation techniques, 
elemental analysis, and functional group analysis. 
There are many experiments included and more than 
200 problems. Important new subjects included 
are phase solubility analysis, enzymes as analytical 
reagents, and decisions an analyst must make when 
selecting an assay method and interpreting his data. 


.Ytaff review 


Introduction to Chromatography. By JAMES M.  
BOBBITT, ARTHUR E. SCHWARTING, and ROY J .  
GRITTER. Reinhold Book Corporation, 430 Park 
Avenue, New York, NY 10022, 1968. xii 4- 
160 pp. 15.5 X 23 cm. Price $3.95. Paper- 
bound. 
This is one of the books in the Reinhold Science 


Studies series, and although small i t  contains a good 
deal of information. As its title indicates, the 
book is meant only to introduce one to the subject 
and give a practical introduction to the more com- 
mon techniques in this area. The authors have 
limited the book to discussions of only three chro- 
matographic techniques: thin-layer, column, and 
gas. Not included is paper chromatography and 
although it is so well known the authors note that i t  
is more likely that thin-layer will someday supplant 








Thin-Layer Chromatographic Assay of Vitamin D 
in High-Potency Preparations 
Analysis of Fat-Soluble Vitamins IX 


By K. H.  HANEWALD, F. J. MULDER, and K. J. KEUNING 


Attention is called to the reversible thermal isomerization of calciferols (D) to pre- 
calciferols (P) as a factor interferin with vitamin D assay. Distinction is made 
between potential vitamin D content (% + P) and actual vitamin D content (D only). 
The potential D content can be determined by the well-known Nield reaction. For 
the determination of the actual D content the Bolliger TLC method was modified to 
make it suitable for irradiation products : tachysterol is eliminated, the protection 
against oxidation was improved, P and D are isolated and may be determined sepa- 
rately. Applying this method, the isomerization rates of vitamins D2 and D3 were 
proved to be equal; the effects of boiling in solutions, saponification, and Soxhlet 
extraction on the ratio of P and D were examined. “Glassy” vitamin D resins appear 
to isomerize very slowly; “pasty” resins isomerize at the same rate as dilute solu- 


tions. 


ISCREPANT RESULTS of vitamin D assays are D frequent. Though admittedly the analyt- 
ical techniques of the determination of ergo- 
calciferol (Dz) and cholecalciferol (D3) are not 
simple, a very real source of error is the neglect 
of the slow reversible isomerization, calciferol $ 
piecalciferol (P) (1). It induced this laboratory 
to investigate the influence of the isomerization 
reaction on the results of vitamin D assay 
methods. 


Potential and Actual Vitamin D Content- 
In vitamin D analysis the first thing necessary 
is to define what is meant by “vitamin D 
content.” Distinction must be made between 
the actual vitamin D content, that is the 
amount of calciferol alone, and the potenlkzl 
vitamin D content, meaning the sum of 
calciferol and precalciferol, which is independent 
of the ratio of both components. The authors 
posit that the actual vitamin D content alone 
does not give any useful information and that 
only the potential vitamin D content is suitable 
for the evaluation of preparations. Simultaneous 
determination of both components D and P sep- 
arately gives additional information, if wanted. 


Isomerization of the Calciferols-Only in 
solutions do the calciferols isomerize reversibly 
to the corresponding precalciferols, forming 
an equilibrium mixture (2-4). 


Hanewald (5)  determined by ultraviolet 
absorptiometry the first-order rate constants for 


k1 


k2 
P3 + Da 


and their dependence on temperature: 
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log k1 = -4200 + 10.29 and 


log Kz = ___ -’180 + 12.53 T 


(kinmin.-l; Tin OK.). 
From these rate constants the fractions P/(P + 


D) and D/(P + D) can be calculated at  a given 
temperature, as can the time needed to approach 
the equilibrium (1). 


From the literature it is not clear if the iso- 
merization rates of Pz $ Dz and Pa D3 are 
equal. Using the analytical methods described 
below this equality was affirmed. Furthermore, 
the isomerization rates in the crude irradiation 
products of 7-dehydrocholesterol were in- 
vestigated, which after evaporation to dryness 
have a resin-like consistency. Besides the com- 
mercial importance of these resins, i t  is of in- 
terest to compare the rates in the resins with those 
in solutions which seem to be temperature de- 
pendent only and with those in the solid state 
(crystalline state is temperature independent). 


Determinations of Potential and Actual 
Vitamin D Content-Since too little attention 
has been given to the isomerization of the 
calciferols, few methods of vitamin D assay 
give reliable values either of the potential or 
of the actual vitamin D content. Most 
methods lead to results between these two 
values ( 1). 


The potential vitamin D content can be de- 
termined directly by absorptiometry, at 500 
mp, of the pink color obtained with antimony 
trichloride (Nield reagent). The result is identi- 
cal for D, P, and tachysterol (6). Vitamins A 
and E and many other polyenes interfere and are 
eliminated beforehand (7). 
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The actual vitamin D content of solutions con- 
taining only D and P can be determined by an 
ultraviolet-absorptiometric two-component anal- 
ysis. It is calculated from the absorbance at 
265 mp and the potential vitamin D content 
known from Nield reaction or other sources (5, 6). 
The P content is obtained simultaneously. Sep- 
aration is not required. In solutions of irradiated 
ergosterol or 7-dehydrocholesterol, by-products 
such as lumisterols and tachysterols interfere. 


Biological assay can give the potential vitamin 
D content, provided that the necessary precau- 
tions for equilibration of sample and standard are 
observed; the actual vitamin D content cannot 
be determined by biological assay (1). 


A reliable and not too vulnerable determination 
of the actual vitamin D content requires the sep- 
aration of D and P. Presently this can be done 
only by thin-layer chromatography (TLC), or in 
a much longer time by paper chromatography 
(8). Bolliger and Konig (9) published a useful 
TLC method for vitamin D assay in 1965; for 
previous work, most of it qualitative or semi- 
quantitative, the authors refer to the paper (9) 
and to Bolliger's chapter in Stahl's handbook on 
TLC (10). Bolliger succeeds in separating cal- 
ciferol and precalciferol; unfortunately, in an 
attempt to correct for its biological activity, only 
part of the precalciferol is included in the deter- 
mination which results in values between the 
potential and actual vitamin D content. Isomer- 
ization of samples and standard solutions before 
and during the analysis is not taken into account, 
nor is the contamination with tachysterol, often 
present in vitamin D preparations, which is not 
separated from calciferol by TLC (11). Tachy- 
sterol gives the same absorptivity with Nield 
reagent but can be eliminated in the analysis of 
irradiation products by the addition of maleic 
anhydride (MA) a t  75' (6). 


As no practical method for the determination 
of the actual vitamin D content and of previtamin 
D was available, the Bolliger method was modi- 
fied for this purpose (a) by collecting the P and D 
spots separately for quantitative analysis, (b) by 
preventing oxidation more thoroughly, ( c )  by 
elimination of tachysterol (TA) from the D + 
TA mixture isolated by TLC. 
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EXPERIMENTAL' 


Chromatography-On silica plates as described 
below the RJ values were measured for the calcif- 
erols (D), the precalciferols (P), lumisterol (L), 
and tachysterol (TA), using the solvent media : cyclo- 
hexane + ether (1 + 1) (9):0.32 (D), 0.42(P), 


1 With the collaboration of Mrs. M. Damen-van't Sant. 


0.37 (L), 0.32 (TA); benzene + ether (3 + 2): 
0.37 (D), 0.48 (P), 0.43 (L), 0.37 (TA); benzene + 
ether (4 + 1) (solvent III):O.29 (D), 0.42 (P), 
0.34 (L), 0.29 (TA). D and TA are not separated. 


BHT (0.01%) in the solvent medium suffices to 
prevent oxidation during development; squalane is 
necessary for protection during the application. 
The protection is demonstrated easily with lac- 
labeled cholecalciferol. Using both squalane and 
BHT no tailing occurs, but with only BHT tailing 
by deterioration is evident. The developed and 
dried plate is stable for 1 day. 


Elimination of Tachysterol-In the manufacture 
of vitamins D by irradiation P is formed, which is 
isomerized to D. The resins are obtained by 
evaporation of the solvent. Of the by-products, 
only the tachysterols interfere with the Nield 
reaction. Tachysterols, calciferols, and precalcif- 
erols are converted by addition of maleic anhydride 
into adducts indifferent to antimony trichloride, 
but the addition rate of TA is much larger, therefore 
TA can be eliminated. In the chemical assay this 
has been done at  75' (6). To avoid side reactions 
like oxidation and to simplify the analysis, this 
temperature was lowered to 2 5 O ,  but the rate was 
restored by a 10-fold MA concentration. One 
milligram of tachysterol was dissolved in 1 ml. of 
10% MA solution in benzene; 15, 30, 60, and 120 
min. after dissolving, the solution was diluted with 
benzene and the residual tachysterol content de- 
termined with Nield's reagent. 


No color was observed in any of the four ex- 
periments, thus at  least 98% of the tachysterol had 
been eliminated within 15 min. The chosen reaction 
time for addition at room temperature was 0.5 hr. 
The same experiments with 1 mg. of pure chole- 
calciferol gave calciferol recoveries of 98.1, 98.6, 
99.7, 99.0%. Recovery experiments with mixtures 
of tachysterol and calciferol gave the same results 
(recovery TA = O%, recovery D = 99%). 


Thin-Layer Chromatographic Determination of 
Actual Vitamin D and Previtamin D in the Pres- 
ence of Tachysterol 


Reagents and Chemicals-Benzene, thiophene- 
free; ether, free from peroxide and acids; dichloro- 
methane, distilled; ethanol, 96% v/v, free from 
aldehyde and acids. Solvents: (I) 0.01% BHT 
in benzene; (11) 1% squalane and 0.01% BHT in 
benzene; (111) benzene + ether (4  4- 1 vol.) + 
0.01% BHT. Maleic anhydride (MA), freshly 
distilled, 10% w/v solution in benzene. Calciferol 
standard solution, 10 mcg./ml. crystalline chole- 
calciferol in solvent I (stable for at  least 3 months in 
an amber-colored bottle in the dark, control oc- 
casionally by comparing with a fresh standard 
solution). Nield reagent, 20% SbCL and 2% acetyl- 
chloride in chloroform; for preparation the authors 
refer to Reference 12. 


Apparatus-Chromatoplates, 200 X 100 X 4 
mm. with a thin layer (0.25 mm.) of Soxhlet ex- 
tracted (24 hr. with methanol and 24 hr. with di- 
chloromethane) Silica Gel GF 254 (Merck) and 
dried at  110'; vacuum collectors with porous- 
glass disk and ground joints; spectrophotometer, 
e.g. ,  Coleman Junior with 19 X 105-mm. cells; 
rapid-delivery pipet, 5 ml. 


Procedure-Dissolve w g. of sample (containing 
approximately 50 mg. of D) in 50.0 ml. of solvent I 
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APPLICATIONS A N D  RESULTS 
In the following experiments determinations were 


done by the TLC method described above, by 
absorptiometric two-component analysis, and by 
Nield reaction. 


Absorptiometry-The absorptivity a( = A;:,,,,) is 
independent of the solvents used here; this applies 
to each of the compounds Di (475), Da (485), PI 
(208), and Pa (218). All absorbances were measured 
a t  265 mp, the absorption maximum of Dz and Da, 
though the absorption maximum of Pz and P a  is 
260 mp. The fractions of P and D can be calculated 
from the difference of the absorptivities (a = sample, 
U D  = pure D; up = pure P): 


(for oils) or solvent I1 (for resins and for ethanolic 
solutions after evaporation to dryness in vacuo 
at room temperature with 3 X 10 ml. of benzene). 
Pipet 0.5 ml. of the solution on a 8-cm. line at 15 mm. 
from the lower edge of a chromatoplate. Develop 
with solvent I11 until the front is 17 cm. past thc 
origin and dry the plate. Mark in ultraviolet light 
(254 mp) the P region (R, = 0.42) and the D + TA 
region (Rf = 0.29) and remove the light. Scratch 
(9) or suck (13) the silica from between the marks 
quantitatively into two dry collectors. Clean both 
open spaces on the plate with cotton wool moistened 
slightly with ethanol and put each plug into the 
corresponding collector. Extract P from its col- 
lector with 2 X 25 ml. of dichloromethane (nitrogen 
pressure). Evaporate extract to dryness in DUCUO 
(cold), release vacuum with nitrogen, and dissolve 
P residue in 5.00 ml. of benzene. [According to 
USP XVII (14) 1,2-dichloroethane can be used 
instead.] Extract D + TA similarly but collect 
and evaporate the extract in a 50-ml. volumetric 
flask. Dissolve D residue in 1.00 ml. of MA solu- 
tion. Keep at room temperature for 30 min. Then 
make up to volume with benzene. 


Measurement-Pipet 1 ml. of the final benzene 
solution (P  or D, respectively) into a cell. Add 
5 ml. of Nield reagent from rapid-delivery pipet, 
swirl, and 60 sec. (stopwatch) after addition, 
measure the absorbance at 500 mfi against air ( = A ) .  
Reagent blank: treat 1 ml. of benzene accordingly 
(absorbance = Aa).  Standard: treat 1 ml. of 
standard solution accordingly (absorbance = A s ) .  
The cholecalciferol (ergocalciferol) and the pre- 
cholecalciferol (preergocalciferol) contents of the 
sample are: 


C. = concentration of standard solution in mcg./ml. 
(=  10); C = sample in the final benzene solution 
in g./ml. (= v/500 for P, and w/5000 for D). 


Remarks-This modified determination of actual 
D and P simultaneously by TLC is suitable for 
samples containing irradiation products and vitamin 
D resins. However, in the determination of the 
actual D content the conditions starting from the 
moment of sampling should be such that isomeriza- 
tion virtually cannot occur, i .e . ,  by handling a t  low 
temperature. 


By this method the actual D content in oily 
concentrates can only be determined in samples 
containing a t  least 6 mg. (240,000 I.U.) of vitamin 
D per g. of oil. At lower concentrations the oil 
must be removed, for which Bolliger and Konig 
(9) made suggestions. The problem is to maintain 
unchanged the ratio of P and D. Generally, high- 
potency vitamin D preparations do not contain 
vitamin A. Vitamin A, thus far not separated from 
P and D and thus contaminating the isolated spots, 
should be eliminated before the Nield reaction is 
carried out, c.g., by chromatography on Florex 
(i ,  9). The modified TLC method also gives the 
potential D content by adding the contents found 
for D and P. If only the potential D is desired both 
removed regions can be combined and thereafter 
treated as a single sample of D + TA. 


a D  - a 
U D  - a p  


[PI = ~- 100% and [D] = 


1009,. a - a]’ 
au - U P  


. 


Nield Reactions-All were performed in the samc 
way: aliquot parts of the solutions to be analyzed 
were evaporated to dryness in tacuo at room tem- 
perature and redissolved in a measured volume of 
benzene to obtain a concentration near 10 mcg./nil. 
These solutions were treated as described in the 
TLC procedure, starting at “Measurement.” 


Isomerization by Boiling for 0.5 Hour in Various 
Solvents-Ergocalciferol and cholecalciferol acre  
dissolved in cold methanol, ethanol, and isooctane 
and refluxed for 0.5 hr. in a nitrogen atmosphere. 
The absorbances of the cold solutions were measured 
a t  265 mp, immediately after preparation and again 
after refluxing. The TLC and the absorptiometric 
determinations were done in the same solutions. 
In Table I the fractions of P and D are given in 70 of 
potential D content (P + D) found. The recovery 
is the potential D found in yo of submitted cal- 
ciferol. 


Saponification-Crystalline cholecalciferol was 
dissolved in peanut oil at low temperature. The 
potential as well as the actual D content = 47.6 


Two grams of the oily solution was saponified 
by heating for 0.5 hr. under nitrogen with 5 ml. 
of 2 N KOH in methanol, in ethauol, or in glycol- 
monomethylether (purified) a t  GO, 80, and looo, 
respectively. After cooling (nitrogen), 8 ml. of 
methanol and 20 ml. of water were added. The 
liquids were extracted with 4 X 40 ml. of ethcr and 
washed with 2 X 50 ml. of 0.5 N aqueous KOH and 
4 X 50 ml. of water. 


In all samples the following determinations were 
done: ( a )  D + P with Nield’s reagent (potential D 
content). ( b )  The apparent vitamin D content, by 
absorptiometry at 265 mp (actual D + part of P). 
(c) D and P separately by TLC (actual D content) 
The effect of the saponification temperature on 
actual and potential vitamin D contents is seen in 
Table 11. 


Soxhlet Extraction-The samples consisted of 1 g. 
of cotton seed oil, containing 48.8 mg. of chole- 
calciferol, adsorbed on 5 g. of cellulose powder. 
These were extracted during 5 hr. under nitrogen, 
with ether, cis-dichloroethene, n-hexane, cyclo- 
hexane, or isooctane, each containing O . O l ~ o  of 
BHT, a t  35, 60, 68, 80, and looo, respectively, and 
the extracts analyzed (see Table 111): (a) P + 
D with Nield reagent (potential D content), ( b )  


mg./g. 
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TABLE I-P AND D CONTENT AFTER BOILING CALCIFEROLS FOR 0.5 Hr. 


Ergocalciferol Cholecalciferol 
Pz f By TLC Absorptiomstric P3 + R v  TLC Abso rpti 3mstric Calcd. 


D1 Re- Fractions, % a at Fractions. % Ds Re- Fractions, % a at Fractions, '% from 
Solvents and covery, of Potential D 265 of Potential D covery. of Potential D 265 of Potential D ki, ka 


B.P., 'C. % Pa DZ mp PZ DZ % Pa Da mp PI DZ Ps 


Methanol, 65 101.8 4.8 95.2 465 3 .7  96.3 100.2 4.2 95.8 473 4.5 95.5 4.3 
Ethanol, 78 101.4 13.5 86.5 440 13.1 86.9 101.0 12.2 87.8 452 12.4 87.6 12.2 
Isooctane, 100 101.2 26.6 73.4 407 25.5 74.5 101.7 28.8 71.2 408 28.6 71.4 28.3 


TABLE 11-EFFECT OF SAPONIFICATION AT DIFFERENT TEMPERATURES 


R y  Kield B y  Absorp- Calcd. 
Reaction . -By TLC . tiometry P Fractions, 


Heatel  Potential Fmctions, 70 of Potential D Actual Apparent 70 of Potential D 
Solvent with !or %O D Potential D ( P  + D), D,  Vitamin D, After Equilib- 


2 N KOH uin., C. mg./g. 1' D mg./g. mg./g. mg./g. 0.5 hr. rium 


Methanol 60 47.7 4.5 9.5.5 46.2 44.2 46.5 2 .6  16.1 
Ethanol 80 4 i .7  13.G p . 4  4 i . O  40.7 44.2 13.9 22.0 
Methyl cellosolve 100 48.0 20.2 r9 .S  48.0 88.2 42.3 28.3 28.5 


~ ~~~~~~~ ~~~ 


TABLE 111-EFFECT OF SOXHLET EXTRACTION : CONTENTS OF EXTRACTS 


7 TLC- 
Fraction, yo 
of Potential D 5 Hr. Extroction 


with B.p* CC. P D 


Ether 35 8.5 91.5 
cis- GHZCl2 GO 12.5 87.5 
n-Hexane 68 18.9 81.1 
Cyclohexane 80 21.8 78.2 
Isooctane 100 27.7 72.3 


Calcd. 
Nield Equilibrium 


Reaction P Fraction, 


mg./g. m d g .  Potential D 
P + D, Potential D, % Of 


48.2 47.8 10.0 
48.8 48.8 16.1 
48.8 48.2 18.4 
47.4 47.4 22.0 
49.2 48.8 28.5 


D (actual D content) and P separately by TLC. 
Storage and Analysis of Resins-In the experi- 


ments of Table IV samples of resins were stored a t  
different temperatures during times in which 
diluted calciferol solutions are equilibrated com- 
pletely. In  Table V stored resins are compared 
with solutions of the same in oil; in this case the 
storage time is insufficient to reach the equilibrium 
for solutions. 


P + D + TA was determined by Nield reaction 
absorptiornetry in this solution. P and D + T A  
were isolated by TLC of 0.5 ml. of the solution 
(containing approximately 0.5 mg. of D )  and P 
determined by Nield reaction. From D 4- TA the 
TA was eliminated by MA addition and the re- 
maining D determined by Nield reaction. The 
values for P + D in  Table IV were obtained by 
adding those f,,r P and for D. The values for T A  


TABLE IV-STORAGE OF A SOLID (GLASSY) VITAMIN DI RESIN IN NITROGEN DURING TIMES NEEDED BY 
DISSOLVED CALCIFEROL TO REACH P-D EQUILIBRIUM 


% w/w 
Storage Time , ~ _ _  After 1 month, 20' and 
and Temp. - After 1 Month, 11 Days, 3.8 Days, 


Determined 200 30° 400 50° 
1.7 Days, 


P + D + T A  68.5 67.3 69.6 69.9 
P + D ( =  potential D) 62.6 59.5 63.0 63.5 
D ( =  actual D) 54.8 51.3 53.9 53.6 
P 7.8 8 .2  9 .1  9 .9  
TA 5.9 7.8 6.6 6 . 4  


P and D Fractions, Yo of  Potential L), 


D 
P 


87.5 (93) 86.3(91.1) 85.5(89.9) 84.4(86..5) 
12.5 (7) 13.7 (8.9) 14.5(11.1) 15.6(13.5) 


(1 The numbers in parentheses are the equilibrium fractions in solutions 


TABLE V-COMPARISON OF THE P-D RATIO AFTER STORAGE OF XOXCOOLED (LIQUILI OR PASTY) VITAMIN DJ 
RESIN AND OF THE SAME RESIN DISSOLVED I N  OIL 


P and D Fractions. % of Potential D3 , 
Start 19 Days at  20°C. 6 Day- a t  30°C 2 Days at 40°C. 


Compd. Resin Oil Resin Oil Resin Oil Resin Oil 


P 25 23 10 12 9 .5  9 5 11 13 
D 75 77 90 88 90.5 90.5 89 87 
Potential D, % w/w 60.7 5.4 61.5 5.9 59 2 6.0 60.0 5.9 
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were obtained by subtracting P -I- D from P 4- D -I- 
TA. Determination of TA or D + TA by Nield 
reaction after TLC is wrong as TA decomposes 
during TLC. 


The samples of Table IV were obtained by weigh- 
ing 500 mg. of briefly heated (100') vitamin Da 
resin into volumetric flasks, sealing the flasks under 
nitrogen, and storing them for 5 hr. at -25' a t  
which time the resin had solidified and taken its 
glassy appearance. These samples were stored for 
the times mentioned in Table IV, then dissolved in 
solvent I11 a t  room temperature and promptly 
analyzed. 


In Table V, vitamin D3 resin was heated for 2 
hr. a t  85". The 500-mg. portions were sealed in 
volumetric flasks under nitrogen and stored im- 
mediately at the temperatures of the storage tests. 
Ten grams of the same vitamin D3 resin was heated 
for 2 hr, at 85' in 90 g. of peanut oil. The solution 
was stored in completely filled, stoppered 5-ml. 
flasks. 


Journal of Pharmaceutical Sciences 


without KOH at 65 and 78" after 0.5 hr., experi- 
mentally and calculated. At 100" there is a certain 
discrepancy. The conclusion is that the rate, and 
thus the equilibrium P D is not altered by the 
presence of KOH if the temperature does not ex- 
ceed 80°, but that at 100' KOH causes other 
effects. Without trying to explain the effect of 
KOH, the authors advise saponification only at 
temperatures of 80' or less. 


Extraction (Table 111)-After extraction at 68, 
80, and 100' the P and D fractions are in fair 
agreement with the equilibrium fractions. Below 
68" the agreement fails because 5 hr. is too short a 
time to reach equilibrium. 


Resins-The effect of temperature on glassy 
resins appears to be very small, which emphasizes 
their solid character (Table IV). Unlike the glassy 
vitamin D3 resin the viscous noncooled vitamin Da 
resin of Table V isomerizes a t  the same rate as its 
solution. 
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treated animals were as follows: histamine, 
0.22 zk 0.019 and 0.0098 f 0.0012; oxotremorine, 
0.16 f 0.017 and 0.0062 f 0.0004; nicotine, 1.08 f 
0.15 and 0.15 f 0.038; and serotonin, 12.8 f 0.29 
and 0.12 =t 0.016. The toxicity of histamine was 
also increased by pretreatment with dichloroiso- 
proterenol. 


The resistance of the bronchiolar tree to  Krebs- 
Henseleit perfusion in lungs excised after intravenous 
injection of lethal doses of bronchoconstrictors was 
much higher than that of lungs from control animals. 


Doses of oxotremorine, serotonin, and histamine 
which did not change the resistance to perfusion, 
resulted in pronounced postmortem bronchocon- 
striction when the animals had received an intra- 
venous dose of 10 mg./kg. of propranolol 15 min. 
before the bronchoconstrictor. A similar phe- 
nomenon was observed when 1.5 mg./kg. of nicotine 
was injected i.v. with propranolol. 


The results indicate that in toxicity tests in 
control guinea pigs endogenous catecholamines 
exert a powerful antagonistic action against the 
bronchoconstrictor effect of histamine, serotonin, 
and oxotremorine. In the case of these three sub- 
stances this protective mechanism can be over- 
whelmed by larger doses; the mechanism of death 
is bronchoconstriction. Nicotine, which is a 
bronchoconstrictor in the guinea pig pretreated 
with propranolol, does not kill untreated guinea 
pigs by producing bronchoconstriction. 
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Antimicrobial Activity of Dermatomucosal Agents 
By LEO GREENBERG 


Dermatomucosal agents act in a local manner on the skin and mucous membranes 
and are, in general, not regarded as materials which alter the microbial flora of 
the body. The present study was undertaken to determine whether they are, in 
fact, microbiologically inert. Nine cate ories of dermatomucosal agents were 
established and at least six commonly avaiable products were investigated in each 
category. Products were evaluated for antimicrobial activity by the “small tube 
method” and by filter disk zone of inhibition method utilizing 12 organisms repre- 
sentative of the normal aerobic skin flora as substrates. Results indicate a wide 
range of antimicrobial activity among dermatomucosals with the distinct possi- 
bility that such producr~ may, in actual conditions of use, alter normal human skin 


flora leading either to beneficial or deleterious results. 


HERE IS, in modern pharmaceutical termi- T nology, a large group of drugs which can 
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collectively be identified as “dermatomucosal 
agents.” These are compounded and dispensed 
in a multitude of different ways, but they all 
possess the property of acting in a local manner 
on the skin and mucous membranes. Some act 
purely in  a physical o r  mechanical fashion (e.g., 
demulcents, protectives) while others have a 
chemical mode of action (e.g., astringents, anti- 
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seborrheics). In  general, they fall within the 
scope of cosmetic agents in that they enhance 
the esthetic properties of the skin in some way, 
but they are not normally considered as curative 
of dermatological infection. Thus specific anti- 
bacterial or antifungal ointments would fall 
outside of the scope of this definition and have 
not been considered in this study. 


Antimicrobial activity on the part of a derma- 
tomucosal agent or product arises as the result 
of (a) incorporation of a specific germicide into 
the formulation as a prophylactic measure, 
usually for the prevention of possible infection. 
It may be noted that this procedure has often 
been attacked as without s c i e n t ~ c  merit both 
as ineffective and indiscriminate (1). (b) in- 
corporation of a germicide into the formulation 
for the inhibition or destruction of specific species 
of microorganisms such as those involved in 
ammonia dermatitis of infants. (c) incorpora- 
tion into the formulation of a preservative agent. 
(a?) antimicrobial activity by a chemical which 
is largely or entirely incidental to its intended 
activity. 


Since the first three of these are procedures 
which constitute a routine part of pharmaceutical 
compounding of cosmetic products (2), it would 
appear likely that commercial dermatomucosal 
agents must exert an effect on the microbial 
flora of man which is either unintentional or 
exceeds the expected degree and range of re- 
sponse. Verification of this would have more 
than academic interest; changes in flora by 
cosmetic agents, whether intentional or unin- 
tentional, may conceivably result in serious 
health problems either from the development of 
resistant organisms or the accrual of virulent 
or undesirable species (3). Since some data on 
this problem are scattered in the literature and 
some are closely held in company files, the present 
study was undertaken to report on the anti- 
microbial spectrum of a large number of repre- 
sentative dermatomucosals. 


PROCEDURES 


Using standard reference sources (4), nine cate- 
gories of dermatomucosal agents were identified 
for study. A tenth category, that of dusting pow- 
ders was eliminated because of the extreme difficulty 
in preparing reliable dilutions. At least six com- 
mon products in each category were purchased 
locally for evaluation. 


Selection of test microorganisms was made on 
the basis of careful investigation of the resident 
and transient flora of the skin and mucous mem- 
branes. Thus bacteria, which constitute a pre- 
ponderance of the normal population (5),  were ob- 
viously of major interest as test substrates. Among 
the various groups, cocci are of primary importance, 
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with Gram-positive species far outnumbering Gram- 
negatives. In the case of bacilli, the lipophilic, 
microaerophilic types are common, as are nonmotile 
forms of the Neisseria, Mime, or Herella type. 


Yeasts are routinely cultured from normal skin 
and mucous membranes. Particular attention has 
been paid by clinicians and microbiologists to species 
of Candida because of their potential pathogenicity. 
However, Sacchuromyces, Torulopsis, and Pityra- 
sfiorum are commonly present. Molds are of course 
ubiquitous; many are environmental contaminants 
which are simply in transit from their normal habi- 
tat as saprophytes in the soil. Whether transient 
or resident, they do represent a major segment of 
the human skin ecology. 


From these considerations, 12 microorganisms 
(seven bacteria, two yeasts, and three molds) repre- 
sentative of human flora were selected as test 
organisms and typical strains purchased from the 
American Type Culture Collection. 


Tests for inhibitory concentrations of products 
were carried out by the “small tube method” (6) 
and by zone inhibition tests utilizing sterile S & S 
filter paper disks (7). Although these methods are 
not ideal, depending particularly upon both hori- 
zontal and vertical dimsion through the medium 
(8), they are entirely suitable for routine screening 
purposes. 


Bacterial organisms were maintained on brain 
heart infusion agar and broth (Difco), while yeasts 
and molds were cultivated on Sabouraud dextrose 
agar and broth (Difco). Dilutions were made 
with sterile distilled water or suspended in sucrose 
solution if insoluble. Normally, 0.6 ml. of 18-24 
hr. broth culture of the test organism was added 
to each 100 ml. of melted, cooled agar prior to pour- 
ing into sterile, plastic Petri dishes or tubes. In- 
cubation in all experiments was at 36’ for bacterial 
and yeast preparations and at 30’ for molds. Bac- 
teria and yeast plates and tubes were read after 
48 hr. while molds were held for 7 days. 


RESULTS AND DISCUSSION 


For preliminary general screening, four repre- 
sentative organisms were chosen; these were a 
Gram-positive coccus, a Gram-negative enteric 
bacillus, a typical conidiospore-forming mold, and 
a pathogenic yeast. The activity or lack of activity 
of 63 commercial preparations against each of these 
four organisms was determined by filter paper disk 
method and is recorded qualitatively in Table I. 
The data indicate antimicrobial activity as follows: 
41/63 against M. citreus; 31/63 against E. cola; 
24/63 against A. niger; 10/63 against C. albicans. 
The minimum inhibitory concentration for each 
effective product against each test organism is given 
in Tables 11-V, as well as the highest ineffective 
concentration tested. It may be noted that the 
number of effective products in Tables 11-V ex- 
ceeds the totals calculated from Table I. This re- 
sults from the fact that inhibitory response judged 
to be “trace” in Table I was recorded as no activity, 
while being recorded as a minimum effective con- 
centration in later tables. 


From the results of these screening procedures, 
it  is evident that antimicrobial activity is the rule 
among dermatomucosal agents rather than the 
exception. The sensitivity of micrococci to most 
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TABLE I-QIJANTAL ACTIVITY OF FULL-STRENGTH DERMATOMUCOSAL AGENTS 


Local anesthetics 
4y0 Butacaine sulfate 
57, Cyclaine hydrochloride 
4y0 Intracaine hydrochloride 
4y0 Metycaine hydrochloride 
4y0 Xylocaine hydrochloride 
4% Procaine hydrochloride 


Arrid 
Right Guard 
Mennen Spray 
Man Power 
Ban 
Mum Mist 
Secret 


Oil of Wintergreen 
Pronto Gel 
Sloan’s Liniment 
St. John’s Bay Rum 
Heet 
Campho-Phenique 
Omega Oil 
Banalg 
Camphorated Oil 
St. John’s After Shave 


Deodorants 


Rubefacients and astringents 


Face washes and cleansing creams 
Paradox Creme Cleanser 
All Clear Face Wash 
Du Barry Hand & Body Lotion 
Nivea Skin Oil 
Noxema Liquid 
Water Lily Pore Lotion 


Hair Tonics 
Trol 
Heads Up 
Fitches Ideal 
Yardley 
Hask 
Jeris 
Old Spice 
St. John’s Hair Groom 
Vaseline Hair Tonic 
Vitalis 


Sunscreening agents 
St. John’s Sun Tan 
Tansation Plus 
A-Fil 
Bain de Soleil 
Coppertone Cream 
Sun Bath 


Depilatories 
IMRA 
Nair 
Zip 
Neet 
Sleek 


Shampoos 
All Clear 
Rinse Away 
Thylox 
Kreml 
Sebb 
Caosebon 


Micrococcus 
cilreus 


Yes 
Yes 
Yes 
Yes 
No 
No 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 


Yes 
Yes 
No 
No 
No 
No 


Yes 
Yes 
Yes 
Yes 
No 
Yes 
No 
No 
No 
No 


Yes 
Yes 
No 
No 
NO 
No 


Yes 
Yes 
Yes 
No 
No 


Yes 
Yes 
Yes 
YeS 
Yes 
YeS 


Candido 
albicons 


No 
No 
No 
No 
No 
No 


No 
No 
No 
No 
No 
No 
No 


Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 


Yes 
No 
No 
No 
NO 
NO 


Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 


No 
No 
No 
No 
No 
NO 


Yes 
No 
No 
No 
No 


Yes 
Yes 
No 
No 
No 
No 


Product Active Against 
Eschnichia Asbergillus 


~~ 


coli nigrr 


Yes 
Yes 
Yes 
YeS 
Yes 
No 


Yes 
Yes 
Yes 
No 
NO 
No 
No 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 


Yes 
Yes 
No 
No 
No 
No 


Yes 
Yes 
YeS 
Yes 
Yes 
No 
No 
No 
No 
No 


Yes 
Yes 
No 
No 
No 
No 


Yes 
No 
No 
No 
No 


Yes 
Yes 
Yes 
Yes 
YtS 
No 


No 
No 
No 
No 
No 
No 


Yes 
Yes 
No 
Yes 
Yes 
NO 
NO 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 


Yes 
NO 
No 
No 
NO 
No 


Yes 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 


Yes 
No 
No 
No 
No 
No 


Yes 
Yes 
No 
No 
No 


Yes 
Yes 
Yes 
Yes 
No 
No 


(Continued on next pare.) 
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TABLE I ( Continued. ) 


-Product Active Against------- 
Minococcus Eschnichia Aspngillus Candida 


cilreus coli niger albicans 
Protectives, demulcents, and 


emollients 
Paradox Moisturizing Lotion Yes No Yes No 
Trushay Yes No Yes Yes 
Edith Rehnborg Dermojeune Yes No No No 


Edith Rehnborg Moisture Cream Yes No No No 
Jergens Lotion No No No No 
Corn Huskers Lotion No No No No 
Nosekote No No No No 


Cream 


TABLE 11-INHIBITION OF GROWTH OF Micrococcus Cztreus 
(BY GENERALLY DECLINING DEGREE OF ACTIVITY) 


Item 
Butacaine sulfate 
Rinse Away 
Cyclaine hydrochloride 
Intracaine hydrochloride 
Metycaine hydrochloride 
Mum Mist 
Mennen Spray 
Secret 
Right Guard 
Fitches Ideal 
Heads Up 
Trol 
All Clear Face Wash 
Man Power 
Oil of Wintergreen 
Paradox Creme Cleanser 
Paradox Moisturizer 
Yardley 
All Clear 
Edith Rehnborg Dermo- 


j w e  Cream 
Edith Rehnborg Moisture 


Cream 
Trushay 
Sebb 
Thylox 
Pronto Gel 
Campho-Phenique 
Ban 
Capsebon 
Kreml 
Heet 
Sloaii’s Liniiucut 


Nair 
IMRA 
Arrid 
Jcris 
St. John’s Bay Rum 
Jergen’s Lotion 
Banalg 
Omega Oil 
St. John’s Sun Tan 
Tansation Plus 


Zip. 


Class 
Local anesthetic 
Shampoo 
Local anesthetic 
Local anesthetic 
Local anesthetic 
Deodorant 
Deodorant 
Deodorant 
Deodorant 
Hair tonic 
Hair tonic 
Hair tonic 
Cleanser 
Deodorant 
Rubefacient 
Cleanser 
Protective 
Hair tonic 
Shampoo 
Protective 


Effective Growth Concn. 
Inhibiting Inetiectual for 


Concn. Inhibition 
1/2500 
1 /2000 
1 /2000 
1/1875 
1 I625 
1 j400 
1 /300 
1 /200 
11150 
iiioo 
liloo 
1/100 


% 
1 /m 
1/50 


1/3125 
1 /3000 


1/1250 


1 /300 
1/200 
11150 


;;% 
:;z 


lil00 
1 /loo 
ljloo 
1/100 
1/90 
1/60 


Protective 1/50 1/60 


Protective 
shampoo 
Shampoo 
Rubefacient 
Rubefacient 
Deodorant 
Shampoo 
Shampoo 
Rubefacien t 
Rubefacien t 
Depilatory 
Depilatory 
Depilatory 
Deodorant 
Hair tonic 
Astringent 
Protective 
Kubefacient 
Rubefacient 
Tanning agent 
Tanning agent 


1 /40 
1 /40 
1/40> 
1 /30 
1 I20 
1 j20 
1/10 
1/10 
1/10 
1/10 
1 /10 
114 


1/50 
1/50 
1 /50 
1/40 
1 I30 
lj30 
1 /20 
1 /20 
1/20 
1/20 
1120 
1/10 


1‘14 iii0 
iiiii 
1/10 


1 /4 1/10 
Full strength 1 /4 
Full strength 1 /4 
Full strength 1 /4 
Full strength 1 /4 
Full strength 1 /4 


products is not unexpected, but the relative re- To establish a picture of the range of germicidal 
sistance of Candidcr dbicans lends support to current activity involved, the two most active products 
fears among some clinicians of an upsurge of yeast in each of the nine categories were tested against 
overgrowth in areas of tlie body where the resitlent eight additional organisms, and the data suni- 
bacterial flora has bceu reduced or eliiuitiated by riiarized in Table VI. Tlie reader can determine 
drug tlierapy. by inspection tlie degree of activity of any given 
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TABLE 111-INHIBITION OF GROWTH OF E. Coli 
(BY GENERALLY DECLINING DEGREE OF ACTIVITY) 


Effective Growth Concn. 


Cyclaine hydrochloride Local anesthetic 1/2500 1 /3ooO 


Intracaine hydrochloride Local anesthetic 1/1250 111875 
Metycaine hydrochloride Local anesthetic 1/1250 111875 


Inhibiting Ineffectual for 
Item Class concn. Inhibition 


Butacaine sulfate Local anesthetic 1/1875 112500 
Xylocaine hydrochloride Local anesthetic 111875 1 /2m 


Rinse Away Shampoo 1 /250 1/1000 
All Clear Shampoo 1/150 11200 


1/100 Oil of Wintergreen Rubefacient 1/50 
1/40 Thylox Shampoo 1/30 


Heads Up Hair tonic 1/30 1/40 
Yardley Hair tonic 1 /20 1 /30 
St. John’s Bay Rum Astringent 1 /20 1 /30 
Mennen Spray Deodorant 1 /20 1/30 
Arrid Deodorant 1/10 1/20 
Campho-Phenique Ru befacient 1/10 1 /a0 
Pronto Gel Rubefacient 1/10 1 /20 
Sloan’s Liniment Ru befacien t 1 /10 1 /20 
Paradox Creme Cleanser Cleanser 1 /10 1 /20 


Fitches Ideal Hair tonic 1/10 1 /20 
Hask Hair tonic 1 /10 1 /20 
St. John’s Sun Tan Tanning agent 1/10 1 /20 
IMRA Depilatory 1/10 1/20 
Sebb Shampoo 1/10 1/20 
Tansation Plus Tanning agent 1 I8 1/10 
Trol Hair tonic 1 /4 1 /6 
Right Guard Deodorant 1 /2 1 /4 
Banalg Rubefacient 1 /2 1/4 
Kreml Shampoo 1 /2 


Mum Mist Deodorant Full strength 1/10 
Man Power Deodorant Full strength 1/10 
Nair Depilatory Full strength 1/10 
Heet Rubefacient Full strength 1 12 
Omega Oil Rubefacient Full strength 1 /2 


All Clear Face Wash Cleanser 1/10 1 /20 


Ban Deodorant Full strength 


TABLE IV-INHIBITION OF GROWTH OF A .  Niger 
(BY GENERALLY DECLINING DEGREE OF ACTIVITY) 


Effective Growth Concn. 
Inhibiting Ineffectual for 


Item Class Concn. Inhibition 
Oil of Wintergreen Rubefacient 1/50 1/100 
All Clear Shampoo 1/40 1/50 


Paradox Creme Cleanser Cleanser 1 /40 1/50 


Paradox Moisturizer Protective 1 /20 1 /30 


Sloan’s Liiiiriietit Rubefacient 1 /20 1 /30 
Omega Oil Rubefacient 1 120 1 /30 
Thylox Shampoo 1 /20  1 /30 
St. John’s Bay Kuni Astringent 1/10 1 /20 
Heet Ku befacien t 1/10 1 /PO 
Campho-Phcnique Rubefacient 1/10 1/20 
Man Power Deodorant 1/10 1 I20 
Right Guard Dcodoran t 1 /lo 1 /20 
St. John’s Sun Tan Tanning agent 1/10 1 /20 
Hask Hair tonic 1/10 1 /20 
Kreml Shampoo 1/10 1 /20 
Trushay Protective 1/10 1 /20 


1/10 
1 /20 


Ban Deodorant 1 /4 


1/10 
IMRA Depilatory 1 /4 
Nair Depilatory 1 /4 
Capsebon Shampoo Full strength 1/10 
Jerk Hair tonic Full strength 1 /10 
Mennen Spray Deodorant Full strength 1/10 
Secret Deodorant Full strength 1/10 
Old Spice Hair tonic Full strength 1/10 
Arrid Deodorant Full strength 1 /4 
Banalg Rubefacien t Full strength 1 /4 


Rinse Away Shampoo 1 /40 1 /50 


Trol Hair tonic 1 /30 1 /40 


Pronto Gcl Kubefacien t 1 /20 1/30 
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TABLE V-INHIBITION OF GROWTH OF Candida Albicans 


(BY GENERALLY DECLINING DEGREE OF ACTIVITY) 


Effective Growth Concn. 
Inhibiting IneEectual for 


Item Clam Concn. Inhibition 
Rinse Away Shampoo 1/200 1/250 


1/100 Oil of Wintergreen Rubefacient 
Paradox Creme Cleanser Cleanser 
Trol Hair tonic 1 /30 
All Clear Shampoo 1 /20 
Paradox Moisturizer Protective 1/10 1/20 
Trushay Protective 1/10 1/20 
Sloan’s Liniment Rubefacient 1/10 1/20 
Pronto Gel Rubefacient 1/10 1 /20 
IMRA Depilatory 1/10 1/20 
Nair Depilatory Full strength 1/10 
Arrid Deodorant Full strength 1/10 
Mennen Spray Deodorant Full strength 1/10 
Heet Rubefacient Full strength 1/10 
Thylox Shampoo Full strength 1/10 


VE 1/40 


;\: 


- St. John’s Bay Rum Astringent Full strength 1 /4 


TABLE VI-COMPARATIVE ANTIMICROBIAL ACTIVITY OF FULL-STRENGTH DERMATOMUCOSAL AGENTS“ 


Test Organismsb- 
Product A B C D E F G H I J R L  


All Clear shampoo 1+ I+ 1+ 1+ 0 1+ 1+ 0.8 If 1+ 0.9 0 
Trol hair tonic 0.9 14- 1+ 1+ 0.9 1 0.7 0.4 0.9 0.7 0.8 1+ 
Paradox Creme Cleanser 1+ I+ 14- 0 I +  0.8 0.4 0.9 0.8 0 .7  1+ 
Trushay lotion 0 .7  I+ :+ 0.9 1+ 0.7 0.6 0 0 .6  0.8 0.6 0.4 
Rinse Awayshampoo 14- 1+ 1+ 0.9 0 0 0.7 0.7 0.6 0.6 1 0.6 
Oil of Wintergreen 0.8 0 1+ 1+ 0.0 0 0.5 I+ 1+ 0 1+ 0 
MennenSpraydeodor- 0.7 1 1+ 1+ 0.5 0.9 0.5 0.6 T 0 T 0.6 


Sloan’s Liniment 1 0.6 0.4 0.8 0.8 0 . 5  0.3 0 . 5  0.6 0.7 0.5 0.3 
St. John’s Sun Tan 1+ 0.8 0.3 0 1+ 0.7 0.5 0.4 0.5 0.6 0 0 
MumMistdeodorant 0.7 0.9 0.5 0.5 0.5 0.8 0.4  T T 0.9 0 0.6 
Paradox Moisturizer 0.3 0.8 0.8 0 . 7  0 . 5  0 .5  0 .3  0 0.7 0.3 0.6 0.7 
Heads Up hair tonic 0.5 1 0.9 0.3 1 0.5 0.5 0.5 0 0.6 0 0.3 
Butacaine sulfate 0.9 0.7 1 0.7 0 0 0 .6  0.8 0 0.3 0 0 
All Clear Face Wash 0.7 0.8 0.6 0 0.8 0.6 0.4 0.4 0 0.4 0 0.5 
Cyclaimehydrochloride 0.8 0.8 0.6 0 0 .3  0 0.7 1 0 0 0 0.3 
Tansation Plus 1+ 0.3 0.3  0 0.6 0.5 0.4 0.4 0 0 0 0.6 


IMRA depilatory 0.4 0 . 4  0.3 0 0.3 0.4 0.4 1.4 0.4 0 0.4 0.4 
Zone of inhibition of 2Smm. diameter = 1; zone of inhibition greater than 26-mm. diameter = 13.; trace activity p. 


T; and lack of activity 0. Tost organisms: A,, StreNomyces Q~SCUS. B Sarcina lufca. C, Micrococcus cilrcus. D, Sac- 
charomyccs dlipsoidcs .  E, Spirilrum rubrum: F. Ncasseria calarrhalis. d, B h u s  cereus Aycoides: H, Eschaichi; coli; I ,  
Asfirrsillys x ien;  J, Mucw mucsdo; K, Candida albbicons; L, StrWocbccws farcoLis. 


ant 


Nair depilatory 0.4 0.3 0 . 3  o I+ 0 .6  0 .4  T 0.4 0 . 3  T 0.3 


product against any given organism. He can also 
rank any product in comparison to 17 others and 
can estimate the general sensitivity of any test 
organism to chemical agents. From the data, 
it  is clear that all categories participate in the anti- 
microbial phenomenon (seven different categories 
are represented among the 10 most active products), 
and as is to be expected, there is a wide range of 
activity within each category. It is likewise evident 
that different species of microorganisms display 
quite different susceptibilities to chemical agents. 
However, the marked sensitivity of Streptomyces 
griseus to all types of dermatomucosals was unex- 
pected, and it is noteworthy that the test species 
of Streptococcus and Neisseriu, genera associated 
with a high degree of pathogenicity, show a relatively 
high degree of resistance to chemical agents. 


Finally, mention must be made of the fact that 
in some cases, the response of the test organism to 
certain concentrations of the dermatomucosal agent 
was unpredictable. Increase in colony size, en- 
hancement of growth, and induction of sporulation 
were among the observations recorded, and further 


studies have been undertaken to determine if these 
represent consistent, reproducible responses or 
merely local idiosyncracies. 


CONCLUSIONS 


1. Evidence is presented that derniatomucosal 
products, normally intended to serve a cosmetic- 
type function, possess powerful abilities to affect 
microbial organisms typical of those normally as- 
sociated with skin and mucous membranes. 


2, Although no specific clinical implications 
can be drawn from this kind of laboratory investiga- 
tion, the possibility that dermatomucosal products 
may signiiicantly alter normal human skin flora 
leading to either beneficial or deleterious changes 
(in either case, neither predictable nor expected) 
cannot be discounted. 


3. The data would appear to justify the recom- 
mendation that in dermatomucosal formulations, 
unless specific evidence of beneiicial activity has 
been reported, antimicrobial activity should be 
kept to the most practical minimum. 
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Effects of Heat and Ultraviolet Radiation on the 
Stability of a Polypropylene-Polyisobutylene Alloy 


By ROBERT K. O’LEARY, WALLACE L. GUESS, and JOHN AUTIAN* 


Polypropylene and blends of polypropylene are or may be utilized in medical items 
of equipment, containers, and various devices. Changes in properties of the material 
may ne ate its value when used for these purposes. This paper deals with the assess- 
ment ofthe stability of a polypropylene- olyisobutylene alloy when ex sed to heat 
and ultraviolet radiation. Evaluation of stability was based upon (aydifferential 
thermal analysis, (b )  tensile roperties, and (c) infrared spectroscopy. Results of 
the study revealed that consi&rable degradation of the material had occurred when 
exposed to a combination of heat and radiation, but relatively little degradation when 


the plastic was exposed to heat only. 


RESENTLY, polypropylene is enjoying wide- P spread use in many applications in phar- 
macy, dentistry, and medicine as such items as 
disposable syringes, various types of containers, 
protective sheets, and a host of other devices. 
Addition of relatively small concentrations of a 
second polymer, polyisobutylene, gives added 
advantages for certain applications, the chief of 
which is a reduction in water vapor transmission. 


Polypropylene is generally less stable to heat 
than polyethylene, for the most part due to the 
methyl side groups attached to every other car- 
bon in the polymer (1). These tertiary carbons 
serve as active sites for oxidative degradations 
Icading to chain scission and embrittlement. 
Incorporation of small quantities of antioxidants 
or combinations of antioxidants with other 
agents into the polymer increases the long-term 
stability of the final item. 
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In  recent years, the authors have become in- 
terested in various man-made polymeric mate- 
rials as protective barriers against harmful 
chemicals. It has become clear, however, that 
depending upon the inherent properties of the 
polymeric material and the types of stabilizers 
employed, the shelf-life of the plastic will be afunc- 
tion of time and the environmental conditions 
imposed upon the item. A protective coating 
which is initially found to prevent the penetration 
or permeation of a chemical poison might be- 
come, depending upon its storage conditions, 
suficieritly altered to permit the passage of thc 
contaminating agent. 


To gain some knowledge as to the stability of 
polymeric materials which might be used in 
medical items, containers, and various devices, a 
study was initiated to evaluate the properties of a 
specific material, polypropylene-polyisobutylene 
alloy, when exposed to heat and ultraviolet 
radiation. 


EXPERIMENTAL 
Materials and Apparatus-Polypropylene-poly- 


isobutylene alloy’ (Pro-Fax N400), 10 mil thick- 
. - 


I Five perceul pulyisobutylcnc. 








Synthesis and Pharmacological Evaluation of Some Tosylbiurets 
and Tosylthiocarbamates as Potential Hypoglycemic Agents 


By DOUGLAS C. KRIESEL and JAMES MENZIE* 


The  synthesis and preliminary pharmacological screening of someptoluenesulfonyl- 
biurets and alkyl p-toluenesulfonylthiocarbamates are described. The biurets were 
prepared by refluxing tosyl isocyanate with the appropriate urea, and the thiocar- 
bamates were formed by the addition of selected mercaptans to  the same isocyanate. 
None of the tosylbiurets possessed hypoglycemic activity; however, propyl tosyl- 
thiocarbamate lowered serum glucose levels in  mice to  approximately the same ex- 


tent as tolbutamide. 


IGNIPICANT STRIDES in the treatment of diabetes S mellitus have been made since the introduction 
of oral hypoglycemic agents such as the sulfonyl- 
ureas and the biguanides. In particular, the drug 
tolbutamide (I) has been successful in the treat- 
ment of the maturity-onset form of this disease. 


However, there are certain situations where 
tolbutamide therapy is inadequate; these cases 
have responded in some instances to other oral 
hypoglycemic agents. The purpose of this re- 
search was to attempt to prepare some hypoglycemic 
drugs that would be clinically effective in the treat- 
ment of diabetes mellitus. 


Two types of derivatives of ptoluenesulfonyl 
isocyanate have been made and screened as hy- 
poglycemic agents. Some ptoluenesulfonylbiurets 
were prepared to  add to  a series of molecules of this 
type that were previously recorded in the literature 
(1). These previously synthesized biurets did 
possess hypoglycemic activity although of a lower 
order than tolbutamide. 


(11) R=NH,, R’=n-butyl 
(111) R=CHS, R’= n-but$ 
(IV) R=CHS, R’=Smethoxy-n-propyl 


Molecular models have demonstrated that these 
compounds (11, 111, IV) possess a total length of 
about 2.5 A. more than the known hypoglycemic 
agent, tolbutamide. The decrease in hypoglycemic 
activity might have resulted from the fact that the re- 
ceptor protein was unable to  accommodate for the in- 
crease in molecular size offered by the additional 
two terminal carbon atoms. The synthesis of 
some closely related tosylbiurets (V, VI, VII, 
VIII) was carried out to determine whether a steric 
relationship existed in this series. 
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A series of tosylthiocarbamates, (IX, X, XI, 
XII), also prepared from ptoluenesulfonyl iso- 
cyanate, was synthesized for biological testing. 


cHR +so,-m- - C(O) -s--R 
(K) R = CHI 


(XI) R - CH,CH&H, 
(X) R-CHZCH, 


(XII) R = CH2CH2CHzCHn 


It was hoped that through substitution of a 
divalent sulfur atom for its bioisoster, the NH, in 
the tosylureas, a favorable change could be made 
which would lead to  more useful molecules. A pre- 
viously reported analog of the above, n-butyl 
N-tosylcarbamate (XIII), has been shown to be 
slightly active in reducing serum glucose levels in 
fasted rats (2). In this case, substitution of an 


ether oxygen, which is also a bioisoster of the NH 
group, lowered the hypoglycemic activity of the 
resultant molecule when compared to tolbutamide. 


DISCUSSION 


The preparation of the biurets was accomplished 
by condensing the appropriate urea with tosyl iso- 
cyanate. The urea was dissolved in DMSO and 
added to  the isocyanate in benzene to  facilitate a 
homogeneous mixture. Nucleophilic attack by the 
unsubstituted nitrogen of the urea on the car- 
bony1 of the isocyanate occurred yielding the cor- 
responding tosylbiuret. The question of whether 
the disubstituted biurets were of the 1,3- or the 
1,5 type was answered by obtaining an NMR spec- 
trum for &methyl-l-tosylbiuret. A doublet a t  
2.70 p.p.m. (CH3) and a quadruplet a t  7.10 p.p.m. 
(NH) showed that coupling was taking place be- 
tween the methyl group and an adjacent proton. 
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TABLE I-CHARACTERIZATION OF THE DERIVATIVES OF p-TOLIJENESULFONYL ISOCYANATE _-- Anal. ,'A- - 
ComDound M.D.,  "C. Yield, % Calcd. Found 


V 


VI 


V I I  


V I I I  


1 x  


x 
XI 


XI1 


183-185 


174-176 


165-167 


112-114 


132-134 


78-80 


80-82 


60-62 


A. Tosylbiurets 
45.9 


68.7 


59.9 


37.8 


B. Tosylthiocarbamates 
57.1 


76.9 


40.4 


44.4 


c, 42.07 
H. 4.31 
C,' 44.28 
H, 4.83 
N, 15.49 
C. 46.32 
Hi 5.30 
N. 14.74 
C,' 48.14 
H, 5.73 


C, 44.05 
H, 4.53 
C, 46.30 
H, 5.06 
C, 48.32 
H, 5.54 
C, 50.14 
H, 5.97 


42.24 
4.52 


44.27 
4.90 


15.20 
46.57 


5.42 
14.73 
48.43 
5.92 


44.27 
4.67 


46 32 
5.19 


48.56 
5.60 


50.38 
5.98 


TABLE 11-SERUM GLUCOSE LEVELS OF SOME methyl sulfoxide. The mixture was refluxed for 
48 hr. and the solution was then concentrated in 
vucwo to  a viscous oil. The oil was dissolved in 
15 ml. of ethanol and water was added t o  the cloud 


mg.% f SD point. Coolinn in ice water and scratching the 


DERIVATIVES OF P-TOLIJENESULFONYL ISOCYANATE 


G ~ ~ ~ ~ ~ ~ ~ ~ ,  


Tosylbiurets 
Control (0.1 ml. propylene glycol) 
Tolbutamide, 25 mg./kg. 
V, 25 mg./kg. 
VI, 25 mg./kg. 
VII, 25 mg./kg. 
VIII, 25 mg./kg. 


Control (0.1 ml. of 5% acacia) 
Tolbutamide, 25 mg./kg. 
IX, 25 mg./kg. 
X, 25 mg./kg. 


130 f 32 
70 f 12 


160 f 13 
182 f 11 
132 f 16 
118 f 15 


115 f 22 
80 f 19 


109 f 23 
114 f 22 
83 f 22 


110 f 34 


Tosylthiocarbamates 


XI, 25 mg./kg. 
XII, 25 mg./kg. 


When D20 was added, the methyl peak appeared 
as a singlet and the peak at 7.10 p.p.m. disap 
peared. This could only occur with the 1,Bdisub- 
stituted analogs. 


Formation of the tosylthiocarbamates readily 
took place at room temperature when the thiol was 
added to tosyl isocyanate in the presence of a few 
drops of the catalyst, pyridine. Crystallization of 
the appropriate product was accomplished when 
the mixture in benzene was cooled to 10" and pre- 
viously cooled cyclohexane was slowly added to 
reach the cloud point. 


EXPERIMENTAL 


All melting points were determined with a 
Thomas-Hoover Unimelt apparatus and are un- 
corrected. All of the elemental analyses were per- 
formed by Galbraith Laboratories, Inc., Knoxville, 
Tenn. 
Tosylbiurets-p-Toluenesulfonyl isocyanate' (3.0 


g., 0.015 mole) was dissolved in 30 ml. of dry benzene 
and added to  a solution of the appropriate urea 
(0.015 mole) previously dissolved in 10 ml. of di- 


1 Purchased from Aldrich Chemial Co. Milwaukee, Wisc. 


I~ 


sides of the vessel yielded a white crystalline prod- 
uct that was recrystallized from aqueous ethanol 
(Table I). 
Tosylthiocarbamates-p-Toluenesulfonyl iso- 


cyanate (5.0 g., 0.025 mole) was quickly dissolved 
in 20 ml. of dry benzene and the appropriate 
mercaptan (0.025 mole) was added along with two 
drops of pyridine. The mixture was let stand at 
room temperature for 24 hr. and then cooled to 
loo. Cyclohexane previously cooled to  the,  same 
temperature was added slowly to reach the cloud 
point and after briefly scratching the sides of the 
vessel, the mixture was kept a t  10" until crystal- 
lization ensued. Recrystallization of the white 
crystalline solid took place from a mixture of 
benzene-cyclohexane (Table I). 


PHARMACOLOGICAL. DATA 


Screening for reduction of serum glucose levels 
was carried out using the Beckman Ultramicro 
adaptation of the method of Keston and Teller 
(3). This method involves a coupled enzyme sys- 
tem and utilizes glucose-oxidaseperoxidase and 
the chromogen, o-dianisidine. Initially, the oxi- 
dase converts glucose to gluconic acid and hydrogen 
peroxide; then the HPOZ formed is transformed to 
oxygen by the peroxidase. Finally the oxygen 
reacts with the chromogen to  form a stable color 
complex which is read spectrophotometrically at 
410 mp. The intensity of the color formed is 
proportional to the glucose concentration. 


The tosylbiurets were screened using mixed 
white rats that had been fasted for 24 hr. The 
compound was dissolved in propylene glycol and 
administered intraperitoneally (approximately 0.1 
ml. was given). After 1 hr. a sample of blood 
was obtained by excising a portion of the tail, 
after which the sample was quickly centrifuged to  
obtain the necessary amount of serum. 
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Fasted mixed white mice were used to  screen 
the tosylthiocarbamates for hypoglycemic activity. 
The compounds were suspended itl 570 acacia a,l,j 
administered intraperitoneally in a dose of 0.1 ml. 
After 1 hr.. a samde of blood was obtained bv Manual UM-JM-2. Technical Bulletin No. 6073D 


REFERENCES 
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(2) McLamore, W. M., Fanelli. G. M., P'an, S. Y., and 
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decapitation and after immediate centrifuging, a 
serum sample was collected. 


No hypoglycemic activity was obtained in the 
tosylbiuret series signifying that these molecules 
do not accommodate well with the receptor sites 
necessary to  initiate the release of endogenous 
insulin. 


n-Propyl N-tosylthiocarbamate was shown t o  be 
approximately as active as tolbutamide when tested 
in mice according t o  the enzymatic method de- 
scribed in this communication. 


Keyphrases 


Tosylbiurets, thiocarbamates-synthesis 
Propyl tosylthiocarbamate-hypoglycemic 


Colorimetric analysis-spectrophotometer 
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Antiradiation Compounds XII. Dithiocarbamates of Strongly Basic 
Acridines and Quinaldines 


By WILLIAM 0. FOYE, DOUGLAS H. KAY, and PRAMOD R. AMIN* 


Dithiocarbamates of strong heterocyclic bases (pKa 8-12) in  the acridine and quin- 
aldine series have been obtained, with further examples of the formation of immo- 
N-carbodithioates. Significant radiation protection of mice was found for the di- 
thiocarbamate ester of 9-aminoacridine, whereas dithiocarbamates of both stronger 


and weaker bases were nonprotective. 


IGNIFICANT radiation protection in mice ir- S radiated with 1000 r (r-rays) has been found for 
the dithiocarbamate of a strongly basic heterocyclic 
imine (1). The base was 1,2-dihydro-l-methyl-Z 
iminopyridine, obtained by ring-N-alkylation of 2- 
aminopyridine, and has a pKa of 12.2. Dithio- 
carbamates of the corresponding 4iminopyridine 
and Ziminopyrimidine gave no radiation protection 
a t  this radiation level, however. In order to  deter- 
mine structural requirements for radiation protec- 
tion by dithiocarbamates of strongly basic hetero- 
cycles, preparation of dithiocarbamates of this 
type of compound has been extended to  include acri- 
dines and quinaldines. 


Dithiocarbamates were generally prepared from 
these bases, for which pKa values ranged from 8-12 
(2) in alcohol with or without the presence of ad- 
ditional base such as pyridine or triethylamine. 
The dithiocarbamates were obtained as esters, 
salts of the heterocyclic base, or salts of the added 
base; the nature of the product was unpredictable. 
Characteristic absorption for dithiocarbamates was 
observed in the UV a t  220, 240-250, 260-275, and 
29@310 mp (3) and in the IR near 1,000 cm.-l (1) 
for these products, providing further evidence for 
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dithiocarbamate formation of imines. In contrast 
to  dithiocarbamate formation of aliphatic amines 
which generally takes place quite rapidly (4), some 
of the products reported here required a number of 
days to form. 


Radiation protection in mice was found for the 
dithiocarbamate of 9-aminoacridine (pKa = 10.0) 
wersus 825 r (X-rays). No protection was reported 
for several other members of these series made from 
heterocycles having either greater or lesser basicities. 


DISCUSSION 


The method of Albert (5) was used to prepare 3- 
aminoacridine (pKa = 8.0). Treatment of this 
compound with carbon disulfide in ethanol gave an 
undefinable product, but in the presence of a large 
excess of triethylamine, the triethylammonium 
salt of 3-acridyldithiocarbamate was obtained. 
In contrast to  this behavior, 9-aminoacridine (pKa 
= 10.0) was converted to  ethyl 9-acridyldithio- 
carbamate when treated with carbon disulfide in 
ethanol in either the presence or absence of triethyl- 
amine. The yield was larger in the former case, 
however. The UV absorption spectrum in ethanol 
showed peaks at 243 and 270 mp for the 3-isomer 
and 261 and 304 mp for the 9-isomer. 


The procedure of Albert (6) was used to  prepare 
9-imino-lO-methylacridinium iodide (pKa = 11.1). 
This compound was treated with sodium hydroxide 
to  yield 9-amino-9-hydroxy-10methylacridine which 
was dehydrated t o  yield 9,10-dihydr&-imino-10- 
methylacridine. Both the hydroxy and the de- 
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sible overlapping of the phenacetin and p-chloro- 
acetanilid spots, and extends the upper limit of 
detection and estimation of the latter. A typical 
chromatogram is  shown in Fig. 1. 


3. By allowing the solvent front t o  ascend at 
least 15 cm. from the starting line, resolution of 
the spots is increased. 


Summarizing our results, it was found that  the 
proposed modified procedure provides a n  im- 
proved technique for identifying and estimating 
p-chloroacetanilid, acetanilid, and p-phenetidin 
in phenacetin with the aid of TLC. 


(1) Turi, P. ,  and Polesuk, J., J .  Phorm Sci., 56, lOll(1967). 
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Books 


REVIEWS 


Atomic Absorption Spectroscopy and Analysis by 
Atomic Absorption Flame Photometry. By JUAN 
RAMEREZ MUNOZ. American Elsevier Publish- 
ing Co. Inc., 52 Vanderbilt Avenue, New York, 
NY 10017, 1968. 16 X 23.8 cm. 
Price $28.50. 
This book is highly recommended for those in- 


terested in becoming familiar with this rapidly ad- 
vancing technique and i t  will be of interest to the 
advanced student of atomic absorption. The book 
is divided into five sections. Part I covers the 
fundamentals and adequately covers the principals 
for a beginner. Part I1 on instrumentation is well 
written but slightly out of date which is to be ex- 
pected in such a rapidly moving field. Part 111 
covers the elements applicable to atomic absorption 
and the sensitivity for these elements whereas Parts 
IV and V cover methods and application. The 
book has an excellent bibliography and a very useful 
appendix. 


Reviewed by William J. Mader 
Drug Standards Laboratory 
American P h  rmaceu tical 


Association Founduticn 
Washington, DC 20037 


xii + 493 pp. 


A Textbook of Pharmaceutical Analysis. By KEN- 
NETH A. CONNORS. John Wiley & Sons, Inc., 
605 Third Ave., New York, NY 10016, 1967. 
xvii + 614 pp. 15.5 X 23.5 cm. Price$12.50. 
This textbook for use in a course in pharmaceutical 


analysis has a somewhat new approach to the sub- 
ject-it is not a commentary on the official com- 
pendia nor a catalog of assay methods for specific 


drugs. It is a presentation of basic concepts with 
experimentation only to provide the basis for these 
concepts, so that the reader will understand drug 
analyses in principle and many in detail. In the pre- 
face the author points out that his wish is to enable 
students to approach with understanding not only 
the official compendia, but also reference works in 
analytical chemistry and specialized monographs. 
He has presented the field of pharmaceutical analy- 
sis in five parts-fundamental titrimetric analysis, 
physical methods of analysis, separation techniques, 
elemental analysis, and functional group analysis. 
There are many experiments included and more than 
200 problems. Important new subjects included 
are phase solubility analysis, enzymes as analytical 
reagents, and decisions an analyst must make when 
selecting an assay method and interpreting his data. 


.Ytaff review 


Introduction to Chromatography. By JAMES M.  
BOBBITT, ARTHUR E. SCHWARTING, and ROY J .  
GRITTER. Reinhold Book Corporation, 430 Park 
Avenue, New York, NY 10022, 1968. xii 4- 
160 pp. 15.5 X 23 cm. Price $3.95. Paper- 
bound. 
This is one of the books in the Reinhold Science 


Studies series, and although small i t  contains a good 
deal of information. As its title indicates, the 
book is meant only to introduce one to the subject 
and give a practical introduction to the more com- 
mon techniques in this area. The authors have 
limited the book to discussions of only three chro- 
matographic techniques: thin-layer, column, and 
gas. Not included is paper chromatography and 
although it is so well known the authors note that i t  
is more likely that thin-layer will someday supplant 








Pharmacokinetics of Acetylsalicylic Acid and 
Salicylic Acid After Intravenous 


Administration in Man 
By MALCOLM ROWLAND a n d  SIDNEY RIEGELMAN 


The pharmacokinetics of acetylsalicylic acid (ASA, 650 mg.) and salicylic acid (SAY 
500 mg.) were studied following intravenous administration in males. The result- 
ant plasma concentration-time curves were described by bi-exponential equations. 
The half-life of the first exponent was 2-5 min. for both compounds while that of 
the second exponent was 13-19 min. and 3.5-4.5 hr. for ASA and SAY respec- 
tively. Over the dose range 0.3-1.2 g. ASA, the area under the ASA plasma concen- 
tration-time curve was proportional to the dose administered. Also SA was shown 
to be the exclusive metabolite of ASA. Analysis of the resent results, over the dose 
range and duration of study, showed that the data c o d 8  best be fitted by conceiving 
the body to act as a two-compartmental open system with respect to these drugs. 
The significance of these findings on measurement of the rate constants of metab- 
olism, volume of distribution, and other pharmacokinetic parameters are discussed. 


T IS an interesting fact that, although acetyl- I salicylic acid (ASA) has been consumed in 
tremendous quantities since its introduction in 
1899, only scant information is available per- 
taining to the pharmacokinetics of this drug in 
man. This is all the more surprising as the 
salicylates have been the subject of two mono- 
graphs (1, 2) and a symposium (3). Essentially, 
the problem has been an analytical one in that 
previous assays either did not differentiate be- 
tween ASA and its metabolite, salicylic acid (SA), 
or estimated ASA as the increase in SA upon 
hydrolysis of the sample (4, 5), which is at best 
an insensitive method. More recently attempts 
have been made to increase the specificity of the 
assay using paper chromatography or selective 
extraction (6, 7). 


Although ASA is known to be rapidly metab- 
olized to SA i n  vivo, only the mean data of 
Leonards (8) and Lange and Bell (6) allow any 
estimate for the apparent elimination half-life, 
and values of 17 min. and 30 min. are obtained, 
respectively. However, in both studies, the 
drug was given orally so that estimates could be 
influenced by continued absorption of ASA during 
the decline of drug blood levels. The total 
urinary recovery of ASA as SA or its metabolites 
(9) suggests that SA is the only metabolite of ASA 
while 1.5% has been reported to be excreted un- 
changed in the urine of man (10). Much more 
information is available relating to SA owing to 
its high plasma levels, relatively long half-life, 
and ease of analysis (1-3). Nevertheless, there 
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are little data on the kinetics of distribution of 
this drug in man. 


In the present paper both ASA and SA have 
been given intravenously to man as their N- 
methylglucamine salt. The kinetics of distribu- 
tion, metabolism, and excretion of each drug 
was then determined. Over the duration of 
this study it was found that the results can only 
be adequately explained by proposing as a mini- 
mum a two-compartmental open-system model 
for each drug. A preliminary communication of 
these results have been reported elsewhere (1 1). 


EXPERIMENTAL 


The dose of either ASA or SA was administered 
as its N-methylglucamine salt. Equivalent amount 
of acid and base were mixed together and dissolved 
in water for injection so that each dose was contained 
in 10-ml. final product. The solutions were passed 
through a bacterial filter into a sterile, multidose 
container and used immediately after preparation. 
The solutions were assayed for SA, and ASA, by 
UV, spectrophotofluorometric, and gas-liquid chro- 
matographic procedures to verify contents. 


Five male subjects were used in the study and 
each received a rapid intravenous injection (over 
5-10 sec.) of 650 mg. ASA while on another 
occasion four of these subjects received 500 mg. SA. 
Blood samples (5 ml.) were usually taken a t  0, 1, 2, 
4,6 ,8 ,  10, 12, 15, 20, 25, 30, 35, 40,50,60, 70,80, 90, 
105, 120, 180, 240, 300, 360, and 480 min. following 
ASA administration, while slightly less frequent 
samples were taken in the SA study. In addition 
one subject was given 325 mg. ASA i.v. and in an- 
other study received a zero-order i.v. infusion of 
1.24 g. ASA over a 50-min. period using a Harvard 
infusion pump. In the ASA study the collected 
blood samples were immediately placed into cooled 
tubes containing heparin and potassium fluoride 
(which inhibits further hydrolysis of ASA) and 
centrifuged. The plasma was then analyzed specif- 
ically for ASA using gas-liquid Chromatography 
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IY hile S.4 was determined spectrophotofluoro- 
metrically (12). 


RESULTS ANT) T)TSCIJSSION 


111 all subjects the ASA plas~ua-concentratioii-ti~ii~. 
curve following 650 mg. ASA i.v. was described by a 
bi-exponential equation of the form C, = A e - P t  4- 
Beiet ( e . g . ,  Fig. 1).1 Both the initial distribution 
phase and the so-called elimination phase are ex- 
tremely short with average half-lives of 2.8 and 15 
min., respectively (Table I). Consequently, no 
ASA is present in the body 1 hr. following the intra- 
venous dose. The rapid in vivo hydrolysis of ASA 
t o  S A  causes the S A  plasma level to rise sharply 
140-50 mcg./ml.) and owing to its metabolic sta- 
bility, the disposition half-life2 was 3.0-4.5 hr. in this 
study, SA remains in the body for a long time after 
all the ASA has been eliminated. 


The bi-exponential plasma curve can be inter- 
preted in terms of a two-compartmental open system 
depicted as in Fig. 2. 


In this model k12, kzl, are the first-order rate con- 
stants for distribution of the drug between the 
central and so-called peripheral or tissue compart- 
ment while kl3 is the elimination (metabolism and 
excretion) rate constant. V,,C, are thevolumeof the 
central compartment and the plasma concentration 
of drug, respectively, while VT,CT are the corre- 
sponding values for the tissue compartment (ex- 
pressed relative to the central compartment). I t  
follows from this model that dose administered = 
V,C,O, where Cpo is the plasma concentration at zero 
time and can be seen to be numerically equal to the 
sum of the coefficients A and B in the bi-exponential 
equation describing the plasma concentration-time 
curve. The values of k l z ,  k z l ,  and k13 are calculated 
from A ,  B ,  a ,  and p (13). Also the model shows 
ASA distributing between two compartments while 
metabolism and excretion occur only in the central 
compartment, which includes the liver, kidneys, as 
well as blood. Needless to say, the model is an 
over-simplification of the body, but it is the mini- 
mum model required to fit the observed ASA data. 
Having assumed such a model, the various param- 
eters were determined for each subject (Table 11). 
As expected the distribution rate constants k12, kzl 
are extemely fast with mean half-lives of 8.6 min. 
and 5.8 min. (k., 0.693/k12, 0.693/k21). More note- 
worthy is the value of the elimination rate constant 
kl3, which is of the same magnitude as k12 and k21, 


and is approxmately twice that of the disposition 
rate constant @ (Table I). In  fact, the only reason 
that the latter phase has a half-life as long as 15 
min. (0.693/@) instead of 6.7 min. (0.693/k13) isdue to 
distribution of ASA into the peripheral compartment 
so that effectively less is available for immediate 
metabolism. 


In further experiments subject A received 325 mg., 
650 mg., and 1.24 g. ASA i.v. on separate occasions 
and the ASA areas (area/g. dose) were 1460, 1460, 
and 1390, respectively. Thus, proportionality be- 
tween area and dose exists over the range studied and 


J o u r m l  of Phnrmncetitical Scieii ces 


-9- 


a 
5 
4 n 


1 


0.1 
0 20 40 60 80 100 120 


TIME, min. 


F i t .  1-Graph showing p l a s m  concentrations of A S A  
and SA following i.v. administration of 650 mg. A S A .  


Subject D .  Key: a, A S A ;  0, S A .  


TABLE I-BI-EXPONENTIAL EQUATIONS DESCRIBING 
THE Loss OF DRUG FROM PLASMA, THE HALF-LIVES 
OF THE DISTRIBUTION AND DISPOSITION PHASES OF 
AS.4, TOGETHER WITH THE AREA UNDER THE 
PLASMA CONCENTRATION-TIME CURVE OF ASA 


FOLLOWING AN I.V. DOSE OF ASA IN MAN 


( &7= 
Half-Livesa C,dl ) ,  


min. mcq. 
Sub- Dose, C, = Ae-at + Be-81, 0.693/ 0.693/ min. 
ject mg. f in min. 01 ,9 ml.-I 


A 325 42e"."' + 15.5e*.048' 2 . 7  14.5 480 
650 9Oe*.l" + 29e-O.MO' 2 .8  15.0 960 


B 650 56e*.:1' + 37e*.W1 2 . 2  13.7 910 
C 650 6Oe-O.29' + 4Oe*.o@ 2 . 4  14.5 lo00 
D 650 67e*.*a1 + 33c-O.W' 3 . 0  14 .0  960 
E 650 6?e".'9' + 22e*387f 3 .7  19.0 950 
Mean 2.7 14.9 - 


a Mean half-life values in this and subsequent tables are 
harmonic means. 


I.V. ASA 


Y 


metabolism 


Fig. 2-Schematic diagram shwing the distribution 
and nietnbolisnt of A S A  following i.v. administration. 


1 As discussed by Riegelman el sl. (13), the terms m and 8 
are the fast and slow disposition rate constants, respectively, 
while the term disposition half-life is the value 0.693/8 re- 
ferred to by others as the elimination or biological half-life. 


?The authors observed, among others (14,15), that the 
disposition half-life of SA varies with dose. The half-life 
values reported here are those obtained following either 650 
mg. ASA or 500 mg. SA. 


could only occur if the rate constants do not change 
with dose. Since the disposition half-life of SA is 
dose dependent, increasing with higher doses, 
proportionality between S A  area and dose is not 
expected. 
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TABLE 11-ESTIMATES FOR THE RATE CONSTANTS AND HALF-LIVES OF DISTRIBUTION A N D  ELIMINATION 
FOR ASA IN MAN, ASSUMING A TWO-COMPARTMENTAL OPEN SYSTEM 


Dose of -Half-Lives, min- 
;:% ASA, --Kate Constants, min. -L 0.693/ 0.693/ 


Subject mg. ki@A kzi"8A kir"sA kiz AS" k&" 
A 325 0.083 0.104 0.117 8.4 6.7 5.7 


650 0.073 0.097 0.123 9.5 7.2 5.6 
B 
C 
D 
E 


6.W 0 105 n 1.57 0 110 6 7  4.2 6 2  _ _ _  - .  - _ _  
650 0.095 0.152 o.mi 7.3 4.6 7.6 
650 0.067 0.109 0.105 10.4 6.4 6.6 
650 0.058 0.074 0.092 12.1 9.4 7.0 


Mean 0.081 0.119 0.103 8.6 5.8 6.7 


TABLE 111-BI-EXPONENTIAL EQUATIONS 
DESCRIBING THE Loss OF DRUG FROM PLASMA AND 


THE HALF-LIVES OF DISTRIBUTION AND 
DISPOSITION PHASES OF SA FOLLOWING AN I.V. 


DOSE OF SA IN MAN 


Half-Lives. 
min. 


Sub- Dose, C, = AC-af + 0.693/ 0.693/ 
ject mg. t in min. a B  
A 508 38~-0.17~ + 5 8 ~ - 0 " 3 7 ~  4 . 1  256 
B 484 3 2 ~ - 0 . * * ~  + 50c*.mm1 3 .2  266 
c 500 44c-0.2a1 + 60c*'-m"' 3 .0  210 
D 508 4Oc-0J4' + 49c-0.mZ2' 5 .0  216 
Mean 3 .8  238 


~~ ~~~ 


Before attempting to interpret the SA plasma 
levels resulting from the ASA dose, S A  was given 
intravenously. A dose level of 500 mg. was chosen 
as this would result from complete hydrolysis of 
650 mg. ASA. The resulting plasma levels, like 
those of the ASA study, showed a bi-exponential 
curve in the four subjects examined. However, 
whereas the distribution half-life (3.8 min.) is similar 
to ASA, the disposition half-life8 is much longer 
(Table 111). As with ASA, the results were inter- 
preted in terms of a two-compartmental model, and 
the corresponding rate constants k12. kzl, and kls were 
calculated (Table IV). These analyses confirm that 
the major difference between ASA and SA is one of 
metabolic stability since the corresponding k ~ z ,  kzl 
values of SA and ASA for each subject are similar 
whereas the klsAsA is 15 times kiss". 


I.V. ASA 


Excretion and Hetabolim 


Fig. 3-Schematic diagram for the distribution and 
elimination of A S A  and SA following an in. dose of 


A S A  (650 mg.). 


this model k18 is shown to be the only route of elim- 
ination of ASA and to be equal to the rate constant 
for conversion of ASA to SA. Obviously urinary ex- 
cretion of unchanged drug and other metabolites are 
also possibilities. However, the contribution of 
excretion is small as only 1.50/, of the dose has been 
reported to  be excreted unchanged and may be 
ignored (10). The second possibility was discounted 


TABLE IV-ESTIMATES FOR THE RATE CONSTANTS AND HALF-LIVES OF DISTRIBUTION AND ELIMINATION 
FOR SA IN MAN ASSUMING A TWO-COMPARTMENTAL OPEN SYSTEM 


-Half-Lives, mim- 
Dose -Rate Constants, mim-1- 0.693/ 0.693/ 0.693/ 


Subject SA, mg. kizs" krP* knSA k i P  kttq ' L I B A  
A 508 0.070 0.102 0.0042 9.9 6.8 165 
B 484 0.085 0.133 0.0040 8.1 5.2 173 


500 0.097 0.131 0.0056 7.2 5.3 124 
D 508 0.061 0.078 0.0058 11.3 8.9 120 
C 


Mean 0.078 0.110 0.0049 9.1 6.2 142 


From the foregoing results and discussion, the 
scheme in Fig, 3 is proposed to  describe the pharma- 
cokinetics of ASA and S A  following an intravenous 
injection of ASA to man. In  this diagram, kar = 
k l z S A ,  ku = k z P  and k35 = k l a s A  as in Table IV. In 


I After the distribution phase the SA plasma levels for the 
8-hr. period over which most studies were conducted could 
be fitted by a straight line when plotted on semilogarithmic 
paper. Literature evidence (16) and the authors' observa- 
tions, however, show that SA plasma levels exhibit a curva- 
ture if followed long enough. Hence the g S A  and kiis l  values 
calculated are only apparent constants but are adequate for 
describing the levels observed during the course of these ex- 
periments. 


when calculations showed that the SA area' following 
650 mg. ASA was equal to that obtained from 500 
mg. SA administration (Table V). Since 650 mg. 
ASA is equivalent to 500 mg. S A  the above result can 
only occur when SA is the sole metabolite of ASA, 


4 In calculating the totvl area under the SA concentration 
time curve, i t  was assumed that the observed apparent dis 
position half-life (0.693/@) would not change with time so 
that the extra area subsequent to  the 8-hr. study is deter- 
mined by CSA .t/g where CEI . t  is the last plasma data point. 
I t  was reasoned that even if curvature of the pla-ma SA 
took place it  would be similar for both i.v. S A  and SA pro- 
duced from ASA, so that the error introduced in comparing 
the relative areas would not be appreciable. 
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and therefore, kla  has the meaning depicted in Fig. 
3. 


The pharinacokinetics of these salicylates were 
studied further using a PACE TK 48 analog cotn- 
puter (the differential equations and analog dia- 
gram of which are given in the appendix). As 
expected the computer curves fitted the observed 
i.v. ASA, and SA data (Fig. 4). Additional evidence 
in favor of the proposed model (Fig. 3) was obtained 
when, using the rate constants calculated for each 
subject (except E which received no i.v. SA) ,  
there was an excellent fit between observed and 
predicted SA levels resulting from i.v. ASA, e.g., Fig. 


TABLE \.'-COMPARISON OF THE AREA UNDER 
THE SALICYLIC ACID PLASMA CONCENTRATION- 


TIME CURVE FOLLOWING 650 MG. ASA AND 
5000 MG. SA I.V. 


SA Area SA Area 
After After 


650 mg. 500 mg. 
i.v. ASA. i.v. SA, Ratio of 
mcq./min. mcq./min. Areas 


Subject ml. -1 ml. -1 x 100 
A 22,000 20,600 107 
B 20,300 20,100 101 
C 21,700 21,400 101 
D 14,100 15,000 94 


Mean 101 


Areas corrected to a BOO-mg. SA dose 
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Fig. G r a p h  showing the observed and predicted 
values for the fraction of S A  in the central compart- 
ment following 484 mg. 1.v. SA administration 


dicted analog computer i u m .  
.%bird B Kev: W, experamentul SA; - , pre- 
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Fig. 5 -Graph  showing the observed and predicted 
values for the fraction of the dose as A S A  and SA in 
the central compartment following i .v .  administration 
of-650 mg. AS.4.  Subject D .  Key: a, experimental 
ASA;  ., experimental SA; - , predicted analog 


computer curves. 


5.  I t  should be noted that in Fig. 4 and in subse- 
quent analog computer curves the concentration 
terms have been replaced by the fraction of each 
drug present in the central compartment, otherwise 
overloading of the computer can occur. For the 
intravenous doses the fraction term is simply ob- 
tained by dividing the plasma concentration by the 
corresponding value of CPo. The SA data obtained 
from i.v. ASA were normalized by making the maxi- 
mum SA plasma concentration equal to the peak 
fraction of the dose as SA in the central compartment 
which had been obtained from the analog computer 
curves. 


It is apparent that an alternative model, in which 
ASA hydrolysis takes place exclusively in the pe- 
ripheral compartment or partially in both, may also 
account for the observed data. The former was 
eliminated since it is known that ASA is hydrolyzed 
in whole blood which is an essential part of the 
central compartment. The latter model was further 
examined using the analog computer and like the 
model depicted in Fig. 3 it also fitted the ASA plasma 
data (e.g., Fig. 6). However, unlike the originally 
proposed model, the one assuming partial peripheral 
metabolism resulted in a lower rate of appearance 
of plasma SA than the experimental data. Any at- 
tempts at varying the SA rate constants, while 
maintaining the same ASA constants determined for 
the model involving peripheral metabolism of .4SA 
(model B, Fig. 6), in order to increase the rate o f  
appearance of plasma S A  but still fitting the i.v. SX 
tl:+tn, proved uiisuccessful in all subject5\ It wvgs, 
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c 


k 0.8 


I 
0 
0 


2 


W 
0 


z 
I 0.4 
0 n 
U 
0 
z 
t 
0 


o_ 0.2 


B 
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n 
0 20 40 60 80 100 


TIME, min. 


Fig. 6 - G r a p h  showing the observed and predicted 
values for the fraction of the dose as A S A  and S A  i n  
the central compartment following i . w .  administration 
of 650 mg. A S A .  Model A assuming metabolism of 
A S A  only i n  central compartment while model B 
assuming metabolism occurs in  both compartments. 
Subject A .  Key: 0,  experimental ASA;  A, experi- 
mental SA; - , predicted analog computer 
curves. Model A ,  k12, k21, kia, are 0.083, 0.104,0.117 
min.-', respectively. Model B, k12? k21, kla, k24! are 
0.128, 0.094, 0.090, and 0.030 mm-l ,  respeclzvely, 
while kaa, k43, and kas, are 0.070, 0.105, and 0.0044 


min.-'for both models. 


therefore, concluded that the model proposed in Fig. 
3 describes the observed kinetics of distribution, 
metabolism, and excretion of both ASA and SA. 


The volume of distribution is another parameter 
which is used to characterize a drug. In terms of 
the two-compartmental model this is defined by the 
relationship (17). 


where v d S a  is the volume of distribution at steady 
state of equilibrium, and is the only definition in- 
dependent of kla, the  elimination rate constant. 
Assuming a single-Compartmental model, the volume 
of distribution, V d ,  is obtained by dividing the dose 
administered by the extrapolated intercept value 
for the concentration a t  zero time which, in terms of 
the two-compartmental model, is expressed by: 


The values of v d l d r .  and v d  for ASA and SA follow- 
ing their respective i.v. doses have been calculated 
and are listed in Table VI. Comparison of the 
respective values for ASA shows that the v d  may be 
twice as  large as V d , ,  due to  significant metabolism of 
ASA occurring during the distribution phase of this 
drug, which is ignored in the single-compartment 


TABLE VI-VALUES OF V,", Vd..,, AND V.! 
FOR ASA and SA 


A 5 .6  10.1 21.0 5.3 8.7 8 . 8  
B 6.9 12.0 17.6 5 . 9  9.7 9.7 
C 6.5 10.6 16.3 5.2 9 . 1  Y.1 
D 6.5 10.4 19.7 5 . 7  10.2 10.4 
E 7.6 13.3 30.2 - - - 


Mean 6 . 6  11.3 21.0 5 . 5  9 . 4  9 .5  


a See text for definitions of terms. 


model. Had the V d  term been used to compare 
these drugs, one could be led to  the erroneous con- 
clusion that the volume of distribution of ASA is 
almost twice that of SA. Contrary to  this, the V, 
and V d a a  for these two drugs are very similar with 
the ASA values being slightly larger than those of 
SA in each subject. This may be due to protein 
binding since SA has a much greater affinity for 
albumin than ASA (18) so that more SA would be 
held in the plasma and lower Vp and v d , ,  would be 
expected. Other possible factors are differences in 
pKa and lipid solubility. Nevertheless, the differ- 
ence between these drugs is not very great. 


In contrast to ASA there is only a very small differ- 
ence between the V d , .  and v d  for SA owing to 
negligible elimination occurring during the distribu- 
tion phase of this drug. Therefore, with respect to 
the above calculations for SA either compartmental 
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Fig. 7 4 r a p h  showing the observed and predicted 
values for the fraction of the dose and A S A  and S A  
in the central compartment following i.v. administra- 
tion of 650 mg. A S A  and assuming single compart- 
ment for S A .  Subject B. Key: a, experimental 
9 S A ;  A? experimental SA;  - , predicted analog 


computer curve. 
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model would be satisfactory. However, the two- 
compartmental model cannot be reduced to  the 
single-compartmental model in all situations. If the 
latter model were substituted for SA in the sche- 
matic diagram describing the pharmacokinetics of 
ASA and SA (Fig. 3), the resultant predicted SA 
levels rise much more slowly than the observed 
values (Fig. 7). This results from the rapid metab- 
olism of ASA to SA, such that SA builds up in the 
central compartment faster than it distributes. 
Hence, higher plasma levels are observed than- one 
would expect using the single-compartment SA 
model which assumes spontaneous distribution of 
this drug. The V, is a constant of the model, 
and although it is approximately 6 1. for either 
salicylate, it should not be equated to  a physiological 
space such as the blood volume, even though their 
sizes are similar. Thus had whole blood been used 
instead of plasma, then as 7&8070 of the salicylate 
is in the plasma (19), V, values of approximately 10.1 
would have been calculated. 


Cummings (20, 21) observed that, following 0.65- 
g. plain aspirin tablets, peak plasma salicylate levels 
were at 1 hr. while excretion rate reached a maximum 
after 3 hr. To explain these results he suggested 
that distribution of S A  was extremely slow in man, 
3 or more hr. being required for equilibrium and that 
it was the tissue concentration, rather than the 
plasma, that controlled the excretion of this drug. 
Examination of the present data shows that dis- 
tribution is very rapid and equilibrium (when 
tissue concentration is at a maximum) can be 
achieved within 20 min. following i.v. S A  (Fig. 8). 
Probably, the explanation of Nelson and Levy (22) 
is correct in which they showed that the assay used 
by Cummings measures both SA and its glycine 
conjugate, salicyluric acid. Since plasma contains 
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Fig. & - G r a p h  showing fraction of the dose in the 
&al and tissue compartment following i.v. udniinis- 
tratwn of SA. Subject B.  Key: a, experimentul 


SA; - , predicted analog computer curve. 


Fig &Analog computer program. 


predominately SA and urine mostly salicyluric acid 
(9) it follows from the precursor-product relation- 
ship that the maximum rate of excretion of total 
salicylate will be later than the peak plasma level. 


An estimate of the contribution of whole blood to 
the in vivo hydrolysis of ASA in man can be made 
from the present data. Since the in vitro rate con- 
stant for the hydrolysis of ASA in human whole 
blood a t  37' is 0.023 min.-l (23) and the blood 
volume is 5 l., the expected in vivo clearance (volume 
X rate constant) of ASA by blood is 115 ml./min. 
From the i.v. data the whole body clearance 
(V,,.klaAsA) of ASA is G60 ml./min. (6,600 X 
0.103). Consequently, whole blood only accounts 
for approximately 20Y0 of total hydrolysis in man, 
and probably liver and perhaps kidney, are the 
major sites of ASA esterase activity. The implim- 
tion that liver is the important metabolizing organ 
for ASA has been subsequently demonstrated (11). 
Obviously, as  all the hepatic portal blood must pass 
through the liver this high hepatic clearance of ASA 
will significantly influence the amount of intact ASA 
which reaches the general circulation following oral 
administration of AS4. 


Analysis of the present results has allowed a 
clearer undcrstanding of the plmrmacokmetics of 
ASA in man. Comparison shows that other than 
metabolic stability the pliarrnacokixtics of ASA and 
SA arc v e r y  similar. IIowcver, cven though the 
present niodcl is useful, it must be emphasized that 
this model oaly describes the disposition kinetics 
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(8) Leonards, J. R., Proc. Soc. Exfi l l .  Bwl. Mcd. ,  110, 304 


IIRRZ\. of SA at essentially one dose level, and consistency 
at one level is no test of a model. Since it is known 
that SA elimination kinetics do change with dose, 
iuore information is nertled More a model can be 
proposed whic4i will adequately describe the ob- 
served data at all dose levels of this drug. 


APPENDIX 


The mass equations describing the scheme in Fig. 


-ml = kI2*ml + kla.ml - k21.m (Eq. la) 


(Eq. 2%) 


(Eq. 3a) 
(Eq. 4a) 


3 are: 


& = kl2.ml - k21.mg 
?ha = kla.ml - ku.mc - krs.ma + ku.m4 


-?& = -kH*ma + ke.m, 


-?h~ = -kts.ma (Eq. 


Dose = ml + ms + ma + m4 + ms (Eq. 


where m, is the amount of durg in compartment r. 
The analog computer program for this scheme is 
shown in Fig. 9. 
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Differential Ninhydrin Chromatographic Assay 
for the Gentamicin Complex 


By GERALD H. WAGMAN, JANET V. BAILEY, and MORTON M. MILLER 


A differential ninhydrin chromatographic assay has been devised to quantitatively 
determine the proportions of the three gentamicin components in gentamicin prep- 
arations. The technique consists of separation of the antibiotics on paper using 
the lower phase of a solvent system comfsed of chloroform, methanol, and 17 ercent 
ammonium hydroxide (2: 1 : 1 v/v). fter development, stri s containing 8 e  anti- 
biotic are treated with ninhydtin reagent, developed, and cofor intensities read on 
an integrating scam+ from which component proportions can be determined. Re- 


sults are in excellent agreement with the microbiological method. 


ECENTLY, Weinstein et al. (1) reported that are no significant differences in their biological R preparations of the gentamicin complex con- properties. It became desirable therefore to de- 
sist of three antibiotic components which have vise methods for detection, isolation, and assay 
been designated C1, Cla, and Cz and that there of these components. Thin-layer, paper, and 


column chromatographic separation techniques 
have been described by Wagman et al. (2) using 
a solvent system composed of chloroform- 
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Effects of Heat and Ultraviolet Radiation on the 
Stability of a Polypropylene-Polyisobutylene Alloy 


By ROBERT K. O’LEARY, WALLACE L. GUESS, and JOHN AUTIAN* 


Polypropylene and blends of polypropylene are or may be utilized in medical items 
of equipment, containers, and various devices. Changes in properties of the material 
may ne ate its value when used for these purposes. This paper deals with the assess- 
ment ofthe stability of a polypropylene- olyisobutylene alloy when ex sed to heat 
and ultraviolet radiation. Evaluation of stability was based upon (aydifferential 
thermal analysis, (b )  tensile roperties, and (c) infrared spectroscopy. Results of 
the study revealed that consi&rable degradation of the material had occurred when 
exposed to a combination of heat and radiation, but relatively little degradation when 


the plastic was exposed to heat only. 


RESENTLY, polypropylene is enjoying wide- P spread use in many applications in phar- 
macy, dentistry, and medicine as such items as 
disposable syringes, various types of containers, 
protective sheets, and a host of other devices. 
Addition of relatively small concentrations of a 
second polymer, polyisobutylene, gives added 
advantages for certain applications, the chief of 
which is a reduction in water vapor transmission. 


Polypropylene is generally less stable to heat 
than polyethylene, for the most part due to the 
methyl side groups attached to every other car- 
bon in the polymer (1). These tertiary carbons 
serve as active sites for oxidative degradations 
Icading to chain scission and embrittlement. 
Incorporation of small quantities of antioxidants 
or combinations of antioxidants with other 
agents into the polymer increases the long-term 
stability of the final item. 
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In  recent years, the authors have become in- 
terested in various man-made polymeric mate- 
rials as protective barriers against harmful 
chemicals. It has become clear, however, that 
depending upon the inherent properties of the 
polymeric material and the types of stabilizers 
employed, the shelf-life of the plastic will be afunc- 
tion of time and the environmental conditions 
imposed upon the item. A protective coating 
which is initially found to prevent the penetration 
or permeation of a chemical poison might be- 
come, depending upon its storage conditions, 
suficieritly altered to permit the passage of thc 
contaminating agent. 


To gain some knowledge as to the stability of 
polymeric materials which might be used in 
medical items, containers, and various devices, a 
study was initiated to evaluate the properties of a 
specific material, polypropylene-polyisobutylene 
alloy, when exposed to heat and ultraviolet 
radiation. 


EXPERIMENTAL 
Materials and Apparatus-Polypropylene-poly- 


isobutylene alloy’ (Pro-Fax N400), 10 mil thick- 
. - 


I Five perceul pulyisobutylcnc. 
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ness (Hercules Chemical Co., Wilmington, Del.); 
Differential thermal analysis instrument, model KA- 
2-HD (Rogert L. Stone, Austin, Tex.); Instron 
apparatus, model TM (Instron Engineering Corp., 
Canton, Mass. ); Infrared spectrophotometer, model 
337 (Perkin-Elmer Corp., Norwalk, Conn.). 


Heat and Ultraviolet Radiation-Samples of 
polypropylene alloy were exposed to  heat alone 
and to a combination of heat and ultraviolet radia- 
tion. Figure l shows a diagram of the system em- 
ployed t o  supply the heat and radiation. A G. E. 
sunlamp which emits only light rays greater than 
2800 8. was used for both heat and radiation sources. 
The temperature a t  the surface of the plastic samples 
was continually monitored and was found to  average 
82 f 2". In the case of heat treatment alone, a 
thin cardboard 0.5 mm. thick (0.02 in.) was inserted 
above the sample, thus effectively shielding the 
plastic from the radiation without diminishing the 
heat intensity striking the plastic. The sunlamp 
was approximately 20 cm. above the samples. 


At 24-hr. intervals or at other time periods, de- 
pending upon the experiment t o  be performed, 
samples were removed from both the heat-treated 
and heat-ultraviolet treated conditions for analysis, 
utilizing three techniques: ( a )  differential thermal 
analysis, (b) tensile properties, and (c) infrared 
spectroscopy. 


Differential Thermal Analysis @TA)-The DTA 
apparatus used in this study has been described in 
a previous paper (2). In this study, DTA was 
employed to characterize the thermal behavior of 
the plastic prior to any type of treatment, and at 
various time periods under the two types of treat- 
ment. 


Initial experiments were conducted on 10 samples 
of plastic in order to establish the temperature at 
which transitions occurred. Samples were heated in 
the DTA instrument at a programmed rate of 
12.6"/min. until a temperature of 200" was reached. 
The sample weight was approximately 1.5 mg., while 
the alumina (AlzO,) reference weight was 3.0 mg. 
To prevent oxidation of the samples during any 
DTA run, a nitrogen atmosphere was maintained. 
Figure 2 represents a typical thermogram on an 
untreated polypropylene-polyisobutylene alloy. In  
this case, both a heating and a cooling sequence were 
used, giving rise t o  an endothermic melt starting at 
140" and peaking at 167O. The cooling curve 
demonstrates a n  exothermic peak (crystallization) 
beginning at approxiniately 119", and peaking a t  
107" 


Fig. 1-Diagram showing method of heat and ultra- 
violet radiation treatment of plastic samples. Dis- 
hnce between samples exposed to radiation and ex- 


posed 10 heat i s  approximutely 20 cm. 


A t  the various time periods and for each of the 
treatments (heat and radiation), at least three sam- 
ples of plastic were examined by the procedure 
described above. Only the DTA heating sequence 
was employed. From the various thermograms, 
the onset temperature and peak temperatures were 
recorded. The areas under the curve representing 
the melt were converted to standard heats of fusion 
(AH).  Table I incorporates the temperature values 
and constants obtained from the DTA experiments. 
Figure 3 demonstrates the influence time and treat- 
ments have on the peak temperature (melt), while 
Fig. 4 is a similar relationship except heat of fusion 
values are plotted against time. 


Tensile PropertiekTest specimens were pre- 
pared from the samples of plastic taken from the 
hood a t  the various time periods and stress-strain 
curves obtained using an Instron instrument, follow- 


I 


Fig. 2-Typical thermogram of untreated polypropy- 
lene-polyisobutylene alloy. A heating and cooling se- 
quence i s  shown. The curve at the left represents the 
melt area; the curve at right represents the area asso- 


ciated with crystallization (on cooling.) 


TABLE I-SUMMARY OF DTA DATA FROM HEAT- 
TREATED (82') POLYPROPYLENE ALLOY AT VARIOUS 


TIME PERIODS 


Hr. Melt Onset, Melt Peak, AH' 
Exposed O C .  OC. cal./g. 


0 
48 
96 
120 
192 
240 
264 
288 


122.4 
128.1 
130.9 
132.6 
130.9 
131.3 
129.8 
131.8 


165.0 
164.5 
166.7 
165.3 
164.2 
165.3 
165.1 
165.1 


16.1 
16.4 
14.7 
14.6 
16.6 
15.5 
16.5 
16.1 


"An average of 10 samples used at zero time with a 
standard deviation of fl.1 cal./g. All other values based 
upon an average of three samples with an average deviation 
falling within f1.5 cal./g. 


\- 
A 


I . . . . .  . . . . . . . . .  
I 11 I ,  11 I 111 I,, 111 111 111 111 1 1  Ill 111 111 


iw  tuiui IHW- 


F ~ E .  .?--Comparison of DTA melt peaks of heat- 
treated and heat-radiation treated samples. Key: A, 


heat trealed; XI heal and U V treated. 
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wavelength region (corresponding to carbony1 band). 
Figure 6 includes three spectra representing the 
carbonyl band of samples removed at several time 
periods from the heat-radiation treatment. 


RESULTS AND DISCUSSION 


Figure 2 illustrates a typical thermogram for the 
polypropylene-polyisobutylene alloy and includes 
the peak area for the melt and the peak area repre- 
senting the crystallization phase after cooling. The 
two are89 should theoretically correspond, but as is 
evident from the thermogram, this was not the case. 
The area under the curve for the crystalline phase 
was slightly larger than for the melt area. More 
dramatic, perhaps, is the peak temperature differ- 
ence for the melt (167") as compared to  the crystal- 
lization peak (107'). Heat history plays an ex- 
tremely important role on transition temperatures, 
and this, no doubt, was the case with what has been 
reported here. In  one case (melt area), the sample 
has had a heat history quite different from that of 
the plastic after it is heated above its melting point 
and then cooled down in a short time period in the 
DTA instruments. I n  the melted state the poly- 
mers are all in a random motion with little orienta- 
tion, but as the sample is cooled the chains start  
sorting out in a fashion to  favor orientation with 
subsequent crystallization. Even though the degree 
of crystallization is slightly greater for the sample 
after the cooling treatment (in DTA instrument), 
the size of the individual crystallites are much 
smaller, reflected by the much lower onset and peak 
temperatures. For the purposes of this study, it was 
felt more advantageous to  examine the area corre- 
sponding to  the endothermic melt (heating se- 
quence). 


Stability studies on polypropylene by several 
workers have shown that this plastic is quite sus- 
ceptible to  oxidative degradation (3-5). The 
tertiary carbons in the molecule are active sites for 
the formation of hydroperoxides which then de- 
compose into alkoxy and hydroxy free radicals. 
Chain scission takes place when the alkoxy radical 
a t  the tertiary carbon atom s t a b i l i i  through dis- 
proportionation into an alkyl radical and a ketone 
as shown below (6): 


CHa 
I 
I 


R-CH2-C-CH2-R 


0 


I 14 4 1  11 II 111 Ill 1 0  I l l  111 1u 211 211 I l l  1 1  
ll.r 11"SI ,11111, - 


Fig. 4-Comparison of DTA A H of heat-treated and 
heat-radiation treated samples. Key: A, heat treated; 


X I  heat and UV treated. 


TABLE 11-SUMMARY OF DTA DATA FROM HEAT- 


VARIOUS TIME PERIODS 


Hr. Melt Onset, Melt Peak, AH", 
Exposed O C .  O C .  cal./g. 


~<ADlATION TREATED POLYPROPYLENE ALLOY AT 


0 
24 
48 
72 
96 
120 ~~ 


144 
168 
192 
2 16 
240 
264 
288 


122.4 
126.9 
127.0 
104.9 
109.8 
96.9 
99.2 
96.1 
87.5 
94.5 
96.4 
95.8 
91.8 


165.0 
164.9 
163.8 
152.0 
150.3 
148.8 
144.4 
144.0 
141.1 


141.7 
139.8 
141.6 


149.0 


16.1 
16.9 
17.7 
21.8 
22.5 
26.8 
23.8 
24.1 


23.0 
21.9 
22.4 
23.7 


a3.2 


"An average of 10 samples used at zero time with a 
standard deviation of fl.1 cal./g. All other values based 
upon an average of three samples with an average deviation 
falling within 3~1.5 cal./g. 


ulll U,lIlI " I I t I m l I I  IWml 


Fig. 5-Eflect of heat-radiation treatment on tensile 
properties of polypropylene-polyasobutykne alloy. 


Key: 0, tensile strength; A, yo elongation. 


ing the standard ASTM method." Prom the 
various curves, tensile strength and pcrcerit eloiiga- 
tion were evaluated. Three samples were used for 
each run for any one period and condition Table I1 
includes the results while Fig. 5 is a plot of the 
data. 


Infrared Spectroscopy-The appearance of car- 
bony1 bands and the intensity of these bands are 
indications of oxidation of the oleofinic polymers 
such as polypropylene, and for these reasons infra- 
red spectra were taken of samples of plastic exposed 
to  the two treatments at various time periods. 
Prior to IR analysis, the films were mounted 
between KBr salt disks. These spectra were exam- 
ined and the salient features noted in the li50 cm-l  


2 Die is No. ASTM 1708-59T. determinations made at  25", 
52% RH on a full load of 10 lb., 23 mm. (0.9 in.) gauge length, 
drive speed of 12.7 mm. (0.5 in.)/min. and a chart speed of 
127 cm. (50 in.)/min. 


I 
0 


1 
I 


H 


CHz 
I 


HO + R-CH~A-CH~-R 
I 


R-CH2- + R-CHZ-C-CHI O 7 - J  


The reaction continues until two radicals com- 
bine, terminating chain scission. Other possible 
reactions are occurring during the degradation, and 
one or more of these can lead to cross-linking. It is, 
however, believed that the chain scission is most 
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TABLE 111-TENSILE PROPERTIES OF HEAT-TREATED 
AND HEAT-RADIATION TREATED SAMPLES OF 


POLYPROPYLENE ALLOY AT VARIOUS TIME PERIODS 


I I V I  
1ooo 1m 


TREOUENCY Irrn-1 J 


Fig. 6-Efect of heat radiation on 
I R  absorption curve of oly ro 
pylene-polyisobutylene a l t y  (a,: 
bony1 formation observed at 1750 
crn.-l) .  Key:  A, 24 hr.; B, 48 


hr.; C ,  72 hr. 


likely favored over the cross-linking, at least in the 
initial phases of oxidative degradation. 


Table I ,  Figs. 3 and 4 reveal that heat treatment 
alone has very little effect on the property of the 
alloy, Combined heat and radiation, however, 
has a dramatic effect on the material. As may be 
noted in Table I1 and Figs. 3 and 4, there is an 
appreciable drop in both the melt peak temperature 
and the heat of fusion ( A H )  during the time the 
plastic is exposed to  the combined heat and radiation 
condition. A decrease in tcnsile properties (Table 
I11 and Fig. 5) also suggests that polymer alteration 
is occurring. Infrared studies (Fig. 6), in fact, 
confirm that oxidative degradation has taken place 
in the alloy and that this effect increases with time. 


Figure 3 shows that the peak temperature (melt) 
decreases with time for the heat-radiation treated 
samples of plastic while Fig. 4 shows an increase in 
the heat of fusion ( A H )  with time. These results 
may be interpreted in the following manner: with 
chain scission there is a decrease in molecular weight; 
these short chains, as well as the possible broad 
molecular weight distribution of the polymers, 
create smaller crystallite regions which are more 
susceptible to melting at lower temperatures. 


The increase in the heat of fusion (AH),  demon- 
strated in Fig. 4, may be attributed to the formation 
of more crystallite regions in the previously amor- 
phous zones, due to either rearrangements of the 
existing polymer chains into a more ordered system 
or to the degraded polymer chains forming new 
crystallites. Evidence from Fig. 3 (decrease in 
melt temperature), Fig. 5 (decrease in tensile 
properties), and Fig. 6 (decrease in carbonyl func- 
tion favors the formation of new crystallite regions 
from the degraded polymers. Oswalt and Turi have 
also noted that  density (crystallinity) increases with 
oxidative degradation for polypropylene (6). 


The decrease in tensile properties (Table I11 and 
Fig. 5) with time for the heat-radiated samples of 
alloy may be interpreted as beiig due to chain 
scission occurring in the amorphous regions of the 
material. The polymers in the amorphous region 
essentially "tie" the various crystallites into a 
unified structure having various degrees of tough- 
ness and elasticity. Any altering of these ties, such 
as cham scission, will help collapse the structure with 
eventual breaking or shattering of the material. It 
is also possible that a point of degradation may 
occur where cross-linking in the amorphous zone 


7% 
Tensile Elongation 


Time, hr. Treatment Strength" at Break- 


0 
24 


50 


72 


91.5 


117 


None 
Heat 
Heat and radiation 
Heat 
Heat and radiation 
Heat 
Heat and radiation 
Heat 
Heat and radiationb 
Heat 
Heat and radiationb 


4.380 f 271 
3,830 f 281 
3.207 f 291 
3,646 It 622 
2.578 f 86 
3,817 f 194 
2,688 f 36 
3,718 f 674 - 
3,860 * 544 - 


746 f 37 
649 f 35 
475 f 100 
654 f 70 
121 f 101 
550 f 7 .8  


4 f 0 . 3  
575 f 96 


592 f 101 
- 
- 


OTensile properties based upon the average of three 
samples f the difference between the lowest and highest 
values. Tensile properties could not be determined due to 
brittlenew of samples. 


becomes important and adds to the destruction of 
the material when some minor force is applied. 


In this particular study, i t  was not possible to 
assess to  what extent the relatively small concen- 
tration off,polyisobutylene (5%) took part in the 
degradation. It is felt that this specific polymer 
would follow the same general chain scission reac- 
tion as is the case for polypropylene. 


One important aspect of the study reported here 
is that storage of a protective barrier such as a 
plastic film may become altered sufficiently to mal- 
function, causing possible harm or damage to 
personnel or equipment. It appears that conditions 
of storage should be established for items to be used 
as protective devices and that this same concept 
should extend to  all items to be used to protect health 
and l ie ,  as is the case for vaxious devices used in 
medical and para-medical applications. 


SUMMARY AND CONCLUSION 


Polypropylene and alloys of polypropylene are 
being used with greater frequency for a number of 
applications in medical and @ra-medical applica- 
tions. When the polypropylene alloy is used as a 
protective film to prevent harm to medical equip- 
ment, even slight alterations of the properties of the 
material due to storage may negate the value of the 
item. The results reported here for one alloy of 
polypropylene demonstrate that heat alone (82") 
had no significant effect upon the material up to 300 
hr. Under similar conditions, except in the presence 
of ultraviolet rays, the alloy was rapidly destroyed 
as measured by (a) DTA, (b) tensile properties, and 
(c) infrared. There appears to  be a need for the 
establishment of storage profiles for certain plastic 
items if the value of the item is not to  be lost with 
subsequent injury or damage to  personnel or equip- 
ment. 
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Characterization of Complex Formation Between 
Small Molecules by Membrane 


Permeation Measurements 
4 


By RICHARD H. REUNING* and GERHARD LEVYt 


A membrane permeation technique is described which permits characterization 
of complex formation between small molecules. The method is applicable if the 
components of the complex diffuse across a nonporous membrane at markedly 
different rates. The procedure may be used (a) to determine the stoichiometry 
and stability constant of a complex, (b) to verify values of stability constants ob- 
tained by other methods, (c) to check assumptions concerning the stoichiometry 
of a complex, and d) to determine the degree of complexation of a compund in 


other methods of determination may fail or be very time consuming. The mem- 
brane permeation technique has been applied to the characterization of the complex 
formation between salicylamide and caffeine at concentrations where appreciable 


self-association of cdeine OCCUTS. 


systems complicate 6 by the existence of two or more simultaneous equilibria, where 


ANY TECHNIQUES have been developed in re- M cent years for the characterization of drug 
complexes. Among the methods which have 
been most commonly used for the analysis of 
drug interactions are partitioning (I), spectro- 
photometric (2), equilibrium dialysis (3), dialysis 
rate (4, 5), and solubility techniques (6). All of 
the methods available for the study of complex 
formation are subject to certain limitations 
peculiar to the particular technique. Some of 
these limitations which were encountered in the 
present study are: the partitioning method rc- 
quires that at  least one of the uncomplexed species 
does not partition into one of the two solvent 
phases; the spectrophotometric method cannol 
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be applied to systems involving relatively weak 
molecular interactions and to those which do not 
manifest a pronounced change in spectral char- 
acteristics upon complex formation; the dialysis 
techniques are limited to the study of interac- 
tions between drugs which diffuse across a dialysis 
membrane and macromolecules which do not; 
the solubility method does not permit a de- 
termination of the stoichiometry of the complex 
with respect to the less soluble component, if the 
complex itself is very so1uble.l Connors and 
Mollica (8) have recently pointed out that some 
of the experimental approaches mentioned above 
may not always yield the same values for an 
equilibrium constant and that comparative 
studies with several techniques may yield val- 
uable information concerning the nature of a 
complex. 


Complex formation between salicylamide and 
caffeine has been detected recently in this labora- 
tory. The salicylamide-caffeine complexing sys- 
tem was used in studies concerning the effect of 
complex formation on drug absorption, which are 


1 It is sometimes possible to reverse the system nod thereby 
determiuc the stoichioluetric ratio of the complex (7) .  
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Fasted mixed white mice were used to  screen 
the tosylthiocarbamates for hypoglycemic activity. 
The compounds were suspended itl 570 acacia a,l,j 
administered intraperitoneally in a dose of 0.1 ml. 
After 1 hr.. a samde of blood was obtained bv Manual UM-JM-2. Technical Bulletin No. 6073D 
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decapitation and after immediate centrifuging, a 
serum sample was collected. 


No hypoglycemic activity was obtained in the 
tosylbiuret series signifying that these molecules 
do not accommodate well with the receptor sites 
necessary to  initiate the release of endogenous 
insulin. 


n-Propyl N-tosylthiocarbamate was shown t o  be 
approximately as active as tolbutamide when tested 
in mice according t o  the enzymatic method de- 
scribed in this communication. 


Keyphrases 


Tosylbiurets, thiocarbamates-synthesis 
Propyl tosylthiocarbamate-hypoglycemic 


Colorimetric analysis-spectrophotometer 
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Antiradiation Compounds XII. Dithiocarbamates of Strongly Basic 
Acridines and Quinaldines 


By WILLIAM 0. FOYE, DOUGLAS H. KAY, and PRAMOD R. AMIN* 


Dithiocarbamates of strong heterocyclic bases (pKa 8-12) in  the acridine and quin- 
aldine series have been obtained, with further examples of the formation of immo- 
N-carbodithioates. Significant radiation protection of mice was found for the di- 
thiocarbamate ester of 9-aminoacridine, whereas dithiocarbamates of both stronger 


and weaker bases were nonprotective. 


IGNIFICANT radiation protection in mice ir- S radiated with 1000 r (r-rays) has been found for 
the dithiocarbamate of a strongly basic heterocyclic 
imine (1). The base was 1,2-dihydro-l-methyl-Z 
iminopyridine, obtained by ring-N-alkylation of 2- 
aminopyridine, and has a pKa of 12.2. Dithio- 
carbamates of the corresponding 4iminopyridine 
and Ziminopyrimidine gave no radiation protection 
a t  this radiation level, however. In order to  deter- 
mine structural requirements for radiation protec- 
tion by dithiocarbamates of strongly basic hetero- 
cycles, preparation of dithiocarbamates of this 
type of compound has been extended to  include acri- 
dines and quinaldines. 


Dithiocarbamates were generally prepared from 
these bases, for which pKa values ranged from 8-12 
(2) in alcohol with or without the presence of ad- 
ditional base such as pyridine or triethylamine. 
The dithiocarbamates were obtained as esters, 
salts of the heterocyclic base, or salts of the added 
base; the nature of the product was unpredictable. 
Characteristic absorption for dithiocarbamates was 
observed in the UV a t  220, 240-250, 260-275, and 
29@310 mp (3) and in the IR near 1,000 cm.-l (1) 
for these products, providing further evidence for 
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dithiocarbamate formation of imines. In contrast 
to  dithiocarbamate formation of aliphatic amines 
which generally takes place quite rapidly (4), some 
of the products reported here required a number of 
days to form. 


Radiation protection in mice was found for the 
dithiocarbamate of 9-aminoacridine (pKa = 10.0) 
wersus 825 r (X-rays). No protection was reported 
for several other members of these series made from 
heterocycles having either greater or lesser basicities. 


DISCUSSION 


The method of Albert (5) was used to prepare 3- 
aminoacridine (pKa = 8.0). Treatment of this 
compound with carbon disulfide in ethanol gave an 
undefinable product, but in the presence of a large 
excess of triethylamine, the triethylammonium 
salt of 3-acridyldithiocarbamate was obtained. 
In contrast to  this behavior, 9-aminoacridine (pKa 
= 10.0) was converted to  ethyl 9-acridyldithio- 
carbamate when treated with carbon disulfide in 
ethanol in either the presence or absence of triethyl- 
amine. The yield was larger in the former case, 
however. The UV absorption spectrum in ethanol 
showed peaks at 243 and 270 mp for the 3-isomer 
and 261 and 304 mp for the 9-isomer. 


The procedure of Albert (6) was used to  prepare 
9-imino-lO-methylacridinium iodide (pKa = 11.1). 
This compound was treated with sodium hydroxide 
to  yield 9-amino-9-hydroxy-10methylacridine which 
was dehydrated t o  yield 9,10-dihydr&-imino-10- 
methylacridine. Both the hydroxy and the de- 
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was removed, and the free base in absolute ethanol 
was treated with carbon disulfide to yield ethyl 
1,4 - dihydro - 1 - methylquinaldine - 4 - imino - .V- 
carbodithioate (111). 


hydrated compounds were found to have identical 
IR and UV absorption spectra in ethanol (peaks at  
220 and 265 mp). 


Treatment of either of these compounds with 
carbon disulfide in absolute ethanol yielded 9,lO- 
dihydro - 10 - methylacridyl - 9 - immonium 9,lO- 
dihydro - 10 - methylacridyl - 9 - irnino - N - car- 
bodithioate (I), which showed UV absorption at  
221, 243, 265, and 288 (shoulder) mp. 


6,9-Diamino-2-ethoxyacridine monohydrate (pKa 
11.6) was prepared from the lactate salt by treat- 
ment with aqueous sodium hydroxide followed by 
oven drying until the correct weight was lost to 
give the monohydrate. Treatment of this com- 
pound with carbon disulfide in acetone gave bis- 
(2-ethoxy-6-aminoacridyl-9-ammonium) 2-ethoxy- 
acridyl-6,9-bis(dithiocarbamate)( I I ). 


I 
CH, 


I 
CH, 


I 
S 
II 


Pyridinyl Cquinaldinyldithiocarbamate was ob- 
tained from the reaction at  25' of 4-aminoquin- 
aldine (pKa = 9.4), pyridine, carbon disulfide, and 
triethylamine, and required 18 days. By analogy to 
the aminoacridine reactions with carbon disulfide 
and triethylamine in ethanol, similar treatment of 
4-aminoquinaldine gave a product for which the 
analytical data was reasonable for the ethyl ester 
of the dithiocarbamate. However, an analytically 
pure sample was not obtainable. 


The preparation of 1 ,Pdihydro-4-imino-l-methyl- 
quinaldine hydriodide (m.p. 280-283") has not 
previously been described. However, Ochiai (7) 
has described an isomer, 4methylaminoquinaldine 
(1n.p. 239'), its hydriodide (m.p. 285" dec.), and the 
picrate (m.p. 264" dec.). The free base, 1,Cdihydro- 
4-imino-1-methylquinaldine (pKa - 12.0) was ob- 
tained by treating the hydriodide with potassium 
hydroxide followed by a toluene extraction. Proof 
that these conditions had not caused rearrangement 
to Cmethylaminoquinaldine (which was found to 
occur with certain pyrimidines and pyridines) (1) 
was shown by the formation of the picrate (m.p. 
243-245') of the free base in toluene. The toluene 


S 
II 


NCSC2HS 
II 


I 
CH, S=cs- (c~H~),NH+ 
I11 N 


Treatment of 2-benzimidazolylacetonitrile (pKa 
= 10.7) in absolute ethanol with carbon disulfide 
and triethylamine readily yielded the triethyl- 
ammonium salt of the dithiocarbamate (IV).  


Antiradiation Properties-Anitradiation screening 
results of several of the compounds at the Walter 
Reed Army Institute of Research have been re- 
ported through the courtesy of Dr. D. P. Jacobus. 
Tests were carried out in mice versus 825 r (X-rays) 
with an observation period of 30 days. The 
dithiocarbamates of 3-aminoacridine, Cimino-l- 
methylquinaldine and 2-benzimidazolylacetonitrile 
provided no protection at this level of radiation 
dosage. The dithiocarbamate ester of 9-amino- 
acridine, however, showed fair protection (2544% 
survival) a t  this radiation dosage but no protection 
at  1000 r (7-rays) a t  compound dosage levels of less 
than 50 mg./kg. 


EXPERIMENTAL 


Analyses for carbon, hydrogen, and nitrogen 
were done by Weiler and Strauss, Oxford, England. 
Sulfur analyses were done by Pam bomb peroxide 
fusion. Melting points were taken on a Mel- 
Temp apparatus and are corrected. 1R absorp- 
tion spectra were obtained with a Perkin-Elmer 
model 137B spectrometer. The authors are indebted 
to Mr. J .  R. Lo for determination of pKa values, ob- 
tained with a Beckman research pH meter with 
glass and calomel electrodes. 


Triethylammonium 3-Acridyldithiocarbamate- 
Six grams (0.031 .mole) of 3-aminoacridine (5) was 
dissolved in 36 ml. of absolute ethanol containing 
4.3 ml. (0.061 mole) of carbon disulfide and 50 g. 
(0.5 mole) of triethylamine. The reaction solu- 
tion was stirred for 30 min. and then kept a t  25' 
for 3 days. Precipitation occurred during this 
time. The solid was collected and washed with 
10-ml. portions of absolute ethanol, acetone, and 
anhydrous ether. A yield of 3.2 g. (28y0) was ob- 
tained, m.p. 123-125", IR (KBr) 2,65O(NH+), 
l,OOO(C=S) cm.-I, UV max. (9570 EtOH) 243 
(&4,610), 270 (~121,540) mp. 


Anal.-Calcd. for C.X,H~~N&: C, 64.96; H, 6.74; 
N,  11.31; S, 17.35. Found: C, 64.68; H, 6.61; N,  
10.81; S, 17.53. 


Ethyl 9-Acridyldithiocarbamate Monohydrate- 
9-Aminoacridine (10.0 g., 0.052 mole) was refluxed 
with 115 rnl. of 95% ethanol and 25 ml. of triethyl- 
amine on a water bath. Then 14 ml. of carbon 
disulfide was added slowly during 20 min., and re- 
fluxing was continued for 1 hr., during which 
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time hydrogen sulfide was evolved and the reaction 
solution became orange in color. 


The reaction mixture was stirred occasionally at 
room temperature for 2 days. During this time 
precipitation occurred and hydrogen sulfide was 
evolved. About 10 g. of a yellow solid was ob- 
tained which was recrystallized from 350 ml. of 
95% ethanol. About 2.5 g. of solid was insoluble 
in the ethanol. On cooling and concentration of the 
filtrate, 3.5 g. (21%) of product was obtained, m.p. 
188-190", IR (mineral oil) 1,000 ( b S )  cm.-l, UV 
max. (95% EtOH) 261 (e77,210), 304 (~11,780) mp. 


Anal.-Calcd. for CI~HHNZS~.HZO: C, 60.73; 
H ,  5.09; N, 8.85; S, 20.26. Found: C, 60.6; H,  5.3; 
N, 8.6; S, 20.1. 


9,IO-Dihydro- lO-methylacridyl-9-ixnmonium 9, 
10 - Dihydro - 10 - methylacridyl - 9 - imino - N- 
carbodithioat-Three grams (0.014 mole) of 9,lO- 
dihydre9-iminel0-methylacridine (6) was dis- 
solved in 12 ml. of absolute ethanol in a flask prc- 
tected from moisture. Then 3.5 ml. (0.05 mole) 
of carbon disulfide was added and the reaction 
solution was gently refluxed above a water bath for 
20 min. An orange solid was precipitated during 
this time. 


The mixture was ice cooled and the orange solid 
was collected and washed with 15 ml. of absolute 
ethanol; 2.1 g. (63%) of product was obtained, 
m.p. 241-243', IR (KBr) 2,050 (NHz+), 1,675 
(C=N), 995 (C==S) cm.-l, UV max. (9570 EtOH) 
221 (~40,000), 243 (e71,000), 265(&,270), 288 
(shoulder)(e24,000) mp. 


Anal.-Calcd. for C29HaN&: C, 70.70; H,  4.91; 
N, 11.37. 
6,9-Diamino-2-ethoxyacndhe Monohydrate-A 


mixture of 4 g. of sodium hydroxide dissolved in 
100 ml. of distilled water, and 15 g. of 6,9-diamino-% 
ethoxyacridine lactate monohydrate (0.042 mole) 
(Aldrich Chemical Co.) was stirred for 2 hr. The 
yellow solid was collected, washed with three 40-ml. 
portions of distilled water, and dried at 105-110" 
until it weighed 11.2 g., m.p. 116-118', pKa(Hz0) 
11.6. 


Anal.-Calcd. for C~~HI~NSO.HZO:  c, 66.15; 
H ,  6.62; N, 15.43. Found: C, 66,39; H, 6.64; 
N, 15.35. 


Bis(2 - ethoxy - 6 - aminoacridyl - 9- ammonium) 
2-Ethoxyacridyl-6,9- bis(di t hioc ar  b a m a  t e)Trihy- 
drate-To 6.0 g. (0.022 mole) of 6,9-diamino-2- 
ethoxyacridine monohydrate in 200 ml. of acetone, 


Found: C, 70.93; H, 4.99; N, 11.19. 


with three 20-ml. portions of acetone and one 20- 
ml. portion of anhydrous ether, yielding 3.0 g. 
(28%), m.p. 290-291' with decomposition beginning 
about 150°, IR (KBr) 2,750 (NH+), 993 (C-S) 
cm.-l. 


And.-Calcd. for C1&15N&.HzO: C, 57.97, 
H, 5.17; N, 12.67. Found: C, 57.78; H,  5.08; N, 
13.42. 
1,4-Dihydro-4-imino-l-methylquinaldine Hy- 


driodide-Ten grams (0.063 mole) of 4-amino- 
quinaldine in 60 ml. of methanol was refluxed on a 
water bath, and 16.0 ml. (0.25 mole) of methyl 
iodide was added dropwise during 10 min. A white 
solid precipitated after about 20 min. The mixture 
was refluxed for 60 min. and then ice cooled. The 
solid was collected, washed with two 20-1111. portions 
of hot acetone, and recrystallized from methanol to 
yield 9.8 g. (497,), m.p. 280-283". 


Anal.-Calcd. for C11HlJN2.H20: C, 41.81; H,  
4.72; N, 8.81. 


The picrate was crystallized from 95% ethanol, 
m.p. 243-245". 


Anal.-Calcd. for C17HlsNs07: C, 50.73; H ,  
3.76; N, 17.45. Found: C, 51.22, H ,  4.03; N, 17.55. 


Ethyl 1,4-Dihydro-l-methylquinaldine-4-imino- 
N-carbodithioate Monohydrat-Four grams (0.013 
mole) of 1,4-dihydro-4-iminel-methylquinaldine 
hydriodide monohydrate was mixed thoroughly 
with 3.0 g. of powdered potassium hydroxide i n a  
mortar and extracted in a Soxhlet apparatus with 
toluene for 2.5 hr. Five milliliters of the toluene 
extract was treated with 5 ml. of a saturated solu- 
tion of picric acid in toluene, giving a picrate melt- 
ing at 243-245', the value found for the picrate of 
1,4dihydro-Pimino-l-rnethylquinaldine. 


The toluene solution of 1,4-dihydro-4iminc-l- 
methylquinaldine was evaporated at 25 mm. on a 
water bath. The tan hygroscopic solid obtained 
was dissolved in 15 ml. of hot absolute ethanol and 
the solution was filtered. The warm filtrate was 
treated with 1 ml. (0.014 mole) of carbon disulfide, 
and an orange solid slowly precipitated. The mix- 
ture was stirred for 1 hr., and the tan solid was 
collected and washed with 10 ml. of absolute ethanol 
and two 10-ml. portions of anhydrous ether, giving 
1.0 g. (27%), m.p. 134-135", IR(KBr) 1,650 
(C=N), 1,005 (C===S) cm.-l. 


Aml.-Calcd. for C~IHI~NZ&.HZO: Ci 57.16; 
H, 6.66; N, 9.51; S, 21.78. Found: C, 56.97; H ,  
6.12; N, 9.75; S, 21.34. 


Found: C, 42.11; H,  4.75; N, 8.92. 


23 mi. (0.33 mole) of carbon disulfide was added Triethylammonium 2-Benzimidazolylacetonitrile- 
with constant stirring. An orange solid DreCiDitated 1-carbodithioat-2-Benzimidazol~lacetonitrile (5.5 - - - -  
immediately. The reaction mixture was stirred for 
3 hr. and the solid was collected, washed with two 
40-ml. portions of acetone, and air-dried, giving 
5.0 g. (75%), m.p. 174-175"; IR(KBr) 3,000 (NHI+), 
1,000 (C=S) cm.-'. 


And-Calcd. for C ~ ~ H ~ ~ N ~ O & . ~ H Z O :  C, 58.42; 
H,  5.32; N, 13.04. Found: C, 58.96; H, 4.95; N, 
13.00. 


Pyridinyl 4Quinaldinyldithiocarbamate Mono- 
hydra teFive  grams (0.032 mole) of 4-amino- 
quinaldine (Aldrich Chemical Co. ) was dissolved 
in 25 ml. of pyridine, 15 ml. of triethylamine, and 
12 ml. (0.17 mole) of carbon disulfide in a stoppered 
flask and stirred occasionally during 16 days, the 
last 3 days with the stopper ajar. A yellow solid was 
slowly deposited and the reaction solution became 
dark red in color. The solid was collected, washed 


g., 0.035 mole)[pKa(H,O) 10.71 was warmed with 
30 ml. of absolute ethanol, 42 ml. (0.6 mole) of 
carbon disulfide, and 70 ml. (0.56 mole) of triethyl- 
amine to  effect solution. The solution was allowed 
to  stand at 25" for 2 days with occasional stirring. 
The orange solid was collected and washed with 
two 30-ml. portions of anhydrous ether and 25 ml. 
of absolute ethanol, yielding 9.8 g. (EM%), m.p. 
132-134", IR(KBr), 2,650 (NH+), 2,200 (C%N), 


Anal.-Calcd. for cl&~N&: C, 57.45; H. 6.62; 
Found: C, 57.46; H,  6.71; N, 


1,010 (W) Cm.-1. 


N, 16.76; S, 19.17. 
16.75; S, 19.99. 
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Rheological Stability of a Procaine Penicillin G Suspension 
By JAMES C. BOYLAN and ROBERT L. ROBISON 


The  rheology of a 58.6 percent procaine penicillin G suspension was followed for 
a 24-month period. Samples stored as recommended ( S O )  were unchanged after 
2 years. Samples stored a t  26 and 37’ increased i n  viscosity, yield value, and thixot- 


ropy with time. 


N FORMULATING a product where rheological prop- I erties are important, it is not only necessary to 
ascertain that the freshly prepared product possesses 
the necessary rheological characteristics, but more 
importantly whether or not these characteristics 
change during the recommended shelf life of the 
product. A specific case where unchanging rheo- 
logical properties are critical is an injectable suspen- 
sion of procaine penicillin G (600,000 u./ml.). The 
rheological parameters of this type of suspension 
determine ( a )  ease of filling, ( b )  prevention of sepa- 
ration during shipping and storage, and (c) inject- 
ability. I t  is difficult to formulate a procaine 
penicillin G suspension that will be satisfactory 
under all these varied conditions. 


In 1958, Ober and co-workers (1) published an 
outstanding rheological study of concentrated pro- 
caine penicillin G depot preparations. They re- 
ported that in aqueous suspensions of 40 to 70% 
(w/w ) procaine penicillin G, the rheological struc- 
tural breakdown point (the point of maximum torque 
at very low shearing rate) is the physical parameter 
that defines the structure of the suspension prior to  
any applied shearing force. Although the nature of 
this structure is not known, they reasoned that the 
existence of this structural breakdown point does 
allow highly concentrated procaine penicillin G 
suspensions to  fluidize enough to allow passage 
through a hypodermic needle. Furthermore, i t  
permits good depot formation by virtue of quickly 
regaining this structure. They also determined 
what effect particle-size distribution, specific surface 
of the powder, and percent solids had on these 
phenomena of structure formation, breakdown, and 
recovery. By using a variety of techniques, includ- 
ing rheology, a region of satisfactory formulation was 
ascertained. 
~- 
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It is the purpose here to report the rheological 
changes obtained with a procaine penicillin G 
suspension under a variety of storage conditions and 
to  illustrate how critically important storage condi- 
tions are to product performance. 


EXPERIMENTAL 


Materials-The suspension studied’ had the fol- 


procaine penicillin G (USP) . . . . 


lowing formula: 


58.6% 


1.5% 


100.0% 


sodium citrate (USP) . . . . . . . . . . 
polysorbate 80 (USP) . . . . . . . . . 


4.0% 
0.4% 


lecithin, . . . . . . . . . . . . . . . . . . . . . 
butyl parahydroxybenzoate . . . . 
water for injection (USP) q.s.ad. 


0. 015y0 


All figures are expressed as w/v. 
The samples evaluated were disposable syringes 


taken from a production lot. Storage was under 
three conditions: 5,  26, and 37’. The marketed 
product bears a refrigeration storage statement and 
a 24-month expiration date. 


Rheological Evaluation-The viscometer used in 
this study was a Ferranti-Shirley cone and plate 
viscometer* equipped with a 400 g. cm. spring, an 
automatic gap-setting device, an X-Y re~order ,~  
and a constant-temperature water bath.4 The use 
of this viscometer has been described elsewhere (2). 
Calibration of the instrument was carried out using 
N.B.S. standard viscosity oils. 


Each sample was contained in a 1-ml. disposable 
syringe. Since the sample size required for this 
viscometer is approximately 1 ml., the sample was 
used in its entirety (except for some retention in the 
syringe). The sample to  be evaluated was treated 


Duracillin A. S. (Lilly). 600,000 u./ml. 
* Ferranti Electric Co.. Blainview, Long Island, N. Y. 


Houston Instrument Co., Bellaire, Tex. (model HR-92). ‘ Brinkmann Instrument Co.,  Westbury, N. Y. (Haake 
model F). 
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sible overlapping of the phenacetin and p-chloro- 
acetanilid spots, and extends the upper limit of 
detection and estimation of the latter. A typical 
chromatogram is  shown in Fig. 1. 


3. By allowing the solvent front t o  ascend at 
least 15 cm. from the starting line, resolution of 
the spots is increased. 


Summarizing our results, it was found that  the 
proposed modified procedure provides a n  im- 
proved technique for identifying and estimating 
p-chloroacetanilid, acetanilid, and p-phenetidin 
in phenacetin with the aid of TLC. 


(1) Turi, P. ,  and Polesuk, J., J .  Phorm Sci., 56, lOll(1967). 
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Books 


REVIEWS 


Atomic Absorption Spectroscopy and Analysis by 
Atomic Absorption Flame Photometry. By JUAN 
RAMEREZ MUNOZ. American Elsevier Publish- 
ing Co. Inc., 52 Vanderbilt Avenue, New York, 
NY 10017, 1968. 16 X 23.8 cm. 
Price $28.50. 
This book is highly recommended for those in- 


terested in becoming familiar with this rapidly ad- 
vancing technique and i t  will be of interest to the 
advanced student of atomic absorption. The book 
is divided into five sections. Part I covers the 
fundamentals and adequately covers the principals 
for a beginner. Part I1 on instrumentation is well 
written but slightly out of date which is to be ex- 
pected in such a rapidly moving field. Part 111 
covers the elements applicable to atomic absorption 
and the sensitivity for these elements whereas Parts 
IV and V cover methods and application. The 
book has an excellent bibliography and a very useful 
appendix. 


Reviewed by William J. Mader 
Drug Standards Laboratory 
American P h  rmaceu tical 


Association Founduticn 
Washington, DC 20037 


xii + 493 pp. 


A Textbook of Pharmaceutical Analysis. By KEN- 
NETH A. CONNORS. John Wiley & Sons, Inc., 
605 Third Ave., New York, NY 10016, 1967. 
xvii + 614 pp. 15.5 X 23.5 cm. Price$12.50. 
This textbook for use in a course in pharmaceutical 


analysis has a somewhat new approach to the sub- 
ject-it is not a commentary on the official com- 
pendia nor a catalog of assay methods for specific 


drugs. It is a presentation of basic concepts with 
experimentation only to provide the basis for these 
concepts, so that the reader will understand drug 
analyses in principle and many in detail. In the pre- 
face the author points out that his wish is to enable 
students to approach with understanding not only 
the official compendia, but also reference works in 
analytical chemistry and specialized monographs. 
He has presented the field of pharmaceutical analy- 
sis in five parts-fundamental titrimetric analysis, 
physical methods of analysis, separation techniques, 
elemental analysis, and functional group analysis. 
There are many experiments included and more than 
200 problems. Important new subjects included 
are phase solubility analysis, enzymes as analytical 
reagents, and decisions an analyst must make when 
selecting an assay method and interpreting his data. 


.Ytaff review 


Introduction to Chromatography. By JAMES M.  
BOBBITT, ARTHUR E. SCHWARTING, and ROY J .  
GRITTER. Reinhold Book Corporation, 430 Park 
Avenue, New York, NY 10022, 1968. xii 4- 
160 pp. 15.5 X 23 cm. Price $3.95. Paper- 
bound. 
This is one of the books in the Reinhold Science 


Studies series, and although small i t  contains a good 
deal of information. As its title indicates, the 
book is meant only to introduce one to the subject 
and give a practical introduction to the more com- 
mon techniques in this area. The authors have 
limited the book to discussions of only three chro- 
matographic techniques: thin-layer, column, and 
gas. Not included is paper chromatography and 
although it is so well known the authors note that i t  
is more likely that thin-layer will someday supplant 
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(8) Leonards, J. R., Proc. Soc. Exfi l l .  Bwl. Mcd. ,  110, 304 


IIRRZ\. of SA at essentially one dose level, and consistency 
at one level is no test of a model. Since it is known 
that SA elimination kinetics do change with dose, 
iuore information is nertled More a model can be 
proposed whic4i will adequately describe the ob- 
served data at all dose levels of this drug. 


APPENDIX 


The mass equations describing the scheme in Fig. 


-ml = kI2*ml + kla.ml - k21.m (Eq. la) 


(Eq. 2%) 


(Eq. 3a) 
(Eq. 4a) 


3 are: 


& = kl2.ml - k21.mg 
?ha = kla.ml - ku.mc - krs.ma + ku.m4 


-?& = -kH*ma + ke.m, 


-?h~ = -kts.ma (Eq. 


Dose = ml + ms + ma + m4 + ms (Eq. 


where m, is the amount of durg in compartment r. 
The analog computer program for this scheme is 
shown in Fig. 9. 
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Differential Ninhydrin Chromatographic Assay 
for the Gentamicin Complex 


By GERALD H. WAGMAN, JANET V. BAILEY, and MORTON M. MILLER 


A differential ninhydrin chromatographic assay has been devised to quantitatively 
determine the proportions of the three gentamicin components in gentamicin prep- 
arations. The technique consists of separation of the antibiotics on paper using 
the lower phase of a solvent system comfsed of chloroform, methanol, and 17 ercent 
ammonium hydroxide (2: 1 : 1 v/v). fter development, stri s containing 8 e  anti- 
biotic are treated with ninhydtin reagent, developed, and cofor intensities read on 
an integrating scam+ from which component proportions can be determined. Re- 


sults are in excellent agreement with the microbiological method. 


ECENTLY, Weinstein et al. (1) reported that are no significant differences in their biological R preparations of the gentamicin complex con- properties. It became desirable therefore to de- 
sist of three antibiotic components which have vise methods for detection, isolation, and assay 
been designated C1, Cla, and Cz and that there of these components. Thin-layer, paper, and 


column chromatographic separation techniques 
have been described by Wagman et al. (2) using 
a solvent system composed of chloroform- 
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methanol-l7% ammonium hydroxide (2: 1 : 1 


A differential paper chromatographic micro- 
biological assay has been reported (3) which 
utilizes this solvent system and is based on bio- 
analytical methods for determinations of penicil- 
lin mixtures. The method consists of chromato- 
graphing samples containing gentamicin together 
with a series of standards on paper strips, bio- 
autographing the strips against Staphylococcus 
aureus on standardized assay plates, and mea- 
suring the diameters of the zones of inhibition of 
the separated components. Standard curves are 
constructed, and the concentration of each of the 
components in  a sample of unknown composition 
is determined from a n  appropriate curve. 


A chemical method has now been devised to 
carry out the differential analysis of the gentami- 
cin components and is described here. While 
this new technique uses the chromatographic 
solvent system as reported in  the bioanalytical 
assay, it does not require biological procedures. 
After chromatographic separation the papers are 
treated with ninhydrin, heated at l 0 5 O  t o  de- 
velop the color, and run through an integrating 
scanner. The quantities of the individual com- 
ponents are determined by  the peak intensities of 
the chromatogram zones. Although the quantity 
of material required in  this method is somewhat 
greater than in the microbiological assay proce- 
dure, the technique is simple and reproducible. 


v / 4 .  


EXPERIMENTAL 
ADDaratus and Materials 


Journal of Pharmaceutical Sciences 


(v/v) in a separator and allowing the layers to 
separate. The lower layer is placed in the bottom of 
the chromatographic jar, and the upper layer is 
placed in a beaker with a wick a t  the bottom of the 
jar. The jar is equilibrated for several hours prior 
to use. The lower layer is used for development of 
the chromatograms. Optimum temperature for 
development is in a range of from 20 to  25", and it 
is important that the temperature at which the chro- 
matograms are run be maintained at a constant 
level. 


Preparation of Standards and Samples-Genta- 
micin standards consisting of individual solutions 
of the C,, C,a, and CZ components, either all as the 
sulfates or all as free bases, are dissolved in water 
to give concentrations of exactly 50 mg./ml. Equal 
volumes of each component standard are mixed 
together to  give a solution containing the three 
components in a 1:l:l ratio. Three replicate 
standard solutions are prepared in this manner. 
Samples in which the ratios of the gentamicin com- 
ponents are to be determined are dissolved in water 
to  give a concentration of about 50 mg./ml. 


Preparation and Development of Chromatograms 
-A line is drawn approximately 7 cm. from the end 
of each strip and 54. quantities of each standard 
mixture are pipeted twice on triplicate spots equi- 
distant from each other. This results in three chro- 
matographic sheets containing a total of nine stan- 
dard mixtures at a level of 500 mcg./spot. 


The samples to  be assayed are spotted in exactly 
the same manner as the standards, three spots for 
each unknown, using 10 pl./spot (two increments 
of 5 @I.). 


The papers are placed in the chromatographic jars 
and solvent added to the troughs immediately. 
No equilibration is necessary. The papers are 
developed, descending, for 18 hr., and air dried for 
15 min. to remove solvent. The sheets are pulled 
through a trough of ninhydrin reagent, dried in a 
fume hood, and heated for 5 min. a t  105' to develop 


I I  


the color. The gentamicin CI zone is found nearest 
to the front, followed by CZ, and the zone closest to 


showiIlg the relative positions of the components 


(a) Standard chromatographic tanks 


24 in.); insulate the outsides completely with paper. 
with troughs 30.5 x 30.5 x 61 cm. high (12 x 12 x the origin is designated as cia. A chromatogram 


( b )  Schleicher and Schuell No. 589 blue ribbon 
chromatographic paper cut to size 20 X 58 cm. 
(along grain). 


( c )  Integrating scanner-instrument used for 
the determinations to be described was the model 
RB manufactured by 
ments, Inc., Fullerton, Calif. 


is illustrated in Fig. 1, 
Scanning Chromatograms and computations~ 


The chromatograms are cut into strips 3.2 cm. ( ll/d 
in.) in width and reference lines are marked on both 
ends of the papergrams beyond the last zone and 
before the origin. The strips are put through the 
integrating scanner using a slit width of 1.5 mm., 
and the zone intensities are automatically plotted ( d )  Reagents-the purest available reagent 


hvdroxide was made bv mixing 600 ml. concentrated 
grade were used. The 17% ammonium and integrated. The chromatogram is lined up with 


h?HaOH with 400 ml.-water.- Gentamicin CI, Cla, 
and Ct standards were obtained as the sulfates 
and converted to their respective free bases by 
use of small columns of IRA 401s resin (Rohm and 
Haas) in the hydroxyl form and the solutions lyo- 
philized. All standards were dried a t  60" under 
vacuum for 3 hr. prior to use. Ninhydrin 
reagent (triketo hydrindene hydrate) was prepared 
fresh daily as a 0.25% solution by dissolving in a 
1 : 1 mixture of pyridine-acetone. 


Methods 
Chromatographic Solvent and Conditions-The 


solvent is prepared by mixing together chloroform, 
methanol, and 17% NHlOH in a ratio of 2 : l : l  


C COMPLEX 


CI 


C? 


Cla 


ORIGIN 


Fig. 1-Ninhydrin-treated chromatogram illustrating 
separation of gentamicin components using Chl070- 
form-methanol-17'7; ammonu ( 2 : l : l  v / s )  solvent 


system. 
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of the color intensity) t o  compensate for the dif- 
ferences in intensity between those components and 
Qa. Similarly, for the sulfates, this compensation 
must also be made. The peak intensities and correc- 
tion factors (reciprocals) for the bases and sulfates 
are summarized in Table I. 


SampIes of unknown composition are run in a 
manner similar to  that for the standard mixtures. 
After integration of component peaks, the peak areas 
are multiplied by the appropriate factors for each 
compound and the corrected intensities for each 
zone are added together. The percentage of each 
component can be calculated by dividing the number 
of integrations for each chromatogram zone by the 
total number for the complex. The three replicate 
sets of chromatogram data are averaged to obtain 
final results. 


RESULTS AND DISCUSSION 


Assay responses using the ninhydrin differential 
assay were compared to results obtained by the 
previously described microbiological method on 
six lots of gentamicin sulfate. Using the anti- 
bacterial potencies of c ~ ,  Cla, and CZ gentamicins 
(assayed against the same working standard) it was 
possible to  convert the percentages by weight to  
percentages based on activity. 


Table I1 indicates the average assay results ob- 
tained using the ninhydrin assay both by weight 
and activity compared t o  the results obtained for 
the same samples in the microbiological assay. 
Assay variation as determined by a series of com- 
pletely randomized analyses of variance indicates 
the residual error to be in excellent agreement with 
the biological procedure. 


It has been found that a significantly high correla- 
tion ( p  < 0.01) exists between the biological assay 
and the ninhydrin assay, both by weight and activity. 
The product-moment correlation coefficient in- 
dicates the degree of association between the two 
assay procedures where - 1.0 indicates perfect 
negative correlation and f 1.0 indicates perfect 
positive correlation. These data are summarized 
in Table 111 and are a reflection of the data given in 
Table 11, where each observation is a mean of three 
values. 


ENTIAL ASSAY WITH MICROBIOLOGICAL DIFFEREN- 
TIAL ASSAY FOR GENTAMICIN SULFATE BATCHES 


TABLE 111-CORRELATION OF NINHYDRIN DIFFER- 


-Correlation Coefficient-. 
Component Weight Activity 


C2 0.87 0.94 
C1a 0.89 0.88 
Cl 0.87 0.94 


Fig. 2-Integrated scan of ninhydrin reaction following 
paper chromatography. Instrument used was Beck- 
man Analytrol model RB, slit width = 1.5 mm. Upper 
curve is densitometer scan; lower, sawtooth line is 
- integrator trace. 


its scan using the reference marks, and the total 
scan area and area under each peak is determined 
for each chromatographic strip. A typical chro- 
matogram of a gentamicin mixture and its integrated 
scan is illustrated in Fig. 2. Ratios of ninhydrin 
intensity of standards in a mixture containing 
equal weights of components can then be calculated 
as will be described. Results for each group of nine 
reference standards are averaged to obtain a final 
set of values. 


Comparison of ninhydrin reactivity for each of 
the gentamicin base component standards showed 
that the intensity of color varied with Cla > CZ > 
CI. This was true also for the sulfates, but the 
ratios were somewhat different. For the free bases, 
if Ga is assigned a ninhydrin peak value of 1.00, 
then an equal quantity of CP results in a less 
intense color reaction and a value of 0.58 (58% of 
the intensity of color for an equal weight of CZ com- 
pared to Cia). For the CI component, the value is 
0.52. Therefore, in order to  calculate the correct 
proportions of components in an unknown mixture, 
it  is necessary to multiply the CI and CZ peak in- 
tegrations by the appropriate factor (the reciprocal 


TABLE I-COMPARISON OF INTENSITY OF NIN- 
HYDRIN REACTIONS ON CHROMATOGRAMS FOR 
INDIVIDUAL COMPONENTS OF THE GENTAMICIN 


COMPLEX 


Relative 
Intensity of Factor, 
Ninhydrin Reciprocal of 


Derivative Component Spot Intensity 
Base Ca 1.000 1.00 


CZ 0.578 1.73 
c1 0.518 1.93 


Sulfate C, a 1.000 1.00 
C, 0.485 2.06 
Cl 0.397 2.52 


TABLE 11-AVERAGE ASSAY VALUE OF GENTAMICIN SULFATE BATCHES BY LOT AND METHOD 


y - - - N i n h y d r i a  Assay 
---By Weight, % - ---By Activity, %- -Microbiological Assay, %- 


Lot No. CI C2 ClQ CI cz ClQ CI C2 Cia 
GMC-4J-51 46.9 36.2 16.9 41.2 40.8 18.0 42.2 39.2 18.7 
60-1197-651 46.3 33.1 20.6 40.6 37.4 22.0 41.2 34.1 24.9 
60-1 197-641 35.6 32.2 32.2 30.6 35.6 33.8 36.5 32.9 30.6 
GMC-4J-1-4C 32.4 42.6 24.9 27.5 46.6 25.9 29.1 40.5 30.5 
60-1197-611 44.8 33.2 21.9 36.0 39.4 24.6 38.7 37.8 23.5 
60-1197-60 40.2 41.8 18.0 34.7 46.4 19.0 36.8 43.5 19.7 
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TABLE IV-AVERAGE ASSAY VALUE OF GENTAMICIN BATCHES CONVERTED TO THEIR FREE BASES BY LOT 
AND METHOD 


Lot No. 


Ninhydrin Assay- ------- 
-.-By Weight, Yo--.- -.-By Activity, Yo- -Microbiological Assay- 


CI Ca Clrr CI Ct Cla CI Ca Cla 
GMC-4J-51 42.5 37.2 20.3 36.9 40.8 22.3 42.2 39.2 18.7 
60- 1197-651 43.1 34.0 23.0 37.7 37.2 25.1 41.2 34.1 24.9 
60-1197-641 35.8 35.3 28.8 30.7 38.2 31.1 36.5 32.9 30.6 
GMC-4J-1-4C 31.0 41.0 28.0 26.3 43.9 29.9 29.1 40.5 30.5 
60- 1197-61 I 38.8 37.1 24.0 33.5 40.4 26.1 38.7 37.8 23.5 
60-1197-60 3 i .5  42.1 20.3 32.3 45.7 22.0 36.8 43.5 19.7 


- 


TABLE V-CORRELATION OF NINHYDRIN DIFFEREN- 
TIAL .4SSAY WITH MICROBIOLOGICAL ASSAY FOR 
GENTAMICIN BATCHES CONVERTED TO THEIR FREE 


BASES 


,-Correlation Coetficient- -. 
Component Weight Activilv 
c 0.98 0 . 9 i  
ClU 0 .98  0.98 
CZ 0.93 0.96 


The differential ninhydrin assay which has been 
described for the quantitative determination of the 
components of the gentamicin complex is highly 
reproducible and easier to perform than is the 
microbiological method. A significant correlation 
exists between the results obtained in the two pro- 
cedures, and this new assay should therefore be 
very useful in determining proportions of the three 
gentamkin components in mixtures of the complex. 


As a second step, the six samples under considera- 
tion were converted to their free bases by means of 
an ion-exchange resin. The identical assay was 
performed using factors for the ninhydrin intensities 
of the compounds determined on known mixtures of 
the free bases of all of the components (Table I). 
The average response for these samples by weight 
and activity are presented in Table I V  and are 
compared to the results obtained in the micro- 
biological differential assay. 


The correlations between the two assays using the 
free base mixtures measured by weight and activity 
are shown in Table \’. All of the correlations are 
significant ( p  < 0.01). 
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Dissolution Kinetics of Drugs in Human Gastric 
Juice-the Role of Surface Tension 


By PER FINHOLT and SISSEL SOLVANG 


The kinetics of in vitro dissolution of phenacetin and phenobarbital in human gastric 
juice have been determined and compared to those in hydrochloric acid containing 
various amounts of polysorbate 80. The surface tension of the dissolution medium 
is shown to have an appreciable effect on the dissolution kinetics of the drugs studied. 


WRING THE LAST YEARS, a number of rate 


i2n excellent review of these is 


given by Wurster and Taylor (1). Various dis- D studies on the dissolution of drugs haw solution media have been used, but, surprisingly 
been conducted. enough, not that  solvent, in which the dissolution 
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Characterization of Complex Formation Between 
Small Molecules by Membrane 


Permeation Measurements 
4 


By RICHARD H. REUNING* and GERHARD LEVYt 


A membrane permeation technique is described which permits characterization 
of complex formation between small molecules. The method is applicable if the 
components of the complex diffuse across a nonporous membrane at markedly 
different rates. The procedure may be used (a) to determine the stoichiometry 
and stability constant of a complex, (b) to verify values of stability constants ob- 
tained by other methods, (c) to check assumptions concerning the stoichiometry 
of a complex, and d) to determine the degree of complexation of a compund in 


other methods of determination may fail or be very time consuming. The mem- 
brane permeation technique has been applied to the characterization of the complex 
formation between salicylamide and caffeine at concentrations where appreciable 


self-association of cdeine OCCUTS. 


systems complicate 6 by the existence of two or more simultaneous equilibria, where 


ANY TECHNIQUES have been developed in re- M cent years for the characterization of drug 
complexes. Among the methods which have 
been most commonly used for the analysis of 
drug interactions are partitioning (I), spectro- 
photometric (2), equilibrium dialysis (3), dialysis 
rate (4, 5), and solubility techniques (6). All of 
the methods available for the study of complex 
formation are subject to certain limitations 
peculiar to the particular technique. Some of 
these limitations which were encountered in the 
present study are: the partitioning method rc- 
quires that at  least one of the uncomplexed species 
does not partition into one of the two solvent 
phases; the spectrophotometric method cannol 
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be applied to systems involving relatively weak 
molecular interactions and to those which do not 
manifest a pronounced change in spectral char- 
acteristics upon complex formation; the dialysis 
techniques are limited to the study of interac- 
tions between drugs which diffuse across a dialysis 
membrane and macromolecules which do not; 
the solubility method does not permit a de- 
termination of the stoichiometry of the complex 
with respect to the less soluble component, if the 
complex itself is very so1uble.l Connors and 
Mollica (8) have recently pointed out that some 
of the experimental approaches mentioned above 
may not always yield the same values for an 
equilibrium constant and that comparative 
studies with several techniques may yield val- 
uable information concerning the nature of a 
complex. 


Complex formation between salicylamide and 
caffeine has been detected recently in this labora- 
tory. The salicylamide-caffeine complexing sys- 
tem was used in studies concerning the effect of 
complex formation on drug absorption, which are 


1 It is sometimes possible to reverse the system nod thereby 
determiuc the stoichioluetric ratio of the complex (7) .  
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reported elsewhere. Complexation of an appre- 
ciable fraction of salicylamide by caffeine re- 
quires a relatively high concentration of caffeine 
at which self-association of the latter occurs (9). 
While the solubility method could be used to 
characterize the interaction between salicylamide 
and caffeine at relatively low concentrations of 
caffeine, i t  was felt that an  extrapolation of these 
data to higher concentrations would be unjusti- 
fied in view of the self-association of caffeine at 
higher concentrations, and the possible formation 
of salicylamide-caffeine complexes of stoichiome- 
tries other than 1 : 1. It became desirable, there- 
fore, to develop a technique which permits a 
determination of the extent of complexation of 
salicylamide by caffeine at the concentrations and 
in the buffer system actually employed in the 
absorption study. Advantage was taken of the 
fact that salicylamide permeates relatively 
rapidly across a nylon membrane while caffeine 
permeates much more slowly. This difference in 
permeation rates was not sufficient to determine 
equilibrium concentrations by procedures analo- 
gous to equilibrium dialysis. However, it was 
possible to estimate the extent of salicylamide 
complexation in a solution of salicylamide and 
caffeine on one side of the nylon membrane by 
using varying concentrations of salicylamide on 
the other side of the membrane, and thereby de- 
termining the direction of the concentration 
gradient of free salicylamide and the concentra- 
tion at which this gradient is essentially zero. 


EXPERIMENTAL 


Membrane Permeation Procedures-One hun- 
dred and ten milliliters of a solution of 0.3&1oJ, 
salicylamide and 2.2% caffeine in pH 5 Krebs- 
Henseleit Acetate Ringer solution (KHAR)B was 
placed in a 125-ml. conical flask. Ten milliliters of a 
solution of salicylamide (varying concentrations in 
KHAR) was placed in a nylon bag.8 The bag was 
suspended in the solution contained in the 125ml. 
flask. The flasks were agitated at  37' in a water 
bath shaker and 0.5ml. samples were withdrawn 
from each dialysis bag after 1, 4, and 7 hr. The 
samples were adjusted to pH 1 with HCl and diluted 
with 0.1 N HCl as necessary. One milliliter of di- 
luted sample was added to 5 ml. of Trinder reagent 
(11) and the absorbance of this solution was m a -  
sured at  525 mp using as the blank a solution consist- 
ing of 1 ml. 0.1 N HCl and 5 ml. Trinder reagent. It 
was estabfished that caffeine, if present in the solu- 
tion, does not interfere with this assay for salicyl- 
amide. 
Similar experiments were carried out with caffeine 


alone and salicylamide alone and only the solvent 
inside the nylon bag. Salicylamide was assayed 
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as described above and caffeine was assayed spectre 
photometrically at 273 mp, using KHAR, pH 5.0, 
as the diluent. 


In order to determine the rate of permeation of 
caffeine in the presence of salicylamide (ie., to 
assess a possible difference in the permeation rate 
of free and complexed caffeine), nylon bags, contain- 
ing only KHAR were suspended in solutions of 
either 0.388% caffeine or 0.388% caffeine and 
0.543yo salicylamide in KHAR. A sample of 0.5 ml. 
was removed from each nylon bag after 11 hr. of 
equilibration and assayed for salicylamide and 
caffeine. This experiment was performed in dupli- 
cate. The assays were carried out as described above 
except that the absorbance at 273 mp due to salicyl- 
amide was subtracted from the total absorbance to 
obtain that due to caffeine. It was determined that, 
in the concentration range at  which the measure- 
ments were carried out, the absorbances of salicyl- 
amide and caffeine were additive. Since nylon and 
many other materials used to make membranes 
take up salicylamide and other drugs from aqueous 
solution, it is essential that the membrane is equili- 
brated with the drug solution before it is used in a 
permeation experiment. In this study, the nylon 
bags were immersed in salicylamide solution (same 
concentration as used in the subsequent experi- 
ment) for 24 hr. prior to an experiment. There 
was no measurable uptake of drug when these pre- 
treated bags were filled with fresh salicylamide 
solution. The time required for adequate equilibra- 
tion of a membrane must be determined experi- 
mentally for each system. Failure to equilibrate 
the membrane may result in artifacts and possible 
misinterpretation of data. 


Determination of the Stability Constant of the 
Salicylamide-Caffeine Complex by the Solubility 
Method-The solubility method described by 
Higuchi and Zuck (6) was used to determine the 
stability constant of the salicylamide-caffeine 
complex at 37' in pH 5 KHAR. 


*Thh b Similar to Krcbs-Hensaleit Bicarbonate Ringer 
solution (10) acept that an e uimolar amount of acetate 
buffer was mbstituted for the bqcarbonate. 


8 Tom= Nylon Bags, American Hospital Supply Corp., 
Evanston, Ill. 


RESULTS 


The results of the membrane permeation study 
are shown in Fig. 1. There is a pronounced differ- 
ence between the diffusion rates of salicylamide and 
caffeine across the nylon membrane, as illustrated 
in the upper portion of the figure. While salicyl- 
amide diffuses across the nylon membrane quite 
rapidly, there was practically no diffusion of caffeine 
across the membrane in 7 hr. Even after 11*/8 
hr. the concentration ratio (inner-outer solution) 
of caffeine was less than 0.02 while that of salicyl- 
amide had increased to 0.56. 


The permeation rate of caffeine in the presence of 
a concentration of salicylamide sufficient to complex 
about 50% of the caffeine did not differ measurably 
from that of caffeine alone. It must be noted, 
however, that the sensitivity of the measurement 
was limited due to the extremely slow permeation 
of caffeine and the interference of salicylamide with 
the caffeine assay, which necessitated a rather large 
correction of the absorbance a t  273 mp to account 
for the considerably higher concentrations of salicyl- 
amide present. Thus, minor differences between 
the relative permeation of caffeine alone and in the 
presence of salicylamide could not be excluded. 
These initial findings demonstrated that it is possible 
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Fig. 1-Determination by the membrane permeation 
method of the extent of salicylamide complexation by 
caffeine. Upper part, ratio of drug concentration 
inside the nylon bag (initially only p H  5 buffer) to 
that outside (initially, 0.384y0 salicylamide or 2.2% 
caffeine i n  pH 5 buffer) as a function of time. 0,  
salicylamide; a, cafeine. Lower part, concentration 
of salicylamide inside the nylon bag as a function of 
time. Data are from experiments in which initially 
only salicylamide solution (varying concentrations) 
was inside the nylon bag and a solution of 0.384% 
salicylamide and 2.2% caffeine was outside. All 


data points are averages of two determinations. 


t o  maintain an essentially constant concentration 
of caffeine (both free and complexed) on one side of 
a nylon membrane for a period of time sufficient to  
afford considerable transfer of free salicylamide. 
Consequently, the series of experiments depicted in 
the lower portion of Fig. 1 was carried out. A solu- 
tion containing 0.384% salicylamide and 2.2% 
caffeine was placed into conical flasks and nylon 
bags containing salicylamide in concentrations rang- 
ing from 0.085 to  0.135% were suspended in this 
solution. The concentrations of salicylamide inside 
the nylon bag increased or decreased with time, 
depending on the initial concentration, thereby re- 
flecting the concentration gradient of uncomplexed 
salicylamide across the membrane. The results 
show that there was no significant change in the 
concentration of salicylamide in the solution inside 
the nylon bag at initial salicylamide concentrations 
ranging from 0.100 to 0.100%. On the basis of a 
total salicylamide concentration of 0.384y0 outside 
the nylon bag and a concentration of 0.100 to  0.106% 
of free salicylamide inside the nylon bag, it can be 
calculated that F,, the fraction of total salicylamide 
complexed in the presence of 2.270 caffeine, ranged 
from 0.72 to  0.74. The value of 0.73 for F, was 
used in all subsequent calculations. 


The results of the solubility method as applied 
to  the salicylamide-caffeine system are shown in 
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Fig. 2-Total solubility of sdicylamide i n  pH 5 
buffer at 37" as a function of total caffeine concentra- 
tion. Each point represents the average of two deter- 


minations. 


Fig. 2. There was a linear increase in the apparent 
solubility of salicylamide with increasing concentra- 
tions of caffeine. Assuming a 1 : 1 stoichiometry of 
the salicylamide-caffeine complex, and neglecting 
the possibility of some slight dimerization of caffeine 
a t  these concentrations, a stability constant of 
41.1 I./mole a t  37" in pH 5 KHAR was obtained 
(12). 


DISCUSSION 


The membrane permeation method may be used 
to  characterize complex formation in systems consist- 
ing of two components which exhibit rather pro- 
nounced differences in permeation rate across a 
suitable membrane. A major advantage of the 
method is that the extent of complexation of a drug 
or other compound can be determined directly in 
solutions of any desired composition, without having 
to determine the stoichiometry of the complex, the 
stability constant, or the nature of the equilibria 
involved. It is possible, for example, t o  determine 
the extent of drug complexation in systems involving 
several simultaneous equilibria as long as the drug 
to be studied diffuses across the membrane appreci- 
ably more rapidly than the components with which 
it interacts. I n  addition, the membrane permeation 
method does permit the determination of stoichio- 
metric ratios (when these are simply 1: 1, 2: 1, etc., 
and not a mixture) and stability constants in 
systems characterized by a single complexation 
equilibrium. 


The membrane permeation experiments showed 
that the fraction of total salicylamide complexed 
(Fc)  in a solution containing 0.384% salicylamide 
and 2.2% caffeine in pH 5 KHAR a t  37' is 0.72- 
0.74. Using the stability constant obtained by the 
solubility method (Fig. 2) and neglecting the self- 
association of caffeine which is known to occur a t  
higher concentrations of this drug (9), it can be 
calculated (Reference 6 and Appendix) that F, 
should be 0.79. A more realistic estimate of F, 
can be obtained by taking into account the degree of 
self-association of caffeine. From the data of 
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Guttman and Higuchi (9) it was possible to  deter- 
mine a stability constant for caffeine dimerization 
at 37” in distilled water.‘ This constant, 8 l./mok, 
was used in the calculations described here since it 
was found that the stability constant for caffeine 
dimerization was not measurably different in water 
and in Ringer’s solution, as judged by the partition- 
ing behavior of caffeine (13). Calculations using 
Method I1 of the Appendix, which incorporates the 
stability constant of the salicylamide-caffeine 
complex as determined by the solubility method and 
the stability constant for caffeine dimerization, 
yielded a value for F, of 0.67. Thus, the F, value 
of 0.724.74 obtained by  the  membrane penneation 
method was intermediate between the values cal- 
culated from the 1 : l  stability constant of the 
salicylamide-caffeine complex which were uncor- 
rected, and corrected for caffeine dimerization, 
respectively.6 


While the results described in the preceding para- 
graph are consistent with the assumption of a 1: 1 
stoichiometry of the salicylamide-caffeine complex, 
a more rigorous test of this assumption is obtained 
by  calculating the stability constant of the complex 
based on a 2: 1 (salicylamide-caffeine) stoichiometric 
ratio! If the results of the solubility method and 
the membrane permeation method yield widely 
different values, a 2:l  stoichiornetry can be ruled 
out. Values for the stability constant of the 
salicylamide-caffeine complex obtained by both 
methods assuming either a 1 : 1 or 2: 1 stoichiometry 
are listed in Table I. The method of calculating 
the stability constants from the membrane permea- 
tion data is described in the Ap@endix. It is evident 
from the data in Table I that there was no agree- 
ment between the stability constants obtained by 
the two methods assuming a 2:l stoichiometric 
ratio, but that there was reasonably good agreement 
of the stability constants based on a 1 : l  ratio. 
The complexity and multiplicity of the simultaneous 
equilibria involved are probably responsible for the 
lack of a very close agreement between the 1 : l  
stability constant obtained by the solubility method 
at low caffeine concentration and that obtained by 
the membrane permeation method at high caffeine 
concentration. 


A more detailed understanding of the applicability 
of the membrane permeation technique for dis- 
tinguishing between a 1 : 1 and a 2: 1 stoichiometry 
of a complex can be obtained by  a review of Fig. 3, 
which is a theoretical plot of the fraction of total 
salicylamide complexed ( F o )  as a function of total 
salicylamide concentration, with the total caf- 
feine concentration held constant at 0.113 moles/ 
1. (2.2y0). The plots were constructed by  as- 
suming complete solubility of the complex in the 
concentration range shown, and a stoichiometric 
ratio of 2 : l  and 1:1, respectively. The c w e s  
shown in the figure were calculated by  procedures 
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TABLE I-SAEILITY &NSTANTS OF THE 
SALICYLAMIDE~~AFFEINE COMPLEX FROM 


MEXBRANE PERMEATION AND SOLUBILITY 
MEASUREMENTS ASSUMING 1 : 1 OR 2: 1 


STOICH~OMRTRY 


K : 1 ,  h l ,  
Method I./mda i.*/mdel 


Membrane permeation, 29 17 X 102 


Membrane permeation, 53 33 x 102 
uncorrected 


corrected for caffeine 
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4 The stability constant for caffeine dimerization at 37O 
was determined by a graphical extra olntion of the constants 
reported by Guttman and Higuchi (b at 0. 20,30, and 35’. 


6 The small difference between the experimental results 
and those predicted from theoretical calculations based on a 
1 :  1 stoichiometric ratio and corrected for caffeine dimeriza- 
tion cannot be ascribed to the fact that tetramer formation 
of caffeine was neglected in the calculations. Correction for 
the latter would actually increase somewhat the difference 
between the experimental and theoretical results. 


6 The linearity of the solubility phase diagram (Fig. 2) 
indicates that the stoichiometry with respect to the caffeine 
component is 1 in this concentration range (12). 


dimerization 
41 4.4 X lo2 Solubility 
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2 : l .  This reflects, apparently, the fact that the 
concentration of salicylamide is the limiting factor 
initially and that caffeine becomes limiting only 
after an appreciable extent of caffeine complexation 
is attained. The most important conclusion to be 
derived from the relationships shown in Fig. 3 is 
that a distinction between 2: 1 and 1 : 1 stoichioni- 
etry can be made most readily a t  the lower con- 
centrations of salicylamide and that the sensitivity 
of the membrane permeation method for making 
such a distinction decreases as the solubility limit 
of salicylamide is approached. The data point in 
Fig. 3, which represents the results of the membrane 
permeation experiments, shows that the determind- 
tion of Fc for salicylamide was carried out a t  a con- 
centration at which a clear distinction between a 
1 : 1 and a 2 :  1 stoichiometric ratio can be made. 


APPENDIX 


Calculation of the Extent of Complexation of 
Compound A by Compound B Where B is Subject 
to Dimerization-The extent of complexation of 
Compound A by Compound B can be represented 
by F,, the fraction of total A which is complexed. 
The following three methods may be used to  de- 
termine F, a t  relatively low concentrations of B 
(where dimerization is negligible) and at relatively 
high concentrations of B (where appreciable dimeri- 
zation occurs). 


Method 1-Negligible dimerization of B ,  1 : 1 
stoichiometry of the complex. 


A + B = A - B  
The designation A-B refers to the complex of A with 
B. The 1: 1 stability constant (KlZI)  of this 
equilibrium is defined as: 


where the brackets refer to  molar concentrations. 
F,, the fraction of total A in solution which is coni- 
plexed, is defined as follows: 


Equations 1 and 2 can be combined to  give the 
following expression: 


Method 11-Partial dimerization of B ,  1: 1 
stoichiometry of the complex. Assuming that ap- 
preciable dimerization of B occurs, the following 
simultaneous equilibria are applicable: 


'1 + B e A - B  
B + B $ B-B 


where B-B refers to the dimer. 
stant of the dimer (&) is defined as follows: 


The stability con- 


As in the case of negligible dimerization of B,  F, can 
be calculatecl from Eq. 3. However, [ B ]  must now 
be determined on the basis of the following relation- 
ship: 


Bt = [ B ]  + 2 [B-B] + IA-B] (Eq. 8 )  


This definition of Bt, when combined with Eqs. 1, 
4, and 7, yields upon rearrangement: 


(2Ki :Xd)I s Ia  + ( K I : I  2Kd)[BI2 
(1 + Ki:iAt - Ki:iBt)[B] - Bt = 0 (Eq. 9) 


Thus, a knowledge of the stability constants of the 
two simultaneous equilibria (Kl:l and K d )  and the 
total concentrations of A species and B species 
(At and Bt, respectively) allows calculation of [ B ]  
from this cubic equation. Methods of solving this 
type of equation are availableg (14) and consequently 
F. can be calculated by use of Eq. 3. 


Method 111-Negligible dimerization of B ,  2: 1 
stoichiometry of the complex. 


2A + B A,-B 


In this equilibrium, the symbol A r B  represents the 
2:  1 complex. The 2: 1 stability constant is defined 
as follows: 


I n  this case the fraction of total A in solution which 
is complexed (Fc)  is defined as: 


Equations 10 and 11 can be combined to  give the 
following expression for F,: (Eq. 3) 


(Eq. 13) In order to use Eq. 3 t o  calculate F,, the concentra- 
tion of free B must be determined. The total con- 
centrations of A species and B species, A t  and Bi, In order to  use Eq. 12 it is necessary to  determine 
respectively, are defined as: [ A ]  and [B]  from known or experimentally de- 


(Eq, 4) terminable factors. A t  and Bt are defined for this 
case as follows: At = [ A ]  + [A-BI 


Bt = [BI + [A-BI 


Ki:i[Bl F -  
- KI:I[BI + 1 


2Kn:i [ A  l [ B ]  
- 1 + 2K,:i[Al[Bl 


F -  


At = [A1 + 2[An-B] 


Bt = [BI + [Az-B] 
(Eq. 13) 


(Eq. 14) 


(Eq. 5 )  


A substitution of Eqs. 4 and 5 into Eq. 1 yields upon 
rearrangement : 


The following expression for A can be obtained by 
combining Eq. 10 with Eqs. 13 and 14 and rearrang- 
ina: 


Ki:i[B]' + (1 + K i J t  - 
K ~ : ~ B ~ ) [ B ]  - B~ = 0 ( E ~ .  6) 


- 
The quadratic formula applied to  Eq. 6 then can be 
used to calculate (B]. This in turn permits the O.~KI:I[AI* ( K d t  - 0 . 5 ~ d t ) t A l a  4- 
calculation of F, by use of Eq. 3. 0.51AI - 0.5At = 0 (Eq. 15) 


I Applied to thejrcsent study, A denotes salicylamide 9 A digital computer wps used in this study to solve the 
and B represents ca cine. cubic equation. 







Vol. 57, No. 9, September 1968 


Solution of this cubic equation yields the value of 
[ A ] .  The value of [B] can be determined from the 
following two relationships: 


[ B ]  = Bt - [ A 4 1  - 2[B-B] = 
B* - [Ap-B] - 2Kd[BI2 I 
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2Kd[B]' + [ B ]  + [Ap-B] - Bt = 0 


The determination of [B]  then permits calculation of 
the stability constant: 


At-tAI 
2 [ A 4  = 


[ B ]  = Bt - [ A 4  


With [A] and [B]  thus calculated, F. can now be de- 
termined using Eq. 12. 


Calculation of Stability Constants from Mem- 
brane Permeation Data-The calculation of the 
stability constants from membrane permeation 
data is shown here for the case where the calcula- 
tions are corrected for the dirnerization of B. The 
calculations which are not corrected are merely a 
simplification of these. The symbols used are the 
same as those in the previous section. 


Complex of 1 : 1 Stoichiomtry-The membrane 
permeation method provides a value for the con- 
centration of uncomplexed A,  [ A ] .  The total con- 
centrations A ,  and B f  are known. From these 
values the stability constant (Ki:,) may be calcu- 
lated as follows: 


[A-B]  = At - [ A ]  
[ B ]  = Bt - [A-B) - 2[B-B]  = 


Bd - " 4 4  - 2Kd[B]Z 
2Kd[B]*  + [B] - Bt + [A-B]  = 0 


The value of [ B ]  can be determined by using the 
quadratic formula. Then: 


Complex of 2 : l  Stmchiometry-Again the mem- 
brane permeation experiment provides a value for 
[A]. Then: 


REFERENCES 


!k. D. A., 1. Am. Pharm. Assoc., 


9, 113(1928). 
Kostenbauder, H. B.. J. Am. 


(6) Higuchi, T.. and Zuck, D. A., J. Am. Pharm. Assoc., 
SA Ed..  42. 18R(lQ!iR\ --., -- 


(7) Sin h,'%,'D&, S. J., Simonelli, A. P., and Higuchi, 


(i) conhors, K. A., and Mollica, J. A,, ibid., 55, 772 
W. I. J d a r m .  Sci.. 56,1548(196?). 
fioam 
\A""",. 


(9) Guttman, D., and Higuchi, T.. J. Am. Pharm. 
Assoc., S o .  Ed., 46, 4(1957). 


(lo) Laurence, D. R., and Bacharach, A. L., Eds., "Evnl- 
uation of Drug Activities: Pharmacometrics," "01. 2, 
Academic Press, New York. N. Y., 1964. p. 892. 


(11) Tyinderj P., Biochcm. J., 57, 301(1954!; 
(12).Higuchi, .T., and Connon, K. A,,,, Advances in 


Analytical Chemistry and Instrumentation vol 4 Teilley. 
C. N., Ed., Wiley, New York, N. Y., 1965, 'ehap.'IJ. 


(13) Reuhing, R. H., and Levy, G., J .  Pharm. Sci., in 
press. 
(14) Weast. R. C., Ed., "Handbook of Chemistry and 


Physics," 48th ed., Chemical Kubber Co., Cleveland, Ohio, 
1967-1968, p. A-245. 


Keyphrases 
Complex formation-small molecules 
Membrane permeation, nylon-complex for- 


Salicylamine-caff eine-complexing system 
Diffusion rates-salicylamide, caffeine 
Colorimetric analysis, salicylamide-spectro- 


UV spectrophotometry-analysis, caffeine 
Stability cons tan teequat ions  


mation determination 


photometer 








1796 Journal of Pharmaceutical Sciences 


(2) ,Albert, A., in “Physical Methods in Heterocyclic 
Chemistry, Vol. 1, Katritzky, A. R., Ed., Academic Press, 
New York, N. Y., 1963, p. 73 ff. 


(3) Koch, H. P., J. C k m .  SOC., 1949,401; Janssen, M. J 
Rec. Trau. Chim. 79, 454, 464. 1066(1960); Foye, W. 0:’ 
Mickles J. Du;all R. N., and Marshall, J. R., J .  Mcd: 
Chcm.. 6 ,  569(1963).’ 


(4) Foye, W. 0.. and Mickles, J.. J. Med. Pharm. Chem., 
5 ,  846(1962). 


(5) Albert, A., “The Acridines,” Edward Arnold, London, 
England, 1951, p.  75. 


(6) Albert, A., and Kitchie, B. J .  Chem. SOC., 1943, 
458 ff. 


(7) Ocbiai, E., Katayanagi, M.,  and Okamoto, T., J. 
Phorm. SOC. Japan, 6 6 ,  12(1946). 


Keyphrases 


Antiradiation compounds 
Acridine dithiocarbamates-synthesis 
Quinaldine dithiocarbamates-synthesis 
Radioprotective activity-screening 
IR spectrophotometry-identity 
UV spectrophotometry-identity 


Rheological Stability of a Procaine Penicillin G Suspension 
By JAMES C. BOYLAN and ROBERT L. ROBISON 


The  rheology of a 58.6 percent procaine penicillin G suspension was followed for 
a 24-month period. Samples stored as recommended ( S O )  were unchanged after 
2 years. Samples stored a t  26 and 37’ increased i n  viscosity, yield value, and thixot- 


ropy with time. 


N FORMULATING a product where rheological prop- I erties are important, it is not only necessary to 
ascertain that the freshly prepared product possesses 
the necessary rheological characteristics, but more 
importantly whether or not these characteristics 
change during the recommended shelf life of the 
product. A specific case where unchanging rheo- 
logical properties are critical is an injectable suspen- 
sion of procaine penicillin G (600,000 u./ml.). The 
rheological parameters of this type of suspension 
determine ( a )  ease of filling, ( b )  prevention of sepa- 
ration during shipping and storage, and (c) inject- 
ability. I t  is difficult to formulate a procaine 
penicillin G suspension that will be satisfactory 
under all these varied conditions. 


In 1958, Ober and co-workers (1) published an 
outstanding rheological study of concentrated pro- 
caine penicillin G depot preparations. They re- 
ported that in aqueous suspensions of 40 to 70% 
(w/w ) procaine penicillin G, the rheological struc- 
tural breakdown point (the point of maximum torque 
at very low shearing rate) is the physical parameter 
that defines the structure of the suspension prior to  
any applied shearing force. Although the nature of 
this structure is not known, they reasoned that the 
existence of this structural breakdown point does 
allow highly concentrated procaine penicillin G 
suspensions to  fluidize enough to allow passage 
through a hypodermic needle. Furthermore, i t  
permits good depot formation by virtue of quickly 
regaining this structure. They also determined 
what effect particle-size distribution, specific surface 
of the powder, and percent solids had on these 
phenomena of structure formation, breakdown, and 
recovery. By using a variety of techniques, includ- 
ing rheology, a region of satisfactory formulation was 
ascertained. 
~- 
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It is the purpose here to report the rheological 
changes obtained with a procaine penicillin G 
suspension under a variety of storage conditions and 
to  illustrate how critically important storage condi- 
tions are to product performance. 


EXPERIMENTAL 


Materials-The suspension studied’ had the fol- 


procaine penicillin G (USP) . . . . 


lowing formula: 


58.6% 


1.5% 


100.0% 


sodium citrate (USP) . . . . . . . . . . 
polysorbate 80 (USP) . . . . . . . . . 


4.0% 
0.4% 


lecithin, . . . . . . . . . . . . . . . . . . . . . 
butyl parahydroxybenzoate . . . . 
water for injection (USP) q.s.ad. 


0. 015y0 


All figures are expressed as w/v. 
The samples evaluated were disposable syringes 


taken from a production lot. Storage was under 
three conditions: 5,  26, and 37’. The marketed 
product bears a refrigeration storage statement and 
a 24-month expiration date. 


Rheological Evaluation-The viscometer used in 
this study was a Ferranti-Shirley cone and plate 
viscometer* equipped with a 400 g. cm. spring, an 
automatic gap-setting device, an X-Y re~order ,~  
and a constant-temperature water bath.4 The use 
of this viscometer has been described elsewhere (2). 
Calibration of the instrument was carried out using 
N.B.S. standard viscosity oils. 


Each sample was contained in a 1-ml. disposable 
syringe. Since the sample size required for this 
viscometer is approximately 1 ml., the sample was 
used in its entirety (except for some retention in the 
syringe). The sample to  be evaluated was treated 


Duracillin A. S. (Lilly). 600,000 u./ml. 
* Ferranti Electric Co.. Blainview, Long Island, N. Y. 


Houston Instrument Co., Bellaire, Tex. (model HR-92). ‘ Brinkmann Instrument Co.,  Westbury, N. Y. (Haake 
model F). 







VoZ. 57, No. 10, October 1968 
- 


- 


- 


1797 
70 


P 
P 


- 5  


40 


20 


Fig. 1-Rheogram of procaine 
penicillin G suspension (600, 
000 u. /ml . )  stored 24 months 
at 5". Viscosity at 70 r.p.m. 
i s  1.5 poises. Thixotropic 
area i s  1 sq. in .  Rheograms 
obtained initially and after 
6 ,  12, and 18 months are 
also essentially the same as 


Fig. 1 .  


750 


500- 


i 
Y In 


250 


DYNES 
km') 


- 


- 


as follows: After the needle guard and syringe 
plunger were removed, a microspatula was used t o  
help the suspension gently flow out of the plunger 
end of the syringe. This eliminated the need to  
expel the sample through the needle and insured 
minimum preshearing of the sample. As would be 
expected, if the suspension was expelled through the 
needle, very little structure remained after expulsion. 
The plate was immediately raised into position with 
the cone. Prior to running, the sample was held as 
close to 25" as practical. The plate was presta- 
bilized a t  25 =k 0.1" by circulating water from the 
water bath. Since, however, the suspension dries 
rapidly when exposed to air at room temperature, 
it  was necessary to  run the sample within 1 min. 
after raising the plate into position with the cone. 
The results obtained indicated that temperature 
control was adequate for reproducible results. All 
rheograms were obtained using a truncated cone 
having an angle of 33 min. 26 sec., and a radius of 
2 cm. The instrument was set at an upsweep time 
of 60 sec., a downsweep time of 60 sec., and a 
maximum r.p.m. of 70. 


RESULTS AND DISCUSSION 


The freshly prepared suspension filled, shipped, 
and injected satisfactorily. 


The results obtained as the samples aged are 
definitely related to the storage temperature. 
Rheogratns of suspension stored a t  5" (the recom- 


O w 3000 


Fig. 2-Rheogram of procaine 
penicillin G suspension (600, 
OOO u./ml.)  stored 12 months 
at 26". Viscosity at 70 
r.p.m. is  4.3 poises. Thixo- 


tropic area i s  3.5 sq. in .  


mended storage temperature) showed no change 
after 24 months (the recommended storage time) 
(see Fig. 1). Suspension stored at either 26 or 37" 
showed pronounced rheological changes. Figure 2, 
for example, shows the rheogram of a disposable 
syringe stored for 12 months a t  26". The yield value, 
thixotropy, and viscosity have all increased as a re- 
sult of the higher storage temperature. Material 
represented by Fig. 2 is still ejectable, but more force 
and effort are required to  do so. At 37" the effect 
is much more dramatic and occurs much sooner. 
Within 3 weeks at 37' the yield value of the ma- 
terial is so great that the pen of the X-Y recorder 
goes off scale. Under this condition the suspension 
cannot be injected from the syringe into a muscle. 
Hence, it is mandatory that this product be stored 
at the recommended temperature. 


One additional important fact that this informa- 
tion points out is that elevated temperature condi- 
tions cannot be used to  predict the rheological prop- 
erties of this suspension. The only way to  determine 
the rheological characteristics is to store the product 
at the temperature of interest and wait the necessary 
time before gathering the data. 
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sible overlapping of the phenacetin and p-chloro- 
acetanilid spots, and extends the upper limit of 
detection and estimation of the latter. A typical 
chromatogram is  shown in Fig. 1. 


3. By allowing the solvent front t o  ascend at 
least 15 cm. from the starting line, resolution of 
the spots is increased. 


Summarizing our results, it was found that  the 
proposed modified procedure provides a n  im- 
proved technique for identifying and estimating 
p-chloroacetanilid, acetanilid, and p-phenetidin 
in phenacetin with the aid of TLC. 


(1) Turi, P. ,  and Polesuk, J., J .  Phorm Sci., 56, lOll(1967). 
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REVIEWS 


Atomic Absorption Spectroscopy and Analysis by 
Atomic Absorption Flame Photometry. By JUAN 
RAMEREZ MUNOZ. American Elsevier Publish- 
ing Co. Inc., 52 Vanderbilt Avenue, New York, 
NY 10017, 1968. 16 X 23.8 cm. 
Price $28.50. 
This book is highly recommended for those in- 


terested in becoming familiar with this rapidly ad- 
vancing technique and i t  will be of interest to the 
advanced student of atomic absorption. The book 
is divided into five sections. Part I covers the 
fundamentals and adequately covers the principals 
for a beginner. Part I1 on instrumentation is well 
written but slightly out of date which is to be ex- 
pected in such a rapidly moving field. Part 111 
covers the elements applicable to atomic absorption 
and the sensitivity for these elements whereas Parts 
IV and V cover methods and application. The 
book has an excellent bibliography and a very useful 
appendix. 


Reviewed by William J. Mader 
Drug Standards Laboratory 
American P h  rmaceu tical 


Association Founduticn 
Washington, DC 20037 
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A Textbook of Pharmaceutical Analysis. By KEN- 
NETH A. CONNORS. John Wiley & Sons, Inc., 
605 Third Ave., New York, NY 10016, 1967. 
xvii + 614 pp. 15.5 X 23.5 cm. Price$12.50. 
This textbook for use in a course in pharmaceutical 


analysis has a somewhat new approach to the sub- 
ject-it is not a commentary on the official com- 
pendia nor a catalog of assay methods for specific 


drugs. It is a presentation of basic concepts with 
experimentation only to provide the basis for these 
concepts, so that the reader will understand drug 
analyses in principle and many in detail. In the pre- 
face the author points out that his wish is to enable 
students to approach with understanding not only 
the official compendia, but also reference works in 
analytical chemistry and specialized monographs. 
He has presented the field of pharmaceutical analy- 
sis in five parts-fundamental titrimetric analysis, 
physical methods of analysis, separation techniques, 
elemental analysis, and functional group analysis. 
There are many experiments included and more than 
200 problems. Important new subjects included 
are phase solubility analysis, enzymes as analytical 
reagents, and decisions an analyst must make when 
selecting an assay method and interpreting his data. 


.Ytaff review 


Introduction to Chromatography. By JAMES M.  
BOBBITT, ARTHUR E. SCHWARTING, and ROY J .  
GRITTER. Reinhold Book Corporation, 430 Park 
Avenue, New York, NY 10022, 1968. xii 4- 
160 pp. 15.5 X 23 cm. Price $3.95. Paper- 
bound. 
This is one of the books in the Reinhold Science 


Studies series, and although small i t  contains a good 
deal of information. As its title indicates, the 
book is meant only to introduce one to the subject 
and give a practical introduction to the more com- 
mon techniques in this area. The authors have 
limited the book to discussions of only three chro- 
matographic techniques: thin-layer, column, and 
gas. Not included is paper chromatography and 
although it is so well known the authors note that i t  
is more likely that thin-layer will someday supplant 
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cm. approx. 140 pp. Single copies free to re- 
search workers in the field. Price $3.00. 


paper chromatography to a great extent because of 
the advantages of thin-layer over paper. The 
book is easy to read with concise definitions given 
for the terms used in chromatography. Included 
also are a short chapter on the literature of chro- 
matography which lists the major journals, books, 
and review articles and a list of the majority of sup- 
pliers and manufacturers of chromatographic equip- 
ment and supplies for the US. 


stuff rmiew 


The Pharmaceutical Industry-A Personal Study. 
By WYNDHAM DAVIES. Pergamon Press Inc., 122 
East 55th Street, New York, NY 10022, 1967. 
viii + 240 pp. 14.5 X 22.5 cm. Price $10.00. 
The author has prepared a commentary that is es- 


sentially a state-of-the-art report on the medical, 
economic, and political facets of the pharmaceutical 
industry throughout the world. Frequently, com- 
parisons are made between pharmacy as it was in 
the early days and as i t  is today to emphasize the 
progress which has been made through pharmaceuti- 
cal research. 


Government controls which affect drugs, pharma- 
ceuticals in international politics, advertising, 
patents, and the problems of drug prices are dis- 
cussed with understanding and concern. As indi- 
cated under the title, this book resulted from a per- 
sonal study by the author of the pharmaceutical in- 
dustry. It is an interesting, critical discussion of 
the pharmaceutical industry, the things that affect 
it, and the effect that it  has had on nations and 
people. 


staff review 
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120 Boulevard Saint-Germain, Paris, France, 
1967. Price 80F 
paperbound. 


x + 378 pp. 16.5 X 24 cm. 


Pharmazeutisches Taschenbuch. Edited by HANS 
KAISER. Wissenschaftliche Verlagsgesellschaft 
MBH, Stuttgart, Germany, 1968. xii + 1126 
pp. 13 X 17.5 cm. Price DM 75. 


Bibliography of Vitamin E .  1965-1967. Compiled 
by WILMA F. KUJAWSKI. Distillation Products 
Industries, Rochester, NY 14603. 21.5 X 28 


Precis d’Anatomie et de Physiologie Humaines. Vol. 
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17.5 X 24.5 cm. Price DM 78,--. 
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S. BERGSTROM and B. SAMUELSSON. Interscience 
Publishers, Inc., 605 Third Ave., New York, NY 
10016, 1967. 299 pp. 16 X 24 cm. Price 
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MA 02106, 1967. 257 pp. 15.5 X 23.5 cm. 
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605 Third Ave., New York, NY 10016, 1968. 
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TABLE IV-AVERAGE ASSAY VALUE OF GENTAMICIN BATCHES CONVERTED TO THEIR FREE BASES BY LOT 
AND METHOD 


Lot No. 


Ninhydrin Assay- ------- 
-.-By Weight, Yo--.- -.-By Activity, Yo- -Microbiological Assay- 


CI Ca Clrr CI Ct Cla CI Ca Cla 
GMC-4J-51 42.5 37.2 20.3 36.9 40.8 22.3 42.2 39.2 18.7 
60- 1197-651 43.1 34.0 23.0 37.7 37.2 25.1 41.2 34.1 24.9 
60-1197-641 35.8 35.3 28.8 30.7 38.2 31.1 36.5 32.9 30.6 
GMC-4J-1-4C 31.0 41.0 28.0 26.3 43.9 29.9 29.1 40.5 30.5 
60- 1197-61 I 38.8 37.1 24.0 33.5 40.4 26.1 38.7 37.8 23.5 
60-1197-60 3 i .5  42.1 20.3 32.3 45.7 22.0 36.8 43.5 19.7 


- 


TABLE V-CORRELATION OF NINHYDRIN DIFFEREN- 
TIAL .4SSAY WITH MICROBIOLOGICAL ASSAY FOR 
GENTAMICIN BATCHES CONVERTED TO THEIR FREE 


BASES 


,-Correlation Coetficient- -. 
Component Weight Activilv 
c 0.98 0 . 9 i  
ClU 0 .98  0.98 
CZ 0.93 0.96 


The differential ninhydrin assay which has been 
described for the quantitative determination of the 
components of the gentamicin complex is highly 
reproducible and easier to perform than is the 
microbiological method. A significant correlation 
exists between the results obtained in the two pro- 
cedures, and this new assay should therefore be 
very useful in determining proportions of the three 
gentamkin components in mixtures of the complex. 


As a second step, the six samples under considera- 
tion were converted to their free bases by means of 
an ion-exchange resin. The identical assay was 
performed using factors for the ninhydrin intensities 
of the compounds determined on known mixtures of 
the free bases of all of the components (Table I). 
The average response for these samples by weight 
and activity are presented in Table I V  and are 
compared to the results obtained in the micro- 
biological differential assay. 


The correlations between the two assays using the 
free base mixtures measured by weight and activity 
are shown in Table \’. All of the correlations are 
significant ( p  < 0.01). 


REFERENCES 
(1) Weinstein, M .  J.. Wagman, G. H.. Oden, E. M., and 


(2) Wagman, G .  H., Marqnez, J .  A,, and Weinstein, 


(3) Wagman, G .  H., Oden. E. M., and Weinstein, M. J . ,  


Marquez, J .  A. ,  J. Bacterrol., 94,789(1967). 


M. J., J. Chromalog., 34, ZlO(1968). 
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Dissolution Kinetics of Drugs in Human Gastric 
Juice-the Role of Surface Tension 


By PER FINHOLT and SISSEL SOLVANG 


The kinetics of in vitro dissolution of phenacetin and phenobarbital in human gastric 
juice have been determined and compared to those in hydrochloric acid containing 
various amounts of polysorbate 80. The surface tension of the dissolution medium 
is shown to have an appreciable effect on the dissolution kinetics of the drugs studied. 


WRING THE LAST YEARS, a number of rate 


i2n excellent review of these is 


given by Wurster and Taylor (1). Various dis- D studies on the dissolution of drugs haw solution media have been used, but, surprisingly 
been conducted. enough, not that  solvent, in which the dissolution 
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process takes place in oivo-that “ 1  human 
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The purpose of this investigation was t o  study 
the rate of dissolution of drugs in  human gastric 
juicc. In addition, a closer examination of  the Oslo, and from Norsk Medisinaldepot. Oslo. 







Vol. 57, No. 8, August 1968 


relationship between the surface tension of the 
fluid and the dissolution rate  of drugs was felt 
needed. The reason for this was that previous 
studies on the rate of dissolution of drugs from 
powders, granules, and tablets had shown that 
the surface properties of the solid particles was an 
important factor (2,3). 
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EXPERIMENTAL 


Materials-The powdered drugs used were of 
Pharmacopoea Nordica grade. They were sepa- 
rated into the desired size fractions by sieving. 


The gastric juice was delivered from a hospital 
department engaged in testing the gastric secretion 
of patients under examination for diseases of the 
stomach.' I t  would of course have been desirable 
to  use gastric juice from healthy persons; but such 
large amounts were needed for the experiments that 
i t  was quite impossible to get enough from healthy 
volunteers. 


The gastric juice obtained from each patient was 
collected on an empty stomach, 1 hr. before and 1 
hr. after stimulation with large doses of histamine 
(subcutaneous injection). Immediately after collec- 
tion the gastric juice was frozen at about -20" and 
stored at this temperature in a freezer until i t  was 
to  be used. The time of storage was usually 3 4  
weeks. However, the gastric juice could be stored 
at -20" for months, without changing properties 
like pH and surface tension. 


When gastric juice was to  be used as dissolution 
medium, samples from 2 5 3 0  different persons were 
mixed and then diluted with an equal amount of 
water. Water was added since powders and tablets 
normally are swallowed with water and the dissolu- 
tion process i n  vivo thus takes place in a mixture of 
gastric juice and water. 


Determination of Dissolution Rate-The dis- 
solution rate was determined by the beaker method 
of Levy (4) with minor changes. 


Procedure A-The dissolution assembly consisted 
of a 1-1. Pyrex beaker immersed in a constant-tem- 
perature bath adjusted to 37.5', and a flat, straight- 
blade (6 cm. diam. and 1.5 cm. high) stainless steel 
stirrer attached to an electric stirring motor giving 
the stirrer a constant and easily adjustable speed of 
rotation. 


Five-hundred milliliters of the dissolution medium 
was placed in the beaker and permitted to equilibrate 
to  37.0". The stirrer was immersed into the middle 
of the liquid and rotated at a speed of 50 r.p.m. A 
certain amount of the drug powder (1.0 g. of 
phenacetin, 2.0 g. of phenobarbital, 2.4 g. of sodium 
phenobarbital) was gently spread over the surface 
of the fluid. During the test the powder would 
partly remain on the surface and partly settle down 
through the fluid. At appropriate intervals 5-ml. 
samples were withdrawn by means of pipets provided 
with short plastic tubings filled with glass wool or 
fritted-glass immersion filter tubes of medium 
porosity for filtration of the sample. The samples 
were analyzed and the drug concentration found was 
plotted versus time. 


1 The authors want to thank DI-. J. Myren, Medicdl 
Departmunt IX, IJllevU Hospital. Oslo. for the gastric juice 
and for information aboul the gnsiric secretion intr 6 1 1  tbr 
patients. 


Proc-edure B-A 250-1111. beaker, :I flat, straight- 
blade (4 cm. diam. and 1.5 cm. high) stirrer, 100 ml. 
of the dissolution medium, and 0.5 g. of the drug were 
used and 2-ml. samples were withdrawn. Other- 
wise Procedure B was the same as Procedure A. 


Analytical Methods-Determination of Phen- 
acetin-The samples withdrawn were diluted with 
water and absorbancies were measured at 245 mp 
with a Beckman DK 2A spectrophotometer. 


Determination of Phenobarbital-The samples 
withdrawn were mixed with borate buffer pH 9.5 
and diluted with water. Absorbancies were mea- 
sured at 240 mp. 


Determination of Solubility-The solubilities of the 
drugs were determined by using the beaker method 
and following the dissolution process until the dis- 
solution medium became saturated with drug. 


RESULTS AND DISCUSSION 


Effect of Surfactant on Dissolution Rate-Phen- 
acetin was chosen as model substance because of 
its hydrophobic properties. Polysorbate 80 was 
used as surfactant. 


Figure 1 shows the rate of dissolution of phenacetin 
in 0.1 N HCI to which different amounts of poly- 
sorbate 80 had been added. An increase in the 


TIME, MINUTES 


Fig. 1-Effect of polysorbate concentration of the dis- 
solution medium (0.1 N HC1) on dissolution rate of 


phenacetin (0.21-0.30 mm.) .  


t I 


t 


I I 
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Fig. 2-Relationship between the polysorbate concen- 
tration of the dissolution medium (0.1 N HCI) and the 
time necessary for dissolution of 100 mg. of phenacetin 
(0.21-0.30 mm.); and the relationship between the 
polysorbatv c-oni-entration o j  the dissolution medium 
und the .siirfucv tension of the same. Key: 0, time; 


A. .mrfnri: tension. 
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tions by Levy and Gumtow (5), who found that 
sodium lauryl sulfate enhanced the rate of dissolu- 
tion of salicylic acid from compressed tablets. 
This effect was assumed to  be due to increased wet- 
ting and to better solvent penetration into the tablets 
and granules as a result of the interfacial tension 
lowering effect of the surfactant. 


Surface Tension of Human Gastric Juice-Since 
the surface tension of the dissolution medium seems 
to be a deciding factor as far as dissolution rate is 
concerned, it is of great interest to know the surface 
tension of human gastric juice. However, no 
values could be found in the literature. Therefore, 
a determination of the surface tension was made 
using gastric juice collected from a large number 
of persons under examination for diseases of the 
stomach. Samples of fasting as well as of histaniine- 
stimulated secretion were tested. Table I shows 
the gastric secretion rate and the pH and surface 
tension of the gastric juice from snnie of the persons 
tested. 


The results of the whole test are shown in Fig. 4, 
where the surface tension of the samples is plotted 
r'ersus their pH. There is no significant correlation 
between these properties. The calculated correla- 
tion coefficient was less than the theoretical one a t  
the 576 probability level. From these experiments 
i t  appears that the surface tension o f  human gastric 
juice is nearly independent of pH and secretion rate, 
having a value between 35 and 50 dynes cm.-l. 


Dilution of gastric juice with an equal amount of 


2 0 -  


15 . 


I 
40 50 60 m 


SURFACE TENSION. WNES C d  


Fag. 3-Uelationship between the surface tension, 
the dissolution medium and the time necessary for dis- 
solution of 100 mg. of phenacetin (0.21-0.30 mm.) .  
Dissolution media: 0.1 N HC1 containing different 


amounts of polysorbate 80. 


polysorbate concentration from 0 to O.OlO/b causes 
a significant increase in dissolution rate. Addition 
of further amounts of the surfactant has very little 
effect. 


The times necessary for dissolution of 100 mg. of 
phenacetin in the different polysorbate-HCI mix- 
tures can easily be picked from Fig. 1. In Fig. 2 
these times are plotted versus the corresponding 
polysorbate concentrations. The same figure also 
shows the surface tension of the dissolution medium 
in relation to the concentration of polysorbate 80. 
The surface tension was measured a t  20° with a 
Cenco Du Nouy tensiometer. It will be seen that 
the two curves are nearly superimposed. This 
means that a nearly linear relationship exists between 
the surface tension of the dissolution medium and 
the time necessary for dissolution of 100 mg. of 
phenacetin. This relationship is clearly demon- 
strated in Fig. 3. 


The solubilities of phenacetin a t  37' in 0.1 N 
HC1 containing Oo/,, O.OOl%, O.Olyo, or 0.1% of 
polysorbate 80 were found to be 1.18 g./l., 1.26 g./l., 
1.26 g./l., and 1.29 g./l., respectively. Polysorbate 
80 in the concentrations used thus has a very small 
influence on the solubility of phenacetin in HCI. 
This means that the effect of polysorbate 80 on the 
rate of dissolution of phenacetin is due only to  a 
small extent to its solubilizing power, but is caused 
mainly by its ability to decrease the interfacial ten- 
sion between the substance and the dissolution 
medium. This result is in accordance with observa- 


-I 6o t 


1 I I I 


1 2 3 L 5 6 7 8  
PH 


Fig. 4-pH and surface tension of gastric juice from 
27 djferent persons. Key: 0, fasting secretion; 0,  


histamine-stimulated secretion. 


TABLE 1 4 A S T R I C  SECRETION RATE AND pH AND SURFACE TENSION O F  GASTRIC JUICE 


7- Unstimulated Gastric Juice -- - -Histamine-stimulated gastric juice- 


No. ml. br.-I PH dynes cm.-' ml. br.? PH dynes cm.-l 


Surface Surface 
Patient Secretion Rate. Tension. Secretion Rate, Tension 


1 5 
2 15 


7 . 2  
3 . 4  


- 
38.0 


20 
100 


9 . 2  
1 .2  


42.7 
39.5 


3 25 2 . 5  40.1 105 1 .2  37.8 
4 
5 
6 
7 
8 
9 


10 
11 
12 


25 
30 
35 
50 
60 


125 
130 
125 
180 


6 . 2  
5 . 2  
6 . 3  
1 . 9  
6 . 8  
4 . 9  
3 .8 
1.7 
1 .6  


40.2 
38.5 
36.5 
40.0 
36.1 
44.0 
38.5 
42.4 
39.0 


15 
110 
35 


230 
120 
230 
130 
165 
260 


1.6 
1 . 3  
6 .1  
1 . 1  
1 .4  
1 .2  
1 . 5  
1 . 4  
1 .1  


- 
37.5 
38.3 
40.3 
40.5 
44.2 
46.7 
43.2 
40.3 
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TIME. MINVTES 


Fig. 5-Rate of dissolution of phenobarbital (0.21-0.30 
mm.) i n  0 .1  N HCl and i n  diluted gastric juice. Key:  


a, 0.1 N HCI; 0, diluted gastric juice. 


1 2 3 4 5 
TIME, W R S  


Fig. 6-Dissolution of sodium phenobarbital i n  0.035 
N HCl and i n  diluted gastric juice, and precipitation 
of the free acid from the supersaturated solutions. Key:  


0, 0.035 N HCI; 0, diluted gastric juice. 


water caused an increase in the surface tension of 
only 1-3 dynes cm-1. 


Rate of Dissolution of Drugs in Diluted Gastric 
JuiceeFigure 5 shows that the rate of dissolution 
of phenobarbital (0.21-0.30 mm.3) in diluted gastric 
juice is substantially higher than the rate of dis- 
solution in 0.1 N HCI. This was to  be expected, 
since the diluted gastric juice has a much lower sur- 
face tension than the 0.1 N HCI. In addition, the 
solubility of phenobarbital a t  37" was found to be 
slightly higher in diluted gastric juice (2.00 g./l.) 
than in 0.1 N HCl (1.90 g./l.). 


Since phenobarbital is used in medicine not only as 
the free acid, but also as the sodium salt, the rate of 
dissolution of the salt in diluted gastric juice was 
determined and compared t o  the rate of dissolution 
of the salt in an HCI solution having the same pH as 
the diluted gastric juice. Figure 6 shows that ini- 
tially nearly the same, high drug concentration is 
obtained in both dissolution media. However, the 
precipitation of the free acid in excess of solubility 
takes place at a much slower rate in gastric juice 
than in hydrochloric acid. Gastric juice obviously 
contains substances retarding the precipitation of the 
acid. 


* A mixture of equal volumes of gastric juice and water. * Powder passing through standard sieve US No. 50 (sieve 
opening, 0.30 mm.), but not through sieve No. 70 (sieve 
opening, 0.21 mm.). 


TIME. MINUTES 


Fig. 7-EJect of particle size on dissolution rate of 
phenacetin i n  0.1 N HCl and i n  diluted gastric juice. 
K e y :  --- , 0.1 N HC1; - , diluted gastric juice 


I 2 3 4 5 6 
TIME, How 


Fig. 8-Rate of dissolution of phenacetin (0.21-0.30 
mm.) i n  diluted gastric juice and i n  diluted hydro- 
chloric acid at the same pH and surface tension. Key:  
-, diluted gastric juice (pH 1.6); - - - , diluted 
HCJ + polysorbate 80 (pH 1.6); 0, surface tension 
40.9 dynes cm.-'; a, surface tension 50.7 dynes mP1 .  


Effect of Particle Size on Dissolution Rate of 
Drugs in Diluted Gastric Juice-The solid lines in 
Fig. 7 show the effect of particle size on the rate of 
dissolution of phenacetin in diluted gastric juice. 
It is seen that the rate increases with decreasing 
particle size, whereas the opposite is the case when 
0.1 N HCI is used as dissolution medium, as will be 
seen from the dotted lines in the same figure. These 
results are in agreement with earlier findings (2). 
Under the conditions of the experiment the rate of 
dissolution of hydrophobic drugs increases with de- 
creasing particle size when the dissolution medium 
has a low surface tension, decreases when the surface 
tension is high. Figure 7 also shows that all powder 
fractions tested dissolve faster in diluted gastric 
juice than in 0.1 N HCI. This is due not only to the 
lower surface tension of the diluted gastric juice, but 
also to  the higher solubility of phenacetin in this 
solvent (1.38 g./l. at 37') compared to  thesolubility 
in 0.1 N HCl (1.05 g./l. at 37"). 


Rate of Dissolution of Drugs in Diluted Gastric 
Juice and in HCl Solution at the Same pH and 
Surface Tension-According to  Figs. 5 and 7 
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hydrophobic drugs such as phenobarbital and 
phenacetin dissolve faster in gastric juice than in 
0.1 N HCl, mainly because of the lower surface 
tension of the former. The question arises whether 
there will be any difference between the dissolution 
rates in the two solvents if an HCl solut on of the 
same pH and surface tension as the diluted gastric 
juice is used. This question is important in relation 
t o  what kind of dissolution medium should be recom- 
mended for an in titro dissolution test in the pharma- 
copeias. 


The problem was studied with phenacetin as 
model substance. Two dilutions of gastric juice 
were made, one from samples of gastric juice with a 
relatively low surface tension (3540 dynes crn.-l) 
and one from samples with a relatively high surface 
tension (45-50 dynes cm.-I). Rates of dissolution 
were determined using these two dilutions of gastric 
juice and two HCI solutions of the same pH and 
surface tension as the gastric juice mixtures. The 
surface tension of the HCI solutions was adjusted a t  
the correct value by addition of polysorbate 80. 


Figure 8 shows that phenacetin dissolves nearly at 
the same rate in hydrochloric acid as in gastric 
juice when the two media are adjusted a t  the same 
pH and surface tension. As far as this drug is con- 
cerned, an HCl solution adjusted to  a surface tension 
of 40-50 dynes crn. -l is a better dissolution mediuni 
for an in zitro test than an HCl solution with no sur- 


Journal of Pharmaceutical Sciences 


To .we if this also applies to other factant added. 
drugs further studies are needed. 


REFERENCES 


(1) Wurster, D. E., and Taylor, P. W., J .  Pharm. Sci.. 


(2) Finholt, P., Kristiansen, H., Schmidt, 0. C. ,  and Wold, 


(3) Finholt, P., H#jlund Pedersen. R.. Solvang, S., and 


(4) Levy, G., and Hayes, B. A,, New E n d .  J .  Med . ,  262, 


(5) Levy, G., and Gumtow, R .  H..  J .  Phorm. Sci., 52, 


54, 169(1965). 


K.,  Medd. Norrk Farm. Selskap. 28.17(1966). 


Wold, K. .  ibid., 28,238(1966). 


1053( 1960). 


1139(1963). 


Keyphrases 
Dissolution kinetics-gastric fluid 
Phenobarbital-dissolution rates 
Phenacetin-dissolution rates 
Gastric fluid, HC1 solution, compared-drug 


Surfactant concentration-dissolution effect 
Surface tension-dissolution effect 
UV spectrophotometry-analysis 


dissolution 


Evaluation of the Effect of Isomerization on the 
Chemical and Biological Assay of Vitamin D 


Analysis of Fat-Soluble Vitamins X 


By J. A. KEVERLING BUISMAN, K. H. HANEWALD, F. J. MULDER, 
J. R. ROBORGH, and K. J. KEUNING 


The reversible thermal isomerization of calciferols (D) to precalciferols( P), leading to 
a temperature-dependent equilibrium in solutions, interferes with many chemical and 
biological analytical rocedures for the evaluation of vitamin D products. Two 
quantities should be Jstinguished: the potential vitamin D content (precalciferol + 
calciferol) and the actual vitamin D content (calciferol only). Of these two, only 
the potential vitamin D content is of importance to the buyer of vitamin D. Biologi- 
cal vitamin D assays give the potential vitamin D content, provided sample and refer- 
ence standard dilutions are e uilibrated by heating simultaneously to be sure that all 
have the same P-D ratio. T%is equilibration is superfluous in most of the chemical 
determinations of the potential vitamin D content. The actual vitamin D content can 


be determined by chemical, but not by biological, assay. 


T IS UNFORTUNATE that the assay of vitamin D I preparations still frequently gives rise to 
difficulties. The reproducibility of biological 
assays is often poor, especially when assays from 
different laboratories are compared. T h e  cor- 
relation of biological and chemical determinations 
is often unsatisfactory. 
___. 
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A source of errors which has drawn too little 
attention is the reversible isomerization of the 
calciferols in solutions t o  the corresponding pre- 
calciferols, forming a n  equilibrium mixture (1-3). 


I n  1931 Reerink and Van Wijk (4) observed 
that the physical constants of freshly irradiated 
solutions of ergosterol changed spontaneously. 
Velluz et ul. (3) isolated the 3,s-dinitrobenzoate of 


the responsible intermediate in 1949 and called it 








Imidazoles V 
5 (or 4)  - (3-Alkyl- %methyl- 1- triazeno) imidazole-4 (or 5) -carboxamides 


By Y. FULMER SHEALY, CHARLES A. KRAUTH*, SARAH J. CLAYTON, 
ANITA T. SHORTNACY, and W. RUSSELL LASTER, Jr. 


Several 5 (or 4)- (3-alkyl-3-methyl-l-triazeno)imidazole-4 (or 5)-carboxamides 
(111-X) were prepared from 5-diazoimidazole-4-carboxamide and the appropriate 
N-alkyl methylamine. Most of these derivatives significantly increased the life span 
of leukemic (L1210) mice. Inhibition of the growth of sarcoma 180, adenocar- 
cinoma 755, and Walker carcinosarcoma 256 was observed, but inhibition of 
solid tumors was generally accompanied by large, adverse, host-weight changes. 
Qualitative observations of the sensitivity to light of aqueous alcoholic solutions of 
the dimethyltriazeno (NSC-4 5 388) and the butylmethyltriazeno derivatives indicate 


a pronounced variation in stability with the kind of light exposure. 


EPRESENTATIVES OF BOTH disubstituted- R triazeno and monosubstituted triazeno imid- 
azole-4 (or 5)-carboxamides have been previously 
reported (1, 2), and the modes of dissociation of 
the simpler members of these two groups have 
been shown to differ. The substituents on the 
triazeno group included straight-chain alkyl, 
cyclic alkyl, aralkyl, aryl, and functionally sub- 
stituted alkyl and aryl groups, and the number of 
carbon atoms in the straight-chain groups was 
doubled in a few representatives in order to per- 
form a preliminary sampling of alkyl groups for 
antineoplastic effectiveness. Among the disub- 
stituted-triazeno derivatives, 5(or 4)-(3,3-di- 
methyl-l-triazeno)imidazole-4(or 5)-carboxamide 
(I, NSC-45388) demonstrated the most interest- 
ing activity against mouse neoplasms (3) and is 
currently undergoing clinical trial (4, 5). Like- 
wise, the monomethyltriazeno derivative (II), 
despite its instability, was the most effective of 
the monosubstituted triazeno derivatives in initial 
evaluations (2). The methyl ester corresponding 
to I (6) and the v-triazole analog of I (7) were also 
inhibitory to transplanted mouse neoplasms, and 
among some phenyltriazenes, association of 
activity with the presence of a methyl group had 
also been noted (8, 9). For these reasons several 
5 (or 4)- (3-alkyl-3-methyl- 1 -triazeno)imidazole- 
4(or 5)-carboxamides (111-X) were prepared and 
are recorded in this report. Relevant to the 
structure-activity question, however, is the fact 
that the bis(2-chloroethy1)triazeno derivative 


Received May 20, 1968, from Southern Research Institute, 
Birmingham. AL 35205 


Accepted for publication June 18, 1968. 
This work was supported by contract PH43-64-51 from 


the Cancer Chemotherapy National Service Center National 
Cancer Institute, National Institutes of Health, U.’ S. Public 
Health +vice, Bethesda, Md, and by the C. F. Kettering 
Foundation. 


Previous papers in this series: Part 111. Reference 6; Part 
IV, Reference 2. * Present address: Taejon Presbyterian College, Taejon, 
Korea. 


(10, l l ) ,  prepared subsequently to these com- 
pounds, is the most active of the triazenoirnida- 
zoles versus mouse lymphoid leukemia L1210. 


The method of preparation, the reaction of 
5-diazoimidazole-4-mrboxamide with an appro- 
priate amine, was described earlier (1). Subse- 
quently, the yield of the dimethyltriazene (I) was 
improved considerably by employing ethyl ace- 
tate as the solvent, and this modification was used 
to prepare the new 3-alkyl-3-methyl-1-triazeno 
derivatives. However, 2-azahypoxanthine (XI), 
a potential by-product, is less soluble in this 
solvent and is more likely to contaminate the 
initially precipitated product. 2-Azahypoxan- 
thine can be removed by washing the crude prod- 
ucts with water and by recrystallizing them from 
methanol. Contamination of the disubstituted 
triazenes by 2-azahypoxanthine can be detected 
by thin-layer chromatography (TLC) if proper 
precautions are taken to prevent the artifactual 
formation of 2-azahypoxanthine via light-cat- 
alyzed decomposition of the triazenes during 
chromatography. 


Previously, the light-catalyzed decomposition 
of several disubstituted triazeno derivatives, as 
well as the concomitant formation of 2-azahypox- 
anthine, was demonstrated by ultraviolet spec- 
troscopy (1). The light wavelengths (or other 
conditions) responsible for this instability have 
not been defined precisely, but by TLC it has 
been shown that 2-azahypoxanthine forms quite 
rapidly when a 50% aqueous alcohol solution of 
the dimethyltriazene is exposed to sunlight 
(filtered through glass) or to an ultraviolet lamp 
emitting principally at  365 mp. 2-Azahypox- 
anthine was not detected by TLC in similar solu- 
tions during the first 4 days of exposure to 
incandescent lighting or during the first day of 
exposure to fluorescent lighting, but a small 
amount was detectable after longer periods. 
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Exposure of solutions of the butylmethyltriazene 
(IV) to sunlight and to incandescent lighting gave 
similar results. 
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of sarcoma 180 (S180) and adenocarcinoma 755 
(Ca755) to 50% or less of the average weights of 
untreated tumors without causing host deaths in 
excess of permissible limits (12). At doses ad- 
ministered in accordance with protocols (12) in 
effect when S180, Ca755, and L1210 (QD 1-30) 
constituted the primary screen of the Cancer 
Chemotherapy National Service Center, the pre- 
viously described disubstituted triazeno deriva- 
tives (1, cf. Table IV) lacking a methyl substituent 
were not active versus L121O.l Two compounds 
(V and VII) employed in limited testing vwsus 
intramuscular Walker carcinosarcoma 256 
(W2561M) in rats effectively inhibited tumor 
growth. However, in most of the solid tumor 
tests showing inhibition of tumor growth, the 
treated animals suffered large weight losses, and 
drug-induced host inanition (13, 14), therefore, 
may account for much of the observed inhibition 
of growth of solid tumors. It has been shown 
(15, 16) that the effectiveness of an anticancer 
drug may be increased by arriving at an optimum 
relationship between dose size and frequency of 
administration, and it is conceivable that further 
variation in dose size and frequency of adminis- 
tration of these compounds might decrease the 
chronic toxicity manifested as host weight loss. 


EXPERIMENTAL* 


5(0r 4)-(3-Alkyl-3-me~yl-hyl--triezeno)imid~ole 
4(0r 5)-carboxamide~-Prepura~i~-During all 
operations involved in the preparation and purifies- 
tion of compounds 111-X, they, as well as the start- 
ing material, were shielded from light in solution 
and in the solid state. The following example is 
typical of the procedures used. 


To a solution that was being stirred under a 
current of nitrogen and that consisted of 60 ml. of 
N-methylpentylamine and 480 ml. of ethyl acetate 
was added, portionwise during a 1-hr. period, 12 g. 
of 5diazoimidazole4carboxamide (1, 17). Vigor- 
ous stirring was continued for 2 hr.; and the precipi- 
tate was then collected by filtration, washed with 
ethyl acetate, and dried in vucuo. The crude 
product (18.5 g., a%), shown by TLC to contain 
some Zazahypoxanthine (XI), was suspended in 400 
ml. of water, the pH was adjusted to 9-10 with 1 N 
NaOH, and the resulting mixture was stirred for 
10 min. The solid was collected on a filter, washed 
well with water, dried in vucub; wt. 16.0 g. (76%). 
TLC showed that the product was free of XI. 
Recrystallization of 15.6 g. from methanol with the 
aid of activated-carbon decolorization afforded 9.9 g. 
(47% yield) of yellowish white crystals (in two 
crops) of pure VI. 


Compounds 111-V and VII-VIII were prepared 


N-N-N-R 
H I 


6Ha 
R R 


X, NC-CHz- 
0 


XI 
Antitumor Evaluation-When compounds 


111-VII were administered daily according to 
the standard protocol (12), they significantly in- 
creased the life span (T/C values of 125-170%) 
of L1210-bearing mice a t  doses within the range 
of 25-75 mg./kg./day (Table I). The hydroxy- 
ethyl derivative (VIII) was less effective a t  75 
mg./kg./day, but it showed significant activity at  
a considerably higher dose. The optimum dose is 
presumed to be intermediate (and somewhat 
higher than the optimum doses of 111-VII). 
Administration of larger single doses of 111-VII 
on the second day after implanting the animals 
with 106 L1210 cells also significantly increased 
the survival times of the treated animals (T/C 
values of 125-165%, see Table 11). In some of 
these tests, evidence of toxicity was manifested 
by a large difference between the treated and 
control groups in the average host-weight change. 
When an increase in the survival time of treated 
mice was accompanied by a large weight loss, it 
was not possible to decide from these tests whether 
the enhancing effect on survival time of killing 
large numbers of leukemic cells was partly 
cancelled by the depressing effect of toxicity to 
the host. 


The effectiveness of these compounds against 
solid rodent tumors is not unequivocal because of 
the adverse host-weight change of treated animals 
in many of the tests. Most of the previously un- 
described compounds (Table III), as well as some 
of those reported earlier (l), inhibited the growth 


1 The pyrrolidinylazo derivative gave a T/C value of 
126% in a sinde (unconfirmed) test at 250 rnr./kr./Aav~ 


2 Th9autho;s are indebted to Drs. W:J. -W.C. 
Coburn, Jr., and P. D. Sternglanz of the Analytical and 
Physical Chemistry Division of this Institute for spectral 
determinations and elemental analyses and to Miss Kathleen 
Hewson and Mrs. Mary B. Emory for TLC determinations. 







1564 Journal of Phnrmnceutical Sciences 


TABLE I-DAILY TREATMENT OF L1210 WITH 111-Xa 


Mortality,o 
-------Compd.------- Dose, Deaths/ 


No. R mg./kg./day Total 
I11 n-Propyl 


IV n-Butyl 


V Isobutyl 


V I  n-Pentyl 


VII Cyclohexyl 


VIII ZHydroxyethyl 


IX Pentahydroxyhexyl 


X Cyanomethyl 


75 
50 
38 


120 
80 
40 
20 


100 
8oE 
75 
50 
48= 
37 
28O 
25 
12.5 


20w 
12w 
100 
75 
72= 
50 
42= 
25 
15 


153" 
100 
9OC 
75 
5 4 c  
50 
32= 
25 


40w 
75 


200 
100 
150' 
100 
75 
50 
37.5 
25 


7.5 


Av. Wt. Change, 
5.. T/C" 


- 1.7/+1.1 
--2.0/+1.1 
-0.9/+1.1 
-3.1/+1.3 
- 1.6/+1.2 
-0.9/+1.3 
-0.1/+1.3 
-3.2/+0.5 
-2.7/+1.3 
- 1.3/+1.9 
-0.4/+1.8 
-0.6/+ 1.3 
-0.4/+2.0 
- 1.4/+1.3 
+0.2/+1.9 
+0.2/+1.9 
-3.2/+1.3 
-3.4/+1.3 
-2.5/+1.3 
-2.6/--0.6 
-2.2/+1.3 
-3.5/-0.6 
-2.0/+1.3 
-1.4/--0.6 
+0.3/+1.9 + 0.81 + 1.9 
- 1.9/+1.0 
- 1.8/+0.7 
- 1.4/+ 1.2 
-1.1/+1.3 
- 1.4/+1.4 
-0.5/+0.7 
-0.9/+1.4 
-0.6/+0.7 
-0.5lfl .2 


0.0/+1.3 
+0.4/+1.1 
+0.9/+1.2 


+0.4/+1.5 
+0.1/+1.5 
+0.5/+1.1 
+1.8/+1.1 


- 1.3/+1.3 
--2.1/+0.5 


Av. Survival 
Time, Days, T/C 


11.0/8.1 
12.8lR.1 
12.318.1 
8.8/8.7 


14.0/8.4 
14.3/8.7 
10.8/8.7 
9.018.3 


10.0/9.1 
13.7/8.7 
12.818.6 
12.5/9.1 


12.318.5 
10.8/8.5 
7.519.1 
8.8/9.1 


13.7 j8. 6 
10.8/9.2 
11.779.1 
11.7/9.2 
11.7/9.1 
12.0/9.2 
10.5/8.8 
9.0)s. 8 
9.217.7 


11.0/8.1 
10.618.9 
14.8/8.9 
11.1/8.8 


10.7/8.8 
9.318.1 


12.8/9.3 
10.718.9 
8.2/9.1 
7.817.8 
9.5/9.1 
9.7/8.3 
8.818.2 
9.7/8.2 
8.518.3 
8.418.3 


12.218.1 


T/C 
Ratio. 


% 
135 
158 
151 
101 
167b 
164 
124 
108 
109 
157d 
14gd 
137 
170 
126 
144 
127 
82t' 
96 


159 
117 
128 
127 
128 
130 
119 
102 


135 
118b 
166 
126b 
150 
121b 
114 
137 
120 
90 


100 
104 
116 
107 
118 
102 
101 


8 3 t e  


QD 1-30 days or to  death unless otherwise stated. Mice implanted intraperitoneally with 1WL1210 cells. T = treated 
Mortality and 


b Values i n  the last 3 columns are 
* t = 


mice, C = control (untreated leukemic) mice. 
weight changes determined after the first 4 days of treatment (5 days after implantation). 
averages of 3 experiments. 
toxic. 


Av. wt. change = average weight change of host animals. 


a QD 1-15 days or t o  death. Values in the last 3 columns are averages of 2 experiments. 
T /C  below 85% considered to  be caused by toxic dose. QD 1-11 days or to death. 


TABLE 11-SINGLE-DOSE TREATMENT OF I21210 WITH III-VIII' 


IV n-Butyl 


V Isobutyl 


Mortality. - C o m p d . Dose Deaths/ Av. Wt. Change, Av. Survival 
No. K mg./kg. Total g.. T/C Time, Days, T/C 
111 n-Propyl 400 1/4 --2.9/+1.4 7.3/8.7 


-4.1/+1.7 11.0/9.4 300 0/6 
200 0/10 -3.4/+1.6 13.0/9.1 


-2.4/+1.7 11.7/9.4 
- 1.1/+ 1.4 11.0/8.7 


133 Q/6 


- 1.3/+1.7 11.0/9.4 
-4.3/+3.1 11.3/9.2 


89 Q/6 


--2.5/+3.1 13.0/9.2 
400 0/6 


-0.4/+3.1 11.0/9.2 
200 Q/6 
100 Q/6 


-3.9/+4.2 12.7/8.4 
600 6/6 


-4.1/+3.1 14.3/9.5 
400 1 /4 


-2.9/+3.1 12.5/9.5 
400 3/6 


-0.6/+4.2 10.3/8.4 
267 0/6 


+1.6/+4.2 9.8/8.4 
200 Q/4 


100 0/4 


100 0/4 


T/C 


% 
83t 


117 
143b 
124 
126 
117 
122 
141 
119 


151t 
150t 
13 1 
122 
116 


Ratio. 


(Continued on W X I  page.) 
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TABLE I1 (Continued.) 


Mortality, T/C 
Compd. Dose, Deaths/ Av. Wt. Change, Av. Survival Ratio, 


No. R mg./kg. Total g., T/C Time, Days, T/C % 
VI n-Pentyl 


VII Cycloliexyl 


-4.1/+3.1 12.2/9.5 128 
-2.8/+3.6 14.9/9.0 16B 


600 0/6 
400 0/10 


- 1.9/+3.1 13.3/9.5 140 
- 1.0/+4.2 12.8/8.4 152 


267 0/6 


-2.1/+3.1 11.2/9.5 117 1 78 0/6 


400 0/16 - 1.5/+3.2 11.8/9.1 138 


100 
600 


-0.1/+4.2 10.8/8.4 128 


100 0 /4 4-0.8/+4.2 10.5/8.4 125 


200 
178 


200 0/4 


+0.9/+4.2 10.0/8.4 119 
- 1.4/+2.7 12.2/9.4 129 


267 0/12 - 1.2/+2.7 11.5/9.4 129 


- 1.8/+2.7 11.2/9.4 119 


%2 


%2 


VIII 2-Hydroxyethyl 400 074 + i . 6 j i 4 . 2  9.018.4 107 
200 +2.6/+4.2 9.5/8.4 113 
100 0/4 +3.1/+4.2 9.0/8.4 107 


a Mice implanted intraperitoneally with 105 L1210 cells. T = treated mice, C = control mice. Av. wt. change = average 
Mortality and weight changes determined after the first 4 days of treatment (5 days after 


@ Values 
weight change of host animals. 
implantation). 
in the last three columns are averages of 3 experiments. 


t = toxic (see Footnote c, Table 11). b Values in the last 3 columns are averages of 2 experiments. 


TABLE 111-5 (OR 4)-(3-ALKYL3-METHYt1-TRIAZBNO)MIDAZOLE- (OR 5)-CARBOXAbSIDES' 


Compd. -Anal.- --Ultraviolet Absorption- 
NO. R Yield' Formula Calcd. Found Amax c X 10-* SolventC 


57 GJIlrNsO C, 45.70 45.63 236 12.4 CHIOH 
H, 6.71 6.54 327 18.1 
N. 39.97 40.24 237 11.7 Buffer 


18.2 33 1 


H, 7.19 7.16 331 
N, 37.48 37.73 249 


60 CdI1sNsO C, 48.20 48.44 237 


345 
54 COH~~NIO C, 48.20 48.33 237 


H. 7.19 7.36 331 
N; 37.48 37.70 249 


345 


11.6 Buffer 
18.3 
13.4 Base 
16.2 
11.7 Buffer 
18.8 
13.6 Base 
16.8 . ~. 


47 ClaHlsNsO C, 50.41 50.67 238 11.7 Buffer 
H, 7.61 7.41 331 18.6 
N, 35.26 35.25 249 13.6 Base 


345 16.5 


43 Ci1H1sNeO C, 52.78 52.74 238 11.2 Buffer 
H, 7.25 6.98 333 19.4 
N, 33.58 33.84 249 13.4 Base 


345 17.2 


H, 5.70 5.65 329 17.3 
N, 39.61 39.45 248 13.3 Base 


344 15.6 


H, 6.07 6.02 
N, 25.29 24.96 


H, 4.38 4.25 
N, 47.32 47.11 


VII c)- 
VIII HOCHd2Hz- 35 C7H12Ns02 C, 39.62 39.56 237 11.7 Buffer 


l X  HOCHz(CHOH)*-CH2- 25 Cl1%0NsOe c ,  39.75 39.84 


S NCCHz- 55 CzHoN@ C, 40.57 40.72 


I* CHI 237 12.2 Buffer 
329 18.0 
248 13.9 Base 
344 15.9 


a When these triazenes are heated in a capillary tube or on a Kofler-Heizbank apparatus, they decompose with intense 
The decomposition temperatures vary markedly with the temperature a t  which heating is 


b Yield of analytically pure 
All of these derivatives produced ahsorption maxima 


Solutions for UV spectra were prepared by dissolving the sample 
All spectra were recorded with a 


darkening and evolution of gas. 
started and with the rate of heating. 
product. c ButTer = phosphate buffer. pH 7. 
in 0.1 N HCl at 223-226, ca. 275 (sh), and 323527 mfi. 
in methanol and diluting an aliquot (6 ml. or less) to 50 ml. with the designated solvent. 
Cary model 14 recording spectrophotometer. 


Decomposition a t  high temperatures may be explosive. 
Base = 0.1 N NaOH. 


d Rcjcrcnce I .  


and purified similarly. Compound IX was prepared 
by adding 5 g. of thc diazoimidazolecarboxamide to  
a solution of 21.4 g. of 1-deoxy-1-(incthy1arino)- 
glucitol in 1.5 1. of iiietlituiol and stirring the mixture 


for 24 hr. The precipitate was not p d e d  further. 
Methylaminoacetonitrile for the preparation of X 
was extracted with two 250-ml. portions of chloro- 
form froni a solution consisting of 50 g. of the atnine 
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TABLE IV-EVALUATION OF 111-X AND RELATED COMPOUNDS versus SOLID TUMORSO 


Dose, Mortality, 
mg./kg./ Deaths/ 


Tumor day Total 
s180 91 3/6 


62 1.6 
46 0/6 
31 1/6 


Ca755 50 5/10 
40 1/10 
30 0/10 
20 3/10 
15 1/10 


Av. Wt. 
Change, 
g., T/C 


-3.7/+1.4 
-3.4/+ 1.4 
-2.2/+ 1.4 
-3.3/+1.4 
-3.4/- 1.1 
-2.5/- 1.1 
-2.7/+1.6 
-0.9/+1.6 
-1.3/+1.6 
+0.2/+1.6 


-5.8/+1.1 
-5.0/+2.5 
- 1.3/+2.5 
-4.7/+2.9 


Av. T/C 
Tumor Wt.,' Ratio. 


T/C % NO. 
111 


KI 
n-CsH, 


KI 
CH: 618/1826 t 


625/1826 34 
678/1826 37 


1018/1826 55 
128/1169 t 
544/1169 37 
341/1129 30 


581/1129 51 


212/1142 l W  
361/1148 31 
510/1148 44 
94/1392 t 
77/1476 5 


699/1476 47 
1264/1476 85 
509/1774 28 
544/1323 41 


1222/1323 92 


230/1434 t 
419/1411 3oC 
654/1411 46e 


441/1129 39 
539/1129 47 


t 


112/954 11 


0.8/8.7 9C 


I V  n-GH9 


62 ojs 
31 


Ca755 90 %I 
-3.1)+3.1 
-4.4/+2.9 
+O. 1/+3.1 
+1.9/+3.1 
-6.5/- 1.0 v 


VI 


CHI 


CHa 


50 
25 


o j7  
0 17 


-3. ij+i .4 
-3.4/+1.4 
- 13/+ 16 


-3.7/+0.4 
-4.7/+0.2 
-4.2/+0.2 
-3.9/+6.1 
-2.5/+3.9 
-4.3/+1.2 


~. 


W256IM 200 
S180 150 


i j i 2  
3 /6 
2/12 75 


50 
Ca755 100 


50 
5180 75 


Ca755 200 
100 
50 


0 j i 2  
6/10 173j2499 t 


1212/2814 43 
673/1353 49 


OjlO 
0/7 u- VII CHa 


10/10 
3/32 
0/10 
2 /6 


t 
568/2440 24d -2.9/+4.8 


+O. 3/+3.9 
- 17/+17 


-8/+18 
-4/+17 
+9/+17 


-1.5/+0.1 
-2.4/0.0 
-4.2/+3.1 
- 1.9/+3.7 
+0.2/+3.1 
+2.1/+3.1 + 1.0/+1 .o 
+2.4/+2.0 
- 6.0/-0.3 
-3.3/-0.3 
-2.1/+1.1 


- 1.8/+2.4 
0.0/+3.0 


2347;/2814 83 


0.6/7.1 8d 


2.2/4.2 52 


0/4.2 0 


0.3/4.2 7 


W256IM 400 
200 
100 
50 


s180 250 


W256IM 400 
200 
100 
50 


s180 250 VIII HOCHzCHz- CHI 1112 
0/6 


706jio56 67" 
788/1078 73 


10/1523 t 
72/1146 6 


396/1523 26 
871/1523 57 


1486/1006 147 


125 
5j io  
0/10 
0/10 
0/10 
0/6 IX 


x 
CH3 


CH, 
200 


s180 300 
22.5 
150 


Ca755 300 
150 
150 
75 


0)s 
3 /6 
1 /fi 


1450j1529 94 
165/1231 t 
469/1231 38 
725/940 77 


- I  - 
1 /6 


10/10 
4/10 
0/10 


t 
578/1502 t 
293 /703 41 


o j io  
1 /6 


+0.9)+0.8 
- 1.7/-0.3 
- 0.7/-0.7 


748jioi8 73 
374/919 40 
3531753 46 


CsH5 e 


- 1.7/-0.7 
-4.1/+ 1.7 
-2.7/+2.2 


-4.1/-0.1 
-2.1/--1.1 


- 1.2/+2.2 


-2.5/+ 1.1 
--3.0/+2.5 
-1.9/+1.2 
+0.4/-0.1 


749j753 99 
107/779 t 
406/992 40 
763/1014 75 
398/758 52 
620/603 102 


t 
525/1227 42 
144/1539 t 
602/838 71 


1115/1066 104 


100 
5180 250 CzHo 


ca9 


125 
62 


C4H 9 


~~ 


s180 500 
250 


Ca755 375 
250 


s180 500 e 


(Continued o* ncrt Page.) 
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TABLE IV (Continued.) 


Dose, Mortality, Av. Wt. Av. T/C 
mg./kg./ Deaths/ Change, Tumor Wt.,' Ratio, 


No. R1 R2 Tumor day Total g., T/C T/C % 
250 -2.5/-0.3 250/879 28 
125 $(! -1.1/-0.3 MR/919 61 _ -  - I  - --_ 
62 117 +013j+i:i 735ji227 59 
31 1/7 -0.9/+1.1 806/1227 49 


Ca756 500 2/10 +1.6/+1.4 7717614 125 
250 0/10 -0.1/+2.3 896/1253 71 


250 1/10 -1.6/+0.2 6111782 
e RlRz = 2-piperidino s180 500 6/6 t 


250 1/6 +0.2/+1.8 1387/2108 65 
Ca755 375 4/10 -2.4/+0.9 291/654 t 


250 ojio +3.0)+4.6 9 g i ' / i w  63 
250 3/10 -0.3/+1.4 885/1055 83 
188 0/10 +1.6/+3.4 743/1660 44 


., T = treated animals, C = control animals, t = toxic. Avg. wt. change = average weight change of host animals. Mor- * Average tumor weights in milligrams for S180 and Ca755 
Values in the last 3 columns 


tality and weight changes determined at the end of the tests. 
and in grams for W256IM. 
are averages of 3 experiments. 


Values in the last 3 columns are averages of 2 experiments. 
Reference 1. 


hydrochloride, 250 ml. of saturated sodium chloride 
solution, and sdk ien t  6 N NaOH to raise the pH 
to 8.3. Stirring a mixture of the dried (MgSOd) 
chloroform solution, 250 ml. of methanol, and 6.0 g. 
of the diazoimidazolecarboxamide for 48 hr. gave 
5 g. of X that was homogeneous according to TLC. 
Additional data obtained in characterizing com- 
pounds 111-X are summarized in Table 111. 


Thin-layer Chromatography-2-Azahypoxanthine 
was separated from the triazenes by TLC on silica 
gel in ethyl acetate-methanol (9:l) (Solvent A). 
In this system, however, the triazenes generally 
remained near the origin. Chloroform-methanol 
(3:l) (Solvent B) failed to separate significantly 
Zazahypoxanthine from some of the triazenes on 
silica gel, but this solvent mixture moved the 
triazenes well and permitted examination of triazene 
specimens for slower moving impurities, which were 
sometimes observed in crude samples. The two 
solvent mixtures were, therefore, used to comple- 
ment each other in evaluating a triazene sample. 
Subsequently, a butanol-water-15 N ammonia sys- 
tem (86:14:4) (Solvent C) was also employed to 
examine specimens of I (NSC-45388) for the presence 
of both XI  and 6(or 4)-aminoimidazole-4(or 5)- 
carboxamide (AIC), a precursor and potential con- 
taminant of I. The order of increasing distance 
from the origin on TLC plates developed in this 
solvent system was XI, AIC, I. Hypoxanthine, a 
potential contaminant of the AIC precursor, was not 
separated from XI in this solvent system, but in 
Solvent A it moved more slowly than XI. 


Detection was by ultraviolet light (365 mp), by 
ultraviolet light (254 mp) after spraying with an 
optical whitening agent,' and by iodine vapor. The 
triazenes were protected from light during TLC. 


Sensitivity to Light-The solutions of the dimethyl- 
triazene (I) and the butylmethyltriazene (IV) de- 
scribed below were contained in Pyrex volumetric 
flasks, and, unless otherwise stated, 10-mcg. aliquots 
were applied to TLC plates and developed in Sol- 
vents A and B. Water in the aliquots usually pro- 
duced weak spots a t  the origin in these solvent sy% 
tems. ZAzahypoxanthine (XI) and AIC (for Sol- 
vent C) were spotted as reference compounds at 1 


Jultraphor WT by BASF Colors and Chemicals, Inc., 
Charlotte. N. C. 


and 0.5 mcg., respectively. Both compounds are 
easily detectable in these (and smaller) amounts, 
but no attempt was made to quantitate the results 
described below by employing minimum amounts of 
reference compounds and maximum amounts of 
aliquots. 


A 50% aqueous ethanol solution of I protected 
from light showed no evidence of 2-azahypoxanthine 
formation during a period of 4 days at room temper- 
ature. A similar solution of I exposed [about 21 
cm. (6 in.) distant] to an ultraviolet lamp emitting 
principally a t  365 mp contained a small amount of 
XI after 1 hr. of exposure, and the conversion of I 
to XI was near completion after 3 hr.' TLC of a 
20-mcg. aliquot in Solvent System C did not reveal 
any AIC after 3 hr. of exposure. 


Solutions of I and IV in 50% aqueous methanol 
(5 mg./ml.) were exposed to light under the condi- 
tions described below, and the results determined by 
TLC of aliquots removed a t  appropriate time inter- 
vals were as follows. 
(a) ZAzahypoxanthine (XI) was not detectable 


within 4 days in the I and IV solutions exposed con- 
tinuously to incandescent lighting (only). A small 
amount of XI could be detected in the solution of 
I after 7 days. 


(b) 2-Azahypoxanthine was detectable within 
0.5 hr. in a solution of I exposed to direct sunlight. 
Conversion of I to XI was estimated to be near 50% 
of completion within 1 hr. and to be essentially com- 
plete within 3 hr. Aliquots removed from a solution 
of IV after 1-hr. and 3-hr. periods of exposure in the 
same way gave similar results. The light reaching 
these solutions passed through both window glass 
and Pyrex glass. In order t o  determine whether 
AIC might also be formed, a second solution was 
exposed to direct sunlight passing only through the 
Pyrex glass of the flask, and 20-mcg. aliquots were 
chromatographed in Solvent System C. After 3 hr. 
of exposure, only XI was detectable. 


(c) A solution of I exposed to fluorescent lighting 
(15-w., 42-cm. fluorescent lamp, approximately 30 
cm. from the solution) showed no XI  after 24 hr., a 
small amount after 48 hr., and an increased amount 
after 96 hr. 


* A n  asspy method based on the photochemical decom- 
pmition of I was recently reported. Reference 18. 
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Specificity of Fluorometry of 5 -Hydroxytryptamine 
by Means of Products with Ninhydrin 


By W. B. QUAY 


The specificity and relevant technical factors of the fluorometry of 5-hydroxytrypt- 
amine (5-HT) by means of its product with ninhydrin (1,2,3-indantrione were 
studied in experiments with 121 test compounds and tissues from rats and cock- 
roaches. Aromatic amines producing fluorescence ca able of confusion with that 
from 5 -HT were: a number of carboline derivatives, a fkv hydroxyindole congenors 
of 5-HT, 4- aminomethyl)-piperidine, and Z-(Z-aminoethyl)- yridine. Compari- 


spondence with most mammalian tissues, but not for stomach, nor for cockroach 
tissues. More significant in the discrimination between 5-HT and the related com- 
pounds were the time and temperature-dependent fluorescence development and 


decay curves of incubations with ninhydrin. 


sons of resu ! ts from two different fluorometric procedures stowed close corre- 


6-HYDROXYTRYPTAMINE (5-HT) occurs widely 
and is of special interest in its association 
with neural and neuroeffector mechanisms (1). 
Its  measurements in tissues has been by both bio- 
assay and chemical means. Of the latter, fluoro- 
metric procedures are of paramount utility. One 
of these depends upon the fluorescence of 5-HT 
(and other 5-hydroxy and 5-methoxy indoles) 
in strong acid (fluorescence maximum at 540 mp, 
excitation maximum at 295 mp) (2,3). Another 
depends on the fluorescence of a reaction prod- 
uct of 5-HT and ninhydrin (1,2,3-indantrione 
hydrate) (4, 5). This second technique is the 
more sensitive and has been thought to be more 
specific (5). In practice this appears to be true 
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for most mammalian and reptilian tissues studied 
so far (6). But for some groups of animals and 
kinds of tissues the results by the two methods 
are divergent, with the ninhydrin technique 
giving falsely high values (Quay, unpublished 
results). 


This report is a sumniary of an evaluation of 
the specificity of the fluoroinetric technique for 
5-HT with ninhydrin, with special attention to 
amines iiiost apt to produce a reaction product, 
and to derivatives and relatives of 5-HT. Sev- 
eral types of limitations in specificity are de- 
scribed, and methods for checking specificity are 
noted. 


EXPERIMENTAL. 


The 121 coiiipouritls tested consisted of 7% indole- 
amines and their derivatives, 11 catecholamines and 








Preparation of Some 5-Hydroxyimidazolidin-2-ones, 
4-Imidazolin-2-ones, and Hydantoins from 


3,4-Diphenyl-4-oxazolin-2-one 
By M. F. SAETTONE and V. NUT1 


A series of 1,3,4-trisubstituted 5-hydroxyimidazolidin-2-ones (11) was prepared 
by reaction of 3,4-diphenyl-4-oxazolin-2-one with primary amines. Compounds I1 
were dehydrated to 4-imidazolin-2-ones (111). The action of bromine on the latter 
compounds, leading to 1,3,5-trisubstituted hydantoins (IV), was investigated. Com- 
pounds IV were also prepared from 5 -bromo-3,4-diphenyl-4-oxazolin-2-one and 
primary amines. T h e  results of some preliminary pharmacological studies are 


reported. 


T WAS REPORTED in a previous paper (1) that 5- I unsubstituted Coxazolin Pones (I, Scheme I) 
can be converted into 5hydroxyimidazolidin-2-ones 
(11) by reaction with primary amines. As a part of 
the structural proof, Compounds I1 were dehydrated 
to the corresponding Pimidazolin-Pones (III), and 
these were in turn oxidized to  hydantoins (IV). The 
preparation of 1,3,5trisubstituted hydantoins via a 
different route, involving bromination of compounds 
of Type I at the &position and reaction of the bromo 
derivative (V) with primary amines, was also de- 
scribed. 


The recent discovery (2) of the potent central 
nervous system depressant activity shown by some 
1-aminonlkyl-3-aryl derivatives of irnidazolidin-2- 
one, prompted the authors to prepare by their 
method a number of 5hydroxyimidazolidin-2-ones 
(I1 and Table I )  in order to  test their biological 
properties. It also appeared interesting to  prepare 
the A'-unsaturated (111 and Table II), and 50x0 
(IV and Table 111) analogs of Compounds 11, in an 
endeavor to  establish structure-activity relationships 
between the three related series. 


All 1,3,5trisubstituted 5hydroxyimidazolidin-2- 
ones prepared in the present study were obtained by 
reaction of 3,4-diphenyl-4-oxazolin-2-one (I, R = Ph) 
with primary amines, in satisfactory yields. The 
dehydration of the hydroxy derivatives I1 to  4- 
irnidazolin-2-ones (I 11), and the conversion of Com- 
pounds I11 into hydantoins (IV), were thoroughly 
reinvestigated. Best results were obtained (60-95% 
yields) when the dehydration was carried out with 
dilute sulfuric acid a t  room temperature, rather 
than with boiling acetic acid as described before (1). 
Chromic acid oxidation proved to be a poor method 
for conversion of 4-imidazolinones to  hydantoins, 
particularly when applied to compounds bearing a 
2-aminoalkyl side chain. However, it was found 
that bromination of Compounds I11 followed by 
crystallization of the resulting unstable bromc- 
derivatives from aqueous ethanol resulted in smooth 
conversion into hydantoins. PImidazolinones bear- 
ing basic side-chains were transformed by this pro- 
cedure directly into hydantoin hydrobromides. The 
reaction (Scheme 11) probably involves addition of 
bromine to  the double bond of Compounds I11 to 
give the dibromo derivatives VII (R" = H), elimina- 
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tion of hydrogen bromide from VII to give the un- 
stable 5-bromo derivatives IX, substitution of the 
bromine atom by an OH group and tautomerization 
of the resulting 5hydroxy-4-imidazolinone X to the 
hydantoin. 4,5Disubstituted 4-imidazolin-2-ones 
(such as VI) have been reported (3) t o  undergo a 
similar addition of bromine. However, substitu- 
tion at the 4 and 5 position prevents elimination of 
hydrogen bromide, and treatment of the unstable 
adduct VII (R" = Th) with water results in forrna- 
tion of a 4,5dihydroxyimidazolidin-2-one (VIII). 


H OH 


Y IE 
Scheme I 


Ip 
Scheme IT 


The hydantoins were also prepared by reaction of 
5-bromo-4,5-diphenyl-4-imidazolin-2-one (V, R = 
Ph) with primary amines: this method gave in 
general higher yields, and in one case (3-allyl-1,5 
diphenyl-hydantoin, Compound 25) was the only 
possible route for the preparation of the desired com- 
pound. Indeed, treatment of the 1-allylimidazolone 
14 with bromine gave the dibrornohydantoin XI, 
also prepared by bromination of the hydantoin 25, 
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TABLE ~-~-HYDROXYIMIDAZOLIDIN-~-~NES 
n OH 


6 


Recrystn. Yield, Molecular -Anal., %--- 
No. R Solvent' % M.p. ,  OC. Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


L) 


10 


11 


Ethyl 


n-Propyl 


Ally1 


n-Butyl 


Isobutyl 


Cyclohexyl 


C yclopentyl 


2- Dimethylaminoethyl 


2- Diethylaminoethyl 


2-(l-Pyrrolidino)ethyl 


2- (4-Morpholino) ethyl 


E 


I3 


E 


B-PB 


E 


E 


E 


E 


E 


E 


E 


84 


94 


778 


64 


95 


80 


59 


58 


57 


70 


78 


163-165 


121-123 


160-1W2 


120-122 


137-139 


151-163 


145-147 


164-166 


108-110 


166-168 


169-1 7 1 


c, 73.32 
H, 6.43 
N, 9.92 
C, 72.92 
H, 6.80 
N ,  9.45 c. 73.45 
H, 6.16 
N, 9.52 
C, 73.52 
H, 7.14 
N, 9.03 c. 73.52 
H, 7.14 
N, 9.03 
c, 74.97 
H, 7.19 
N, 8.33 
C, 74.51 
H, 6.88 
N ,  8.69 
C,  70.18 
H, 7.12 
N, 12.91 
C,  71.36 
H, 7.70 
N, 11.89 
C,  71.77 
H ,  7.17 
N, 11.96 
C ,  68.84 
H, 6.86 
N,  11.44 


C. 73.10 
H, 6.52 
N ,  10.00 
C. 73.20 
H. 6.83 
N ,  9.24 
C,  73.38 
H,  6.22 
N, 9.43 
c ,  73.72 
H. 7.29 
N ,  9.05 
C, 73.31 
H, 7.17 
N ,  9.15 
C,  75.20 
H, 7.20 
N ,  8.35 
C, 74.42 
H,  6.89 
N. 8.64 
C ,  69.96 
H, 7.21 
N, 12.77 
C,  71.27 
H, 7.72 
N. 11.81 
C. 71.62 
H, 7.40 
N. 12.02 
C,  68.70 
H, 7.10 
N ,  11.37 


* E, 95% ethanol; B, benzene; PE, petroleum ether, boiling range 60-80". ' Uncorrected. 


Y 


xl 


Pharmacological ResultsLAll compounds were 
submitted to a primary screening, aimed a t  detect- 
ing CNS and other activities. Compound 11 demon- 
strated antidepressant activity a t  oral doses of 300 
mg./kg., when tested for the reserpine-induced de- 
pression and ptosis in mice (4). However, the de- 
gree of reversal was slight. Compounds 19, 20, and 
21 demonstrated smooth muscle relaxant activity, 
when tested on the isolated guinea pig ileum (5) at 
the respective concentrations of 10, 10, and 1 mcg./ 
ml. In addition, Compound 20 exhibited local 
anesthetic activity at a concentration of 27& when 
tested against the abolition of the corneal reflex of 
the rabbit. All levels of activity were considered not 
suficient to warrant further investigation. Interest- 
ingly, Compound 22 ( A4 unsaturated analog of Com- 
pound 11) and all hydantoins were devoid of any 
activity. 


EXPERIMENTAL' 


1-Substituted 3,4Diphenyl-5-hydroxyhidazoli- 
din-2-ones (Table 1)-Mixtures containing 2.37 g. 


1 The authors are grateful to Bristol I.aboratories, 
Syracuse. NY 13201, for the pharmacological data. 


* All melting points were taken on a Kofler hot stage, and 
are uncorrected. IR spectra were recorded on Nujol mulls. 
All microanalyses were performed in the Microanalytical 
Laboratory of this Institute. 


(0.01 mole) of 3,4-diphenyl-4-oxazolin-2-one (I, 
R = Ph) (1) and 0.015 mole of a low-boiling amine 
(n-propyl, allyl, n-butyl, isobutyl, or cyclopentyl- 
amine) were heated 14 hr. under reflux. Similar 
mixtures containing higher boiling amines were 
heated 10-12 hr. a t  120". The mixtures were then 
poured into water; the product which separated was 
washed with water, triturated with myo aqueous 
ethanol, and collected. A crystallization from 95oj, 
ethanol (or from benzenepetroleum ether) gave 
the pure product. 


Compound 1 (R = ethyl) was prepared as follows: 
a suspension of the finely powdered oxazolone (5 g.) 
in 33% aqueous ethylamine (50 ml.) was allowed to  
stand 18 days at room temperature, with occasional 
swirling. After a few days, a clear solution was ob- 
tained from which Compound 1 slowly separated. 
After addition of water (100 ml.) the product was 
collected and purified as described before. 


IR spectra: all compounds exhibited a carbonyl 
absorption band in the 5.98-6.00 p region. 


1-Substituted 3,4-Diphenyl-4-imidazolin-2-ones 
(Table II)-Solutions of the 5-hydroxyimidazolidi- 
nones in 95% ethanol (5  g. in 50 ml.), heated a t  No, 
were treated with 0.5 ml. of concentrated sulfuric 
acid, then were allowed to stand 2 hr. at room 
temperature. The solutions were then concentrated 
to one-third the original volume (rotary evaporator), 
and poured into excess water (or excess 10% sodium 
carbonate in the case of the basic compounds 19, 20, 
21, and 22) .  The product which separated was col- 
lected, washed with water, and crystallized from 
benzene-petroleum ether. 
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TABLE 1I--4-IMIDAZOLIN-%ONES 


"YI 
Ph/NyN'R 


0 


Journal of Pharmaceutical Sciences 


No. 
Recrystn 


R Solvent" 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


Ethyl 


n-Propyl 


Allyl 


n - B u t y 1 


Isobutyl 


C yclohexyl 


C yclopentyl 


2-Dimethylaminoethyl 


2- Diethylaminoethyl HCI 


2-( 1-Pyrro1idino)ethyl 


2-(4-Morpholino)ethyl 


B-PE 


B-PE 


B-PE 


B-PE 


B-PE 


B-PE 


B-PB 


B-PE 


E-ET 


B-PE 


B-PE 


Yield, 
% 
90 


85 


85 


95 


81 


77 


85 


60 


85 


89 


76 


M.p., "C.' 


115-117 


121-123 


79-81 


86-88 


106-108 


125-127 


129-131 


90-92 


218-210 


110-112 


123-125 


Molecular 
Formula 


CnHieNrO 


CisHisN10 


CieHmNzO 


CiaHmNz0 


CziHzzNzO 


CmHmNz0 


C19HziNaO 


C?iHaC1NaO 


CziHuNaO 


CnHzaNaOz 


-Anal., To---- 
Calcd. Found 


C. 77.25 
H, 6.10 
N, 10.60 
C, 77.67 
H, 6.52 
N, 10.07 
C, 78.23 
H, 5.84 
N. 10.14 
C, 78.05 
H, 6.90 
N, 9.58 
C, 78.05 
H, 6.90 
N, 9.58 
C, 79.21 
H, 6.96 
N, 8.80 
C, 78.92 
H, 6.62 
N, 9.20 
C, 74.24 
H,  6.89 
N, 13.67 
C. 67.81 
H. 7.04 
N, 11.32 
C, 75.64 
H, 6.95 
N. 12.60 
C, 72.18 
H, 6.63 
N, 12.03 


C, 77.00 
H, 6.33 
N, 10.72 
C, 77.46 
H, 6.79 
N. 9.99 
C. 78.03 
H, 6.09 
N, 9.92 
C, 77.81 
H, 7.12 
N, 9.72 
C, 77.92 
H, 7.16 
N, 9.71 
C, 79.42 
H, 7.20 
N, 8.56 
C, 78.69 
H, 6.83 
N. 9.28 
C, 74.18 
H, 7.12 
N, 13.71 
C, 67.61 
N, H, 6.89 11.32 


C, 75.52 
H, 6.97 
N, 12.40 
C, 72.40 
H, 6.88 
N, 15.80 


"B, benzene; PE, petroleum ether, boiling range 60-80°; E ,  99.5% ethanol; ET,  ethyl ether. ' Uncorrected. CThe  free 
base was a viscous oil which could not be induced t o  crystallize. 


TABLE 111-HYDANTOINS 


0 


Recrystn. Yield, Molecular Y A n a l . ,  %- 
No. R Solvent- % ' M.p., OC. Formula Calcd. Found 


H, 5.75 H, 5.85 
N, 9.99 N, 9.95 


H, 6.16 H, 6.09 
N, 9.52 N, 9.50 


H, 5.52 H, 5.74 
N, 9.58 N,  9.68 


H, 6.54 H, 6.78 
N, 9.09 N, 9.15 


H, 6.54 H, 6.62 
N, 9.09 N, 8.91 


28 Cyclohexyl I3 55 (45) 130-132 CnH~zNz0z C, 75.42 C, 75.23 
H, 6.63 H, 6.67 
N, 8.38 N, 8.46 


29 Cyclopentyl E 24 (69) 113-114 CmHmN20z C, 74.97 C, 74.70 
H, 6.29 H, 6.33 
N, 8.74 N, 8.87 


30 2-Dimethylaminoethyl E 79 (81) 98-99 CisHziNaOz C, 70.56 C, 70.38 
H, 6.55 H, 6.65 
N, 13.00 N. 12.92 


31 2-Diethylaminoethyl E 65 (90) 107-108 CzlHaNsOz C, 71.77 C, 71.63 
H, 7.17 H, 7.45 
N, 11.96 N, 11.99 


32 Z-(l-Pyrrolidino)ethyl E 57 (63) 120-122 CIiH23NnOZ C, 72.18 C, 71.92 
H, 6.83 H. 6.81 
N, 12.03 N. 12.02 


3 3  %-(4-Morpholino)ethyl R 65 ( 6 3 )  131-183 CIIHINIOJ C, 69.02 C, 68.64 
H, 6.34 H. 6.38 
N, 11.50 N .  11.71 


23 Ethyl E 75 (90) 131-133 CnHiaNzOz C, 72.84 C, 72.84 


24 n-Propyl E 38 (70) 92-93 ClsHieNzOz C, 73.45 C, 73.24 


89-91 CI~HI~NZOZ C, 73.95 C. 73.80 25 Allyl E (76) 


26 n-Butyl E 38 (97) 90-91 CigHmNzOz C. 74.00 C, 73.84 


27 Isobutyl E 47 (89) 119-121 C~sHzoNzOz C, 74.00 C, 73.73 


E, 95% ethanol. ' The yields between parentheses refer to  the preparation from 5-bromo-3.4-diphenyl-4-oxazolin-2-one 
and primary amines. Uncorrected. 
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Compound 20 separated as an oil, which resisted 
all attempts a t  crystallization. It was therefore 
taken up in ether and characterized as the hydro- 
chloride, m.p. 208-210.” 


IR spectra: all compounds exhibited a carbonyl 
absorption band in the 5.92-5.95 p region. 


&Substituted 1,5-Diphenylhydantoins (Table 111) 
-A: Brominution of the Plmidaaolin-2-ones-To a 
solution of the appropriate 4-imidazolinone (0.01 
mole) in chloroform (50 ml.) was slowly added, at 
room temperature, a solution of bromine (1.9 g., 
0.012 mole) in chloroform (10 ml.). The solvent 
was then distilled (evolution of hydrogen bromide) 
and the oily residue was crystallized from 95y0 
ethanol to  afford the hydantoin. 


Compound 14 (R = allyl) absorbed two molar 
equivalents of bromine to afford in 45% yield 3-(2,3- 
dibromo-l-propyl)l,5diphenylhydantoin (XI), m.p. 
131-133” after crystallization from benzene-petro- 
leum ether. The same compound was obtained on 
treatment of the allylhydantoin 25 with one molar 
equivalent of bromine, in 65% yield. 


Anal.-Calcd. for C18H1&r2N202: C, 47.81; H,  
3.56; N, 6.19. Found: C, 47.83; H, 3.73; N, 
6.00. 


Treatment of the 4-imidazolinones 19, 20 (as the 
oily base), 21, and 22 with bromine, followed by 
crystallization of the oily reaction product from 
ethanol, afforded the hydrobromides of the hydan- 
toins 30 (m.p. 224-226”; N% Calcd. 10.39. Found: 
10.30.); 31 (m.p. 189-191’; NO/, Calcd. 9.72. 
Found: 9.56.); 32 (m.p. 258-261’ dec.; N’% 
Calcd. 9.72. Found: 9.61)., and 33 (m.p. 287-288’ 
dec.; NYo Calcd. 9.41. Found: 9.38.). The salts 
were converted into the free bases by treatment 


1801 


with 10% sodium carbonate. 
B: Treatment of 5-Bromo-3,4diphenyd~oxazolan- 


2-one ( V, R = Ph) with Amines-Mixtures containing 
3.16 g. (0.01 mole) of the bromooxazolone (1) and 
0.015 mole of the appropriate amine were heated 6 
hr. at 100’. Mixtures containing low-boiling amines 
(n-propyl, n-butyl, isobutyl, and allylamine) were 
heated at the reflux temperature of the amine for 
8-10 hr. The excess amine was then distilled off at 
reduced pressure and the crude product was crystal- 
lized from 95% ethanol. 


IR spectra: all compounds exhibited a typical 
hydantoin carbonyl absorption (6) (two bands in 
the regions 5.68-5.69 p and 5.87-5.89 p ) .  
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Antibacterial and Antifungal Activity of Certain p-Aminoketones 
By RAJENDRA S. VARMA* and W. LEWIS NOBLES 


Preliminary biological evaluation for 17 com- 
pounds is provided. Eleven compounds in  
this study exhibited some degree of activity. 


NDER THE CONDITIONS of the Mannich reaction, U a series of j3-aminoketones dihydrochlorides was 
synthesized utilizing l-(N-fi-hydroxyethyl-4-piper- 
idyl)-3-(4-piperidyl)-propane (I) and several aro- 
matic ketones (1). In this report, preliminary 
screening results for antibacterial and antifungal 


Several techniques are available to test for anti- 
microbial activity. Among the in vitro methods are 
dilution or agar diffusion techniques. The former 
methods are suitable for assay procedures, but the 
methods are time consuming for screening of a large 
number of compounds, and many of them are not 
satisfactory to  determine antifungal activity when 
filamentous fungi are used as test organisms. This 
is particularly true if partial inhibition is studied 


activities are described. 
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cm. approx. 140 pp. Single copies free to re- 
search workers in the field. Price $3.00. 


paper chromatography to a great extent because of 
the advantages of thin-layer over paper. The 
book is easy to read with concise definitions given 
for the terms used in chromatography. Included 
also are a short chapter on the literature of chro- 
matography which lists the major journals, books, 
and review articles and a list of the majority of sup- 
pliers and manufacturers of chromatographic equip- 
ment and supplies for the US. 
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The Pharmaceutical Industry-A Personal Study. 
By WYNDHAM DAVIES. Pergamon Press Inc., 122 
East 55th Street, New York, NY 10022, 1967. 
viii + 240 pp. 14.5 X 22.5 cm. Price $10.00. 
The author has prepared a commentary that is es- 


sentially a state-of-the-art report on the medical, 
economic, and political facets of the pharmaceutical 
industry throughout the world. Frequently, com- 
parisons are made between pharmacy as it was in 
the early days and as i t  is today to emphasize the 
progress which has been made through pharmaceuti- 
cal research. 


Government controls which affect drugs, pharma- 
ceuticals in international politics, advertising, 
patents, and the problems of drug prices are dis- 
cussed with understanding and concern. As indi- 
cated under the title, this book resulted from a per- 
sonal study by the author of the pharmaceutical in- 
dustry. It is an interesting, critical discussion of 
the pharmaceutical industry, the things that affect 
it, and the effect that it  has had on nations and 
people. 


staff review 


NOTICES 


Solvent Properties of Surfactant Solutions. Vol. 2 
of Surfactant Science Series. Edited by Kozo 
SHINODA. Marcel Dekker, Inc., 95Madison Ave., 
New York, NY 10016, 1967. ix + 365 pp. 15.5 
X 23.5 cm. Price $18.50. 


Directory of Government Agencies Safeguarding 
Consumer and Environment. 1st Annual Edition 
1968. Serina Press, 70 Kennedy St., Alexandria, 
VA 22305. 140 pp. 15.5 X 23 cm. Price 
w.95. 


Les Methodes Statistiyues en Pharmacie et en Chimie 
(Applications a la recherche, a la production et au 
controle). By JEAN PHILIPPE. Mason & Cie, 
120 Boulevard Saint-Germain, Paris, France, 
1967. Price 80F 
paperbound. 


x + 378 pp. 16.5 X 24 cm. 


Pharmazeutisches Taschenbuch. Edited by HANS 
KAISER. Wissenschaftliche Verlagsgesellschaft 
MBH, Stuttgart, Germany, 1968. xii + 1126 
pp. 13 X 17.5 cm. Price DM 75. 


Bibliography of Vitamin E .  1965-1967. Compiled 
by WILMA F. KUJAWSKI. Distillation Products 
Industries, Rochester, NY 14603. 21.5 X 28 


Precis d’Anatomie et de Physiologie Humaines. Vol. 
11, 3rd ed. By Y. RAOUL, M. PIETTE, and R. 
MICHEL. Masson & Cie, 120 Boulevar-d writ- 
Germain, Paris, France, 1968. vi +‘ 316 pp. 
16.5 X 21.5 cm. Price 60F. 


Actualites Pharmacologiques. Edited by RENE 
HAZARD. Masson & Cie, 120 Boulevard Saint- 
Germain, Paris, France, 1967. 224 pp. 16 X 
24 cm. Price ZF. 


Einfuhrung in die Arzneibereitung. By FRITZ 
GSTIRNER. Wissenschaftliche Verlagsgesellschaft 
MBH, Stuttgart, Germany, 1968. xvi + 488 pp. 
17.5 X 24.5 cm. Price DM 78,--. 


Prostaglandins. Nobel Symposium 2. Edited by 
S. BERGSTROM and B. SAMUELSSON. Interscience 
Publishers, Inc., 605 Third Ave., New York, NY 
10016, 1967. 299 pp. 16 X 24 cm. Price 
$18.50. 


The Balkan. FNephropathy. Ciba Foundation 
Study Group No. 30. Edited by G. E. W. WOL- 
STENHOLME and J. KNIGHT. Little, Brown and 
Co., 34 Beacon St., Boston, MA 02106, 1967. 
123 pp. 12.5 X 19 cm. Price $3.50. 


Cell Differentiation. Ciba Foundation Symposium. 
Edited by A. V. S .  DE REUCK and J. KNIGHT. 
Little, Brown and Co., 34 Beacon St., Boston, 
MA 02106, 1967. 257 pp. 15.5 X 23.5 cm. 
Price $12.00. 


Immunochemistry and the Biosynthesis of Antibodies. 
By F. HAUROWITZ. John Wiley & Sons, Inc., 
605 Third Ave., New York, NY 10016, 1968. 
xvii + 301 pp. 15 X 23 cm. PricetlO.95. 


Nutrition and Infection. Ciba Foundation Study 
Group No. 31. Edited by G.  E. W. WOLSTEN- 
HOLME and MAEVE  CONNO NOR. Little, Brown 
and Co., 34 Beacon Street, Boston, MA 02106, 
1968. 13 X 19 cm. vii + 144 pp. Price $3.50. 


Pharmaceutical Chemistry. Part 1:  Principles. By 
M. L. SCHROFF. National Book Centre, P-76, 
Dr. Sundari Mohan Ave., Calcutta-14, India, 
1968. xviii + 628 pp. 15 X 22 cm. Price Rs 
18/-. 


Pyridoxal Catalysis: Enzymes and Model Systems. 
Edited by E. E. SNELL, A. E.  BRAUNSTEIN, E. S .  
SEVERIN, and Y. M. TORCHINSKY. John Wiley & 
Sons, Inc., 605 Third Avenue, New York, NY 
10016, 1968. xii + 770 pp. 16.5 X 23.5 cm. 
Price $18.95. 


The Stereochemistry of Macromolecules. Vol. 3 .  
Edited by A. D. KETLEY. Marcel Dekker, Inc., 
95 Madison Avenue, New York, NY 10116, 1968. 
16 X 24 cm. vii + 460 pp. Price $21.75. 








1326 


hydrophobic drugs such as phenobarbital and 
phenacetin dissolve faster in gastric juice than in 
0.1 N HCl, mainly because of the lower surface 
tension of the former. The question arises whether 
there will be any difference between the dissolution 
rates in the two solvents if an HCl solut on of the 
same pH and surface tension as the diluted gastric 
juice is used. This question is important in relation 
t o  what kind of dissolution medium should be recom- 
mended for an in titro dissolution test in the pharma- 
copeias. 


The problem was studied with phenacetin as 
model substance. Two dilutions of gastric juice 
were made, one from samples of gastric juice with a 
relatively low surface tension (3540 dynes crn.-l) 
and one from samples with a relatively high surface 
tension (45-50 dynes cm.-I). Rates of dissolution 
were determined using these two dilutions of gastric 
juice and two HCI solutions of the same pH and 
surface tension as the gastric juice mixtures. The 
surface tension of the HCI solutions was adjusted a t  
the correct value by addition of polysorbate 80. 


Figure 8 shows that phenacetin dissolves nearly at 
the same rate in hydrochloric acid as in gastric 
juice when the two media are adjusted a t  the same 
pH and surface tension. As far as this drug is con- 
cerned, an HCl solution adjusted to  a surface tension 
of 40-50 dynes crn. -l is a better dissolution mediuni 
for an in zitro test than an HCl solution with no sur- 


Journal of Pharmaceutical Sciences 


To .we if this also applies to other factant added. 
drugs further studies are needed. 
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Evaluation of the Effect of Isomerization on the 
Chemical and Biological Assay of Vitamin D 


Analysis of Fat-Soluble Vitamins X 


By J. A. KEVERLING BUISMAN, K. H. HANEWALD, F. J. MULDER, 
J. R. ROBORGH, and K. J. KEUNING 


The reversible thermal isomerization of calciferols (D) to precalciferols( P), leading to 
a temperature-dependent equilibrium in solutions, interferes with many chemical and 
biological analytical rocedures for the evaluation of vitamin D products. Two 
quantities should be Jstinguished: the potential vitamin D content (precalciferol + 
calciferol) and the actual vitamin D content (calciferol only). Of these two, only 
the potential vitamin D content is of importance to the buyer of vitamin D. Biologi- 
cal vitamin D assays give the potential vitamin D content, provided sample and refer- 
ence standard dilutions are e uilibrated by heating simultaneously to be sure that all 
have the same P-D ratio. T%is equilibration is superfluous in most of the chemical 
determinations of the potential vitamin D content. The actual vitamin D content can 


be determined by chemical, but not by biological, assay. 


T IS UNFORTUNATE that the assay of vitamin D I preparations still frequently gives rise to 
difficulties. The reproducibility of biological 
assays is often poor, especially when assays from 
different laboratories are compared. T h e  cor- 
relation of biological and chemical determinations 
is often unsatisfactory. 
___. 
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A source of errors which has drawn too little 
attention is the reversible isomerization of the 
calciferols in solutions t o  the corresponding pre- 
calciferols, forming a n  equilibrium mixture (1-3). 


I n  1931 Reerink and Van Wijk (4) observed 
that the physical constants of freshly irradiated 
solutions of ergosterol changed spontaneously. 
Velluz et ul. (3) isolated the 3,s-dinitrobenzoate of 


the responsible intermediate in 1949 and called it 
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precalciferol. Legrand and Mathieu (5) used 
infrared spectrophotometry to prove the mutual 
isomerization of the dinitrobenzoates of ergo- 
calciferol (De) and preergocalciferol (Pz) leading 
to an equilibrium by first-order reactions. Ver- 
loop et aE. (6, 7) and Velluz et al. (8, 9) established 
the structure of precalciferol. Havinga and co- 
workers (6, 10) investigated the chemical back- 
ground of the isomerization of conjugated trienes 
and established that the isomerization rate is not 
affected by the solvent, acidity, ultraviolet light, 
catalysts, and free-radical reaction inhibitors. 


Hanewald et al. (11) determined by ultraviolet 
absorptiometry the first-order rate constants of 
the isomerization of cholecalciferol, and their 
dependence on temperature. The isomerization 
rates of ergocalciferol and cholecalciferol are 
virtually equal (12). This should be a relief for 
many bioanalysts who have been compelled to 
standardize vitamin Dz samples against chole- 
calciferol standards. 


Shaw and Jefferies (13) reported an antirachitic 
activity of preergocalaferol of only 40% of the 
activity of ergocalaferol in rats; Bolliger (14) 
found 56% and Bekemeier and Pfordte (15) 
found 34%. For precholecalciferol Hanewald 
et al. (11) reported 35% of the activity of chole- 
calciferol in a chick test. The lower activity of 
the precalciferols must be due either to poor ab- 
sorption or to lower intrinsic activity, the latter 
possibly originating exclusively from calciferols 
formed within the animal body by conversion of 
precalciferols (11, 13). A solution prepared from 
pure calciferol or pure precaderol will after a 
time contain both compounds in a ratio de- 
pendent on storage time and temperature. This 
is also true for vitamin D preparations prepared 
from irradiation mixtures because during the 
photochemical manufacture of both calciferols, 
primarily the precalciferols are formed and the cal- 
aferols are formed from these by thermal isomer- 
ization. Whether the equilibrium will be reached 
clearly depends on the processing time and tem- 
perature, and if these are short or low, respec- 
tively, the ratio precalciferol/calciferol in the 
commercial product may be higher than con- 
forms to equilibrium ratio at the ambient tem- 
perature and it will change until equilibrium has 
been reached. 


These facts should be taken into account when 
assaying vitamin D or standardizing analytical 
methods. 
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THEORETICAL. CONSIDERATIONS 


Actual and Potential Vitamin D Content-When 
defining the vitamin D content there must be a 


distinction between the actual vitamin D content, 
Le., the content of calciferol alone, and the potential 
vitamin D content, meaning the sum of the contents 
of calciferol and precalciferol. Of these two, only 
the potential vitamin D content of a sample is 
independent of conditions during, preceding, and 
after the analysis and only the potential vitamin D 
content is a lasting characteristic and as such 
suitable for the evaluation of preparations. The 
actual vitamin D content concerns the sample at 
one distinct moment and it has a limited value, only 
in connection with the sample's antecedents. 


By not distinguishing between potential and 
actual vitamin D contents a rather chaotic situation 
has arisen with regard to biological and chemical 
vitamin D assays, standardization, reference stan- 
dards and their use, declared potencies, comparison 
of experimental results, stability tests, etc. More- 
over, it must be emphasized that considerable 
errors in the actual vitamin D content may be 
introduced during analysis unless anything liable 
to change the ratio of both compounds, t-.g., heating, 
is carefully avoided (12). 


Calculation of Equilibrium Compositions and Re- 
action Times-The isomerization constants for 


Pa Ds are (11): 
ki 


ka 


+ 10.29 - 4200 log kl = ~ T 


log kz = - -'180 + 12.53 (k in min.-l; T i n  OK.) T 


At equilibrium the cholecalciferol fraction in yo 
of the potential D content is: 


The time needed to reach 0.99 X the equilibrium 
fraction of the formed component, starting from 
solutions of pure cholecalciferol or pure pre- 
cholecalciferol, is 


2 X 2.303 min. 
to.89 = - ~ ki + k, 


Table I contains the fractions and the times calcu- 
lated for a series of temperatures. These times vary 
from years at below O O C .  to some minutes at  sterili- 
zation temperature (120'). 


On the other hand, the time needed in practice 
to approach the equilibrium at a certain temperature, 
T may be reduced to a few days if one starts with 
a mixture equilibrated a t  some higher temperature 
To, as can be seen in Table I. This time is calculated 
from 


l0.90 = - 2.303 log 100 (1 - f )  min. 
ki + kz 


fo and f are the equilibrium fractions at  the tem- 
peratures TO and T, respectively; k, and KZ are thc 
rate constants in mh-1  at T. 


Implications of the Distinction Between Potential 
and Actual D Content-The constancy of the poten- 
tial D content and the inconstancy of the actual D 
content due to isomerization lead to  a number of 
important consequences. 


( a )  Only the potential D content is useful for the 
evaluation of vitamin D preparations, because it is 
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TABLE I-CALCULATED EQUILIBRIUM FRACTIONS AND TIMES to.99 NEEDED TO REACH 0.99 X THE 
EQUILIBRIUM FRACTION OF THE FORMED COMPONENT (Da or Pa) 


Equilibrium Fractions, 
Temp. T 0 O f P + D  Pure Pa or DI 
To, OC. Pa D8 a t  To 
- 20 2 98 16 years 


0 4 96 350 days 
20 7 93 30 days 
30 9 91 10 days 
40 11 89 3.5 days 
50 13 87 1.3 days 


84 0.5 days 
22 0.1 days 


30 min. 
78 


60 
80 
100 28 72 
120 35 65 7 min. 


--Time 10.88 Needed Starting from 
Equilibrium Mixture at To. 


Days a t  T 
00 200 30' 40° 50' 


- - - - - 
- - - 85 


- - 126 5 


173 3.0 0.6 - 
195 15 4.5 1.5 0.3 
153 13 


225 19 6.0 2.0 0.7 
250 21 7.0 2.5 0.8 
270 23 7.5 2.7 1.0 


10 2.0 


reproducible and independent of the antecedents of 
the sample. 


(b) This applies still more to the comparison of 
experimental results obtained a t  different places 
and a t  different moments. Stability tests should 
never compare actual but always potential D con- 
tents since i t  cannot be decided whether a decreased 
actual D content is due to reversible isomerization 
or to  irreversible decomposition. 


( c )  For the analysis of many formulations it is 
necessary to isolate or concentrate the vitamin D. 
This can hardly be done without saponification, 
extraction, and other operations involving an 
elevated temperature and consequently a change in 
P-D ratio. In such formulations the potential D 
can still be determined but the actual D cannot. 


( d )  It must be emphasized that knowledge of 
the actual D content can only be valuable if the 
circumstances preceding the analysis are well 
defined and if the potential D content is known. 


(e) In a determination of the actual D content 
the circumstances starting from the moment of 
sampling should be such that isomerization virtually 
cannot occur, viz., by handling a t  low temperature. 


These points are illustrated by the following 
examples. 


1. Preparations heated during manufacture 
(sterilization) and cooled abruptly have a low rela- 
tive actual D content (D/D + P) which will be 
maintained by storing at 0" or below. If dosage is 
based on any actual D assay in the cooled product 
this will lead to  overdosing. 


2. Two solutions of pure crystalline calciferol 
in oil are prepared ( a )  by dissolving in ether, mixing 
with oil and evaporating the ether at 20" in wacuo, 
and (b) by dissolving in ethanol, mixing with oil, 
and evaporating the ethanol during 30 min. a t  100". 
The actual vitamin D content of both is determined 
and each is diluted ui th  oil to make the actual D 
content 10 mg./ml. (solutions a and b). The fresh 
solution a contains no appreciable amount of P 
(0.01 mg./ml.); however, the fresh solution b 
approx. 4 mg. of P per ml. 


After storage for 1 month a t  20°, these solutions 
will show actual D contents of: ( a )  9.3 mg./ml. 
and ( h )  13.0 mg./ml. The potential D contents will 
be unchanged: 10.0 mg./ml. in a and 14.0 mg./ml. 
in b. 
3. Animals having a body temperature of 40" 


are injected intramuscularly with dilutions of 
these fresh solutions a and b. Suppose half the 
depot has been absorbed a month after injection. 
The remaining half depot of a will contain at that 


moment 45% but b 65% of the calciferol present in 
the injected dose. 


The conclusion of all this is that the potential D 
content is the value important for the consumer. 
Evaluation and assay of vitamin D preparations 
should be confined to  the determination of the poten- 
tial D content. 


METHODS OF EVALUATION 
When determining the actual vitamin D content 


(or P content), one should observe the following 
points. ( a )  The conditions (temperature and 
time) from the moment of sampling until measure- 
ment should be such that an appreciable conversion 
D P does not occur, e.g., <1 hr. a t  40°, or <8 hr. 
at 20°, or <3 days a t  O", or 1 year at -20'. (b) 
D and P should be separated completely without 
conversion and then determined separately, or ( c )  
D and P are not separated but freed from interfering 
contaminations and then one or both or the ratio 
are determined, and the sum of both (potential D). 


An example of b is TLC followed by Nield's 
reaction. An example of c is chromatographic 
purification (e.g., alkaline alumina), followed by a 
Nield determination of P + D and ultraviolet 
absorptiometry for the ratio. D might be de- 
termined in the presence of P by infrared absorp- 
tiometry at 900 crn.-l [exocyclic methylene band 
missing in P (5) ) .  Or P is converted by iodine into 
tachysterol of which the maleic anhydride adduct 
does not interfere with the Nield reaction of D (7). 


The determination of the potential vitamin D 
content is not limited by the conditions mentioned 
above. There are three possibilities. 


1. Purification without separating P and D 
and determination by a common reaction (e.g., 
Nield reaction). 
2. Separation and purification; the P and D 


fractions are analyzed separately and the results 
added, or the fractions are reunited and analyzed 
together (e.g. TLC, followed by extraction of the 
separate or combined P and D fractions, and Nield 
reaction). 
3. Comparison of a measurable property of a 


(purified) sample solution and a potential vitamin 
D standard solution, after equilibration of both 
under rigorously identical circumstances (e.g., 
ultraviolet absorptiometry or biological assay). 


Effect of the Isomerization P e D on Biological 
Assays-The uncertainty as to  the P-D ratio 
combined with a considerable difference between 
the biological activities of P and D interferes with 
the reliability of biological assays. 
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In biological assays the physiological effects of a 
sample and of a reference standard are compared 
and from this the content of the sample relative to  
that of the reference standard is calculated. A 
predominant condition for a realistic assay is the 
availability of a dependable reference standard. 


A reference standard prepared by dissolving 
crystalline ergocalciferol or cholecalciferol will con- 
tain, after some time, a mixture of the original 
calciferol and, as a result of isomerization, pre- 
calciferol. The biological response to this standard 
will now represent the resultant of two compounds 
differing markedly in biopotency. A further 
complication is the new shift in isomerization that  
begins at the moment of administration and is 
caused by the animal body temperature. Even if 
only the actual D is biologically active the unknown 
degree of isomerization of the standard makes it 
unfit for use in the determination of the actual D 
(or the P)  with a bioassay. 


For the same reasons quantitatively equal physio- 
logical effects will not be obtained if sample and 
standard contain equal amounts of actual D but 
different amounts of P. 
In other words an equal antirachitic efiect does 


not prove the equality of the actual D contents of 
sample and standard unless the P-D ratios are 
equal. 


The situation is quite different, however, in the 
case of the more important potential vitamin D 
content. Itl the first place the amount of potential 
vitamin D in a standard solution is exactly known, 
Viz., the amount of calciferol used in its preparation, 
provided the vitamin D has not been destroyed by 
irradiation or oxidation. In the second place dilu- 
tions of sample and standard, containing equal 
amounts of potential vitamin D (calciferol plus 
precalciferol) will cause quantitatively the same 
antirachitic efiect, if beforehand any possibly dif- 
ferent P-D ratios have been made equil by heating 
at the same temperature until the equilibrium per- 
taining t o  this temperature is reached. 


In addition reference standard and sample should 
be applied in virtually identical formulations, e.g. I 
dissolved in a vegetable oil and both should be 
administered to  the animals in the same way. 
Complications due to absorption differences of 
calciferols and precalciferols cannot occur if formula- 
tion, equilibration, and administration of all dilu- 
tions of sample and reference standard are identical. 


Equilibration of Sample and Standard for Bio- 
assay-The following example describes an equil- 
ibration of the dilutions of the sample and the 
reference standard for the bioassay of potential 
vitamin D in oil samples. 


For dilution use a vegetable oil, pure and clear 
and free from peroxides, acids, and halogens. 


Weigh sufficient quantities of sample and ref- 
erence standard and dilute with vegetable oil and 
antioxidant solution to obtain all dilutions needed 
for administering, containing the required vitamin D 
concentrations and equal concentrations of anti- 
oxidant (e.g., 0.02% of BHA). Mix each dilution 
thoroughly by swirling under nitrogen. 


Heat all flasks simultaneously for 2.5 hr. at 80°C. 
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in an oven. Cool simultaneously to room tempera- 
ture. Proceed with the bioassay according to 
common practice (16-19). 


The simultaneousness is essential and care must be 
taken to handle all dilutions of standard and sample 
in the same way with respect to temperature and 
time. When not in use all dilutions are stored in a 
refrigerator. 


In addition to  the precautions mentioned above 
to prevent oxidation and other irreversible con- 
versions it is good practice to  replace air by nitrogen 
each time after the flasks have been opened. In 
case the sample is not a solution in oil, some degree 
of isolation may be necessary to precede dilution 
by vegetable oil, e.g., saponilkation, extraction, 
evaporation, dissolution. These operations will not 
alter the potential vitamin D content if they are 
carried out by reliable methods which prevent losses. 
The P-D ratio may change if heating is involved, 
but this will not influence the results because of the 
subsequent equilibration. 
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Specificity of Fluorometry of 5 -Hydroxytryptamine 
by Means of Products with Ninhydrin 


By W. B. QUAY 


The specificity and relevant technical factors of the fluorometry of 5-hydroxytrypt- 
amine (5-HT) by means of its product with ninhydrin (1,2,3-indantrione were 
studied in experiments with 121 test compounds and tissues from rats and cock- 
roaches. Aromatic amines producing fluorescence ca able of confusion with that 
from 5 -HT were: a number of carboline derivatives, a fkv hydroxyindole congenors 
of 5-HT, 4- aminomethyl)-piperidine, and Z-(Z-aminoethyl)- yridine. Compari- 


spondence with most mammalian tissues, but not for stomach, nor for cockroach 
tissues. More significant in the discrimination between 5-HT and the related com- 
pounds were the time and temperature-dependent fluorescence development and 


decay curves of incubations with ninhydrin. 


sons of resu ! ts from two different fluorometric procedures stowed close corre- 


6-HYDROXYTRYPTAMINE (5-HT) occurs widely 
and is of special interest in its association 
with neural and neuroeffector mechanisms (1). 
Its  measurements in tissues has been by both bio- 
assay and chemical means. Of the latter, fluoro- 
metric procedures are of paramount utility. One 
of these depends upon the fluorescence of 5-HT 
(and other 5-hydroxy and 5-methoxy indoles) 
in strong acid (fluorescence maximum at 540 mp, 
excitation maximum at 295 mp) (2,3). Another 
depends on the fluorescence of a reaction prod- 
uct of 5-HT and ninhydrin (1,2,3-indantrione 
hydrate) (4, 5). This second technique is the 
more sensitive and has been thought to be more 
specific (5). In practice this appears to be true 
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for most mammalian and reptilian tissues studied 
so far (6). But for some groups of animals and 
kinds of tissues the results by the two methods 
are divergent, with the ninhydrin technique 
giving falsely high values (Quay, unpublished 
results). 


This report is a sumniary of an evaluation of 
the specificity of the fluoroinetric technique for 
5-HT with ninhydrin, with special attention to 
amines iiiost apt to produce a reaction product, 
and to derivatives and relatives of 5-HT. Sev- 
eral types of limitations in specificity are de- 
scribed, and methods for checking specificity are 
noted. 


EXPERIMENTAL. 


The 121 coiiipouritls tested consisted of 7% indole- 
amines and their derivatives, 11 catecholamines and 
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derivatives, and 38 amino acids and other N- 
containing compounds. Immediately before use 
small samples of these were weighed to the nearest 
microgram with a quartz helix balance (Micro- 
chemical Specialties Corp. ), dissolved, then diluted 
to a standard concentration. These and all other 
solutions were made with demineralized distilled 
water. 


The fluorescence of the compounds a t  490 mp 
with excitation at 380 mp (uncorrected) was mea- 
sured with an Aminco-Bowman spectrophoto- 
fluorometer after five different producers: (a)  un- 
treated and dissolved in 0.05 M pH 7.0 sodium 
phosphate buffer; ( b )  dissolved in 0.05 M pH 7.0 
buffer and incubated with ninhydrin at either 60 
or 75", and in a few cases at 40 and 85", for a precise 
time, followed by quick cooling and dilution (1 
prnole in 250 pl. with 50 pl. 1.78% ninhydrin + 
250 pl. H a ) ;  ( c )  dissolved in 0.1 N HC1 (DuPont) 
0.5% dascorbic acid (Eastman), washed with 
diethyl ether, extracted into n-butanol (Eastman), 
passed into 0.05 M pH 7.0 buffer, and reacted with 
ninhydrii a t  60" for 1 hr. [method of Wilhoft and 
Quay (6)] ; ( d )  the same procedure but without the 
ether washes; ( e )  a scaled-down version of the 
method of Snyder et al. (5) summarized as follows: 
( a )  1 ml. of sample, blank, or standard in 0.4 N 
perchloric acid is placed in a 5ml. glass-stoppered 
centrifuge tube (for tissue samples, the supernatant 
of an ice-cold homogenate in 0.4 N perchloric acid 
is used); (b)  the pH is brought to 10 by adding 
NaOH and checking with a glass electrode pH 
meter; ( c )  100 pl. 0.5 M borate buffer a t  pH 10, 
600 mg. NaCl (Merck reagent), and 3 ml. of n- 
butanol are added; ( d )  the tubes are stoppered, 
shaken, and centrifuged; (e )  the butanol super- 
natant is transferred to a 15ml. glass-stoppered 
centrifuge tube containing 250 pl. 0.05 M phosphate 
buffer a t  pH 7.0 and 8 ml. of heptane (Phillips 
Petroleum, pure); c f )  this second tube is stoppered, 
shaken, centrifuged, and most of the heptane 
phase is aspirated off and discarded; (g) 50 pl. of 
1.78y0 ninhydrin is added to the aqueous phase, 
which is then incubated for 30 min. in a water bath 
at 75'; ( h )  immediately 250 pl. H a  is added, the 
tube is agitated, and cooled. 


RESULTS 


Fluorescence of Carbolines With and Without 
Ndydrin-It was found that of the compounds 
studied, a number of the carbolines (Fig. 1) and 
their derivatives at pH 7.0 fluoresce intensely a t  
490 mp when irradiated at 380-385 mp, without 
prior incubation with ninhydrin. Carboliies and 
derivatives could be divided into three groups on 
the basis of this fluorescence (Table I): (a) those 
with strong, moderate, or weak fluorescence without 
ninhydrin and some reduction in fluorescence in- 
tensity after incubation with ninhydrin for 1 hr. 
at 60"; (b) those with weak fluorescence without 
ninhydrin and with increased fluorescence or little 
change after ninhydrin, and (c )  those lacking notable 
fluorescence at 490 xnp with and without ninhydrin. 
In general, carbolines fluorescing most strongly 
were those with double bonds a t  positions 2-3 
and 4-5 (Fig. 1). Derivatives (tetrahydro) lacking 
these double bonds include the four with no notable 
fluorescence at 490 mp. 


Corboliner 5 -HT 


4 -  IAminorneIhyl)- 
piperidins 


2-( 2- Aminoethyl) - 
pyridine 


Fig. I-Compounds giving fluorescence at 490 mp 
(excitation at 380 mp) either i n  neutral solution alone 
(carbolines) or after incubation w d h  ninhydrin 


(others). 


TABLE I-RELATIVE FLUORESCENCE OF CARBOLINES 
AND RELATED COMPOUNDS WITHOUT (0) AND WITH 


(+) PRIOR INCUBATION WITH NINHYDRINO 


Relative Fluorescene 
Compd. 0 + 


Group A 
Harmaline >1,000 60 
Harmalol >l ,OOo 10 
Harmane 450 336 
6-Methoxy-harmane 412 303 
Harmine 403 278 
ZMethylnorharman 318 258 
ZMethylharmine 314 192 
ZMethyltetrahydroharmol 301 13 
%Methyl-leptafluorine 153 0 
6Methoxy-dtetrahydro- 


norharmanone 39 31 
Tetrahydronorharmane 


carboxylic acid 36 19 
Leptaflorine 25 1 
6Methoxy-tetrahydro- 


harman 15 5 
N-(py )-propyltetrahydrw 


harmine 11 5 
Eleagnine-1,3-dicarboxylic 


acid 10 1 
Harminic acid 9 3 
Noreleagnine 8 5 
Tetrahydroharmane 


carboxylic acid 5 3 
Leptacladine 3 0 


6-Methoxy-harmalan 5 32 
6Hydroxy-tetrahydrw 


harman 4 2 4  
N-(py  tpropyltetrahydro- 


harmane 3 6 


1-0xwl,2,3,4tetrahydro- 
beta-carboline 0 0 


Raunitidine 0 0 
Tetrahydroharman 0 0 
1-Tetrahydronorharmanone 0 0 


Group B 


Group C 


5Compounds in pH 7.0, 0.05 phosphate buffer either 
incubated 1 hr. at  60° with ninhydrin (1 WM in 260 pl. with 
50 pl. 1.78% ninhydrin) or with HtO alone then diluted. 
Buorescence at  490 mp; excitation at 380-385'mr; tabulatd 
values are means of 3 to 4 replicate airs of tubes after 
subtraction of blanks ( =  incubated but& with and without 
ninhydrin). 


Carbolines with the above fluorescence character- 
istics were not significantly extracted by n-butanol 
in the three procedures studied, with four exceptions 
(Table 11). The three extraction methods did not 
dae r  greatly in their results as f a r  as these four 
carbolines are concerned. However, a slight 
reduction in the amount of Zmethylnorharman 
carried through the procedure w a s  brought about 
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N - acetyl - 5 - hydroxytryptamine (NA - 5 - HT). 
Closely related and normally occurring indoles that 
failed to produce notable fluorescence at 490 mp 
a t  any time during the incubation with ninhydrin 
at 75’ included: tryptophan, 5hydroxytryptophan, 
5methoxytryptamine, 5- methoxyindole - 3 - acetic 
acid, and melatonin (N-acetyl-5methoxytrypt- 
amine). This was true if freshly dissolved indole 
standards were used. If older solutions were used, 
even after but a few days of refrigeration, some of 
the latter compounds through the agency of oxida- 
tion derivatives fluoresced with ninhydrin. Most 
significant among these was Bhydroxytryptophan, 
several day-old solutions of which exhibited a 
pattern of fluorescence development intermediate 
to  those of SHIAA and NDM-5HT (Fig. 2). 


A set of incubations identical to  those represented 
in Fig. 2 but for the temperature being 60’ instead 
of 75” showed the following differences: (a) Near 
peak fluorescence was attained by 5 H T  with nin- 
hydrin after an incubation of about 20 min. and 
constituted the start of a plateau in fluorescence 
intensity lasting through incubation times up to  
about 90 min., and with slow decline thereafter. 
(b) Fluorescence was produced neither by BHIAA 
nor by N-acetyC5hydroxytryptamine. (c) Fluo- 
rescence produced from bufotenine was not clearly 
evident until after an hour of incubation, and 
then its intensity was only 5% of that produced 
by 5 H T .  Not until after 3 or 4 hr. of incubation 
did the fluorescence from bufotenine approach that 
from 5 H T .  


Under these conditions besides 5 H T ,  6hydroxy- 
tryptamine (6-HT) also produced fluorescence with 
ninhydrin at  490 rnp with activation at 380 mp. 
Although the resultant fluorescence per pmole of 
6 H T  was much less, 6-HT readily passes along 
with 5HT through the extraction procedures 
(Table 11). 


Comparison was made of the fluorescence pro- 
duced from the creatinine . HISO, * HIO complex 
of 5 H T  with that from the hydrogen oxdate. 
On a per pmole basis the two were not significantly 
different and were at least within 5% of each other 
in level of fluorescence emitted. 


Fluorescence of Other Amines and N-containing 
Compounds-The only other compounds that were 
both extracted by n-butanol and showed as much 
fluorescence as 5-HT after incubation with nin- 
hydrin were 4-(aminomethyl)-piperidine and 242- 
aminoethy1)-pyridine (Fig. 1). After certain con- 
ditions of incubation with ninhydrin a number of 
other compounds also produced fluorescence at 
490 mp (activation at 380 mp), but of very low 
intensity. Furthermore, none of these amines 
passed the n-butanol extraction. Of these the most 
productive of fluorescence were lysine and cysteine 
(Table 111). 


Results from Tissues-Application of these 
methods to pooled samples of cockroach cephalic 
ganglia, nerve cords, and fat bodies demonstrated 
that the ninhydrin method (5, 6) gave mean “5-HT” 
values of 13, 10, and 22 mcg./g., respectively (Quay 
and Herman, unpublished), while the modified 
Bogdanski method (2,  3) gave trace values, com- 
parable to  those published by Welsh and Moorhead 
(7) for 5 H T  in cockroach tissues (<0.02 to  0.05 


Comparison of the results from the two methods 
mcg. /g. 1. 


TABLE 11-RELATIVE RECOVERY AND 
FLUORESCENCE PRODUCTION BY INDOLE 
DERIVATIVES ASSAYRD ACCORDING TO 


THREE PROCEDURES’ 


----Methods O- 


Compd. * I I1 111 
5HT 100 100 100 
2-Methylnorharman 49 67 60 
ZMethylharmine 40 32 38 
2-Methyltetra- 


=O Harmalol 2 5 
6-HT 7 4 


hydroharmol 8 15 2 
- 


Comparisons made with 5-HT set at 100; results are 
means of two to four replicateceries; fluorescence at 490 m p ;  
excitation at 380-385 mr. Tested at concentrations of 
6-16 mpmoles/ml. I = procedure of (6) with ether 
washes; I1 = the same, minus ether washes; 111 = pro- 
cedure of (5 ) .  


by the ether washes, and possibly a slight reduction 
in the amounts of the hydroxylated compounds 
(2-methyltetrahydroharmol and harmalol) occurred 
in Method 111, employing perchloric acid initially 
and a higher incubation temperature terminally. 


Fluorescence of 5-HT and Other Indoles-In 
neutral 0.05 M phosphate buffer, 5-HT, and certain 
other indoles fluoresced at 490 mp when irradiated 
at 380 mp after having been incubated with nin- 
hydrin. None fluoresced at 490 mp without in- 
cubation with ninhydrin. The number of indoles 
in addition to  5HT behaving this way was small, 
but depended in part on the time, temperature, and 
other conditions of the incubation with ninhydrin. 
Thus when equal concentrations (1 X 10- M/0.25 
ml.) of these compounds in 0.05 M pH 7.0 buffer 
were incubated with ninhydrin at 75’ simulta- 
neously, the development and decay of the resultant 
fluorescent products followed different courses 
for the different compounds (Fig. 2). Fluorescence 
resulting during incubations of 30 min. or less 
could be largely attributed to 5-HT. With longer 
incubation times the fluorescence of products of 
some other normally occurring indoles increased 
as the 5HT fluorescent product gradually de- 
creased. The most intensely fluorescent of these 
other compounds was that from bufotenin ( N -  
dimethyl - 5 - hydroxytryptamine; NDM - 5 - HT). 
Less, but still significantly, fluorescent were those 
from 5-hydroxyindole-3-acetic acid (SHIAA) and 


- Minufi 


I Fig. 2-Deerelopment und decay of juorescent products 
during incubations of 5-hydroxyindoles with nin- 


hydrin. 
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TABLE IV-ORGAN CONTENTS OF 5 H T  
ACCORDING TO Two PKOCEDURES 


c 5-HTb 
-A- - B--. 


Pineal 5 10.30 f 1.04 11.27 f 0.44 
Duodenum 3 1.07 f 0.08 1.06 f 0.06 
Stomach 


(pyloric) 4 0.77 f 0.12 6.07 f 0.41 
Spleen 4 0.71 f 0.24 1.27 f 0.33 
Lung 5 0.49 f 0.16 0.46 f 0.24 
Liver 5 0.30 f 0.02 0.22 f 0.03 
Adrenal 4 0.26 f 0.04 0.25 f 0.02 


Organa N f f S E  f f SE 


Homogenates of adult rat organs provided equal aliqqots 
for simultaneous determinations by two methods. Mean 
(f) mg/g. of 5-HT base [& standard error of the mean (SE)] 
from N replicate organ samplings assayed terminally by: 
A-fluorescence at 540 mp [excitation a t  295 mr; method 
of Quay (3)1, B-fluorescence at 490 mp (excitation at 380 
ms) after 1 hr. with ninhydrin a t  60' [method of Wilhoft 
and Quay (611. 
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applied to mammalian tissues showed equivalence 
for most but not all tissues tested (Table IV). 
Most clearly in the case of the pyloric stomach are 
the 5HT values from the ninhydrin technique 
consistently and markedly greater-approximately 
eight times greater. The divergence of the spleen's 
values (Table IV) is not statistically significant, 
perhaps due t o  the great individual variation. 


Study of the 5HT content of different brain 
regions from rats by modified ninhydrin (8)  and 
Bogdanski methods (2, 3) showed close agreement 
for most regions. But if higher temperatures 
and longer incubation times were used in the 
ninhydrin method, falsely high values for 5 H T  
were obtained. 5HT either alone or added to  
brain homogenates had B fluorescent product with 
ninhydrin which followed the same time course of 
fluorescence during incubation, with rise, plateau 
and fall. However, from within homogenates of 
some brain regions ninhydrin-reactive, fluorescence- 
producing material was progressively more active 
at higher temperatures and longer incubation times. 
Identity of these other brain amines is being in- 
vestigated. 


DISCUSSION AND CONCLUSIONS 


The specificity of fluorometric procedures for 
5 H T  based on a ninhydrin-reaction product is 
seen to be questionable in the absence of confirma- 
tory results from other methods, and is less than 
appreciated previously (5). This is likely to  be 
especially true for the tissues and body fluids of 
various invertebmte animals, which frequently 
have higher levels of free amines of diverse kinds 
(8). The same should be at least of potential 
concern in human and other mammalian tissues 
from pathologic and experimental situations in 
which free amines or metabolites may be abnormally 
high. 


Auxiliary methods for the confirmation of the 
identity and apparent levels of &€IT are numerous 
and may be found with the aid of recent reviews 
(0-11). certain features of the ninhydrin reaction 
itself lend themselves also as means for ascertaining 
the identity of fluorescence-producing tissue con- 
stituents. The behavior of these according to  
temperature, time, and chemical environment will 
prove instructive in study of certain tissue amines, 
and will aid in confirming the identification of such 


TABLE 111-RELATIVE FLUORESCENCE OF INDOLES 


NINHYDRIN FOR 1 hr. AT 60"" 
AND OTHER COMPOUNDS AFTER INCUBATION WITH 


Compd. Relative Fluorescence 
5Hydroxytryptamine 100 
Bufotenine 5 
6-Hydroxytryptamine 5 
2-( 2-Aminoethy1)-pyridine 79 
4-(Aminomethyl)-piperidine 29 
Lysine 9 
4Aminomethylpyridine 5 
Cysteine 2 


a Procedure and sotes as in Table I. The following 
indoles and derivatives failed to form products fluorescing 
a t  490 mp after incubation with ninhydrin for 1 hr. a t  60°: 
N-acetyl-5-hydroxytryptamine, 5-methoxyindole-3-acetic 
acid, melatonin, 5-methoxytrypt~miz~ 5-hydroxytryp- 
tophan, tryptophan, 5-hydroxyindole-3-acetic add,  bufo- 
tenine, tryptamine a-methyltry tamine, 4-hydroxytr pt  
amine, 3-indolylac&amide 5-metlyltryptophan, 3-metiyt: 
indole, 3-(dimethylamindmethyl)indole ( =gramhe), o- 
phosphoryl-4-hydroxy-N-dimethyltryptamine ( = pglocybin) , 
4-hydroxy-N-dimethyltryptamine ( = psilocin). 4-hydrox y- 
tryptophan, 6-methyl-tryptophan, tryptophol, N.N-di- 
methyltryptamine, 5-benzyloxygramine, 3-(2-aminobutyl)- 
6-methoxyindole acetate, 6-methoxyacetyltryptamine, 5- 
methoxy-gramine, 6-hydroxy-5-methoxytryptamine, 6-hy- 
droxymelatonin, N-acetyl-5-hydroxy-6-methoxytryptamine, 
7-methyltryptamine, 5-methyltryptamine, kynurenine, de- 
hydrobufotenine, N-methyltryptamine, 3-(2-dibutylamino- 
ethyl)-5-hydroxyindole, 5-hydroxy-a methyltryptophan, 5- 
methoxytryptophan 5-hydroxy-Nwo-methyltryptamine, 5- 
benzy1oxytryptamin)e. carbazole, and 5-amjooindole. Other 
amiaw and N-containing compounds studied and which 
produced extremely little or no fluorescence after 1 hr. 
with ninbydrin a t  60' were: tyramine, 3.4-dihydroxy- 
phenylalanine, dopamine, norepingphrine, epinephrine, 
phenylalanine, tyrosine, normetanephrine octopamine, 
3-methoxy-4-hydroxy-phenylethylamine, 3-mkhoxy-4meth- 
oxy-phenylethylamine, histamine, 1,4-methylhistamine, 4- 
amino-6-hyd~oxypyrazolo(3,4-d)pyramidine, glycine, DL-U- 
alanine, serine, cystine, gamma amino-butyric add, p-  
aminohippuric acid, threonine (do-free), valine, norvaline, 
methioninc, leucine isoleucine norleucine, citrulline, 
thyroxin, proline, &partic acid,' glutamic acid, arginine, 
histidine, ethionine, asparagine, adenine, adenosine, ethyl 
p-aminobenzate, benddine, 2,6-lutidine, glutamine, and 
pyridine. 


constituents as 5 H T .  Thus kinetic rather than 
endpoint analyses may be expected to  be suitably 
informative. 


In the ninhydrin methods, at least three classes 
of aromatic amines have been shown in these studies 
to  be able to  contribute fluorescence readily con- 
fused with that from 5HT. These are: (a) car- 
boline derivatives, fluorescent at 480 ma without 
the necessity of reaction with ninhydrin; ( b )  certain 
hydroxyindoles resembling 5HT and reacting with 
ninhydrin to  produce similar fluorescence, and (c) 
certain other compounds having suitably reactive 
and exposed amine groups, such as those in 4- 
(aminomethyl)-piperidine and %(hminoethyl)- 
pyridine. At least many of these are not yet 
known to occur in animal tissues, and may be of 
theoretical interest only. On the other hand, 
hydroxyindole congeners of 5 H T  do pose potential 
problems in determinations of BHT in tissues. 
Most of these can be excluded from 5 H T  extracts 
by the use of suitable solvents and conditions in 
washing and extraction (3). Three may remain in 
part, however, t o  contribute something less than 
6% of the fluorescence produced by the same amount 
of 6-HT. These are 6-HT (Table I), N-acetyl- 
serotonin and 5hydroxytryptophan (BHTP). The 
last two of these can be removed by suitable washes, 
such as with diethyl ether (3), a procedure not 
without other hazards however. S H T P  is a prob- 
lem as a fluorescence producer with ninhydrin only 
after some deterioration in solution has occurred. 
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The time course of fluorescent product formation 
from ninhydrim is different for these compounds 
as compared with 5HT. Therefore, careful study 
can discriminate between them. 
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Some Conditions Under Which Pentobarbital 
Stimulates Spontaneous Motor Activity of Mice 


By NATHAN WATZMAN, HERBERT BARRY, 111, WILLIAM J. KINNARD, JR., 
and JOSEPH P. BUCKLEY 


The effects of 4 doses of sodium pentobarbital (10, 20, 40, 80 mg./kg., p.0.) on 
spontaneous motor activity of mice were tested in photocell cages during a 2-hr. 
period immediately after drug or saline administration. A total of 480 albino mice 
was divided among several experimental conditions. Increasin doses produced 
progressively increasing activity in the last 0.5 hr. when normafactivity was at a 
low level. In the 6rst 0.5 hr., the usual intense activity was unchanged by the three 
lower doses and greatly depressed by the highest dose. Throu hout the session, 
the three lower doses had a stimulant effect on animals testetf in a lighted en- 
vironment in groups of five but not singly, and a small but consistent stimu- 
lant effect on both single and grouped animals in a dark environment. Ani- 
mals fasted for 24  hr. prior to the test were greatly stimulated by the lowest dose 
and were greatly deptessed by the highest dose. The results indicate that the 
stimulant effect of barbiturates requires both inhibitory influences on normal activity 


and conditions increasing susceptibility to arousal. 


LINICALLY, subhypnotic doses of barbiturates C have been known to produce excitement, 
euphoria, and confusion rather than central 
nervous system depression (1). Many investi- 
gators have reported a stimulant effect in labora- 
tory animals with low doses and depression with 
high doses. Kinnard and Carr (2) reported that 
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spontaneous motor activity of mice was increed  
by low doses and decreased by high doses-of 
sodium amobarbital and sodium secobarbital. A 
stimulant effect of low doses of barbiturates on 
spontaneous motor activity of mice has also been 
demonstrated in several subsequent experiments 


The stimulant action of barbiturates has been 
analyzed in situations where the drug enhances a 
previously rewarded response that was subse- 
quently inhibited by punishment or nonreward 
(8). This stimulant effect has generally been 
attributed to a disinhibitory action which at 
certain doses is stronger than the intrinsic 
depressant action (9). Dews (10) reported that 
in a variety of food-rewarded tasks, conditions 


(3-7). 
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Compound 20 separated as an oil, which resisted 
all attempts a t  crystallization. It was therefore 
taken up in ether and characterized as the hydro- 
chloride, m.p. 208-210.” 


IR spectra: all compounds exhibited a carbonyl 
absorption band in the 5.92-5.95 p region. 


&Substituted 1,5-Diphenylhydantoins (Table 111) 
-A: Brominution of the Plmidaaolin-2-ones-To a 
solution of the appropriate 4-imidazolinone (0.01 
mole) in chloroform (50 ml.) was slowly added, at 
room temperature, a solution of bromine (1.9 g., 
0.012 mole) in chloroform (10 ml.). The solvent 
was then distilled (evolution of hydrogen bromide) 
and the oily residue was crystallized from 95y0 
ethanol to  afford the hydantoin. 


Compound 14 (R = allyl) absorbed two molar 
equivalents of bromine to afford in 45% yield 3-(2,3- 
dibromo-l-propyl)l,5diphenylhydantoin (XI), m.p. 
131-133” after crystallization from benzene-petro- 
leum ether. The same compound was obtained on 
treatment of the allylhydantoin 25 with one molar 
equivalent of bromine, in 65% yield. 


Anal.-Calcd. for C18H1&r2N202: C, 47.81; H,  
3.56; N, 6.19. Found: C, 47.83; H, 3.73; N, 
6.00. 


Treatment of the 4-imidazolinones 19, 20 (as the 
oily base), 21, and 22 with bromine, followed by 
crystallization of the oily reaction product from 
ethanol, afforded the hydrobromides of the hydan- 
toins 30 (m.p. 224-226”; N% Calcd. 10.39. Found: 
10.30.); 31 (m.p. 189-191’; NO/, Calcd. 9.72. 
Found: 9.56.); 32 (m.p. 258-261’ dec.; N’% 
Calcd. 9.72. Found: 9.61)., and 33 (m.p. 287-288’ 
dec.; NYo Calcd. 9.41. Found: 9.38.). The salts 
were converted into the free bases by treatment 


1801 


with 10% sodium carbonate. 
B: Treatment of 5-Bromo-3,4diphenyd~oxazolan- 


2-one ( V, R = Ph) with Amines-Mixtures containing 
3.16 g. (0.01 mole) of the bromooxazolone (1) and 
0.015 mole of the appropriate amine were heated 6 
hr. at 100’. Mixtures containing low-boiling amines 
(n-propyl, n-butyl, isobutyl, and allylamine) were 
heated at the reflux temperature of the amine for 
8-10 hr. The excess amine was then distilled off at 
reduced pressure and the crude product was crystal- 
lized from 95% ethanol. 


IR spectra: all compounds exhibited a typical 
hydantoin carbonyl absorption (6) (two bands in 
the regions 5.68-5.69 p and 5.87-5.89 p ) .  
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Antibacterial and Antifungal Activity of Certain p-Aminoketones 
By RAJENDRA S. VARMA* and W. LEWIS NOBLES 


Preliminary biological evaluation for 17 com- 
pounds is provided. Eleven compounds in  
this study exhibited some degree of activity. 


NDER THE CONDITIONS of the Mannich reaction, U a series of j3-aminoketones dihydrochlorides was 
synthesized utilizing l-(N-fi-hydroxyethyl-4-piper- 
idyl)-3-(4-piperidyl)-propane (I) and several aro- 
matic ketones (1). In this report, preliminary 
screening results for antibacterial and antifungal 


Several techniques are available to test for anti- 
microbial activity. Among the in vitro methods are 
dilution or agar diffusion techniques. The former 
methods are suitable for assay procedures, but the 
methods are time consuming for screening of a large 
number of compounds, and many of them are not 
satisfactory to  determine antifungal activity when 
filamentous fungi are used as test organisms. This 
is particularly true if partial inhibition is studied 


activities are described. 


I 
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TABLE I-ANTIBACTERIAL AND ANTIFUNCAL ACTIVITY OF @-AMNOKETONES 


0 


R-C-CH2-CH2-N> II (CH2l3<N - CH2- CH,- OH .2HC1 


Mict-obial SpectrumR 
I< 1 2 3 . 1  5 6 7 8 9 1 0 1 1 1 2  


6 
NO, 


+ - + + + - + + + -  - - 


- - - - - + -  - + - + -  
I 


+ - + + + - + + + + - +  


q 
OH 


(Conlinucd on next Buge.1 
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TABLE: I (Continued.) 


R 
Microbial Spectrum' 


1 2 3 4 5 6 7 8 9  10 11 12 


- - - 


- - + + -  - + - + + -  - 


+ - + + + + + + -  


+ - +  


+ + -  
a Microbial spectrum: Gram-positive-1, Staphylococcus aureus K257. 2 Mycobaclerium smegmalis Gram-negative--3 


E .  coli ATCC 4157; 4, Pseudomonas aerug?nosa; 5. Klebsiclla Pneumoniae ATCC 8052; 6, Proleus uul aris'LBa 155; 7,  Neisserio 
catarrhalis; 8 ,  Saccharomyces s@.; 9, Candida albicans ATCC 10231; 10, S. epidermidis; 11, Aspergilfus nigcr; 12. Trichophylon 
menlagrophyles ATCC 9129. 


EXPERIMENTAL 


Materials and Methods-The test organisms in- 
cluded Gram-positive Staphylococcus aureus K257, 
Mycobacterium smegmatis; Gram-negative E .  cola 
ATCC 4157, Pseudomonas aerugznosa, Klebsiellu 
pneumoniae ATCC 8052, Proteus vulgaris Lba 155, 
Neisseria catarrhalis; Saccharomyces sp. ,  S .  epider- 
midis, A .  niger, Candida albicans ATCC 10231, and 
Trichophyton mentugrophytes ATCC 9129. The agar 
medium was inoculated heavily with the test orga- 
nism and then filter paper disks (6.35 mm.) saturated 
with two drops of the solution of the test compound 
(20 mg./ml. in aqueous ethanol or water) were placed 
on the agar. After 48 hr. of incubation period, the 
zones of inhibition around the disks were measured. 
Zone sizes smaller than 6.35 mm. were considered 
minus activity. 


DISCUSSION 


Seventeen 8-aminoketones substituted at various 
positions in the aromatic ring were subjected to 
preliminary antibacterial and antifungal screening 
procedures. The substituents consisted of 4-flUor0, 


4-chloro, 4-bromo, 4-nitro, 4-methyl, 4-phenyl, 
Phydroxy, 4-methoxy, 4-ethoxy, 3-nitro, hnethoxy, 
3-methyl, and 3-hydroxy. The activity against 
various organisms of these compounds is described 
in Table I. Hydroxy, fluoro, 4-methyl, 3,4,5- 
trimethoxy substituted @-amino ketones were com- 
pletely inactive, whereas compounds with substit- 
uents such as chloro, bromo, and Pnitro demon- 
strated the highest activity. 
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cm. approx. 140 pp. Single copies free to re- 
search workers in the field. Price $3.00. 


paper chromatography to a great extent because of 
the advantages of thin-layer over paper. The 
book is easy to read with concise definitions given 
for the terms used in chromatography. Included 
also are a short chapter on the literature of chro- 
matography which lists the major journals, books, 
and review articles and a list of the majority of sup- 
pliers and manufacturers of chromatographic equip- 
ment and supplies for the US. 
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The Pharmaceutical Industry-A Personal Study. 
By WYNDHAM DAVIES. Pergamon Press Inc., 122 
East 55th Street, New York, NY 10022, 1967. 
viii + 240 pp. 14.5 X 22.5 cm. Price $10.00. 
The author has prepared a commentary that is es- 


sentially a state-of-the-art report on the medical, 
economic, and political facets of the pharmaceutical 
industry throughout the world. Frequently, com- 
parisons are made between pharmacy as it was in 
the early days and as i t  is today to emphasize the 
progress which has been made through pharmaceuti- 
cal research. 


Government controls which affect drugs, pharma- 
ceuticals in international politics, advertising, 
patents, and the problems of drug prices are dis- 
cussed with understanding and concern. As indi- 
cated under the title, this book resulted from a per- 
sonal study by the author of the pharmaceutical in- 
dustry. It is an interesting, critical discussion of 
the pharmaceutical industry, the things that affect 
it, and the effect that it  has had on nations and 
people. 
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The time course of fluorescent product formation 
from ninhydrim is different for these compounds 
as compared with 5HT. Therefore, careful study 
can discriminate between them. 
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Some Conditions Under Which Pentobarbital 
Stimulates Spontaneous Motor Activity of Mice 


By NATHAN WATZMAN, HERBERT BARRY, 111, WILLIAM J. KINNARD, JR., 
and JOSEPH P. BUCKLEY 


The effects of 4 doses of sodium pentobarbital (10, 20, 40, 80 mg./kg., p.0.) on 
spontaneous motor activity of mice were tested in photocell cages during a 2-hr. 
period immediately after drug or saline administration. A total of 480 albino mice 
was divided among several experimental conditions. Increasin doses produced 
progressively increasing activity in the last 0.5 hr. when normafactivity was at a 
low level. In the 6rst 0.5 hr., the usual intense activity was unchanged by the three 
lower doses and greatly depressed by the highest dose. Throu hout the session, 
the three lower doses had a stimulant effect on animals testetf in a lighted en- 
vironment in groups of five but not singly, and a small but consistent stimu- 
lant effect on both single and grouped animals in a dark environment. Ani- 
mals fasted for 24  hr. prior to the test were greatly stimulated by the lowest dose 
and were greatly deptessed by the highest dose. The results indicate that the 
stimulant effect of barbiturates requires both inhibitory influences on normal activity 


and conditions increasing susceptibility to arousal. 


LINICALLY, subhypnotic doses of barbiturates C have been known to produce excitement, 
euphoria, and confusion rather than central 
nervous system depression (1). Many investi- 
gators have reported a stimulant effect in labora- 
tory animals with low doses and depression with 
high doses. Kinnard and Carr (2) reported that 
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spontaneous motor activity of mice was increed  
by low doses and decreased by high doses-of 
sodium amobarbital and sodium secobarbital. A 
stimulant effect of low doses of barbiturates on 
spontaneous motor activity of mice has also been 
demonstrated in several subsequent experiments 


The stimulant action of barbiturates has been 
analyzed in situations where the drug enhances a 
previously rewarded response that was subse- 
quently inhibited by punishment or nonreward 
(8). This stimulant effect has generally been 
attributed to a disinhibitory action which at 
certain doses is stronger than the intrinsic 
depressant action (9). Dews (10) reported that 
in a variety of food-rewarded tasks, conditions 


(3-7). 
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which depressed the normal response rate of 
pigeons increased the stimulant effect of amobar- 
bital. 


Spontaneous motor activity, in common with 
all behavior, is controlled by opposing excitatory 
and inhibitory infiuences. Therefore, it is rea- 
sonable to assume that the demonstrated dis- 
inhibitory action of barbiturates might account 
for their stimulant effect on spontaneous motor 
activity. Such an assumption might be tested 
by comparing the effects of barbiturates under 
different conditions which are known to influence 
the strength of the inhibitory tendency. How- 
ever, the effects of barbiturates on spontaneous 
motor activity have generally been tested only 
under a single set of conditions. An exception to 
this was a brief report by Wright et al. (11) that 
doses of pentobarbital which depressed spon- 
taneous motor activity of single mice had no 
effect or increased activity of mice tested in 
groups of three. Evidence for greater suscepti- 
bility of aggregated mice to a stimulant effect is 
also found in a report by Brown (3) that pento- 
barbital and phenobarbital greatly increased 
spontaneous motor activity of mice tested in 
groups of five, whereas observations of isolated 
mice indicated a depressant effect of the same 
doses. 


In  the present study, effects of pentobarbital 
on spontaneous motor activity of mice were com- 
pared under several experimentally varied condi- 
tions: test aggregation, illumination of the test 
environment, and satiation or fasting for 24 hr. 
prior to the test. Lower activity levels, which 
might be attributed to inhibitory influences, were 
previously found (12) in animals tested singly, or 
in the light, or after satiation. A prolonged, 2-hr. 
session permitted measurement of the drug effect 
throughout a period when normal activity de- 
creases greatly, as previously shown in the same 
test situation (12, 13). 
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METHOD 


Subjects-The subjects were 480 male Swiss- 
Webster mice (Taconic Farms, N. Y.) weighing ap- 
proximately 18-20 g. and housed in groups contain- 
ing 20 animals per cage. 


Apparatus-The experimental work was per- 
formed in four circular, &beam photocell activity 
cages (Actophotometers, Metro Industries, Inc., 
N. Y.), 33 cm. (13 in.) in diameter, operating simul- 
taneously in a sound-attenuated room. The same 
units have been used in prior studies (12,13); charac- 
teristics of the apparatus were discussed in another 
prior study (14) and in a review article (15). 


Procedures-The 2-hr. test session was initiated 
immediately after oral administration of sodium 
pentobarbital (10, 20. 40, or 80 mg./kg.) or placebo 
(saline, 0.1 ml./lO g. body weight). The groups 


tested under these five dosage conditions were each 
subdivided according to three additional experi- 
mental conditions : test aggregation (singly or in 
groups of five mice), illumination (light or dark test 
environment), and feeding condition (satiated or 
fasted for 24 hr. prior to the test session). A com- 
plete factorial design for the five dosage conditions 
and the two conditions of each of the other three 
variables resulted in 40 combinations of conditions 
(5 X 2 X 2 X 2). Each of these was replicated in 
all four actophotometer units, thus giving a total of 
160 conditions, 80 comprising single mice and 80 
comprising aggregations of five mice. In order to 
provide variation in experimental conditions among 
the four animals or groups tested simultaneously in 
the different units, each of these animals or groups 
was under a diilerent dosage condition. The ac- 
tivity counts for eaefi 0.5 hr. and for the total 2 hr. 
were transformed into square root scores for the 
reasons discussed previously (13). Statistical sig- 
nificance was tested by an analysis of variance 
program (BMD 02V, for the IBM 7090 computer), 
according to the methds described previously (12). 


RESULTS 


The first 0.5 hr. of the session might not be ex- 
pected to  provide sufficient time for the ful l  effects 
of the drug because of the oral route of administra- 
tion and the very brief interval prior to the beginning 
of the session. Nevertheless, Fig. 1 shows a very 
strong depressant effect a€ the highest pentobarbital 
dose (80 mg./kg.) on activity in the first 0.5 hr. 
Inspection of the counts recorded for the first 15 
min. showed that the effect occurred also in that 
shorter time period. The test of statistical signifi- 
cance for the first 0.5 hr. revealed a highly reliable 
difference among the five dosage conditions (F = 
82.1, df = 4/117, p < 0.001). Figure 1 shows that 
the dzerence was almost entirely attributable to the 
effect of the highest dose, and a statistical analysis 
for the same period, omitting the highest dosage 
condition, shows no signscant differences among the 
four remaining dosage groups. 


The activity of the group with the highest drug 
dosage increased rapidly after the second 0.5 hr., 
and was the highest among the five groups in the 
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Fig. l-Spontuneous motor activity of the jive dosage 
groups in each 0.5-hr. period. 
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fourth 0.5 hr. Meanwhile, the activity of the other 
four groups decreased progressively. A statistical 
test of this trend for these four dosage groups during 
the successive 0.5 hr. periods, with the orthogonal 
polynomials used previously (12-14), revealed a 
linear decrease in activity which was highly reliable 
( F  = 540.0, df = 1/288, p < 0.001). The activity 
of the groups given the three lower doses of pento- 
barbital decreased more slowly than the activity of 
the placebo group, so that each of these drug groups 
was higher than the placebo group a t  the end of the 
Zhr. session. The gradual emergence of the differ- 
ence among these four dosage conditions, during the 
successive 0.5hr. periods, is indicated by a signifi- 
cant interaction between the linear trend for the four 
periods and the linear trend for the four dosage 
conditions (F = 5.86, df = 1/288, p < 0.05). A 
comparison among all five dosage groups in the 
fourth 0.5 hr. shows an almost uniformly progressive 
increase in activity with increasing doses. This 
linear trend was statistically highly reliable ( F  = 
7.91, df = 1/117, f i  < 0.01). 


The effects of two of the other three experimental 
variables also depended on the portion of the Zhr .  
session. The analysis for the four 0.5hr. periods, 
excluding the highest pentobarbital dose, showed 
no difference between the fasted and the satiated 
animals in activity for the first 0.5 hr., but the sub- 
sequent decrease in activity was greater for the 
satiated animals, resulting in a progressively greater 
superiority in activity of the fasted animals in suc- 
cessive 0.5hr. periods. This interaction between 
fasting condition and the linear function of 0.5hr. 
periods was statistically highly reliable (F = 19.0, 
df = 1/288, p < 0.001). Similarly, the animals 
tested in the dark showed a superior level of activity 
which was very slight in the first 0.5 hr. and pro- 
gressively increased in successive 0.5hr. periods, 
with a statistically reliable interaction between 
illumination and the linear function of 0.5hr. 
periods ( F  = 8.48, df = 1/288, p < 0.01). Activity 
was much higher for the aggregated than single 
animals throughout the 2-hr. session ( F  = 188.8, df 
= 1/288, p < O.OOl), but this difference persisted at 
approximately the same level throughout the session, 
as is indicated by the lack of a significant interaction 
between aggregation and 0.5hr. periods. 


The influence of the experimental conditions on 
the response to  the drug may be measured by the 
interaction between dosage conditions and the 
experimental variables. The analysis of the four 
0.5hr. periods showed no significant effect of the 
periods on these interactions, measured by the three- 
way interactions for periods, dosages, and any of the 
other variables. Therefore, the drug effects are 
compared under the different experimental condi- 
tions for the total 2-hr. session. 


Figure 2 shows the effect of fasting on the response 
to  pentobarbital. For the fasted animals, the drug 
had a strong stimulant effect at the lowest dose but 
a marked depressant effect a t  the highest dose, 
whereas the satiated animals were less strongly 
affected by the various dosage conditions. The 
superior activity level of the fasted animals a t  an 
intermediate dosage condition (10 mg./kg.) but not 
at the extreme conditions (placebo and the higher 
doses) is measured by the quadratic orthogonal 
polynomial. A significantly different drug effect 
for the satiated and fasted animals is found in the 
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interaction between fasting and the quadratic trend 
of dosage with all five dosages (F = 19.1, df = 
1/117, p < 0.001) and also with the highest dosage 
omitted (F  = 8.16, df = 1/93, p < 0.01). Thus, 
fasting enhanced sensitivity both to the stimulating 
effect of a low dose and to  the depressant effect of a 
high dose. 


The relationship of the aggregation and illumina- 
tion conditions with each other influenced their 
effects on the response to  pentobarbital, as indicated 
by a statistically significant three-way interaction 
among the four dosage conditions (excluding the 
highest dose), aggregation and illumination (F = 
3.09, df = 3/93, p < 0.05). Figure 3 divides these 
complex influences on the response to  pentobarbital 
into their simple components by the use of two 
graphs, both of which compare the single with the 
aggregated animals under a single illumination condi- 
tion. In the lighted environment, the three lower 
pentobarbital doses substantially stimulated the 
aggregated but not single animals. The interaction 
between aggregation and the linear function of 
dosage (omitting the highest dose) was statistically 
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significant ( F  = 6.72, df = 1/48, p < 0.05). In 
the dark environment, there was no significant differ- 
ential effect of aggregation on the response to 
pentobarbital, but the drug had a stimulant effect on 
both single and aggregated animals, with a statisti- 
cally significant linear function of dosage, excluding 
the highest dose (F = 6.49, df = 1/48, p < 0.05). 
Thus, in the lighted environment, pentobarbital 
stimulated only the aggregated animals, whereas in 
the dark environment the drug had a stimulant 
effect which was smaller but not dependent on 
aggregation condition. 
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(16) observed that pentobarbital, amobarbital’ 
and barbital evoked excitement in dogs with a 
nervous temperament, whereas simple depression 
occurred in quiet, well-behaved animals. The dogs 
had been trained to lie down quietly for an extended 
time period in the test situation, which thereby 
required considerable inhibition of natural activity. 
In general, a combination of inhibitory influences 
and susceptibility to arousal appears to  be necessary 
for a stimulant effect of barbiturates. If the animals 
are already maximally aroused, as when initially 
introduced into a new environment, the barbiturate 
cannot induce a further stimulation. If the condi- 
tions are predominantly inhibitory, the normal quies- 
cence appears to be enhanced rather than reversed 
by barbiturates. The stimulant effect of barbitu- 
rates appears to  be maximized by strongly con- 
flicting behavior tendencies, such as approach and 
avoidance in an instrumental learning situation (8, 
9) or excitatory and inhibitory tendencies after the 
initial introduction to  a novel situation, as in the 
later portion of the test reported in the present 
paper. 


The present study gives evidence of multiple and 
complex factors which influence the effect of pento- 
barbital on spontaneous motor activity in mice. 
Various excitatory and inhibitory tendencies deter- 
mine the activity counts registered at a particular 
time, under particular conditions. The present 
study has identified only a few of the conditions 
which influence the drug effect. In a prior study by 
Harris et at. (7) 90 mg./kg. pentobarbital, admin- 
istered orally, greatly increased spontaneous motor 
activity of mice in a 30-min. test beginning 30 min. 
after drug or placebo administration. A somewhat 
lower dose (80 mg./kg.) had a depressant effect 
under the most nearly equivalent conditions of the 
present experiment (satiated animals tested singly 
during the second 0.5 hr.). Some characteristics of 
the animals or of the test situation in the present 
experiment evidently caused either greater resis- 
tance to  the drug’s stimulant effects or greater 
susceptibility to its depressant effects. Further 
studies, comparing the drug effects under experi- 
mentally varied conditions, are needed to identify 
more comprehensively the conditions which deter- 
mine the stimulant and depressant effects of bar- 
biturates. 


DISCUSSION AND CONCLUSIONS 


The theory of the disinhibitory effect of barbitu- 
rates (8, 9) implies that. conditions which strengthen 
the inhibitory tendencies on behavior, thus reducing 
the normal activity level, will enhance the stimulant 
effects of the drug. Some of the present findings 
clearly support this theory. A stimulant drug effect 
was not found in the period of intense exploratory 
activity, during the initial 0.5 hr. in the novel 
environment. The stimulant drug effect at the 
end of the session might be attributed to  a dis- 
inhibitory action on the behavioral mechanisms 
which cause the activity of the placebo animals to  
decrease to  a low level. This stimulation is not due 
to  compensation for earlier depressed levels of 
activity, because a depressant effect was seen only 
with the highest of the four drug doses. The later 
portions of the session were necessarily associated 
with longer intervals after drug administration, which 
enabled recovery from the depressant effect of the 
highest dose, but none of the prior studies (3-7) has 
given evidence that  the stimulant effect on spon- 
taneous motor activity occurs only at a long interval 
after drug administration. 


Further indication of a disinhibitory effect of 
pentobarbital is seen in the strongly stimulant drug 
effect on aggregated animals tested in the light. The 
lighted environment decreases normal activity in 
mice, and the aggregation condition may have en- 
hanced this depressant tendency, as indicated by 
much lower activity scores in the light than in the 
dark. The three lower doses of pentobarbital in- 
creased these scores in the light to  the level for the 
placebo animals tested in the dark. Aggregated 
animals have been observed to cluster together and 
become quiescent late in the session; the higher 
activity counts of the aggregated animals are due to  
the larger number of opportunities to  interrupt the 
photobeams, and a measure of counts per animal 
would yield lower scores in the aggregated than in 
the isolated condition. 


Some of the present findings suggest that the 
stimulant drug effect is enhanced by conditions 
which increase rather than decrease the normal 
activity level. The lowest dose of pentobarbital 
stimulated the fasted but not the satiated animals. 
The three lower doses had a consistent although 
small stimulant effect in the dark environment, re- 
gardless of aggregation condition. Prior findings 
have also given evidence that a certain degree of 
arousal may enhance the stimulant effect of barbi- 
turates. Aggregation was considered to have such 
an arousing effect in a prior report (3) that barbi- 
turates increased spontaneous motor activity of 
aggregated but not isolated mice. Quigley et el. 
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Mechanisms of Action of Cryptenamine 
By MARIE L. JANDHYALA and JOSEPH P. BUCKLEY 


The hypotensive effect of cryptenamine has been reported to be markedly attenuated 
by adrenalectomy or by treatment with N,N-diisopropyl-N'-isoamyl-N'-diethyl- 
aminoethylurea (P-286) in atropinized animals. Cryptenamine also appeared to 
potentiate the response of isoproterenol on 8-adrenergic receptors. This present 
study was conducted to further investigate these two phenomena. Cryptenamine 
potentiated the response of epinephrine on the B-adrenergic receptors in the intact 
dog heart, d a l l y  blocked the effect of isoproterenol on the isolated guinea pig 
auricle, anahad no effect on the isoproterenol-induced relaxation of the isolated 
guinea pig tracheal chain. Cryptenamine produced positive inotropic and chrono- 
tropic effects on the isolated guinea pig heart and potentiated the inotropic effect of 
epinephrine and inhibited its chronotropic effects in this preparation. These data 
suggest that the effects of cryptenamine on 8-adrenergic receptors are variable and 
that either potentiation or inhibition may be obsemed depending on the effector 
organ and on the species of animal studied. Cryptenamine also significantly de- 
creased the epinephrine content of the adrenal venous blood while increasing the 
norepinephrine content suggesting that the drug may inhibit the methylation of 


norepinephrine in the adrenal medulla. 


RYPTENAMINE, an alkaloidal mixture, pre- C pared from Veratrum v i d e  by a nonaqueous 
benzene triethylamine extraction procedure, has 
been reported to have a ratio of emetic to ef- 
fective hypotensive dose superior to that of other 
veratrum preparations (1, 2). Finnerty (2) 
reported that in humans the divergence between 
the hypotensive and emetic doses of crypten- 
amine was apparent on intravenous administra- 
tion. McCall and his colleagues (3) studied the 
effects of cryptenamine on cerebral circulation 
and cerebral oxygen consumption in patients 
with toxemia of pregnancy. They observed that 
on intravenous administration of cryptenamine 
cerebral blood flow and cerebral oxygen meta- 
bolic rate were increased significantly while the 
respiration quotient of the brain remained normal. 
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In  these experiments, comparison with other 
veratrum preparations indicated fewer side 
effects. Although a satisfactory ambulatory 
treatment of hypertension by the oral administra- 
tion of cryptenamine has been reported (4), 
Abreu (5) failed to demonstrate any superiority 
of cryptenamine over protoveratrine A in dogs 
as to the ratio of emetic to hypotensive doses. 


Recently, Jandhyala and Buckley (6) re- 
ported that cryptenamine sensitized @-adrenergic 
receptors and that it might possibly stimulate the 
release of epinephrine from the adrenal medulla 
and that these factors might contribute to the 
overall hypotension. They reported that the 
hypotensive effects of cryptenamine were inhibi- 
ted or abolished by pretreatment with N,N-di- 
isopropyl - N'-isoamyl-N'-diethylaminoethylurea 
(P-286), bretylium, pronethalol, reserpine, a- 
methyl-dopa, and by adrenalectomy in atro- 
pinized animals. Cryptenamine also potenti- 
ated the isoproterenol-induced relaxation of the 
vasculature in the denervated perfused hind 
limb of the dog. Cryptenamine potentiated the 
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CITING CHEMICAL ABSTRACTS 


In 1967, Chemical Abstracts began a new system which assigns a number to each abstract 
and a number to each page, instead of assigning a number to each column and a letter to 
each subdivision of the column as had been done in the past. Some confusion has arisen 
about the proper manner of citing a reference to  an abstract which appears in a volume 
carrying the new numbering system. In the interest of clarifying the situation for our 
authors and readers, and of providing the greatest possible reference value, the Journal of 
Pharmaceutical Sciences has adopted a policy which permits the use of volume number, 
column number, column subdivision letter, and year for all Chem. Abstr. volumes through 
1966, but beginning with the 1967 volume of Chem. Abstr., the volume number, abstract 
number, and year should be cited. This revision in Journal policy will affect references to 
Chemical Abstracts only, and is supplemental to the information concerning references in the 
“Notice to Authors.” 


In  the article titled “Fenfluramine Metabolism” 


The structures of fenflurarnine and its deethylated 
(l), the following corrections should be made: 


derivatives on page 1173 should be as follows: 


C*H, 
Fenfluramine (7%) 


Deethylated Fenfluramine (3%) 
(1) Bruc.e, R. B., and Maynard, W. R., Jr., J .  Pharm. Sci.. 


57,1173(1968). 


In the article titled “Studies on the Mechanism of 
the Mannich Reaction” (l), the following correction 
should be made: 


On page 1098, column 2, structure XI  should be 
IX . 
(1) Nobles. W. L., and Potti, N. D., J .  Phwm. Sci., 57, 


1097(1968). 


In the article titled “Crystal and Molecular Struc- 
ture of 5[1-(2’-Deoxy-a-~-ribofuraosyl)uracilyl] 
Disulfide” (l), the following corrections should be 
made : 


In Tables I and 111, pages 1294 and 1295, respec- 
tively, the heading y / b  should be - y / b .  The illus- 
trations of the molecule and Table VI  also reflect 
this error, in that they show the mirror image of 
the correct structure. 


(1) Shefter, E.. Kotick, M. P., and Bardos, T. J . ,  J .  
Pharm. So.. 56, 1293(1967). 


In the article titled “Peyote Alkaloids 11. An- 
halotine, Lophotine, and Peyotine, the Quaternary 
Alkaloids of Lophophora williumsii” (1 ), the follow- 
ing corrections should be made: 


On page 256, column 2, 5.95 (0-CHr-0- 
- - -7,8) should read 5.95, 5.88 (0-CH2-0- - - - 


On page 257, column 1 under Anal., N, 5.5 
should read N, 5.15. 


On page 257, column 1 after “Specific rota- 
tion,’’ [a]::g = -62”; [a]::, = -111”; = 
-187” (c = 0.78, CHClr) should read [ ~ r ] , ~ ,  = 


1. 


73). 
2. 


3. 


-45’; [ C Y ] : : ~  = -83.7’ (C = 0.82, CHCl,). 
(1) Kapadia. G. J., Shah, N.  J., and Zalucky, T. B., J .  


Pharm. Scr., 57, 254( 1968). 
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In the article titled “Stability Assay for Prazepam 
and Related Drugs” (I), the following correction 
should be made: 


On page 1681, column 2, line 20, the sentence 
should read: “Methanol and a mixture of 3 vol. of 
concentrated sulfuric acid diluted to 100 vol. with 
absolute methanol (acid-methanol reagent) were 
the spectrophotometric solvents.” 


(1) Chafctz, L., and Gaglia, C .  A., Jr., J .  Pharm. Sci.. 56, 
1681( 1967). 


In the article titled “Nigerian Plants 111. Phyto- 
chemical Screening for Alkaloids, Saponins, and 
Tannins” (l), the title should read: 


“Nigerian Plants IV. Phytochemical Screening 
for Alkaloids, Saponins, and Tannins.” 


(1) Perdnos, G. J., and Quimby, M. W., J .  Pharm. Sci . .  56, 
1512(1967). 


In the article titled, “Dissolution Kinetics of 
Benzoic Acid in High Concentrations of Surface- 
Active Agetits” (I), the following correction should 
be made: 


The term “poloxakol” should read “poloxalkol” 
throughout the article. 


(1) Parrott. E. L., and Sharma, V. K.. J .  Pharm. Sci., 
56, 1341(1967). 


serted after every third figure in the four-figure 
values. 


(1) Thakkar, A. L., and Hall, N. A,, J .  Pharm. Sci., 56, 
1121(1967). 


In the article titled “Selective Acid-Catalyzed 
Hydrolyses of Methoxysulfanilamidodiazines” (1 ), 
the following corrections should be made: 


1. In Table 11, page 1155 under Supporting 
Anal. Data for 2-Hydroxy-4methoxy-6-sulfanil- 
amidopyrimidine, should read: C, 44.59; H, 4.08; 
N, 18.91. Found: C, 45.08; H, 4.01; N, 19.18. 


2. On page 1156, column 2, line 36, should read) 
[lit. (25), m.p. 105-107”]. 


3. On page 1156, column 2, line 43, should read 
[lit. (25), m.p. 175-176’1. 


(1) Venturella, V. S. ,  J .  Pharm. Sci.. 57, 1151(1968). 


In the article titled “Cactus Alkaloids IV. 
Macromerine from Coryphantha runyonii” ( l ) ,  the 
following footnote should be added on page 515: 


L. E. Below was the recipient of the National 
Merit Lundsford Richardson Award, 1967. 


(1) Below, L. E.. Leung, A. Y.. McLaughlin, J. L., and 
Paul, A. G.,  J .  Pharm. S c i . ,  67, 515(1968). 


In the article titled “Conversion of Griseophenone 
A to (f )-Dehydrogriseofulvin in the Presence of 
Horseradish Peroxidase and Hydrogen Peroxide” 
(l), the following correction should be made: 


On page 876 under “Discussion” methylacetyl- 
phloroglucinol (VII) (Scheme 11) should read 
methylacetylphloroglucinol (VIII) (Scheme 11). 


(1) Segal, A., and Taylor, E. H.. J .  Pharm. Sci., 57, 874 
(1968). 


In the article titled “Comparative Study of a 
New Fluorometric Assay Mestranol Ether in Tablets 
with GLC and Colorimetric Assays” ( l ) ,  the follow- 
ing correction should be made: 


The title of the article should be changed to ‘Tom- In the article titled “Computer Program for a 
parative Study of a New Fluorometric Assay of Mes- Double Exponential Equation to Determine Bio- 
tranol in Tablets with GLC and Colorimetric As- logical Constants” (I), the following corrections 
says.” should be made: 


(1) Templeton, R. J.. Arnett. W. A., and Jakovljevic, 1, on page 171, column 1 of the computer pro- I .  M..  J .  Pharm. Scr.. 57, 1168(1!368). 
gram, line 57 should read: 281 XKD=XKA*R. 


2. In column 2, liae 77, the entry should read: 


(1) Lowenthal, W., and Vitsky. B. L., J .  Pharm. Sci., 56, 
440 PAGE = PAGE + 1. 


169(1967). 


In the article titled “Micellar Solubilization of 
Testosterone I. In Aqueous Solutions of Poly- 
sorbates” (I) ,  the following corrections should be 
made: 


“X,,,,,,, mp” columns, decimal points should be in- 


In the book notice for The Human Adrenal Cortex: 
Its Function Throughout Life [J .  Pharm. Sci., 57, 


In Tables I1 and 111, page 1123, under the 356(1968)], the price should read $4.25 instead of 
3.50. 








Occurrence of Norcaperatic Acid in Polyporzcs JibriZZoszcs 
By GERALD SULLIVAN 


Norcaperatic acid (a-tetradecylcitric acid) has been isolated from a carpophore of 
Polyporusfibtillosrrs Karst. in  a 22 percent yield and identified by its physical and 
chemical properties. This is the first reported occurrence of norcaperatic acid i n  a 


Polyporus species. 


HE NATURAL occurrence of aliphatic citric acid T derivatives appears to be confined to a limited 
number of basidiomycetes and a lichen. Agdricic 
acid (a-hexadecylcitric acid) has been isolated from 
Fomes oficinales (Fr.) Faull. [syn.: Polyporus 
oj2inalis Fr.] (1) and caperatic acid, the mono 
methyl ester of norcaperatic acid ( wtetradecyl- 
citric acid), from the lichen Parnzelia caperata L. (2). 
More recently Miyata et al. (3) found the potassium 
salt of norcaperatic acid to be present in the mush- 
room CanthurellusJEoccosus Schw. and suggested that 
this compound may be responsible for the reported 
toxicity of the mushroom. 


Polyporus fibrilloms Karst. [syn. : Pycnoporellus 
jibrillosus (Karst.) Murr. and Polyporus aurantiacus 
Peck] is considered an uncommon mushroom and 
belongs to  the order Polyporales (4). An examina- 
tion of the literature for substituted citric acid 
derivatives occurring in the Polyporales revealed 
that only two such compounds, agaricic (1) and 
norcaperatic acid (3), had been reported. In addi- 
tion to these two compounds, Birkinshaw et al. (5) 
reported the isolation of ungulinic acid, which bears 
a general structural relationship to these substituted 
citric acid derivatives, from the mycelium of Poly- 
porus resinosus Fr. [syn. : Polyporus benzoinus 
(Wahl.) Fr.] which had been grown in saprophytic 
culture. 


The structural formulas of agaricic acid (I) and 
norcaperatic acid (11) may be represented as: 


CH,-( CH2)n-CH-COOH 
I 
I 


HO-C-COOH 


Hz-C-COOH 


I, n 15 
11, n 13 


EXPERIMENTAL' 


Isolation and Characterization-A carpophore of 
Polyporus jibrillosus Karst. had been collected in the 
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1 The melting points are uncorrected and were determined 
using a Thomas-Hoover Unit-Melt capillary melting point 
apparatus. The IR spectra were taken in KBr pellets using a 
Beckman infrared spectrophotometer, model IR5A. The 
NMR spectra were determined on a Varian A-60 spectrom- 
eter in pyndine with tetramethylsilane as internal standard. 
The mass spectra were obtained on a C.E.C. No. 21-103 and 
quantitative elemental analysis was performed by Sch&arz- 
kopf Microanalytical Laboratory. 


vicinity of Damngton, Wash., in September 1965. 
The carpophore was orange-red in color and was 
found attached to a fallen coniferous tree. The 
carpophore was dried in a forced-air drying oven at 
48' for 48 hr., ground to a 60-mesh powder in a 
Wiley laboratory mill, and subjected to  a selective 
solvent extraction in a Soxhlet apparatus employing 
a sequence of petroleum ether, ether, chloroform, 
and 95% ethanol. 


A total yield of 31 g. (22y0, dry weight basis) of a 
white microcrystalline material was obtained from 
the ether extract. The isolated material was found 
to  be insoluble in cold water but soluble in 5% 
sodium hydroxide, boiling water, acetone, ethanol, 
and pyridine. 


Partial purification of this material was accom- 
plished by repeated recrystallization from boiling 
water, which resulted in a compound that exhibited 
a melting range of 132-135'. Final purification was 
obtained by solubilizing the compound in acetone, 
mixing with activated carbon, and filtering. The 
solvent was evaporated under pressure at 50' and 
the resulting compound recrystallized 3 times from 
boiling water. The compound was dried at room 
temperature and a portion of the isolated compound 
was further dried in a drying pistol for a 24-hr. 
period a t  65'. 


Qualitative elemental analysis revealed the ab- 
sence of nitrogen, sulfur, and halogens and a m.p. 
of 137-138' was observed. A small amount of the 
compound was placed on a spatula and ignited in a 
flame. No residue was observed, indicating that the 
isolated compound was not a salt. An IR spectrum 
of the compound in a KBr pellet suggested the pres- 
cnce of (OH), (CHz), and (C=O) groups: Y~.. 
3,500, 2,850, and 1,720 ern.-'. The modified Furth- 
Herrmann color reaction test (3, 6, 7) for aliphatic 
polycarboxylic acids was applied to  the isolated 
compound and a positive test was obtained when a 
few milligrams of the compound was dissolved in 3 
drops of pyridine and 3 ml. of acetic anhydride 
added. 


The results of the IR spectrum, solubility. ignition, 
and color reaction tests of the isolated compound 
indicated that it was probably an aliphatic hydroxy 
carbonyl compound. 


Identification of the Isolated Compound-Authen- 
tic samples of both agaricic and norcaperatic acid 
were obtained and a comparison of the isolated com- 
pound with those of the two authentic samples was 
conducted. The IR absorption spectrum of the iso- 
lated compound was found t o  be identical to that of 
norcaperatic acid. The observed m.p. (137-138') 
of the isolated compound was identical to  that of 
norcaperatic acid and a mixed m.p. with norcapera- 
tic acid resulted with no depression of the original 
m.p. A parent peak was not obtained from the mass 
spectra of these compounds but the fragmentation 
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patterns for both norcaperatic acid and the isolated 
compound were identical. Peaks a t  m/e = 29, 43, 
57, 59, 85, 99, 113, 126, 299, 308, and 326 were 
consistent with the structure of the molecule. The 
NMR spectra of both the isolated compound and 
norcaperatic acid were found to be identical and 
were in agreement with that reported by Miyata 
et al. (3) for norcaperatic acid. A ratio of 3:29 
was obtained by the integration of the combined 
signals of the protons on the 0 and y carbons and 
the protons on the aliphatic side chain. The ab- 
sence of a methyl ester function in the infrared, 
mass, and NMR spectra excluded the possibility of 
the isolated compound being caperatic acid. 


The potassium salt of the isolated compound was 
prepared as described by Miyata et al (3). The 
observed m.p. (173-174’) of the prepared salt was 
identical to that reported for the potassium salt of 
norcaperatic acid. A mixed m.p. with a sample of 
the reference compound resulted with no depression 
of the original m.p. 


Quantitative elemental analysis of the prepared 
salt gave the following results. 


Anal.-Calcd. for CeoHaaKO?: C, 56.31; H, 8.27. 
Found: C, 55.97; H, 8.33. 


RESULTS AND DISCUSSION 
A 22% yield of norcaperatic acid was obtained 


from the ether extract of P. jibrillosus. The identifi- 
cation of the acid was established by its solubilities, 
its physical and chemical properties, and by direct 
comparison with reference compounds. This marks 
the first reported occurrence of norcaperatic acid in 
a Polyporus species. 


The very high concentration of norcaperatic acid 
in P. fibrdlosus is reminiscent of the reported con- 
centration of agaricic acid (l8yO, dry weight basis) 
in F. oJicinalis. There appears to be no apparent 
function for these compounds in the respective fungi 
other than that of waste products. Nord (8) has 
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suggested that many of the metabolites produced in 
yields exceeding functional requirements, or for 
which there is no apparent function, accumulate be- 
cause some of the enzyme systems involved in the 
oxidative sequence become saturated with respect 
to their substrates. 


The occurrence of norcaperatic acid in the genus 
Polyporus may possibly be restricted to only P .  
fibrillosus since Overholts (4) indicated that this 
species has no close relatives and numerous other 
phytochemical investigations (9, 10) have not re- 
vealed the presence of this type of acid in other 
Polyporus species. 
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Utilization of the Guggenheim Method in Kinetics 
By PAUL J. NIEBERGALL and EDWIN T. SUGITA 


The Guggenheim method for the evaluation of rate constants is shown to be ap- 
plicable to a wide range of problems that are of pharmaceutical interest. These 
include reaction kinetics in which more than one product is produced from a com- 
mon reactant, consecutive first-order reactions, dissolution followed by partitioning 
into a lipid phase, the use of dissolution kinetics to obtain drug solubility, and the 


analysis of drugs through kinetics. 


IRST-ORDER chemical reactions are frequently F followed by directly measuring x ,  the concentra- 
tion reacted, and then obtaining the rate constant by 
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plotting the logarithm of a - x versus time, where a 
is equal to the initial concentration of the reactant. 
Alternately, some physical property, P, which is 
proportional to concentration may be used, and a 
plot of log (P - P,) or log (P, - P) versus time is 
used to obtain the rate constant. One objection to 
this is that overemphasis is placed upon the initial 
concentration or the time infinity reading of the 
physical property. A further difficulty arises when 
either the initial concentration or the final reading of 
the physical property cannot be obtained. In order 








Drug Biotransformation Interactions in Man I 
Mutual Inhibition in Glucuronide Formation of Salicylic Acid 


and Salicylamide in Man 


By GERHARD LEVY and JOSEPHINE A. PROCKNAL 


Co-administration of salicylamide (SAM) and sodium salicylate to healthy adult 
humans resulted in a pronounced decrease in the formation of the lucuronides of 
these two drugs. This is thought to be due to a limited capacity i%r glucuronide 
conjugation in man and/or to the uncouplin action of salicylate on oxidative phos- 
phorylation. Salicylate may inhibit also the krmation of SAM sulfate; it has no effect 
on the excretion rate constants of SAM glucuronide and SAM sulfate in the doses used 
in the investigation. The results of this study indicate that concomitant use of cer- 
tain drugs which are readily available to the public may lead to appreciable inter- 


actions in biotransformation and to enhanced pharmacologic effects. 


LINICAL PHARMACOLOGIC STUDIES in recent C years have led to a recognition of the impor- 
tant role of drug interactions in therapy and in 
toxicology (1). Most of these studies have 
dealt with enzyme induction (2), but the role of 
competitive and noncompetitive inhibitory effects 
on drug biotransformation and excretion pro- 
cesses is also being recognized. It is now evident 
that a number of important drug biotransforma- 
tion processes in man have a relatively limited 
capacity (3-6). This in itself is not surprising 
since drug biotransformation involves enzymic 
reactions, but it was not realized until recently 
that “saturation” effects may be encountered 
when drugs are given in the usual therapeutic 
dose range. It may be expected that co-adminis- 
tration of two or more drugs which share a bio- 
transformation pathway of low capacity will lead 
to competitive inhibition of the formation of the 
respective metabolites. Consequently, there will 
be a change in quantitative composition of 
metabolites and a decrease in the elimination 
rate of one or both of the drugs. This can result 
in enhanced pharmacologic activity or, if the 
metabolite produced by the capacity-limited 
process is the pharmacologically active species, 
in a dccrease of the pharmacologic activity of a 
drug. An exploration of the mutual pharma- 
cokinetic effects of drugs sharing a biotrans- 
formation route of low capacity in man is there- 
fore highly pertinent. Such effects have obvious 
implications with respect to drug safety since they 
may lead to adverse reactions and intoxications ; 
it should be recognized, however, that the judici- 
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ous and informed use of such drug combinations 
may also result in safer and more effective medica- 
tion. Finally, the study of drug metabolism 
interactions represents an effective research ap- 
proach for identifying possible differences in the 
rate-limiting step in the formation of metabolites 
of different drugs which apparently share the 
same biotransformation pathway. This report is 
the first of a series from this laboratory in which 
studies of such drug interactions will be described. 
It is concerned with what is generally considered 
to be the most important, versatile, and ubiq- 
uitous drug biotransformation pathway in man, 
the formation of glucuronides. The relevance of 
such studies is emphasized further by the nature 
of the two drugs utilized in the investigation- 
salicylate and salicylamide-since they are among 
the most widely used and most readily available 
to the public. 


EXPERIMENTAL 


Healthy, male, ambulatory human subjects re- 
ceived orally 0.6 g. salicylamide in one test, and 
the same dose of salicylamide 2 hr. following oral 
administration of 2.32 g. sodium salicylate (equiva- 
lent to 2 g. salicylic acid) in another test. Both 
tests were initiated in the morning on an empty 
stomach. Food was withheld for at  least 2 hr. after 
drug administration. Both drugs were given in 
aqueous solution. Urine was collected every 30 min. 
for the first 4-8 hr., then at  longer intervals for a 
total of 24 hr. From 50 to 100 ml. water was ingested 
after each urine collection to  assure adequate 
urine output. The urine samples were stored in a 
freezer until assayed. 


Assay Methods for Salicylic Acid and Its Metabo- 
lites-Salicylic acid and its major metabolites in 
urine were determined by a further modification of 
the Smith et al. (7)  modification of the colorimetric 
method of Brodie et al. (8) for the determination of 
salicylic acid in plasma. In essence, the procedure 
as used in the study reported here consists of (a) 
determination of salicylic acid (SA) by extraction of 
the sample with carbon tetrachloride and reextrac- 
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tion into ferric nitrate reagent solution, (b)  deter- 
mination of the absorbance due to both S A  and 
salicyluric acid (SU) by extraction of the sample with 
ethylene dichloride and reextraction into ferric 
nitrate solution, and (6) determination of total sali- 
cylates [i.e., SA, SU, and salicylic glucuronides 
(SAG)] after complete acid hydrolysis of these 
metabolites to SA, followed by step a. SU content 
is calculated by difference of a from b, and SAG 
content is obtained by subtracting SA and SU 
values from c. 


The major difference between the method of 
Smith et ul. (7) and the method described here is 
based on studies in this laboratory which have shown 
that SU does not partition to  any significant extent 
into carbon tetrachloride. Partition coefficients of 
SU between 0.1 N HCl and various organic solvents 
were determined with a pure sample of SU obtained 
after several recrystallizations from water and 
ethanol-chloroform mixture and found free of im- 
purities by thin-layer chromatography, elemental 
analysis, and by examination of the infrared spec- 
trum. These partition coefficients are listed in 
Table I. The lack of significant partitioning of SU 
into carbon tetrachloride even in the presence of SA 
is evident from the data shown in Table 11. The 
apparent extraction of SU by carbon tetrachloride 
reported by Brodie el ul. (8) and Smith el al. (7) 
was probably due to contamination of their sample 
(both groups used material from the same source) by 
about 5y0 SA. The other modification of the method 
of Smith et ul. (7) was to hydrolyze SA metabolites 
totally rather than partially, since differences in 
heating and cooling rates can affect the degree of 
partial hydrolysis, and thus the reproducibility of 
the assay results. 


Procedure A-The concentration of SA in urine 
is determined as follows: 2 ml. of the urine sample 
(diluted with water if necessary), 0.5 ml. 6 N HC1, 
and 30 ml. carbon tetrachloride are placed in a glass- 
stoppered bottle. After shaking vigorously for 5 
min., the mixture is transferred to a centrifuge tube, 
centrifuged to separate the phases, and the urine 
phase is aspirated and discarded. Ten milliliters 


TABLE I-PARTITION COEFFICIENT OF SALICYLURIC 
ACID IN SEVERAL ORGANIC SOLVENTS' 


Partition 
Coe5cient 


Solvent (Organic/Aqueous) 
Carbon tetrachloride <0.002 
Chloroform 0.05 
Ethylene dichloride 0.15 
Ether 4.0 


' Solutions of 100-mg. % salicyluric acid in 0.1 N HCl were 
equilibrated with equal volumes of organic solvent at room 
temperature. 


TABLE 11-DETERMINATION OF SALICYLURIC ACID 
IN THE PRESENCE OF SALICYLIC ACID 


1331 


of the organic phase and 5 ml. of ferric nitrate re- 
agent solution are placed in a glass-stoppered cen- 
trifuge tube which is shaken vigorously for 5 min. 
After centrifuging if necessary to separate the layers, 
a portion of the aqueous phase is removed and its 
absorbance is determined a t  530 mp. A reagent 
blank value is obtained by using distilled water in 
place of the urine sample and applying the same 
procedure. The ferric nitrate reagent solution is 
freshly prepared by diluting 5 ml. of ferric nitrate 
stock solution [LOYO Fe(NO&in0.07 N HNOa] with 
distilled water to 100 ml. All chemicals and solvents 
should be of rsagent grade quality. An aqueous 
solution containing 10 mg.% SA, when subjected 
to the above procedure, yields an absorbance in 
the ferric nitrate reagent phase of about 0.14 in 
cells of 1-cm. path length. 


Procedure B-Salicyluric acid is determined by 
essentially the same procedure as that described for 
SA, except that reagent grade ethylene dichloride 
is used instead of carbon tetrachloride. To account 
for the contribution of SA to the absorbance of the 
ferric nitrate reagent phase, 1.06 times the absorb- 
ance value obtained in Procedure A is subtracted. 
Multiplication by 1.06 corrects for the small dif- 
ference in the partitioning of SA when using carbon 
tetrachloride and ethylene dichloride, respectively, 
for the extractions. This difference has been con- 
stant and reproducible during the several years 
that the procedure has been used in this laboratory. 
A solution containing 10 mg.% SU yields an absorb- 
ance of about 0.059 in the ferric nitrate reagent 
phase (1-cm. cell path length) while a lO-mg.% 
solution of SA produces an absorbance of about 0.15 
in the procedure described here. Table I1 shows 
the results of assays of solutions containing known 
concentrations of both SA and SU. 


Procedure C-Total salicylate in the urine is 
determined by hydrolyzing SU and SAG to SA. 
Three milliliters of the urine sample and 3 ml. of 
concentrated hydrochloric acid are heated in a 
sealed 20-ml. ampul a t  100' for 16 hr. This length 
of time is necessary to bring about an essentially 
complete hydrolysis of SU to SA. Two milliliters 
of the hydrolyzed solution is then analyzed for SA 
by Procedure A. The concentration of SAG in the 
sample is determined by subtracting the sum of the 
SA and SU concentrations (the latter corrected for 
molecular weight by multiplying by 0.708) from the 
total SA concentration of the hydrolyzed sample.' 


(SU)] where the terms in parentheses denote con- 
centrations in metric (rather than molar) units, 
and (SAG) is expressed in terms of (SA). Urine 
blanks are usually somewhat less than 1 mg./hr. 
apparent total SA. The recovery of total salicylate 
following an oral dose of SA or aspirin has been 
consistently between 95 and 100% under properly 
controlled experimental conditions ( i .e . ,  when 
complete urine collections could be monitored in 
the laboratory or in a clinical research center). 
When the dose of SA exceeds 1 g. in adults (and 
proportionately less in infants and children), 
gentisic acid (GA) determinations are necessary to 
account adequately for the administered dose. 


Thus, (SAG) = (SAstal) - [(SArree) + 0.708 


Composition of Solutions, 
-mg. %--- -Pound. mg. %'- 


Salicylic Salicylurrc Salicylic Salicyluric 
Acid Acid Acid Acid 


0 25 0 24.5 
5 25 5.07 24.5 ~ ~. -~ - ~~ 


10 25 10.0 24.6 
25 25 25.1 24.1 
50 25 50.7 24.5 


1 Determination of SAG by enzymatic hydrolysis for 16 
hr. with 8-glucuronidase yields results which are about 20.% 
lower than those obtained by acid and heat hydrolysls. 
This appears to be due to the rather slow rate of the enzymic 
reaction. ' Average of two determinations. 
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TABLE 111-VERIFICATION OF ASSAY METHOD FOR SALICYLATE AND ITS METABOLITES AND SALICYLMDE 
AND ITS METABOLITES IN URINE: SAMPLES CONTAINING BOTH GROUPS OF SUBSTANCES 


Concentrations, as mg. % SA or SAM Equivalent 
,---A- 7 B -  
Urine After Urine After 
Salicylate Salicylamide -Equal parts, A f B- 


Metabolite0 Sample6 Admin. Admin. Assay Theoretical 
SAMG 


SAMS 


SA 


SAG 


I 
I1 
I 


I1 
I 


0 .2  6.9 
0 .3  12.7 
0.1 9.1  
0 . 2  8.7  
0.6 0.3  


3.5 
6.5 
4 . 4  
4 . 4  
0.4 


3 . 6  
6 . 5  
4.6 
4 . 4  
0 . 4  


TIT 1.6  0.7 1.1 1.1 _ _ _  
I1 
I 


I11 


~. - 
2.1 
2.7 
6 .1  


0.8 
0.0 
0.0 


1.5 
0.9 
2.5 


~. ~ 


1.5 
1 . 4  
3.0 


I1 8 . 1  0.0 3.5 4 . 0  
SU I1 17.8 0 .6  9 .8  9 . 2  


I 21.3 0.3  11.0 10.8 
I11 34.1 0 . 5  16.8 17.3 


a SAMG, salicylamide glucuronide; SAMS, salicylamide sulfate; SA, salicylic acid; SAG, salicylic glucuronides; SU, sali- 
cyluric acid. * Roman numerals refer to a specific urine sample obtained after either SA or SAM administration. 


This is due to saturation effects with respect to 
SU formation, resulting in an increase in the fraction 
of the dose metabolized to  other products. GA is 
determined by the method of Becher (9). Experience 
has shown that the concurrent assay of reference 
solutions containing known concentrations of GA 
is desirable to achieve satisfactory results. 


Assay Methods for Salicylamide and Its Metabo- 
lites-The procedures were those of Levy and 
Matsuzawa (5) with minor modifications. In the 
determination of total salicylamide (SAM), carbon 
tetrachloride was substituted for ethylene dichloride. 
In  the assays of SAM glucuronide and SAM sulfate, 
the pH after enzymic hydrolysis was adjusted to  6.5 
with 0.1 N sodium hydroxide solution instead of 
adding phosphate buffer. Gentisamide (GAM) was 
determined as such (rather than as GA). In this pro- 
cedure, 3 ml. of urine sample, 2 ml. of pH 4.5 acetate 
buffer (0.4 M), and 2 ml. of beef liver beta-glucuroni- 
dasel are incubated a t  37" for 48 hr. After adjust- 
ing the pH to 6.0 with 0.1 N NaOH solution, enough 
water is added to yield a total volume of 10 ml. 
Twenty milliliters reagent grade ether is added and 
the mixture is shaken for 5 min. Fifteen milliliters 
of the ether phase is extracted with 6 ml. of a 5% 
solution of sodium bicarbonate. To 4 ml. of the 
aqueous phase are added 1 ml. of concentrated HCI 
and 1 ml. of Folin-Ciocalteu reagent and the ab- 
sorbance of this solution is determined 20 min. 
later a t  750 mp. Reagent blanks (using water instead 
of a urine sample) and controls are run concurrently. 


Determination of Salicylic Acid, Salicylamide, and 
Their Metabolites in the Presence of One Another- 
The difference in the pKa of SA, SU, and SAM 
affords selective extraction of the latter at pH 6.5 
from aqueous solution. Total SAM is determined 
by extraction of free SAM following enzymic hy- 
drolysis with beta-glucuronidase and sulfatase. 
Absorbance values in the determination of SA and 
SU (Procedures A and B) are corrected for the con- 
tribution by SAM. These corrections are negligible 
and essentially equal to  urine blank values since 
practically no free SAM appears in the urine. Total 
SA from salicylate and its metabolites is determined 
in the presence of SAM metabolites by subtracting 
the SA equivalent of the total SAM obtained by 
beta-glucuronidase and sulfatase hydrolysis from 


2 Ketodase, Warner-Chilcott, Morris Plains, N. J. 


the total SA obtained by hydrolysis of both SA and 
and SAM metabolites to SA. The analytical pro- 
cedures were checked by separately assaying urine 
samples obtained following SA administration and 
samples obtained following SAM administration, 
and then assaying mixtures of equal parts of these 
urines. Table I11 shows results obtained at low 
concentrations of SA and SAM metabolites, i.e., 
under the most difficult conditions. 


RESULTS AND DISCUSSION 


Salicylic acid is eliminated in man mainly by 
formation of salicyluric acid, by renal excretion of 
free drug, and by glucuronide conjugation (10). 
Salicylamide is metabolized to the sulfate, the 
glucuronide, and to gentisamide; excretion of free 
salicylamide is negligible (5). Both drugs are 
subject to capacity-limited effects in their biotrans- 
formation in man even in the usual therapeutic dose 
range. This involves the conjugation of salicylate 
with glycine to form salicylurate (3, 11) and the 
formation of salicylamide sulfate from salicylamide 
(5). It has been reported that at high levels of 
salicylamide, saturation of the glucuronide forma- 
tion process also becomes evident (12). The elimina- 
tion of salicylate in man is considerably slower 
than that of salicylamide and the experimental 
design of the study reported here was based on this 
consideration. Salicylate was administered 2 br. 
before salicylamide; body levels of the former de- 
clined by less than 25y0 in the period of time when 
salicylamide and its metabolites were present in 
the body. The effect of salicylamide on the forma- 
tion of salicylic glucuronides is shown in Figs. l 
and 2 for two subjects. Similar results were obtained 
in the third ~ u b j e c t . ~  The excretion of salicylic 
glucuronides decreased precipitously shortly after 
salicylamide administration and returned to normal 
levels within about 2 hr. The short duration of the 
salicylamide effect is due to the rapid elimination of 
this drug. Figure 2 shows also the time course of 
salicylurate excretion following salicylate adminis- 
tration. The excretion rate of this metabolite was 
essentially constant during the first 12 hr., reflecting 
the limited capacity of man to form salicylurate 


. 


8 Graphs of all the individual data are not shown due to 
space limitations but are available from the authors upon re- 
quest. 
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The effect of salicylate on the excretion of sali- 
cylamide glucuronide is shown in Fig. 3 for one of 
the subjects and is representative of the data ob- 
tained in all three subjectsa There was a pro- 
nounced decrease in the excretion of salicylamide 
glucuronide in the presence of salicylate. Since the 
excretion of salicylamide conjugates is excretion 
rather than formation rate limited (5,  13), the 
terminal phase in the excretion rate plot reflects 
the excretion kinetics of the respective metabolite. 
Figure 4 is a semilogarithmic plot of salicylamide 
glucuronide excretion rate in the terminal excretion 
phase as a function of time. Each of the curves in 
the figure is displaced on the time axis relative to 
the others to  facilitate comparison of slopes. It is 
evident that the excretion half-life of salicylamide 
glucuronide is about 0.8 hr. and that salicylate has 
no effect on this process. Therefore, the pronounced 
decrease in the excretion of salicylnnide in the 
presence of salicylate is due to decreased formation 
of salicylamide glucuronide. This conclusion is 
substantiated by the lower total recovery of salicyl- 
amide glucuronide in the presence of salicylate 
(Table IV). 


Figure 5 shows the excretion rate of salicylamide 
sulfate in one of the subjects following administra- 
tion of salicylamide alone or in the presence of 
salicylate. Similar data were obtained with the 
other s ~ b j e c t s . ~  Figure 6 is a semilogarithmic 
plot of salicylamide sulfate excretion rate as a 
function of time in the terminal phase of the process, 
representing an excretion half-life of about 1 hr. 
While salicylate has no effect on the process of 
excretion of salicylamide sulfate, there may be an 
inhibition of sulfate formation since the miximum 
excretion rate of salicylamide sulfate was consistently 
decreased in the presence of salicylate. This in- 
hibition is also suggested by the data in Table IV, 
which shows the total composition of the urinary 
excretion products of salicylamide when given alone 
and with salicylate. While the output of salicyl- 
amide glucuronide decreased by about 100-mg. 
salicylamide equivalent in the presence of sslicylate, 
the output of salicylamide sulfate increased by only 
about 20-mg. salicylamide equivalent. The major 
increase was in gentisamide output, which is usually 
very small when this dose of salicylamide is ad- 
ministered alone. Unfortunately, gentisamide 
output was determined only when salicylamide and 
salicylate were given together, but an estimate of 
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L 4 6 8 10 I2 14 


TIME, hrs. 


Fig. 1-Excretion rate of salicylic glucuronides follow- 
ing oral administration of 2.32 g .  sodium saluylate. 
Arrow indicates time when 0.6 g .  salicylamide was 


taken. Subject A .  


w 


2 4 6 8 10 12 14 


TIME, hrs. 


Fig. 2-Excretion rate of salicylic glucuronides follow- 
ing oral administration of 2.32 g .  sodium salicylate. 
Arrow indicates time when 0.6 g .  salicylamide was 
taken. Subject €3. Upper curve shows urinary excre- 
tion rate of saluyluru acid. Note lack of efect of 


salicylamide on the latter. 


c 


g m .  
I 
t 


150- 


z 
1 
0 


a 
100- 


E 


I 
I P 3 4 


TIME, hrr. 


Fig. 3-Excretion rate of salicylamide glucuronide fol- 
lowing oral administration of 0.6 g .  salicylamide alone 
(w)  and 2 hr. after 2.3Pg. sodium salicylate (a). Sub- 


ject A .  


(3, 11). Salicylamide, which is not conjugated with 
glycine, had no effect on this process in any of the 
subjects. 


T I I E .  I MVISION - 110.1 


Fig. 4-Semilogarithmic plot of the terminal phase of 
saluylamide glucuronide excretion following oral at.- 
ministration of salicylamde alsne (I) and 2 hr. after 
salicylate (0) .  Letters identify data from subjects A ,  


B,  and C. 
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TABLE IV-EFFECT OF SALICYLATE ON THE METABOLIC FATE OF SALICYLAMXDE IN MAN' 


r Urinary Excretion Productsb, mg. SAM Equivalent - 
Sub- Age, Weight, ,-Total Recovery- 4 A M G -  ---SAMS--- YGAM- 
ject Sex yr. kg. Controlc WithSAd Control WithSA Control WithSA Control" With SA 
A M 39 81 569 548 374 226 196 268 <31 54 
B M 31 57 588 577 394 325 195 174 <12 78 
C M 27 86 550 590 326 234 224 233 <50 122 


Mean 569 572 365 262 205 225 <31 85 


0.6 g. salicylamide administered orally alone or 2 hr. following 2.32 g. sodium salicylate. * SA, salicylate; SAM, salicyl- 
Excluding GAM. Including amide; SAMG, salicylamide glucuronide; SAMS, salicylamide sulfate; GAM. gentisamide. 


GAM. Estimated maximum value, dose - (SAMG + SAMS). 


90 I 


f /  
I 


I 2 3 4 
TIME, hrr. 


Fig. &-Excretion rate of salicylamide sulfate following 
oral administration of 0.6 g .  salicylamide alone (m) 
and 2 hr. after 2.32 g .  sodium saluylate (o) ,  Subject A .  


the maximum possible gentisamide output from 
salicylamide in the absence of salicylate has been 
obtained by subtracting the output of salicylamide 
glucuronide and sulfate from the total dose. While 
the lack of a significant increase in salicylamide 
sulfate formation may be due to the limited capacity 
of the body to form this metabolite (5), the de- 
creased maximum excretion rate in the presence of 
salicylate is suggestive of salicylate-induced inhibi- 
tion of sulfate formation. This problem is presently 
being studied in more detail. 


The most likely reason for the mutual inhibition 
by salicylate and salicylamide of the formation of 
their respective glucuronides appears to be competi- 
tion for uridine diphosphoglucuronic acid (UDPGA) 
or for UDP glucuronyl transferase, reflecting a 
limited capacity in man for glucuronide formation. 
Alternatively, or in addition, there may be a non- 
competitive inhibition by salicylate of the glucuro- 
nide formation process. It has been suggested that 
high levels of salicylate inhibit the formation of 
salicylic glucuronides in mice due to an uncoupling 
effect of salicylate on oxidative phosphorylation (14); 
preliminary observations in this laboratory suggest 
that high levels of salicylate inhibit salicylic glucuro- 
nide formation also in man. Aspirin in doses as 
low as 0.6 g. decreases appreciably the urinary 
excretion of endogenous corticosteroid glucuronide 
in man, but not the excretion of free corticosteroid 
(15). The uncoupling effect of salicylate is thought 
to be responsible also for the decreased biosynthesis 
of sulfate esters following salicylate administration 
to  rats (16); it  is not unreasonable to suspect that 
the same effect could result in an inhibition of 


TIME. I DIVISION=I hw 


Fig. 6-Semilogarithmic plot of the terminal phase of 
saluylamide sulfate excretion following oral adminis- 
tration of salicylamide alone (m) and 2 hr. after sali- 
cylate (0).  Letters identgy data from subjects A ,  B,  


and C. 
salicylamide sulfate formation in man. However, 
the results of the present study are only suggestive 
of salicylate-induced inhibition of salicylamide 
sulfate formation; the data can be explained also 
by assuming salicylate-induced delayed absorption 
of salicylamide although this latter possibility seems 
unlikely. The most important finding of this study 
is the pronounced mutual inhibition in the formation 
of glucuronides of and by two widely used and 
commonly available drugs given in usual therapeutic 
doses. One or both of these drugs is likely to have 
similar inhibiting effects on the glucuronide conjuga- 
tion of other drugs; this is now being investigated 
in this laboratory. There is thus the possibility for 
frequent occurrences of interactions in drug bio- 
transformation since many individuals taking 
prescribed drugs are also frequent users of mild 
analgesics, the latter being taken usually without 
knowledge of the attending physician. I t  is in- 
teresting also to speculate to what extent the many 
medicinal preparations consisting of combinations 
of salicylates with other drugs owe their enhanced 
effectiveness to a salicylate-induced inhibition of 
the elimination of one of these other drugs, rather 
than to  the direct pharmacologic effects of salicylate 
itself. 
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Effect of Complex Formation on Drug Absorption VII 
Effect of Complexation and Self-Association 


on the Absorption of Caffeine 


By RICHARD H. REUNING* and GERHARD LEVYt 


The effect of the formation of caffeine complexes having a higher a parent lipoid- 
aqueous partition coefficient than caffeine itself on the absorption ofthis dru from 
the rat stomach was investi ated. In one such system, caffeine-salicylic acid, tke sali- 
cylic acid actually decreasetthe absorption of caffeine due to an effect of the former on 
the gastric mucosa. In another such system, caffeine-p-hydroxybenzoic acid, thep-hy- 
droxybenzoic acid did not increase the absorption of caffeine. The intestinal transfer 
of caffeine alone was studied at low concentrations (where caffeine exists mainly in mo- 
nomeric form) and at high concentrations (where significant self-association occurs). 
The intestinal transfer rate constant of caffeine at high concentrations was signifi- 
cantly lower than at low concentrations. The mechanism of this effect was explored. 


N THE INITIAL studies in this laboratory of the I effect of complex formation on drug absorp- 
tion, it was found that complexation with caffeine 
decreased significantly the overall’ absorption of 
salicylic acid from the stomach of the rat (1). 
This effect was qualitatively consistent with the 
apparent lipoid-aqueous partition coefficient 
(PC) of salicylic acid. and of the caffeine-salicylic 
acid complex; the latter showed an appreciably 
lower apparent PC than the former. It ap- 
peared reasonable to assume that the absorption 
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of caffeine might be enhanced by complexation 
with salicylic acid, since this complex has a 
higher apparent PC than caffeine itself (1). 
Studies were therefore initiated to test this 
assumption. The investigation was then ex- 
tended to include a study of the caff eine-salicylate 
ion complex and the caff eine-p-hydroxybenzoic 
acid complex. The latter was of considerable 
interest since i t  has a higher apparent PC than 
caffeine as well as an appreciably higher stability 
constant than the salicylic acid-caffeine complex 
(2). In  the course of these studies i t  became 
apparent that the self-association of caffeine at  
high concentrations (3) can affect the absorption 
of this drug. Therefore, this effect was studied 
also. 


EXPERIMENTAL 


In Situ Gastric Absorption Rate Measurements- 
The procedure described previously by the authors 
(1) was followed with a few modifications. The 
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on the Absorption of Caffeine 
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The effect of the formation of caffeine complexes having a higher a parent lipoid- 
aqueous partition coefficient than caffeine itself on the absorption ofthis dru from 
the rat stomach was investi ated. In one such system, caffeine-salicylic acid, tke sali- 
cylic acid actually decreasetthe absorption of caffeine due to an effect of the former on 
the gastric mucosa. In another such system, caffeine-p-hydroxybenzoic acid, thep-hy- 
droxybenzoic acid did not increase the absorption of caffeine. The intestinal transfer 
of caffeine alone was studied at low concentrations (where caffeine exists mainly in mo- 
nomeric form) and at high concentrations (where significant self-association occurs). 
The intestinal transfer rate constant of caffeine at high concentrations was signifi- 
cantly lower than at low concentrations. The mechanism of this effect was explored. 


N THE INITIAL studies in this laboratory of the I effect of complex formation on drug absorp- 
tion, it was found that complexation with caffeine 
decreased significantly the overall’ absorption of 
salicylic acid from the stomach of the rat (1). 
This effect was qualitatively consistent with the 
apparent lipoid-aqueous partition coefficient 
(PC) of salicylic acid. and of the caffeine-salicylic 
acid complex; the latter showed an appreciably 
lower apparent PC than the former. It ap- 
peared reasonable to assume that the absorption 
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of caffeine might be enhanced by complexation 
with salicylic acid, since this complex has a 
higher apparent PC than caffeine itself (1). 
Studies were therefore initiated to test this 
assumption. The investigation was then ex- 
tended to include a study of the caff eine-salicylate 
ion complex and the caff eine-p-hydroxybenzoic 
acid complex. The latter was of considerable 
interest since i t  has a higher apparent PC than 
caffeine as well as an appreciably higher stability 
constant than the salicylic acid-caffeine complex 
(2). In  the course of these studies i t  became 
apparent that the self-association of caffeine at  
high concentrations (3) can affect the absorption 
of this drug. Therefore, this effect was studied 
also. 


EXPERIMENTAL 


In Situ Gastric Absorption Rate Measurements- 
The procedure described previously by the authors 
(1) was followed with a few modifications. The 
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female Wistar rats, 150-270 g., were anesthetized 
with urethan (1.25 g./kg. i.p.). After the rat 
stomach had been exposed, it was washed once 
with 0.9% sodium chloride solution prior to in- 
jection of the drug solution (37”) into the ligated 
stomach through the pyloric sphincter. All in- 
jections were made with a blunt-tipped needle 
which was withdrawn while tightening the ligature 
around the pyloric sphincter. The absorption 
period was 1.5 hr. for the caffeine-salicylic acid 
solutions and 1.0 hr. for the caffeine-p-hydroxy- 
benzoic acid solutions. At the end of the absorption 
period, the stomach was excised, homogenized, and 
the homogenate was assayed for unabsorbed caffeine 
and, when present, for ethanol. 


Assay for CaBleine in Stomach Homogenate-A 
modification of the method of Axelrod and Reichen- 
thal(4)  for the assay of caffeine in urine and biologic 
tissues was used. The stomach homogenate was 
adjusted to a volume of 50 ml. with water. To 15 
ml. of this diluted homogenate was added 25 ml. of 
0.1 M phosphate buffer, pH 7.5. A 3-ml. aliquot 
of this dilution (containing 3-5 mg.% caffeine) was 
placed in a 120-ml. glass-stoppered bottle along 
with 3 g. sodium chloride and 35 ml. washed b e n ~ e n e . ~  
After shaking for 20 min., the phases were separated 
by centrifuging a t  about 9OOXg for 20 niin. 
The benzene phase was transferred to another 120- 
ml. glass-stoppered bottle containing 3 g. sodium 
chloride and 3 ml. 0.1 N NaOH. After t h e  bottle 
had been shaken for 5 min., the phases were sepa- 
rated as before. Fifteen or 20 ml. of the benzene 
phase was then pipeted into a 125-1111. separator 
containing 10 ml. of 5 N HCl. After shaking for 
5 min., the separator was allowed to stand a few min- 
utes until the phases had separated. The aqueous 
phase was removed and centrifuged at  about 850 X 
g for 30 min. to remove any remaining nonaqueous 
material. An aliquot of the aqueous phase was 
then assayed spectrophotometrically at 273 mp. 
Blank values from tissues comprised about 7% of 
the usual absorbance and the average tissue recovery, 
after correction for blank values, was 96%. The 
amount of caffeine remaining unabsorbed was 
calculated from the concentration determined 
spectrophotometrically, the dilution factor of the 
assay procedure, and the corrections for blank and 
recovery. Each analysis was done in triplicate and 
the results were averaged. 


Assay for Ethanol in Stomach Homogenate- 
Ethanol was determined by the method of Hoult 
and Pawan (5) as modified previously (6). It was 
found that neither caffeine nor salicylic acid inter- 
feres with this assay. 


Partition Coefficients-The partition coefficients 
of p-hydroxybenzoic acid and caffeine between 
0.1 N HC1 and isoamyl acetate were determined a t  
room temperature as described previously ( 1). 
Assays of the aqueous phase were done spectro- 
photometrically at 255 and a t  273 mp, respectively, 
using 0.1 N HC1 as the diluent. When both drugs 
were present together, two-component spectro- 
photometry was used a t  these wavelengths. In the 
concentration range of the spectrophotometric assay 
the absorbances of the two drugs were additive. 


-- 
2 Multi-mix Homogenizer, Lourdes Instrument Corp., 


8 Reagent grade benzene was washed successively with 0.2 
Brooklyn. N. Y. 


vol. of 1 N NaOH, 1 N HCl, and twice with distilled water. 
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The partition coefficients of caffeine between 
distilled water or Ringer’s solution and chloroform 
1Oyo (v/v)  in isooctane were determined at  30” as 
described by Guttman and Higuchi (3). The 
concentration of caffeine was determined spectro- 
photometrically in each phase. 


In Vitro Intestinal Transfer Rate Measurements 
(CaffeineFThe procedure outlined by Levy and 
Matsuzawa (7) was used. This is essentially the 
cannulated everted intestine method developed by 
Crane and Wilson (8). Male Long-Evans rats, 
weighing 330-470 g., were anesthetized with ether. 
The small intestine was removed, rinsed with 
Ringer’s solution, and everted. Two segments, 
10 cm. in length when stretched by an 8-9. weight, 
were obtained from the section of the small intestine 
just distal to  the duodenum. The distal ends of 
the segments were tied and the proximal ends were 
attached to the cannula of the apparatus described 
by Crane and Wilson (8). An equal number of first 
(from the proximal end) and second intestinal 
segments was used in each part of the experiment. 
Each segment was suspended in 80 ml. of caffeine 
in Ringer’s solution (at  30’) contained in a large 
test tube (mucosal solution). Two milliliters of 
Ringer’s solution was introduced into the intestinal 
segment (serosal solution).* The serosal solution 
was withdrawn completely every 10 min. After 
each withdrawal the serosa was rinsed with 2 ml. 
of Ringer’s solution and this rinse was combined 
with the solution withdrawn initially. Another 2 nil. 
of Ringer’s solution was then placed into the in- 
testine t o  serve as  the serosal solution for the next 
10-min. interval. The everted intestinal segment was 
susgended for 1 hr. in a solution containing a high 
caffeine concentration, for an additional hour in a 
solution containing a low concentration of caffeine, 
and then again for 1 hr. in the solution containing 
a high concentration of caffeine. A different 
sequence was used with other intestinal segments. 
This “pairing” minimizes the effect of variability 
between segments from different rats which may be 
due particularly to  differences in diameter and sur- 
face area of the segments. 
Assay for CaiTeine in Serosal Solution from the 


Cannulated Everted Rat Intestine-Caffeine was 
determined by direct spectrophotometry without 
prior extraction. At the higher caffeine concentra- 
tion of the mucosal solution (0.120 mole/l.) the 
serosal samples were simply diluted with water and 
their absorbance was determined a t  273 mp. At 
the 0.005 mole/l. concentration, however, it  was 
necessary to correct for the interference from the 
blanks by two-component spectrophotometry at 
273 and 299 mp. This was done on the basis of a 
ratio of 1.5: 1 for the absorbances of the blank at 273 
and 299 mp. The average recovery of caffeine in 
the concentration range where corrections were 
necessary was 101 %. 


Test for Transport Against a Concentration 
Gradient-The everted sac method described by 
Wilson and DeCarlo (9) was used. The intestine 
of the rat was removed, rinsed, and everted as 
described in a preceding section. One everted sac, 
about 6 cm. in length, was prepared from the proxi- 


4 The pH values of the serosal and rn-icosal solutions at the 
end of the absorption period ranged from 5.0 to 6.3. In this 
range caffeine is nonionized. 


6 “hlank” refers to apparent caffeine values obtained in 
experiments in which caffeine-free solvents were used. 
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ma1 portion of each rat intestine. The everted sac 
was filled with 1 ml. of p H  7.4 Krebs-Henseleit 
Ringer solution (10) containing 0.005 M caffeine 
(serosal solution). The sacs were then placed in 
15 ml. of the same solution (mucosal solution) con- 
tained in 50-ml. conical flasks. The flasks were 
flushed with a mixture of 95% oxygen and 5% car- 
bon dioxide, sealed, placed in a 30" water bath, and 
agitated moderately by means of a reciprocating 
shaker. Aliquots of the mucosal and serosal solu- 
tions were obtained after 1 hr. of incubation and 
were assayed for caffeine using the two-component 
spectrophotometric analysis described in the preced- 
ing section. 


In Vitro Intestinal Transfer Rate Measurements 
(Caffeine in the Presence of Salicy1ate)-The 
procedure was essentially the same as that outlined 
in a preceding paragraph for caffeine except for the 
use of female Wistar rats and a Krebs-Ringer buffer 
( l l ) ,  adjusted with HC1 to p H  4, as the solvent for 
the mucosal solution. The mucosal solution con- 
sisted of 0.1% caffeine, alone or together with 0.3% 
salicylic acid. Some of the solutions also contained 
2% ethanol. The serosal solution consisted of pH 
7.0 Krebs-Ringer solution (11). Each experiment 
was carried out for 60 min. at 37", with sampling 
a t  15min. intervals. Caffeine was assayed by the 
method of Axelrod and Reichenthal(4) and ethanol 
by the method of Hoult and Pawan (5). 


Calculation of Intestinal Transfer Rate Constants 
-The application of Fick's first law (12) t o  the 
transfer of substances across a biologic membrane 
yields the following equation (13) : 
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TABLE I-EFFECT OF SALICYLIC ACID ON THE In 
Vivo ABSORPTION OF CAFFEINE AND ETHANOL FROM 


THE STOMACH OF THE RAT 


CI - cz R = k A -  


where R is the rate of diffusion across a barrier (e.g., 
the everted intestine) which may be expressed in 
units of mg./hr., k is a constant whose units are then 
cm.*/hr., A is the cross-sectional area of the dif- 
fusion barrier in cm.2, CI and CZ are the concentra- 
tions of drug in the source (mucosal) and receiving 
(serosal) compartments, respectively, in mg./cm.3, 
and x is the thickness of the barrier in cm. The 
transfer rate constant used in this study, k t ,  is 
defhed as: 


The units of k t  are then c ~ n . ~ / h r .  Total replace- 
ment of the serosal solution at short intervals (every 
10 min.) prevented any pronounced buildup of 
C, (<0.17 CI). Also, CI remained essentially con- 
stant during the experiment due to  the large 
volume of the mucosal solution. Thus, kr approxi- 
mates R/Cl under steady-state conditions. 


RESULTS AND DISCUSSION 


Caffeine-Salicylic Acid Complex-There are three 
likely mechanisms by which salicylic acid can affect 
caffeine absorption from the rat  stomach. First, 
the complex formed by these two drugs (2) may 
have an absorption rate constant different from that 
of caffeine itself. Since about 40% of the caffeine 
in the administered solution was in complexed 
form, a pronounced difference in the absorption rate 
constant of free and complexed caffeine would result 
in an appreciable difference in the overall absorption 


Ratio of To 
Absorbed 
Vaiues, 


Wrthoitt . . - __  - _ _  
Initial Salicylic 


Composition Acid : With 
of Solution" % Absorbedb in 1.5 hr. Salicylic Acid 


9% w/v Caffeine Ethanol Caffeine Ethanol .- . 
Caffeine, 0.2 37.1 (4.1) 55.9 (3.8) 
Ethanol, 2.0 


1 . 3  1 . 2  
Caffeine, 0.2 28.0 (4.0) 46.1 (6.1) 
Ethanol 2.0 
Salicylic' Acid, 


0.275 


a 0.1 N HCI was used a5 the solvent. Mean of the values 
from 6 rats, standard deviations in parentheses. 


rate of caffeine when administered alone and together 
with salicylic acid, respectively. Second, salicylic 
acid may have a direct effect on the permeability 
characteristics of the gastric mucosa, and third, it 
may affect the in vivo absorption rate of caffeine by 
a systemic effect such as a change in the rate of 
gastric blood flow. 


The effect of salicylic acid on caffeine absorption 
from the in situ ligated rat stomach is shown in 
Table I. It is evident that the absorption rate of 
caffeine was significantly decreased in the presence 
of salicylic acid ( p  <0.01, t test). However, the 
absorption of ethanol, which was included in the 
drug solutions as a noncomplexed marker, was also 
decreased in the presence of this concentration of 
salicylic acid (p <0.02, t test). For comparative 
purposes, the effect of salicylic acid on the absorp- 
tion of caffeine and ethanol was expressed in terms 
of the  ratios shown in Table I. It can benoted that  
salicylic acid decreased the absorption of both the 
complexed caffeine and the noncomplexed ethanol 
to  a similar extent. This indicates that  the decreased 
absorption of caffeine in the presence of salicylic 
acid was not due t o  complex formation. There 
was visual evidence of considerable gastric damage 
due to  salicylic acid ; the solutions containing 
caffeine, ethanol, and salicylic acids frequently 
caused gastric bleeding and ulceration, while no 
such effects were noted with solutions containing 
only caffeine and ethanol. There appeared to  be a 
rough inverse correlation between the absorption 
rates of caffeine and ethanol on one hand, and the 
extent of gastric bleeding on the other. It seems, 
therefore, that  the decreased absorption of caffeine 
in the presence of a relatively high concentration of 
salicylic acid was due to  an effect of salicylic acid 
on the gastric mucosa, and not to  an effect of com- 
plex formation per se. These results demonstrate 
the need to  distinguish between an effect of a 
complexing agent on the drug and a possible effect 
on the biologic membrane. They illustrate also the 
utility of a noncomplexed marker such as ethanol 
for this purpose.7 It should be noted, however, that 
ethanol is not necessarily a suitable marker for the 
assessment of effects on biologic membranes in- 
volving mechanisms other than bleeding and 
erosions (14). 


6 The drug solution was essentially saturated with respect 
to free salicylic acid in order to complex as high a fraction of 
caffeine as possible. 


7 The absorption of ethanol is not decreased at a lower 
salicylic acid concentration (0.1%) which does not cause 
visiblelmucosal damagel(l,\6). 
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Higuchi and Zuck ( 2 )  have estimated the stability 
constant of the caffeine-p-h ydroxybenzoic acid 
complex to  be at least 100 l./mole. This stability 
constant and the intrinsic solubility of p-hydroxy- 
benzoic acid are considerably higher than the corre- 
sponding values for the cafleine-salicylic acid com- 
plex and salicylic acid, respectively, and thus permit 
more extensive complexation of caffeine (a t  least 
83% in this experiment) than was possible with 
salicylic acid. It was observed also that P-hydroxy- 
benzoic acid, unlike salicylic acid, did not visibly 
damage the gastric mucosa. Complexation of 
caffeine with p-hydroxybenzoic acid increases 
the apparent partition coefficient of cde ine  to a 
value between that of free caffeine and free p-  
hydroxybenzoic acid, respectively (Table 111). 
Contrary to expectations, this increase in apparent 
partition coefficient was not accompanied by an 
increased gastric absorption rate (Table IV). 
This study was terminated when it was found that 
caffeine is definitely not more rapidly absorbed in 
the presence of p-hydroxybenzoic acid.8 The 
number of experiments was insufficient to  determine 
if the apparent decrease in the absorption of caffeine 
in the presence of the complexing agent was real 
(0.2 > p > 0.1, t test). A discussion of possible 
reasons for the observed results will be deferred to  
a following report which deals with another com- 
plexing system and includes data which permit a 
more definitive interpretation of the type of effects 
observed with the caffeine-p-hydroxybenzoic acid 
system. 


Effect of Self-Association on Intestinal Transfer 
of CafFeine-It is known that caffeine undergoes 
considerable self-association except a t  very low 
concentrations. Guttman and Higuchi (3) have 
made a n  extensive investigation of the equilibria 
involved in this system. Their data, which show a 
decrease in the apparent lipoidaqueous partition 
coefficient with increasing concentration of caffeine, 
suggest that caffeine exists only in monomeric form 
in the organic phase used in their study (chloro- 
form 10% v/v in isooctane), but that it also forms 
dimers and tetramers in water. These physico- 
chemical characteristics made a study of the effect 
of concentration on the absorption of caffeine 
across biologic membranes of interest. The everted 
small intestine of the rat was used in this study be- 
cause of the relative simplicity and sensitivity of 
this procedure.@ 


The results of two experiments, which involved 
the measurement of caffeine transfer rates from high, 
low, and high concentrations of caffeine (in that 
order) across an everted intestinal segment of the rat, 
are shown in Figs. 1 and 2. The data are plotted 
in terms of the ratio, transfer rate/mucosal con- 
centration (to be referred to as the transfer ratio), 
which, in the steady state and under sink conditions, 
is equivalent to the intestinal transfer rate constant 
as defined under Experimental. At the high concen- 
tration of caffeine (0.12 mole/l.), the transfer 
ratio increased with time until steady state was 


TABLE 11-EFFECT OF SALICYLATE ON THE TRANS- 


EVERTED INTESTINE OF THE RAT 
FER OF CAFFEINE ACROSS THE CANNULATED 


Transfer Transfer 
Rateb Rateb 


Composition of Caffeine, Ethanol 
Mucosal Solution,' yo mg./hr. mg./hr.' 


Caffeine, 0.1 2.38 67.6 
Ethanol, 2.0 2.06 C 


1.95 63.8 
Mean 2.13 65.7 


Caffeine, 0 . 1  2.06 69 .2  
Ethanol, 2.0 1.79 c 
Salicylic acid, 1.86 62.0 


Mean 1.90 65.6 
0 .3  


The solvent was Krebs-Ringer buffer adjusted to pH 4. 
Data from individual experiments, each bared on 4 samplings 


a t  15-min intervals. Ethanol was not included in these 
experiments. 


TABLE 111-PARTITIONING BEHAVIOR OF ~ - H Y -  
DROXYFIENZOIC ACID AND CAFFEINE, ALONE AND IN 


THE PRESENCE OF EACH OTHER 


of Aqueous Phase, % Coefficient" 
Initial Composition Apparent Partition 


Parahydroxybenzoic Acid 
p-Hydroxybenzoic acid, 0.1 11 
p-Hydroxybenzoic acid, 0.1 1 . 6  
Caffeine, 2.2 


Caffeine 
Caffeine, 0.194 0.40 
Caffeine, 0.194 0.54 
p-Hydroxybenzoic acid, 0.8 
Caffeine, 0.194 0.65 
P-Hydroxybenzoic acid, 4.P 


a Isoamyl a c e t a t d . 1  N HCl, at 25 f 2'. In this 
instance, it  was necessary to  dissolve the 9-hydroxybenzoic 
acid in the isoamyl acetate prior to  equilibration because of 
the limited aqueous solubility of this compound. 


TABLE IV-EFFECT OF p-HYDROXYEIENZOIC ACID 
ON CAFFEINE ABSORPTION FROM THE STOMACH OF 


THE RAT 


Initial Composition % Absorbedb 
of Solution," % in 1 hr. 


Caffeine, 0.2 32.7 (3.1) 


p-Hydrox ybenzoic 
Caffeine, 0.2 27.7 (4.5) 


acid, 0.83 
-- 


(I 0.1 N HCl was used as the solvent. Mean of the values 
from 4 animals, standard deviations in parentheses. 


Since caffeine forms a complex with salicylate 
ion having a stability constant similar to  that of the 
caffeine-salicylic acid complex (2), the study was 
repeated at pH 4 by means of the everted intestine 
procedure (8). The results of these experiments are 
shown in Table I1 and indicate that complexation 
with salicylate ion had no appreciable effect on the 
intestinal transfer of caffeine and certainly did not 
increase the transfer rate of this drug. Since about 
90% of the salicylate was in ionized form, it had 
no measurable effect on the permeability char- 
acteristics of the intestinal membrane, as reflected 
by the lack of any effect on the intestinal transfer of 
ethanol. It has recently been observed that caffeine 
has no effect on the intestinal transfer rate of salicylic 
acid at pH 5, but decreases the rate of transfer a t  
pH 2 (15). 
Caffeine-p-Hydroxybenzoic Acid Complex- 


8 This is particularly remarkable since as is shown in the 
subsequent section, a reduction in the ioncentration of un- 
complexed caffeine should, by decreasing the degree of caf- 
feine self-association, result in more rapid absorption of the 
uncomplexed drug. 


9 The absorption studies of the caffeincsalicylic acid and 
caffdn~p-hydrosybenzoic acid complesing systems had to be 
carried out on the ligated rat stomach rather than the everted 
rat intestine because of the need to use solutions of very low 
pH to prevent ionization of the two weak acids. 
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Fig. 1-Effect of concentration on intestinal transfer of 
caffeine. Transfer rate/mucosal concentration as a 
function of time, Exp. 1. The data were plotted at 
the midpoint of each 10-min. sampling period. The 
concentrations shown in the figure refer to caffeine 
concentration in the mucosal solution during the 
various time periods of the experiment. Values 
which were beyond the scale of the figure were: 17.1 


cm.s/hr. at 65 min. and 3.9 cm.a/hr. at 75 min. 
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Fig. 2-Effect of concentration on intestinal transfer of 
caffeine, Exp. 2. Details as in Fig. 1. The value 
which was beyond the scale of the figure was: 12.4 


cm.a/hr. at 65 min. 


reached. This is due to a gradual build-up of drug 
concentration within the intestinal wall (16). At 
the low caffeine concentration (0.005 mole/l.) 
following the high concentration, drug which had 
been retained in the intestinal wall from the preced- 
ing period gradually diffused out of the wall until 
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a new apparent steady-state concentration was 
attained. It is evident that the transfer ratio at the 
apparent steady state was considerably lower at 
the high concentration of caffeine than a t  the lower 
concentration. The similarity of the apparent 
steady-state transfer ratios in the first and third 
time periods indicates that intestinal permeability 
remained essentially constant during the 3-hr. 
experiment. The desirability of repeating the condi- 
tions of the first time period in a thud time period 
to assess any possible effect of caffeine on the in- 
tegrity of the intestinal mucosa made it necessary 
to limit each period to 60 min. Another indication 
that the intestinal membrane permeability remained 
essentially unchanged for the duration of the experi- 
ments in this study was provided by the results of 
preliminary experiments in which the plateau 
transfer ratio attained a t  about 30 min. (using only 
0.005 mole/l. caffeine in the mucosal solution) did 
not change significantly (<+7?&) in the following 
3.5 hr. 


Figures 3 and 4 show the results of experiments in 
which the sequence of caffeine concentration changes 
was reversed, i.e., the segments were suspended for 
1 hr. in a 0.005 molejl. caffeine solution, for a 
second hour in a 0.12 mole/l. caffeine solution, and 
iinally once more in a 0.005 mole/l. caffeine solu- 
tion. Again, the apparent intestinal transfer rate 
constant of caffeine was higher at low concen- 
trations than at high concentrations of the drug. 
However, the difference between the plateau trans- 
fer ratios in the first two time periods was not as 
pronounced in this series of experiments as in the 
series shown in Figs. 1 and 2. This may be due to 
two reasons: the initial exposure of the intestine 
to a high concentration of caffeine may cause an 
immediate increase in intestinal permeability which 
then remains constant throughout the experiment, 
or, the apparent plateau transfer ratio for caffeine 


I I 


I 
(0 120 100 
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Fig. 3-Effect of concentration on intestinal transfer of 
caffeine, Ex#. 3. Details as in Fig. 1. The value 
which was beyond the scale of the figure was: 12.7 


cm.'/hr. at 125 min. 
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TABLE V-PARTITION COEFFICIENT OF CAFFEINE 
BETWEEN DISTILLED WATER OR RINGER'S SOLUTION 


AND AN ORGANIC SOLVENT 


Initial Concn. Aqueous-Organic 
of Caffeine Apparent Partition 
in Aqueous Solvent, Aqueous C0e5cient ,~ 
Phase, yo Phase This Study Literatureb 


0.107 Distilled 26 25 


0.107 Ringer's 24 


2.14 Distilled 57 57 


2.14 Ringer's 56 


water 


solution 


water 


solution 


I c O l Z L - 4  


(D M 180 mo 
TIYE.YIIIUTES 


Fig. 4-Efect of concentration on intestinal transfer of 
cajeine, E x p .  4 .  Details as in Fig. 1 .  Values 
which were beyond the scale of the Jigure were: 14.2 
cm.a/hr. at 125 min. and 3.3 cm.S/hr. at 135 min. 


a The organic phase was chloroform 10% (v/v) in isooctane 
and the temperature was 30'. See Reference 3. 


TABLE VI-EFFECT OF CAFFEINE ASSOCIATION ON 
THE In Vitro RATE OF TRANSFER OF CAFFEINE 


ACROSS THE SMALL INTESTINE OF THE RAT 


yo Total Caffeine Present 
Caffeine as a Particular Speciesb Transfer Rate 
Concn. Mono- Tetra- Constant 


moles/l." mer Dimer mer cm.a/hr.' 
0.005 90 10 0 1.67 (0.29) 
0.120 39 37 24 1.44d (0.23) 


a t  low concentration following exposure of the in- 
testine to a high concentration of caffeine (Figs. 1 
and 2) may not actually reflect steady-state condi- 
tions, but rather be the result of a slow efflux of 
previously accumulated caffeine from the intestinal 
wall. 


Experiments which will be reported in a sub- 
sequent publication have shown that the permeabil- 
ity of the everted rat  intestine to salicylamide was 
not affected by exposure of the intestine to a high 
(0.113 mole/l.) caffeine concentration (17). This 
would tend to rule out the possibility of an effect 
of the high concentration of caffeine on intestinal 
permeability in the present study. In addition, the 
transfer ratio data for the third time period of the 
experiments shown in Fig. 3 and particularly in Fig. 
4 (where the time period was extended to  240 rnin.) 
give a strong indication of a slow efflux following an 
initial rapid efflux of caffeine from the intestinal 
wall after the intestine had been exposed to a high 
concentration of this drug. It appears, therefore, 
that the transfer rate constants represented by the 
plateau transfer ratios in the first and second time 
periods of Figs. 3 and 4 are the most realistic and 
conservative index of the difference in the intestinal 
transfer rate constants of caffeine at low and high 
concentrations of the drug. 


The study of Guttman and Higuchi (3) yields 
information concerning the degree of self-association 
of caffeine a t  the concentrations used in this study. 
It was found that the apparent aqueous-rganic 
partition coefficients of caffeine under the conditions 
of their study, where distilled water was used as the 
aqueous phase, were essentially the same as when 
the aqueous system of the present study, Ringer's 
solution, was used (Table V). This shows that the 
self-association of caffeine was not measurably 
affected by the presence of the components of the 
electrolyte solution and justifies the direct use of the 
data from Guttman and Higuchi's study (Table VI). 


The results of the intestinal transfer study are 
summarized in Table VI, which also shows the 
extent of self-association of caffeine at the two 


Ringer's solution was the solvent. See Reference 3. 
Mean of the values from 4 rat intestinal segments deter- 


mined at 30'. Standard deviations in parentheses. The 
difference between the two mean transfer rate constants is 
statistically signscant (p < 0.01) as determined by the f test 
for paired observations. 


concentrations used. The transfer rate constants 
were determined from the steady-state portion of 
the first two time periods of only the experiments in 
which the transfer at low (0.005 mole/l.) caffeine 
concentration was determined first. These transfer 
rate constants reflect not only the data in Figs. 3 
and 4, but also the results of two additional ex- 
periments not represented by figures. The intestinal 
transfer rate constant a t  the low concentration of 
caffeine is significantly higher ( p  < 0.01, t test for 
paired observations) than that at a high concentra- 
tion. This difference would have been even more 
pronounced if the experiments shown in Figs. I and 
2 had been included in the data analysis. 


Incubation of everted intestinal sacs containing 
0.005 mole/]. caffeine for 1 hr. in solutions contain- 
ing the same concentration of caffeine in an oxy- 
genated medium yielded no evidence of uphill 
transport; the mean mucosal-serosal concentration 
ratio was 0.97 for four experiments. Thus, the 
concentration dependence of the intestinal transfer of 
caffeine does not appear to be due to the saturation 
of an active transport process in the small intestine 
of the rat. However, other modes of specialized 
transport cannot be ruled out on the basis of the 
experimental data. But, since the structural speci- 
ficity of most specialized intestinal transport 
processes is quite exacting, it seems unlikely that a 
drug such as caffeine would be transferred by this 
type of process. The experimental results also can- 
not be explained by assuming that only the mono- 
meric form of caffeine is transferred across the in- 
testine; the decrease of the intestinal transfer rate 
constant of caffeine a t  the higher concentration is 
much smaller than the decrease in the fraction of 
total caffeine which exists in monomeric form 
(Table VI). The overall diffusivity of caffeine, 
determined on the basis of the fraction and molecular 
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TABLE VII-RATIO OF THE INTESTINAL TRANSFER 
RATE CONSTANTS OF CAFFEINE AT LOT AVD HIGH 
CONCEXTRATI0.V COUPAXED TO THE THEDXETICAL 


RATIO OF THE OVEXALL DIPPU3IVITIES 


DiR usivityo.ws u/ 
DiSusivityo.12 Y 


Thovert’s Stokes-Einstein 
k0.m M / k o . a  .Ma Equation * Equation 


1.14) 
;:;!/Mean: 1.16 1.38 1.24 
1.18 


a Ratio of intestinal transfer rate constants for caffeine in 
low and high concentration. D = constant/dl’/a (18). 
I n  thisinstance M = Z M i f i ,  where .Mi is the apparent mo- 
lecular weight bf a particular species (monomer, dimer. or 
tetramer) and f i  is the fraction of total caffeine pre,ent 
existing as this species. D = constant/M1/a (19), calcu- 


lated as in b. 


weight of each species (i.e.,  monomer, dimer, and 
tetramer) is lower at higher concentrations of 
caffeine. This could affect transfer rate if diffusion 
of the drug to  the membrane surface is transfer 
rate limiting or if the aggregates remain intact during 
transfer across the intestine. The ratio of the over- 
all diffusivity of caffeine at low and high concentra- 
tions, as  calculated by two different equations, is 
somewhat higher than the ratio of intestinal transfer 
raF constants determined experimentally (Table 
Vff).  I t  may be possible, however, that diffusion 
to  the mucosal membrane surface affects the transfer 
rate constant of one or both of the associated species 
of caffeine but not that of the monomer. The 
experimental data may also be rationalized by 
assuming that each of the caffeine species is absorbed 
as such$ but that the transfer rate constant of each 
species is different. This may be complicated further 
by a possible change in the self-association equilibria 
at or adjacent to the rate-limiting biologic barrier (7). 


The important conclusions of this study are that 
(a)  drug complexes with a higher apparent pirtitio? 
coefficient than the free drug are not necessirily 
more rapidly absorbed, and ( b )  a concentration 
dependence in the apparent absorption rate constant 
of a drug does not necessarily reflect the presence of 
a specialized transport process, but may be due 
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to the physicochemical characteristics of the drug 
as they affect passive diffusion to and across biologic 
membranes. 
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patterns for both norcaperatic acid and the isolated 
compound were identical. Peaks a t  m/e = 29, 43, 
57, 59, 85, 99, 113, 126, 299, 308, and 326 were 
consistent with the structure of the molecule. The 
NMR spectra of both the isolated compound and 
norcaperatic acid were found to be identical and 
were in agreement with that reported by Miyata 
et al. (3) for norcaperatic acid. A ratio of 3:29 
was obtained by the integration of the combined 
signals of the protons on the 0 and y carbons and 
the protons on the aliphatic side chain. The ab- 
sence of a methyl ester function in the infrared, 
mass, and NMR spectra excluded the possibility of 
the isolated compound being caperatic acid. 


The potassium salt of the isolated compound was 
prepared as described by Miyata et al (3). The 
observed m.p. (173-174’) of the prepared salt was 
identical to that reported for the potassium salt of 
norcaperatic acid. A mixed m.p. with a sample of 
the reference compound resulted with no depression 
of the original m.p. 


Quantitative elemental analysis of the prepared 
salt gave the following results. 


Anal.-Calcd. for CeoHaaKO?: C, 56.31; H, 8.27. 
Found: C, 55.97; H, 8.33. 


RESULTS AND DISCUSSION 
A 22% yield of norcaperatic acid was obtained 


from the ether extract of P. jibrillosus. The identifi- 
cation of the acid was established by its solubilities, 
its physical and chemical properties, and by direct 
comparison with reference compounds. This marks 
the first reported occurrence of norcaperatic acid in 
a Polyporus species. 


The very high concentration of norcaperatic acid 
in P. fibrdlosus is reminiscent of the reported con- 
centration of agaricic acid (l8yO, dry weight basis) 
in F. oJicinalis. There appears to be no apparent 
function for these compounds in the respective fungi 
other than that of waste products. Nord (8) has 
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suggested that many of the metabolites produced in 
yields exceeding functional requirements, or for 
which there is no apparent function, accumulate be- 
cause some of the enzyme systems involved in the 
oxidative sequence become saturated with respect 
to their substrates. 


The occurrence of norcaperatic acid in the genus 
Polyporus may possibly be restricted to only P .  
fibrillosus since Overholts (4) indicated that this 
species has no close relatives and numerous other 
phytochemical investigations (9, 10) have not re- 
vealed the presence of this type of acid in other 
Polyporus species. 
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Utilization of the Guggenheim Method in Kinetics 
By PAUL J. NIEBERGALL and EDWIN T. SUGITA 


The Guggenheim method for the evaluation of rate constants is shown to be ap- 
plicable to a wide range of problems that are of pharmaceutical interest. These 
include reaction kinetics in which more than one product is produced from a com- 
mon reactant, consecutive first-order reactions, dissolution followed by partitioning 
into a lipid phase, the use of dissolution kinetics to obtain drug solubility, and the 


analysis of drugs through kinetics. 


IRST-ORDER chemical reactions are frequently F followed by directly measuring x ,  the concentra- 
tion reacted, and then obtaining the rate constant by 
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plotting the logarithm of a - x versus time, where a 
is equal to the initial concentration of the reactant. 
Alternately, some physical property, P, which is 
proportional to concentration may be used, and a 
plot of log (P - P,) or log (P, - P) versus time is 
used to obtain the rate constant. One objection to 
this is that overemphasis is placed upon the initial 
concentration or the time infinity reading of the 
physical property. A further difficulty arises when 
either the initial concentration or the final reading of 
the physical property cannot be obtained. In order 
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to overcome these difficulties, Guggenheim (1) 
proposed a method whereby measurements of con- 
centration or of a physical property are made at  
equal time intervals, eliminating the need for mea- 
suring a or P,. The method was stated to  be use- 
ful for “a unimolecular reaction, whether reversible 
or irreveresible,” and the example given was for a 
simple irreversible unimolecular reaction. Text- 
books of chemical kinetics continue to  illustrate the 
use of the Guggenheim method using the same type 
reaction, and t o  the best of the authors’ knowledge, 
this is the extent to  which the Guggenheim method 
has been used in research. It has been found how- 
ever, that the Guggenheim method is applicable to a 
much larger variety of kinetic systems than is gen- 
erally realized, and these findings might be of in- 
terest to others. 


THEORY 


In order to extend the usefulness of the Guggen- 
heim approach to first-order kinetics, it is necessary 
to  realize that the type equation used by Guggen- 
heim (1) to  illustrate his method is in reality a par- 
ticular solution to the more general equation type: 


X = G’ - Gexp (-kt)  (Eq. 1) 
in which X represents concentration1 a t  time t and 
G’, G,  and k are constants. Assume that the con- 
centration X is determined at times tl ,  t2 ,  . . . t,, and 
that another set of concentration data is obtained at  
times tl + T ,  t2 + T ,  . . . t ,  + in which 7 is a constant 
time increment. This results in: 


X i + r  = G‘ - G exp [-k(t + r)] (Eq. 2) 


Subtracting2 Eq. 1 from Eq. 2 gives: 


Journal of Pharmaceutical Sciences 


EXAMPLES 


Simultaneous Dissolution and Partitioning-A 
set of published data which can be used to illus- 
trate the utility of Eqs. 5 and 6 is that of Niebergall 
et al. (2). The physical model involves dissolution 
into an aqueous phase followed by a first-order 
transfer into a lipid phase overlayering the aqueous 
phase. The integrated expression given was: 


X t + ,  - X = AX = 
[G - G exp (-kr)] exp (-kt) (Eq. 3) 


Taking logarithms yields: 


log ( A X )  = log [G - G exp ( -k r ) ]  - 
kt/2.303 (Eq. 4) 


The slope of the straight line is equal to  - k/2.303. 
The intercept of the Guggenheim type plot is gener- 
ally ignored. However, it can provide some very 
useful information for a variety of systems. Re- 
arranging the intercept gives: 


0%. 5 )  
antilog intercept G = - 
1 - exp (-kr) 


Thus, once k is obtained from the slope of the Gug- 
genheim plot, G can be obtained from the intercept 
and Eq. 5. 


It should be noted that Eq. 1 reduces to  the type 
equation generally used to illustrate the Guggenheim 
approach, if G‘ = 0. A very common situation of 
general pharmaceutical interest occurs when G = G’ 
and Eq. 1 becomes: 


X = G - Gexp (-kt) = 
G(l - exp (-kt)] (Eq. 6) 


Equations 5 and 6 form the basis for the present ex- 
tension of the Guggenheim approach. 


1 Concentration is used in this paper for the sake of 
brevity. The equations are equally valid if changes ia 
some physical property are followed in place of concentration. 


9 An interesting alternate solution to Eqs. 1 and 2, which 
obviates the log transform of Eq. 3 is given by Swinbourne. 
E. S., J .  Chcm. SOC., 1960,2371. 


in which B represents the weight of drug in the aque- 
ous phase and the constants K and K’ are used to 
evaluate the rate constants kl and kz. This equation 
is of the same general type as Eq. 6. In this publica- 
tion, the Guggenheim method was used to obtain 
K‘. However, the potential usefulness of the inter- 
cept of the plot was not realized, and a plot of B 
versus [l - exp (- K’t)] was used to  obtain K. 
Treating the intercept of the data used for the 
authors’ publication according to Eq. 5 yields the 
following comparison : 


ki kz 
Niebergall el al. (2) 0.00293 0.0316 
Guggenheim approach 0.00292 0.03 15 


The validity of the Guggenheim plot of Eq. 7 was 
demonstrated by Figs. 3 and 4 of the authors’ pre- 
vious publication (2). 


Two or More Products from a Single Reactant- 
Guttman and Meister (3) and Galleli and Kosten- 
bauder (4) published studies concerning reactions 
in which a reactant produced two different products 
via a unimolecular process. The authors have un- 
published data from their laboratories for the 
hydrolysis of penicillin that fits the same reaction 
pattern. In all instances, the integrated expres- 
sions for the appearance of products are of the form: 


PI = - - [ l  - exp (-Kt)] (Eq. 8) kiRo 
K 


pz = kzRo -- (1 - exp (-Kt)] (Eq. 9) K 


in which RO is the initial concentration of reactant, 
P1 and PZ are the concentrations of products, and 
kl  + k2 = K. In the literature cited (3.4) and in the 
authors’ penicillin studies, logarithmic plots of reac- 
tant concentration versus time were used to obtain K. 
Plots of P versus [ 1 - exp (- Kt)] were then used to 
evaluate the individual rate constants. Equations 8 
and 9 are of the same form as Eq. 6, with the con- 
stant G equal to  klRo/K or kzRo/K, depending upon 
which product concentration is being followed. The 
authors therefore reanalyzed their data as a general 
test of the applicability of the Guggenheim approach 
to  reactions in which more than one product is pro- 
duced simultaneously from a single reactant via a 
first-order process. A plot of the data is shown in 
Fig. I ,  and a comparison follows: 


ki kz 
Previous method 0.00274 0.0108 
Guggenheim approach 0.00270 0.0108 


In addition to  requiring only one plot of the data 
instead of two, the Guggenheim method has the 
additional advantage of not requiring the loss of 
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TIME, hr. 


Fig. I-Guggenheim plot illustrating a reaction i n  
which two products are produced simultaneously via 


firstorder reactions from a single reactant. 


reactant to be followed. In fact, all of the rate 
constants can be obtained by following the appear- 
ance of only one product. It is preferable from the 
standpoint of good kinetic procedure to  follow the 
concentration of reactant as well as the concentra- 
tion of all products as a function of time, in order to 
insure a valid interpretation of the data. However, 
from a practical point of view, it is not at all un- 
common to find that one or more of the species in  
question cannot be followed. This was true of the 
authors' penicillin data in which the penicillin assay 
was much less reliable than the assay for either of the 
two products, and many replications were needed to 
obtain a mean value for K .  The authors' therefore 
calculated kl and kz using the Guggenheim approach 
on each of the two products which represented their 
most reliable data. The two values of kl and k2 thus 
obtained agreed within lye, and are being used as 
their most reliable estimates of the rate constants. 
The estimate obtained by following the loss of peni- 
cillin and the method described in the literature (3, 
4) is thus being used only as a check of the validity 
of their proposed mechanism. 


Consecutive First Order-Reactions-A common 
kinetic pattern which requires rather involved 
methods of analysis, is that in which a reactant A 
goes through an intermediate B to final product C 
with all processes being first order. Integrated 
expressions for the reactant and intermediate are: 


A = do exp (-kit) (Eq. 10) 


B = __- klAo 
kr - ki [exp ( - k l t )  - exp ( -k2t ) ]  (Eq. 11) 


in which the terms have their usual meanings. 
Jensen and Lamb (5) treated this type of system by 
following both A and B as a function of time. The 
rate constant kl was obtained by a logarithmic plot 
of Eq. 10. The rate constant kp was obtained using 


dimensionless parameters as described by Frost and 
Pearson (6) in which a = A / A o ,  f l  = B/:l0, K = 
kp/kl, and Pmar. = K"'( '-") .  A plot of p versus 
1 - a was made, and Pmnx. obtained graphically. 
This enabled K to be obtained and ka evaluated by 
multiplying K by kl. The rate constants can be 
obtained much more readily, and without the dis- 
advantage of having to  estimate one of the parani- 
eters graphically, by use of the Guggenheim ap- 
proach. Dividing Eq. 11 by Eq. 10 gives: 


= R = K - K exp (-K't)  (Eq. 12) 


in which K = kl /K'  and K'  = k2 - kl. Equation 
12 is seen to be of the same general form as Eq. 6. 
Thus, if log (Rt+,  - R )  is plotted versus time, a 
straight line should be obtained. The slope of this 
line yields K'  and through use of Eq. 5, K can be 
obtained from the intercept. Multiplying K by 
K' gives kt which can then be added to K' to  give k2. 
This reaction scheme was simulated on Pace TR-20 
analog computer with the following results: 


--k1--- T-----k2----. 
Corn- Guggen- Com- Guggen- 


kZ/kl puter heim puter heim 
0.20 0.050 0.048 0.010 0.011 
0.50 0.100 0.100 0,050 0.053 
2.00 0.050 0.049 0,100 0.100 


Plots of the data for k2/kl = 0.20 using different 
values of T are shown in Fig. 2. The slopes of the 
lines are positive, since k2 < kt. It was found that T 


should be taken such that values of R are not used 
beyond The method appears valid beyond 
this point, but there is a loss in accuracy, yielding 
constants that differ from the computer constants 


Effect of Varying T-Values of T greater than one 
half-life ( t o . & )  should tend to  give more accurate 
results using the Guggenheim approach, since the 
greater T, the greater the value of A X at a given 
time. However, it may not always be practical to 
take T >> to.&. The authors investigated the effect 
of varying T in a number of systems. In general, for 
all systems studied, it was found that rate constants 


by I(b1570. 


1 
0 2 4 6 8 10 12 


TIME, min. 


Fig. 2-Guggenheim plot for a series of consecutive 
first-order reactions i n  which k& = 0.20 at varying 
values of 7.  Key:  A ,  T = to.26; B, 5 = t0.u; C, 


7 = t0.75. 
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is the observed first-order rate constant. This equa- 
tion has the same general form as Eq. 6, and the 
Guggenheim method should be applicable for the esti- 
mation of Ao.  The authors’ tried this for the analysis 
of penicillin by following the appearance of penicil- 
liriic acid a t  322 inp using a Beckman model DU 
spectrophotometer. The estimated penicillin con- 
centration was 4.06 X lo-* M as compare$ to the 
actual concentration of 4.00 X lo-‘ M. Complete 
details of the procedure utilized are not being given at 
this time, and the data mentioned are included only 
to illustrate a potential usefulness for the Guggen- 
heim method. Further studies into the practicality 
and desirability of using this method for the assay of 
drugs are currently underway. 


These are but a few examples of the variety of 
kinetic patterns which are capable of being analyzed 
using the Guggenheim approach. The results ob- 
tained thus far suggest that the Guggenheim method 
should be applicable to any kinetic equation that is 
of the same form as Eq. 6. Further application for 
example, might be the analysis of a zero-order pro- 
cess followed consecutively by a first-order process, 
such as zero-order drug release followed by first- 
order drug absorption. The fact that the Gug- 
genheim approach is applicable to a given system does 
not mean that it necessarily is the method of choice. 
The authors feel however, that in the past the Gug- 
genheim approach has not been utilized to  its full 
capabilities, and have attempted to point out ways 
in which it might be utilized. 
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evaluated using t0.25 through t0.76 differed by less than 
5c70. This is illustrated in Fig. 2 for the series first- 
order reaction in which kl/kt  = 0.20. The choice of 
7 appears to have no effect upon the slope of the 
Guggenheim plot. The following estimates of k ,  
were obtained : 


7 


10.2; 


10.50 


10.75 


ki 
0.047 
0.048 
0.047 


Since this is computer simulated data, it is rather 
idealized. However. it does point out the fact that 
even if the time interval cannot be equal to one 
half-life or more, the Guggenheim method should not 
automatically be discarded as a means of evaluating 
kinetic data. 


Dissolution Rate Estimation of Drug Solubility- 
Assuming constant surface area, the dissolution 
rate of a drug may be expressed as: 


dC/dt = k(C.  - C )  = kC, - kC (Eq. 13) 


in which Cis the concentration of drug at  time t ,  C, is 
taken to  be the equilibrium solubility of the drug, 
and k is the dissolution rate constant. This equa- 
tion can be integrated through use of an integrating 
factor and the fact that a t  time zero, C = 0 to give: 


C = C, - C. exp (-kt) (Eq. 14) 


This has the same general form as Eq. 6, and a plot 
of log (A  C) versus time should yield a straight line 
with slope equal to  -k/2.30s. The intercept of 
the straight line can be used to evaluate C, through 
the use of Eq. 5. This was done for the dissolution of 
salicylic acid pellets of constant surface area in a pH 
2.00 buffer at 30’. The value for C, that was ob- 
tained using the Guggenheim approach was 2.25 
g./l. as compared to 2.24 g.11. determined by allow- 
ing the dissolution to  proceed to equilibrium. This 
information is included only to illustrate a potential 
application of the Guggenheim approach. Further 
work must be done to  completely evaluate this ap- 
plication. 
Kinetic Analysis of Drugs-A second potential 


application of the Guggenheim method would be 
the kinetic analysis of drugs (7). For example, if a 
drug for which no reliable assay exists, degrades via 
a first-order process into a readily assayable product, 
the integrated expression for the concentration of 
product as a function of time is: 


P = A o [ l  - exp ( - k t ) ]  (Eq. 15) 
in which P is the concentration of product a t  time t ,  
A0 is the initial concentration of the reactant, and k 
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Mechanisms of Action of Cryptenamine 
By MARIE L. JANDHYALA and JOSEPH P. BUCKLEY 


The hypotensive effect of cryptenamine has been reported to be markedly attenuated 
by adrenalectomy or by treatment with N,N-diisopropyl-N'-isoamyl-N'-diethyl- 
aminoethylurea (P-286) in atropinized animals. Cryptenamine also appeared to 
potentiate the response of isoproterenol on 8-adrenergic receptors. This present 
study was conducted to further investigate these two phenomena. Cryptenamine 
potentiated the response of epinephrine on the B-adrenergic receptors in the intact 
dog heart, d a l l y  blocked the effect of isoproterenol on the isolated guinea pig 
auricle, anahad no effect on the isoproterenol-induced relaxation of the isolated 
guinea pig tracheal chain. Cryptenamine produced positive inotropic and chrono- 
tropic effects on the isolated guinea pig heart and potentiated the inotropic effect of 
epinephrine and inhibited its chronotropic effects in this preparation. These data 
suggest that the effects of cryptenamine on 8-adrenergic receptors are variable and 
that either potentiation or inhibition may be obsemed depending on the effector 
organ and on the species of animal studied. Cryptenamine also significantly de- 
creased the epinephrine content of the adrenal venous blood while increasing the 
norepinephrine content suggesting that the drug may inhibit the methylation of 


norepinephrine in the adrenal medulla. 


RYPTENAMINE, an alkaloidal mixture, pre- C pared from Veratrum v i d e  by a nonaqueous 
benzene triethylamine extraction procedure, has 
been reported to have a ratio of emetic to ef- 
fective hypotensive dose superior to that of other 
veratrum preparations (1, 2). Finnerty (2) 
reported that in humans the divergence between 
the hypotensive and emetic doses of crypten- 
amine was apparent on intravenous administra- 
tion. McCall and his colleagues (3) studied the 
effects of cryptenamine on cerebral circulation 
and cerebral oxygen consumption in patients 
with toxemia of pregnancy. They observed that 
on intravenous administration of cryptenamine 
cerebral blood flow and cerebral oxygen meta- 
bolic rate were increased significantly while the 
respiration quotient of the brain remained normal. 


Received May 22, 1968, from the Department of Phar- 
macology. School of Pharmacy, University of Pittsburgh, 
Pittsburgh, PA 16213 


Accepted for publication June 26. 1968. 
This investigation was supported by -rch grant HE- 


03475 from the N n t i o e  Heart Institute and PR-05455, 
IJ. S. Public Health savlce. Betheadn. Md. -. -. - ~ 


The authors exprrss &&I aptidation to Mr. William 
E. Hageman fa his techmdassistance. Cryptenamine 
wna kindly supplied by Ndsler Laboratories. Decatur, 111. 


In  these experiments, comparison with other 
veratrum preparations indicated fewer side 
effects. Although a satisfactory ambulatory 
treatment of hypertension by the oral administra- 
tion of cryptenamine has been reported (4), 
Abreu (5) failed to demonstrate any superiority 
of cryptenamine over protoveratrine A in dogs 
as to the ratio of emetic to hypotensive doses. 


Recently, Jandhyala and Buckley (6) re- 
ported that cryptenamine sensitized @-adrenergic 
receptors and that it might possibly stimulate the 
release of epinephrine from the adrenal medulla 
and that these factors might contribute to the 
overall hypotension. They reported that the 
hypotensive effects of cryptenamine were inhibi- 
ted or abolished by pretreatment with N,N-di- 
isopropyl - N'-isoamyl-N'-diethylaminoethylurea 
(P-286), bretylium, pronethalol, reserpine, a- 
methyl-dopa, and by adrenalectomy in atro- 
pinized animals. Cryptenamine also potenti- 
ated the isoproterenol-induced relaxation of the 
vasculature in the denervated perfused hind 
limb of the dog. Cryptenamine potentiated the 
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the pump and the isolated limb via a Statham 
pressure transducer. 


In order to study the effects of cryptenamine, 
protoveratrine A,  and protoveratrine 23 on 8- 
adrenergic receptors, four different doses of iso- 
proterenol, 1, 2, 5, and 10 mcg., at  10-min. intervals, 
were administered intraarterially into the limb 
followed by the i.v. administration of one of the 
following doses: cryptenamine, 5 mcg./kg.; pro- 
toveratrine A ,  1 mcg./kg., 2 mcg./kg., or 5 mcg./kg. ; 
or protoveratrine B, 1 mcg./kg. or 2 mcg./kg. 
After a 30-min. stabilization period, the doses of 
isoproterenol were repeated. 


Effect of Cryptenamine on the Cardiac Responses 
of Epinephrine in Atropinized Dogs-Mongrel dogs 
of either sex were anesthetized with sodium pento- 
barbital, 35 mg./kg., i.v. and a femoral artery can- 
nulated for the recording of blood pressure. The 
trachea was cannulated and the animal placed on 
positive pressure respiration (Mine Safety Appliance 
Co.), utilizing a mixture of 95% oxygen and 5% 
carhn dioxide. The thoracic cavity was entered 
at the fourth intercostal space utilizing electro- 
cautery to minimize bleeding, and the pericardium 
incised and sutured to the chest wall so as to gain easy 
access to the heart. A Walton-Brodie strain gauge 
arch was sutured to the right ventricle to determine 
the force of contraction and the physiological re- 
sponses recorded on a Grass polygraph. The animals 
were pretreated with atropine sulfate, 1 mg./kg., i.v., 
to block the parasympathetic receptors involved in 
the reflexogenic mechanism, thus making it possible 
to study the nature of the efferent pathways. 


Effect of Cryptenamine on the Epinephrine 
Response in Isolated Guinea Pig Heart-Guinea pigs 
were sacrificed by cervical dislocation and the lungs, 
heart, and ascending aorta quickly excised. The 
pericardium was removed, the pulmonary vessels 
ligated, and the lungs separated from the heart and 
saline perfused into the aorta to clear the coronary 
arteries of blood. A cannula was inserted into the 
aorta, the heart suspended in a Langendorf unit, 
and perfused with oxygenated M e ' s  solution 
(NaCl, 9.0 g.; KCl, 0.42 g.; CaC19, 0.24 g.; Na- 
HCOs, 0.5 g.; dextrose, 2.0 g., glass-distilled water 
q.s. 1,OOO ml., warmed to 38'). The reservoir 
was adjusted to produce an infusion pressure of 40- 
50 mm. Hg which closed the semilunar valves thus 
forcing the fluid through the coronary vessels. 
Contractions of the heart were recorded on a Grass 
polygraph utilizing a force-displacement transducer. 


Drugs were administered directly into the cannula, 
via a three-way stopcock. Epinephrine HCl (0.5 or 
1.0 mcg. of the base) was administered initially and 
the perfusion continued for approximately 5 min., at 
which time cardiac activity had returned to basal 
level. This procedure was repeated until the re- 
sponse was reproducible. Cryptenamine, 10 mcg., 
was then injected; and after cardiac activity reached 
a constant level, the same dose of epinephrine was 
repeated. 


Effect of Cryptenamine on Isoproterenol Re- 
sponse in Isolated Guinea Pig Atria-Guinea pigs 
were sacrificed by cervical dislocation, the thoracic 
cavity opened, and the pericardium removed. 
The ventricles were removed by cutting through the 
atria-ventricular junction, and the remaining parts 
of the aorta and pulmonary artery freed and gently 
drawn apart, producing an atrial strip approxi- 


depressor response induced by minute doses of 
epinephrine, suggesting a sensitization of j3- 
adrenergic receptors. In addition, these in- 
vestigators reported that cryptenamine acted 
on the baro- and chemoreceptors in the carotid 
sinus complex inducing a reflexogenic hypoten- 
s h e  response. Most of the evidence for the 
increased release of epinephrine from the adrenal 
medulla, as reported by Jandhyala and BuckIey 
(6) was indirect. 


The purpose of this investigation was to further 
study the mechanism of action of cryptenamine, 
especially as related to the release of catechol- 
amines from the adrenal medulla and to the 
effects of cryptenamine on j3-adrenergic receptors 
in selected tissues in different species. 


METHODS 


Effects of Cryptenamine and Protoveratrine A 
on the Epinephrine Content of Adrenal Venous 
Blood-Mongrel dogs of either sex were anesthetized 
with sodium pentobarbital, 35 mg./kg., i.v. The 
left adrenal vein was catheterized with PE 205 
tubing, and 500 units/kg. of heparin administered 
i.v. Blood was permitted to flow freely from the 
catheter and collected continuously. Blood flow 
was measured by collection of 1-min. samples into 
a 10-ml. graduated cylinder from which an &ml. 
sample was withdrawn for catecholamine analysis 
prior to, and 5, 15, 30, 60, and 120 min. after the 
administration of cryptenamine, 5 mcg./kg., i.v. or 
protoveratrine-A, 4 mcg./kg., i.v. Samples to be 
analyzed were collected under ice, centrifuged at 
2000Xg for 10 min., and the plasma frozen and 
maintained at  - 10' until analyzed. Blood not used 
for catecholamine analysis was injected via a femoral 
vein in 20-30 ml. aliquots. Blood volume was 
maintained by addition of saline containing red 
blood cells from the centrifuged blood in amounts 
equal to plasma removed. 


After allowing the frozen plasma samples to 
thaw at room temperature, an equal volume of 1.6 N 
perchloric acid was added and the samples agitated 
on a Vortex mixer to precipitate the proteins. As- 
says of catecholamines were performed according to 
the method of Brodie et al. (7), as modified by 
Bennett et al. (8). 


Effects of Cryptenamine, Protoveratrine A and 
Protoveratrine B on Isoproterenol-Induced Re- 
laxation of Vasculature in the Denervated Perfused 
Hind Limb of the Dog-Mongrel dogs of either sex 
were anesthetized with sodium pentobarbital, 35 
mg./kg., i.v., and a femoral artery was catheterized 
to record arterial blood pressure. One hind limb 
was denervated by severing the femoral and sciatic 
nerve trunks and vascularly isolated by ligating 
the muscle with a 21-gauge stainless steel wire 
placed under the femoral artery and vein and tight- 
ened with a Schiffrin wire tightener. The distal 
segment of the femoral artery of the isolated limb 
was catheterized with PE 205 tubing and perfused 
with blood drawn from the central segment of the 
same artery. A constant flow of blood was main- 
tained utilizing a Sigmamotor pump and perfusion 
pressure determined from a T tube placed between 
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mately 3 cm. in length. Silk thread was tied to 
each end, and the preparation suspended in oxygen- 
ated Locke's solution which was maintained a t  a 
constant temperature a t  2930' in a 50-ml. muscle 
bath. The contractions were recorded on a Beck- 
man dynograph utilizing a Grass force-displacement 
transducer. 


Drugs were administered into the isolated organ 
bath in  volumes less than 5y0 of the total bath 
volume after the preparation had been permitted to 
stabilize for 15-30 min. Between each administra- 
tion of isoproterenol (2-8 ng./ml.), the preparation 
was washed at least 3 times at 5-min. intervals. 
When the response was reproducible, cryptenamine 
was added (50 ng./ml.), and 30 min. later, the same 
dose of isoproterenol repeated. Preliminary data 
indicated that a minimum period of 30 min. was 
necessary to alter the responses of isoproterenol. 


Effect of Cryptenamhe on Isoproterenol Re- 
sponses in Guinea Pig Tracheal Smooth Muscle- 
Guinea pigs weresacrificed by cervical dislocation, the 
trachea removed, and sectioned into 12 equal rings. 
These were connected in series by short loops of silk 
thread so that the dorsal smooth muscle bands were 
vertical. The chain was set up in a 10-ml. organ 
bath containing oxygenated (9575 0 2  + 5% C02) 
Krebs-Henseleit solution (NaC1, 6.90 g. ; K C1, 
0.35 g.; CaC12, 0.28 g.; NaHCOs, 2.10 g.; 


dextrose, 1.0 g.; glass-distilled water qs. 1,000 
ml. maintained at 38'). An isotonic lever was 
utilized to record the contractions on a slowly moving 
kymograph. The effect of isoproterenol (0.2- 
0.8 ng./ml.) prior to and following cryptenamine, 
50 ng./lO ml. bath were investigated. Isoproterenol 
(0.2-0.8 ng./ml.) was administered, the maximal 
effect recorded, and the preparation washed five 
times at 5min. intervals. This was repeated until 
reproducible responses were obtained. Crypten- 
amine was added t o  the bath following the last 
injection and isoproterenol (concentration equal 
t o  that administered prior to  cryptenamine) ad- 
ministered 5 min. later. 


Statistical significance was determined using Stu- 
dent's t test throughout this study. 


KHzPO4, 0.16 g.; MgSO4, 7&0, 0.29 g.; 


RESULTS 


Effects of Cryptenamine and Protoveratrine A on 
the Epinephrine Content of Adrenal Venous Blood- 


Journal of Pharmaceutical Sciences 


Cryptenamine and protoveratrine A decreased the 
rate of secretion of epinephrine from the adrenal 
medulla and increased the rate of norepinephrine 
secretion (Tables I-IV and Figs. 1 and 2). These 
results suggest that cryptenamine and protovera- 
trine A may block the enzymes which methylate 
norepinephrine into epinephrine. It is also probable 
that the increase in the pressor response that Krayer 
(9) and Krayer and Mendez (10) obtained when 
they administered blood plasma from dogs which 
received veratridine or protoveratrine to pithed 
rats or cats may not have been due to  an increase in 
epinephrine content but in the amount of norepi- 
nephrine. 


Effects of Cryptenamine, Protoveratrine A and 
Protoveratrine B on Isoproterenol-Induced R e  
laxation of Vasculature in the Denervated Per- 
fused Hind Limb of the Dog-The results are sum- 
marized in Tables V-X. Neither protoveratrine A 
nor protoveratrine B potentiated the effects of iso- 


I I 5 /APlKP, lV I  , 
1 5  30 60 


TIME I N  MINUTES 


Fig. 1 -Percent of control epinephrine content i n  
adrenal venous blood. 
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Y 
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1 5  I5 30 60 
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Fig. 2-Percent of control epinefihrine content i n  
adrenal venous blood. 


T~BLE I-EFFECT OF CRYPTENAMINE (5 MCG./ICG., I.v.) ON THE ADRENAL VENOUS 
BLOOD EPINEPHRINE CONTENT (YCG./MIN.) 


Dog Control IS I P  I I P  I v d  VC V I J  
1 0.899 0.203 0.298 0.487 0.7.56 0.813 - 
~ . ~ . _  . . ~- 
2 0.894 0.204 0.596 0.659 0.840 - 0.831 
3 2.467 0.941 1.150 1.277 1.468 2.058 2.139 
4 0.510 0.160 0.192 0.403 0.438 0.456 0.593 
5 0.334 0.104 0.031 0.096 0.229 0.289 0.310 
6 2.701 0.608 1.094 1.154 1.849 2.181 2.139 
7 1.602 0.139 0.192 0.468 0.486 1.082 1.165 
8 1.105 0.236 0.182 0.711 0.885 0.953 1.033 


Mean 1.314 0.324 0.466 0.657 0.869 1.109 1.193 
f SE 0.308 0.104 0.202 0.138 0.192 0.279 0.283 
P <0.01 <0.05 <0.01 <O. 05 <o. 10 <o. 10 


Blood collected immediately after administration of cryptenamine. Blood collected 5 min. after administration of 
Blood collected 30 min. after administra- 


' Blood collected 60 min. after administration of cryptenamine, f Blood collected 120 min. after 
cryptenamine. 
tion of cryptenamine. 
administration of eryptenamine. 


Blood collected 16 min. after administration of cryptenamine. 
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TABLE 11-EFFECT OF CRYPTENAMINE (5 MCG./KG., I.v.) ON THE ADRENAL VENOUS 
BLOOD NOREPINEPHRINE CONTENT (MCG. /MIN.) 


Dog Control I' I? I I I  = I v d  V' VIJ 


1 0.053 0.185 0.195 0.469 0.402 0.116 - 
2 0.053 0.127 0.187 0.235 0.141 - 0.138 
3 0.035 0.153 0.215 0.211 0.079 0.076 0.073 
4 0.015 0.047 0.084 0.206 0.200 0.184 0.129 
5 0.021 0.037 0.043 0.034 0.021 0.021 0.022 
6 0.176 0.239 0.166 0.159 0.122 0.117 0.117 
7 0.238 0.495 0.546 0.699 0.562 0.449 0.335 
8 0.248 0.236 0.286 0.318 0.220 0.295 0.295 


Mean 0.090 0.190 0.215 0.278 0.217 0.180 0.157 
i SE 0.034 0.051 0.062 0.069 0.064 0.055 0.043 
P <O. 05 <O. 05 <O. 05 <o. 10 <o. 10 <o. 10 


Blood collected immedlately after administration of cryptenamine. Blood collected 5 min. after administration of 
Blond collected 30 min. after administration 


Blood collected 120 min. after administra- 
cryptenamine. 
of cryptenamine. 
tion of crypteonmine. 


Blood collected 15 min. after administration of cryptenamine. 
Blood collected 60 min. after administration of cryptenamine. 


TABLE 111-EFFECT OF PROTOVBRATRINE A (4 MCG./KQ., I.v.) ON THE ADRENAL VENOUS 
BLOOD EPINEPHRINE CONTENT (MCG./MIN.) 


Dog Control 14 IP I I P  I V d  V' VIf 


1 0.462 0.097 0.028 0.154 0.152 0.358 0.615 
2 1.806 0.343 0.226 0.343 0.349 0.874 1.658 
3 0.265 0.079 0.068 0.097 0.194 0.217 0.247 
Mean 0.844 0.173 0.107 0.198 0.232 0.483 0.840 
f SE 0.484 0.042 0.086 0.057 0.060 0.199 0.422 


( I  Blood collected immediately after administration of protoveratrine A .  Blood collected 5 min. after administration of 
Blood collected 30 min. after ad- 


'Blood collected 60 min. after administration of protoveratrine A .  ' Blood collected 120 
protoveratrine A .  
ministration of protoveratrine A .  
min. after administration of protoveratrine A .  


Blood collected 15 min. after administration of protoveratrine. A 


TABLE IV-EFFECT O F  PROTOVERATRINE A (4 MCG./KG. I .V . )  ON THE ADRENAL V E N O U S  
BLOOD NOREPINEPHRINE CONTENT (MCG./MIN.) 


Dog Control 14 I @  IIIG I vd Ve VIJ 


1 0.015 0.117 0.151 0.220 0.225 0.196 0.048 
2 0.349 0.428 0.443 0.528 0.526 0.481 0.300 
3 0.011 0.142 0.158 0.274 0.273 0.091 0.016 
Mean 0.125 0.229 0.251 0.341 0.341 0.256 0.122 
f SE 0.112 0.099 0.096 0.095 0.093 0.138 0.089 


a Blood collected immediately after administration of protoveratrine A .  Blood collected 5 min. after administration of 
Blood collected 30 min. after ad- 


' Blood collected 60 min. after administration of protoveratrine A .  f Blood collected 1'20 
protoveratrine A .  
ministration of protoveratrine A .  
min. after administration of protoveratrine A .  


Blood collected 15 min. after administration of protoveratrine A .  


proterenol on the 8-adrenergic receptors, but a slight 
blocking effect was observed with some of the doses, 
90-120 min. after administration of the alkaloids. 
Cryptenamine did potentiate the response to iso- 
proterenol in the denervated perfused hind limb 
(Table V). 


Effects of Cryptenamine on the Cardiac Responses 
of Epinephrine in Atropinized Dogs-Pretreatment 
of the animals with atropine sulfate partially blocked 
the hypotension and bradycardia, and slightly 
decreased the duration of activity of cryptenamine 
as has previously been repotted (6). Three doses of 
epinephrine, 50 ng./kg., 100 ng./kg., and 200 ng./ 
kg. were administered i.v. to the animals before and 
after administration of cryptenamine, 5 mcg./kg., 
i.v. Cryptenamine potentiated the effect of epineph- 
rine on the myocardial contractile force (Table 
XI) but did not alter the effect of epinephrine on the 
blood pressure. 


EfIect of Gryptenamine on the Epinephrine Re- 
sponse in Isolated Guinea Pig Heart-Crypten- 
amine, 10 mcg., produced positive inotropic effects 


on the heart and also appeared to potentiate the 
inotropic effect of epinephrine; however, the chrono- 
tropic activity was inhibited (Table XII). 


Effect of Cryptenamine on Isoproterenol Re- 
sponse in Isolated Guinea Pig Atria-Crypten- 
amine, 50 ng./ml., markedly reduced the positive 
chronotropic and inotropic effects of isoproterenol 
(Table XIII). If cryptenamine remained in contact 
with the isolated atria for more than 1 hr., it pro- 
duced a negative chronotropic effect, which as re- 
ported by Hawkins (11) was irreversible and did not 
disappear when the bathing fluid was replaced with 
fresh Locke's solution. 


Effect of Cryptenamine on Isoproterenol Re- 
sponse in Guinea Pig Tracheal Chain-The data, 
summarized in Table XIV, indicate that crypten- 
amine, 5 ng./ml., did not affect the isoproterenol-in- 
duced relaxation of the guinea pig tracheal chain. 


DISCUSSION 
It has been reported that cryptenamine appeared 


to sensitize 8-adrenergic receptors in the vasculature 
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TABLE V-EFFECT OF CRYPTENAMXNE (5 MCG./KG., I.v.) ON THE ISOPROTERENOL~NDUCED 
&LAXATION IN THE DENERVATED PERFUSED HIND LIMB OF THE DOG 


Before Cryptenamin- c -After Cryptenamine 
Sex and --Decrease in Perfusion Pressure- * Decrease in Perfusion Pressure- 
Weight, to Isoproterenol. mm. Hg to Isoproterenol, mm. Hg 


kg.. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 
~~ 


F 10.4 16 18 23 28 20 26 30 39 
M 12.0 25 35 40 45 30 45 47 53 
M 10.8 20 25 33 35 25 33 40 42 
F 9.4 26 30 38 40 32 38 45 48 
Mean 21.8 27.0 33.5 37.0 26.8 33.5 40.5 45.5 
f SE 2.32 3.63 3.80 3.63 2.69 4.01 3.80 3.12 
P <0.01 <0.01 <0.01 <0.01 


TABLE VI-EFFECT OF PROTOVERATRINE A (1 MCG./KG., I .V.)  ON THE ISOPROTERENOL-INDUCED 
RELAXATION IN THE DENERVATED PERFUSED HIND LIMB OF THE DOG 


Before Protoveratrin- After Protoveratrin- 
Sex and ---Decrease in Perfusion Pressure-----. Decrease in Perfusion Pressure-----7 
Weight, after Isoproterenol. mm. Hg after Isoproterenol. mm. Hg 


kg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 1 mcg. 2 mcg. 6 mcg. 10 mcg. 


F 11.8 42 47 62 65 37 46 60 62 
M 9.5 10 16 24 32 10 17 25 33 
F 11.0 20 25 33 35 20 25 30 30 
M 12.0 23 32 35 38 25 33 38 40 
Mean 23.8 30.0 38.5 42.5 23.0 30.3 38.3 41.3 
f SE 6.69 6.54 8.19 7.60 5.61 6.18 7.73 7.23 
P >0.95 >0.95 >0.95 >0.95 


TABLE VII-EFFECT OF PROTOVERATRINE A (2 MCG./KG., I.V.) ON THE ISOPROTERENOL-INDUCED 
RELAXATION IN THE DENERVATED PERFUSED HIND LIMB OF THE DOG 


Before Protoveratrin- I After Protoveratrinc 
Sex and ----Decrease in Perfusion Pressur- I Decrease in Perfusion Pressur- 
Weight, to Isoproterenol, mm. Hg to Isoproterenol. mm. Hg 


kg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 


M 10.7 23 43 46 51 23 25 38 49 
M 12.9 35 38 40 44 15 20 25 34 
M 10.4 23 25 35 42 22 20 25 30 
M 12.0 25 32 35 38 20 27 35 38 
Mean 26.5 34.5 29.0 43.8 20.0 23.0 30.8 37.8 


- >0.3 >o. 1 >o. 1 >0.2 
f SE 
P 


2.87 3.88 2.16 2.71 1.78 1.80 3.38 4.09 


TABLE VIII-EFFECT OF PROTOVERATRINE A (5 MCG./KG., I.v.) ON THE ISOPROTERENOL-INDUCED 
RELAXATION I N  THE DENERVATED HIND LIMB OF THE DOG 


Before Protoveratrin- After Protoveratrin- 
Sex and -Decrease in Perfusion Pressur- - Decrease in Perfusion Pressur- 
Weight, to Isoproterenol, mm. Hg to Isoproterenol, mm. Hg 


La. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 1 mcg. 2 mcg. 5 mcg. 10 mCK. 
____ ~~ ~~~ 


F 10.0 17 20 34 36 13 15 20 30 
F 7.6 25 32 35 37 35 33 40 43 
F 8.5 25 28 40 45 25 25 36 40 
M 8.5 18 20 24 29 15 12 14 20 
Mean 21.5 25.0 33.3 36.8 22.0 21.2 27.5 33.3 
f SE 2.09 3.0 3.35 3.28 5.07 4.80 6.24 5.21 
P >0.9  >0.2 >0.3 >0.4 


of dogs and nictitating membrane of cats (6). 
Cryptenamine and several other veratrum alkaloids 
were investigated for their effect on 8-adrenergic 
receptors in various organs. The data indicated 
that cryptenamine did not affect isoproterenol- 
induced relaxation of guinea pig tracheal chain, 
potentiated the inotropic effect and inhibited the 
chronotropic action of epinephrine on the isolated 


tropic effect of epinephrine in the intact heart of 
atropinized dogs, and inhibited the characteristic 


, guinea pig heart, potentiated the positive chrono- 


isoproterenol response on the isolated guinea pig 
atria. These results are consistent with the pub- 
lished work by Lands et al. (12) which indicated that 
there was a certain degree of variation in aflinity and 
intrinsic activity of 8-adrenergic receptors in various 
organs. This and other published work (13) 
suggest that the epinephrine-sensitive 8-adrenergic 
receptors may be activated to a greater or lesser 
degree in various organs and species. Although 
the emphasis in this discussion has been placed on 
the action of cryptenamine on receptor sites, it is 
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TABLE IX-EFFECT OF PROTOVERATRINE B (1 MCG./KG., I.v.) ON THE ISOPROTERENOL-INDUCED 
RELAXATION IN THE DENERVATED PERFUSED HIND LIMB OF THE DOG 


Before Protoveratrin- I -After Protoveratrine 
Sex and -Decrease in Perfusion Pressure----. , Decrease in Perfusion Pressure------. 
Weight, to Isoproterenol, mm. Hg to Isoproterenol. mm. Hg 


kg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 


M 13.6 30 45 48 50 25 37 50 50 
M 11.4 40 45 50 55 40 50 55 60 
F 9.7 8 15 20 25 10 15 20 25 
M 10.7 40 45 48 52 32 32 42 50 
Mean 29.5 37.5 41.5 45.5 26.8 33.5 41.8 46.3 
f SE 7.54 7.50 7.18 6.91 6.37 7.24 7.73 7.47 
P >0.4 >0.4 >0.4 >O. 7 


TABLE X-EFFECT OF PROTOVERATRINE B (2 MCG./KG., I.v.) ON THE ISOPROTERENOL-INDUCED 
RELAXATION IN THE DENERVATED PERFUSED HIND LIMB OF THE Doc 


7- Before Protoveratr ine - - - - - .  I After Protoveratrine 
-Decrease in Perfusion Pressur- 


k .  1 mcg. 2 mcg. 5 mcg. 10 rncg. 1 mcg. 2 mcg. 5 mcg. 10 mcg. 


Sex and 
Weight, to Isoproterenol, mm. Hg to Isoproterenol, mm. Hg 


-- Decrease in Perfusion Pressure--------. 


M 12.3 30 45 47 50 30 37 40 50 
F 8.4 40 45 55 55 35 35 50 55 
F 13.1 25 35 43 48 25 30 35 38 
M 8.4 23 25 28 30 20 22 25 27 
Mean 29.5 37.5 43.3 45.8 27.5 31.0 37.5 42.5 
f SE 3.80 4.79 5.66 5.45 3.23 3.34 5.20 6.28 
P >o. 1 >0.05 >0.05 >0.3 


possible that these alkaloids are affecting one or 
more enzyme systems within the cell (possibly 
adenylcyclase or phosphordiesterase) or acting 
directly on the vascular smooth muscle contractile 
elements. Since protoveratrine A and B failed to 
enhance the vasodilator effect of isoproterenol in the 
denervated dog hind limb, this activity must be 
attributed to other constitutents in cryptenamine. 


Krayer (14) and others (15) have reported that 
at the peak blood pressure rise following intravenous 
injection of 1 mg. of protoveratrine to vagotomized 
dogs, a concentration of epinephrine in the order of 
1 : 100,000 may be reached in the suprarenal venous 
blood suggesting that the release of epinephrine was 
a direct d e c t  of veratrum alkaloids on the adrenal 
medulla. Mendez (15) and Krayer and Acheson 
(16) reported that an increase in pressor responseswas 


TABLE XI-EFFECT OF CRYPTENAMINE (5 mcg./kg.) 
ON INOTROPIC RESPONSE TO EPINEPHRINE IN 


ATROPINIZED DOGS (1 mg./kg.) 


tenamine After Cryptensmine 
Average ,, Increase Avera e yo Increase 


in contractile Epi Before "? 
Dose, in Contractile 


mcg./kg. N Force f S E  Force f S E  


0.05 3 9.33 f 2.46 15.63 f 3.66 
0.10 4 15.72*3.91 22.0 f 3.47 
0.20 4 20.43f3.53 32.50f8.85 


obtained when they administered blood plasma from 
dogs which received protoveratrine or veratrine to 
pithed cats and rats and suggested that the rise in 
blood pressure was due to an increase of epinephrine 
levels. Jandhyala and Buckley (6) reported that 
the release of epinephrine from the adrenal medulla 
may contribute to the hypotensive activity of 
cryptenamine via its action on p-adrenergic recep- 
tors. This conclusion was made from indirect evi- 
dence in adrenalectomized dogs and dogs pretreated 
with P-286, reserpine, guanethidine, and a-methyl- 
dopa, which suggested the possible release of cate- 
cholamines from the adrenal medulla by crypten- 
amine. However, the actual content of catechol- 
amines in the adrenal venous blood was not deter- 
mined in their studies. 


The results obtained in this present investigation 
did not agree with the above conclusions, in that the 
total adrenal venous catecholamine content was 
slightly decreased following the administration of 
cryptenamine and protoveratrine A. The epineph- 
rine content of adrenal venous blood was de- 
creased while the norepinephrine content markedly 
increased, suggesting that cryptenamine and pro- 
toveratrine A may be interfering with the conversion 
of norepinephrine into epinephrine. Epinephrine 
is synthesized in the adrenal medulla from nor- 
epinephrine by the enzyme, phenylethano1amine-N- 
methyl transferase (PNMT) (17), in a reaction in- 


TABLE XII-EFFECT OF CRYPTENAMINE ON EPINEPHRINE RESPONSE 
IN THE ISOLATED GUINEA PIG HEART 


I Before Cryptenaminea After Cryptenamin- 
Epi Average yo Average yo Average yo Average '% 


Dose Increase in Increase in Increase in Increase in 
mcg./A. N Amplitude & SE Rate f SE Amplitude * S E  Rate f SE 


0.5 4 32.88 f 7.03 40.78 f 1 0 . 1 0  81.83 f 17.34b 17.13 f 4.55 
1.0 6 68.25 f 8.69 35.40f 9.67 116.87 f 17.44* 20.80 f 3.09 


a 10 mcg. Significant at p <0.06 when compared to response prior to cryptenamine. 
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TABLE XIII-EFFECT OF CRYPTENAYINE (50 NG./YL.) ON ISOPROTSCRENOL- 
INDUCED RESPONSES ON GUINEA PIG ATRIA 


Before Cryptenamine---------, After Cryptenamin- 
I so Average % Average yo Average yo Average ?& 


Dose, Increase in Increase in Increase in Increase in 
Rate i= SE Amplitude f SE mcg./ml. N Amplitude f S E  Rate f SE 


2 4 54.76 f 5.44 22.40 f 4.76 15.26 f 6.94a 15.82 f 3.71 
4 4 120.18 f 16.80 39.15 f 5.06 42.53 f 4.8.3a 31.88 f 3.32 
8 4 110.31 f 18.58 27.98 f 0.32 45.88 f 4.58” 26.05 f 6.45 


p <O. 05 when compared to response prior to cryptenamine. 


TABLE XIV-EFFECT OF CRYPTENAMINE~ ON 
ISOPROTERENOL-INDUCED RELAXATION IN GUINEA 


PIC TRACHEAL CHAIN 


I so Before Cryptenamine After Cryptenamine 
Dose Average (mm.) Average (mm.) 


ng./ml. N Relaxation f SE Relaxation f SE 


0 . 2  4 1 2 . 5 f  0.87 12.5 f 0.87 
0 .4  4 16.4 f 1.10 16.4 f 0.10 
0.8 4 22.4 f 0.93 22.6 f 0.93 


5 ng./ml. 


volving S-adenosyl methionine as a methyl donor 
(18). One control mechanism for the synthesis of 
catecholamines, which applies to the synthesis of 
epinephrine in the adrenal medulla has recently been 
described (19). It was suggested (19) that the 
synthesis of PNMT, responsible for the formation of 
epinephrine, is controlled by adrenal glucocorticoids. 
When adrenal steroid secretion was depressed by 
hypophysectomy, the activity of the epinephrine- 
synthesizing enzyme falls, but can be restored by 
pituitary adrenocorticotropic hormone (ACTH ) 
or adrenal glucocorticoid administration. It is 
possible that cryptenamine and protoveratrine A 
affect the PNMT enzyme via this endocrine system 
and prevent the formation of epinephrine from 
norepinephrine and thus increase the norepinephrine 
concentration in the adrenal venous blood. 
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Improved Method for Diffusion Coefficient 
Determinations Employing the Silver Membrane Filter 


By ARTHUR H. GOLDBERG and WILLIAM I. HIGUCHI 


A convenient and rapid method for determining diffusion coefficients has been de- 
veloped that is based on the quasi-stationary diaphra m cell method. A silver filter 
membrane is used to separate two compartments otthe apparatus that are stirred 
magnetically with synchronous motors. The advantages are the good precision of 
the data, running times of the experiments, and the extended repeated usability of 


a given membrane. 


HERE RECENTLY has been much interest T shown in drug dissolution rate mechanisms as 
well as in other diffusionally characterized trans- 
port processes. Regardless of the situation, 
quantification requires diffusion coefficient deter- 
mination as one parameter. A method for deter- 
mining the diffusion coefficient has been described 
by Northrup and Anson (1) and by McBain (2). 
Desai et al. (3) employed a method similar to the 
Northrup-McBain technique using sintered-glass 
disks to separate the drug solution from the 
“sink.” Singh (4) found improvement by using 
organic polymer membrane filters. 


Almost all membrane filters lack the physical 
strength required for repeated use. They would, 
after soaking in the drug solutions, lose their 
integrity, causing changes of area available for 
transport. One membrane filter,’ impregnated 
with glass fibers, was found to  maintain itself 
rather well for as long as 75-80 hr. of experimen- 
tation but would then slowly slough its surface. 
Recently, a new membrane filter was marketed, 
made from silver,¶ and has been used with the 
apparatus shown in Fig. 1. This filter has tensile 
strength as an advantage over the other mem- 
brane filters, and the advantage of thinness over 
the sintered-glass disks. This allows for faster, 
easier wetting of all the pores. This insures hav- 
ing the same porosity and tortuosity in each 
succeeding trial, and hence, better reproducibility. 
Also, the thinner the membrane, assuming all 
other factors are constant, the faster the rate of 
transport through it. This advantage, however, 
makes the overall diffusion rate more stirring 
speed dependent, due to the greater importance 
of the aqueous diffusion layers next to the mem- 
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brane. Therefore, single speed (300 r.p.m.) 
synchronous motors were employed to control the 
hydrodynamics. To these motors, 5.6 cm. (2.25 
in.) magnetic cylinders were attached, which in 
turn rotated TeBon-coated magnetic stir bars 
within each side of the cell. The silver filters, 
once installed in the cell, may be used over and 
over again, and appear to be “permanent,” i.e., 
after soaking in drug solution for more than 2 
months, there were no apparent deleterious 


w’: 
Fig. 1-Schematic diagram of cell used to determine 
diffusion coeficients. Inset i s  enlarged schematic of 
the T e f i n  washers. Key: A, synchronous motor, 
300 r.p.m.; B, 5.6-cm. magnetic (cylindrical); 
C, 5-cm. Tefon-coated stirring bar; D, ground-glass 
end; E, Tejlon washer; F, silver membrane; G, 


250-ml. conicol flask, adapted as shown. 
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effects, despite there being what appears to be a 
silver oxide film on the filters. Due to its thin- 
ness (2 mils), most diffusion coefficients can be 
determined in about 2 hr. once a cell is calibrated. 


Desai 
and workers (3) used a cell of unit construction. 
The cell used here is similar to that described by 
Singh (4) and is formed from two 250-ml. conical 
flasks that have been previously modified to 
contain side-arm attachments with ground-glass 
ends, as in Fig. 1. Between these ground-glass 
ends are placed two Teflon washers, one of which 
effectively has a rim around its perimeter (see 
cut in Fig. 1). The 37-mm. diameter silver filter 
of 1.2 p pore size is placed between the two 
'Teflon washers. The flasks are then clamped 
together using a triangular clamp fastened by 
nuts and bolts. To insure complete wetting of 
the entire membrane, Flask I is initially filled 
with a 0.05'% polysorbate 80 solution and allowed 
to flow into Flask 11. The cell is then allowed 
to bathe overnight in the surfactant solution. 
Then the cell is emptied, filled with enough dis- 
tilled water to completely cover the membrane, 
and stirred for 2-3 days. The cell is then emptied 
and rinsed before use. This procedure is only 
necessary the first time a cell is constructed. 
Thereafter, the cell is kept filled with water when 
not in use. The cell is never dismantled. If the 
cell is taken apart, new calibrations are required. 


Theoretical Considerations-The thickness of the 
silver membrane is approximately only 50 p. 
Since the membranes are purported to have a 
tortuosity of near unity, and a high porosity, it 
becomes evident that mass transfer resistance 
through the aqueous films on either side of the 
membrane may contribute significantly to the cell 
constant. Thus it is necessary to explore the 
question of whether or not mass transport in the 
aqueous films is essentially molecular diffusion. 
If, for example, mass transfer mechanisms other 
than molecular dausion is important (5), one may 
expect a nonlinear dependence upon the diffusion 
coefficient. 


To determine this dependency, cell constants 
can be calculated using several substances of 
known diffusion coefficients. These diffusion 
coefficients encompass as large a difference be- 
tween them as is practically feasible, and in the 
range of the diffusion coefficients to be measured. 


The other change is in the cell itself. 
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Fig. 1) is filled to overflowing by injecting the drug 
solution through the hole of one stopcock, and then 
closing both stopcocks. Distilled water (250 ml.) 
is then added to Flask I, along with an identical 
stirring bar to  the one in Flask 11. The entire cell 
is then immersed in a constant-temperature water 
bath, under which are placed the synchronous 
motors. After enough time to allow for steady- 
state diffusion and temperature equilibration, 10-ml. 
samples are withdrawn from Flask I, and are replaced 
by 10 ml. of distilled water. The concentration of 
drug appearing in Flask I is corrected for the 
volume replacement factor. 


The calculation of the cell constant is given as: 


EXPERIMENTAL 


For the rate determinations, the flasks are filled 
and stoppered in a similar manner as previously 
described (3). The solution containing the drug is 
put into Flask 11, along with a k n i .  (%in.) Teflon- 
coated magnetic slirririg bar. Thc "Y" tube (see 


where L is the cell constant, G is the rate of transport 
from Flask I1 to Flask I of a substance whose diffu- 
sion coefficient is known, D is the diffusion coefficient 
of that substance, CI and CZ are the concentrations 
in Flasks I and 11, respectively. CI is zero if no 
drug is put into Flask I. Once the cell constant, L, 
has been determined, Eq. 1 is rewritten to: 


The rate, G, is determined as discussed earlier, leav- 
ing only the diffusion coefficient, D, to  be calculated. 


The cell constants were determined at 25 and 30" 
using KC1 solutions and sucrose solutions. Sucrose 
has diffusion coefficients approximately one-fourth 
that of potassium chloride. The integral diffusion 
coefficient for 0.10 M KC1 is 1.873 X 10-6 cm.* sec.-l 
(6) at 25' and 2.093 X lod6 cm.z sec.-l (7) at 30". 
The diffusion coefficients of sucrose, 1% and 0.1% 
both at 25' are reported as 5.148 X 10-6 cm.* set.-' 
and 5.213 X 10- cm.* set.-', respectively (8). 


The precision of the cells was then tested by 
quadruplicate determinations of the diffusion coeffi- 
cient of benzoic acid, 0.01 M at 30'. Benzoic acid 
was also used to determine the effect of stirring on 
the cell constant, by recalibrating the cell using 150 
r.p.m. synchronous motors. 


DISCUSSION 


The calibrations performed in this laboratory 
indicate that these cells are an improvement over 
the ones previously employed. The cell constants 
calculated using Eq. 1, for each trial of two cells 
using potassium chloride and sucrose are reported in 
Table I, along with their standard deviations. One 


TABLE I-CELL CONSTANT DETERMINATIONS 
UNDER VARYING CONDITIONS 


-Cell Constant, cm.- 
Cell B Cell C 


0.1 M ,  25' 84.17 87.17 
Potassium chloride, 


Potassium chloride ~ . ~ . .~~~ . .~  ~ .~ ~ ~~~ 


0.1 M ,  30" 84.92 87.92 
Sucrose, 1.0%, 25" M.50 89.72 
Sucrose, 0.1%. 25' 84.31 87.31 . -. 


Mean 84.49 88.03 
SD 0.275 1.018 


(&.Uy&) (*1.16%) 







Vol. 57, No. 9, September 1968 


cell ( B )  has a cell constant of 84.49 cm. and the 
other a cell constant of 88.03 cm. In order to 
determine whether this standard deviation is due to 
the changing conditions or to  the technique itself, 
the diffusion coefficient of benzoic acid, 0.01 M was 
repeatedly determined at 30'. The results are 
reported in Table 11. The diffusion coefficient found 
(1.113 X 10-6 cm.* sec.-1) is in excellent agreement 
with the reported value of 1.11 X 10-5 set.-' 
(9). Typical data for the benzoic acid rates are 
shown in Fig. 2. 


After noting that the determinations made using 
benzoic acid showed a slightly larger standard devia- 
tion than obtained by the potassium chloride and 
sucrose calibrations, it  was assumed that the small 
differences found with potassium chloride and 
sucrose were not due to  the changing conditions. 
This shows that small temperature changes do not 
affect the cell constant, nor does a 2% change in 
viscosity. If, however, i t  is assumed that the 
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TABLE 11-REPEATED DETERMINATIONS OF 
DIFFUSION COEFFICIENT OF BENZOIC ACID, 


0.01 M ,  AT 30.0° 


C (mg./sec.) Concn. 
Trial ( X  10') (mg./ml.) D (X  1 W  


Cell B (L - 84.49 cm.) 


1 1.122 1.2212 1.087 
2 1.151 1.1813 1.153 
3 1.185 1.2188 1.151 
4 1.133 1.1813 1.135 


Cell C (L = 88.03 em.) 


1 1.169 1.2212 1.087 ~~ ~- 
2 1.139 1.1813 i.095 
3 1.200 1.2188 1.118 
4 1.118 1.1813 1.075 


Mean 1.113 
SD 0.029 (f 2.6%) 
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Fig. 2-Typical data from rate experiments. Slope 
of line i s  G of &. 1. A, A, 0, 0 are four Key:  


different rate experiments from cell B. 


standard deviation (from the benzoic acid trials) is 
attributable to the exponential dependency of the 
diffusion coefficient, it  can be shown that at 300 
r.p.m. the maximum dependency is D('." * O.O").  


For the purposes found to date in the pharmaceutical 
literature, this leads to  only small errors in the 
determined diffusion coefficient. 


If the cell constant is recalculated using 150 r.p.m. 
rather than 300 r.p.m., a large reduction in cell 
constant is obtained. The cell constants at 150 
r.p.m. for cells B and C were 68.53 and 74.25 cm., 
respectively. The reproducibility of each cell was 
excellent. This result indicates the necessity for 
constant speed stirring. The lower the rates of 
stirring, the greater the magnification of the differ- 
ences between the cells. When four more cells were 
calibrated at 300 r.p.m., the cell constants ranged 
from 83.33 to  102.22 cm., with each individual cell 
showing about the same standard deviations as 
reported for cells B and C. This indicates the 
necessity of calibrating each cell individually, and 
using the individual cell constants for calculating the 
diffusion coefficients obtained from the rate experi- 
ments. 


SUMMARY 


An improved method for determining diffusion 
coefficients is proposed, encompassing the use of a 
new silver membrane. The advantages are the 
speed at which diffusion coefficients can be deter- 
mined, and the good precision of the data. It was 
also shown that, despite a stirring-rate dependent 
barrier being present, the diffusion coefficients ob- 
tained agree well with the literature and that diffu- 
sion through this barrier appears to  follow molecular 
diffusion. It was also shown that  small changes in 
temperature and/or viscosity do not affect the cell 
constant. These cells offer better precision than the 
previously reported cells using sintered-glass disks. 
They combine the physical stability of sintered-glass 
disks with the advantages of thin membrane filters. 
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1,3,2-Dioxaphosphorinane 2-Oxides 11. 
Preparation and Antitumor Activity of Some 2-Alkylamino 


and 2 -Arylamino-5 -alkyl- 5 -nitro- 1,3,2 -dioxaphosphorinane 2 -Oxides 
By JOHN H. BILLMAN, RALPH P. MAY, and JANE E. HEARD 


A series of 2-substituted-5-allcyI-5-nitro-i,3,2-dioxaphosphorinane 2-oxides con- 
sisting of 2-alkylamino and 2-arylamino types have been prepared and submitted 


for antitumor screening. 


N THE first publication of this series (1) the I authors discussed several miscellaneous %sub- 
stituted derivatives of 2-chloro-5alky1-5nitro- 
1,3,2-dioxaphosphorinane %oxides (I). 


4p x 
I 
c1 
I 


In view of the fact that different atoms or groups 
can change the electronic density about the phos- 
phorus atom and by so doing affect the antitumor 
activity of the 1,3,%dioxaphosphorinane %oxides, 
it was decided that a desirable grouping to intro- 
duce into the %position would be substituted amines. 
Twenty-seven such amides have been prepared 
and are listed in Tables I and 11. 


The reaction sequence leading to the prepara- 
tion of the phosphoramides, 11, is shown in Scheme 
I. 


+ POCI, - 
HO OH 


Cl A 
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The aliphatic amines react with the phospho- 
chloridic acids, I, at O", whereas the aromatic amines 
which are less basic require heating. Also, the 
aliphatic amines form the amides in very good yields 
while the aromatic ones give poor yields owing to 
the production of the pyrophosphate, 111, the forma- 
tion of which is described in the first article of this 


111 


series (I). It appears that whenever the reaction 
time is greater than 0.5 hr. the pyrophosphate I11 
is formed to  a greater extent. 


Biological Results-Preliminary antitumor screen- 
ing data indicated that some of these compounds are 
exceedingly active towards Walker carcinosarcoma 
256 (intramuscular). Upon rescreening one of these 
compounds, it failed to measure up to the previous 
high activity. Additional rescreening data are being 
sought for the other compounds to corroborate the 
original findings. 


EXPERIMENTAL' 
General Method for the Synthesis of 2-Alkyl- 


amino and 2-Arylan1ino-5-alkyl-5-nitro-l,3,2-dioxa- 
phosphorinane %Oxides (Method A)-The prepara- 
tion of 2-aziridino-5-methyl-5-nitro- 1,3,2-dioxaphos- 
phorinane %oxide. The Zchloro-%methyl-Snitro- 
1,3,2-dioxaphosphorinane %oxide, 5 g. (0.0232 
mole) was dissolved in 125 ml. of acetone and cooled 
to 0". To  this mixture aziridine. 1.32 g. (0.0232 
mole), and triethylamine, 4.68 g. (0.0464 mole), 
were added dropwise with stirring. The solid 
hydrochloride formed at once and was removed by 
filtration. The filtrate was evaporated to dryness 
in VUCUCJ yielding 5.0 g. (97.0% yield) of white solid. 
Recrystallization from ethanol gave 4.2 g. (82.0% 
yield) of pure solid product (m.p. 154-156'). 


Anal.-Calcd. for CaIIN20sP: N, 12.61; Found: 
N, 12.86. 


2 - (3' - Chloroanilinium) - 5 - methyl - 5 - nitro- 
1,3,2-dioxaphosphorinane %Oxide (Method B)- 
Ten grams (0.0464 mole) of 2-chloro-5methyl-5- 
nitro-1,3,2-dioxaphosphorinane %oxide and 200 ml. 
of benzene were placed in a 500-ml. three-necked, 


1 All melting points were taken on a Thomas-Hoover device 
and are corrected. The infrared data were obtained from 
spectra prepared on a Perkin-Elmer Infracord. The ele- 
mental analyses were performed by Midwest Microlab, Inc., 
Indianapolis, Ind. 
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TABLE I-2-SUBSTITUTED AMINO DERIVATIVES OF 2-CHLORO-&METHYL-5NITRO-1,3,2- 
DIOXAPHOSPHORINANE %OXIDE 


R 


Compd. 
No.  


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1 1  


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


R 


0- DNH- 
Ii>CH2NH- 


CHI 


HNH- 


C N -  


ON- 


Formula 


CinHioNzOsP 


CoHiaNzOsP 


ClOHl4N3OkP 


CiiHirNzOsP 


Yield 
(pure). 


% 


93.0 


40.6 


45.0 


87.0 


75.5 


75.0 


57.4 


59.4 


30.7 


42.8 


71 .n 


80.0 


33.3 


91.2 


74.2 


76.0 


73.5 


87.0 


82.0 


51.5 


85.0 


36.6 


87.4 


F . P . ,  
C. 


187-189 


148-150 


189-191 


175-177 


14C142 


146-1 48 


169-1 71 


173-175 


202~210 


159-161 


105-107 


147-149 


152-154 


113-115 


154-156 


120-122 


246-248 


251-253 


154-1RG 


131-133 


216-2 18 


-%N- 
Calcd. Found Infrared Assignment, p 


10.07 10.03 7.95 


10.65 10.32 8.05 


14.67 14.96 7.95 


14.67 14.79 7.91 


14.67 11.48 7.92 


9.80 9.49 8.10 


9.35 9.44 8.12 


10.30 10.15 8.16 


8.00 7.73 7.91 


9.28 9.19 7.96 


10.45 10.36 8.02 


11.89 11.96 8.05 


13.00 12.99 8.00 


11.85 11.88 7.88 


18.09 16.19 7.83 


10.00 9.76 7.91 


10.60 10.58 7.98 


8.70 8.43 7.70 


12.61 12.86 8.10 


11.20 10.94 7.85 


9.21 9.33 7.95 


9.30 


9.40 


9.28 


9.34 


$1, 36 


9.40 


9.40 


9.45 


9.43 


9.41 


9.40 


9.30 


9.30 


9.50 


9.41 


9.38 


9.40 


9.30 


9.50 


9.30 


9.40 


isi-182.5 9.28 9.36 8.05 9.4.9.8 


141.5-143.5 9.28 9.32 8.1 9.5. 10.0 


12.25 


12.25 


12.28 


12.21 


12.34 


12.10 


12.20 


12.00 


12.10 


12.05 


12.30 


12.20 


12.45 


12.50 


12.25 


12.31 


12.30 


12.63 


12.30 


12.20 


12.30 


12.0 


12.1 
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TABLE I (Continued.) 
Yield 
(pure), M.p., -%N-- 


Formula % OC. Calcd. Found Infrared Assignment, p 
Compd. 


No. R 


24 


25 


26 


27 


28 


29 


3n 


31 


32 


33 


34 


-NH 


- N H 3  


SCHx 
n 


-NH 


CI 


Br 


Compd. 
No. 


1 


2 


3 


4 


5 


6 


CiiHiiNsOrP 


CioHizPNaOsP 


CioHuFNaOrP 


CIOHIZCINZOIP 


CIOHIZCIN~OKP 


CtoHnBrNtOrP 


62.5 


49.1 


29.9 


31.5 


62.0 


5 5 . 0  


39.6 


56.5 


44.7 


57.5 


57.5 


161-163 


127-128 


185-187 


110-1 12 


1 84-1 8fi 


164-166 


179-181 


162-164 


202-204 


8.43 8.54 8.1 9.6. 10.05 


8.80 8.98 8.0 9 .4 .9 .95  12.1 


8.80 8.61 8.15 9.45.10.0 12.05 


13.69 13.64 8.08 9.60,lO.O 12.42 


9.65 9.90 8.15 9 . 5  12.13 


9.65 9.56 8.07 9.45.9.95 12.21 


9.14 9.38 8.20 9 . 5 , g . Q  12.1 


171.5-173.5 9.14 9.30 8.13 9.50. 9.87 12.10 


185-187 8.00 8 .13  8 .15  9.5,lO.O 12.1 


TABLE 11-2-SUBSTITUTED AMINO DERIVATIVES OF 2-CHLORO-5ETHYL-5NITRO-1,3,2- 
DIOXAPHOSPHORINANE %OXIDE 


I 
R 


Yield 
(pure), M.P.. -%N- 


Formula % O C .  Calcd. Found Infrared Assignment, p 


C~H13N206P 56.8 118-120 11.88 12.20 7.80 9.69 12.45 


CSH16N205P 80.0 106-108 11.20 11.42 7.86 9.70 12.50 


CsHiTN20sP 86.5 119-121 10.60 10.74 7.90 9.65 12.40 


CliHlsNsOsP 47.2 196-198 13.96 13.86 8.00 9.60 12.28 


C11HlsNaO6P 44.6 173-175 13.96 13.88 8.00 9.61 12.26 


CsHiiNz05P 87.0 204-206 13.31 13.37 7.91 9.25 
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Anal.-Calcd. for CloH1&lN206P: N, 9.14. 
Found: N, 9.30. 
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round-bottom flask equipped with a Dean-Stark 
trap, magnetic stirring bar, and heating mantle. 
After the benzene solution was refluxcd for 0.5 hr. 
to  remove all water from the system, 11.8 g. (0.0928 
mole) of Bchloroaniline was added dropwise t o  
the reaction flask. White material precipitated. 
The reaction mixture was stirred at  reflux tempera- 
ture, overnight, then the reaction was interrupted 
and the hot solution was filtered immediately to  
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t o  form. The solution was cooled in a refrigerator 
and 7.1 g. of crystals was collected by suction filtra- 
tion. The solvent from the filtrate was evaporated 
t o  dryness under reduced pressure leaving a solid 
which was combined with the crystals previously 
collected and recrystallized from Zpropanol t o  
give a total of 8 g. (57.5y0) of the white crystalline 
%(3‘-chloroanilinium)-5-methyl-5-nitro-l,3,2-dioxa- 
phosphorinane Zoxide, m.p. 171.5-173.5’. 
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1 , 3,2-Dioxaphosphorinane 2 -Oxides 111. 
Preparation and Antitumor Evaluation of Some 


3,~-Disubstituted-2,4,8,10-tetraoxa-3,9-diphosphaspiro[ 5.51- 
undecane 3,9-Dioxide 


By JOHN H. BILLMAN and RALPH F. MAY 


A series of 3,9-aminodisubstituted-2,4,8,1O-tetraoxa-3,9-diphosphaspuo 15.51 unde- 
cane 3,g-dioxides has been prepared and screened for antitumor activity. Only one  


of these compounds showed activity toward Walker carcinosarcoma 2 56. 


N VIEW of the fact that some 2-alkylamino and 2- I arylamino-5 - alkyl- 5 - nitro - 1,3 ,  2 - dioxaphos- 
phorinane 2-oxides have been shown to possess some 
antitumor activity against Walker carcinosarcoma 
256 (intramuscular) (l), one might expect that mole- 
cules containing two dioxaphosphorinane 2-oxide 
groupings would possess equd or greater activity 
than the single ring system. 


Since Sweeting (1) hod rcportcd the synthesis of 
3 ,9  - dichloro - 2,4,8,10 - tetraoxa - 3 , 9  - diphospha- 
spiro I5.51 undecane 3,9-dioxide, I, it was decided 
that this dichloride would be an excellent starting 
material for making compounds that would fulfill 
the requirement of a double ring system. It was 
also felt that it would be of interest to see if the 
spirane moiety would act as a good carrier group and 
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if in some way or other would have an effect on anti- 
tumor activities. 


The desired amides were prepared by condensing 
the appropriate amines with the dichloride I in aceto- 
nitrile in the presence of triethylamine as outlined 
in Scheme I and as listed in Table I. 


0 


I 


Biological R e s u l t A n l y  Compound 6 in Table I 
showed appreciable activity, and this was toward 
Walker carcinosarcoma 256. It showed an inhibi- 
tion of 35y0 at a dose level of 25 mg./kg., 58% at 
100 mg./kg.. and 79% at 200 mg./kg. The activity 
of this compound is probably due to  the alkylating 
groups in the molecule. Most of the other amides 
had an exceedingly high melting point and were 
very insoluble in most of the common organic sol- 
vents. The lack of antitumor activity for these di- 
amides may be accounted for by their great insolu- 
bility. 








Effect of Complex Formation on Drug Absorption VIII 
Intestinal Transfer Characteristics of the Salicylamide-Caffeine System 


By RICHARD H. REUNING* and GERHARD LEVYt 


Salicylamide and caffeine form a complex in aqueous solution which has an ap arent 
lipoid-aqueous partition coefficient intermediate between the partition coefI!cients 
of free salicylamide and free caffeine. The transfer rate of salicylamide across the 
cannulated everted intestine of the rat is decreased in the presence of caffeine at a 
concentration sufficient to complex an appreciable fraction of the salicylamide. 
On the other hand, complex formation with salicylamide has no measurable effect 
on the intestinal transfer rate of caffeine. These observations suggest that the com- 
plex can be transferred as such and that diffusion of the drugs through the bulk solu- 
tion to the membrane surface is not transfer rate limiting. A theoretical analysis of 
the simultaneous equilibria involved in the partitioning between an organic and an 
aqueous phase of two interacting drugs in the presence of one another shows that 
the apparent partition coefficient of a drug complex does not necessarily represent 
the ratio of transfer rate constants of the complex itself across the interface. For 
this reason, it should not be assumed that there will always be a correlation between 
the apparent partition coe5cient and the intestinal transfer rate constant of drug com- 


plexes. The results of the reported study support this conclusion. 


N A PREVIOUS STUDY (1) salicylamide and I caffeine were found to form a comdex in 


EXPERIMENTAL 
Intestinal Transfer Rate Determinations-The 


aqueous solution, The stoichiometry and 


PH 5 where both drugs are 


cannulated everted intestine method developed by 
Crane and Wilson (2) was used with the modifica- 


intestinal segment, 10 cm. in length, from a male 
ity ‘Onstant Of the were determined at tions described previously (3). Ea& everted 


llndis- 


sociated. The purpose of the present study was Sprague-Dawley rat (290-380 g.),  was suspended in 
to investigate fie effect of t h i s  complex formation a large test tube containing about 50 ml. of mucosal 
on the  overall^ intestinal transfer of both salicyl- solution at  37”. Krebs-Henseleit-Acetate Ringer’ 


solution (KHAR), pH 5.0, containing d e i n e ,  


complex formation O n  the intestinal transfer was used as the mucosal solution. TWO intestinal s g -  
rates and on the apparent partition coacients ments were obtained from each rat and an equalnum- 
of salicylamide and caffeine, respectively. ber of first and second segments were used for each 


experiment. Two milliliters of the serosal solution, 
Ringer solution The salicylamide-caffeine system was chosen Krebs-Henseleit-Bicarbonate 


as a model for a study Of the effect Of (KHBR), pH 7.4 (4), was introduced into theeverted 
formation on drug absorption since extensive intestinal segment. The entire serosal solution was 
complexation of either drug js  possible under withdrawn every 10 min. After each withdrawal 
suitable experimental conditions. Such extensive the SeroSa was rinsed with KHBR and the rinse 


was combined with the previously withdrawn SOH- 


solubility of both drugs in water and by fie completion of the rinsing procedure, another 2 ml. 
relatively high stability constant of the complex of KHBR was placed into the intestinal segment. 
(41 l./mole at 3 p ) ,  is desirable because any This frequent replacement of the serosal solution 


prevented appreciable build-up of drug concentra- 


testinal transfer will then be reflected by a involving the measurement of transfer 
measurable change in the overall intestinal trans- rates in the presence of salicylamide in the mucosal 
fer rates of the two drugs. solution, salicylamide was also included in the 


serosal solution. 


amide and caffeine and to ‘Ompare the effects Of salicylamide, or both in varying concentrations, 


complexation, made possible by the adequate tion for subsequent =say. Immediately after 


pronounced effect Of On in- tion on the serosal side, In one set of 
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1 In the context used in this paper, “overall” refers to the 


combined effect or behavior of free and complexed drug. 


The serosal samples were diluted with KHAR, 
pH 5.0, and the amount of caffeine or salicylamide 
transferred was determined by spectrophotometry 
at 273 or 299 mp, respectively. When both drugs 
were present together, two-component spectro- 
photometry was used at  these wavelengths. The 
absorbances of the two compounds were additive 
in the concentration range of the assay procedure. 
A small correction for blank was necessary only in 
the first two 10-min. samples, as determined in 


* This is similar to Krebs-Henseleit-Bicarbonate Ringer 
solution (4) except that an equimolar amount of acetate 
buffer was substituted for the bicarbonate buffer. 
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experiments in which drug-free solutions were used. 
When known amounts of both drugs were added to 
KHBR solution which had been incubated for 10 
min. with an intestinal segment (i.e.,  using the 
cannulated everted intestine method as described 
above, but without drugs), an average of 1 0 l ~ o  of 
added caffeine and 100% of added salicylamide was 
recovered. 


The transfer rates were determined from the 
slope of a plot of cumulative amount of drug trans- 
ferred versus time. The transfer rate constant was 
obtained by dividing the slope value by the mucosal 
drug concentration. This was possible because of 
frequent replacement of the serosal solution and be- 
cause the volume of the mucosal solution was large 
enough so that the drug concentration in that solu- 
tion remained essentially constant for the duration 
of the experiment. A derivation from Fick's law 
of this method of calculating the transfer rate con- 
stant has been presented previously (3). 


Experimental Design-The study was designed to 
determine the effect of complex formation on drug 
absorption under conditions which also permitted 
an assessment of any possible alteration in the perme- 
ability characteristics of the everted intestine as a 
function of time or upon addition of the complexing 
agent. The everted intestinal segment was first 
suspended for 40 min. in a solution containing only 
the drug, then for 40 min. in a solution containing 
drug plus complexing agent, and then again for 40 
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MUCOSAL DRUG CONCENTRATION 


CUMULATIVE AMOUNT TRANSFERRED . 
I I 1 -  


TlM€,MirrnEI 


Fig. 1-Effect of complex formation with caffeine on 
the transfer of salicylamide across the cannulated 
everted intestine of the rat. In the upper portion of the 
figure the concentrations of salicylamide and caffeine 
i n  the mucosal solution are plotted as a function of time. 
In the lower portion of the jigure, the cumulative 
amounts of salicylamide and caffeine transferred 
across the intestine are plotted as a function of time. 


MUCOSAL DRUG CONCENTRATION 
tar 


I 


TIYE, MINUTES 
\ 40 eo 120 / " 


CUMULATIVE AMOUNT TRANSFERRED 
"r 


30 1 
/ -  


Fig. 2-Effect of complex formation with cafeine on 
the transfer of saluylamide across the cannulated 
everted intestine of the rat. Details as i n  Fig. 1 
except that the order of addition of the complexing 


agent was changed. 


min. in a solution containing only drug. An equal 
number of experiments was carried out in a 
different sequence. Comparison of the transfer 
rates observed in the first and third time periods 
permitted an evaluation of any possible changes in 
the permeability of the intestinal segment. Also, 
the comparison of transfer rates both in the absence 
and presence of complexing agent in the same in- 
testinal segment eliminates any variability due t o  
possible differences in the surface area, thickness, 
etc., of different segments. 


Determination of the Extent of Metabolism of 
Salicylamide by the Everted Rat Intestine-Three 
10-cm. segments of everted intestine from a male 
Sprague-Dawley rat  (280 g.) were tied on one end 
with suture and filled with 2.5 ml. of serosal solu- 
tion (KHBR, pH 7.4, was the solvent) through the 
open end which was then also tied off. Each everted 
sac was placed in a 50-ml. flask containing 15 ml. of 
mucosal solution (KHAR, pH 5.0, was the solvent). 
The flasks were flushed with 95y0 COZ and 
incubated for 1 hr. The mucosal and serosal solu- 
tions contained the same concentration of the 
drug(s), namely either salicylamide, salicylamide and 
caffeine, or solvent alone. The latter was used as a 
control to determine the recovery of salicylamide by 
adding known amounts of this drug, similar to  the 
amounts used in the other two experiments, to  the 
serosal solution, the mucosal solution, and to  a 
homogenate of the intestinal segment. Salicylamide 
in the mucosal and serosal solutions and in a homog- 
enate of the everted intestinal segment was assayed 
by a method which is specific for free drug and 
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excludes glucuronide or sulfate conjugates, if 
present. This assay, which involves extraction of 
the drug from a pH 7 buffer into ethylene dichloride 
and subsequent reextraction into a ferric nitrate 
reagent solution, has been described elsewhere (5). 


Determination of Apparent Partition Coefficients 
-Apparent partition coefficients were determined 
(at least in duplicate) with isoamyl acetate as the 
organic phase and KHAR, pH 5.0, as the aqueous 
phase. Equilibration was carried out a t  room tem- 
perature for at least 12 hr. using an automatic 
shaking apparatus. In the determination of salicyl- 
amide partition coetficients, the drug in the aqueous 
phase was assayed colorimetrically as previously 
described (1). In the determination of caffeine 
partition coefficieats, caffeine alone in the aqueous 
phase was asyayed speztrophotometrically a t  273 
mp. When salicylamide was present, both drugs 
were assayed in the aqueous phase using two- 
component spectrophotometry a t  273 and 299 mp. 


RESULTS AND DISCUSSION 


Effect of Complex Formation of Intestinal Trans- 
fer of Salicylamide and Caffeine-The effect o f  
caffeine (2.2y0) on the overall intestinal transfer 
rate of :a!icylaaide (0.384%) is shown in Figs. 1 
and 2. I t  is evident that a pronounced decrease in 
the overall transfer rate of salicylamide occurred 
when this drug was conplexed extensively with 
caffeine.a The figures also show the transfer of 
the' Complexing agent, caffeine, and the degree to 
which it. mas complexed. The intestinal transfer 
rate constant for salicylamide alone (0.38470 in the 
mucosal solution) was 3.5 ~ m . ~ / h r .  as compared to 
2.0 cm.a/hr. in the presence of 2.2c.1 caffeine (means 
of the paired observations from four segments). 
Subsequent experiments, to be reported in a follow- 
ing paper (6), yielded essentially the same values 
for the transfer rate constants (3.4 and 2.0 ~ m . ~ / h r . ,  
respectively) when the serosal solution contained 
caffeine and was exchanged every 6 min. rather 
than every 10 min. This shows that practically 
sink conditions were maintained in the present study. 


The transfer rates of salicylamide and caffeine 
were essentially the same in the first and third 
time periods (Figs. 1 and 2). This indicates that 
the permeability of the everted intestine did not 
change measurably during the time of the experi- 
ment, regardless of the presence or absence of a 
high concentration of caffeine. These results 
suggest that the effect of caffeine on the intestinal 
transfer of salicylamide is not due to a modification 
of intestinal permeability characteristics. 


The possibility that the transfer rate data are 
affected by the formation of salicylamide conjugate5 
in the intestinal mucosa was examined. When 
salicylamide in a relatively low concentration 
(0.02470 as compared to 0.384y0 used in the transfer 
study) was incubated with intestinal tissue for 1 
hr., no significant metabolism of salicylamide was 
found, regardless of the presence or absence of 
caffeine (Table I). These results are in agreement 
with those of other workers who have found signifi- 


'The calculations of the extent of complexation in this 
paper are ba,ed on a stability constant of 41.1 l./mole for 
the salicylamide-caffeine complex (1:l) and are not cor- 
rected for caffeine dimerization (1). These calculations 
indicated 7Q% complexation of salicylamide in the experi- 
ments shown in Figs. 1 and 2; direct experimental determina- 
tion showed 78% complexation (1). 
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TABLE I-RECOVERY OF SALICYLAMIDE FROM 
EVERTED INTESTINAL SACS OF THE RAT AFTER 


1 HR. OF INCUBATION" 


Initial Composition of Mucosal % 


Salicylamide control (no incubation) 99 
Salicylamide 0.024 98 
Salicylamide 0.024 99 
Caffeine 2.0 1 


and Serosal Solutions, '% Recovery b 


a The everted sacs were incubated at 37" in an atmosphere 
of 5y0 C o t  in 02. Krebs-Henseleit-Bicarbonate Ringer 
solution, pH 7.4, was the solvent for the serosal solution and 
Krebs-Henseleit Acetate Ringer solution, pH 5.0, was the 
solvent for the mucosal solution * One of each. 


cant metabolism of salicylarnitle in rabbit intestinal 
tissue, but not in that of the rat (7). 


The decrease in the intestinal transfer rate of 
salicylamide in the presence of caffeine cannot be 
attributed to  the decreased thermodynamic activity 
of salicylainide and an assumption that the complex 
itself is not absorbed since, in the presence of caf- 
feine, the concentration of free salicylamide was 
about 21% of that when caffeine was absent while 
the transfer rate was Myo of that when caffeine was 
absent. I t  appears, therefore, that the salicyl- 
amide-caffeine complex itself is transferred across 
the everted intestine but a t  a rate different from 
that of free salicylamide. 


In contrast to  the results for salicylamide, the 
intestinal transfer rate of caffeine (0.388'4 ) was 
not appreciably affected when complexed to the ex- 
tent of about 549; due to the presence of a relatively 
high concentration of salicylamide (0.543%). The 
data from two of the four experiments that were 
carried out are shown in Figs. 3 and 4. The experi- 


MUCOSAL DRUG CONCENTRATION 
I I 


CUMULATIVE AMOUNT TRANSFERRED 
I 


Fig. 3-Effect of complex formation with salicylamide 
on the transfer of caffeine across the cannulated everted 


intestine of the rat. Details as in Fig. I. 
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TABLE 111-APPARENT PARTITION COEFFICIENTS 
OF SALICYLAMIDE, CAFFEINE, AND SALICYLAMIDE- 


CAFFEINE COMPLEX 


WIILl IL  


CUMULATIVE AMOUNT TRANSFERR 
I I 


lor 8 


S L U C R I M  


Fig. 4-Effect of complex formation with saluylamide 
on the transfer of caffeine across the cannulated everted 
intestine of the rat. The order 
of addition of the complexing agent was different from 


that i n  Fig. 3. 


Details as i n  Fig. 1 .  


ments were repeated under conditions where salicyl- 
amide was present in the serosal solution in a 
concentration equal to  that of free salicylamide in 
the mucosal solution. These results, which are 
listed in Table 11, also show that there was no ap- 
preciable difference in the intestinal transfer rate of 
mffeine alone and in the presence of salicylamide. 


In view of the indications from the salicylamide 
transfer rate determinations that the salicylamide- 
caffeine complex is transferred as such, and con- 
sidering the lack of a measurable dserence in the 
overall intestinal transfer of free and complexed 
caffeine, there is strong indication that the salicyl- 
amide-caffeine complex is transferred across the 
intestine at the same rate as free caffeine. A con- 
sequence of this reasoning, which obtains strong 
support from the results of studies to  be reported 
subsequently (6), is that diffusion of caffeine and 
the salicylamide-caffeine complex through the 
aqueous solution to the intestinal mucosa is not 


TABLE 11-EFFECT OF SALICYLAMIDE I N  THE MU- 


TRANSFER RATE CONSTANT OF CAFFEINE 
COSAL AND SEROSAL SOLUTIONS ON THE INTESTINAL 


Composition of Mucosal Transfer Rate Constant,' 
Solution, yo cm.a/hr. 


Caffeine, 0.388 
Caffeine, 0.388 
Salicvlamide? 0.543 5 


1.4 (0.05) 


1.5 (0.32)c 
" Mean of the values from 4 segments, standard deviation 


in parentheses. Salicylamide was also present in the serosal 
solution at a concentration equal to the calculated concen- 
tration of free salicylamide in the mucosal solution. OThe 
larger standard deviation in this set of experiments is due to  
one unusually high value (2.0 cm.n/hr.). The average 
transfer rate constant excluding this value is 1.4 cm.a/hr. 


% Com- 
plexation of 
Cafieine in 
Aqueous 


Amount of Drug in the Phase at Apparent 
System." mg. Equili- Partition 


Caffeine Salicylamide brium Coe5cient 
23 - 10 - 


- 0.44 - 19 
19 100 12 0. 57b 
19 300 27 0. 52b 
19 500 38 0.5@ 


Isoamyl *acetateacetate buffer, pH 5.0, 10 ml. each at 
25 f 2 O .  Apparent partition coefficient of the salicyl- 
amide-caffeine complex itself, calculated as shown in Foot- 
note 4. 


rate limiting in the intestinal transfer of these two 
species. 


Effect of Complex Formation on the Apparent 
Partition Coefficients of Salicylamide, Caffeine, and 
Salicylamide-Caffeine Complex-It is well known 
that there is a positive relationship between the 
lipoid-aqueous partition coefficient and the gastro- 
intestinal absorption rate of many drugs (8, 9). 
It was found that the partition coefficient of salicyl- 
amide is higher, and that of caffeine is lower, than 
the apparent partition coefficient of the salicyl- 
amide-caffeine complex itself (Table 111). The 
apparent partition coefficient of the complex was 
determined'. at three different salicylamide-caffeine 
concentration ratios, with essentially the same value 
being obtained in each case. 


An analysis of the simultaneous equilibria which 
will determine the apparent partition coefficient of 
a drug complex is appropriate to  assess the likely 
relationship between this property and the rate of 
transfer of complex across a biologic membrane. 
These simultaneous equilibria are shown in the 
following model: 


Kr 
A, + Bo A-Bo 


A. + B. A-Ba 
1 1 ~ 1  1W l P 4  


K: 
where A and B are the two individual components 
of the drug complex and A-B is the complex itself. 
The subscript o refers to the species in the organic 
phase and the subscript a to  the species in the 
aqueous phase. Both A and B are assumed to  
partition between the organic and aqueous phases. 
The definitions of the various constants involved 
in these equilibria are as follows: 


4 The apparent partition coefficient of the complex was cal- 
culated as shown below, where A represents salicylamide, B 
represents caffeine, and where the subscripts and constants 
have the meanin s defined subsequently for the model in the 
text. (a) [A;], f€I%], and,[A-B;] are calculated from Ks and 
the experimentally determined total salicylamide and caf- 
feine concentrations in the aqueous phase at  equilibrium, 
according to the procedure described in Method I in the 
appendix of Reference 1. ,(S) [Be] is determined from IB.1 
and the partition coefficient, Kz. ( 6 )  [A-Bol = [(total 
amount B in both phases)-(amount of free B in both phases 
plus amount of A-B in aqueous phase)] +volume of organic 
phase. (d) Apparent partition coefficient of complex = 
[A-Bol/[A-B.I. 
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It appears that factors which determine the rate 
of transfer of drug complexes across biologic mem- 
branes are likely to be resolved only by a considera- 
tion of physicochemical effects a t  the biologic inter- 
face and not on the basis of in vitro apparent parti- 
tion coefficient data or transfer experiments using 
simple nonbiologic membranes or barriers (10). 
I t  is therefore appropriate to direct further attention 
to the equilibria which exist a t  the surface of biologic 
membranes in systems consisting of two interacting 
drugs. This will be the subject of the following 
paper. 


An increase or a decrease in the apparent partition 
coefficient of drug B (PCapp.) when partially com- 
plexed with drug A indicates that the ratio [A-B,]/ 
[A-B.] is greater or less, respectively, than the ra- 
tio [B,]/[B.], or K2.5 


However, the ratio [A-B,]/[A-B.], the appar- 
ent partition coefficient of the complex, reflects 
only the equilibrium condition and does not give 
any indication of the relative contribution of each 
of the several pathways by which this equilibrium 
can be attained. In fact, it  can be shown alge- 
braically that the ratio [A-B,]/[A-B.] is equal to 
K1K&/Ka whether or not the pathway repre- 
sented by Kp actually exists. 


It is evident from the above discussion that, un- 
like the partition coefficient of a pure substance 
which reflects the ratio of its interfacial transfer 
rate constants in both directions, the apparent 
partition coefficient of a complex does not necessarily 
reflect the rates of transfer of the complex itself from 
one phase to  the other. Yet, i t  is this direct transfer 
of the complex itself which would most likely bring 
about a change in the overall absorption rate of 
complexed drugs. Herein lies the limitation of the 
use of partitioning data, which are representative 
of an equilibrium situation, for correlation with 
intestinal transfer data, which represent a rate 
phenomenon. The lack of correlation between the 
transfer rate constants and partition coefficients of 
salicylamide, caffeine, and the salicylamide-caffeine 
complex is consistent with this reasoning. 


6 This statement can be substantiated mathematicall 1’. 
taking as an example the case where complexation results in 
an increase in the apparent partition coefficient ( P C ~ P P .  > 
Kz). If PCaDp. > K2, then 


Cross-multiplying yields 


Therefore, 


REFERENCES 


(1) Keuning, K. H.,  and Levy, G., J .  Pharm. S c i . ,  in press’ 
(2) Crane, R. K., and Wilson, T. H.. J .  A p p l .  Physiol., 12,  


145(1958). 
(3) Reuning, R. H., and Levy, G.. J .  Pharm. Sci . ,  57, 


1335( 1968). 
(4) “Evaluation of Drug Activities: Pharmacometrics,” 


vol. 2, Laurence, D. R.,  and Bacharach. A. L., Eds., Aca- 
demic Press Inc., New York, N. Y., 1964, p. 892. 


(5) Levy, G., and Matsuzawa, T., J .  Pharmacol. Exgtl . 
Therap., 156, 285(1967). 


(6) Keuning. R.  H.. and Levy. G., submitted for oubli- 
cation. 


(7) Barr, W. H.,  personal communication. 
(8) Schanker L. S. Shore P. A. Brodie B. B., and 


Hogben, C. A. ’ M., j .  Phwmocol. ’Expll. fherap.,  120, 
R3Q(lf IR71 ___,_ ,. 


(9) Hogben, C. A. M.,  Tocco, D. J., Brodie, B. B., and 
Schanker L. S., ibid. ,  125, 275(1959). 
(10) L ~ v Y ,  G., and Mronzczak, E. J. .  J .  Phorm. Sci., 57, 


235( 1968). 


Keyphrases 


Drug absorption-complex formation effect 
Salicylamide-caff eine complex-transfer rate 
Caffeine retardation-salicylamide transfer 
Everted intest ineexperimental  technique 
Partition coefficients-transfer rates-compari- 


UV spectrophotometry-analysis 
son 


Thiopental Pharmacokinetics 
By K. B. BISCHOFF* and R. L. DEDRICK 


A mathematical pharmacokinetic model, including flow limitations, lipid solubility, 
protein binding, and metabolism, is used to make a priori predictions of the dis- 
tribution of thiopental in  four body regions. Tissue binding is correlated by means 
of “effective” protein fractions and bovine serum albumin data. Metabolism is 
represented by a Michaelis-Menten rate equation. Close agreement with existing 
experimental data lends confidence i n  the model as a valuable tool for predictions 


i n  a variety of therapeutic situations. 


ANY PRIOR studies of thiopental pharmaco- M kinetics have been made, bu t  there remains 
some question concerning the relative importance 
of metabolism and lean and adipose tissue up- 
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Synthesis of Xanthoxime and Pyridine-3-aldoxime 
Esters and Ethers as Potential Anticholinergics 


By SUSHIL K. GOMER. EUGENE I. ISAACSON, ROBERT G. BROWN, 
and JAIME N. DELGADO 


The synthesis of a series of oxime esters and ethers was accomplished by acylation 
and 0-alkylations of 3-pyridinealdoxime and xanthoxime. The esterifications were 
effected by treating the oximes with benzoyl chloride whereas the 0-alkylations were 
effected by treating the oximes with B-dimethylaminoethyl and rdimethylamino- 
propyl chlorides. In the course of this investigation, five compounds were synthe- 
sized and evaluated for their anticholinergic activity. This study reveals that the 
oxime esters and ethers possessing the bulkier xanthene moiety are, in general, more 
anticholinergic than those derived from 3-pyridinealdoxime. 9- (7-Dimethylamino- 
propy1oximino)-xanthene methyl bromide was found to be the most potent anti- 


cholinergic agent among the new compounds evaluated. 


REVIOUS WORK in these laboratories has led P to the synthesis of oxime esters and ethers 
derived from l-methyl-4-oximinopiperidine, 3- 
oximinotropane, benzophenone oxime, and di- 
benzosuberone oxime (1, 2). Since these studies 
have demonstrated that certain oxime deriva- 
tives possess interesting anticholinergic activity 
(I), it was decided to extend the series by pre- 
paring analogous compounds from pyridine-3- 
carboxaldehyde and xanthone as potential anti- 
cholinergic agents. These carbonyl compounds 
were selected as starting materials because they 
provide the basis for comparing the effect of 
a tricyclic moiety with the pyridine heterocycle 
on anticholinergic activity. The present work 
encompasses the synthesis and preliminary 
pharmacologic evaluation of the oxime deriva- 
tives delineated in Tables I and 11. 


The synthesis of 3-pyridinealdoxime presented 
no difficulties. For general preparative pur- 
poses the method of Ginsburg and Wilson (3) 
was employed. The utilization of this proce- 
dure entailed adjusting an aqueous solution of 
the aldehyde and hydroxylamine hydrochloride 
to neutrality by the addition of a 10% sodium 
hydroxide solution and heating for 20 min. 


The synthesis of xanthoxime proceeded with 
greater difficulty than did the synthesis of 
3-pyridinealdoxime. However, application of 
the method of Campbell et al. (4) proved to be 
successful. Refluxing the ketone together with 
hydroxylamine hydrochloride in anhydrous pyr- 
idine as base and solvent for 24 hr. gave the 
oxime in yields to 80% of theory. 


Received February 28, 1968, from The College of Phar- 


Accepted for publication June 11, 1968. 
macy, The University of Texas, Austin. TX 78712 


The oximes were converted to the ester deriva- 
tives by conventional acylation procedures em- 
ploying the acyl chloride. 3-(Benzoyloximino)- 
pyridine was prepared using a number of solvents. 
The best yields were obtained when the solvent 
was anhydrous benzene or anhydrous ether. 
In the preparation of 9-(benzoy1oximino)xanthene 
anhydrous ether was used as solvent. 


The preparation of the oxime ethers was ac- 
complished by dissolving the oximes in ethanol, 
adding sodium hydride, and subsequently adding 
dropwise a solution of the respective amino- 
alkylhalides in ethanol. The ethers, all con- 
taining the aliphatic amino function, were charac- 
terized as the picrate or methyl halide deriva- 
tives. 


The compounds were synthesized in order to 
evaluate the influence of certain groups on bio- 
activity, with a specific point in mind being that 
the oximino ester and oximino ether linkages 
could serve as groups favoring an interaction 
with the cholinergic receptor, provided that 
other groups are present. Thus, if the oximino 
linkage could serve as a binding group, then the 
presence of a cationic center, for example, the 
quaternary ammonium function, characteristic 
of many agents acting at  cholinergic receptors, 
should promote affinity for the receptor. The 
result of interaction with the receptor could be 
either a cholinergic or anticholinergic action de- 
pending upon other molecular features. For 
example, relatively large nonpolar and semi- 
planar ring systems are frequently associated 
with anticholinergic activity. It would be in- 
teresting to contrast such a grouping with a 
smaller and more polar moiety. 
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TABLE I-PHYSICAL CONSTANTS AND ANALYTICAL DATA OXIME ESTERS 


I I1 


Empirical <-----Anal.-- Found 
Formula Calcd. 


Compd. M.P., 
No. Derivatives OC. yo Yield 


- - - - - - I I-A Hydrochloride salt 124-124.5 62 Ci3HiiClNzOz C, 58.46 59.69 


C Z O H ~ ~ N O ~  C, 76.17 75.98 
H. 4.15 4.13 


I1 - 126.6-127 98 
H,  4.22 4.35 


TABLE TI-PHYSICAL CONSTANTS AND ANALYTICAL DATA OXIME ETHERS 


,CH3 
N- 0-CHzCH2CH~-N 


'CH, 


0 ,CH, 


'CH, 
N- 0 -CHzCHz- N 


Cornpd. 
NO. 


111 
111-A 


111-B 


IV 
IV-A 


IV-B 


V 
V-A 


VI 
VI-A 


VI-B 


Derivatives - 
Picrate 


V VI 


Empirical -------rAnal. __- 
M,p,, O C .  Yield Formula Calcd. Found 


% 
- Ci~HiJ 'h0  - - 


134.5-135 67 - Ci6HisNsOa C, 45.50 45.54 
4.90 H. 4.29 


Dimethyl dibromide 


Picrate 


Dimethyl diiodide 


Picrate 


- 


- 


- 
Picrate 


Methyl bromide 


~- - ~. 
226-226.5 - C12H~1Br~N80 C: 37.61 37.07 


H. 5.52 6.35 - 56.4 CllH17N30 - - 
46.87 
4.75 


C, 46.78 
H. 4.62 


130 - Ci&oNeOs 


166-166.5 - 6aYdpNaO c: 31.78 32.37 
H, 4.72 4 .78  


177-178.5 - Cz3HziN500 c, 54.01 54.26 
H, 4 .14 4.38 


134-135 - CzaHsNeO 9 C, 54.86 54.84 
H, 4.41 4.30 


240 - ClpHzaBrNzOp C, 58.32 58.20 
H, 6.92 5.88 


- - - 60 CiTHisNzOz 


- 65.8 CisHmNeOz - - 


EXPERIMENTAL 


Synthesis of Oximes 
3-Pyridinealdoxime-This compound was pre- 


pared according to the method of Ginsburg and Wil- 
son (3). The oxime was recrystallized from 95% 
ethanol. The analytically pure sample melted at 
150"; reported m.p. 150-151" (3). The yield was 
1.8 g. (85% of theory). 


Xanthoxime-The procedure of Campbell et al. (4) 
was adapted to the synthesis of this compound. The 
oxime was recrystallized from anhydrous benzene. 
An analytically pure sample of this compound 
melted at 161'; reported m.p. 161O (4). The yield 
was 8.5 g. (SO'% of theory). 


1 Reported malting points are uncorrected. A Thomas- 
Hoover Unbol t  sppamtus was used for meltiog oint deter- 
minations. Schwarzkopf Microanalytical Laborafory, Wood- 
side, N. y., conducted the elemental analysis. 


Synthesis of Oxime Esters 
J-(Benzoyloximino)pyridine (1)-This compound 


was prepared from 3-pyridinealdoxime (3.05 g., 
0.025 mole) and benzoyl chloride (4.21 g., 0.03 mole) 
in 1,4-dioxane according to the procedure of Gass 
and Bope (5). The yield was improved when an- 
hydrous benzene was the solvent. However, an- 
hydrous ether was found to  be the most suitable 
reaction solvent. The hydrochloride salt ( 1 4 )  
was prepared and recrystallized from ethanol to  
give the analytically pure sample, m.p. 124'. The 
yield was 3.2 g, (62% of theory). 
9-(Benzoylodmino)xanthene (II)-Xanthoxime 


(3.37 g.; 0.016 mole) in anhydrous ether (200 ml.) 
was placed in a 5OO-ml., 3-necked round-bottom flask 
fitted with a stirrer, dropping funnel, and a con- 
denser with a drying tube. Benzoyl chloride 
(2.24 g , ,  0.01 mde) dissolved in anhydrous ether 
(2.5 ml.) was added dropwise with stirring at  room 
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temperature. Anhydrous benzene (100 ml.) was 
added twice a t  15-min. intervals. The reaction 
mixture was washed with 10% potassium carbonate 
solution. The nonaqueous layer was dried over 
anhydrous sodium sulfate and filtered. The solvents 
were distilled off under reduced pressure. The 
solid residue was recrystallized from absolute 
ethanol. The analytically pure sample melted 
a t  126.5-127'; the yield was 4.9 g. (98% of theory). 


Synthesis of Oxime Ethers 
3-(j3-Dimethylaminoethyloximino)pyridine (III)- 


3-Pyridinealdoxime (6.1 g., 0.05 mole) was placed 
with ethanol (75 ml.) in a 3-necked round-bottom 
flask fitted with stirrer, a dropping funnel, and a 
water condenser with a drying tube. Sodium hy- 
dride (4.70 g. of a 51.6% mineral oil dispersion; 0.01 
mole) was added slowly in small portions. The 
reaction mixture was stirred for 30 min. P-Di- 
methylaminoethylchloride hydrochloride (7.25 g., 
0.05 mole) in ethanol (50 ml.) was added dropwise 
with stirring to the refluxing reaction mixture. The 
mixture was refluxed and stirred for 4 hr. Strictly 
anhydrous conditions were observed &oughout 
the period. The reaction mixture was filtered, 
and the solvent was distilled off under reduced 
pressure. The product was obtained as an orange, 
viscous oil. The yield was 6.4 g. (670/, of theory). 
The oxime ether was characterized as the picrate 
(111-A ) and dimethyl dibromide (1113) deriva- 
tives. 


The other oxime ethers, 3-(ydimethylarnino- 
propy1oximino)pyridine (IV), g-(@-dimethylamino- 
ethy1oximino)xanthene (V), and 9 (r-dimethylamino- 
propy1oximino)xanthene (VI) were synthesized 
according to the method described for 3-(p-di- 
methylaminoethy1oximino)pyridine with reflux pe- 
riods of 6, 30, and 48 hr., respectively. Each of 
these was characterized as the picrate derivative, 
IV-A, V-A, and VI-A, respectively. 3-(yDi- 
methylaminopropy1oximino)pyridine (IV) also was 
characterized as the methyl iodide derivative 
(IV-B) and 9(ydimethylaminopropyloximino)xan- 
thene as the methyl bromide derivative (VI-23). 


PHARMACOLOGICAL EVALUATION 


The pharmacological evaluation of the synthesized 
compounds was undertaken to assess their spas- 
molytic activity against the spasm induced by pre- 
determined doses of the spasmogens, acetylcholine 
bromide and methacholineP chloride, on the excised 
strips of smooth muscle of rat ileum. The method 
involves a quantitative comparison, i n  vitro, of 
the spasmolytic activity of each experimental com- 
pound in parallel with a reference drug, atropine 
sulfate, under reproducible conditions. 


The smooth muscle employed as test tissue was 
a strip of 1-2 cm. in length from an anesthetized 
male or female albino rat which had been recently 
sacrificed. The strip was suspended in an 80-ml. 
bath chamber filled to a constant volume (70 ml.) 
with the Sollmann-Rademaeker solution at a con- 
stant temperature of 37". The muscle contractions 
were amplified and recorded on an E and M Physio- 
graph through a myograph attachment. 


The method was essentially that of Magnus as 
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modified by Ariens (6). This method uses logarith- 
mic dilutions of spasmogens. The Ariens method 
yields an S-shaped cumulative dose-response curve 
when percent contraction (response) is plotted 
against log millimole dose. The potencies of the 
experimental compounds relative to  the reference 
drug were determined in a series of experiments. 
The five compounds reported in Table 111 include 
one (11) that was markedly inactive against the 
spasmogens. A second compound (111-B) ex- 
hibited cholinomimetic activity as reported in 
Fig. 1. The remaining three compounds showed 
antispasmodic activity as summarized in Figs. 2, 
3, and 4. Relative potencies of the antispasmodics 
are presented in Table 111. 


STRUCTURE-ACTIVITY RELATIONSHIPS 


The pharmacological evaluation of the experi- 
mental compounds reveals that most possess per- 
ceptible antispasmodic activity, although the order 
of acetylcholine antagonism is low as compared 
with atropine sulfate. Compound VI-B is the 
most active of the experimental compounds. It 
is 1/62 as active as atropine sulfate. It possesses 
the relatively large xanthene group. Replace- 
ment of the large and bulky xanthene group in 
VI-B with a methylpyridinium group yields com- 


~~- - 
2 Mecholyl chloride, Merck & Co., Rahway. N. J .  


TABLE 111-RELATIVE POTENCIES OF DERIVATIVES 
OF OXWE ESTERS AND OXIME ETHERS 


Relative Potency 


No. Activity Atropine Sulfate 
Compound Compared with 


I- A Anticholinergic 1/40,000 
I1 Inactive - 
111-B Cholinomimetic - 


IV-B Anticholinergic 1/666 
VI-B Anticholinergic 1/62.5 


100 - 


9 0 -  


80 - 


70 - 


60 - 
z 


50 - 


W 
40 - 


30- 


20 . 


10 . 


# 


lo-' lo-' 10-2 10-1 loo 101 102 
DOSE, mmoles/70 rnl. 


Fig. 1-Investigation of activity of Compound 111-B 
on rat ileum. Key:  cumulative dose response curves. 
0, acetylcholine bromide (control); 0,  acetylcholine 
bromide (control afler pretreatments); A, pretreatment 
with 1.0 X mmoles atropine sulfate; 0, pre- 


treutnient with 1.0 X 10 mnioles III -B.  
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Fig. 2-Investigation of spasmolytic activity of com- 
pound I-a on rat ileum. Key: Cumulative dose- 
response curves. 0, methacholine chloride (controz); 
A, pretreatment with 1.0 X lo-' mmoles atropzne 
sulfate; 0,  pretreatment with 1 .O X 100 mmoles I-A; 
0 ,  methacholine chloride (control after pretreatments). 


-- 
0 1  ' .  " " L 


lo-' 10-1 lo-* 10-110 0 101 10' 
DOSE, rnrnoles/70 ml. 


Fig. 3-Investigation of spasmolytic activity of Com- 
pound I V - B  on rat ileum. Key: cumulative dose- 
response curves 0, acetylcholine bromide (control); 
0,  acetylcholine bromide (control after pretreutments); 
A, pretreatment with 1.0 X 10-a mmoks atropine 
sulfate; 0, pretreatment with 1 .O X 10 mmoks I V-B; 


m, pretreatments with 2.0 X 10 mmoles I V-B. 


pound IV-B which is about 10 times less active 
than the former. 


Compound 111-B somewhat resembles acetyl- 
choline in structure. It has a N-methyl-3-pyridine- 
aldoximino moiety replacing the acetoxy group. 
I n  broad qualitative terms, it thus has structural 
features related to a second choline moiety, i.e., 
a quaternary ammonium function, a three carbon 
chain, and a site of high electron density. This 
compound shows cholinomimetic activity. It is 


70 
w 


60 


50 
W a 
s 40 


10-4 10-1 10- 10-1 100 101 109 
DOSE, rnrnoles/70 rnl. 


Fig. 4-Investigation of spasmolytic activity of Com- 
pound VI-B on rat ileum. Key: cumulative dose- 
response cureres. 0, acetylcholzne bromide (control); 
A, pretreatment with 1.0 X mmoles atropine 
sulfate; O, 0,  pretreatment with 1.0 X 10 mmoles, 
VI-B; 0, acetylcholine bromide (control after 


pretreutments). 


interesting to note that IV-B, differing from 111-B 
by the insertion of a -CHz- group, possesses 
discernible anticholinergic activity. 


Compound I1 is poorly soluble in an aqueous 
medium. Lack of distribution and accessibility to 
the site of action may partly account for its in- 
activity, but it should be noted that this compound 
does not possess a cationic head, one of the pharma- 
cophoric moieties commonly implicated in the 
drug-receptor interaction, which also should be 
important. Compound I-A would be present to 
some extent in the protonated form under the test 
conditions. Compounds 111-B, IV-B, VI I  have 
the quaternary ammonium function and are active. 
These studies indicate that although an ester func- 
tion is not absolutely essential (7), the presence of 
a related site of polarity is important. Many 
potent anticholinergic drugs possess interatomic 
distances between the cationic nitrogen and a polar 
and/or polarizable group (e.g., ester) comparable 
to those of acetylcholine, in addition to large hy- 
drophobic and semirigid moieties. In this con- 
nection, it is noteworthy that compound VI-B 
is less active than the oxime ester 3-(xanthene-9- 
acy1oximino)tropane methyl bromide (VII), re- 
ported previously (1). The compound VI I  is 
six times more active than atropine. This difference 


VII 
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in anticholinergic activity between VII and the 
experimental compound VI-B might be due in part 
to the difference in steric rigidity and bulkiness of 
the tropane N-function and the acyclic N-function 
of VI-B. 
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Morphine-Induced Fetal Malformations I 


Exencephaly and Axial Skeletal Fusions 


By HOWARD S. HARPEL, JR.* and RONALD F. GAUTIERI 


High subcutaneous doses of morphine sulfate, 100-500 rng./kf? administered to 
CF-1 mice 00 Day 8 or Day 9 of gestation are teratogenic and resu tin a large number 
of fetuses with exencephrly and axial skeletal fusions. Retardation in food consump- 
tiod is not rimatily responsible fot these effects even though fasting alone affects 
embryonic Sevelopment. Based upon the narrow range betweeh the maternal LD5, 
and the teratogenic doses in this species, the teratogenic potential of morphine sul- 


fate is low. 


ITE THE current interest in drug-induced W embryopathies, it  is surprising that the 
recent literature is devoid of teratogenic studies 
involving the narcotic analgesics. I n  1931, 
Myers (1) reported that daily morphine ad- 
ministration beginning 3-5 months before mating 
and continuing throughout gestation had little 
effect upon the growth and reproduction of the 
albino rat. Although the litters were of average 
size and composed of young that appeared normal, 
the method of examination was not as extensive 
as the techniques currently employed in terato- 
genic studies. Moreover, ample time was avail- 
able for the female rats to become tolerant to 
morphine before conception, and consequently, 
all development occurred in a morphine-adapted 
environment. 
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Therefore, it was imperative to determine the 
consequences of morphine sulfate administra- 
tion during the critical stages of development in 
a common laboratory mammal by administering 
high subcutaneous doses to nontolerant CF-1 
mice on the eighth or ninth day of gestation. 
Moreover, during the investigation it became 
clear that drug administration produced a 
temporary decrease in food intake, and for this 
reason the effect of food deprivation on each of 
these 2 days also was investigated. 


EXPERIMENTAL 


CF-1 albino mice weighing between 20-25 g. were 
obtained from Carworth Farms, Inc., New City, 
N. Y. Females were caged in groups of 25 to 30 
for at  least 2 weeks after arrival and were not 
mated until they weighed at least 25 g. Males 
and gravid females were caged individually in metal 
cages measuring 12.5 X 15 X 10 cm. with a wire 
mesh front and floor. The colony was maintained 
on Purina laboratory chow and tap water ad libitum. 
Sodium chloride (0.9%) and morphine sulfate' 
(4.0%) prepared weekly in distilled water were 


1 Morphine sulfate, USP, Merck Co., Kahway, N.'J. 
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Anal.-Calcd. for CloH1&lN206P: N, 9.14. 
Found: N, 9.30. 
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round-bottom flask equipped with a Dean-Stark 
trap, magnetic stirring bar, and heating mantle. 
After the benzene solution was refluxcd for 0.5 hr. 
to  remove all water from the system, 11.8 g. (0.0928 
mole) of Bchloroaniline was added dropwise t o  
the reaction flask. White material precipitated. 
The reaction mixture was stirred at  reflux tempera- 
ture, overnight, then the reaction was interrupted 
and the hot solution was filtered immediately to  
remove the 3-chloroaniline hydrochloride. About 
100 ml. of benzene was removed from the filtrate 
under reduced pressure causing a white precipitate 
t o  form. The solution was cooled in a refrigerator 
and 7.1 g. of crystals was collected by suction filtra- 
tion. The solvent from the filtrate was evaporated 
t o  dryness under reduced pressure leaving a solid 
which was combined with the crystals previously 
collected and recrystallized from Zpropanol t o  
give a total of 8 g. (57.5y0) of the white crystalline 
%(3‘-chloroanilinium)-5-methyl-5-nitro-l,3,2-dioxa- 
phosphorinane Zoxide, m.p. 171.5-173.5’. 


(1) Billman, J. H., May, R. P., and Heard, J. B.. J .  
Pharm. Sci., 57, 1812 (1968). 
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1 , 3,2-Dioxaphosphorinane 2 -Oxides 111. 
Preparation and Antitumor Evaluation of Some 


3,~-Disubstituted-2,4,8,10-tetraoxa-3,9-diphosphaspiro[ 5.51- 
undecane 3,9-Dioxide 


By JOHN H. BILLMAN and RALPH F. MAY 


A series of 3,9-aminodisubstituted-2,4,8,1O-tetraoxa-3,9-diphosphaspuo 15.51 unde- 
cane 3,g-dioxides has been prepared and screened for antitumor activity. Only one  


of these compounds showed activity toward Walker carcinosarcoma 2 56. 


N VIEW of the fact that some 2-alkylamino and 2- I arylamino-5 - alkyl- 5 - nitro - 1,3 ,  2 - dioxaphos- 
phorinane 2-oxides have been shown to possess some 
antitumor activity against Walker carcinosarcoma 
256 (intramuscular) (l), one might expect that mole- 
cules containing two dioxaphosphorinane 2-oxide 
groupings would possess equd or greater activity 
than the single ring system. 


Since Sweeting (1) hod rcportcd the synthesis of 
3 ,9  - dichloro - 2,4,8,10 - tetraoxa - 3 , 9  - diphospha- 
spiro I5.51 undecane 3,9-dioxide, I, it was decided 
that this dichloride would be an excellent starting 
material for making compounds that would fulfill 
the requirement of a double ring system. It was 
also felt that it would be of interest to see if the 
spirane moiety would act as a good carrier group and 
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if in some way or other would have an effect on anti- 
tumor activities. 


The desired amides were prepared by condensing 
the appropriate amines with the dichloride I in aceto- 
nitrile in the presence of triethylamine as outlined 
in Scheme I and as listed in Table I. 


0 


I 


Biological R e s u l t A n l y  Compound 6 in Table I 
showed appreciable activity, and this was toward 
Walker carcinosarcoma 256. It showed an inhibi- 
tion of 35y0 at a dose level of 25 mg./kg., 58% at 
100 mg./kg.. and 79% at 200 mg./kg. The activity 
of this compound is probably due to  the alkylating 
groups in the molecule. Most of the other amides 
had an exceedingly high melting point and were 
very insoluble in most of the common organic sol- 
vents. The lack of antitumor activity for these di- 
amides may be accounted for by their great insolu- 
bility. 
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TABLE I~,9-DIS~STITvTED2,4,8,1~T&TRAOXA-3,9-DIPHOSPHASPIRO[5.5]UNDECANE 3,g-DIOXIDIES 


Compd. 
No. R 


0- 
2 0-NH- 
3 a- 
4 C N -  
5 B N H -  


6 ClCH2CH2NH- 


11 C I O N H -  - 


315-31s 7.11 


282-284 6.65 


7360 5.91 


313-314 6.64 


272-273 7.15 


196-197 7.33 


302-304 7.64 


7.16 


6.45 


5.76 


6.63 


7.02 


7.45 


7.86 


4.89 


12.06 


6.34 


5.58 


Infrared Assignment, p 


8.05 9.75 


8.15 9.75 3.10 


8.00 9.75 


8.01 9.78 


8.15 9.80 3.10 


8.15 9.80 3.11 


8.00 9.85 


7.95 9.75 3.11 


8.ri 9.70 3.11 


8.15 9.70 3.08 


7.95 9.75 3.12 


0 0 


I 


0 0 


-NR + 2Et3N*HC1 


m 
Scheme I 


EXPERIMENTAL' 


3,9- Disubstituted- 2,4,8,10- tetraoxa- 3,9- diphos- 
phaspiro[S.S]undecane 3,g-Dioxide-The synthesis 


I All melting points below 360" were taken on a Thomas- 
The analyses were per- Hoover device and are corrected. 


formed by Midwest Microlab. Inc., Indianapolis, Ind. 


of these compounds is illustrated by the procedure 
for 3,9-dipyrolidino-2,4,8,lO-tetraoxa-3,9-diphospha- 
spiro [5.5] undecane 3,9-dioxide. The spirane I, 5.00 
g. (0.0168 mole), was dissolved in 125 ml. of hot 
acetonitrile, and the temperature was maintained at 
reflux. Dropwise addition of 4.77 g. (0.0672 mole) 
of the amine (11) resulted in an immediate precipi- 
tate. After 1 hr. of stirring, the solid was removed 
by filtration and washed with cold acetonitrile to 
afford 5.5 g. (89.5% yield) of a white solid. The 
material was recrystallized from a 20:l mixture of 
acetonitrile and methanol to give 4.5 g. (73.4% 
yield) of pure product (m.p. 302304O). 


Anal.-Calcd. for cisHz&lzOsP~: N, 7.64. Found: 
N, 7.86. 
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Centrally Acting Isosteric Mannich Bases 
By RONALD E. ORTH*, J. W. BENNETT, ON-HOU MAT, and LARRY YOUNG 


A number of N-heteroparaffinomethyl- 1H-benzazoles is obtained by the Mannich 
and allied syntheses. Amine salts of all but the indoles are prepared. T h e  degree 
of motricity and toxic levels are ascertained for the title compounds. Three major 
mo.le.cular modifications investigated cause variations in  pharmacodynamic 
activity: substitution of the isosteric 1H-benzimidazole, 1 H-indazole, and 1H- 
benzotriazole with IH-indole; variation of the N-heteroparaffino-side chain moiety; 
and placement of the N-heteroparaffinomethyl substituents in different positions 
relative to the 1-nitrogen, depending on the particular benzazole. The 3-substi- 
tuted indoles are most toxic and very active, while the 1-substituted benzimidazoles 
are best tolerated. Seven henzazoles (at least one from each chemical class) pro- 
duce unusually high motility. Some general observations are reported. Methyl- 


piperidino derivatives produce the greatest responses studied. 


OWELL et al. (1) attribute hypertension and in P situ uterine contraction to 3-(dimethylamino- 
methy1)indole (gramine). However, Bertaccini and 
Zamboni (2) report that the indolealkylamines 
(gramine included) with a single carbon atom lateral 
side chain have little smooth muscle activity. They 
find good 5-hydroxytryptamine-like activity ex- 
hibited by the indazolealkylamines. Studies by 
Walshe et al. (3) regarding factors influencing cere- 
bral oxidation in relation to hepatic coma, using rat 
brain cortex slices, indicate gramine and 3-methyl- 
indole are active cerebral respiratory inhibitors a t  
concentrations likely to  be found in the body. 
Dubnik et al. (4), relating the effect of monoamine 
oxidase (MAO) inhibitors on brain serotonin of mice 
in addition to  that resulting from inhibition of MAO, 
find gramine (a MAO-inhibitor) a cause of increased 
serotonin levels in the mouse brain. 


Stimulated by inferences from the literature, this 
investigation is designed to (a) accommodate the 
synthesis of the title compounds and/or their water 
soluble salts (Table I) and (b) determine the degree 
of motor involvement and LDm’s they produce in 
young white mice. Motricity data and subjective 
observations are noted in Table 11. 


Three major molecular modifications of gramine 
are responsible for producing the variations in bio- 
activity: interchange of the isosteric benzimidazole, 
1H-indazole, and benzotriazole ring systems for 
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indole; interchange of the N-heteroparafino sub- 
stituents on the side chain methyleno moiety; and 
placement of the N-heteroparaffinomethyl sub- 
stituent in different positions relative to the l-nitro- 
gen, depending on the particular benzazole. 


Gramine, synthesized by the Mannich reaction in 
1935 (5), is the “open ended” tertiary amino model 
for the cyclized analogs prepared. Okuda (6), using 
a Mannich modification, has synthesized 3-(piperi- 
dinomethy1)indole (I). The product is found 
identical to Hellmann’s (7) Mannich product, which 
is formed utilizing the acidic properties of benzene- 
sulfonamide. Henry (8) has prepared the same 
compound from gramine N-oxide. 


H 


I 
The Mannich reaction in methanol (9) is useful 


for preparing 1-(N-heteroparaffinomethy1)benzimid- 
azole (11). 1-Hydroxymethylbenzimidazole (111) 
is also formed. The products of the normal Mannich 
condensation of benzimidazole with HCHO and 
N-heteroparaffins are stable and crystalline. Titra- 
tion results using (CCHs)aC-Na+indicate a side chain 
attachment to the imidazole nitrogen (Scheme I). 


The many attempts by Snyder et al. (10) at 
varying the Mannich reaction conditions to induce 
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It appears that factors which determine the rate 
of transfer of drug complexes across biologic mem- 
branes are likely to be resolved only by a considera- 
tion of physicochemical effects a t  the biologic inter- 
face and not on the basis of in vitro apparent parti- 
tion coefficient data or transfer experiments using 
simple nonbiologic membranes or barriers (10). 
I t  is therefore appropriate to direct further attention 
to the equilibria which exist a t  the surface of biologic 
membranes in systems consisting of two interacting 
drugs. This will be the subject of the following 
paper. 


An increase or a decrease in the apparent partition 
coefficient of drug B (PCapp.) when partially com- 
plexed with drug A indicates that the ratio [A-B,]/ 
[A-B.] is greater or less, respectively, than the ra- 
tio [B,]/[B.], or K2.5 


However, the ratio [A-B,]/[A-B.], the appar- 
ent partition coefficient of the complex, reflects 
only the equilibrium condition and does not give 
any indication of the relative contribution of each 
of the several pathways by which this equilibrium 
can be attained. In fact, it  can be shown alge- 
braically that the ratio [A-B,]/[A-B.] is equal to 
K1K&/Ka whether or not the pathway repre- 
sented by Kp actually exists. 


It is evident from the above discussion that, un- 
like the partition coefficient of a pure substance 
which reflects the ratio of its interfacial transfer 
rate constants in both directions, the apparent 
partition coefficient of a complex does not necessarily 
reflect the rates of transfer of the complex itself from 
one phase to  the other. Yet, i t  is this direct transfer 
of the complex itself which would most likely bring 
about a change in the overall absorption rate of 
complexed drugs. Herein lies the limitation of the 
use of partitioning data, which are representative 
of an equilibrium situation, for correlation with 
intestinal transfer data, which represent a rate 
phenomenon. The lack of correlation between the 
transfer rate constants and partition coefficients of 
salicylamide, caffeine, and the salicylamide-caffeine 
complex is consistent with this reasoning. 


6 This statement can be substantiated mathematicall 1’. 
taking as an example the case where complexation results in 
an increase in the apparent partition coefficient ( P C ~ P P .  > 
Kz). If PCaDp. > K2, then 


Cross-multiplying yields 


Therefore, 
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Thiopental Pharmacokinetics 
By K. B. BISCHOFF* and R. L. DEDRICK 


A mathematical pharmacokinetic model, including flow limitations, lipid solubility, 
protein binding, and metabolism, is used to make a priori predictions of the dis- 
tribution of thiopental in  four body regions. Tissue binding is correlated by means 
of “effective” protein fractions and bovine serum albumin data. Metabolism is 
represented by a Michaelis-Menten rate equation. Close agreement with existing 
experimental data lends confidence i n  the model as a valuable tool for predictions 


i n  a variety of therapeutic situations. 


ANY PRIOR studies of thiopental pharmaco- M kinetics have been made, bu t  there remains 
some question concerning the relative importance 
of metabolism and lean and adipose tissue up- 
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in adipose tissue. The overall rate of metabolism 
in man was about 15%/hr. and was believed in- 
sufficient to account for the observed ultrashort 
duration of action. Price et aE. (3) arrived at 
similar conclusions from mathematical analysis 
and an analog computer simulation, except that 
they attributed more of the drug redistribution 
effects t o  the lean body mass. Mark and Brand 
(4) have reviewed much of this work. A some- 
what different viewpoint was taken in a recent 
analog computer study by Saidman and Eger 
(5) in  that a much more important contribution of 
metabolism was assumed. 
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thereby be explained. For the longer time intervals 
of interest here, however, and for more slowly 
diffusing thiopental, it  is felt that this effect can 
be neglected. 


Another complication, until recently neglected 
in the pharmacology and anesthesiology literature, 
is the phenomenon of protein binding. A good 
general discussion has been presented by Gillette 
( l l ) ,  who illustrated the significance of binding of 
several drugs. An extensive consideration of bind- 
ing as it affects pharmacokinetics analyses is found 
in a series of papers by Kriiger-Thiemer (a few of 
the most recent are 12-14). For cases such as 
sulfa drugs, only entire body blood and tissue break- 
downs were used, and it was clearly shown how 
binding can alter the features of the mathematical 
model. For example, the use of an overall distribu- 
tion coefficient relating blood and tissue concen- 
trations is not possible, since these ratios are a 
function of the concentration level when nonlinear 
binding occurs. Also, since the free (unbound) 
concentration is presumed to  be the proper basis for 
pharmacological action, the extent of binding must 
be accounted for in order t o  produce meaningful 
predictions. The present work includes binding 
effects; the details will be discussed later. 


MATHEMATICAL MODEL 


Transient mass balances can be written for each 
of the body regions considered, assuming flow- 
limiting conditions. For the blood compartment: 


BASIS OF MODEL 


The purpose here is to  devise a mathematical 
pharmacokinetic model incorporating as many as 
possible of the variables known to affect drug 
distribution. Previous work concerning the dy- 
namics of vascular tracers required detailed ex- 
amination of blood volume distribution and flow 
rates (6, 7). Since the time scale of interest in the 
present paper is on the order of a few minutes to  
several hours, it  is permissible t o  identify certain 
gross “lumped” regions over which relevant values 
of perfusion or physical properties may be con- 
sidered constant. This, then, leads to the same 
general breakdown used by  some previous workers: 
(a )  blood, (b) viscera (highly perfused lean tissue), 
(c) poorly perfused lean tissue, and (d) poorly 
perfused adipose tissue. 


Values of the regional flow and volume parameters 
representing the normal adult male were taken from 
Mapleson’s detailed data for several body regions 
(8). Such detail might be of use in future studies, 
but sufficient thiopental distribution data are not 
presently available to  justify such a complex 
pharmacokinetic study at this time. Figure 1 
illustrates the four body regions and representative 
numerical parameters. 


A useful mathematical model must explicitly 
include resistances to  mass transfer by  membrane 
permeability and constraints caused by flow limita- 
tion. Since thiopental is highly lipid soluble, the 
authors assume, as have earlier workers, that mem- 
brane transport is very rapid and the controlling 
resistance is flow limitation for all regions. A 
more detailed analysis is required for other solutes 
which might have lower lipid solubility. For ,  
thiopental, then, only the total tissue volumes, 
quantities of associated equilibrium blood, and 
blood flows are required, as shown in Fig. 1. 


A possible complication that cannot be accom- 
modated by simple compartmental models has 
recently been discussed by  Rackow, Perl, and 
ceworkers (9, lo), in which direct molecular dif- 
fusion occurs between two adjacent tissue regions. 
This would be most likely to occur between adjacent 
layers of well perfused lean and poorly perfused 
adipose tissue where the solute is highly lipid 
soluble. The initial adipose uptake then could be 
more a result of direct diffusion from the lean tissue 
than from its own low perfusion. Perl et al. (10) 
considered this effect for fat-soluble gases and 
showed that certain discrepancies in the data could 


accumulation of accumulation of 
unbound drug bound drug 


= - QBI~BCB + (1 - f B ) x B l  
outflow of unbound 


and bound drug 
+ QVI~VBCV + (1 - f V B b V B l  + QLI~LBCL + (1 -fLB)XLBI 
f QAI~ABCA f (1 -fAB)XABI 


inflow from other regions of 
unbound and bound drug 


+ Mg(4 
ingestion term (Jh. 1) 


The physical meaning of each term is indicated 
below it for clarity, and the particular symbols 
are defined under Notation. 


A similar mass balance for the viscera gives: 


accumulation of un- 
bound drug in 


and tissue 


accumulation of bound 
drug in equilibrium 


equilibrium blood blood 


dxVT 


accumulation of bound 
drug in tissue 


+ (1 -fVT)VVT 


= QvI~BCB f (1 - ~ B ) X B  - ~ V B C V  - 
(1 - fVB)xVB] 


net inflow of unbound and bound drug 


rate of metabolism of drug 
+ Yi4CV) 


(Eq. 2 )  
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The metabolism rate term is written in the simple 
Michaelis-Menten form for the calculations: 


Journal of Pharmaceutical Sciences 


Since the metabolism mainly occurs in the micrw 
somes of the liver (ll),  the rate of reaction, rv, 
appears in the balance for the visceral region. 
Similar terms could be added to the other balances 
if required. 


The remaining mass balances have a similar 
form. 
For lean tissue: 


( ~ L B V L B  + ~ L T V L T )  dt + dCL 


Q A [ ~ B C B  + (1  - f B ) x B  - f A B  c.4 - (1 - fAB)xAB] 
(Eq. 5) 


Explicit relations between the various bound and 
free concentrations are required t o  solve Eqs. 1-5. 
For blood plasma protein binding, the results of 
Goldbaum and Smith (15) are used. They cor- 
related their bovine serum albumin data with the 
commonly used (see Reference 11)  two-term rela- 
tion, 


Goldbaum and Smith (15) also presented data on 
rabbit tissue binding of a number of barbiturates. 
In the absence of more information, it is assumed 
that the relationship for binding by plasma pro- 
teins could also be used for tissue protein binding. 
“Effective tissue protein fractions” are assigned 
to  produce the measured tissue drug concentrations. 
This assumption is justified on the basis that con- 
sistent “effective tissue protein fractions” are 
found to result for all the barbiturates studied. 
Further justification of this method with other 
classes of compounds would be useful. 


With this assumed basis, all of the binding rela- 
tions take on similar functional forms, each with the 
appropriate free concentration inserted. For ex- 
ample, the viscera binding relations become: 


and the lean tissue values, 


Adipose tissue must be handled somewhat dif- 
ferently. The equilibrium blood plasma binding 
has the usual form, 


B i K i c ~  B2KzcA (Eq. 9) 
1 + K ~ C A  + 1 + KZCA X A B  = 


but the tissue “binding” here is primarily the lipid 
solubility for which a simple Henry’s law formula is 
used, 


A final simplification assumes that  the fractions of 
protein in all the various blood regions are the same, 


f s  = f V B  = f L B  = ~ A B  (Eq. 11) 


These considerations lead to simplifications in 
Eqs. 1-5 which can now be solved if the input or 
ingestion function is speciiied. An approximation 
to a normalized impulse function similar to  that 
of Bellman et al. (16) is used, 


g ( t )  = 30X(Xt)’ (1 - At)’ (Eq. 12) 
where X is the reciprocal injection duration. This 
function simulates a smooth injection and is con- 
venient for computation. 


RESULTS AND DISCUSSION 


Numerical values for the parameters in the above 
mass balance equations are provided by the data of 
Mapleson (8) (see Fig. 1) and Goldbaum and 
Smith (15), except for the metabolism term. In  a 
comprehensive review paper, Mark (17) presents 
values for the overall rates of metabolism of bar- 
biturates, which for thiopental is about 15%/hr. 
The parameters kv and K,v in Eq. 3 are empirically 
adjusted to  provide values of kv = 26.5 pmole/min. 
and K,v = 4 (pmole/l.), which gave the desired 
rate. The recent data of Mark et al. (18) can be 
correlated by a Michaelis-Menten kinetic form to 


2.200 


2.520 


6.200 u 
0.524 


I 39.200 I 


0.160 
0.260 --E3- 12.200 


Fig. 1-Body regions and $ms. Key: B ,  blood pool 
not in  equilibrium with tissues; V ,  viscera; L, lean 


tissue; A ,  adipose tissue. 
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TABLE I-PARAMETER VALUES 


Parameter Numerical Value 
100 


Flow distribution, 


Body region size. 1. 


QB = 5.615, Qv = 4.080, QL = 


VB = 2.20. VVB = 2.52. VVT = 
l./min. 1.275, QA = 0.260 


- -  
6.20, VLB = 0.524;V~~ = 
39.20, VAB = 0.160, VAT = 
12.200 


"Effective" frac- fB = 0.985, fVT = 0.963, fLT = 
tion water 0.980, fAT = 0.20 


Binding sites, B1 = 18,400, B2 = 305,000 
pmolell. 


rium constant, 
Binding equilib- K I  = 0.060, K2 = 0.000625 


l./pmole 
Lipid solubility BA = 100 


constant 


produce parameter values of the same order of 
magnitude as those required to obtain the 15%/hr. 
rate. This lends some confidence to the metabolism 
rate expression, but the need for more quantitative 
chemical kinetics work remains clear. The lipid 
solubility constant lies between the value for peanut 
oil-water from Mark et al. (19) and the value from 
Price et al. (3), corrected for protein binding. 


Analytical solutions of the differential equations 
are not feasible because of the nonlinearities caused 
by the binding terms; the equations have therefore 
been solved numerically using a digital computer. 
As a critical test of the pharmacokinetics model, an 
a priori prediction of the experimental results of 
Brodie et al. (1, 2) on thiopental distribution in dogs 
was attempted. A priori here implies that nu- 
merical values of all the parameters in the model 
(except metabolism) were taken from sources 
other than Brodie et al.: human flow distribution 
and body region size from Mapleson (8); bovine 
serum albumin and rabbit tissue binding from 
Goldbaum and Smith (15); lipid solubility from 
Mark et al. (19) and Price et al. (3). The nu- 
merical values used in the computations are shown 
in Table I. 


In  the cited experiments of Brodie et al. (1, 2)  
25 mg./kg. thiopental was injected i.v. with a 
5min. injection time. Thus, the final two param- 
eters in the model are M = 6630 pmoles (for a 
70-kg. man) and X = 0.20 rnin.-l. 


w 
Y 3 


I ,  


100 1 
c -I 


1 
t - 1  
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Fig. .?-Comparison of predicted and experimental 
values for blood. Key: m, injection duration; 0,  dog; 
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Fig. 5-Comparison of predicted and experimental 
values for lean tissue. Key: m, injection duration; 


0,  dog. 


The results of the numerical computations are 
presented in the graphs. Figure 2 compares the 
a griori predicted and measured values in blood 
for dogs and for man. The total concentration, 
bound plus unbound, is plotted. Several features 
of the graph are worthy of note. First, the pre- 
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dicted values from the mathematical model agree 
well with the experimental data. Second, the 
physical distribution patterns for dog and man are 
very similar when plotted in a consistent manner. 
Third, rapid fall in blood thiopental levels is ob- 
served for the first half-hour as distribution equi- 
librium is approached. And finally, the slope of 
the line a t  long times principally represents metab- 
lism at the rate of 15’%/hr. 


Figure 3 compares the computed and experimental 
(dog) values for the highly perfused or viscera com- 
partment. Again, excellent agreement is obtained. 
The uptake in adipose tissue is illustrated in Fig. 4, 
which shows the rapid and continuing solution of 
the drug in the lipid at the perfusion rate of 2 (ml./ 
min.)/100 g. used (see Table 1). The curve for the 
final compartment, poorly perfused lean tissue, is 
shown in Fig. 5. The overall predicted trends are 
correct, but there are some discrepancies between 
the calculated curve and the experimental data. 
At short time intervals, the difference can probably 
be explained by the fact that human flow distribu- 
tion and perfusion rates are used but that experi- 
mental data were obtained on dogs. Since lean 
tissue of dogs is somewhat more highly perfused 
than that of humans [value u s e d 3  (ml./min.)/ 
100 g] , the measured initial uptake is higher than 
predicted. Calculations made with a higher lean 
perfusion rate shift the predicted curves in the 
correct direction. Since the intent was to  see how 
good an a prior2 prediction could be made, however, 
these “curve fitting” attempts were not pursued in 
any detail. The long time portion of the curve also 
deviates from the data, but slight changes in the 
lipid solubility produce better agreement; again, 
a better “curve fit” has not been attempted. 


Figure 6 shows the computed behavior over a 
period of several hours. It is seen that the three 
nonlipid compartments rapidly approach distribu- 
tion equilibrium, but that the adipose uptake rises 
continuously to  a maximum at about 3 4  hr. This 
also corresponds with the observations of Brodie 
et al. (2). 


A final very interesting result is exhibited by the 
plot of computed free concentrations in each of the 
compartments shown in Fig. 7. The blood and 
viscera free concentrations fall very rapidly and, 
more important, are essentially equal over the entire 
time period. This is a good illustration of the con- 
cept that blood concentrations are an excellent 
measure of the viscera concentrations and thus 
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Fig. 7-Long time behavior-free Concentration. Key: 
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blood. 


should provide a basis for correlating pharmaco- 
logical action. Notice, however, that this is true 
only for the free concentrations (i.e., corrected for 
binding), since Fig. 6 indicates that the total con- 
centrations in the blood and viscera are not equal. 


CONCLUSION 


The a priori predictions of thiopental distribution 
resulting from the pharmacokinetic model, including 
protein binding and lipid solubility, agree closely 
with published experimental data. Such per- 
formance provides confidence in the model as a 
valuable tool for predictions in a variety of thera- 
peutic situations if it is properly applied and 
sufficient data are available. One application 
reported elsewhere (20, 21) considers the physio- 
logical solute distributions associated with the 
extracorporeal treatment of blood with an artificial 
kidney. 


NOTATION 


Ba = lipid solubility in adipose tissue (di- 


B,, B1 = protein binding sites (pmole/l.) 
C = free concentration (pmole/l.) 


f = fraction water (dimensionless) 
g( t )  = injection description function (min.-l) 
kv = metabolism rate constant or maximum 


K,,,TI = Michaelis-Menten constant (pmole/l. ) 
K , ,  K1 = protein binding equilibrium constants 


A4 = amount of drug injected (pmole) 
Q = flow rate (l./min.) 
ry = metabolism rate (pmole/min.) 
t = time (min.) 


V 


mensionless) 


rate (pmole/min.) 


(1. lpmole) 


X = bound concentration (pmole/kg. ) 
= volume of compartment (1.) 
= reciprocal injection of time (min.-l) 


Subscripts 
A = adipose 
B = blood 
L = lean 
V = viscera 
AB = adipose equilibrium blood 
LB = lean equilibrium blood 
VB = viscera equilibrium blood 
A T  = adipose tissue 
L T  = lean tissue 
VT = viscera tissue 
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Effect of Chlordan Pretreatment on the Metabolism 
and Lethality of Cyclophosphamide 


By ROBERT L. DIXON 


Cyclo.phosphamide is converted to a cytostatic agent by enzymes present in the hepa- 
tic microsomes. Prior treatment of young rats with the insecticide, chlordan, re- 
sulted in an increased cyclophos hamide toxicity. Chlordan pretreatment also in- 
creased the in vitro metabolism orcyclophosphamide and hexobarbital, increased the 
excretion of the alkylating metabolite of cyclophosphamide in vivo, and decreased 
the sleeping times of animals treated with hexobarbital in vivo. It is most probable 
that increased amounts of cytostatic metabolite occurred as a result of chlordan in- 


duced microsomal drug-metabolizing enzyme stimulation. 


Y CLOPHOSPHAMIDE [ N ,  N-bis(j3-chloroeth yl) - c N’, 0-propylene phosphoric acid ester 
diamine monohydrate, NSC 262711 is a potent 
antineoplastic agent of the nitrogen mustard 
class and has been used in the treatment of 
patients with many types of neoplastic diseases. 
Cyclophosphamide is especially valuable in the 
treatment of patients with malignancies arising 
from the hematopoietic tissues. The compound 
can be administered by all routes (1). 


In  contrast to the nitrogen mustards ordinarily 
used in cancer chemotherapy, cyclophosphamide 
is inert when placed in direct contact with bac- 
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teria, leukocytes, and most tumor cells in culture. 
In vivo activation occurs in the liver and perhaps 
in other sites (2). The subcellular site of 
enzymic activation in the liver is the microsomes. 
These hepatic microsomal drug-metabolizing 
systems require oxygen and NADPH (TPNH) 
and are capable of altering a number of drugs (3). 
The microsomal enzyme that activates cyclo- 
phosphamide is influenced by a number of various 
drugs (3). For instance, SKF-525a (8-diethyl- 
amino-ethyldiphenylpropylacetate), an inhibitor 
of microsomal drug metabolism, will decrease 
serum levels of metabolite capable of alkylation 
after cyclophosphamide (4), while pretreatment 
of animals with phenobarbital increases the con- 
centration of this metabolic agent three to four- 
fold by enzyme induction (5). 


The fact that the concentration of metabolite 
capable of alkylation after cyclophosphamide 
treatment can be increased by enzyme induction 
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in anticholinergic activity between VII and the 
experimental compound VI-B might be due in part 
to the difference in steric rigidity and bulkiness of 
the tropane N-function and the acyclic N-function 
of VI-B. 
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Morphine-Induced Fetal Malformations I 


Exencephaly and Axial Skeletal Fusions 


By HOWARD S. HARPEL, JR.* and RONALD F. GAUTIERI 


High subcutaneous doses of morphine sulfate, 100-500 rng./kf? administered to 
CF-1 mice 00 Day 8 or Day 9 of gestation are teratogenic and resu tin a large number 
of fetuses with exencephrly and axial skeletal fusions. Retardation in food consump- 
tiod is not rimatily responsible fot these effects even though fasting alone affects 
embryonic Sevelopment. Based upon the narrow range betweeh the maternal LD5, 
and the teratogenic doses in this species, the teratogenic potential of morphine sul- 


fate is low. 


ITE THE current interest in drug-induced W embryopathies, it  is surprising that the 
recent literature is devoid of teratogenic studies 
involving the narcotic analgesics. I n  1931, 
Myers (1) reported that daily morphine ad- 
ministration beginning 3-5 months before mating 
and continuing throughout gestation had little 
effect upon the growth and reproduction of the 
albino rat. Although the litters were of average 
size and composed of young that appeared normal, 
the method of examination was not as extensive 
as the techniques currently employed in terato- 
genic studies. Moreover, ample time was avail- 
able for the female rats to become tolerant to 
morphine before conception, and consequently, 
all development occurred in a morphine-adapted 
environment. 
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Therefore, it was imperative to determine the 
consequences of morphine sulfate administra- 
tion during the critical stages of development in 
a common laboratory mammal by administering 
high subcutaneous doses to nontolerant CF-1 
mice on the eighth or ninth day of gestation. 
Moreover, during the investigation it became 
clear that drug administration produced a 
temporary decrease in food intake, and for this 
reason the effect of food deprivation on each of 
these 2 days also was investigated. 


EXPERIMENTAL 


CF-1 albino mice weighing between 20-25 g. were 
obtained from Carworth Farms, Inc., New City, 
N. Y. Females were caged in groups of 25 to 30 
for at  least 2 weeks after arrival and were not 
mated until they weighed at least 25 g. Males 
and gravid females were caged individually in metal 
cages measuring 12.5 X 15 X 10 cm. with a wire 
mesh front and floor. The colony was maintained 
on Purina laboratory chow and tap water ad libitum. 
Sodium chloride (0.9%) and morphine sulfate' 
(4.0%) prepared weekly in distilled water were 


1 Morphine sulfate, USP, Merck Co., Kahway, N.'J. 
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administered subcutaneously in the upper right 
abdominal area. 


The doses of morphine chosen for use in this study 
were based on the LDMI in nongravid mice. The 
LDm of 525 mg./kg. (500-551 mg./kg., 95y0 con- 
fidence limits) was established by administration of 
4 doses (400-700 mg./kg.) to  10 mice at each dose 
level (2). 


To produce timed pregnancies, two females were 
placed in the cage of a fertile male a t  4:OO p.m. 
The next day at 8:OO a.m., females exhibiting a 
vaginal plug of coagulated ejaculate were considered 
gravid. The day of the appearance of the vaginal 
plug was designated as Day 0. Gravid females were 
weighed, caged individually, and left undisturbed 
until the morning of Day 6 when they were weighed 
again. Pregnancy was confirmed by a weight 
gain of two or more grams. At this time the gravid 
animals were randomly assigned t o  one of 15 
experimental categories: an untreated control 
group; two saline control groups receiving 0.3 ml. 
of 0.9% saline solution on either Day 8 or Day 9; 
10 morphine-treated groups receiving 100, 200,300, 
400 or 500 mg./kg. of morphine sulfate on either 
Day 8 or Day 9; and two food-deprivation groups 
that were deprived of access to  food on either Day 
8 or Day 9. All solutions were injected on either 
Day 8 or Day 9 between 8: 00 and 9 : 00 a.m. 


Every animal was weighed on the morning of Day 
6 through Day 13 to standardize the effects of 
handling. A laparotomy was performed immediately 
on mice killed by drug treatment in order to re- 
confirm pregnancy and count implantation sites. 
A similar procedure was followed with animals whose 
body weight changes indicated that complete 
resorption of the litter was occurring. 
On ’Day 18, after sacrifice by dislocation of the 


cervical vertebrae, the uterine horns were exposed 
surgically. The number and position of fetuses and 
resorption sites were counted and recorded. Fetal 
viability was determined by reflex movement of the 
limbs in response to  mechanical stimuli applied to  
the uterine wall with a blunt probe. 


After transection of the right horn between the 
ovary and the lint fetus, the fetus was removed by 
blunt dissection, blotted dry with absorbent paper, 
weighed and measured from the crown to the rump. 
It was examined for external defects, and the sex 
determined. Each member of the litter was re- 
moved in turn and examined in this manner. Every 
second fetus was fixed for soft tissue examination, 
and the remainder were prepared for skeletal ex- 
amination. T o  establish the uterine position 
occupied by the fetus, a straight pin with a colored 
head was inserted into the base of the tail or axilla 
before fixation with Bouin’s. Specimens were stored 
in  70yo ethanol after 2 weeks in the fixative. Be- 
fore sectioning, the specimens were reexamined 
for external defects under a low-power binocular 
microscope. Free-hand sections were made with a 
thin, double-edged razor blade according to the 
method of Wilson (3). 


For skeletal examination, specimens were pre- 
pared by alkaline maceration, staining with alizarin 
red S, and clearing according to  the method of 
Staples and Schnell (4). 


Food consumption was measured to determine if 
drug treatment altered food intake in a manner that 
might correlate with effects upon the conceptus. 
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Feeders were made from 120 g. clear glass ointment 
jars, 5.5 crn. in height and 7 cm. in diameter, with 
hard plastic tops. A hole 2 cm. in diameter drilled 
in the center of the lid allowed free access to  food but 
prevented scattering and loss of uneaten food. 
These feeders were filled daily with 120 g. of h e l y  
ground Purina laboratory chow. They were placed 
in the cage on the morning the vaginal plug was 
discovered. 


The mice accepted the feeder very readily, but 
data from Day 0 and Day 1 were often inconsistent 
with the normal pattern that  was established by 
Day 2. Such inconsistencies for the first 2 days 
were found with most of the animals tested. 


The statistical significance of variations among 
the experimental groups was estimated by the 
Student t test for continuous variates and the un- 
adjusted chi-square or Yates’ corrected chi-square for 
binomial proportions (5). Probabilities, p ,  greater 
than 0.05 were considered to represent insignificant 
differences. 


RESULTS 


Maternal Effects-Regardless of the dose or day 
of administration, gravid mice given morphine 
exhibited stimulation followed by depression and a 
hyperactive period of recovery all of which differed 
mainly in duration and intensity. After 24 hr., 
all survivors, irrespective of dosage, appeared 
normal in spontaneous activity and appearance. 
Any loss in body weight was regained by the second 
morning after treatment in conjunction with a return 
of food consumption to normal levels. 


There were no deaths among the gravid mice 
treated with 100, 200, or 300 mg./kg. of morphine 
on Day 8 or Day 9. However, deaths did occur 
with the two higher doses employed; 3 of 14 or 21% 
were killed by 400 mg./kg. on Day 8, and 2 of 
13 or 15% were killed on Day 9. After a dose of 
500 mg./kg., 6 of 15 or 40% were killed on either 
Day 8 or Day 9. These results did not differ signif- 
icantly from the expected number of deaths in non- 
gravid animals calculated in the LDa determination. 


During gestation, 32 control females gained an 
average of 20.5 g. and the mean maternal weight 
gain of this and the other experimental groups is 
tabulated in Table I. It can be seen that  the various 
treatments did not alter significantly the amount of 
weight gained with the exception of the group which 
received 500 mg./kg. of morphine on Day 9. 


The mean change in body weight 24 hr. after 
treatment with saline on Day 8 and Day 9 was an 
increase of 0.2 and 0:7 g., respectively. Among the 
morphine-treated groups weight loss did not vary 
significantly with dosage. Irrespective of dosage, 
mean weight loss in the groups treated with mor- 
phine on Day 8 was 1.6 g., and 10 g. in those treated 
on Day 9. The largest weight losses were seen with 
the food-deprivation groups; in the Day 8 group 
the loss was 6.3 g. and in the Day 9 group 4.9 g. 
In all mice, with the exception of those which re- 


sorbed completely, body weight returned to normal 
by the second morning after treatment and con- 
tinued to  increase in the normal pattern. 


Food Consumption-The absolute amount of 
food consumed daily varies roughly as a function of 
body weight, and comparison of absolute consump- 
tion was not considered valid. However, net changes 
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TABLE I-MEAN MATERNAL WEIGHT GAIN, NUMBER OF IMPLANTATION SITES, AND NUMBER OF RESORPTIONS 


-Maternal Weight Gain, g . 7  -- Implantation Sites- -Fetal Resorption- 
Treatment" N b  P P N* 2 S N' f 5 ~ ~~~ 


Control 32 20.5 4.1 43 10.8 1.97 43 1.2 1.22 
.%R 8 22 2 4.0 8 11.3 1-06 R 0.6 0.77 - __ ~ -1 


S 9  9 18.7 5.0 9 10.3 1.32 9 1.3 1.38 
M-1-8 8 23.0 3.8 8 11.4 1.30 8 0.9 0.95 
M-2-8 6 20.7 4.2 6 11.7 2.50 6 1.0 1.64 
M-3-8 6 19.8 3 .1  6 10.2 1.17 6 1.2 1.09 
M-48 11 20.1 8.1 11 10.8 1.40 11 1.6 1.97 
M-5-9 6 23.0 3.0 7 11.6 1.34 7 1.0 1.41 
FD-8 6 21.0 6 .5  6 11.3 1.21 6 1.7 2.34 
M-1-9 5 17.0 4.6 6 11.3 2.14 6 1.3 1.52 
M-2-9 9 21.7 4.6 9 10.9 1.27 9 1 .3  1.34 
M-3-9 10 23.1 4.2 10 11.7 1.70 10 0.7 0.67 
M-4-9 9 22.3 5 .5  9 11.8 1.64 9 2.6, 2.79 
M-59 5 16.21 4.6 7 11.8 1.68 7 2.61 2.12 
FD-9 7 21.3 2.6 7 11.1 2.27 7 1.3 1.79 


" Treatment: Control, untreated; S, saline-treated; M. morphine-treated; FD, food deprivation; 1.2,3,4, or 5 indicates 
Arithmetic mean. dose of morphine in hundreds of mg./kg.; 8 or 9 indicates the day of treatment. * Number of observations. 


Standard deviation. * Does not include pregnancies in which complete resorption of litter occurred. Statistically sig- 
nificant in comparison with control. i~ <0.05. 


in consumption for each animal are comparable and 
have been used to calculate the mean net change 
before and after treatment for each group. The 
mean net changes in food consumption on the critical 
days of the test are tabulated in Table 11. The 
effect of treatment on Day 8 is seen by comparison 
of consumption on Day 7 and Day 8, while the 
effect of treatment on Day 9 is seen by comparison 
of Day 8 and Day 9. 


In all morphine-treated groups food consumption 
was decreased significantly; saline injection pro- 
duced minimal effect; and in the food-deprivation 
group consumption was nil, because access to food 
was denied. 


For animals treated on Day 8, comparison of con- 
sumption on the day following treatment, Day 9, 
with that on the day before treatment, Day 7, 
indicated that in all groups food intake returned to  
normal levels. For animals treated on Day 9, 
comparison of consumption on the day following 
treatment, Day 10, with that on the day before 
treatment, Day 8, indicated that food consumption 
was still slightly reduced in the groups administered 


100, 200, 300, and 500 mg./kg. of morphine; how- 
ever, consumption returned to normal levels by the 
next day. 


Implantations and Resorptions-The mean num- 
ber of implantation sites observed a t  term in each 
treatment category are tabulated in Table I. 


Any area on the uterine wall showing evidence 
that  nidation had occurred was counted as an 
implantation site. Therefore, the number of im- 
plantation sites represented the total number of 
viable fetuses and resorption sites observed a t  term. 


In 43 control litters the mean number of implanta- 
tion sites was 10.8. The mean number of implanta- 
tion sites in mice that did not survive treatment with 
morphine on either Day 8 or Day 9 was 12.3 and 
11.7, respectively. Although the mean value in 
many of the treatment groups was slightly higher, 
none of these values differed significantly from the 
control group. 


Complete resorption occurred in only one of the 44 
control pregnancies. After administration of 500 
mg./kg. of morphine on Day 8, one of nine mice 
resorbed completely; and with the same dosage on 


TABLE 11-FOOD CONSUMPTION 


Mean Changes in Food Consumption, g. 
Between 2 Days Between Day Before Between Day Before and 


Treatmenta N Before Treatmentb and Day of TreatmentC Day After Treatmentd 


Nongravid 7 +0.4 -0.2 -0.2 +0.2 +1.0 4-0.7 
Control 7 +0.8  + O . S  +0.8 +1.1 +0.6 +0.8  
5 8  6 -0.9 +0.3 +0.7 
M-1-8 6 +O. 5 -3.1 -0.4 
M-2-8 6 4-0.5 -2.5 0.0 
M-3-8 5 +0.8  -2.2 0.0 
M-4-8 5 +O. 7 -4.4 +O.  5 
M-58 5 +1.7 -6.1 -0.7 


+O. 5 FD-8 5 -0.2 - 
$9 6 -0.6 -0.1 -0.4 
M-1-9 4 + l . 6  -4.0 -0.9 
M-2-9 5 +o. 1 -3.4 - 0 . 4  
M-3-9 6 +0.5 -4.1 -0.8 
M-4-9 5 +0.6 -4.5 +o. 1 
M-59 5 +1.3 -6.1 -1.4 


+0.9 FD-9 7 +0.6 - 
a See Table I. 


mice treated on Day 8, represents Day 7-8. 
represents Day 7-9. 


* For mice treated on Day 8, represents Day 6-7. For mice treated on Day 9, represents Day 7-8. For 
For mice treated on Day 8, For mice treated on Day 9, represents Day 8-9. 


For mice treated on Day 9. represents Day 8-10. 
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Day 9, one of eight mice resorbed completely. After 
food deprivation on Day 8, three of nine pregnancies 
terminated in complete resorption. This rate of 
resorption, 33 yo, was significantly higher than the 
274, seen in the control group. There were no 
complete resorptions in any of the other groups. 


The number of intrauterine deaths was increased 
significantly only in the groups administered 400 
or 500 mg./kg. of morphine on Day 9. 


Intrauterine deaths and subsequent resorption 
sites were further classified according to their gross 
appearance. The three classifications were: first, 
total resorption in which the site was marked by a 
small green knob with no evidence of any other 
placental or fetal tissue; second, partial resorption 
in which the placenta still possebed a discrete disk 
shape and fetal tissue, if detectable, was an amor- 
phous mass; and thud, recent death in which 
necrosis had begun but the external features of the 
fetus were still recognizable. The tabulation of fetal 
resorption by type is given in Table 111. 


It can be seen in the groups treated with 400 or 
500 mg./kg. on Day 9 that the number of total 
resorptions was not extraordinary, but the number 
of partial resorptions was very high. This type of 
resorption was responsible for the significant dif- 


ference in the resorption rate when compared to the 
controls. 


The mean weight and crown-rump length of the 
fetuses in each treatment group are tabulated in 
Table IV.  


Soft Tissue Malformations-The soft tissue 
defect with the highest incidence was exencephaly 
which is characterized by the extensive exterioriza- 
tion of cerebral tissue due to  the absence of the skin 
and bones of the cranial fault (Fig. 1). Diagnosis of 
exencephaly could be made upon inspection of the 
litter before the uterine horn was opened because each 
uterine swelling associated with this defect was 
dark red and edematous. This hydramnios was 
cahsed by bloody cerebrospinal fluid entering the 
amnionic sac from the open cerebral ventricles. 


All of the exencephalic fetuses were viable, and 
their respiratory movements were initiated spon- 
taneously as quickly as normal littermates. How- 
ever, in contrast to  the pinkish skin color of the 
normal fetus, all exencephalic fetuses were blanched 
and anemic in appearance. 


Tissue sections from the malformed fetuses show 
the neural elements to be markedly disorganized, 
though in some instances rudimentary organization 
of the hemispheres had occurred. 


The number of exenceDhdic fetuses and the 


- -  
- T ~ ~ ~  of Resorotion--- between the two uterine horns; irrespective of 


-I_ ~ ~ ~ ~ - -  - - - - -  
Recent maternal treatment, 13 were found &the right 


horn and 14 in the left. Furthermore. within each Treatment' Total Partial Death 


Control 
S 8  
S 9  
M-1-8 
M-2-8 
M-3-8 
M-48 
M-58 
FD-8 
M-1-9 
M-2-9 
M-3-9 
M-4-9 
M-59 
FD-9 


'See Table I. 


47 
4 


10 
6 
5 
7 


11 
5 
8 
8 


11 
5 


10 
6 
8 


3 1 
1 
1 1 
1 
1 


3 
1 1 
2 


1 1 
2 


16 
10 1 


1 


horn the defective fetuses appeared to'be randomly 
distributed with respect t o  uterine position. The 
number of male and female exencephalic fetuses were 
12 and 15, respectively. 


A number of other defects was found in associa- 
tion with exencephaly induced by morphine. The 
eyes which usually are closed until 14 days after 
birth were often open. In two fetuses one or both 
eyes were closed but misshapen. In one fetus both 
eyes were absent, and in another the right eye was 
missing. Two fetuses had cleft palate. In seven of 
the fetuses the snout was shortened so that  the 
lower jaw and tongue appeared t o  protrude beyond 
the nose. In four fetuses the internal ear appeared 
t o  be larger than in littermates. 


TABLE IV-WEIGHTS AND CROWN-RUMP LENGTHS OF FETUSES 


Weight, g. Length, cm. 
Treatmenta N d S N d S 


Control 
S 8  
S 9  
M-1-8 
M-2-8 
M-3-8 
M-48 
M-5-8 


M-1-9 
M-2-9 
M-3-9 
M-49 
M-59 
FD-9 


FD-8 


320 
80 
84 
84 
64 
54 


101 
86 
58 
54 
85 


110 
111 
66 
69 


1 . 2  0.224 298 
1 . 2  0.100 74 
1 .2  0.161 82 
1 . 2  0. loo 84 
1 . P  0. loo 64 
1 . 2  0 .0  54 
1.1b n. inn in1 - _ -  
1: l b  0.141 86 
1.1b 0.141 57 
1. l b  0.469 53 
l . l b  0.118 85 
1 .  l b  0.141 109 
l . l b  0.141 111 
1 . P  0.155 65 
1.1b 0.141 69 


2 . 3  
2 . 3  
2 . 3  
2 . 3  
2 . 3  
2 . 3  
2.2b 
2.2* 
2.2b 
2.lb 
2 . 3  
2 . 3  
2.P 
2. I* 
2.26 


0.100 
0.141 
0.173 
0.141 
0.141 
0.173 
0.100 
0.141 
0.141 
0.141 
0.173 
0.173 
0.173 
0. loo 
0. loo 


' See Table I. ' Statisticnlly significant in comparison with control, p < O .  05. 
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Fig. 1-Near-term mouse fetuses from a female treated with 500 mg./kg. of morphine sulfate on Day 8. 
exencephalic fetuses note the open eye and shortened snout (left) and protrusion of the tongue (right). 


In the 
The middle 


fetus is a normal littermate. 


The weight of the exencephalic fetuses was often 
but not always less than the mean weight of the 
normal fetuses. The mean fetal weight of the 
defective fetuses from the 300 mg./kg. group on 
Day 8 was equal to  the control weight; after 400 
mg./kg. i t  was 0.9 g., s = 0.08; and after 500mg./ 
kg. it was 1 g., s = 0.07. The latter two values are 
significantly lower than the mean fetal weights of 
all fetuses in their respective groups. 


The crown-rump length of exencephalic fetuses 
was not reduced in comparison to  the control 
fetuses. In  fact, the mean crown-rump length was 
greater in the groups treated with 300 or 400 mg./kg. 
of morphine on Day 8. Some difficulty was en- 
countered in measuring the total length of fetuses 
with exencephaly due to  the protrusion of neural 
tissue. This may account for the apparently 
greater length of these fetuses. Therefore, the fetal 
weight appears to be a better indication of actual 
fetal size. 


Missing from the skull of the exencephalic fetal 
skeletons were the frontal, parietal, interparietal, 
and occipital ossification centers which a t  this time 
normally show extensive ossification. In many 
exencephalic skulls the premaxilla and nasal bones 
were shortened, but the mandible was of normal 
size and shape. 


Other than exencephaly and defects associated 
with exencephaly, only a few other soft tissue mal- 
formations were found in all of the fetuses ex- 
amined. In six fetuses testicular descent was re- 
tarded; bilaterally in one fetus in the 100 mg./kg. 
morphine Day 9 group; on the left in a single fetus 
from the 500 mg./kg. morphine Day 8 group, the 
200 mg./kg. morphine Day 9 group and food-depri- 
vation Day 9 group; and on the right in a single 
fetus from the saline Day 8 group and the food-depri- 
vation Day 9 group. A single fetus with the left 
pinna misshapen and one fetus with a cleft palate 
were found in the group given 300 mg./kg. of mor- 


TABLE V-THE OCCURRENCE OF EXENCEPHALY AND AXIAL SKELETAL FUSIONS 


Exeucephal y Axial Skeletal Fusions 
Litters Litters Normal Abnormal Litters Litters Normal Abnormal 


Treatment" Absent Present Fetuses Fetuses Absent Present Fetuses Fetuses 


Control 
S-8 
S 9  
M-1-8 
M-2-8 
M-3-8 
M-4-8 
M-5-8 
FD-8 
M-1-9 
M-2-9 
M-3-9 
M-4-9 
M-5-9 
FD-9 


42 1 
7 0 


10 0 
8 0 
6 0 
3 3b 
8 3b 
4 4h 
5 1 


386 
74 
88 
83 
64 
49 
86 
75 
57 


8 0 66 
7 0 69 


1 
0 
0 
0 
0 
5b 
Gb 


1 l b  
1 
2b 
0 
0 
1 
0 
0 


30 
7 


10 
8 
6 
6 
6 
5 
2 
4 
3 
6 
4 
3 
7 


0 
0 
0 
0 
0 
0 
3b 
3b 


0 


134 
37 
45 
40 
30 
26 
42 
40 
24 
17 
31 
46 
40 
23 
35 


0 
0 
0 
0 
0 
0 
4b 
9 
Rb - 
2b 


l@ 
l@ 
18b 
9b 
0 


See Table I. Statistically significant in comparison with control, p <0.06. 
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phine on Day 9. A fetus from the group treated 
with 400 mg./kg. of morphine on Day 9 had cleft 
palate, spina bifida, misshapen external ears, anoph- 
thalmia on the right, and microophthalmia on the 
left. 


Skeletal Malformations-The number of fetuses 
with rib and vertebral fusions as well as the number of 
litters with these defects are tabulated in Table V. 
Fetuses with rib and vertebral fusions after treat- 
ment with 500 mg./kg. of morphine on Day 9 are 
illustrated in Fig. 2. 


The extent of the rib fusion varied from fusion 
only a t  the base where the ribs join the vertebral 
column to fusion throughout their entire length. 
The number of ribs involved on any one side varied 
from a minimum of two t o  a maximum of eight. 
Also, fusions involving the same ribs occurred both 
bilaterally and unilaterally in about equal numbers. 
After treatment with morphine on Day 8, none 
of the ribs below the eighth pair were involved in 
fusions, while the number of fusions involving each 
of the ribs one through eight was about equal. 
After food deprivation on Day 8, only ribs four 
through twelve were involved; a few fusions were 
seen in ribs four through eight and in the twelfth, 
but the highest number were in ribs nine through 
eleven. After treatment with morphine on Day 
9, fusions were found involving all ribs, but 90% 
involved ribs posterior to  the sixth pair. 


DISCUSSION 
The results of this investigation clearly demon- 


strate that morphine sulfate administered in high 


doses on Day 8 or Day 9 is teratogenic in CF-1 
mice. 


The administration of 100 mg./kg. of morphine on 
Day 8 had no apparent effect upon development. 
Doses of 200 mg./kg. lowered the mean fetal weight, 
but no morphological abnormality was detected. 
With doses of 300 mg./kg. exencephaly was found 
in one-half of the litters examined even though the 
mean fetal weight was not decreased significantly. 
After doses of 400 or 500 mg./kg. exencephaly and 
axial skeletal fusions were found in significant 
numbers along with a decrease in the mean fetal 
weight and crown-rump length. 


All doses of morphine employed on Day 9 pro- 
duced fusions in the axial skeleton and a decrease 
in the mean fetal weight. Doses of 400 and 600 
mg./kg. produced a significant increase in the number 
of partial fetal resorptions as well as a decrease in 
the mean crown-rump length. The mean mater- 
nal weight gain was significantly decreased after 
500 mg./kg. In contrast to  Day 8, the number of 
exencephalic fetuses produced was significant only 
in the 100 mg./kg. group. However, it does appear 
that on Day 9 mouse embryos are more susceptible 
to morphine-induced abnormalities. 


Food deprivation on Day 8 was also teratogenic. 
Axial skeletal fusions were produced in significant 
numbers as well as one exencephalic fetus. Further- 
more, the mean fetal weight and crown-rump length 
were decreased significantly. However, food de- 
privation on Day 9 did not result in teratogenesis, 
although the mean fetal weight and crown-rump 
length were decreased significantly. 


Fig. 2-Alizarin skeletal preparations of near-term mouse fetuses from a female treated with 400 mg./kg. of mor- 
phine sulfate on Day 9 showing fusions of the lower ribs and vertebral column. The middle fetus is a normal 


Zittermate. 
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In three of nine mice subjected to food depriva- 
tion on Day 8, complete resorption occurred. Death 
of entire litters may have resulted from an embryo- 
cidal effect upon all embryos or maternal effects 
incompatible with the maintenance of pregnancy. 
Among the six litters camed to term, the number of 
resorptions was not increased significantly. After 
food deprivation on Day 9 all litters were carried to 
term without an increase in the number of fetal 
resorptions. 


Retardation of food consumption by morphine 
does not seem to be responsible for the teratogenic 
effects of the drug even though food deprivation does 
have definite effects upon embryonic development; 
for, if the teratogenic effects of morphine were caused 
by a decrease in food consumption, abnormalities in 
both the morphine-treated groups and the food- 
deprivation groups would be similar after treatment 
on the same day. 


Although morphine treatment on Day 8 produced 
a large number of exencephalic fetuses, only one was 
found after food deprivation on this day. Moreover, 
unlike axial skeletal fusions after morphine on Day 
8, a large number of fusions were found posterior to 
the eighth pair of ribs after food deprivation on this 
day. In fact, the low incidence of exencephaly 
and the location of axial skeletal fusions after food- 
deprivation on Day 8 compared quite favorably to 
the results obtained with morphine treatment 1 
day later. Although a large number of axial 
skeletal fusions were found after morphine treat- 
ment on Day 9, the axial skeleton was not affected 
by food deprivation on this day. 


I t  appears the teratogenic effects of starvation do 
not occur immediately but may affect development 
a day or so after food has been withheld, while the 
teratogenic effect of morphine upon the conceptus 
probably occurs within a few hours. If teratogenic 
effects were delayed for 1 day after food depriva- 
tion on Day 8 and if the effects of morphine did 
occur almost at once after administration on Day 9, 
the embryos would be in about the same stage of 
development when affected and the abnormalities 
produced should be similar. 


Maternal weight gain during gestation would seem 
to be a good indication of fetal size and development. 
However, the differences in mean maternal weight 
gain after administration of saline, food deprivation, 
or morphine treatment on either day were not 
significantly different with the exception of the group 
given 500 mg./kg. of morphine on Day 9. Although 
defects were found in this group, many defects 
were also found in other groups with mean values 
considerably higher than the control, i.e., 300 and 
400 mg./kg. on Day 9 and 500 mg./kg. on Day 8. 
Moreover, in all morphine-treated groups on Day 9 
the mean weight of the fetuses was decreased, but 
this was not reflected in the overall weight gain of 
the mother. Thus, total weight gain was not cor- 
related with fetal effects. 


The mean number of implantation sites did not 
vary significantly indicating that the average number 
of zygotes formed a t  conception was roughly equal 
in all groups prior to  treatment. The number of 
implantation sites counted immediately after the 
death of mice killed by morphine on either day was 
not significantly different from the control indicating 
that gestation was proceeding normally up to  the 
time of treatment. 
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The time of intrauterine death can be estimated 
by the degree of resorption that has occurred be- 
cause autolysis, maceration, and disappearance of 
the products of conception may take several days. 


Resorptions classified as recent deaths must have 
occurred only a few days before sacrifice, because 
the fetal and placental tissue is necrotic but intact. 
The number found in the control and treated groups 
would not suggest any increase as a result of treat- 
ment. 


The number of total resorptions in each group 
compared favorably to  the number found in the 
control group indicating no effect referable to  
treatment. In fact, many of the deaths marked by 
total resorption sites could have occurred even be- 
fore treatment on Day 8 or Day 9. 


It seems logical to  assume that deaths marked by 
partial resorption occurred after the treatment days. 
Compared with the control group, the incidence of 
partial resorptions in the treated groups was not 
increased markedly with the exception of those 
administered 400 or 500 mg./kg. of morphine on 
Day 9. The increase in intrauterine death during 
this time must have been caused by the embryocidal 
action of morphine. 


The axial skeleton, derived mainly from meso- 
derm, originates from the primitive streak at the 
posterior end of the embryo. As the embryo grows, 
the primitive streak moves in a cranio-caudal 
direction leaving behind a dense band of undaerenti- 
ated mesenchyme. This mesenchyme is divided 
into segments or somites by intersegmental fissures 
and intersegmental vessels from the dorsal aorta 
(6). According t o  Otis and Brent (7), the first 
five somites which later make up the occipital 
region of the skull are formed by Day 8.5. During 
Day 8.5 and Day 9.5 somites of the upper and middle 
thotacic region are formed, and within the next 
48 hr. somite formation is completed. 


Alizarin skeletal preparations prepared from Rib 
fusion mice, an inbred strain with a high incidence 
of rib and vertebral fusions (8), appear to  be identi- 
cal to the axial fusions found in CF-1 mice after 
sufficient doses of morphine. In Rib fusion mice 
abnormal differentiation and ossification leading to  
fusions are the result of abnormal segmentation 
during somite formation (8). Consequently, it 
appears that fusions in the axial skeleton after 
administration of morphine on Day 8 or Day 9 
might result from a similar interference with orderly 
som ite format ion. 


I t  has been shown that rib and vertebral fusions 
in gravid mice exposed to  anoxia on Day 8.5, 9.5, 
and 10.5, respectively, shifted from the upper 
thoracic to the lower thoracic and the lumbosacral 
region (9). Therefore, the fact that the location of 
rib fusions was more posterior after morphine ad- 
ministration on Day 9 than on Day 8 also indicates 
that morphine affects the embryo a t  the level in 
which segmentation is occurring. 


Exencephaly has been shown to stem from the 
improper closure of the anterior neuropore leading 
to abnormal development of the brain, particularly 
the cerebral hemispheres (10). This initial defect 
is also responsible for the lack of the osseous and 
cutaneous structures of the cranium. Consequently, 
the brain is subject to degenerative and hemorrhagic 
changes as it lies unprotected on the floor of the 
skull. In man and other mammals with gestation 
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periods longer than the rodent most of the cerebral 
tissue may be completely destroyed leading to 
anencephaly (10). 
In mice exencephaly and axial skeletal fusions 


have been reported after many types of treatment 
including the administration of insulin (ll), 
galactoflavin (12), vitamins (9) and urethan (13) 
as well as riboflavin deficiency (12), X-ray (12), 
and anoxia (14). Although the mechanisms are 
not completely understood, all of these must inter- 
fere with one or more processes necessary for proper 
closure of the neural tube and segmentation. 


The description of exencephaly produced in mice 
by the administration of urethan on Day 7 (13) is 
quite similar to the appearance of this defect after 
morphine administration on Day 8. According to 
Sinclair (13), the antimitotic effects of urethan 
did not seem to be the cause of the deformity be- 
cause the usual number of mitotic figures was seen 
in the germinal layers of treated embryos. The fact 
that both agents are central nervous system depres- 
sants might indicate a common mechanism of action. 


Gautieri and Ciuchta (16) have shown that mor- 
phine produces marked and sustained constriction of 
the fetal vasculature of the perfused human placenta 
that is characterized by a slow progressive decrease 
in the volume flow rate of the perfusate ranging 
from 35 to 92% after infusion of 0.2-0.4 mg. of the 
sulfate salt; this d e c t  is reversed by the subsequent 
administration of nalorphine hydrochloride. More- 
over, several investigators have shown that mice 
subjected to anoxia on Day 8 or Day 9 gave birth 
to a large number of young with exencephaly and 
axial skeletal fusions (14, 16). Therefore, evalua- 
tion of the extent and consequences of maternal 
and fetal anoxia after morphine administration 
should provide some insight into the mechanism of 
the teratogenic action of morphine. 


Although congenital abnormalities were pro- 
duced by morphine, the doses required were ex- 
tremely high. Even the lowest dose utilized far 
exceeded the usual effective analgesic dose in this 
species by at least 10 times. Moreover, doses of 
400 and 500 mg./kg. were lethal to 18 and 40yo of 
the gravid animals. These higher doses are quite 
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close to the LDM of 525 mg./kg. in nongravid mice. 
Therefore, if the criterion for judgment of safety is 
the ratio of the LDM dose to the teratogenic dose 
as has been suggested (17), it must be concluded that 
the teratogenic potential of morphine sulfate is low. 
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Centrally Acting Isosteric Mannich Bases 
By RONALD E. ORTH*, J. W. BENNETT, ON-HOU MAT, and LARRY YOUNG 


A number of N-heteroparaffinomethyl- 1H-benzazoles is obtained by the Mannich 
and allied syntheses. Amine salts of all but the indoles are prepared. T h e  degree 
of motricity and toxic levels are ascertained for the title compounds. Three major 
mo.le.cular modifications investigated cause variations in  pharmacodynamic 
activity: substitution of the isosteric 1H-benzimidazole, 1 H-indazole, and 1H- 
benzotriazole with IH-indole; variation of the N-heteroparaffino-side chain moiety; 
and placement of the N-heteroparaffinomethyl substituents in different positions 
relative to the 1-nitrogen, depending on the particular benzazole. The 3-substi- 
tuted indoles are most toxic and very active, while the 1-substituted benzimidazoles 
are best tolerated. Seven henzazoles (at least one from each chemical class) pro- 
duce unusually high motility. Some general observations are reported. Methyl- 


piperidino derivatives produce the greatest responses studied. 


OWELL et al. (1) attribute hypertension and in P situ uterine contraction to 3-(dimethylamino- 
methy1)indole (gramine). However, Bertaccini and 
Zamboni (2) report that the indolealkylamines 
(gramine included) with a single carbon atom lateral 
side chain have little smooth muscle activity. They 
find good 5-hydroxytryptamine-like activity ex- 
hibited by the indazolealkylamines. Studies by 
Walshe et al. (3) regarding factors influencing cere- 
bral oxidation in relation to hepatic coma, using rat 
brain cortex slices, indicate gramine and 3-methyl- 
indole are active cerebral respiratory inhibitors a t  
concentrations likely to  be found in the body. 
Dubnik et al. (4), relating the effect of monoamine 
oxidase (MAO) inhibitors on brain serotonin of mice 
in addition to  that resulting from inhibition of MAO, 
find gramine (a MAO-inhibitor) a cause of increased 
serotonin levels in the mouse brain. 


Stimulated by inferences from the literature, this 
investigation is designed to (a) accommodate the 
synthesis of the title compounds and/or their water 
soluble salts (Table I) and (b) determine the degree 
of motor involvement and LDm’s they produce in 
young white mice. Motricity data and subjective 
observations are noted in Table 11. 


Three major molecular modifications of gramine 
are responsible for producing the variations in bio- 
activity: interchange of the isosteric benzimidazole, 
1H-indazole, and benzotriazole ring systems for 
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indole; interchange of the N-heteroparafino sub- 
stituents on the side chain methyleno moiety; and 
placement of the N-heteroparaffinomethyl sub- 
stituent in different positions relative to the l-nitro- 
gen, depending on the particular benzazole. 


Gramine, synthesized by the Mannich reaction in 
1935 (5), is the “open ended” tertiary amino model 
for the cyclized analogs prepared. Okuda (6), using 
a Mannich modification, has synthesized 3-(piperi- 
dinomethy1)indole (I). The product is found 
identical to Hellmann’s (7) Mannich product, which 
is formed utilizing the acidic properties of benzene- 
sulfonamide. Henry (8) has prepared the same 
compound from gramine N-oxide. 


H 


I 
The Mannich reaction in methanol (9) is useful 


for preparing 1-(N-heteroparaffinomethy1)benzimid- 
azole (11). 1-Hydroxymethylbenzimidazole (111) 
is also formed. The products of the normal Mannich 
condensation of benzimidazole with HCHO and 
N-heteroparaffins are stable and crystalline. Titra- 
tion results using (CCHs)aC-Na+indicate a side chain 
attachment to the imidazole nitrogen (Scheme I). 


The many attempts by Snyder et al. (10) at 
varying the Mannich reaction conditions to induce 
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TABLE I- N-HETEROPARAFFINOMETHYLBENZAZOLES 


-yo N"- %, Hydrochlorided 
Name Ref.a M.p. oC.b Calcd. Found Yield M.p. OC.* 


3-( Pyrrolidinomethy1)indole (6) 126-128 14.0 13.8 21 - 
3-( 3-Methylpiperidinomethy1)indole (6) 144146 12.3 11.4 35 - 
3- (4-Methylpiperidinomethyl)indole (6) 107-109 12.3 12.4 30 - 
3- (4-Methylpiperazinomethy1)indole (6) 158-160 18.3 18.1 41 - 


1-(4-Methylpiperazinomethyl)benzimidazole (9) 116-117 24.3 23.9 87 151-152 
1-(2-Methylpiperidinomethyl)benzimidazole (9) - 18.3 18.0 92 180 
l-(3-Methylpiperidinomethyl)benzimidazole (9) 64 18.3 18.2 89 d 213, sub. 160 
1-(4-Methylpiperidinomethyl)benzirnidazole (9) 18.3 18.3 92 200-220, 


1-( Pyrrolidinomethy1)benzotriazole (9) 83 27.7 27.8 80 148-150 
1- (3-Methylpiperidinomethyl)benzotriazole (9) 62-64 24.3 24.3 95 125-130 
1- (4-Methylpiperidinomethyl)benzotriazole (9) 78 24.3 24.5 92 120-122 
l-(4Methylpiperazinomethyl)benzotriazole (9) 127 30.3 30.1 95 75 
1-(2-MethylpiperidinomethyI)lH indazole (12) 18.3 18.7 21 MeI210-212 
1-(3-Methylpiperidinornethyl)lH indazole (12) 7il72 18.3 17.9 34 Hygroscopic 
1-( Pyrrolidinomethyl) 1H indazole (12) 130-135 20.9 21.2 16 Hygroscopic 


1- (Pyrrolidinomethy1)benzimidazole (9 1 - 20.9 20.2 42 187-188 


sub. 188 


O Prepared according to  the procedures described in the reference for similar compounds. 


The indoles form red polymers with hydrogen chloride. 


*Uncorrected transition points 
obtained on Fisher-Johns melting point apparatus. Weiler and Strauss Microaaalytical Laboratories, Oxford, England 


indazole to  undergo condensation are a classic study indazole commencing with methyl-3-indazolecar - 
of thoroughness. These investigators utilize a boxylate. Kochetkov and Dudykina (11) have 
circuitous route to prepare 3-piperidinomethyl-1H- also prepared this product with as arduous an 


TABLE 11-PRELIMINARY PHARMACODYNAMICS OF N-HETEROPARAFFINOMETHYLBENZAZOLES IN MICE 


-Dosage and ResponseG- 
Mo- 


Motricity, tricity, 
Name" LDmb Dose 0.5-1 hr. Dose 0.5-1 hr. Observations 


Placebo 
&Amphetamine sulfate 
3-Pyrrolidinomethyl indole 
3- (2-Methylpiperidinomethy1)indole 
3- (3-Methylpiperidinomethyl)indole 
1-Pyrrolidinomethyl benzimidazole 


1-Piperidinomethyl benzimidazole 


1-Morpholinomethyl benzimidazole 


1-(4-Methylpiperazinomethyl)- 


1- (2-Methylpiperidinomethyl)- 


1-(3-MethylpiperidinomethyI)- 


1-(4Methylpiperidinomethyl)- 


1-Pyrrolidinomethyl benzotriazole 
1-Morpholinomethyl benzotriazole 
1-Piperidinomethyl benzotriazole 
1-(3-MethyIpiperidinomethyl)- 


1-(4Methylpiperidinomethyl)- 


1-(4Methylpiperazinomethyl)- 


1-(3-MethyIpiperidinomethyl)lH- 


1-Pyrrolidinomethyl-lH-indazole 


benzimidazole 


benzimidazole 


benzimidazole 


benzimidazole 


benzotriazole 


benzotriazole 


benzotriazole 


indazole 


- 
50/- 
67/35 
87/20 


870/26 


818/26 


960/26 


368/26 


930/26 


806/26 


1200/26 


549-19 
750/22 


686/23 


570/26 


- 


- 


290/20 


0 
4 
7 
8 
7 


50 


50 


50 


50 


50 


50 


50 


50 
50 
50 
50 


50 


50 


15 


15 


7-7 
101-122 


2 4  
3-2 


55-8 
18-3 


13-13 


11-13 


6-1 1 


15-3 


9-7 


5 5 3  


6-5 
1-7 
3-1 


61-28 


35.3 


11-15 


34-14 


21-8 


0 


13 
- 


~~ 


17 
15 


100 


100 


100 


100 


100 


100 


100 


100 
100 
100 
100 


100 


100 


30 


30 


7-7 


39-1 
36-28 
11-3 
11-2 


17-2 1 


4-4 


5-6 


11-3 


6-3 


4 4  


- 


3-3 
9-4 
2-3 


51-87 


26-6 


9-19 


36-112 


2-16 


Normal behavior 
Intense motricity 
Cyanosis, convulsions 
Cyanosis, convulsions 
Normal behavior 
Low response at 250 


Motricity lost at 250 


Hypersensitive at 250 


Unsteady a t  250 mg./kg. 


mg./kg. 


mg./kg. 


mg./kg. 


Low response at 250 
mg./kg. 


High secretion/all doses 


Hypersensitive/all doses 


Respiratory failure 
Normal at 500 mg. 
Decreased motricity 
Hypersensitive/all doses 


Irritable 


Normal 


Hypersensitive at 100 


Normal 
mg. 


~ ~~ 


The indoles are suspended in 0.5% methylcellulose. 1-(4-Methylpiperazinomethyl)benzimidazole is administered a s  the 
Administered 


CThree mice are utilized a t  each dosage level (mg./kg.), 
A spring tension pen, parallel but  off-center, 


The cages are narrow enough 
A Jakar 


dThe mice are isolated and observed foi 


free base. 
intraperitoneally. 
requiring an apparatus composed of three squirrel cages mounted on an axis. 
projects from the end of the axle to  record on a Bird V. H. kymograph (Phipps and Bird, Inc.). 
to  allow unrestricted forward locomotion. 
map measurer is used to tabulate the linear, rocking, and rotary tracing distances. 
1 hr. following LDsa measurements. 


All of the other benzimidazoles, indazoles, and benzotriazoles are administered as the HCl salt. 
Dose/number of young white mice (20 g.). 


Recordings (5 min.) are taken 0.5 hr. and 1 hr. after administration. 


Prodding and tail pinching responses are observed. 
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not form the 3-substituted Mannich product ex- 
pected (13), but ( b )  reacts readily with formalin in 
acid to give two 1-substituted products. Ionization 
data and electron-density diagrams would lead one 
to  suspect indazole to be more acidic than indole, 
but less than benzotriazole or benzimidazole (14). 
Often acylation and alkylation OCCUT at the more 
electronegative 2-nitrogen, followed by migration 
of the substituent to the 1-nitrogen position in 
indazole, to  give an isomer which possesses a Kekule- 
type aromatic ring. Indazoie activity may reflect 
its amphoteric nature, but then benzimidazole is 
also amphoteric. Electron-density diagrams suggest 
that the indole nitrogen atom is positive enough that 
the 1-hydrogen should dissociate to give a magnitude 
of acidity necessary for a successful Mannich reaction 
a t  this position. The 3-position is electronegative 
and is readily attacked when conditions favor elec- 
trophilic substitution. Benzotriazole, with its 
highly delocalized 1,2,3-triazole electrons, and 
benzimidazole, with a high degree of delocalization 
give every indication that their respective acidities 
are closely related to the excellent yields obtained. 


Pharmacodynamics-Placebo i.p. injections of 
0.4 ml. of water give the same motricity results as 
with noninjected animals. A reading of zero in- 
dicates no motricity and the extreme value of 122, 
recorded 1 hr. following the administration of 4 
mg./kg. of d-amphetamine, create the scale. 


The indoles are toxic, and show increased loco- 
motion at 0.2 the LDw. The exceptional indole is 
the 3-methyl derivative which exhibits questionably 
high activity a t  7 mg./kg. at 0.5 hr. and normal 
motricity at all other times and doses. The 2- 
methyl homolog exhibits sustained hypermotricity 
through both time periods, while the pyrrolidino 
compound produces hypermotricity a t  13 mg./kg. 
after 0.5 hr. and hypomotricity after 1 hr. The 
indoles cause death by convulsions and respiratory 
failure. 


The relatively inactive benzimidazoles are the 
least toxic of the benzazoles studied. The 4- 
methylpiperidino homolog is the best tolerated of 
all benzazoles studied, and causes hypermotricity 
an hour after administration of a 50 mg./kg. dose. 
One hundred milligrams has no such locomotor 
stimulant effect. A great variation in class sensi- 
tivity is exhibited. Hypersensitivity a t  all dosage 
levels is characteristic of this same 4-methylpiperi- 
dino product, whereas the 2-methylpiperidino com- 
pound increases the pain threshold when 250 mg./ 
kg. is given. 


Highest motricity in the well-tolerated benzotri- 
azole series is displayed by the 3-methyl- and 4- 
methylpiperidino homologs. At low dosages, the 
3-methyl derivative exhibits sustained hyper- 
motricity. At 100 mg./kg. the rate of locomotion 
increases from 51 at 0.5 hr. to  87 after 1 hr. Hyper- 
sensitivity is noted at all dosages for this compound. 
The Pmethyl homolog promotes hypermotricity 
at 0.5 hr., but not at 1 hr. The mice are irritable a t  
all levels with this product. 


1-(3-Methylpiperidinomethyl)-lH-indazole is tol- 
erated about four times as well as the indoles and 
0.5 as well as the benzotriazoles. I t  causes the 
highest motricity of all benzazoles tested. A t  0.1 
its LDm dose, a response rivaling that of d-ampheta- 
mine is produced in 1 hr. 


The N-heteroparaffinomethyl benzazoles of great- 
est interest are: 3-(pyrrolidinomethyl)indole; 3-(2- 


OH 0 CN- = N-heteropariffino 
I1 111 


Scheme I-Bachman- Mannich reaction and products. 


approach. A facile method of synthesis for 1-(N- 
heteroparaffinomethy1)lH-indazole is reported by 
Pozharskii et al. (12). I-Hydroxymethyl-lH-inda- 
zole (IV) is first prepared by treating indazole with 
formalin in HCl. Water-soluble IV and water- 
insoluble V are obtained and separated. Refluxing 
IV with the appropriate N-heteroparaffin resulted 
in the formation of the 1-(N-heteroparaffino- 
methyl)-lH-indazole (VI) (Scheme 11). Methio- 
dide and HCl salts are prepared. 


IV 


VI V 


CN- = N-heteropariffino 


Scheme 11-The synthesis of 1-N-heteroparafino- 
methyl-1 H-indazole and 1 ,I '-di-indazolylmethane. 


The Bachman-Mannich reaction is best used for 
the synthesis of 1-(N-heteroparaffinomethy1)benzo- 
triazoles (VII) (9). Hydrochloride salts are pre- 
pared to  confer aqueous solubility on these com- 
pounds. The benzotriazoles are relatively unstable 
products and are hydrolyzed in hot water and with 
(CeHs)aC-Na+ to give more than 1 mole of active 
hydrogen/mole of product. 


VII 


DISCUSSION OF RESULTS 
Chemistry-New benzazoles are prepared using 


adaptations of previously reported procedures. 
The ease of preparation and percentage yields vary 
greatly from one class of benzazoles to  another. 
Variation even occurs within a class. For instance, 
pyrrolidine reacts less favorably with each of the 
benzazoles than any of the other N-heteroparaffins 
used in this study. Tlie best reactivity and yields, 
under Mannich conditions, are given in descending 
order: benzotriazole; benzimidazole; indole. In- 
dazole is not included in this grouping as it (a) does 
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methylpiperidinomethy1)indole; 3-(3-methylpiperi- 


1817 
(8) Henry, I). W., and L e e k  E., J .  A m .  Chem. Soc., 79, 


(9) Bachman, G. B.. and Heisey, L. V., ibid., 68, 2496 
5254(1957). 


11946). 
dinomethy1)indole; 1-(4-methylpiperidinomethyl)- 
benzimidazole; 1-(3-methylpiperidinomethyl)benzo- 
triazole; 1-(4methylpiperidinomethyl)benzotri- 
azole; and 1-(3-methylpiperidinornethyl)-lH-in- 
dazole. It is interesting to  note that in all cases, 
with one exception, the benzazoles which produce 
the highest locomotor activity are methylpiperi- 
dino derivatives. Death usually occurs coupled 
with excess secretions, respiratory failure, and 
cyanosis. Occasionally convulsions are observed. 
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Hexahydropyrimidines IX. Synthesis of 
2-Substituted-1,3-bis { 2-methyl-4-[N,N-bis( 2-chloroethyl) - 


amino] benzyl ] hexahydropyrimidines as Transport 
Molecules for Tumor Inhibition 


By JOHN H. B I U M A N  and M. SAM1 KHAN 


A series of nitrogen mustard hexahydropyrimidines has been prepared by reacting 
N,N-  bis { 2 -methyl - 4 - [N,N- bis(2-chloroethyl)amino] benzyl) 1,3 -diaminopropane 
with various aldehydes and evaluated for antitumor activity against various test sys- 
tems. Some of the aldehydes used herein for the preparation of hexahydropyrimi- 
dines were reported t o  cause temporary tumor regression in test animals. The ma- 
jority of compounds were screened against Walker 256 i n  rats and KB cell culture. 


T IS WELL KNOWN that  a majerity of tumors I contain cells with a lower pH than cells in 
normal tissues. I t  has been shown also by Fitch 
et al. (1) that the administration of glucose to  
tumor-bearing animals can produce an even lower 
pH value for the tumor cells. Since hexahydro- 
pyrimidines are one class of compounds which 
hydrolyze readily in erztro under mild acidic condi- 
tions, it  is likely that these compounds could be 
selectively hydrolyzed by the tumor cells to  liberate 
active aldehydes as well as diamines which in 
themselves might act as antitumor agents. Thus 
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it  seems reasonable to  expect that properly de- 
signed hexahydropyrimidines might act as carrier 
molecules t o  direct the nitrogen mustard grouping 
or other active neoplastic agents into the cellular 
metabolism. 


In an earlier publication (2) the authors have 
reported the synthesis and the antitumor activity 
of a number of hexahydropyrimidines containing two 
aromatic nitrogen mustard groupings in the N-1 
and N-3 positions. The primary screening results 
indicate that all of these compounds were nontoxic 
a t  high dose levels and were very active in KB cell 
culture. (0.14.0047 mg./ml.). Against Walker 
256 a somewhat moderate activity was observed. 
In view of these encouraging results, it was of 
interest to study the effect of the substitution of 
methyl groups in the %positions of the benzene 
rings containing the nitrogen mustard grouping in 
order to obtain compounds with better therapeutic 
indexes and establish more fully their antitumor 
potentiality. Previous test results have indicated 
that a methyl group in the %position of aldehydes 
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Effect of Chlordan Pretreatment on the Metabolism 
and Lethality of Cyclophosphamide 


By ROBERT L. DIXON 


Cyclo.phosphamide is converted to a cytostatic agent by enzymes present in the hepa- 
tic microsomes. Prior treatment of young rats with the insecticide, chlordan, re- 
sulted in an increased cyclophos hamide toxicity. Chlordan pretreatment also in- 
creased the in vitro metabolism orcyclophosphamide and hexobarbital, increased the 
excretion of the alkylating metabolite of cyclophosphamide in vivo, and decreased 
the sleeping times of animals treated with hexobarbital in vivo. It is most probable 
that increased amounts of cytostatic metabolite occurred as a result of chlordan in- 


duced microsomal drug-metabolizing enzyme stimulation. 


Y CLOPHOSPHAMIDE [ N ,  N-bis(j3-chloroeth yl) - c N’, 0-propylene phosphoric acid ester 
diamine monohydrate, NSC 262711 is a potent 
antineoplastic agent of the nitrogen mustard 
class and has been used in the treatment of 
patients with many types of neoplastic diseases. 
Cyclophosphamide is especially valuable in the 
treatment of patients with malignancies arising 
from the hematopoietic tissues. The compound 
can be administered by all routes (1). 


In  contrast to the nitrogen mustards ordinarily 
used in cancer chemotherapy, cyclophosphamide 
is inert when placed in direct contact with bac- 
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teria, leukocytes, and most tumor cells in culture. 
In vivo activation occurs in the liver and perhaps 
in other sites (2). The subcellular site of 
enzymic activation in the liver is the microsomes. 
These hepatic microsomal drug-metabolizing 
systems require oxygen and NADPH (TPNH) 
and are capable of altering a number of drugs (3). 
The microsomal enzyme that activates cyclo- 
phosphamide is influenced by a number of various 
drugs (3). For instance, SKF-525a (8-diethyl- 
amino-ethyldiphenylpropylacetate), an inhibitor 
of microsomal drug metabolism, will decrease 
serum levels of metabolite capable of alkylation 
after cyclophosphamide (4), while pretreatment 
of animals with phenobarbital increases the con- 
centration of this metabolic agent three to four- 
fold by enzyme induction (5). 


The fact that the concentration of metabolite 
capable of alkylation after cyclophosphamide 
treatment can be increased by enzyme induction 
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might have therapeutic possibilities. Surely it is 
of interest t o  those testing new compounds for 
toxic effects or action against transplantable 
tumors in  animals. There are a large number 
of drugs and foreign compounds that have been 
shown to be effective stimulators of microsomal 
drug-metabolizing enzymes (2). This paper re- 
ports enhancement of cyclophosphamide metab- 
olism and toxicity in rats after exposure to  the 
insecticide, chlordan, which is commonly used in 
laboratory quarters. 


METHODS 


Cyclophosphamide was obtained commercially. 
Technical chlordan, a mixture containing 60-75y0 of 
the pure compound and 2M0yC of related com- 
pounds, was used in these experiments. 


Young male rats, 50-60 g., were treated with 
either 10 mg./kg. of technical chlordan dissolved in 
corn oil or received corn oil alone, The technical 
chlordan was dissolved in corn oil to make a 0.1% 
solution and each chlordan treated animal received 
subcutaneously 0.01 ml. of this solution per gram of 
body weight. Animals were pretreated with chlor- 
dan twice, 144 and 72 hr. prior to oral administration 
of cyclophosphamide. 


Cyclophosphamide was administered orally to 
groups of 10-12 rats at a dose of 90, 125, 180, or 250 
mg./kg. Cyclophosphamide was administered a t  
a concentration such that each animal received 0.01 
ml. of aqueous solution per gram of body weight. 
Deaths were recorded daily for 30 days following a 
single dose of cyclophosphamide. 
In vitro metabolism of hexobarbita12 (side-chain 


oxidation) was determined using methods, conditions 
of incubation, cofactors, and concentrations de- 
scribed previously (6). 


The in vitro metabolism of cyclophosphamide was 
studied using the same conditions described above. 
The substrate concentration was 10 mg./5 ml. in- 
cubation. The active metabolite of cyclophos- 
phamide was estimated by the spontaneous alkyla- 
tion of a-(4-nitrobenzylpyridine) (NBP) (7,8). Five 
milliliters of 6.67% trichloroacetic acid was added to 
the beaker following incubation. The solutions were 
mixed and poured into a heavy walled centrifuge 
tube and centrifuged prior to  taking a 3.0-ml. ali- 
quot for assay. 
In vivo metabolism of hexobarbital was estimated 


using sleeping times after hexobarbital treatment. 
Hexobarbital, 150 mg./kg., was administered intra- 
peritoneally and the time in minutes from loss of 
righting reflex to  recovery of reflex was recorded. 
In vivo metabolism of cyclophosphamide was 


estimated by collecting and analyzing urine for 
metabolites capable of alkylation after cyclophos- 
phamide treatment. Urine was collected from each 
of six animals (three chlordan treated, three corn oil 
treated) for the first 4 hr. following cyclophos- 
phamide treatment. Animals were placed in individ- 
ual plastic metabolism cages which allowed collec- 
tion of urine. Each animal received 500 mg./kg. of 
cyclophosphamide orally. After the 4-hr. collection 
period, the urine was obtained and the cage rinsed 
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with distilled water. Urine plus cage rinsings were 
brought to a final volume of 25 ml. with distilled 
water. Three-milliliter aliquots from each total 
volume were then assayed for material capable of 
alkylating the NBP reagent. 


Statistical methods used are described by Snedecor 
(9) and Litchfield and Wilcoxon (10). 


RESULTS 


Table I demonstrates the effect of chlordan pre- 
treatment on the metabolism of hexobarbital in 
vitro and in vivo. I t  can be seen that chlordan pre- 
treatment increased the rate of metabolism in uitro, 
and decreased the duration of sleep after hexobar- 
bital. These data are in agreement with those of 
Hart et al. (11) and serve only to  confirm the effect of 
chlordan on the injected animals. 
In vitro studies of the metabolism of cyclophos- 


phamide by hepatic supernatant fraction from chlor- 
dan and corn oil pretreated animals revealed that the 
chlordan pretreated animals produced 76% more of 
an alkylating substance during a 30-min. incubation 
than did corn oil treated control animals. The 
mean absorbance reading for the metabolite-NBP 
reagent complex formed by the chlordan treated ani- 
mals was 0.294 + 0.096 A units/hr./g. of tissue com- 
pared to 0.167 f 0.052 A urits/hr./g. of tissue for 
the corn oil pretreated animals. These values are 
significantly different ( p  5 0.05). Five animals were 
used in the chlordan treated group and four animals 
were used in the control group. The colored complex 
was developed from a 3-ml. aliquot taken from the 
supernatant of the incubation system (5 ml.) plus 5 
ml. of TCA, and the color subsequently extracted 
with 7 ml. of the nonpolar phase. The absorbance 
readings ( A )  were converted to absolute values by 
using a standard curve prepared after hydrolyzing 
cyclophosphamide as described by Philips el al .  (12). 
The reactivity of the hydrolyzed solutions of cyclo- 
phosphamide averages 99% of that of molar equiva- 
lent amounts of nor-NHpHC1. In  these studies a 
concentration of activated product from 10 mcg. of 
cyclophosphamide per ml. of the nonpolar extraction 
phase (acetone-ethyl acetate) had an absorbance of 
0.613 when measured a t  600 mw in a 1-cm. square 
cell. Using this standard curve the above absorb- 
ance values represent 112 and 64 rncg. cyclophos- 
phamide metabolized per gram liver per hour, re- 
spectively. The absorbance values were multiplied 
by to  correct the value for the aliquot, and by 7 
in order to express micrograms of metabolite in the 7 
ml. of nonpolar solvent. 


In  oivo studies of the excretion of a metabolite 
capable of alkylating the NBP reagent (activated 


Evipal, Winthrop Laboratories, New York, N.  Y. 


TABLE I-EFFECT OF CHLORDAN PRETREATMENT 
ON THE METABOLISM OF HEXOBARBITAL 


Corn oil Chlordan 
Treated Treated 


In vitro metabolismn 3.87 f 0.85 5.37 f 1.17 


In vivo sleeping timesa 106 f 14 84 f 21 
a Micromoles of hexobarbital metabolized per gram of 


liver during 45-min. incubation. Values are means + 
standard deviation. Number of individual animals is 
indicated in the parentheses. Minutes of loss of righting 
reflex after lbObmg./kg. of hexobarbital i.p. Values are 
means 


(4) (5) 


standard deviation for six animals per group. 
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Fig. 1-Percent of animals (10 per group) which died 
following a single oral dose of cyclophosphamide (125 
mg./kg.) .  The chlordan group was treated prior to 
cyclophosphamide administration with chlordan. Con- 


trol animals received only corn oil. 


metabolite) after rycl>phosphamide treatment re- 
vealed that the chlordan pretreated animals excreted 
more of this substance in 4 hr. than did the corn 
oil treated controls. 


Chlordan pretreated rats excreted 61% more of 
this metabolite than did corn oil treated controls. 
The average final readings determined from a 3-ml. 
aliquot of urine from each total volume of 25 ml. was 
0.255 (0.215, 0.283, 0.267) for chlordan pretreated 
animals compared to a mean reading of 0.158 (0.155, 
0.145, 0.173) for the corn oil treated control animals. 
The metabolite from the 3.0 ml. was extracted into 
7.0 ml. of a nonpolar phase prior t o  reading the A 
with a colorimeter. Using the standard curve re- 
ferred to in the in vitro results, the above values cor- 
respond to  242 and 148 mcg., respectively. 


Figure 1 expresses the lethality data seen at one 
dose, 125 mg./kg., of cyclophosphamide. The 
same trend seen here, that of earlier and greater 
lethality, was seen with each of the higher doses 
studied. 


Table I1 presents lethality data for cyclophos- 
phamide for groups of corn oil and chlordan pre- 
treated animals. I t  can be seen that the LDm for the 
chlordan pretreated group is lower, 145 (125-166) 
mg./kg.. than that for the corn oil pretreated ani- 
mals which was 170 (142-204) mg./kg. Neither of 
the two slopes was significantly heterogeneous and 
they were parallel. However, the potency ratio of 
1.17 was not significant a t  the 95Yo level of probabil- 
ity. Nevertheless, it should be pointed out that 
after chlordan pretreatment a dose of cyclophos- 
phamide normally lethal to 50% of the animals tested 
resulted in approximately 80% dead due to the very 
steep dose-response slope associated with this drug. 


DISCUSSION 


Results presented here demonstrate that exposure 
to  chlordan, an insecticide commonly used in animal 
quarters, can result in changes in drug metabolism 
which alter the toxicity (weight loss and diarrhea) 
and lethality of cyclophosphamide. Animals re- 
ceiving two subcutaneous injections of chlordan, 


TABLE 11-EFFECT OF CHLORDAN ON LETHALITY 
OF CYCLOPHOSPHAMIDE 


Oral , 7’ Alive, 30 days- 
Dose, Corn Oil Chlordan 


mg./kg. Treated Treated 
250 10 0 
180 42 20 
125 70 30 
90 100 100 


LDw 170 (142-204) 145 (125-166) 
~ 


144 and 72 hr. prior to cyclophosphamide, showed 
signs of toxicity and died earlier and in greater 
number than the corn oil pretreated animals. 


This increase in lethality can be explained by an 
induction of microsomal enzymes which convert 
cyclophosphamide to an active form and accounts 
for the increase in the levels of the cytotoxic form. 
Data were presented which demonstrated that ani- 
mals pretreated with chlordan metabolized both 
hexobarbital and cyclophosphamide to a greater 
extent i n  vitro than corn oil treated controls. Also, 
animals pretreated with chlordan excreted more 
metabolite capable of alkylating NBP reagent in 
4 hr. following cyclophosphamide than did corn 
oil treated control rats. The effect of chlordan was 
further demonstrated by a decreased sleeping time 
after hexobarbital administration in the chlordan 
treated group. This effect was similar to the in- 
creased cytotoxic action described for cyclophos- 
phamide after phenobarbital pretreatment (5). 


These data indicate that spraying animal quarters 
with the chlorinated hydrocarbon insecticides can 
result in spurious testing results concerning toxicity 
and perhaps effectiveness against transplantable 
tumors. I n  most cases increased metabolism of a 
drug would result in its decreased effectiveness and 
lethality. However, increased metabolism of cyclo- 
phosphamide resulted in an increase of active 
metabolite and enhanced drug effect. 


The clinical implications for therapeutic treatment 
of such findings is probably less important than pos- 
sible effects on laboratory animals. However, i t  
might be possible to  increase the effectiveness of this 
drug in patients who for some reason have a less than 
normal ability to nietabolize cyclophosphamide. I n  
such patients cyclophosphamide would be less effec- 
tive. A decreased metabolism of drugs could pos- 
sibly occur in patients who are very young, or as a 
result of various pathological conditions (2). These 
suggestions are based on findings in animals, and 
must be extrapolated to the clinical situation with 
care. 
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Bile Salt Potentiation of Pharmacologic Effects and 
Drug Uptake in Goldfish 


By MILO GIBALDI a n d  CHARLES H. NIGHTINGALE 


Concentrations of 1 X 1 0 - 4  M and 2 x 10-4 M sodium taurodeoxycholate (STDC), 
which demonstrate no intrinsic pharmacologic activity, significantly potentiate 
the pharmacologic effects ( i e . ,  time required to produce overturn) of pentobarbital 
and ethanol in goldfish. Quantitatively similar potentiation is noted when the fish 
is exposed to a bile salt-drug solution or when the fish is pretreated with STDC, 
rinsed, and immediately exposed to drug solution. The present results suggest that 
potentiation is independent of the duration of pretreatment of fish with STDC. The 
effects of STDC are mediated very quickly, reach a maximum level within minutes, 
and are slowly reversible. The results are consistent with a mechanism involving 
adsorption of bile salt molecules on the biologic membrane, consequent alteration 
of membrane permeability, and a resultant decrease in the time required to observe 
a harmacologic response to ethanol and pentobarbital. A 1 X 1 0 - 4  M STDC 
sorution also increases significantly the absorption of 4-aminoantipyrine in goldfish. 


ILE SALTS are one of the most important groups B of physiologic surface-active agents found in 
man. Although their role in fat absorption has 
been studied extensively (1, 2), little attention has 
been given to the possible effects of bile salts on 
drug absorption. Recent studies (3-6) have 
shown that components of bile significantly affect 
both the solubility and dissolution rate of a 
number of poorly water-soluble drugs. These 
studies suggest that bile may serve an important 
function in dissolution rate-limited drug absorp- 
tion. 


In  addition to the solubilizing effects of bile 
salts, certain biologic effects may also be impor- 
tant in drug absorption. An example is the 
potential effects of bile salts on the gastrointes- 
tinal membrane and on drug transport. Parkin- 
son (7) has observed inhibition of glucose, sodium, 
and amino acid active transport from the rat 
jejunum by certain bile salts. However, there is 
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no literature available on the effects of bile salts 
on passive transport, the usual pathway in drug 
absorption. 


Numerous studies suggest that surface-active 
agents can d e c t  the integrity of biologic mem- 
branes and thereby enhance drug absorption (8). 
Most recently, Levy et al. (9) have observed a 
significant decrease in the time required for 
secobarbital-induced death in the goldfish in the 
presence of polysorbate 80. They attribute this 
effect to membrane alteration by the surfactant 
which permits more rapid absorption of seco- 
barbital and decreases the time required to reach 
a lethal concentration in the fish. 


The present study concerns the iniluence of bile 
salts on the pharmacologic effects of ethanol and 
pentobarbital and on the uptake of 4-aminoanti- 
pyrine in the goldfish. 


EXPERIMENTAL 


Goldfish, Carassius auratus, common variety, 
weighing about 3-6 g. were used as the test animal. 
All fish used in a given experiment were from the 
same lot. Five different lots of fish were used during 
the study. 


The test drugs, ethanol and sodium pentobarbital, 
were dissolved in water or aqueous solutions contain- 








Polymer-Drug Interacted Systems in the 
Physicochemical Design of Pharmaceutical 


Dosage Forms I 
Drug Salts with PVM/MA and with a PVM/MA Hemi-Ester 


By C. R. WILLIS, JR.* and GILBERT S. BANKER 


The applicability of a polymer-drug interacted system in the physicochemical design 
of pharmaceutical dosage forms has been investigated. Salts of poly(methy1 vinyl 
ether/maleic anhydride) and methapyrilene base were prepared. In vitro release 
patterns were determined by an equilibrium dialysis procedure. Dialytic release 
rates of the polymer-drug salt in solution demonstrated no a preciable difference 
in drug availability with res ect to the free drug or its hydroc&oridt salt. In vitro 
dissolution rates of the pof)ymer-drug salt in solid form showed similar results. 
Polymer-dru salts formed with the 1,lz-dihydroxyoctadecane hemi-ester of poly- 
(methyl vinyf ether/maleic anhydride) exhibited rolongation of the release of the 


drug from granular and tabletex forms in vitro. 


OLUBILIZATION of various medicinal com- S pounds by interaction with macromolecules 
has been extensively investigated. Such systems 
are usually produced by donor-acceptor mecha- 
nisms or hydrogen bonding. Unfortunately, few 
of these investigations have yielded products of 
practical value in the design of pharmaceutical 
dosage forms due to the low ratio of active 
ingredient incorporated in the system. In  addi- 
tion, recovery of these complexes from the reac- 
tion media is difficult or impossible in many 
instances. 


Formation of polymer-drug salts provides a 
practical basis for the investigation of the phys- 
icochemical design of pharmaceutical dosage 
forms and subsequent biopbarmaceutic evalua- 
tions (1). Such salts have been shown to alter 
the biologic distribution of the drug moiety as 
well as prolong release when administered par- 
enterally (2). A recent patent (3), describes a 
method for preparing sustained-release dosage 
forms by the formation of polymer-drug salts. 
The product is based on the interaction of a 
therapeutically active amine with a crosslinked 
copolymer containing reactive carboxyl groups. 
Srinivas (4) studied the reaction between car- 
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boxyl-containing polymers and aliphatic and 
aromatic amines, and amine drug bases. Poten- 
tiometric and viscometric data indicated salt for- 
mation, with the polymer-drug salts exhibiting 
controlled release properties. The stability of 
thiamine is reported to have been enhanced by 
salt formation of the free base with carbonic and 
sulfonic acid derivatives of an unsaturated poly- 
merizable material (5).  


This investigation was undertaken to further 
study the application of polymer-drug mono- and 
di-salts of a dicarboxylic acid copolymer and of 
drug salts of a hemi-ester of the copolymer, in the 
physicochemical design of pharmaceutical dosage 
forms. 


EXPERIMENTAL 
Materials and Equipment-Poly (methyl vinyl 


ether/maleic anhydride),' (PVM/MA) (I) (6), is a 
free-flowing polymeric powder whose structural 
formula may be represented as shown below. 


1 OCHa 


-CHz-CH-CH --CH- 
I I 


1 O=C\ 0 /C=Ol, ,  
I 


PVM/MA is a linear polymeric anhydride which is 
soluble over a wide pH range. Good stability is 
exhibited in both acid and alkaline solutions. The 
pH of a 5% solution of the polymer is approximately 
2.0. An aqueous solution of this concentration 


1 Gantrez AN-169. Supplied through the courtesy of 
General Aniline & Film Corporation, New York, N. Y. 
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exhibits a Brookfield viscosity of 200 cps. The 
polymer is purported to  be relatively nontoxic (6). 


Methapyrilene, which was prepared from the 
commercially available hydrochloride salte (USP), 
was selected as the model amine drug base for use 
in this investigation. The drug base has a molecular 
weight of 261.38 and occurs as a viscous oil, slightly 
yellow in color. The uncharged base has a pKb of 
5.15, while the conjugate acid exhibits a pKa of 
8.85 (7). 
1,12-Dihydro~yoctadecane~ (DOD) was used as 


the hydroxyl-containing moiety in the esterification 
of PVM/MA. This compound occurs as a white 
waxy solid which melts at 61 to  65O.' 


Esterification reactions were carried out in the 
open-bottom portion of a 500-ml. split reaction flasks 
fitted with a heating mantle. The use of this 
apparatus permitted the easy retrieval of the esteri- 
fied products which would be difficult to  remove 
from conventional reaction flasks. 


A CarveP laboratory press was used in the prep- 
aration of tablets employed in this investigation. 
All tablets were prepared with the use of 0.9-cm. 
(*/S-in.) standard cup punches. The tablets were 
compressed under a 5,000 lb. load, which was 
released immediately upon attaining that load. 


Assay of Methapyrilene-Methapyrilene and its 
derivatives were assayed at 292.5 and 323.5 mp7 
by a differential ultraviolet procedure. This assay 
employs the summation of absorbance maxima in- 
duced by a 3.2 unit pH differential, using buffer 
solutions of pH 7.4 and 10.6. The use of this assay 
procedure permitted the determination of unknown 
quantities of methapyrilene in the presence of other 
materials which would normally interfere with con- 
ventional ultraviolet spectrophotometric determina- 
tions. 


Reactivity of PVM/MA-The reactivity of 
PVM/MA was evaluated by potentiometric titra- 
tion in aqueous solution. Changes in the potential 
of the solution were monitored with the use of a 
research pH mete9 equipped with standard glass 
indicator and calomel reference electrodes. PVM/ 
MA was titrated with 0.1 M and 1 M sodium hy- 
droxide and with methapyrilene base. Both the 
titration curves and their first derivative plots were 
constructed. End points were determined by eval- 
uation of the first derivative plots. 


Esterification of PVM/MA-Hemi-esters of 
PVM/MA and 1,12-dihydroxyoctadecane were pre- 
pared by melting the DOD in the open-bottom por- 
tion of the split reaction flask, and dispersing the 
PVM/MA powder in the melt. The temperature 
was then increased and the mixture was stirred. 
Esterification took place within 0.5 hr. as evidenced 
by solidification of the reaction mixture. The maxi- 
mum temperature attained during the process was 
120". When the product had solidified, the heat was 
immediately removed. After cooling a t  room tem- 
perature, the ester was milled in a mortar and 
classified with the use of nested A.S.T.M. standard 
screens. All of the hemi-esters were prepared using 
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2 Abbott Laboratories, North Chicago, Ill. 
a K & K Laboratories, Inc., Plainview, N.  Y. 
4 Determined on a hot plate melting point apparatus. 
6 Kontes Glass Company, Vineland, N. J. 
8 Fred S. Carver, Inc., Summit. N. J. 
7 Model DU soectroohotometer. Beckman Instrument Co.. 


excess quantities of DOD due to  the fact that a 
stoichiometric amount of the DOD (1.33 g./g. of 
PVM/MA) proved to be an insufficient quantity in 
which to disperse the PVM/MA during the esterifi- 
cation reaction. The product was prepared in 2 :  1, 
3:  1, and 4: 1 ratios. 


Formation of Polymer-Drug Salts-Methapyril- 
ene salts of PVM/MA were prepared in aqueous 
dispersions at 25" with agitation provided by a 
magnetic stirrer. Methapyrilene oil was weighed in 
a tared 250-ml. beaker and distilled water (100-150 
ml.) added. The mixture was then stirred vigor- 
ously to  disperse the oil (2-5 min.). PVM/MA was 
slowly added, by sprinkling it into the vortex created 
by the agitation. The solution was stirred at a 
moderate rate for 2 4 4 8  hr. to  achieve salt formation 
(this length of time is necessary for complete 
hydrolysis of PVM/MA at  room temperature). 
The amount of methapyrilene oil and PVM/MA 
employed for mono- or di-salt formation was calcu- 
lated on a stoichiometric basis using the unit molec- 
ular weight (156) of PVM/MA. Salts remaining 
in solution (partial and mono-salts) were assayed 
directly, while the insoluble salts (di-salts) were 
filtered out and dried under vacuum at 25". In the 
case of insoluble salts, the supernatant solution was 
also collected for assay. 


Salts of methapyrilene with the PVM/MA-DOD 
hemi-esters were prepared as described above. Only 
mono-salts of PVM/MA could be prepared in the 
case of the hemi-esters since one of the carboxyl 
groups of PVM/MA was tied up by the ester group. 
Due to  the low solubility in water of the hemi-esters, 
the salt formation reaction time of these systems 
was increased considerably. These systems were 
stirred in aqueous dispersion for 72-96 hr. 


Dialysis Studies-Drug release patterns of 
methapyrilene in solution were determined by the 
use of an equilibrium dialysis procedure. Dialysis 
sacs9 were prepared to contain 20 ml. of the drug or 
its salts in aqueous solution. The sacs were securely 
tied and checked for leaks before placing them in a 
3-oz. powder jar containing 70 ml. of artificial gastric 
or intestinal fluid (without enzymes). The jar was 
then capped and sealed with a waterproof tape 
before placing i t  in a rotating water-bath apparatus 
maintained at 37 =I= 1". All samples evaluated in 
this manner were allowed to rotate for preselected 
time periods of 0.25, 0.5, 1, 2 ,  3, and 4 hr. The 
dialytic release patterns of base methapyrilene, 
methapyrilene hydrochloride, and a partial salt of 
methapyrilene with PVM/MA were determined by 
the use of this procedure. 


Dissolution Rate Studies-Polymer-drug salts 
and drug salts of the PVM/MA-DOD hemi-ester 
which were prepared in solid form were evaluated 
for their release characteristics by a dissolution pro- 
cedure. Samples of the salts were placed in previ- 
ously tared 3-02. powder jars and accurately 
weighed. Artificial gastrointestinal fluids were then 
pipeted into the jars which were subsequently 
capped and sealed in the manner employed in the 
dialysis procedure. Methapyrilene release by the 
dissolution method was studied for periods up to  3 hr. 
in artificial gastric fluid, and up to  8 hr. in artificial 
intestinal fluid (without enzymes). The release 
patterns of particulate materials were determined in 


Fullerton, Calif.- - 
Model 7403, Leeds and Northrup, Philadelphia, Pa. 9 NoJax Casing, Size 30, Visking Company, Chicago, Ill. 
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50-ml. volumes of the gastrointestinal fluids and the 
release of tableted preparations in 70-1111. volumes. 
Assays were performed on the filtered fluids to 
determine drug concentrations following the various 
intervals in the water bath. 
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15% in gastric fluid, 80% in intestinal fluid, and 25% 
in distilled water. The 3: 1 DOD-polymer material 
underwent only a 10% swelling volume increase in 
water and intestinal fluid, and the 4: 1 material did 
not swell appreciably in any of the three solvent 
media. The solid hemi-ester was observed to soften 
a t  50-60" and begin to brown at 130'. The forma- 
tion of the hemi-ester of PVM/MA with DOD was 
thought to  be a method by which the solubility of 
the reactive PVM/MA could be reduced while 
retaining an anionic nucleophilic site potentially 
applicable to  the formation of a polymer-drug salt 
with an amine drug base. 


Formation of Polymer-Drug Salts-The ability of 
PVM/MA to enter into the formation of a polymer- 
drug interacted system with an amine drug base was 
investigated using methapyrilene as the model drug. 
The formation of a PVM/MA-methapyrilene salt 
was shown by titrating the polymer in aqueous solu- 
tion using methapyrilene base as the titrant. 
Solubilization of the base occurred in the aqueous 
PVM/MA solution as a result of mono-salt forma- 
tion as indicated by the titration curve (Fig. 2). 
The titration of PVM/MA in aqueous solution pro- 
duced mono-salt formation end points within 2.8% 
(Table I), of the stoichiometric value. indicating a 
constant w/w ratio of combination (Fig. 3). Metha- 
pyrilene titration of the polymer to  the di-salt end 
point was not practical due t o  the low solubility of 
both the titrant and the titrate. While the titration 
curve (Fig. 2), did indicate a second end point, the 
first derivative peak was not considered valid in 
relation to  the artifacts observed. A 1: 1 mixture 
of dioxane and water was found to maintain the 
polymer-drug salt in solution but again the metha- 
pyrilene titration curve did not clearly discern the 
second end point. 


RESULTS AND DISCUSSION 


Reactivity of PVM/MA-Titrations of PVM/MA 
in aqueous solution showed that the dicarboxylic 
acid hydrolysis product of the polymer exhibits both 
mono- and di-salt formation with sodium ions. 
Titrations of 100 and 150 mg. of PVM/MA in 150- 
200 ml. of distilled water were carried out using 0.1 
M sodium hydroxide titrant. Analyses of the first 
derivative titration curves obtained showed that 
mono-salt formation occurred within 2.3% error 
relative to the calculated theoretical value based 011 


the unit molecular weight of PVM/MA. Di-salt 
formation was not indicated with the use of the 0.1 M 
sodium hydroxide titrant, although the titrations 
were continued well beyond the theoretical di-salt 
end point. Titration of PVM/MA with 1 M sodium 
hydroxide titrant (Fig. 1) provided both mono- and 
di-salt formation. Analyses of the first derivative 
titration curves showed that the mono- and di-salt 
formation end points occurred within O.64.8y0 
error relative to  the theoretical values. The ability 
of PVM/MA t o  react stoichiometrically in aqueous 
solution with sodium ions (Fig. I), was taken as an 
indication of possible polymer-drug interaction 
capabilities with an amine drug base. 


Esterification of PVM/MA-PVM/MA was 
shown to esterify within 0.5 hr. when dispersed in a 
melt of 1,12-dihydroxyoctadecane (DOD) and 
heated to 120". The PVM/MA-DOD hemi-ester 
was found to be insoluble in artificial gastrointestinal 
fluids when prepared as described in the Experi- 
mental section. Swelling of the hemi-ester was ob- 
served in artificial intestinal fluid (without enzyme) 
at 25", but was found to be negligible in distilled 
water and artificial gastric fluid (without enzyme). 
Increased DOD content of the product ( i e . ,  3: 1 and 
4: 1 ratios) reduced swelling dramatically in all three 
media. The 2: 1 DOD-polymer material underwent 
a percent increase in volume due to  swelling of about 
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Fig. 2-Titration of PVM/MA in aqueous solution 
with methapyrilene base. 


TABLE I-PVM/MA MRTHAPYWRNE BASE 
TITRATION DATA 


Weight of ml. of g. of Calcd. % 
Titrate, g. Titrant Titrant Wt., 8. Error 
1.0019 1.530 1.6785 1.6780 0.03 
0.7513 1.115 1.2233 1.2585 2.80 
0.5010 0.775 0.8500 0.8390 1.31 
0.2477 0.370 0.4060 0.41.W 2.17 
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Fig. 3-Weight of P V M / M A  versus weight of 
methapyrilene base i n  formation of mono-salt. 


PVM/MA-methapyrilene salt formation was 
achieved by adding methapyrilene base t o  an aque- 
ous solution of hydrolyzed PVM/MA in the titration 
procedure; however, it  was found that salt formation 
was most conveniently accomplished by adding the 
PVM/MA powder to  an aqueous dispersion of 
methapyrilene "oil." This procedure requires the 
gradual addition of the powdered polymer to  the 
vortex of a vigorously agitated methapyrilene dis- 
persion. By the use of this technique and with 
prolonged agitation of the system at 25", stoichio- 
metric quantities of the polymer were employed to  
produce partial, mono-, and di-salts of methapyri- 
lene. Salts of methapyrilene and the PVM/MA- 
DOD hemi-ester were also produced in this manner 
as described in the Experimental section. 
Evaluation of Polymer-Drug Interacted Systems 


-The availability of methapyrilene from the 
PVM/MA and PVM/MA-DOD hemi-ester salts 
was studied using the dissolution and dialysis pro- 
cedures described previously. 


A partial salt of PVM/MA and methapyrilene 
base was prepared by reacting 1 g. of the polymer 
with an equal weight of methapyrilene base. After 
stirring at 25" for 72 hr. the solution was filtered 
and diluted to 250 ml. in a volumetric flask. Assay 
of the solution indicated that the methapyrilene 
concentration was 3.9 mg./ml. This solution was 
dialyzed against the artiticial gastrointestinal fluids 
and the availability of methapyrilene from the 
system was compared to  the release patterns of the 
hydrochloride salt (Fig. 4) and the free base (Fig. 5), 
obtained in a like manner. The release pattern of 
the drug from the polymer salt did not differ sub- 
stantially from that of the free base or the hydro- 
chloride salt, but the precentage release rate of 
methapyrilene from the PVM/MA salt in both 
artificial intestinal and gastric fluids was more rapid 
than either the hydrochloride salt or the free base. 


The di-salt of PVM/MA was prepared by reacting 
3.35 g. of methapyrilene base with 1 g. of the poly- 
mer. Precipitation of the product from the aqueous 
system occurred within 6 hr., and after drying, the 
solid product was found to contain 3.15 g. of drug. 
Analysis of drug availability from the coarsely sub- 
divided product by the dissolution method indicated 
that 98% methapyrilene release was attained within 
15 min., in the gastrointestinal fluids. 
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f ( 1  2 3 4 
TIME ELAPSED, hr. 


Fig. 4-Equilibrium dialysis release pattern of the 
P VM/MA-methapyrilene partial salt i n  comparison 
to methapyrilene hydrochloride in artificial gastric 
(@A> and intestinal (OA) fluids at 37 f l o .  
Key: AA, methapyrilene hydrochloride; @0, 


methupyrilene-P V M /  M A  partial salt. 
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Fig. 5-Equilibrium dialysis release pattern of the 
P VM/MA-melhapyrilene partial salt i n  comparison 
to methupyrilene base in artijkial gastric (@A) and 
intestinal (OA) fluids at 37 f 1". Key:  A& 
methapyrilene base; @0, methupyrilene-P V M / M A  


partial salt. 


Methapyrilene salts of the PVM/MA hemi-esters 
were prepared by reaction in aqueous dispersion as 
described in the Experimental section. These 
PVM/MA hemi-ester salts were prepared in granular 
form and evaluated for methapyrilene release by 
the dissolution method. The drug content of the 
hemi-esters ranged from 21 to 33% by weight, and 
was determined for each product by assaying the 
supernatant of the reaction dispersion for unreacted 
drug. The release of methapyrilene from granules 
of 20/40 mesh and smaller than 40 mesh was deter- 
mined for each of the three hemi-esters described in 
the Experimental section. The release of metha- 
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pyrilene from the granules appeared to be dependent 
upon both the particulate dimensions and  the 
amount of DOD incorporated. As was the case 
with the partial salt drug of PVM/MA, the release 
of methapyrilene was initially greater in artificial 
intestinal fluid (Fig. 6) than in artificial gastric fluid 
(Fig. 7). In both dissolution test fluids, for each 
granule particle size fraction studied, the order of 
drug release was most rapid from the 2 : l  DOD- 
polymer ester, and least rapid from the 4 : l  DOD- 
polymer ester. This finding corresponds with the 
swelling properties of the DOD-polymer esters, since 
the 4: 1 ratio material evidenced the lowest extent 
of swelling. The coarser particle size fraction of 
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each product in both test fluids exhibited the slower 
rate of release. 


Samples of the granular hemi-ester salt were 
compressed into 0.9-cm. (a/a-in.)  tablets weighing 
approximately 250 mg. The tablets were com- 
pressed under a load of 5,000 p s i .  using a hand- 
operated hydraulic press as described in the ExperG 
mental section. The drug content of the tablets was 
determined on the basis of tablet weight and the 
drug content of the hemi-esters from which the 
tablets were compressed. Release-rate analyses of 
methapyrilene from the tablets prepared using both 
20/40 mesh granules and granules smaller than 40 
mesh, showed that drug release was substantially 
retarded by compression of the granules. As was 
apparently characteristic of the PVM/MA metha- 
pyrilene salts, the drug release from the tablets in 
artificial intestinal fluid (Fig. 8 )  was more rapid than 
in artificial gastric fluid (Fig. 9). The release of 
methapyrilene from the granular particles was de- 
pendent upon both particle size and the amount of 
DOD present in the system. 


Drug release from the tablets in gastric fluid also 
indicated dependence on the amount of DOD in the 
systems, with the 4: 1 hemi-ester salt again exhibiting 
the lowest rate of release. However, the 3: 1 hemi- 
ester salt now demonstrated the most rapid rate of 
release (Fig. 9). The tablets prepared from the 
coarser particle-size fractions of a given ester product 
exhibited a more rapid release rate (Fig. 9), in the 
systems in which a particle size effect was noted, 
suggesting that the tablets prepared from the larger 
granules were more porous. 


Drug release from the tablets in intestinal fluid 
followed that in gastric fluid, in that the 4: 1 hemi- 
ester salt (>40 mesh) exhibited the slowest rate 
and the 3: 1 hemi-ester salt (20/40 mesh) exhibited 
the most rapid initial release rate. The rates of 
release of the other systems were compressed between 
the rates of these two systems in an indeterminate 
order. The in  uitro release pattern of the compressed 
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Fig. 6-Release of methapyrilene from granules OJ 
the hemi-ester salt i n  artificial intestinal jluid at 
37 f 1'. Key: 2 : l  ester (> 4.0 mesh); 0, 2 : l  
ester (20/4Q mesh); A, 3 : l  ester (> 40 mesh); A, 
3 : l  ester (20/40 mesh); W, 4 : l  ester (> 40 mesh); 
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Fig. 7-Release of methapyrilene from granules 
of the hemi-ester salt in artificial gastric fluid at 37 
f 1'. Key: 0,  2:1 ester (> 4.0 mesh); 0, 2:l 
ester (20/4Q mesh); A, 3 : l  ester (> 40 mesh); A, 
3 : l  ester (20/40 mesh); W, 4 : l  ester (> 40 mesh); 


o, 4 : l  ester (20/40 mesh). 


t 
80 


70 
w 2 60 


d 50 a 


d 


10 


,I,,,,,,,, 
1 2 3 4 5 6 7 8  


TIME ELAPSED, hr. 


Fig. 8-Release of methapyrilene from tablets of the 
hemi-ester salt i n  arti$cial intestinal jluid at 37 f 
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t *  1 2 3 
TIME ELAPSED, hr. 


Fig. 9-Release of methapyrilene from tablets of the 
Lmi-ester salt i n  artificial gastric fluid at 37 f 1 '. 
Key:  0 ,  2 : l  ester (> 40 mesh); 0, 2 : l  ester (20140 
mesh); A, 3 : l  ester (> 4.0 mesh); A, 3 : l  ester 
(20/40 mesh); ., 4 : l  ester (> 40 mesh); O, 4 : l  


ester (20/40 mesh). 


tablet DOD-polymer ester drug salts were much 
more promising that that of the particulate mate- 
rials. The tablets did not disintegrate under test, 
but gradually eroded. 


SUMMARY 


Polymer-drug interacted systems were prepared 
and evaluated as an approach to the physicochemical 
design of pharmaceutical dosage forms. 


An amine drug base (methapyrilene) was found 
to form salts with the dicarboxylic acid hydrolysis 
product of poly (methyl vinyl ether/maleic anhy- 
dride) containing as much as 3.15 parts of drug per 
part of polymer. Release-rate analyses of the 
polymer drug salts indicated methapyrilene avail- 
ability comparable to that from the free base or the 
hydrochloride salt. Increased initial drug release in 
artificial intestinal fluid was characteristic of the 
polymer-drug salt. 
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Hemi-esters of poly (methyl vinyl ether/maleic 
anhydride) with 1,12-dihydroxyoctadeane were 
prepared. The hemi-esters, containing excess DOD, 
were found to react with methapyrilene to form 
hemi-ester salts of the drug. Methapyrilene release 
rates from the hemi-ester salts were studied with 
the use of tablets and granules and found to be 
substantially reduced in comparison to the polymer 
salts or the hydrochloride salt and free base forms 
of the drug. 


The potential application of a drug-polymer inter- 
acted system as an approach to the preparation of 
controlled and prolonged-release dosage forms was 
illustrated. 
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11946). 
dinomethy1)indole; 1-(4-methylpiperidinomethyl)- 
benzimidazole; 1-(3-methylpiperidinomethyl)benzo- 
triazole; 1-(4methylpiperidinomethyl)benzotri- 
azole; and 1-(3-methylpiperidinornethyl)-lH-in- 
dazole. It is interesting to  note that in all cases, 
with one exception, the benzazoles which produce 
the highest locomotor activity are methylpiperi- 
dino derivatives. Death usually occurs coupled 
with excess secretions, respiratory failure, and 
cyanosis. Occasionally convulsions are observed. 
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Hexahydropyrimidines IX. Synthesis of 
2-Substituted-1,3-bis { 2-methyl-4-[N,N-bis( 2-chloroethyl) - 


amino] benzyl ] hexahydropyrimidines as Transport 
Molecules for Tumor Inhibition 


By JOHN H. B I U M A N  and M. SAM1 KHAN 


A series of nitrogen mustard hexahydropyrimidines has been prepared by reacting 
N,N-  bis { 2 -methyl - 4 - [N,N- bis(2-chloroethyl)amino] benzyl) 1,3 -diaminopropane 
with various aldehydes and evaluated for antitumor activity against various test sys- 
tems. Some of the aldehydes used herein for the preparation of hexahydropyrimi- 
dines were reported t o  cause temporary tumor regression in test animals. The ma- 
jority of compounds were screened against Walker 256 i n  rats and KB cell culture. 


T IS WELL KNOWN that  a majerity of tumors I contain cells with a lower pH than cells in 
normal tissues. I t  has been shown also by Fitch 
et al. (1) that the administration of glucose to  
tumor-bearing animals can produce an even lower 
pH value for the tumor cells. Since hexahydro- 
pyrimidines are one class of compounds which 
hydrolyze readily in erztro under mild acidic condi- 
tions, it  is likely that these compounds could be 
selectively hydrolyzed by the tumor cells to  liberate 
active aldehydes as well as diamines which in 
themselves might act as antitumor agents. Thus 
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it  seems reasonable to  expect that properly de- 
signed hexahydropyrimidines might act as carrier 
molecules t o  direct the nitrogen mustard grouping 
or other active neoplastic agents into the cellular 
metabolism. 


In an earlier publication (2) the authors have 
reported the synthesis and the antitumor activity 
of a number of hexahydropyrimidines containing two 
aromatic nitrogen mustard groupings in the N-1 
and N-3 positions. The primary screening results 
indicate that all of these compounds were nontoxic 
a t  high dose levels and were very active in KB cell 
culture. (0.14.0047 mg./ml.). Against Walker 
256 a somewhat moderate activity was observed. 
In view of these encouraging results, it was of 
interest to study the effect of the substitution of 
methyl groups in the %positions of the benzene 
rings containing the nitrogen mustard grouping in 
order to obtain compounds with better therapeutic 
indexes and establish more fully their antitumor 
potentiality. Previous test results have indicated 
that a methyl group in the %position of aldehydes 
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used in the formation of their hexahydropyrimidine 
rings has enhanced the molecular activity. 


The synthesis of the N, N'-bis( 2-methyl-4- 
[ N,N- bis(2-chloroethyl)amino]benzyl) 1,3-diamino- 
propane (IV) reported in Table I was conveniently 
accomplished according to Scheme I. 


The structure of these hexahydropyrimidines was 
proven by elemental analysis and IR spectra. 
Bergmann et al. (3) state that the IR spectrum of the 
grouping N-C-N is characterized by three peaks 
occurring between 1,089 and 1,170 cm.-'. The IR 
spectra of these hexahydropyrimidines VI  (Table I ) 
in KBr disks had three similar major peaks between 
1,070 and 1,175 cm.-l. These maxima presumably 
correspond to  the C-N frequency. The shift in 
frequency is probably due to  the presence of bulky 
substituents in the 1, 2, and 3 positions and to  the 
strong hydrogen bonding effects. It was noted that 
when there were electron-donating groups in posi- 
tion 2 of the phenyl ring substituted in position 2 
of the pyrimidine, considerable shift to lower fre- 
quency was observed. When there were electron- 
withdrawing groups, on the other hand, absorption 
always fell within the reported region 1,089-1170 
cm.-'. 


BIOLOGICAL RESULTS 


The nitrogen mustard hexahydropyrimidines 
(Table I)  and the diaminedihydrochloride IV, 
which was reacted with the aldehydes, were sub- 
mitted to  the Cancer Chemotherapy National 
Service Center (CCNSC) for cytotoxic studies in 
tissue culture and animal testing for antitumor 
activity. 


Although complete screening results have not 
been received for all of the compounds, the available 
figures indicate the hexahydropyrimidines and 
the diamine have a moderate activity against 
Walker 256. At a dose level of 50 mg./kg., Com- 
pound 1 produced 50% inhibition, Compound 4, 
34% inhibition, Compound 10, 79y0 inhibition, Com- 
pound 11, 67% inhibition, Compound 12, 847" 
inhibition, and Compound 13, 4875 inhibition 
against Walker 256. At a dose level of 15 rng./kg., 
Compound 8 gave 86% inhibition against Walker 
256. Tissue culture activity had been received 
for only Compounds 1 and 2, which have given 
reproducible EDm value of 0.19-0.97 mg./ml. in a 
KB human epidermoid carcinoma according t o  the 
criteria established by CCNSC. 


EXPERIMENTAL' 


N,N' - Bis( 2 - methyl - 4 - [N,N - bis(2 - chloro- 
ethyl)amino]benzyl ] 1,d-diaminopropane (IV)-A 
solution of 5.2 g. (0.02 mole) of P[N,N-bis(Z 
chloroethyl)amino]-o-tolualdehyde (I) (4) in 60 rnl. 
absolute methanol was  transferred to  a 250-ml. 
hydrogenation bottle and to this solution 0.74 g.  
(0.01 mole) of 1,3-diaminopropane (11) was added 
in one batch. The bottle was immediately we1 
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1 All melting points were taken on a Fisher-John melting 
point apparatus and were corrected. The elemental an- 
alyses were performed by Midwest Microlaboratories, Inc., 
Indianapolis, In., and Triangle Chemical Laboratories, 
Inc., Chapel Hill, N.  C. The 1R spectra were determined in 
KBr disks on a Beckman IR-10 spectrophotometer. All 
evaporations, unless stated otherwise, were conducted in a 
rotary flask evaporator at water pressure. Aldehydes used 
were either reagent grade or purified by distillation or re- 
crystallization from appropriate solvents. 
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stoppered and the mixture was allowed to  shake 
vigorously for 18 hr., at room temperature. At 
the end of this period, the methanol was removed 
in vucuo to give 5.3 g. (95%) of desired di-Schiff 
base (111), a yellow oil which could not be induced 
to crystallize. The crude di-Schiff base, 5.3 g. 
(0.009 mole) in 200 ml. of absolute ethanol, was 
then reduced, using 0.1 g. of PtOz catalyst, at room 
temperature in a low-pressure Parr hydrogenator 
with an initial pressure of 3.15 kg./cm.2. A p  
proximately 40 min. were required to  complete 
the reduction. The catalyst was removed by 
filtration and the solvent was evaporated in vacuo. 
There was obtained 5.34 g. (1OOyo) of a light yellow 
oil. A 4.0-g. sample of this oil in 200 ml. of dry 
ether was converted to  4.4 g. (97.3a/0) of the dihy- 
drochloride with dry HCl, m.p. 215-218' (dec.). 
Three crystallizations from hot methanol gave 4.2 
g. (92.9%) of an analytical sample, m.p. 219-220' 
(dec. ) . 


Anaj.-cdlcd. for CZ,H~"CLNI.~HC~: C1, 33.48; 
N, 8.81. 


2 - Substituted - 1,3 - bis( 2 - methyl - 4 - [N,N- 
bis(2 - chloroethyl)amino]benzyl ) hexahydro- 
pyrimidines (Table 1)-The 2-substituted derivatives 
were prepared in the following manner. A 5.62-g. 
(0.01 mole) sample of N,N'-bis{ 2-methyl-4- 
[ N , N  - bis(2 - chloroethyl)amino]benzyl}1,3 - di- 
aminopropane (1V) was dissolved in 60 ml. of ab- 
solute methanol and transferred to a 250-ml. hy- 
drogenation bottle. To the solution was added 
1.06 g. (0.01 mole) of benzaldehyde in 20 ml. of 


Found: C1, 33.26; N, 8.67. 


absolute methanol. The bottle was well stoppered 
and the mixture was shaken vigorously for 4 hr. 
at room temperature. The crystalline solid which 
separated from the solution was filtered t o  give 4.1 
g. of desired product. The filtrate obtained from 
the reaction mixture was reduced to  of its original 
volume and allowed to  stand overnight in a refriger- 
ator. The crystalline solid was filtered t o  give an 
additional 0.7 g. of the product. The overall crude 
yield was 4.8 g. (73.8%). m.p. 126-129'. Three 
crystallizations from acetonitrile-methanol (2 : 1) 
provided 4.55 g. (7Oy0) of pure sample, m.p. 128- 
129'. 


Anal.-Calcd. for C34H~C14N4: C1, 21.79; N. 
8.61. Found: C1, 21.62; N, 8.88. 
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Bile Salt Potentiation of Pharmacologic Effects and 
Drug Uptake in Goldfish 


By MILO GIBALDI a n d  CHARLES H. NIGHTINGALE 


Concentrations of 1 X 1 0 - 4  M and 2 x 10-4 M sodium taurodeoxycholate (STDC), 
which demonstrate no intrinsic pharmacologic activity, significantly potentiate 
the pharmacologic effects ( i e . ,  time required to produce overturn) of pentobarbital 
and ethanol in goldfish. Quantitatively similar potentiation is noted when the fish 
is exposed to a bile salt-drug solution or when the fish is pretreated with STDC, 
rinsed, and immediately exposed to drug solution. The present results suggest that 
potentiation is independent of the duration of pretreatment of fish with STDC. The 
effects of STDC are mediated very quickly, reach a maximum level within minutes, 
and are slowly reversible. The results are consistent with a mechanism involving 
adsorption of bile salt molecules on the biologic membrane, consequent alteration 
of membrane permeability, and a resultant decrease in the time required to observe 
a harmacologic response to ethanol and pentobarbital. A 1 X 1 0 - 4  M STDC 
sorution also increases significantly the absorption of 4-aminoantipyrine in goldfish. 


ILE SALTS are one of the most important groups B of physiologic surface-active agents found in 
man. Although their role in fat absorption has 
been studied extensively (1, 2), little attention has 
been given to the possible effects of bile salts on 
drug absorption. Recent studies (3-6) have 
shown that components of bile significantly affect 
both the solubility and dissolution rate of a 
number of poorly water-soluble drugs. These 
studies suggest that bile may serve an important 
function in dissolution rate-limited drug absorp- 
tion. 


In  addition to the solubilizing effects of bile 
salts, certain biologic effects may also be impor- 
tant in drug absorption. An example is the 
potential effects of bile salts on the gastrointes- 
tinal membrane and on drug transport. Parkin- 
son (7) has observed inhibition of glucose, sodium, 
and amino acid active transport from the rat 
jejunum by certain bile salts. However, there is 
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no literature available on the effects of bile salts 
on passive transport, the usual pathway in drug 
absorption. 


Numerous studies suggest that surface-active 
agents can d e c t  the integrity of biologic mem- 
branes and thereby enhance drug absorption (8). 
Most recently, Levy et al. (9) have observed a 
significant decrease in the time required for 
secobarbital-induced death in the goldfish in the 
presence of polysorbate 80. They attribute this 
effect to membrane alteration by the surfactant 
which permits more rapid absorption of seco- 
barbital and decreases the time required to reach 
a lethal concentration in the fish. 


The present study concerns the iniluence of bile 
salts on the pharmacologic effects of ethanol and 
pentobarbital and on the uptake of 4-aminoanti- 
pyrine in the goldfish. 


EXPERIMENTAL 


Goldfish, Carassius auratus, common variety, 
weighing about 3-6 g. were used as the test animal. 
All fish used in a given experiment were from the 
same lot. Five different lots of fish were used during 
the study. 


The test drugs, ethanol and sodium pentobarbital, 
were dissolved in water or aqueous solutions contain- 
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ing 1 X or 2 X lo-' M sodium taurodeoxycho- 
late (STDC). The final solutions were adjusted to  
pH 6.1 with either 1 N HC1 or NaOH. Solutions 
were prepared daily as required. All drugs and 
chemicals were USP or reagent grade. Chromato- 
graphically pure STDC, obtained from Maybridge 
Research Chemicals, Tintagel, N. Cornwall, En- 
gland, was used. 


The measured pharmacologic response was the 
time required for the fish to  lose the ability to  main- 
tain itself upright after immersion in test solution, 
Le., the overturn time. The use of the overturn end 
point for the estimation of absorption and elimina- 
tion kinetics in goldfish was the subject of a previous 
report (10). After each experiment the pH of the 
solution was redetermined and found to  be 6.1 f 0.1. 
Preliminary experiments indicated that the overturn 
times in ethanol in water and in water adjusted to  
pH 6.1 were the same. 


Overturn time was determined with individual fish 
immersed in 200 ml. of solution at 26-28', under the 
following experimental conditions: (a) immersion of 
fish in drug solutions; (b) immersion of fish in bile 
salt solutions; (c) immersion of fish in drug solutions 
containing bile salt; and (d)  exposure of fish to  bile 
salt solution, followed by rinsing with water and im- 
mersion in drug solutions. 


Determination of Uptake of 4-Amhoantipyrhe 
Goldfish were placed in large beakers containing 250 
ml. of solution per fish. The control solutions con- 
tained 250 mg.% Caminoantipyrine (Eastman) 
while the test solutions contained the drug and 1 X 


In each case the solutions were ad- 
justed to  pH 6.1. After a 15-min. immersion period, 
the fish were removed rapidly from the solutions, 
rinsed, and killed by freezing. The fish were stored 
in a freezer until assayed. 


The analytical method for the determination of 
Caminoantipyrine in goldfish tissue was a modifica- 
tion of the colorimetric assay of Brun (11) as de- 
scribed by Levy and Miller (12). Tissue blanks aver- 
aged 22 mcg. 4-aminoantipyrine equivalent per g. 
of fish tissue. Prior exposure of the fish to  1 X lo-* 
M STDC for 15 min. yielded identical blank values. 
Recovery of known amounts of 4aminoantipyrine 
(300 mcg./g. of fish) added to  homogenates aver- 
aged 97.1% (4 determinations, range 96.2 to  97.6%). 
Recovery of known amounts of Caminoantipyrine 
(400 mcg./g. of fish) added to  homogenates of fish 
which were previously immersed for 15 min. in 1 X 


M STDC averaged 94.5% (4 determinations, 
range 88.5-97.770). Blank and recovery values 
were used to  correct the analytical results. 


M STDC. 


RESULTS 


Initial studies indicated that STDC showed signifi- 
cant toxicity in the goldfish at concentrations of 1 X 
10-3 Mand above. However, concentrations of 1 X 


M were without apparent ef- M and 2 X 
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fect. Fish from various lots were placed in 2 X lo-' 
M bile salt solution for 24-48 hr. periods and in no 
instance was an effect upon the fish observed. 
Hence, it was concluded that these concentrations 
of STDC had no apparent intrinsic pharmacologic 
activity and these levels were used for further drug 
studies. 


The overturn times of goldfish in pentobarbital 
and ethanol solutions, and the effect of STDC on 
overturn time, are shown in Table I. A significant 
potention of the apparent drug activity is observed in 
each case. The decrease in overturn time appears to  
be related to  the STDC concentration. 


The data in Table I1 represent the results of a 
number of experiments designed to  test the inter- 
action of individual aspects of the bile salt-drug-gold- 
fish system. The following conclusions may be 
drawn from these results: (a) After exposure to  pen- 
tobarbital to  induce overturn, the fish recovers com- 
pletely within 24 hr. when placed in fresh water and 
its subsequent response to  drug + bile salt is the 
same as that of fish having no prior exposure. (b) 
After exposure to pentobarbital 4- STDC to  induce 
overturn, the fish recovers completely within 24 hr. 
when placed in fresh water and its subsequent re- 
sponse to drug is the same as that of fish having no 
prior exposure. (c) Prolonged exposure to STDC 
(without observing overturn), followed by rinsing 
with distilled water and exposure to  pentobarbital, 
results in an overturn time significantly shorter than 
that observed in Groups A1 and Be. In  fact, the 
overturn time of goldfish in 5 mg.% pentobarbital 
solution after a 24-hr. exposure to STDC is almost 
identical to the overturn time found when the fish 
were exposed to  drug + STDC. 


This latter phenomenon was explored further by 
investigating the effect of duration of exposure to  
bile salt on drug-induced overturn time. I n  each 
case the fish were exposed to 1 X M STDC for a 
period of time, rinsed, placed in either 5 mg.% 
pentobarbital or 1% ethanol solutions and observed 


TABLE 11-REVERSIBILITY OF PHARMACOLOCIC 


PRETREATMENT ON RESPONSE" 
EFFECT IN GOLDFISH AND INFLUENCE OF STDC 


Overturn 
Time! 


Significantly 
DifferentC 
(9 < .05) 


Group min. S.E. from-Experiment 
A1 18.2 0.42 Az, Bi, C 
A" 10.4 0.78 At. BI - -. 
BI 9.2  0.50 A;; B; 
B2 16.6 2.55 Az. Bi, C 
C 8.8 0.20 At, B2 


a Group A-Fish exposed to drug (5 mg. ?& sodium pento- 
barbital) (AI); recovered 24 hr.; reexposed to drug plus bile 
salt (1 Y lO-4M STDC) fA9). Grouo B-Fish exoosed to 
h-&g'pl;J bile &t-<BJ r'r&G&ered-24 tir. ; reexposed to drug 
(Bt ) .  Group C-Fish exposed to bile salt for 24 hr. rinsed 


). *'Values and exposed to drug, overturn time determined (C 
represent mean of 4 fish. Determined by Student t test. 


TABLE I-EFFECT OF STDC ON APPARENT DRUG-INDUCED OVERTURN TIME (To) IN  GOLDFISH^ 


Ethanol (1.5% v/v)-- -Sod. Pentobarbital (5 rng.%)- Significance 


M Concn. To (min.) S.E. of Differenceb To (min.) S.E. of Differenceb 
STDC, Significance 


:::: 3 18.4 
14.9 
13.4 0.99 


;:;: 3 3 Control 20.8 
1 x 10-4 16.0 
2 x 10-4 14.8 0.97 


Values represent mean of 4 fish. * Determined by Student t test, arrows indicate significance at p < 0.05. 
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TABLE 111-EFFECT OF DURATION OF EXPOSURE OF GOLDFISH TO 1 X lo-' M 
STDC ON DRUG-INDUCED TO (MIN.)~ 


Ethanol (1Y0 v/v) Pentobarbital (5 mg. yo) c 
Exposure Significance of Significance of 
Time, min. To S.E. Differenceb To S.E. Differenceb 


- 3 15.0 
3 .9  


4.9 0.28 
- 


@ 11.0 0.38 
5 4.4 


30 4.1 0.81 
60 - - 


a Values represent mean of 4 fish. ' Determined by Student 1 test, arrows indicate significance at p < 0.01. Control values 
determined by placing fish in distilled water (adjusted to pH 6.1) for 30 min. The fish were then rinsed and exposed to drug 
solutions. 


for overturn. The results, shown in Table 111, indi- 
cate that the potentiation of drug-induced overturn 
is independent of the duration of exposure to  STDC. 
For example, 5-min. exposure to STDC reduces the 
apparent ethanol-induced overturn time to the same 
extent as exposure for a 30-min. period. Similar 
results are observed with pentobarbital. 


Figure 1 shows the effect of 1 X lo-' M STDC on 
the uptake of 4-aminoantipyrine by goldfish after a 
15min. immersion in 250 mg.% drug solution. The 
presence of bile salt results in a 300/, increase in drug 
concentration in the fish tissue as compared to con- 
trol values. This difference is statistically signifi- 
cant at the 95% level of confidence. These findings 
indicate clearly the ability of bile salts to modify 
membrane permeability. 


DISCUSSION 


The enhanced response of goldfish to  ethanol and 
pentobarbital may be due to two effects. Firstly, 
STDC may produce an unspecified pharmacologic 
effect that is inadequate to promote overturn but 
makes the fish more susceptible to the pharmacologic 
action of ethanol and pentobarbital. The second 
possibility is that the bile salt increases the perm- 
eability of the fish membranes to the drugs and per- 
mits more rapid absorption. While both effects may 
be operative, the present findings are consistent with 
the hypothesis that the principal effect of STDC is 
alteration of membrane permeability. 


I T 
400 


M > p 303 


w 
0 


w ;;5 
100 


CONTROL STDC 


Fig. 1-Efect of 1 X M STDC on the uptake of 
4-aminoantipyrine by goufish immersed in 250 mg.% 
drug solution. Each bar represents the mean of seven 
fish; vertual lines induate standard error of the mean. 


For example, if STDC potentiates drug effects in 
the goldfish by virtue of an intrinsic pharmacologic 
effect then when fish are first exposed to bile salt 
solution and immediately exposed to drug solution, 
one would anticipate a graded response to the drug. 
which is dependent on the time of exposure to the 
bilt salt. The data in Table I11 indicate that this is 
clearly not the case. The reduction in ethanol-in- 
duced and pentobarbital-induced overturn time is 
independent of the duration of preexposure to  STDC 
solution. 


Previous studies (9) of the effects of nonionic sur- 
factants on drug absorption in the goldfish suggest an 
enhanced permeability to barbiturates but not to 
ethanol. I n  the present study this permeability 
discrimination was not observed. In  fact, the ob- 
served potentiation was quantitatively similar for 
both ethanol and pentobarbital. This finding im- 
plies a possible difference in the mode of action of the 
nonionic polysorbate 80 and the anionic STDC. 


The potentiation of drug effects in the absence of 
surfactant from the bulk drug solution, noted in the 
preexposure studies, has also been observed by Levy 
and Anello (13). These workers found that an ab- 
sorption-enhancing effect occurs if the fish are first 
immersed in polysorbate 80 solution, washed, and 
then placed in a surfactant-free secobarbital solution. 
The rapid effects manifested by both polysorbate 80 
and STDC are consistent with a mechanism involv- 
ing adsorption of surfactant molecules on the biologic 
membrane and alteration of membrane permeability. 


The use of the overturn end point rather than a 
death end point permitted the observation that the 
effect of STDC is reversible. As noted in Table 11, 
fish exposed to STDC recover within 24 hr. in fresh 
water and then show the expected response to  pento- 
barbital. Of particular interest is the fact that fish 
preexposed to 1 X M STDC for 24 hr. gave the 
same enhanced response to pentobarbital as fish 
placed directly in an STDC-pentobarbital solution 
This suggests that the effect of STDC is mediated 
very quickly and is maximal within minutes. The 
persistence of potentiation even in the absence of 
STDC in the drug solution indicates that the effect of 
the bile salt is slowly reversible. 


Studies with 4-aminoantipyrine suggest that ex- 
tremely low concentrations of STDC can signifi- 
cantly alter membrane permeability. Levy (12) 
has previously shown that, under conditions similar 
to those used in the present study, 4-aminoantipy- 
rine is absorbed by apparent zero-order kinetics. 
Accordingly the authors have determined an absorp- 
tion rate of 21 mcg./g./min. in the absence of STDC 
and a value of 27 mcg./g./min. in the presence of the 
bile salt. The corresponding first-order absorption 
rate constants (k.) were calculated from the relation- 
ship: k, = absorption rate/drug concentration and 
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found to be 8.4 X min.-l and 1.1 X 
min.-l, respectively. 


The influence of bile salt on membrane permeabil- 
ity in the goldfish raises the interesting possibility 
of similar effects on the permeability of the intestinal 
membranes. The fluid bathing these membranes 
has significantly higher concentrations of bile salts 
(in the order of lo-* M) than the concentrations 
employed in the present study. This possibility is 
now under investigation. 
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Synthesis of Tropine-Labeled Atropine IV 
Labeling of the 2, 3, and 4 Positions of Atropine 


from Citric-I4C Acid 


By THOMAS E. ELING, JOHN M. MCOWEN, and  GILBERT C. SCHMIDT* 


Using a modification of the Robinson condensation, citric-3J4C acid, citric-2,4J4C 
acid, and citric-2,3,4-14C acid were converted into corres ondingly labeled tropine 
and atropine. The specific activities of the products varieifrom 0.62 to 1.0 depend- 
ing on the labeled compound. This is the first reported syntheses of tropine or 


atropine labeled with 14C in positions other than the endo-methyl group. 


HE PROBLEM of selectively labeling the T tropine moiety of atropine remains to be 
solved. For one reason or another, the bio- 
synthetic compounds (1, 2), tritium-labeled 
atropine (3), and randomly labeled atropine (4) 
are inadequate for establishing the metabolic 
fate of the heterocyclic residue in atropine. 
Classical, microsynthetic methods for selectively 
labeling tropine and the tropine moiety of 
atropine are needed badly. 


Excluding the authors’ work, only Fodor (5) 
and Werner (6) have used classical methods to 
label tropine. In both instances, tropine-N- 
methyl-l4C and atropine-N-methyE1‘C were 
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synthesized. Fodor’s approach would not per- 
mit labeling of other positions, but Werner’s use 
of the Robinson condensation is much more versa- 
tile. A lack of suitably labeled Robinson interme- 
diates, other than methylamine hydrochloride, 
apparently prevented Werner from realizing the 
full potential of the condensation. 


Prior to publication of Werner’s work, the 
authors had been studying the Robinson con- 
densation as a tool for labeling the carbon skele- 
ton of tropine. The reaction was studied in de- 
tail, a reproducible microcondensation procedure 
developed, and the microesterification of tropine 
and tropic acid standardized (7). The overall 
procedure was checked by the synthesis of tropine- 
N-methyl-l’C and atr~pine-N-methyl-~~C, there- 
by confirming Werner’s synthesis of these com- 
pounds (8). At the same time, a prototype 
procedure was developed for the microsynthesis of 
succindialdehyde and tropine from arabinose 
(9) which would be used to label the 1,5,6, and 7 
positions of atropine. 








Notes 


Effect of Adsorbents on Drug Absorption: Importance of 
Preequilibrating Drug and Adsorbent 


By DONALD L. SORBY 


Absorption of promazine from the human gastrointestinal tract is  unaffected by small 
amounts of activated attapulgite and activated charcoal when drug and adsorbent 
are not equilibrated before administration of the test dose. These results are con- 
trasted to previous experiments where the marked inhibition of absorption occurred 


with the same doses of drug and adsorbent i n  equilibrated systems. 


REVIOUS PUBLICATIONS (1, 2 )  have reported the P effects of adsorbent materials on the absorption 
of promazine from the gastrointestinal tract of 
human subjects. Dosage forms which contained 
either activated attapulgite, 500 mg. or activated 
charcoal, 100 mg. equilibrated in an aqueous medium 
with 50 mg. promazine were studied (1). In such 
systems, both adsorbents interfered with absorption 
of promazine. Activated attapulgite slowed the 
initial rate of appearance of drug in the urine but 
there was no significant decrease in the total avail- 
ability of promazine. Activated charcoal decreased 
both the rate and extent of absorption. The dif- 
ferences between the two adsorbents with respect 
to their effects on promazine absorption were 
related to similar differences in the way promazine 
was desorbed during in vitro experiments. 


The effect on promazine absorption produced by 
a commercial antidiarrhea mixture containing 
activated attapulgite and pectin was studied (2) 
under conditions where the drug was not equilibrated 
with adsorbent prior to administering to the test 
subject. The experiment was designed to test 
whether previous observations (1) would be appli- 
cable under conditions more similar to  clinical use. 
It was observed that the antidiarrhea mixture slowed 
the rate of absorption and also reduced the avail- 
ability of promazine. In  comparison to previous 
studies (1) the test subject was dosed with rather 
large quantities of adsorbent. Thus, the experiment 
did not specifically determine whether failure to 
equilibrate drug and adsorbent was important to 
effect on absorption. Research reported here was 
intended to determine whether preequilibration of 
drug and adsorbent is important t o  effects on drug 
absorption. 


EXPERIMENTAL 


Dosage Forms-Dosage forms consisted of proma- 
zine hydrochloride 50 mg. dissolved in 45 ml. 
distilled water. Suspensions were prepared to con- 
tain either 500 mg. activated attapulgite or 100 mg. 
activated charcoal in 50 ml. distilled water. If 
equilibrated, the activated attapulgite dosage form 
would contain 33.8 mg. promazine adsorbed. The 
activated charcoal would contain 23.5 mg. promazine 
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adsorbed. These dosage forms were very nearly 
identical to those employed previously ( 1) except 
that the drug and adsorbent were not a t  equilibrium 
or, for that matter, even in contact with one another. 


Adsorption Rate, In Vitro-A suspension of the 
adsorbent in distilled water as described under 
Dosage Forms was placed in a round-bottom flask. 
The flask was placed in a thermostat at 37.0' and 
fitted with a stirring apparatus. The rate of stirring 
was adjusted to 850 r.p.m. which was sufficient to  
maintain a homogeneous suspension of the adsor- 
bent. The promazine solution described under 
Dosage Forms was then added and a timer started. 
Aliquots were removed from the flask at appropriate 
times and were immediately centrifuged. The 
concentration of promazine in the supernate was 
measured spectrophotometrically by a procedure 
described elsewhere (3). The total elapsed time 
between withdrawal of the aliquot and removal of 
supernate from the adsorbent was slightly less than 
3 min. 
In Vivo Tests-At the beginning of each experi- 


ment, the test subject first consumed the adsorbent 
suspension and immediately afterward, the solution 
of promazine. In  all other respects the experimental 
method was identical to that reported previously (2). 
The results are summarized in Table I and in 
Fig. 1. 


RESULTS AND DISCUSSION 


Statistical comparisons of data in Table I were 
made by a t test for independent sample means. 
Two-tailed t values were used in assessing the signifi- 
cance of differences between means. In no case were 
the differences significant ( p  > 0.10) between mean 
values of promazine equivalents excreted at the 
various time intervals. Thus the results of in uivo 
tests show that within the experimental accuracy 
of the procedure neither adsorbent signisccantly 
affected promazine adsorption. This is in direct 
contrast to results obtained previously (1) where 
marked inhibition of absorption occurred with 
similar dosage forms when drug and adsorbent were 
preequilibrated before administration. Previous 
experiments with an antidiarrhea mixture (2) also 
showed an inhibition of promazine absorption. 


Figure 2 shows results of in vitro studies assessing 
the rate of adsorption of promazine in a well- 
stirred system. I t  is noted that the majority of 
the interaction has taken place within the first 5 
min. ; however, some adsorption continues over a 


1604 







Vol. 57, No. 9, September 1968 


TABLE I-CUMULATIVE PROMAZINE EQUIVALENTS 


TION OF TEST DOSAGE FORMS" 


PFZCSENT I N  TOTAL URlNE b L E S  AT THE END OF 
VARIOUS TIME INTERVAJA FOLLOWING ADMINISTRA- 


1605 


-Promazine Equivalents-. 
Mean Excreted 


Time After Solutionb Attapulgiteb Charcoal 
Administration Dosage Dosage Dosage 


of Test Dose, hr. Form Form Form 
1 
2 
3 
4 
5 
6 
8 
10 
12 
15 
18 
24 
30 
36 


121 f 7SC 80 f 23' 140 f 152' 
739 i 265 773 f 108 659 f 164 
1393 f 303 1507 4z 279 1283 f 269 
1929 f 411 2184 f 451 1786 f 539 
2233 f429 2625 f 567 2087 f 547 


% 4% 
f 496 
4= 452 
f 434 
f 433 
f 448 
f 589 


~ . ~ .  ~ 


2953 f 
3391 f 
3717 f 
3981 f 
4319 f 
4547 * 
4895 f 


.. 
416 
85 1 
958 
1053 
1152 
1183 
1213 


2307 
2650 
2944 
3147 
3411 
3617 
3935 


f 543 * 518 
554 


f 577 
f 636 
f 606 
f 503 


4720 f 747 4981 f 1168 4114 f 490 
4906 f 944 5091 f 1084 4228 f 528 


" A  promazine equivalent is defined as representing the 
amount of promazine which, if camed through the assay 
procedure. would give an identical assay value as the urine 
sample in question. Units of promazine equivalents are 
micrograms. Mean of five experiments. c Plus-minus 
values represent the 95% confidence intervals about means. 


considerably longer period. In the gastrointestinal 
tract where stirring is obviously much slower, one 
might expect a slower rate of interaction between 
drug and adsorbent. Even though most of the drug 
appears to be rapidly adsorbed in vitro, it also ap- 
pears that under i n  vivo conditions, this is not of 
significance. Several other factors may be im- 
portant in this situation. 


In previous experiments with an antidiarrhea 
mixture (2) involving nonequilibrated conditions, 
large amounts of adsorbent were employed. In 
addition, the subject was predosed with adsorbent 
over a 12-hr. period. Under such conditions one 
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Fig. 1-Cumubtive amounts of promazine equivalents 
excreted in the urine following administration of 
promzine  hydrochloride (50 mg. ) administered in 
sihple aqueous solution. Key:  a, promazine adminis- 
tered alone; A, promazine administered immediately 
following 0.500 g .  activated attapulgite i n  aqueous 
suspension; 0, promazine administered immediately 
following 0.100 g .  activated charcoal in  aqueous suspen- 
szon. Bars denote 95% confidence intervals about 


means of simple solution data. 
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Fig. 2-Rate of adsorption of promazine by activated 
atfuptlgite and nctivated charcoal in a system stirred 
at 850 r.p.m. Theoretical concentration of promazine 
at time zero i s  16.4 X lo-' M. Key: 0, activated 
charcoal adsorbent; A, activated alfupulgite adsorbent. 


would expect adsorbent to be well distributed 
throughout the gastrointestinal tract. Mixing 
between drug and adsorbent would be facilitated by 
virtue of the probable widespread distribution of 
the relatively large amounts of adsorbent materials. 
In this experinient, however, a relatively small 
amount of adsorbent is employed. It is possible 
that mixing between drug and adsorbent in the gut 
is quite poor. Promazine appears to be quite 
rapidly absorbed, see data for drug in solution, and 
it is probable that significant amounts were ab- 
sorbed before sufficient mixing could occur between 
drug and adsorbent. It may also be possible that 
the presence of high concentrations of hydrogen ion 
in the stomach retarded adsorption. Hydrogen ion 
was shown (3) to depress promazine adsorption by 
kaolin, talc, and activated charcoal. 


CONCLUSIONS 


It is concluded as a result of the experiments 
reported here that preequilibration between drug 
and adsorbent is an important factor with respect 
to  the effect of an adsorbent on uptake of drug from 
the gastrointestinal tract. Maximal adsorbent 
effects should occur in the preequilibrated systems. 
In  view of results obtained with the antidiarrhea 
mixture, i t  is suggested that the quantity of ad- 
sorbent administered may also be important. 
Predosing of adsorbent may also lead to  greater 
effect on drug absorption in nonequihbrated 
systems. 
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Application of n-Butyl Lithium in the Synthesis of 
Some Methoxy-Substituted Aromatic Carboxylic Acids 


By IAN W. MATHISON, RICHARD C. GUELDNER, and DIANNA M. CARROLL 


The application of n-butyl lithium for the rapid synthesis of methoxy-substituted 
aromatic carboxylic acids is reported. New compounds associated with this study 


are described. 


YNTHETIC STUDIES by the authors on isoquino- S lines as potential cardiovascular agents (1-4) 
were patterned on the D and E rings of reserpine 
particularly incorporating the 3,4,5-trimethoxyben- 
zoyl radical. The marked antiarrhythmic activity 
observed with decahydroisoquinoline compounds 
possessing this moiety (4), as well as the documented 
importance of the 3,4,5-trimethoxybenzoyl radical 
for neurosedative and analgesic activity (5), led 
the authors to  investigate the synthesis of other 
methoxy-substituted aromatic carboxylic acids in 
order to ascertain the biological effects induced by 
various methoxy substitutions in the above series 
of compounds. The authors report improved, 
rapid syntheses for some methoxy benzoic acids and 
a new direct synthesis for tetramethoxyterephthalic 
acid, using n-butyl lithium as the key reactant. 


Many studies have been carried out on the ap- 
plications and anomalies of lithiation of aromatic 
systems (6). In general, metalation with n-butyl 
lithium occurs ortho to ether functions, i.e., -OCH3. 
The authors have demonstrated that treatment of 
1,2,4,5-tetramethoxybenzene with 2 moles n-butyl 
lithium for 40 min. in tetrahydrofuran, under stan- 
dard metalation conditions, followed by carbonation 
of the resulting lithium derivative with solid COz, 
yielded the corresponding tetramethoxyterephthalic 
acid (I). The reported melting point for a com- 
pound presumed to be tetramethoxyterephthalic 
acid (7), obtained from oxidative degradation of a 
natural product, halfordin, is considerably higher 
( 2 0 O )  than that for the authors’ sample. Although 
analytical data were reported, no spectral data were 
reported by these workers. The authors’ spectral 
and analytical data were consistent with the pro- 
posed structure for their compound. To further 
substantiate the structure of the above terephthalic 
acid and thus the entry of two lithium atoms during 
the above metalation, methylation of the dilithiated 
product was carried out using dimethyl sulfate. The 
resulting tetramethoxy-p-xylene had the required 
spectral and analytical data. Oxidation of this p- 
xylene derivative using potassium permanganate 
yielded the identical tetramethoxyterephthalic 
acid (I) prepared from the carbonation of the di- 
lithiated 1,?,4,5-tetraniethoxybenzene. Additionally 
the authors examined the product obtained from 
treatment of 1,2,4,5-tetramethoxybenzene with 1 
mole of n-butyl lithium. As expected, only the 
monocarboxylic acid, 2,3,5,6-tetramethoxybenzoic 
acid, was produced as a result of the introduction of 
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one lithium atom into the aromatic ring followed by 
carbonation. Purification of the product yielded a 
compound not previously reported, although Bargel- 
lini et a l ( l 1 )  reported an unspecified tetramethoxy- 
benzoic acid produced during the action of cyanogen 
bromide on 1,2,3,5-tetramethoxybenzene. The 
melting point of their acid compares with the authors’ 
product and its formation from 1,2,3,5-tetramethoxy- 
benzene is explainable by methoxyl migration con- 
sidering the reaction conditions reported by these 
investigators. Treatment of 1,2,3,5-tetramethoxy- 
benzene with 1 mole of n-butyl lithium yielded the 
expected 2,3,4,6-tetramethoxybenzoic acid. NMR 
data verified the structure of this compound al- 
though Nierenstein (8) had previously reported a 
compound of higher melting point. Attempts to 
introduce two lithium atoms into this molecule to 
form tetramethoxyisophthalic acid were not success- 
ful. 


Treatment of 3,5-dimethoxytoluene with 1 mole 
of n-butyl lithium, followed by carbonation of the 
resulting metalated intermediate, yielded 2,6-di- 
methoxy-4-methylbenzoic acid; as anticipated the 
lithium atom was introduced adjacent to  the two 
methoxyl groupings. It was shown that extended 
reaction times (105 min.) were necessary to obtain 
good yields in this reaction. 


The above studies indicate that metalation of 
appropriately substituted methoxy benzenes with 
n-butyl lithium, followed by carbonation with solid 
carbon dioxide is a rapid, direct method for the syn- 
thesis of methoxy-substituted aromatic carboxylic 
acids and is superior to previously reported pro- 
cedures. 


EXPERIMENTAL 


Apparatus-All melting points were determined 
using a Swissco melting point apparatus and are cor- 
rected. Elemental analyses were carried out by 
Drs. G. Weiler and F. B. Straws, Oxford, England. 
IR spectra were recorded on a Perkin-Elmer model 
137B Infracord spectrophotometer. NMR spectra 
were recorded on a Varian A60 spectrometer using 
tetramethylsilane as internal standard. 


Tetramethoxyterephthalic Acid (I)--To 1,2,4,5- 
tetramethoxybenzene (1.1 g.) in tetrahydrofuran 
(100 ml.) (freshly distilled from lithium aluminum 
hydride) was added, in small portions, a solution 
of 15% n-butyl lithium in hexane (4.5 ml.) under 
nitrogen. In approximately 45 sec. a white pre- 
cipitate formed. The mixture was stirred for an 
additional 30 min. At this time excess solid carbon 
dioxide was added and the resulting mixture evap- 
orated on a rotary evaporator. The solid residue 
was dissolved in distilled water and acidified. 
Gentle warming of this solution on a steam bath 
caused the remaining traces of tetrahydrofuran 
to  be removed. The mixture was allowed to cool 
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proceed for 20 min. and then carbonated by the 
addition of solid carbon dioxide. The usual workup 
yielded a solid (1.14 g . )  which was recrystallized 
from ethanol-benzene as colorless prisms, m.p. 
152-152.5" (with decomposition) [lit. value 184- 
186" @ ) I .  


Anal.-Calcd. for C11Hla06: C ,  54.54; H, 5.83. 
Found: C, 54.79; H, 5.82. 


The NMR spectrum (deuterated acetone) showed 
peaksat 3.8 p.p.m. (-OCHs), 5.7 p.p.m. (-COOH), 


and 6.5 p.p.m. (-CH), consistent with the pro- 
posed structure. 
2,6-Dimethoxy-4-methylbenzoic Acid (V)-3,5- 


Dimethoxytoluene (3.28 9.) was treated with 15% 
n-butyl lithium (9.0 ml.) under the standard condi- 
tions, with cooling, outlined in I. The reaction 
was allowed t o  proceed for 105 min. and then 
terminated by addition of solid carbon dioxide. 
The tetrahydrofuran was removed in vacuo and the 
resulting solid suspended in water and extracted 
with chloroform (to remove any unreacted 3 , s  
dimethoxytoluene). The aqueous layer was acidified 
and filtered. The filtered solid (2.35 9.) was re- 
crystallized from water as colorless prisms, m.p. 
189-190" [lit. value 180-182" (9)J. 


2,3,4-Trimethoxybenzoic Acid (VI)-l,2,3-Trime- 
thoxybenzene (1.39 g.) was treated in tetrahydro- 
furan (100 ml.) with 15% n-butyl lithium in 
hexane (3.5 ml.) under the previously described 
conditions for a period of 45 min. Solid carbon 
dioxide was added at this time. The tetrahydro- 
furan was evaporated and the residue suspended in 
water. The insoluble starting material was filtered 
and the filtrate acidified. No precipitate appeared. 
The solution was extracted with chloroform. The 
chloroform extract was evaporated t o  yield a viscous 
mass which was recrystallized from water to  yield 
0.7 g. colorless prisms, m.p. 98-100" [lit. value 97" 
(lo)]. Further amounts of product were obtained 
from the aqueous layer by concentration followed 
by chloroform extraction. 


REFERENCES 


I1 


(1) Mathison, I. W., J .  Org. Chem., 30,  3558(1965). 
(2) Mathison, I. W., J .  Med.  Chem., 11, 181(1968). 
(3) Mathison, I. W., and Gueldner, R. C., J .  Org. Chem., 


33, 2510(1968). 
(4) Mathison, I. W., Gueldner, R. C . .  Lawson, J. W.. 


Fowler, S. J.. and Peters, E. R., J .  Med. Chem., 1968, in press. 
(5) Kasztreiner E. Borsy J., and Vargha, L., Biochem. 


Pharmacol., 11,65i(l9b2). 
(6) Adams, R., "Organic Reactions," Vol. VIII, Wiley, 


New York, N. Y., 1954, p. 276. 
(7) Hegarty. M. R., and Lahey, F. N., Australian J .  


Chem., 9, 120(1956). 
(8) Nierenstein, M., J .  Chem. Soc., 111,4(1917). 
(9) Robertson, A,, and Robinson, R., J .  Chem. Soc., 1927, 


2196. 
(10) Karrer, P., Rebmann, A., and Zeller, E., Helw. Chim. 


Acfa ,  3 ,  261(1920). 
(11) Bargellini. G., and Madesani, F.,  Gaze. Chim. Ital., 


61, 684(1931); through Chem. Abslr., 26, 1264(1932). 


and stand overnight. The precipitated solid was 
filtered (13 g.) and recrystallized from acetone-thy1 
acetate as colorless prisms (11.6 g.) ,  m.p. 249.5- 
251.5". 


Anal.-Calcd. for C12H140~: C, 50.35; H, 4.93. 
Found: C, 50.42; H, 5.04. 


The NMR spectrum (deuterated dimethyl sulf- 
oxide) showed two groups of protons in a ratio 
1:6, consistent with the -COOH and -0CH3 
protons. The carboxyl protons 6.1-7.5 p.p.m. 
were considerably upfield from the expected peak 
position indicating considerable shielding or solvent 
effects. Addition of D20 removed this peak posi- 
tion confirming the assignment of a carboxyl 
proton to  this peak. The I R  spectrum (KBr) was 
consistent with the proposed structure (1720 cm.3 ,  


Tetramethoxy-pxylene (II&To 1,2,4,&tetra- 
methoxybenzene (2.00 9.) in tetrahydrofuran 
(100 ml.) was added a solution of 15% n-butyl 
lithium in hexane (8.6 ml.) in a similar manner to  
that described for Compound I. The reaction was 
allowed to proceed for 1.5 hr. At this time the 
mixture was cooled to 0" and dimethyl sulfate 
(2.7 g.) added to the precipitated mixture. The 
precipitate immediately dissolved and the resulting 
solution stirred for an additional 1.5 hr. The 
solution was then concentrated using a rotary 
evaporator. Water and 5 N sodium hydroxide were 
added and further concentration was carried out 
to  yield a low melting solid (1.95 g.). This mate- 
rial was crystallized from ethanol-water (10: 1) to  
yield colorless prisms, m.p. 82-83'. 


Anal.-Calcd. for C12H1801: C, 63.70; H, 8.02. 
Found: C, 63.74; H, 7.93. 


The NMR (carbon tetrachloride) showed peaks 
at 3.7 p.p.m. 4 C H S  and 2.05 p.p.m. 4 H 3  (2: l )  
consistent with the proposed structure. 


Compound I1 (0.46 g.), obtained from above, 
was added to a solution of potassium permanganate 
(1.4 9.) in water (100 ml.). The mixture was heated 
to reflux; after 45 min. the solution had decolorized. 
The solution was cooled and the precipitated man- 
ganese dioxide filtered. The filtrate was evaporated 
to  near dryness, made acidic, and the precipitate 
filtered. The recrystallized precipitate (from water) 
had a m.p. 251.0-252.0'. Mixture melting point 
data with Compound I showed no depression of the 
melting point and thus confirmed this oxidation 
product to  be Compound I. 
2,3,5,6-Tetramethoxybenzoic Acid (III&1,2,4,5- 


Tetramethoxybenzene (1.1 g.) was treated with 
15y0 n-butyl lithium in hexane (2.1 ml.) in tetra- 
hydrofuran (100 ml.) in an identical manner to 
that previously described for I. Treatment of the 
lithiated benzene derivative with carbon dioxide 
followed by an identical workup procedure out- 
lined for I, yielded 1.0 g. solid which was recrystal- 
lized from water t o  yield colorless needles, m.p. 
150.5-151.5". 


Anal.-Calcd. for CIIH1406: C, 54.54; H, 5.83. 
Found: C, 54.39; H, 5.80. 


The IR spectrum was consistent with the pro- 
posed structure: major peaks (KBr) at 3400 cm.-' 
(OH), 1750 cm-l (COOH), and 1060 cm.-l (OCHS). 
2,3,4,6-Tetramethoxybenzoic Acid (IV)-1,2,3,5 


Tetramethoxybenzene (1.54 g.) was treated with 
15% n-butyl lithium (3.23 ml.) in tetrahydrofuran 
in the usual manner. The reaction was allowed to 


-COOH). 


Keyphrases 


Carboxylic acids, methoxy substituted-syn- 


n-Butyl lithium-methoxy -substi tuted car- 


IR spectrophotometry-structure 
NMR spectroscopy-structure 


theses 


boxylic acids syntheses 








Vol. 57, No. 8, August 1968 


found to be 8.4 X min.-l and 1.1 X 
min.-l, respectively. 


The influence of bile salt on membrane permeabil- 
ity in the goldfish raises the interesting possibility 
of similar effects on the permeability of the intestinal 
membranes. The fluid bathing these membranes 
has significantly higher concentrations of bile salts 
(in the order of lo-* M) than the concentrations 
employed in the present study. This possibility is 
now under investigation. 
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Synthesis of Tropine-Labeled Atropine IV 
Labeling of the 2, 3, and 4 Positions of Atropine 


from Citric-I4C Acid 


By THOMAS E. ELING, JOHN M. MCOWEN, and  GILBERT C. SCHMIDT* 


Using a modification of the Robinson condensation, citric-3J4C acid, citric-2,4J4C 
acid, and citric-2,3,4-14C acid were converted into corres ondingly labeled tropine 
and atropine. The specific activities of the products varieifrom 0.62 to 1.0 depend- 
ing on the labeled compound. This is the first reported syntheses of tropine or 


atropine labeled with 14C in positions other than the endo-methyl group. 


HE PROBLEM of selectively labeling the T tropine moiety of atropine remains to be 
solved. For one reason or another, the bio- 
synthetic compounds (1, 2), tritium-labeled 
atropine (3), and randomly labeled atropine (4) 
are inadequate for establishing the metabolic 
fate of the heterocyclic residue in atropine. 
Classical, microsynthetic methods for selectively 
labeling tropine and the tropine moiety of 
atropine are needed badly. 


Excluding the authors’ work, only Fodor (5) 
and Werner (6) have used classical methods to 
label tropine. In both instances, tropine-N- 
methyl-l4C and atropine-N-methyE1‘C were 
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synthesized. Fodor’s approach would not per- 
mit labeling of other positions, but Werner’s use 
of the Robinson condensation is much more versa- 
tile. A lack of suitably labeled Robinson interme- 
diates, other than methylamine hydrochloride, 
apparently prevented Werner from realizing the 
full potential of the condensation. 


Prior to publication of Werner’s work, the 
authors had been studying the Robinson con- 
densation as a tool for labeling the carbon skele- 
ton of tropine. The reaction was studied in de- 
tail, a reproducible microcondensation procedure 
developed, and the microesterification of tropine 
and tropic acid standardized (7). The overall 
procedure was checked by the synthesis of tropine- 
N-methyl-l’C and atr~pine-N-methyl-~~C, there- 
by confirming Werner’s synthesis of these com- 
pounds (8). At the same time, a prototype 
procedure was developed for the microsynthesis of 
succindialdehyde and tropine from arabinose 
(9) which would be used to label the 1,5,6, and 7 
positions of atropine. 
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tions of 14C into other than the endo-methyl 
group of either tropine or the heterocyclic moiety 
of atropine. 


EXPERIMENTAL 


Microsynthetic methods for tropine and atropine, 
described in detail in the first three papers of the 
series (7-9), were modified only slightly for the 
synthesis of t r~pine- '~C and atropine-l'c from 
citric-14C acids. In  previously reported work, 
acetone dicarboxylic acid was not a labeled inter- 
mediate. The use of this compound as a labeled 
precursor to  atropine required slight modification of 
the previously described method for handling this 
intermediate in the Robinson condensation. 


The same procedure was used for the synthesis of 
atropine-2,3,414C, atropine-2,P14C, and atropine- 
3-l". To  simplify the description of methods, 
numbers indicating the position of labeling are 
eliminated. Earlier papers (7-9) should be con- 
sulted for additional experimental details. 


Synthesis of AcetoneJ4C Dicarboxylic Acids- 
Dry citric-14C acid' (96 mg. or 0.5 mmole) and un- 
labeled citric acid (96 mg. or 0.5 mmole) were added 
while stirring constantly with a thermometer to 
0.44 ml. of fuming HzS02 (20% excess SO*), pre- 
viously cooled to  -8" in an ice-salt bath. The 
labeled citric acid was added at a rate to  maintain 
the temperature a t  - 5" or lower. 


After the addition was completed, the flask and 
content were removed from the cooling bath and 
stirred on a magnetic stirrer at room temperature 
until gas evolution ceased. The reaction mixture 
was again cooled to -8" and 1 g. of chipped ice 
added in small portions so that temperature did not 
exceed 0". The resulting pale yellow solution con- 
tained acetone dicarboxylic acid-14C. 


Preparation of Succindialdehyde-succindialde- 
hyde (173 mg. or 2 mmoles) was prepared from 0.34 
ml. of 2,5diethoxytetrahydrofuran as described 
previously (7). 


Synthesis of Tr~panone'~C-To the solution of 
succindialdehyde (2 mmoles) was added the solution 
of acetone di~arboxylic-~~C acid. The round-bottom 
flask which contained the acetone dicarboxylic acid 
was washed three times with water and the washings 
added to the reaction mixture. Saturated aqueous 
NatHPO, was added t o  adjust the pH to 4.55.0 
using a glass electrode. The buffered solution was 
transferred to  a 250-ml. side-arm conical flask and 
the system purged with nitrogen gas for 10 min. T o  
the buffered reaction mixture, 135 mg. (2 mmoles) of 
methylamine HC1 was added, the reaction volume 
adjusted to  50 ml., and the system quicklyevacuated 
t o  remove the gas phase. The reaction vessel was 
closed and the mixture allowed to  remain under 
partial vacuum for 12 hr. The slight evacuation 
was repeated and the reaction mixture allowed to 
remain at  room temperature for an additional 12 hr. 


1 Citric-2.3.4-14C: 2.4-14C. and 8 - l C  acids. each havinr a 


.I-- -I-. 
A 5-ml. round-bottom Bask was used routinely. 


dried over NazSO4, transferred to  a 250-ml. sub- 
limation flask and the solvent removed, in vacuo, on 
the flash evaporator at 40'. TropanoneJ4CC, which 
remained in the flask as a brown oil, was dried in 
situ overnight in a desiccator over CaClt and NaOH. 
The crude product was purified by repeated sub- 
limation a t  40" and 1 X mm. Hg. After each 
sublimation, the product was washed from the cold 
finger with small amounts of absolute ethanol. 
Sublimation was repeated until the washings no 
longer contained significant amounts of radic- 
activity. The combined alcoholic solutions of 
tropanone-14C were evaporated to  dryness on the 
flash evaporator in a previously tared 25ml. flask. 
The product crystallized quickly on cooling, was 
dried in a desiccator for 12 hr., and was reduced to  
tropine. 


Synthesis of TropineW HC1-Labeled tropanone 
(60-95 mg., 1 mc./mmole), prepared as described 
above and dried for 12 hr., was reduced over W-7 
Raney nickel, by  the modified Van de Kamp proce- 
dure described in the third paper of this series (8). 
The product was dried in a desiccator over NaOH 
pellets and converted to  the hydrochloride in the 
exact manner described previously (7). Tropine-I4C 
HCl was stored in 10-ml., tared, round-bottom flasks 
in a vacuum desiccator over NaOH pellets, until 
used for esterification. 


Synthesis of Atropine- W-Acetyltropic acid 
(150 mg.) was prepared from 395 mg. of tropic acid 
and 0.36 ml. of acetyl chloride in the manner de- 
scribed previously (7). The product was dried in a 
vacuum desiccator over CaClz for 12 hr. and con- 
verted to o-acetyltropic acid chloride (7). To  the 
acid chloride was added well-dried tropine-14C HCl. 
Using previously described procedures, the re- 
actants then were estersed to form o-acetylatropine- 
14C, the acetylated compound hydrolyzed to  the 
free base, and atropine-14C finally isolated. The 
crude product was dried in a vacuum desiccator over 
CaC12, and finally recrystallized from petroleum 
ether (7). 


RESULTS A N D  DISCUSSION 


The synthesis of atropine labeled with 14C in the 
carbon skeleton of tropine has not been accomplished 
previously, but recent work has simplified the prob- 
lem. For the synthesis of tropine, the Robinson 
condensation has been adapted for radioactive 
synthesis (6,8,9). The Wolffenstein and Mamlock 
esteriiication of tropine and tropic acid has been 
adapted for the use of isotopically labeled inter- 
mediates (5, 6, 8, 9). Thus the problem of labeling 
the tropine moiety of atropine, in positions other 
than the endemethyl group, has become that of 
obtaining labeled precursors of succindialdehyde 
or acetone dicarboxylic acid. 


Citric acid is a logical precursor of acetone di- 
a The yields of tropine-2,3,4-14C and tropine-2,3,4-W 


HCl obtained by reduction of tropanone-2,3.4-"C were 
lower than anticipated. To ensure that sufficient material 
was present for esterification to atropine-2 3 4-14C unlabeled 
tropine HC1 was added to increase the combined tbtal weight 
of labeled and unlabeled tropine HCl to 124 mg. (See 
Results and Discussion for a further explanation.) 
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MeNH2.HCI 
CH2--COOH 


C=O 


CH2- COOH / CH2-CH- CHI 
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succindialdehy de I"- nickel 


yH2-$H- C,Hz 0 - I Y-CH>CHOH I \  


CHZ- CH- CH2 CH,OH CH2- CH-CH2 
(6) (5) (4) o-acetyltropic acid chloride 


Scheme 1 


carboxylic acid because high yields of the desired 
product can be obtained by the method of Adams 
et al. (10). Until recently, suitably labeled citric 
acids were not available. Citric acid must be 
labeled in positions other than the carboxyl groups 
because these are lost in conversion to acetone di- 
carboxylic acid and subsequent condensation to 
tropanone. For labeling the tropine ring, citric 
acid must be labeled in one or more of positions 2,3, 
and 4. Of the potentially useful citric acids, citric- 
3-14C, citric-2,P4C, and citrk-2,3,4l4C acid are now 
available commercially. 


Using the commercially available citric-14C acids, 
the correspondingly labeled atropines were prepared 
as illustrated in Scheme I. 


Using this sequence, tropanone-3-140, tropine-3- 
"C, and atropine-3-14C were obtained from citric- 
3-"C acid. Tropanon~+2,4~~C, tropine-2,P14C, and 
atropine-2,4J4C were synthesized from citric-2,414C 
acid. From citric-2,3,414C acid, tropanone-2,3,4 
14C, tropine-2,3,4-W, and atropine-2,3,4J4C were 
obtained. 


As shown in Table I, the yields of the labeled 
atropines varied significantly from those predicted 
on the basis of the authors' previous studies. Pie- 
vious studies (7, 8) had indicated a 6570% yield for 
the formation of tropanone. The deviation from 
expected yields occurred in this step. In most in- 
stances 4040% yields of labeled tropanone were 
obtained from labeled citric acids, although an 
occasional 70% yield was obtained. The critical 
nature of the citric acid to acetone dicarboxylic acid 
conversion was not apparent in earlier studies be- 
cause a known weight of purified keto acid was used 
in the Robinson condensation. In synthesis, 
preparation of excess acetone dicarboxylic acid was 


not practical. Since the quantity of the radioactive 
acetone dicarboxylic acid from 1 mmole of labeled 
citric acid was extremely small, no attempt was 
made to isolate the intermediate, and the entire 
reaction mixture was used in the Robinson condensa- 
tion. As a consequence, there are two possible 
explanations for the observed deviations from ex- 
pected yields. 


Improper labeling or impurity of the labeled 
citric acids was considered. Using paper chromatog- 
raphy, in a variety of solvent systems, the labeled 
citric acids were analyzed for impurities. In every 
instance, an impurity-free starting material was in- 
dicated, thus eliminating this potential explanation. 
That variability of tropanone yields is inherent in 
the procedure and is not associated with the labeled 
citric acids is indicated by the following evidence. 
When unlabeled citric acid was used exactly as 
described for the labeled compound, tropanone yields 
were variable and comparable to those from ~ i t r i c - ~ ~ C  
acid. Furthermore, yields of labeled tropanones 
were identical whether calculations were based on 
weight or on radioactivity. This would not have 
been the case had there been improper labeling or 
an isotope effect. It was concluded that the use of 
microquantities of citric acid made much more 
critical the quantity of fuming used to con- 
vert citric acid to acetone dicarboxylic acid. The 
authors believe this to be the cause of variability 
and of deviation from previously predicted tropanone 
yields. 


There were no difficulties in the reduction of 
labeled tropanones to tropine or in the esterification 
to labeled atropine. The decreased yield of tropine- 
2,3,414C, obtained by reduction of tropanone- 
2,3,414C (see Table I), was due to a known, mechan- 


TABLE I-LABELED COMPOUNDS SYNTHESIZED FROM COMMERCIALLY AVAILABLE 
LABELED cITRIC-'4c Acms 


-3-Labeled- - 2,CLabeled 2,3,4-Labeled - 
Labeled Compd. Yield, % Yield, % mc./mmole Yield, yo mc./mmole Yield, % mc./mmole 


Predicted Obs. S.A. Obs. S.A. Obs. S.A. 


Acetone dicarboxylic 
- - - - - - acid 9.50 


Tropanone 
Tropine 
Atropine 


6g70  44 1.0 68 1.0 54 1.0 
64-69 43 1.0 65 1.0 41 1.0 
4349 26 1.0 34 1.0 2 3  0.62 


O Predicted yields of ACDA based on isolatiobn, using semimicro amounts of citric acid, unlabeled (7). The intermediate 
was not isolated when the ACDA was labeled. Yield is based on isotope rather than on weight. 
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ical loss rather than to the procedure. Since this 
was the first compound made, unlabeled tropine 
HCl, sufficient to increase the total weight to the 
124-mg. weight normally obtained, was added to 
the tropine-2,3,4-14C HCl. For this reason the 
specific activity of the product was correspondingly 
decreased to 0.62 mc./mmole. In  subsequent ex- 
periments, the labeled compounds were not diluted. 


The radiochemical purity of the resulting labeled 
atropines was established by paper and thin-layer 
chromatography as described previously (8). Each 
of the labeled atropines contained an impurity that 
chromatographed in all systems as tropine. The 
impurity, varying from 2 to 6% of total radioactiv- 
ity (depending on labeled product), could be re- 
moved by a second recrystallization from petroleum 
ether. The yields reported in Table I have been 
corrected for the impurity and accurately reflect the 
yields of the products shown. 


SUMMARY AND CONCLUSIONS 


Using the microsynthetic procedures described 
previously (7, 9), three different tropine-labeled 
atropines were prepared. From citric-3-I4C acid, 
tropanone-3-14C (44%), and atropine-3-14C (26%) 
were synthesized with a specific activity of 1 mc./ 
mmole. From citric-2,4J4C acid was prepared 
tropanone (68%), tropine (65%), and atropine 
(34%) having specific activity of 1 mc./mmole and 
correspondingly labeled. From citric-2,3,4-14C acid 
was prepared correspondingly tropanone (54%), 
tropine (53’%), and atropine (25%). 


The labeled atropine contains a tropine impurity 
that varied from 2% to 6% of the total radio- 
activity. This impurity could be removed by 
recrystallization from petroleum ether. 


Tropine-labeled atropine-synthesis 
Atropine-~itric-l~C acid labeling of 2 , 3 , 4  posi- 


Paper chromatography-analysis, radiochemi- 
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biological properties from simple in  vitro tests. 
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and his collaborators (1). As to the dissolu- 
tion rate, it  was possible in some cases to show 
a correlation between the results of in vitro 
and in vivo determinations. In such cases i t  
should be possible to predict from in  vitro tests 








1360 


ical loss rather than to the procedure. Since this 
was the first compound made, unlabeled tropine 
HCl, sufficient to increase the total weight to the 
124-mg. weight normally obtained, was added to 
the tropine-2,3,4-14C HCl. For this reason the 
specific activity of the product was correspondingly 
decreased to 0.62 mc./mmole. In  subsequent ex- 
periments, the labeled compounds were not diluted. 


The radiochemical purity of the resulting labeled 
atropines was established by paper and thin-layer 
chromatography as described previously (8). Each 
of the labeled atropines contained an impurity that 
chromatographed in all systems as tropine. The 
impurity, varying from 2 to 6% of total radioactiv- 
ity (depending on labeled product), could be re- 
moved by a second recrystallization from petroleum 
ether. The yields reported in Table I have been 
corrected for the impurity and accurately reflect the 
yields of the products shown. 


SUMMARY AND CONCLUSIONS 


Using the microsynthetic procedures described 
previously (7, 9), three different tropine-labeled 
atropines were prepared. From citric-3-I4C acid, 
tropanone-3-14C (44%), and atropine-3-14C (26%) 
were synthesized with a specific activity of 1 mc./ 
mmole. From citric-2,4J4C acid was prepared 
tropanone (68%), tropine (65%), and atropine 
(34%) having specific activity of 1 mc./mmole and 
correspondingly labeled. From citric-2,3,4-14C acid 
was prepared correspondingly tropanone (54%), 
tropine (53’%), and atropine (25%). 


The labeled atropine contains a tropine impurity 
that varied from 2% to 6% of the total radio- 
activity. This impurity could be removed by 
recrystallization from petroleum ether. 


Tropine-labeled atropine-synthesis 
Atropine-~itric-l~C acid labeling of 2 , 3 , 4  posi- 


Paper chromatography-analysis, radiochemi- 


TLC-analysis, radiochemical purity 


tions 


cal purity 


I 


Journul of Pharmaceutical Sciences 


This report described the first synthesis, by other 
than biosynthetic method, of tropine and atropine 
selectively labeled with 14C in the tropine ring. 


Correlation Between 


REFERENCES 


(1) Leete E. Marion L. and Spenser I. D. Can J .  
Chem., 32, li16(i964); Lette; E.. Marion, k., and’Spens.er, 
I. D., Nature, 174,650(1954). 


(2) Kaczkowski, J., Schutte, H. R., and Mothu, K., 
Naturwissenschaften, 47, 304(1960). 


(3) Schmidt, H. L., and Werner, G., Ann., 656. 149 
llQR2b \-__-,. 


(4) Geiling, K. M. K., Med. Ann. District Columbia, 
201, 197(1951). 


(5) Fodor, G., Janszo, G., Otvos, L., and Benfi, D., Ber., 
93, 2681(1960). 


(6) Werner G., Schmidt, H. L., and Kassner, E., Ann., 
644, 109(196l)I 


(7) Schmidt, G. C., Eling, T. E., and Drach, J. D.. 
J .  Pharm. Sci., 56,215(1967). 


(8) Schmidt G C., Eling, T. E., and McOwen, J. M., 
ibid., 57, 443(19’68): 


(9) Schmidt, G. C., Eling, T. E., McOwen, J. M., and 
Drach, J. C., ibid., 56, 1453(1967). 
(10) .Adams, R:, ,Fhiles M. M. and Rasswoller G. F.. 


“Organic Synthesis, vol. ’I, John Wiley & Sons, I&., New 
York, N. Y., 1946, p. 10. 


Keyphrases 


In Vitro and In Vivo 
Disintegration Times of Enteric-Coated Tablets 


By SQ)REN RASMUSSEN 


Investigations were made with enteric-coated tablets on the correlation between the 
6rst appearance of a substance in the plasma or the urine and the thickness of the 
vernix layer, measured by the in vitro disintegration time. The content of the tablets 
is quinine hydrochloride, sodium sulfanilate, or sodium p-aminosalicylate. The con- 
tent of each tablet was either 50 or 500 mg. It was shown that within preparations 
of the same content a proportionality exists between the in vivo and the in vitm dis- 
integration times. Between series of preparations with different content the factor 


of proportionality may differ significantly. 


UMEROUS PAPERS have been published on N the correlation between in vitro tests and 


Received February 12 1968 from the Royal Danish School 
of Pharmacy, Departm’ent oi Pharmacology Copenhagen 
Denmark, and the Institute of Pharmacology: University 0; 
Copenhagen, Copenhagen. Denmark. 


Accepted for publication April 22. 1968. 
Presented in part to  the XXVII F.I.P. Congress a t  Mont- 


pellier, France, September 1967. 
This work has been carried out a t  the request of the Danish 


Pharmacopoea Commission and supported financially by the 
Danish Ministry of the Interior. 


The author wishes to thank Dr. S. Aa. Schou and his staff 
for manufacturing all the pharmaceutical preparations. Mrs. 
M. Mggelvang is thanked for very skillful technical assis- 
tance. 


the therapeutic effectiveness of pharmaceutical 
preparations. The principal aim of such in- 
vestigations is to establish a predictability of 
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With oral preparations of different types, 
much important work has been done by Levy 
and his collaborators (1). As to the dissolu- 
tion rate, it  was possible in some cases to show 
a correlation between the results of in vitro 
and in vivo determinations. In such cases i t  
should be possible to predict from in  vitro tests 
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variations in the in vivo dissolution rate from 
batch to batch. 


However, with enteric-coated tablets a further 
problem arises. The time from the intake until 
the drug appears in the plasma, which is an 
indication of the beginning of the absorption, 
may vary independently of the dissolution rate 
and must be determined separately. Many 
in vitro tests for this disintegration time exist, 
but the correlation between the in vitro and the 
in vivo disintegration time is little investigated. 


In some cases a certain connection is found, 
as appears from Momson and Campbell (2). 
Most of the investigation has been done with 
commercial preparations, and information about 
the nature and the amount of vernix is lacking. 
More precise information is given by Wagner 
et al. (3-5) in works with BaSOa-containing 
tablets coated with increasing amounts of vernix. 
They followed the in vivo disintegration roentgeno- 
graphically and were able to show a correlation 
between the in  vivo and the in vitro disintegration 
times. In  a previous paper Rasmussen (6) 
showed an increase in the in vivo disintegration 
time of enteric-coated tablets of quinine hydro- 
chloride of 50 or 500 mg. proportional to the 
thickness of the coating layer. 


I n  a subsequent paper Rasmussen (7) demon- 
strated a rectilinear proportionality between 
the thickness of the vernix layer and the disin- 
tegration time i n  vitro. Measured on tablets 
of quinine hydrochloride, sodium sulfanilate, 
or sodium p-aminosalicylate of 50 or 500 mg. 
each, the same factor of proportionality was 
found, independent of size and content. It 
was still an open question if a similar constant 
factor of proportionality could be found between 
the thickness of the vernix layer and the disin- 
tegration time in vivo. 


This paper reports investigations on the i n  
vivo disintegration of tablets of quinine hydro- 
chloride, sodium sulfanilate, or sodium p-amino- 
salicylate of various sizes and compositions 
and coated with various amounts of vernix. 


As will be seen, i t  was not possible to show 
a proportionality factor which is independent 
of the content of the tablets. 
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drochloride, 45 mg. of granulatum simplex (S), 
and 5 mg. magnesium stearate. Granulate by 
compression, mix, and compress. Spherical punches, 
6 mm. diameter. 


Tablets of Sodium Sulfanilate-For each tablet 
take 50 mg. of sodium sulfanilate and 40 mg. of 
starch. Mix and prepare by moist granulation. 
To the dried granulate add 10 mg. of talcum. 
Mix and compress. Spherical punches, 6 mm. 
diameter. 


Tablets of Sodium pAminosalicylate-For each 
tablet take 50 mg. of sodium fi-aminosalicylate, 
45 mg. of granulatum simplex (8), 4 mg. of talcum, 
and 1 mg. of magnesium stearate. Mix and prepare 
by compression. Spherical punches, 6 mm. 


The coating is made with vernix enterosolubilis 
(9): 10 mg. of cellulose acetate phthalate, 500 
mg. of castor oil, and 89.5 g. of acetone. The 
vernix was applied to the tablets in an open pan. 
From time to time during the coating, numbers 
of 500-1,000 tablets were removed from the pan 
and dried, whereas the rest was coated further. 
This procedure ensures that subbatches removed 
during the coating only differ in the amount of 
vernix applied. 
In Vitro Experiments-The alkaline disintegra- 


tion time was determined by the following modifica- 
tion of the method used by the Nordic Pharma- 
copoea (10). Place three tablets in a conical 
flask in a solution of 0.285 g. of sodium phosphate, 
and 0.055 g. of potassium phosphate monobasic 
to 30 ml. of water maintained at  40°. Shake the 
flask gently during the whole of the disintegration. 
The point of disintegration is defined as the moment 
when the coating breaks up. 


The acidic pretreatment is made as follows: 
Place the tablets in a mixture of 3 ml. phosphoric 
acid 1 M and 27 ml. water. Shake every 5 min. 
for 2 hr., pour off, and wash with 5 ml. water. 


In Vivo Experiments-Eighteen healthy volun- 
teers served as experimental subjects. The tests 
were started between 8:30 and 9:00 a.m., 1-1.5 
hr. after a light breakfast. The test dose of 0.5 g. 
was ingested along with 150-200 ml. of water. 
Blood from the earlobe or urine was collected im- 
mediately before and every hour after the ingestion. 
The difference in time between the ingestion and 
the first appearance of the substance in the plasma 
or the urine was defined as the in v i m  disintegra- 
tion time. As the samples were collected every 
hour, the disintegration time was measured in 
whole hours. 


EXPERIMENTAL 


Preparations 
The coated preparations are manufactured from 


tablets of the following compositions. 
Tablets of Quinine Hydrochloride-Preparation 


No. 6-15: the composition appears from an earlier 
paper (6). The tablets contain either 50 or 500 
mg. of quinine hydrochloride. Preparation No. 
46-50: for each tablet take 50 mg. of quinine hy- 


Analytical 


Quinine was determined in 0.1 ml. heparinized 
plasma by the method of Brodie and Udenfriend 
(1 1). Sodium fi-aminosalicylate was determined 
in the plasma by the following method: 0.10 ml. 
heparinized plasma was mixed with 1 ml. water. 
After 15 min. the proteins were precipitated by 
adding 0.25 ml. 10% trichloroacetic acid. After 
20 min. the tubes were centrifuged at  1100 X g  
for 15 min.; 1 ml. of the clear supernatant was 
transferred to a tube containing 1.20 ml. of the 
following solution: 145 ml. of sodium hydroxide 
1 N; 8.58 g. of sodium borate; to 1000 ml. of water, 
whichgivespH = 11. 


The fluorescence was read on an Aminco-Bowman 
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TABLE I-ALKALINE In Vitro DISINTEGRATION TIMES OF ENTERIC-COATED TABLETS WITH AND WITHOUT 
PRETREATMENT IN ACID FOR 2 HR. AND In Vitro DISSOLUTION RATES OF SOME OF THE PREPARATIONS 


Prepara- 
tions 


Content N O .  


Quinine 
hydrochloride 5 


47 
12 
48 
7 


13 
49 
15 
50 
14 


Sodium sulfanilate 23 
23 
24 
25 


Sodium 6-aminosali- 41 
cylate' 42 


43 
Denotes p < 0.01. 


Disintegration Time, min. 
With Pretreatment Without Pretreatment 
E + SEM (n) 2 f SEM (4 


7.1 f 1.3 (26) 1.4 f 0.3  (30)J 
2.7 f 0.4 (55) 1.9 f 0.4 (30p 


2.66 4~ 0.06 (60) 3.25 j= 0.09 (30p 
4.5 f 0.2 (20) 3.97 f 0.09 (30) 
4.7 f 0.6 (21) 4 .6  f 0.2 (30) 
6.36 f 0.12 (60) 6.20 f 0.14 (30) 
7.41 f 0.19 (30) 8.1 f 0.2  (20) 


13.2 f 0.2 (60) 12.4 f 0.2 (30) 
20.9 f 1.1 (30) 22.5 f 0.9 (30) 


2.10 f 0.14 (20) 2.03 f 0.07 (30) 
2.9 f 0.2 (20) 3.75 f 0.12 (30) 
6.2 f 0.3 (20) 6.53 f 0.13 (30) 


6.26 f 0.06 (27) 7.8 f 0.2 (30)J 
12.5 f 0.5 (30) 13.5 f 0.4 (30) 


Uncoated Tablets 


100% Disintegration in the Acid 


Uncoated Tablets 


100% Disintegration in the Acid 


% 
Disinte- 
gration 
During 


the 
2 Hr. in 


the Acid 


13 
8 


0 
0 


30 
0 
0 
0 
0 


0 
0 
0 


10 
0 


I n  Vitro 
Dissolu- 


tion 
Half-lives. 


mm. 


26.4 


31.3 


51.0 
53.8 
56.8 


1.2 
1.7 
1.6 
2 .8  
7.8 


14.6 
11.9 


spectrofluorometer at 400 mp, activated at 310 
mp (both uncorrected). Standards and blank 
were run through the procedure. No differences 
were found between standards made in plasma 
and water, and generally aqueous solutions were 
used. Concentrations down to 0.1 mcg./ml. are 
detectable with a recovery of 99-100%. The 
specificity of the method with respect to metabolites 
has not been investigated, but the appearance of 
a fluorescence in the plasma is taken as indica- 
tion of a n  absorption of sodium p-aminosalicylate. 
Sodium sulfanilate was determined in the urine 
by the method of Morris (12). 


RESULTS 


Table I presents the alkaline in vitro disintegra- 
tion times of the coated preparations with and 
without acid pretreatment. 


' 1  Z 


0 10. 


. . 
0 


1 5 10 15 
ALKALINE IN VlTRO DISINTEGRATION, MIN.  


Fig. I-In vivo disintegration times of enteric-coated 
tablets versus alkaline in vitro disintegration times. 
Key: 0 0, quinine HC1,preparations; V, Na-p-amino- 
salicylate preparations; A, Na-sulJanilate prepara- 
( o m .  The lines are d r a v  from the equations of 


regressum. 


The in vzvo disintegration times from all ex- 
periments are plotted in Fig. 1 against the means 
of the in vitro disintegration times from Table I. 
No difference was found between the results with 
the 50-mg. and the 500-mg. tablets of the prepara- 
tions No. 6-15, and these preparations are treated 
as one group. 


Regression lines were calculated from the de- 
terminations as pairs of numbers. Three instances 
in which no in vivo disintegration was detected 
are omitted. Tests with uncoated tablets, where 
the disintegration times are: in vitro 0 min., in vivo 
the first hour, are included in the calculations. 


The equations of regression are found as fol- 
lows: 


Y$' = 0.60X f 1.14 r = 0.82 n = 40 
Y(i) = 0.50X + 1.96 r = 0.84 n = 26 
YQ = 0.56X + 1.47 r = 0.82 n = 66 


Y P A ~  = 0.26X + 0.98 r = 0.88 n = 22 


Y s l ; ~  = 0.5OX + 1.70 r = 0.87 n = 30 


Y is the in vivo disintegration in hours of tablets 
of quinine hydrochloride (Q), sodium p-amino- 
salicylate (PAS), and sodium sulfanilate (SUL), 
respectively, and X is the in vitro disintegration 
in min. 


Yg) is calculated from tests with the prepara- 
tions No. 6-15, manufactured differently from the 
preparations No. 46-50, from which Y':) is cal- 
culated. The two regression coefficients do not 
differ significantly from each other (t  = 1.00, p > 
0.3, df = 62), and neither do the positions of the 
lines (t = 0.923, p > 0.3, df = 62). This permits 
the calculation of an equation of regression YQ, 
based on all tests with the quinine preparations. 
The ratios b / s b  show that all regression coefficients 
differ signscantly from zero (p < 0.005). The 
intercepts of the regression lines with the ordinate, 
do not differ significantly from the expected poiat 
(0. l),  i.e., the disintegration times of uncoated 


b / S b  = 11.6 


b / S b  = 3.18 


b / S b  = 11.6 
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tablets in tests with sodium p-aminosalicylate 
and quinine HCl: tQ = 1.6, p > 0.1, df = 64 and 
t p ~ s  = 0.71, p > 0.4, df = 28, whereas the dif- 
ference is significant with sodium sulfanilate: 
tsUL = 2.92, p < 0.01, df = 20. The comparison 
between the regression coefficients shows: bQ/bpAs, 
t = 5.25, p < 0.001, df = 28; bsuL/bpAs, t = 3.41, 
p < 0.005, df = 20; bQ/suL, t = 0.61, p > 0.5, df 
= 84. 


1363 


culated an average stomach retention time of 
3 hr., from the results of Blythe et al. (14) who 
worked with coated Bas04 tablets. If so, the 
regression lines would intercept the ordinate at 
a point near to 3 hr., i .e. ,  at a point corresponding 
to the retention time. This is not the case with 
any of the preparations in this work. Only the 
line calculated from tests with sodium sulfanilate 
tablets has a n  intercept significantly different from 
the expected point: (OJ) .  This, on the other 
hand, may be explained by the fact that the dis- 
integration times here are determined by the ap- 
pearance of sulfanilate in the urine, where the 
limit of detection is not very low because of the 
variations in the blank readings. 


CONCLUSION 


Batches of enteric-coated tablets of the same 
substance show an increase in the in vivo disintegra- 
tion time proportional to  the increase in the in 
vitro disintegration time, independently of the size 
and pharmaceutical composition of the tablets. 


Between preparations of different substances the 
factor of proportionality may differ significantly. 


As a consequence, the predictability of the in 
vivo fate of the drug requires determination of the 
correlation between in vivo and in vitro dissolution 
rates, as well as the factor by which the in vivo 
disintegration time changes with the in vitro dis- 
integration time. This factor of proportionality 
has to be evaluated for each substance. 
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DISCUSSION 


The results are in agreement with those of Wag- 
ner et al. (3-5), who found correlation between the 
in vitro and the in vivo disintegration times, but 
a further important point has to be added. The 
statistical analysis of the results presented here 
shows that the lines fitted to tests with quinine 
HC1 and sodium sulfanilate differ significantly 
from the line fitted to  the tests with sodium p- 
aminosalicylate. This means that  the factor of 
proportionality by which the in oivo disintegration 
time increases with increasing thickness of the 
coating layer may differ significantly with dif- 
ferent contents of the tablets. It  is thus found 
that tablets showing a n  in vitro disintegration time 
of 12 min. take about 8 hr. to disintegrate in oivo 
when the content is quinine or sulfanilate, and 
about 4 hr. when the content is p-aminosalicylate. 


The in vivo disintegration time, i .e. ,  the time until 
analytically sufficient concentrations are built 
up in the plasma or the urine, may be influenced 
by the rate of dissolution from the preparations 
in the way that a decreased dissolution rate may 
increase the time between the in vivo break-up 
of the coating layer and the moment when de- 
tectable concentrations are reached, and in this 
way apparently increase the in vivo disintegration 
time. 


If this explanation were valid, one should ex- 
pect that sodium p-aminosalicylate were released 
a t  a higher rate than are quinine hydrochloride 
and sodium sulfanilate from the coated prepara- 
tions in order to explain the differences found. 


However, in vitro dissolution half-lives of some 
of the coated preparations, listed in Table I, show 
that sodium sulfanilate is released at a much 
higher rate than sodium p-aminosalicylate or qui- 
nine hydrochloride, although the former is released 
faster than the latter. 


Another way in which the in vivo disintegration 
time may be altered is by some influence of the 
acid in the stomach. The influence is tested by 
determinations of the alkaline in vitro disintegra- 
tion time with and without acid pretreatment. 
Table I shows that  significant alterations are only 
found with preparations with such a thin vernix 
layer that some of the tablets disintegrate during 
the 2 hr. in the acid. 


The delay in the in civo disintegration time of 
the coated preparations could further be explained 
as a retention in the stomach. Nelson (13) cal- 
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(10) Ibid. vol. I11 351. 
(11) Brodie, B. B.,’and Udeafriend, S., 3. Pharmacol., 78. 


(12) Morris C. J. 0. Bwchem. 1. 35 952(1941). 
(13) Nelson: E., Cl id  Pharmacol. khc;ap., 4, 283(1963). 
(14) Blythe. R. H., Grass, G. M., and MacDonnell, D. R., 


154(1943). 


Am. J .  Pharm., 131,206(1959). 


Keyphrases1 I 
Disintegration time-enteric-coated tablets 
In vivo, k vitro disintegration time-correla- 


Tablet formulation eff ect-disintegration time 
Enteric coating thickness-disintegration time 
Fluorometry-analysis, plasma 


tion 








Determination of p-Hydroxyphenoxy Methyl Penicillin 
in Phenoxymethyl Penicillin Fermentation Samples 


By JAN BIRNER 


A method based o n  paper chromatography and biological assay has been developed 
for the determination of p-hydroxyphenoxy methyl penicillin in  phenoxy methyl 
penicillin (penicillin V) fermentation samples. The penicillin broth is extracted 
into methyl isobutyl ketone. The extract is chromatographed in  tri licate using 
Whatman No. 1 paper treated with sodium citrate at pH 5.5 and ethyl eger saturated 
with 28 percent ammonium sulfate. The penicillins are located by reference t? a 
strip cut from the chromatogram and developed colorimetrically. The appropriate 
areas are then cut out, eluted separately with 1 percent phosphate buffer, and the 
eluates are determined by biological assay. As the R, values for phenoxymethyl 
penicillin and p-hydroxyphenoxy methyl penicillin under the conditions described 


are, respectively, 0.60 and 0.13, the separation is complete. 


ARA-HYDROXYPHENOXY methyl pcnicillin was P first detected in phenoxymethyl penicillin 
(penicillin V) fermentation broth samples by de 
Flines et al. (1). According to these authors the 
mold (Penuillium chrysogenum, strain WLS 49-133) 
is able either to oxidize phenoxyacetic acid to p-  
hydroxyphenoxy acetic acid and utilize this com- 
pound as a precursor for the synthesis of p-hydroxy- 
phenoxy methyl penicillin or else can hydroxylate 
phenoxymethyl penicillin directly. 


The p-hydroxyphenoxy methyl penicillin was iso- 
lated by the above-mentioned workers in the form of 
crystalline free acid. 


Although its antibacterial spectrum is similar to 
that of penicillin V, p-hydroxyphenoxy methyl 
penicillin is much less stable in acid solutions. 
Vanderhaeghe et al. (2) found p-hydroxyphenoxy 
methyl penicillin as a metabolite of penicillin V in 
urine, and they have separated the two compounds 
by means of paper chromatography. 


During the manufacture of penicillin V by fer- 
mentation, the assay of samples by one or other of 
the commonly used methods (hydroxylamine, 
iodimetric, or biological) usually furnishes values rep- 
resenting the sum of the penicillins contained in 
them. If they are to be estimated individually it is 
necessary that they be first separated. The pro- 
cedure described shows how this may be done. 


EXPERIMENTAL 


Reagents, Solutions, and Material-Sulfuric acid 
12 NA.R.;  ammonium sulfate A.R.; sodium sulfate 
anhydrous A.R. ; methyl isobutyl ketone, redis- 
tilled sodium citrate A.R.; ethyl ether redis- 
tilled; starch, soluble laboratory reagent; 0.1 N 
iodine in 4y0 potassium iodide A.R.; glacial acetic 
acid; ammonia 0.880 sp. gr.; phosphate buffer 1% 
pH = 7.0; Whatman No. 1 paper for chromatog- 
raphy. 


Procedure-Pipet 2 ml. of filtered broth into a 
suitable centrifuge tube fitted with a glass-ground 
stopper; add approximately 2 g. of solid ammo- 
nium sulfate and 0.1 ml of 12 N sulfuric acid. Mix 
by swirling this solution (pH approx. 2.0), add 
from a pipet 5 ml. of methyl isobutyl ketone (M. 
I.B.K.), stopper the tube, shake vigorously for 45 
sec., and then centrifuge for 5 min. Transfer a por- 
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tion of the organic layer into another dry tube by 
means of a Pasteur pipet, dry, by shaking with a 
small amount of anhydrous sodium sulfate, and 
finally transfer i t  by filtration into a third dry test 
tube. 


Treat Whatman No. 1 chromatography paper by 
passing through a 10% solution of sodium citrate, 
adjusted to p H  5.5 by hydrochloric acid, followed by 
drying. Using a microsyringe (capacity 20-50 pl., 
in 1 pl. divisions), apply to the paper three aliquots, 
each 20 rl. of the extract. From a freshly prepared 
standard solution of penicillin V in methanol con- 
taining 1 mg. of the antibiotic per ml., apply 10 
pl. as a control. The four spots are placed 5 cm. 
from the bottom of the paper and 5 cm. apart. 


Chromatography is performed by the ascending 
technique. Redistilled ethyl ether to be used as de- 
velopment solvent is equilibrated at room tempera- 
ture against an ammonium sulfate solution, prepared 
by dissolving 40 Gm. of the salt in 100 ml. of water. 
Suspend the chromatogram in a suitable chromato- 
graphic tank (or in a jar lined with filter paper) con- 
taining equilibrated ethyl ether and a vessel with 
water. 


20 MI. 20 111. 20 MI. 107 
PHENOXY 


PEN IClLLlN 
M.I.B.K. EXTRACT METHYL 


Fig. 1-Chromatogram for methyl isobutyl ketone 
extract of phenoxymethyl penicillin. Key: A ,  
phenoxymethyl penicillin; B ,  p-hydroxyphenoxy 


methyl penicillin; C, biologically inactive. 
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TABLE I-RESULTS OF ASSAYS OF FERMENTATION SAMPLES 


---Units of Penicillin Recovered from Chromatogram- 
-From 8 pl. of Broth 


Fermentation $-Hydroxy Control Assayed 
Batch No. Pen. V Pen. V Total 10 mcg.. Pen. Va Directly, in Units $zy$yd 


1 58.5 2.20 60.70 16.60 67.20 3.78 
2 76.20 3.38 79.58 17.10 87.00 4.24 
3 56.00 2.00 58.00 16.50 63.90 3.44 
4 66.15 2.76 68.91 16.38 77.40 4.00 
5 60.30 2.46 62.76 16.50 66.60 3.90 


1 mcg. pen. V equals 1.695 unit. 


After an hour's equilibration, start chromatog- 
raphy from outside by pushing to the bottom of the 
tank the rod on which the paper is suspended. Fol- 
lowing development (up to 16 hr.), cut off the first 
strip containing 20 ~ 1 .  of the extract, hold for a few 
sec. over a jet of steam, then hang for 10 min. in a 
closed jar containing concentrated ammonia. 
Spray the strip with starch-iodine solution, prepared 
by mixing 50 ml. of 1% soluble starch solution, 3 ml. 
glacial acetic acid, and 1 ml. 0.1 N iodine. The 
white spots on a blue background, which appear 
after a few min., indicate the position of the cor- 
responding penicillins. A photograph of a chroma- 
togram developed as a whole colorimetrically is 
shown as Fig. 1. The colored strip is used as a 
template for locating the penicillins on the remaining 
part of the chromatogram. Cut out the correspond- 
ing areas of the chromatogram (sample in duplicate 
and standard penicillin V), place in 1.9 cm. X 15.2 
cm. test tubes and elute with a measured amount of 
1% phosphate buffer pH 7.0. The amount of buffer 
used for elution per tube is 4 ml. for the phydroxy- 
phenoxy methyl penicillin and 10 ml. for phenoxy- 
methyl penicillin. Elution is achieved by shak- 
ing the stoppered test tubes for 0.5 hr. on a shaking 
machine. Transfer the same volume of original 
organic extract as was applied to the chromatogram 
(20 pl.) directly into a test tube and extract with 10 
ml. of buffer to serve as a control. Assay biologi- 
cally the penicillin content of the solutions as peni- 
cillin V and calculate the percentage of P-hydroxy- 
phenoxy methyl penicillin. 


RESULTS 


The data for experiments performed on five sam- 
ples taken from penicillin fermentation tanks are 
shown in Table I. 


The completeness of extraction of penicillin V 
(99.82y0 recovery) under the described conditions 
was confirmed by biological assay. 


The developed method permits the determination 
of the Fhydroxyphenoxy methyl penicillin in the 
fermented broth during all stages of the fermenta- 
tion. It was also used in the consequent processes of 
penicillin extraction and purification and as a quali- 
tative test in the final product. 


RHPBRENCES 
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Antifertility Factors from Plants I. Preliminary Extraction 
and Screening 


By CHARLES F. BARFKNECHT and HUNG CHIH PENG 
Three plants were examined for possible 
antifertility effects. Prmus emarginatu and 
Lonicera ciZiosa were found to reduce litter 
production in mice, while Lysichitnm amer- 
icanum was not active. The initial extraction 
and screening procedures are described. 


HE ETHNOBOTANICAL literature contains a T report of the use of plant teas to affect the 
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reproductive processes by Indians of the Northwest 
U. S. Specifically, the roots of Lysichitum america- 
num, the leaves of Lonuera ciliosa, and the wood of 
Prunus emurginatu were used for antifertility and 
abortifacient effects (1). Generally the women 
drank the teas prepared from the ground plants, 
but some tribes made no distinction on the sex of 
the person. The report also failed to mention a 
dosage regimen, but apparently more than one 
dose was necessary to obtain the antifertility effect. 
It is the purpose of this study to verify the anti- 
fertility activity and determine the constituents 
responsible. 


Cranston (2) studied the effect of Lithosfiermum 
ruderale extracts on mice. Lithospermum was 
used by Indians of the Southwest U. S. to affect 
reproduction. She prepared an ethanolic extract 








Cornmanications 
Remarks 


Quaternary 


Sir: 


on the Synthesis of 
Cocaine Compounds 


We recently had the occasion to prepare several 
quaternary derivatives of cocaine for com- 
parative pharmacological studies (1). Three 
such derivatives had previously been reported in 
the literature: methyl iodide (2), allyl bromide 
( 3 ) ,  and benzyl bromide (4). Of these references, 
only two describe any physical properties to 
support the assigned structures (2, 3 ) ,  and we 
find a serious discrepancy with one of these (3). 
The difficulties encountered in the synthesis of 
these compounds prompted us to report our 
data concerning synthesis. 


The methyl iodide quaternary of cocaine was 
prepared as described with little problem (2). 
Comparison of melting points plus supportive IR 
and NMR spectra and combustion analysis con- 
firmed the structure. 


Serious doubt, however, was raised on the re- 
ported isolation of the quaternary allyl bromide 
derivative of cocaine (3). Repetition of the pro- 
cedure as described yielded a compound in good 
yield with the identical melting point as that re- 
ported, 186-187'. This proved to be the 
hydrobromide salt of cocaine as confirmed by 
IR and NMR spectra, combustion analysis, 
mixture melting point with an authentic sample, 
and conversion to and isolation of cocaine (free 
base) by treatment with saturated sodium bi- 
carbonate solution. The latter test for all 
quaternary derivatives proved most valuable. 


We have succeeded in preparing the quaternary 
allyl cocaine bromide by the reaction of cocaine 
with excess allyl bromide (1 : 10) in dimethyl- 
formamide in the presence of copper wire. Its 
melting point is 128-129', and the structure was 
confirmed by I R  and NMR spectra and combus- 
tion analysis. In addition, treatment with 
saturated sodium bicarbonate yielded no pre- 
cipitate of cocaine. 


However, several attempts to prepare the 
benzyl quaternary derivative of cocaine resulted 
only in the isolation of cocaine hydrobromide, 
m p .  186-187'. Since the authors reporting 
this derivative, along with its pharmacology, 
cited no physical properties (4), the structure 
should be held in doubt until absolutely con- 


firmed. We have suspected that we have ob- 
tained a mixture of the desired compound and 
the hydrobromide salt in our attempts, but have 
not as yet succeeded in isolating the quaternary 
in pure form. 


A mixture also was presumably obtained in 
attempts to synthesize the ethyl quaternary 
iodide of cocaine. The NMR spectrum and 
combustion analysis of the reaction product, 
m.p. 140-144', suggested that a small fraction 
of the mixture was the desired compound. The 
only product ultimately isolated, however, was 
the hydroiodide salt, m.p. 152-17:3'. 


The other quaternary we prepared was the 
n-propyl iodide of cocaine. Treatment of cocaine 
with excess n-propyl iodide in a closed flask for 
several weeks gave a small yield of the desired 
compound, m.p. 155-156'. The structure was 
confirmed by combustion analysis and by its 
NMR spectrum. 


Thus, caution in the interpretation of results in 
the preparation of alkyl quaternary halide deriva- 
tives of cocaine and of other sterically hindered 
bases is required. The predominant product 
using standard procedures is the simple hydro- 
halide salt of the tertiary base. Supportive 
evidence other than melting point and water 
solubility is mandatory. 


Methods-All melting points were taken on 
a Fisher- Johns apparatus and are uncorrected. 
The I R  spectra were recorded on either a Beck- 
man IR-5 or IR-10 spectrophotometer in a 
KBr pellet. The NMR spectra were recorded on 
a Varian A-GO model in D20. Analyses were 
performed by Schwartzkopf Analytical Labora- 
tories, Woodside, N. Y. 


Methyl Cocaine Iodide-This compound 
was prepared from cocaine and methyl iodide 
(1 : lo), pale yellow platelets, m.p. 165-166'. 
[Lit. value, 169' (2).] Purification was accom- 
plished from ethanol-ether. The IR spectrum 
exhibited carbonyl peaks at  1,705 and 1,730 
cm.-'. The NMR spectrum revealed a multi- 
plet at 7.65 p.p.m. (5 H, aromatic), a quartet 
at 5.50 p . p m  (1 H), a broad band at 4.20 p.p.m. 
(2 H, bridgehead), a singlet at  3.66 p . p m  (3 H, 
OCHJ, a multiplet at 3.61 p . p m  (1 H), 2 sing- 
lets at 3.10 and 3.20 p.p.m. [6 H, N+(CH&], 
and a broad multiplet at  2.33 p.p.m. (6 H, cyclo- 
aliphatic). 


And-Calcd. for ClsH~IN04: C, 48.54; H, 
5.39; N, 3.15. Found: C, 48.23; H, 5.54; N, 2.99. 
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Ally1 Cocaine Bromide-The reaction mix- 
ture, containing 3.0 g. (0.01 mole) of cocaine, 
24.2 g. (0.20 mole) of allyl bromide, 10 ml. of 
dimethylformamide, and several pieces of copper 
wire, was sealed in a 50-1111. flask and stirred by 
a magnetic bar for a period of 3 days. The prod- 
uct was isolated by filtration and crystallized 
from ethanol-ether ; white monoclinic prisms, 
m.p. 128-129’, in a yield of 3.2 g. (76%). Its 
IR spectrum exhibited carbonyl peaks a t  1,705 
and 1,727 and lacked the presence of a 
strong shoulder from 3,000-2,500 an.-’. The 
NMR spectrum was identical to that of the 
methyl quaternary with the exception of new 
multiplets at 5.74 p.p.m. (3 H, CH=CHz) and 
a singlet at 2.83 p.p.m. (2 H, N+CH-) in place 
of the singlet a t  3.20 p.p.m. (3 H, N+CH3). 


Anal.-Calcd. for CaH*eBrNOh: C, 56.60: H, 
6.13; N, 3.30. Found: C, 56.27; H, 6.38; N, 
3.40. 


n-Propyl Cocaine Iodide-A solution of 
cocaine and n-propyl iodide (1 : 10) was allowed 
to stand in a closed flask for 5 weeks. The re- 
action product was collected on a filter, washed 
with ether, and crystallized from ethanol-ether 
yielding fine white crystals, m.p. 155-156O, in a 
yield of 0.8 g. (17%). The IR spectrum was 
nearly identical to that of the methyl quaternary 
except in the fingerprint region. The NMR 
spectrum was identical to that of the methyl 
quaternary except for aliphatic absorption at 3.13 
p.p.m. (2 H, NfCHp), a multiplet at 1.21 
p.p.m. (2H),andatripletat0.59(3H,CH3). 


And-Calcd. for CmHaINO: C, 50.77; H, 
5.92; N, 2.96. Found: C, 50.87; H, 5.76; 
N, 2.95. 


Cocaine Hydrobromide-The reaction as 
described (3) was conducted. A solution of 
3.0 g. (0.01 mole) of cocaine and 6.0 g. (0.05 
mole) of allyl bromide in 30 ml. of benzene 
was heated a t  reflux with stirring under a 
nitrogen atmosphere for a period of 5 hr. 


REVIEWS 


Microbial Transformation of Steroids and Alkaloids. 
By HIROSHI ILZUKA and ATSHUSHI NAITO. Uni- 
versity of Tokyo Press, Tokyo, Japan, 1967. 
U. S. Agent: University Park Press, State College, 
Pa. xi + 294pp. 18.5 X 26cm. Price$16.50. 
One approach to  appraise the value of this book is 


to compare its contents to the two other books 
covering the same material (“Microbial Transforma- 
tions of Steroids,” by A. Capek et al., Academic 


The resulting precipitate was collected on a filter 
and crystallized from ethanol-ether. A yield 
of 3.1 g. (82%) of white crystals was obtained, 
m.p. 185-186’. (Lit. value, 186187’). The 
IR spectrum exhibited a characteristic broad 
shoulder at 3,000-2,500 ern.-' (N+H) plus the 
double carbonyl peaks at 1,732 and 1,705 crn.-’. 
Its NMR spectrum revealed the aromatic protons 
as a multiplet at 7.65 p.p.m. (5 H), a multiplet of 
5.50 p.p.m. (1 H), a singlet at 4.58 p.p.m. (1 H, 
HOD), a broad band at 4.20 (2 H, bridgehead), a 
singlet a t  3.66 (3 H, OCHa), a multiplet at  3.56 
p.p.m. (1 H), a triplet at 2.93 p.p.m. (3 H,  
N+CHa), and a multiplet at 2.33 p.p.m. (6 H, 
cycloaliphatic). Treatment of the product with 
saturated sodium bicarbonate solution led to 
the isolation of long, white heedles of cocaine 
as the free base, m.p. 96O. A mixture melting 
point with an authentic sample of cocaine hydro- 
bromide showed no depression, m.p. 185-186’. 


Anal.-Calcd. for CI,HnBrN04: C, 53.13; 
H, 5.73; N, 3.65. Found: C, 53.27; H, 5.86; 
N, 3.64. 
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Press, New York, 1965, and “Microbial Transforma- 
tions of Steroids,” a handbook, by W. Charney and 
H. L. Herzog, Academic Press, New York, 1967). 


This monograph by Drs. Ilzuka and Naito is use- 
ful as a reference source for individuals who would 
like to find quickly the references t o  accomplish a 
certain microbial reaction on steroids and a few 
alkaloids. I t  is indexed according to the type of 
microbial reaction, name of microorganism, type of 
substances (substrates and products), and authors. 
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TABLE I-RESULTS OF ASSAYS OF FERMENTATION SAMPLES 


---Units of Penicillin Recovered from Chromatogram- 
-From 8 pl. of Broth 


Fermentation $-Hydroxy Control Assayed 
Batch No. Pen. V Pen. V Total 10 mcg.. Pen. Va Directly, in Units $zy$yd 


1 58.5 2.20 60.70 16.60 67.20 3.78 
2 76.20 3.38 79.58 17.10 87.00 4.24 
3 56.00 2.00 58.00 16.50 63.90 3.44 
4 66.15 2.76 68.91 16.38 77.40 4.00 
5 60.30 2.46 62.76 16.50 66.60 3.90 


1 mcg. pen. V equals 1.695 unit. 


After an hour's equilibration, start chromatog- 
raphy from outside by pushing to the bottom of the 
tank the rod on which the paper is suspended. Fol- 
lowing development (up to 16 hr.), cut off the first 
strip containing 20 ~ 1 .  of the extract, hold for a few 
sec. over a jet of steam, then hang for 10 min. in a 
closed jar containing concentrated ammonia. 
Spray the strip with starch-iodine solution, prepared 
by mixing 50 ml. of 1% soluble starch solution, 3 ml. 
glacial acetic acid, and 1 ml. 0.1 N iodine. The 
white spots on a blue background, which appear 
after a few min., indicate the position of the cor- 
responding penicillins. A photograph of a chroma- 
togram developed as a whole colorimetrically is 
shown as Fig. 1. The colored strip is used as a 
template for locating the penicillins on the remaining 
part of the chromatogram. Cut out the correspond- 
ing areas of the chromatogram (sample in duplicate 
and standard penicillin V), place in 1.9 cm. X 15.2 
cm. test tubes and elute with a measured amount of 
1% phosphate buffer pH 7.0. The amount of buffer 
used for elution per tube is 4 ml. for the phydroxy- 
phenoxy methyl penicillin and 10 ml. for phenoxy- 
methyl penicillin. Elution is achieved by shak- 
ing the stoppered test tubes for 0.5 hr. on a shaking 
machine. Transfer the same volume of original 
organic extract as was applied to the chromatogram 
(20 pl.) directly into a test tube and extract with 10 
ml. of buffer to serve as a control. Assay biologi- 
cally the penicillin content of the solutions as peni- 
cillin V and calculate the percentage of P-hydroxy- 
phenoxy methyl penicillin. 


RESULTS 


The data for experiments performed on five sam- 
ples taken from penicillin fermentation tanks are 
shown in Table I. 


The completeness of extraction of penicillin V 
(99.82y0 recovery) under the described conditions 
was confirmed by biological assay. 


The developed method permits the determination 
of the Fhydroxyphenoxy methyl penicillin in the 
fermented broth during all stages of the fermenta- 
tion. It was also used in the consequent processes of 
penicillin extraction and purification and as a quali- 
tative test in the final product. 
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Antifertility Factors from Plants I. Preliminary Extraction 
and Screening 


By CHARLES F. BARFKNECHT and HUNG CHIH PENG 
Three plants were examined for possible 
antifertility effects. Prmus emarginatu and 
Lonicera ciZiosa were found to reduce litter 
production in mice, while Lysichitnm amer- 
icanum was not active. The initial extraction 
and screening procedures are described. 


HE ETHNOBOTANICAL literature contains a T report of the use of plant teas to affect the 
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reproductive processes by Indians of the Northwest 
U. S. Specifically, the roots of Lysichitum america- 
num, the leaves of Lonuera ciliosa, and the wood of 
Prunus emurginatu were used for antifertility and 
abortifacient effects (1). Generally the women 
drank the teas prepared from the ground plants, 
but some tribes made no distinction on the sex of 
the person. The report also failed to mention a 
dosage regimen, but apparently more than one 
dose was necessary to obtain the antifertility effect. 
It is the purpose of this study to verify the anti- 
fertility activity and determine the constituents 
responsible. 


Cranston (2) studied the effect of Lithosfiermum 
ruderale extracts on mice. Lithospermum was 
used by Indians of the Southwest U. S. to affect 
reproduction. She prepared an ethanolic extract 
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of the ground plant and fed a 20% extract diet to 
young adult males and females 10 days prior to 
and 10 days during cohabitation. The ethanolic 
extract, which was more potent than a simple 
aqueous extract, reduced litter production from 70y0 
in the control group to 34% in the treated group. 
There was no effect on the number of young per 
litter or on the activity or physical appearance of 
the adult mice. 


Another report of a natural feeding assay of 
antifertility activity was made by Dewald and 
co-workers (3). They studied the effectiveness of 
a synthetic compound in mice by combining it with 
the food and allowing the pregnancies to  go full 
term. Activity was again expressed as a ratio of 
the litter production in the treated group versus 
litter production in the control group. 


DISCUSSION 


For the plants in this study a 50% aqueous etha- 
nolic solution was found to be a more efficient and 
more effective extraction system than a hot aqueous 
decoction. The natural feeding method of assay 
outlined previously was used with the exception that 
the extract food combination was reformed into 
pieces resembling the normal food. Since mice are 
gnawing creatures, it was felt that this technique 
would encourage them to feed normally. No 
difference in average food intake was found for 
any group, thus endorsing the technique. 


In the initial screening to determine the validity 
of the ethnobotanical report, the discovery of 
antifertility activity was more important than 
establishing either which sex was affected or what 
was the mechanism of action. Thus the extracts 
were fed to both sexes prior to and during cohabita- 
tion. The results of the screening are summarized 
in Table I. Two consecutive runs were made, 
separated by 1 month, using two different concentra- 
tions. The consecutive runs permitted the evalua- 
tion of the extracts' effects on virgin and nonvirgin 
mice, the determination of the relative effectiveness 
of the dosage levels, and the gathering of the maxi- 
mum data from the mouse colony. The extracts 
did not appear to affect the behavior or activity 
of the mice. Those extracts which caused reduction 
of litter production did so without decreasing the 
number of young per litter or without causing visible 
birth defects. 


Present studies are directed toward the isolation 
of the active antifertility factors from Lonicera 
cdwsa and Prunus emarginata. Preliminary work 
on Lonicera leaves indicates the presence of alkaloid 
and flavonoid components. References to  the anti- 
fertility effect of both components are found in the 
literature (4, 5) .  Two alkaloids have been separated 
and detected by thin-layer chromatography. One 
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of them has been isolated in sufficient quantities 
to begin structure elucidation studies. The results 
of these studies will be the subject of a future 
communication. 


EXPERIMENTAL. 


Collection-The plants were gathered in the 
vicinity of Corvallis, Ore., in late summer, 1966 and 
authenticated under the direction of LaRea D. 
Johnston, Oregon State University Herbarium, 
Corvallis, to whom the authors are extremely 
grateful. Voucher specimens are on deposit in the 
Oregon State University Herbarium and in the 
College of Pharmacy, University of Iowa. 


Extraction-The air-dried plant parts, mentioned 
in the ethnobotanical report were ground in a 
Waring blender with 50% v/v aqueous ethanol 
(20 ml./g. of plant material). The mixture was 
macerated 3 days with occasional stirring, filtered 
through paper, and evaporated to dryness under 
reduced pressure at temperatures not exceeding 
50". By this procedure extracts of 13.0, 1.7, and 
17.0% were obtained for Lysichitum, Prunus, and 
Lonicera, respectively. Preliminary experiments 
had shown this extraction procedure to be the best 
method. 


Food-Extract Combination-Purina dog chow, 
the normal food, was ground in a mill. The dried 
extract was dissolved in a minimum of 50% ethanol, 
combined with the proper amount of ground dog 
chow to prepare a 1 or 2% extract diet, and mixed 
into a mass. The m a s  was cut into pieces and al- 
lowed to air-dry at temperatures not exceeding 40". 


Screening-White mice, 8-10 weeks old (Berkeley 
Pacific Laboratories, Berkeley, Calif.), were main- 
tained on a diet of Purina dog chow and water for 
3 weeks prior to screening. To begin the screening, 
separated males and females (four to a cage) were 
fed the dog chow extract diet for 2 weeks. The only 
exceptions were the mice which would constitute 
the control group, they received only dog chow 
throughout the entire screening period. The mice 
were cohabitated, one male and three females per 
cage, and fed the test diet an additional 3 weeks. 
After this period, the males were removed from the 
cages and the cages examined for litters daily during 
the next 4 weeks. After the last litter was born, a 
period of 4 weeks elapsed before the second run. 
The second run was conducted in an analogous 
manner. No attempt was made to maintain the 
mice in the same test group during both runs. 
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TABLE I-ANTIFERTILITY SCREENING 
OF PLANT EXTRACTS 


Av. Dose 
Extract/ 


No. No. % Day/Mouse. 
Run Females Litters Litters mg. - Control 1st 15 9 60 
2nd 18 11 60 - 


Lysichifum. 1st 15 7 46 10 
roots 2nd 15 8 56 20 


PruYis, 1st 12 4 33 10 
wood 2nd 12 4 33 20 


Lonicera. 1st 15 5 33 10 
leaves 2nd 15 4 27 20 


\*"I-,. 
(5) Moersch, G. W., Morrow, D. F., and Neuklis, W. A., 


J .  Med. Chem., 10,154(1967). 


Keyphrases 
Antifertility factors-plant extracts 
Prunus emnrginatn extract-mouse litter re- 


Lonicern ciliosn extract-mouse litter reduc- 
duction 
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Ally1 Cocaine Bromide-The reaction mix- 
ture, containing 3.0 g. (0.01 mole) of cocaine, 
24.2 g. (0.20 mole) of allyl bromide, 10 ml. of 
dimethylformamide, and several pieces of copper 
wire, was sealed in a 50-1111. flask and stirred by 
a magnetic bar for a period of 3 days. The prod- 
uct was isolated by filtration and crystallized 
from ethanol-ether ; white monoclinic prisms, 
m.p. 128-129’, in a yield of 3.2 g. (76%). Its 
IR spectrum exhibited carbonyl peaks a t  1,705 
and 1,727 and lacked the presence of a 
strong shoulder from 3,000-2,500 an.-’. The 
NMR spectrum was identical to that of the 
methyl quaternary with the exception of new 
multiplets at 5.74 p.p.m. (3 H, CH=CHz) and 
a singlet at 2.83 p.p.m. (2 H, N+CH-) in place 
of the singlet a t  3.20 p.p.m. (3 H, N+CH3). 


Anal.-Calcd. for CaH*eBrNOh: C, 56.60: H, 
6.13; N, 3.30. Found: C, 56.27; H, 6.38; N, 
3.40. 


n-Propyl Cocaine Iodide-A solution of 
cocaine and n-propyl iodide (1 : 10) was allowed 
to stand in a closed flask for 5 weeks. The re- 
action product was collected on a filter, washed 
with ether, and crystallized from ethanol-ether 
yielding fine white crystals, m.p. 155-156O, in a 
yield of 0.8 g. (17%). The IR spectrum was 
nearly identical to that of the methyl quaternary 
except in the fingerprint region. The NMR 
spectrum was identical to that of the methyl 
quaternary except for aliphatic absorption at 3.13 
p.p.m. (2 H, NfCHp), a multiplet at 1.21 
p.p.m. (2H),andatripletat0.59(3H,CH3). 


And-Calcd. for CmHaINO: C, 50.77; H, 
5.92; N, 2.96. Found: C, 50.87; H, 5.76; 
N, 2.95. 


Cocaine Hydrobromide-The reaction as 
described (3) was conducted. A solution of 
3.0 g. (0.01 mole) of cocaine and 6.0 g. (0.05 
mole) of allyl bromide in 30 ml. of benzene 
was heated a t  reflux with stirring under a 
nitrogen atmosphere for a period of 5 hr. 


REVIEWS 


Microbial Transformation of Steroids and Alkaloids. 
By HIROSHI ILZUKA and ATSHUSHI NAITO. Uni- 
versity of Tokyo Press, Tokyo, Japan, 1967. 
U. S. Agent: University Park Press, State College, 
Pa. xi + 294pp. 18.5 X 26cm. Price$16.50. 
One approach to  appraise the value of this book is 


to compare its contents to the two other books 
covering the same material (“Microbial Transforma- 
tions of Steroids,” by A. Capek et al., Academic 


The resulting precipitate was collected on a filter 
and crystallized from ethanol-ether. A yield 
of 3.1 g. (82%) of white crystals was obtained, 
m.p. 185-186’. (Lit. value, 186187’). The 
IR spectrum exhibited a characteristic broad 
shoulder at 3,000-2,500 ern.-' (N+H) plus the 
double carbonyl peaks at 1,732 and 1,705 crn.-’. 
Its NMR spectrum revealed the aromatic protons 
as a multiplet at 7.65 p.p.m. (5 H), a multiplet of 
5.50 p.p.m. (1 H), a singlet at 4.58 p.p.m. (1 H, 
HOD), a broad band at 4.20 (2 H, bridgehead), a 
singlet a t  3.66 (3 H, OCHa), a multiplet at  3.56 
p.p.m. (1 H), a triplet at 2.93 p.p.m. (3 H,  
N+CHa), and a multiplet at 2.33 p.p.m. (6 H, 
cycloaliphatic). Treatment of the product with 
saturated sodium bicarbonate solution led to 
the isolation of long, white heedles of cocaine 
as the free base, m.p. 96O. A mixture melting 
point with an authentic sample of cocaine hydro- 
bromide showed no depression, m.p. 185-186’. 


Anal.-Calcd. for CI,HnBrN04: C, 53.13; 
H, 5.73; N, 3.65. Found: C, 53.27; H, 5.86; 
N, 3.64. 
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(2) ,Willst&tter, R.. Wolfes. 0.. and Mader. H.. Ann. 
Iowa City, Iowa, August, 1968. 
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(4) Herr, F., Nador, K.. Pataky, G . ,  and Brosi, J., Arch. 
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R o o k s  
Press, New York, 1965, and “Microbial Transforma- 
tions of Steroids,” a handbook, by W. Charney and 
H. L. Herzog, Academic Press, New York, 1967). 


This monograph by Drs. Ilzuka and Naito is use- 
ful as a reference source for individuals who would 
like to find quickly the references t o  accomplish a 
certain microbial reaction on steroids and a few 
alkaloids. I t  is indexed according to the type of 
microbial reaction, name of microorganism, type of 
substances (substrates and products), and authors. 
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Press Inc., 44-01 21st St., Long Island City, New 
York, NY 11101, 1968. 16 X 23.5 a. The 
proceedings are presented in 11 volumes with the 
individual pertinent data as follows. Vol. 1:  
Mode of Action of Anti-Parasitic Drugs. Edited 
by J. RODRICUES DA SILVA and M. J. FERREIRA. 
x + 119 pp. Price $9. Vol. 2: Pharmacology of 
Reproduction. Edited by E. DICZFALUSY. vi f 
126 pp. Price $9. Vol. 3: Clinical Pharmacology. 
Edited by R. K. RICHARDS. vi + 113 pp. Price $9. 
Vol. 4: Mechanisms of Drug Toxicity. Edited by 
H. RASKOVA. vii f 104 pp. Price $9. Vol. 5: 
Control of Growth Processes by Chemical Agents. 
Edited by A. D. WELCH. Price $8. 
Vol. 6: Drugs i n  Relation to Blood Coagulation. 
Hamostasis and Thrombosis. Edited by G .  V. R. 
BORN. vii + 126 pp. Price $10. Vol. 7: 
Physico-Chemical Aspects of Drug Action. Edited 
by E. J. ARIENS. ix + 385 pp. Price $14. Vol. 
8: Salt and Water Balance. Edited by K. H. 
BEYER. viii + 109 pp. Price $9. Vol. 9: 
Pharmacology of Pain. Edited by R. K. S. LIM. 
viii + 250 pp. Price $13. Vol. 11: Immuno- 
pharmacology. Edited by H. 0. SCHILD. ix + 
166 pp. Price $13. 


vii + 91 pp. 


While being well organized, it has the serious draw- 
back of an incomplete listing of references. Further- 
more, there is no information on biochcmical 
mechanisms of microbial reactions. 


The book by Capek et al. is fairly complete 
through 1965, relative to references and is similarly 
indexed. In addition, it covers such useful topics 
as mechanisms of transformations, practical meth- 
ods of fermentation, isolation and identification pro- 
cedures, chromatography, etc., which are especially 
useful to  someone who may have had no personal 
experience in performing a microbiological trans- 
formation. The third book of Charney and Herzog 
exhaustively examines both the entire scientific and 
U. S. patent literature through 1967. Furthermore, 
it also gives an excellent description of the up-to- 
date mechanisms of the various classes of microbial 
transformations, while omitting the practical as- 
pects such as care of cultures, fermentation proce- 
dures, and separation of products. Without ques- 
tion, this handbook is most useful to  those actively 
engaged in research in this field. 


Taking all things into consideration, we rate: 
1, Charney and Herzog ($21.00); 2, Capek et ul. 
($6.25); and 3, Ilzuka and Naito ($16.50). 


Reviewed by B. Stein and C. J. Sih 
School of Pharmacy 
University of Wisconsin 
Madison, W I  53706 


Principles of Adsorption Chromalography: The 
Separation of Nonionic Organic Compounds. By 
LLOYD R. SNYDER. Marcel Dekker, Inc., 95 
Madison Avenue, New York, NY 10016, 1968. 
xvi + 413 pp. 16 X 23 cm. Price $17.50. 
This Iepresents Volume 3 in a new series of mono- 


graphs on Chromatographic Science edited by Gid- 
dings and Keller. As the author states, the adsorp- 
tion process is complex and difficult to understand. 
The author has attempted a rational organization of 
the underlying principles, and this volume will en- 
able a serious worker in the field of adsorption 
chromatography to better understand and predict 
the separation of complex nonionic organic com- 
pounds. 


After a brief introduction, the author discussed 
“The Chromatographic Process and Techniques of 
Separation,” “General Aspects of Adsorption,” 
“Isotherm Linearity,” “Bed Efficiency,” etc. The 
chapter on “The Role of Sample Structure” is 
particularly interesting, and one wishes that the 
author had devoted more effort on this aspect. 


Reviawed by William J. Mader 
Drug Standards Laboratory 
American Pharmaceutical Association Foundation 
Washington, D C  20037 


NOTICES 


Proceedings of the 3rd International Pharmacological 
Meeting, 1966 Sau Paulo, Brazil. Pergamon 


111 International Pbrmacologual Congress-Inter- 
national Symposium on Vaso Active Polypeptides: 
Bradykinin and Related Kinins. Edited by 
M. ROCHA e SILVA and H. A. ROTHSCHILD. 
Available from Dept. of Pharmacology, Faculty of 
Medicine, Ribeirao Preto-S.P., Brazil, 1967. 
300 pp. (in English). Price: unbound $10.00; 
bound $12.50. 


Committee on Safety of Drugs. Annual Report for 
1966. Her Majesty’s Stationery Office, London, 
England, 1967. Available from Sales Section, 
British Information Services, 845 Third Ave., 
New York, NY 10022. 15-page pamphlet. 
Price 1s. 9d. net. Approx. 40 cents U. S. 


Food Additives and Contaminants Committee: Sec- 
ond Report on Cyclamates. Her Majesty’s Sta- 
tionery Office, London, England, 1967. Available 
from Sales Section, British Information Services, 
845 Third Ave., New York, NY 10022. 5-page 
pamphlet. Price Tenpence net. Approx. 30 
cents U. S. 


Gamma Globulins: Structure and Control of Bio- 
Proceedings of the Third Nobel Sym- 


Edited 
John Wiley & Sons, Inc., 605 


643 pp. 


synthesis. 
posium, June 1967, Sodergarn, Sweden. 
by J.  KILLANDER. 
Third Ave., New York, NY 10016,1968. 
16.5 X 24 cm. Price $32.00. 


Fibrinogen. Edited by KOLOMAN LA=. Marcel 
Dekker, Inc., 95 Madison Ave., New York, NY, 
1968. xiii + 398 pp. 16 X 23.5 cm. Price 
$19.50. 








Inhibitors of Monoamine Oxidase I1 
Syntheses of Some N-2 (9) -Substituted Tetrahydro-6-carbolines 


and Evaluation of Their Inhibitory Activities 


By BENG T. HO, WILLIAM M. MCISAAC, and K. E. WALKER 


Tetrahydro-8-carbolines with alkyl or aralkyl substitution on N-9, alkyl on N-2, and 
alkyl on both N-2 and N-9 were synthesized and their monoamine oxidase inhibitory 
activities evaluated. Two different binding conformations were proposed for the 9- 
methyl and the !+hydrogen series. The binding of the 9-methyl grou hydrophobic- 
ally to the enzyme would account for the high inhibitory activities ot9-methyl com- 
pounds. In the case of 9-hydrogen-2-alkyl series, since there is no methvl group on 
the indolic nitrogen, hydrophobic bonding would not be possible. Relief of steric 
hindrance due to the 2-alkyl would probably cause the molecule to assume another 
binding conformation. Of all the compounds tested, 2,9-dimethyltetrahydro-p- 
carboline was the most active inhibitor. Its activity was about one-third that of the 


previously reported 9-methyltetrahydro-p-carboline. 


N A PREVIOUS PAPER (1) on inhibitors of mono- I amine oxidase, the influence of methyl substi- 
tution on the inhibitory activity of 8-carbolines 
was studied. 9-Methyltetrahydro-j3-carboline 
was found to be a competitive inhibitor of the 
enzyme, being three times more active than ipron- 
iazid, a one-time clinically used antidepressant. 
Initial findings also indicated that the N-2 nitro- 
gen of the tetrahydro-@-carboline could be substi- 
tuted by alkyl groups as large as propyl without 
affecting the inhibitory activity. 


Since a 35-fold increase in inhibitory activity 
was obtained by the substitution of a methyl 
group on the N-9 nitrogen of tetrahydro-@-carbo- 
line, the synthesis and evaluation of inhibitory 
effect of some N-9 substituted tetrahydro-fl- 
carbolines has been undertaken, and the studies 
extended to include some 2,9-disubstituted com- 
pounds. 


DISCUSSION 


A 35fold increase in inhibitory activity (Table I )  
was observed when a methyl group was introduced 
on the N-9 nitrogen of tetrahydro-p-carboline (I). 
This was attributed to either the increase in the 
electron density of the indole nucleus of 9-methyl- 
tetrahydro-p-carboline (I1 ) thus giving better 
binding, or the binding of the 9-CH3 group itself 
hydrophobically to the enzyme, or both (1). The 
possibility of the existence of a hydrophobic region 
on the enzyme in proximity to the 9-CH3 of I1 was 
then explored. Extension of the 9-CH3 by one 
carbon resulted in a %fold decrease in inhibitory 
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activity of 9-ethyl compound (111). This unexpected 
decrease in activity was at first thought to be 
caused by the projection of the terminal CHI of the 
ethyl group into a possible hydrophilic region of the 
enzyme. In order to investigate this possibility, 
a hydrophilic group such as hydroxyl was chosen 
to  replace the terminal hydrophobic CH3 of the 
ethyl group, anticipating that the binding of OH to 
the hydrophilic region of the enzyme would result 
in increased inhibition. 


Synthetically, it seemed more appropriate to 
protect the N-2 nitrogen of the tetrahydro-p- 
carboline by substitution so that the addition of the 
hydroxymethyl to the N-9 nitrogen would be ex- 
clusive. Alkylation on the N-2 position was as- 
sumed not to interfere with studies on the N-9 posi- 
tion, since a previous finding (1) revealed no change 
in inhibitory activity when alkylating the N-2 
nitrogen of 1-methyltetrahydro-8-carboline (XIII) 
with methyl or n-propyl (see XIV and XV). Since 


TABLE I-INHIBITION OF MONOAMINE OXIDASE BY 
TETRAHYDRO-~-CARBOLINES 


Compound RI Ra Rs Zma(mM) 
I6 H H H 0 . 3 4 c  . . - ~  ~~ 


IIb H H CH3 0.01~ 
IIIb H H CzHs 0.46 
IVb H H n-CsHT 0.34 


V b  H H i-C~.Hii 0.50 
\‘Ib H H CHGHi 0.30 .~ 


VIIb H H GH:, 0.32 
v111 H CvH. H 1.40 


IX H n k a H 7  H 1.37 
X” H GHr CH3 0.13 


XI* H GH6 CHzOH 0.74 
XIIb H CH3 CHI 0.035 


XIXI CHa H H 1 . m  
XIV” CH, CHI H 1.50” 
XVb CHs n-CsH7 H 1.3W 


a Concentration of an inhibitor giving 50% inhibition of 
the enzyme. Hydrochloride salt. Data from Reference 
1. 
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an N-2 ethyl substituent would be easily obtained 
by the reduction of the N-2 acetyl compound, 
2 - ethyl - 9 - hydroxymethyltetrahydro - B - carbo- 
line (XI) was synthesized. For comparison with 
the %hydrogen series, %ethyl-9-methyltetrahydro- 
B-carboline (X) and 2-ethyltetrahydro-8-carboline 
(VIII) were also prepared. 


The %ethyl compound (VIII) was first found to be 
a weak inhibitor, being four times less active than I. 
The corresponding 9-methyl compound (X) was 
13-fold less active than 11. Thus, it seemed that the 
steric hindrance by the %ethyl group could account 
for the decrease in inhibitory activity of 2-ethyl 
compounds when compared with the %hydrogen 
series. Of greater interest was to determine whether 
or not the enzyme could tolerate a smaller N-2 
substituent like the methyl group. The 2,9- 
dimethyltetrahydro-B-carboline (XII) was indeed 
a very good inhibitor, being about one-third as 
active as I1 and about four times more active than X. 
This phenomenon was, however, not observed in 
the 9-hydrogen series. Here, the activity remained 
the same when the 2-alkyl chain was reduced from 
propyl to  ethyl (IX + VIII). This, along with the 
previous finding that in the 1-methyl series XIV 
was equally as active as XV, suggested that it was 
not at all impossible t o  have two different modes 
of binding for substituted tetrahydro-B-carbolines 
on monoamine oxidase. 


Judging from the similarity in inhibitory activities 
between XIV and XV, and VIII and IX, it was 
postulated that the %ethyl and Bpropyl groups of 
the above two series might have projected into a 
“noncontact” area away from the binding site. 
The conformation A (Fig. 1) proposed for the four 
compounds was different from conformation B 
(Fig. 2) proposed for all the 9-methyltetrahydro-p- 
carbolines. That a class of compounds can assume 
different conformations of binding to an enzyme 
has been presented (2). The assumption for the 
mode of binding of different series of substituted 
tetrahydr@-carbolines is as follows. 


( a )  Since a compound always assumes a binding 
position giving a maximum inhibitory effect, the 
increase in inhibitory activity of all 9-methyl com- 
pounds was thought to  be due to  the hydrophobic 
bonding of their 9-methyl group to the enzyme 
(conformation B). In this conformation, any sub- 
stituent on the N-2 position larger than hydrogen 
would cause a decrease in activity. This decrease 
was observed in inhibitory activity as the length of 
the kalkyl side chain was increased, therefore result- 
ing in increased steric hindrance. This was true 
for XI1 and X. 


(b )  When there is no methyl group on the indolic 
nitrogen, hydrophobic bonding would not be possi- 
ble, therefore relief of steric hindrance due to  the 
Zalkyl groups (see conformation B) became an 
important factor. The preferable binding conforma- 
tion for both VIII and I X  more likely was the con- 
formation A, where the kalkyl groups could be 
projected to  the noncontact area and away from the 
binding site. This could account for the unchanged 
activity from 2-ethyl to  2-propyl. A similar 
rationalization could be applied to the 1-methyl 
series. Apparently, in the conformation B the 
enzyme would not tolerate a 1-methyl group, and 
a “twist” to  the conformation A not only relieved 
this steric hindrance, but also allowed substituents 


k 
-N 


Conformation A 


R,= H or CH, 


R,= CH,.CLHI,or n-C,H, 
R,= H 


Fig. 1-Proposed conformation of balky1 tetrahydro- 
$-carbolines. 


Contamotkn B 


RI=’H 


R,= CH, 


Fig. 2-Proposed conformation of 9-methyltetrahydro- 
$-carbolines. 


on N-2 nitrogen to  be projected to  the noncontact 
area. Note that the inhibitory activities of the 1- 
methyl-2-alkyl series (XIII-XV) were the same as 
those of the 1-hydrogen-2-alkyl series (VIII and IX). 


The data on the inhibitory activities of 9-alkyl 
and 9-aralkyl series indicated that the 9-ethyl com- 
pound (111) was &-fold less active than the 9- 
methyl compound (11). Since further increase in 
the length of alkyl chain did not result in large 
decreases in inhibitory activities, it  was assumed that 
for tetrahydro-@-carbolines any Salkyl or 9-aralkyl 
group larger than methyl would not bind in the 
conformation B. However, whether the binding 
conformation of 9-alkyl- or 9-aralkyl-tetrahydro-B- 
carbolines assumed the conformation A or whether 
there was a third conformation for the binding of 
these 9-substituted compounds remains to  be de- 
termined. The observation that the 9-hydroxy- 
methyl-%ethyl compound (XI) was not as active 
as 9-methyl-2ethyl compound (X) was then not 
to  be unexpected, in view of the apparent steric 
requirements for conformation B. Apparently, 
the steric hindrance due to the terminal OH group 
caused X I  to  assume a binding conformation which 
was similar to that for tetrahydro-B-carbolines with 
N-9 substitutions larger than methyl. 


CHEMISTRY 
9-Alkyltetrahydro-8-carbolines were prepared by 


treating the sodium salt of the tetrahydro-g- 
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benzyl chloride in dimethylforrnamide in the 
presence of sodium hydride. 


Condensation of 1,l-diphenylhydrazine hydro- 
chloride (XVI) and a-aminobutyraldehyde diethyl 
acetal (XVII) at 95" in the presence of hydro- 
chloric acid according t o  the patent procedure (3) 
gave 1-phenyltryptamine hydrochloride (XVIII) 
(Scheme 11). 


For the preparation of some tetrahydro-Pcarbo- 
lines the corresponding tryptamine derivatives have 
been previously treated with glyoxylic acid to  form 
the 1-carboxytetrahydrep-carbolines which were 
then decarboxylated yielding the desired products 
(1). When the same method was employed in the 
preparation of VII, the intermediate l-carboxyl-9- 
phenyl-tetrahydro-o-carboline (XIX) failed to de- 
carboxylate. A final solution to this was to carry 
out the reaction of X V I I I  and glyoxylic acid in 
refluxing aqueous solution instead of at room tem- 
perature. At the elevated temperature l-phenyl- 
tryptamine most likely first condensed with glyoxylic 
acid to give the Schiff base, XX,  which then de- 
carboxylated and subsequently cyclized to  9- 
phenyltetrahydro-p-carboline (VII) (Scheme 111). 
This mechanism has been proposed for the reaction 
of tryptamine with a-keto acids at elevated tem- 
perature (4). Since from the reaction mixture a 
product that had identical infrared spectrum with 
1-carboxy-9-phenyl compound (XIX)  formed at 
pH 4, it was assumed that the cyclization of X X  to 


LiAlH, - m-:-R - 
H 


W 


X m I  
Scheme II 


carboline (I)  with the appropriate alkyl halides 
(Scheme I). Alkylation in liquid ammonia gave 
9-ethyltetrahydro-8-carboline (111), 9-propyltetra- 
hydro-p-carboline (IV), and 9-isoamyltetrahydrc-B- 
carboline (V) in 56,20, and 30y0 yields, respectively. 
It was found that the reaction of 1-iodo-3-methyl- 
butane with I required longer time than with the 
lower alkyl halides. I n  a previous run, when the 
reaction was allowed to  proceed for only 20 min. 
after the addition of the alkyl halide, as in the prep- 
aration of I11 and IV, a mixture of product and 
starting material was isolated. 


The preparation of 9-benzyltetrahydro-p-carbo- 
line (VI) was carried out by the_reaction ofLI with 


/ \ /  


Pm, R = CH, 


35 , R = C,H5 


Scheme I V 


\ - 


xlx 
Scheme 111 
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XIX competed with the decarboxylation of X X  to 
give XXI and then VIII. Compound VII had been 
prepared via the condensation of 1-phenyltryptamine 
with formaldehyde (3). 


Acylation of I without application of heat gave 
2-acetyltetrahydro-p-carboline (XXII), and %pro- 
pionyltetrahydrep-carboline (XXIII) in 87.6 and 
88.2%, respectively. These two Zacyltetrahydro- 
p-carbolines were then reduced with lithium alu- 
minum hydride to give a 66.3% yield of 2-ethyl- 
tetrahydro-j3-carboline (VIII) and 71.4% of 2- 
propyltetrahydro-p-carboline (IX) (Scheme IV). 
%Ethyl-9-methyltetrahydro-p-carboline (X ) was 


obtained in a 60% yield by the methylation of VIII 
with methyl iodide and sodium amide in liquid 
ammonia. Hydroxymethylation of VIII was 
performed in aqueous solution with formaldehyde 
at pH 5.5-6.0. Four days at room temperature 
gave 9-hydroxymethyl-2-ethyltetrahydro-p-carboline 
(XI) in 36% yield (Scheme V). 


H 


k 
X. R =  CH, 


H, R=CHLOH 
Scheme V 


An incomplete methylation of l-oxotetrahydro-p- 
carboline (XXIV) resulted when the reaction was 
carried out in liquid ammonia in the presence of 
sodium amide. Treatment of XXIV in boiling 
tetrahydrofuran with methyl iodide and sodium 
hydride, however, gave the desired product (XXV) 
in 72% yield. XXV was reduced by lithium alum- 
inum hydride to  2,9-dimethyltetrahydro-~-carboline 
(XII)  in 54% yield (Scheme VI). 


sodium with 60-70 ml. of liquid ammonia in the 
presence of a catalytic amount of ferric nitrate. 
After all the amine had dissolved, 6.8 g. (0.04 mole) 
of 1-iodopropane was added slowly over a period of 
30 min. Stirring was continued for an additional 
20 min. The mixture was evaporated to dryness 
by a stream of helium while the flask was immersed 
in hot water. Water (15 ml.) was added to  the 
residue and the product was extracted with toluene 
(2 X 200 ml.). After filtration of the combined 
toluene extracts with anhydrous sodium sulfate, 
the solvent was evaporated in vucuo leaving 6.3 g. 
of orange oil. The product was dissolved in 30 ml. 
of benzene, and after removal of suspended solid b y  
filtration, the solvent was again evaporated in vucuo 
giving 6.0 g. (93.7y0) of orange oil. The extraction 
process was repeated with 70 ml. of boiling heptane 
to yield a colorless oil, which was converted to  3.8 g. 
(50%) of yellow hydrochloride by the addition of 
ether-HC1 to an ethereal solution of the oil. One 
recrystallization from ethanol gave 1.5 g. (20%), 
m.p. 231-232"; Aux. (KBr) 3.30, 3.88, 3.43, 3.50, 


6.20, 6.35 (C=C); 13.45 p (indole CH); Amax. 
(EtOH) 204, 224, 277, 282, 292 (s) mp. 


And-Calcd. for C14H19C1N2: C, 67.0; H ,  
7.63; N, 11.2. Found: C, 67.2; H,  7.64; N, 11.3. 
9-Isoamyl- Iy2,3,4-tetrahydro-j3-carboline (V)-1,- 


2,3,4-Tetr ahydro-&carboline (6.88 g., 0.04 mole) 
was treated with a mixture of 1.04g. (0.045 g. atom) 
of sodium in liquid ammonia and 8.91 g. (0.045 
mole) of 1-iodo-3-methylbutane as in the preparation 
of 9-n-propyltetrahydro-@-carboline, except after 
the addition of the alkyl halide the reaction was 
allowed to  proceed for 1 hr. After the evaporation 
of liquid ammonia, about 50 ml. of water was added 
to the residue, and the product was extracted with 
ether (2 X 150 ml.). The ethereal solution was 
shaken with 150 ml. of 15% hydrochloric acid and 
the aqueous layer was separated. During an extrac- 
tion of the aqueous solution with about 100 ml. of 
ether, the hydrochloride salt precipitated. When the 
hydrochloride salt was neutralized by sodium hy- 
droxide, the solid free amine was liberated, which 
became an oil upon drying in DUCUO. Conversion 
of the free amine again into the hydrochloride gave 
3.5 g. (31.2y0) of yellow solid. The hydrochloride 


3.60, 3.70, 3.80, 3.85, 3.94, 4.104.15 (CH, NHz+); 


mp xxp 
Scheme VI 


XIt 


EXPERIMENTAL 


Melting points are corrected and were taken on a 
Fisher-Johns apparatus. Infrared spectra were 
obtained with a Perkin-Elmer spectrophotometer 
model 237 B. For qualitative ultraviolet spectra 
a Beckman spectrophotometer model DB-G was 
used. 


9-n-Ropyl-1,2,3,4-tetrahydro-p-carboiine (1V)- 
1,2,3,4-Tetrahydro-fl-carboline (5.16 g., 0.03 mole) 
was added slowly with stirring to a sodamide solu- 
tion, prepared by reacting 0.92 g. (0.04 g. atom) of 


salt was recrystallized from ethanol-ether to give 
2.5 g. (22.30/0) of white solid. A second recrystalliza- 
tion from the same solvent mixture yielded 1.5 g., 
m.p. 229-230'; Amax. (KBr) 3.28, 3.38, 3.43, 3.49, 
3.60, 3.65, 3.70, 3.77, 3.83, 3.91, 4.08 (CH, NH2'); 
6.20, 6.35, 6.80, 6.85 (C=C, CH); 7.20, 7.22 [C- 
(CH&] ; 13.60 p (indole CH). 


And-Calcd. for Cla&lNz: C, 68.9; H, 8.31; 
N, 10.0. Found: C, 68.9; H,8.56; N, 10.1. 


%Ethyl- 1,2,3,4-tetrahydro-p-carboline (III)-in a 
similar manner as in the preparation of 9-n-propyl- 
tetrahydro-j3-carboline, 9 - e t h y l t e t & y d r s - ~ a r b  
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line was obtained as a yellow oil. It was converted 
into the hydrochloride salt, m.p. 233.5235' 
(ethanol). On the silica gel chromatogram in n- 
propanol-ammonium hydroxide (95: 5) this hydro- 
chloride traveled as a single spot which was different 
from the starting material. A portion of the yellow 
oil was converted into its picrate salt. The melting 
point (225-226' dec.) of the picrate agreed with 
that reported (224-225') by Leonard and Elderfield 
prepared from 1-ethyltryptamine and formalde- 
hyde (5). 


9-Benzyl- 1,2,3,4-tetrahydro-p-carboline (VI)-To 
a stirred suspension of 0.576 g. (24 mmoles) of 
sodium hydride (50% suspension in mineral oil) in 
30 ml. of dimethylformamide (DMF) was added 
over a period of 20 min. a solution of 3.78 g. (22 
mmoles) of tetrahydro-8-carboline in 60 ml. of 
DMF. After stirring for 1 hr., the resulting solution 
was cooled in ice while a solution of 2.9 g. (23 
mmoles) of benzyl chloride was added dropwise over 
10 min. At the end of the addition the mixture 
was stirred for 1 hr. a t  ice temperature. Water 
(150 ml.) was added and the mixture was extracted 
with chloroform (4  X 75 ml.). The combined 
chloroform extracts were washed with water (4 X 
150 ml.), dried with anhydrous sodium sulfate, and 
evaporated under reduced pressure. The residue 
was extracted with 50 ml. of heptane. After the 
removal of insoluble solid by filtration, the heptane 
extract was evaporated in wcuo leaving an oil that 
was converted into 3.5 g. (53%) of hydrochloride 
salt, m.p. 252-258'. The hydrochloride was dis- 
solved in 100 ml. of hot water, and after cooling 
the gummy insoluble substance extracted with 
ether (3 X 100 ml.). During the last extraction 
the hydrochloride precipitated from the aqueous 
solution and was collected on a filter; yield, 0.462 
g. (7%), m.p. 277-279'; Amax. (KBr) 3.28, 3.31, 
3.40, 3.45. 3.60, 3.67, 3.70, 3.77, 3.83, 3.90, 3.92, 


6.69, 6.72, 6.88 (C=C, CH); 13.45. 14.25 p (indole 
and phenyl CH). Am=. (EtOH) 207,223,275, 282, 
295 my. No attempt has been made to recover 
more product from the aqueous solution. 


The m.p. of this hydrochloride agreed with that 
reported (276") in a patent (3) prepared from the 
condensation of 1-benzyltryptamine with formalde- 
hyde. 
9-Phenyl-l,2,3,4-tetrahydro-p-carboline (M)- 


To a refluxed solution of 1.2 g. (4.4 mmoles) of 1- 
phenyltryptamine hydrochloride (3) in 30 ml. of 
water was added dropwise a solution of 0.524 g. 
(6 mmoles) of glyoxylic acid monohydrate in 10 ml. 
of water. After being refluxed for an additional 1 
hr., the mixture was cooled in ice and the solid (XIX) 
was removed by filtration. The filtrate was first 
made basic with 3Oy0 aqueous potassium hydroxide 
and the gummy precipitate was extracted with ether 
(2  X 30 ml,). The combined ether extracts were 
dried over anhydrous sodium sulfate, filtered, and 
mixed with ethereal HCI. The hydrochloride was 
collected on a filter; yield, 0.41 g. (32.5%), m.p. 
23c240'. One recrystallization from ethanol gave 
0.175 g. (13.8y0). The melting point (260-261") of 
the pure product agreed with that reported (260- 
262") in the literature (3) prepared from the reaction 
of 1-phenyltryptamine with formaldehyde. 
9-PhenyI-l,2,3,4-tetrahydro-p-carboline- l-carbox- 


ylic Acid (XIX)-To a solution of 0.898 g. (3.3 


4.09, 4.15 (CH, NH.zc); 6.20, 6.25, 6.30, 6.35, 
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mmoles) of XVIII.HC1 in 80 ml. of water was 
added 0.304 g. (3.3 mmoles) of glyoxylic acid mono- 
hydrate. After being adjusted to pH 4 with 5% 
aqueous potassium hydroxide, the mixture was stirred 
a t  room temperature for 17 hr. Concentrated hydro- 
chloric acid (5  ml.) was added and the stirring was 
continued for an additional 1 hour. The resulting 
"jell-like" mixture was centrifuged. The precipitate 
washed with ethanol (2  X 40 ml.), and again 
centrifuged. The precipitate was finally suspended 
in 80 ml. of ether and collected on a filter; yield, 
0.30 g. (27.7%), m.p. 225-226' (with evolution of 
C02). Amax. (KBr) 3.29, 3.38, 3.42, 3.50, 3.65, 


13.50 p (indole CH). 
And-Calcd. for ClsHleNzOz: C, 74.0; H, 


5.51; N, 9.6. Found: C, 73.7; H, 5.64; N, 9.6. 
2-Propionyl- 1,2,3,4-tetrahydro-p-carboline (XXIII) 


-Tetrahydro-p-rarboline (5.16 g., 0.03 mole) and 
15 ml. of propionyl anhydride was thoroughly mixed, 
then allowed to stand a t  room temperature for 10 
min. After cooling briefly in ice, the mixture was 
poured with stirring into 100 ml. of water, and the 
solid was collected after 30 min. ;yield, 6.0 g. (88.2'70), 
m.p. 204-206"; Amax. (KBr) 3.08 (NH); 6.13, 
6.18, 6.30 ( G O ,  C-C); and 13.40 p (indole CH). 


And-Calcd. for C14HleN20: C, 73.6; H, 
7.06; N, 12.3. Found: C, 73.4; H, 7.09; N, 12.3. 


2-Acetyl-1,2,3,4-tetrahydro-fl-carboline (=I)- 
In a similar manner as in the preparation of 2- 
propionyltetrahydro-fl-carboline, acetylation of 
tetrahydro-p-carboline gave 2-acetyl product in a 
87.6% yield, m.p. 238-239' [lit. m.p. 237-238' (S)]. 
2-n-Propyl-1,2,3,4-tetrahydro-p-carboline (IX)- 


A suspension of 1.52 g. (0.04 mole) of lithium alu- 
minum hydride in 100 ml. of tetrahydrofuran was 
refluxed with stirring while 4.56 g. (0.02 mole) of 
2-propionyltetrahydro-fl-carboline was extracted 
from a Soxhlet thimble. After 14 hr. of heating the 
cooled mixture was decomposed with water and 
filtered. The filtered cake was washed with tetra- 
hydrofuran (3 X 50 ml.), and the combined tetra- 
hydrofuran solution was concentrated under reduced 
pressure almost to  dryness. Addition of about 
100 ml. of water caused the precipitation of product; 
yield, 4.1 g. (97.6%), m.p. 132-136'. This crude 
product was dissolved in 100 ml. of 10% hydro- 
chloric acid. After clarification by filtration 
through diatomaceous earth,' the free base was 
liberated by the addition of excess 10% potassium 
hydroxide. The free amine was recrystallized from 
aqueous ethanol to  give 3.0 g. (71.4%) of needles, 
m.p. 136.5137.5'. For analysis a hydrochloride 
salt was prepared; m.p. 242-243' dec. AmX. (KBr) 
3.10 (NH), 3.70, 3.76, 3.80, 3.82, 3.88, 4.00, 4.10 
(NH+); 6.15, 6.25 (C=C); 13.35 p (indole CH). 


And-Calcd. for ClrHleCIN2: C, 67.0; H, 7.64; 
N, 11.2. Found: C, 67.2; H,7.70; N, 11.1. 
2-Ethyl- 1,2,3,4-tetrahydro-&carboline (vIII)-In 


a similar manner as described above, a mixture of 
10.6 g. (0.049 mole) of 2-acetyltetrahydro-fl-carboline 
and 4.0 g. (0.1 mole) of lithium aluminum hydride 
in 550 ml. of tetrahydrofuran was refluxed for 3.5 
hr. to  yield 8.0 g. (81.6%) of 2-ethyltetrahydro-p- 
carboline. One recrystallization from aqueous 
ethanol gave 6.5 g. (66.3%), m.p. 153-154" [lit. 
m.p. 137-138' (6)J. The hydrochloride salt of the 


3.85 (CH, NHt+), 6.16 (COO-), 6.26, 6.66 (C=C), 


1 Celite, Johns-Manville Corp., New York. N. Y.  
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8-carboline melted at 229-230' [lit. 1n.p. 227-229' 
(Wl. 


2 - Ethyl - 9 - methyl - 1,2,3,4 - tetrahydro - p- 
carboline (X)-In a similar manner as in the prep- 
aration of IV, 2 g. (0.01 mole) of S-ethyltetrahydro- 
j3-carboline was treated with a mixture of 0.345 g. 
(0.015 g. atom) of sodium in liquid ammonia and 
2.13 g. (0.015 mole) of methyl iodide. After 
evaporation, the residue was dissolved in 50 ml. of 
water, and extracted first with 100 ml. then 50 ml. 
of ether. The combined ethereal extracts were dried 
with anhydrous sodium sulfate, decolorized with 
charcoal, filtered, then evaporated in vacuo. The 
oily residue was dissolved in 25 ml. of heptane, 
filtered, and mixed with ethereal HCI to  precipitate 
the hydrochloride salt. Recrystallization of this 
crude hydrochloride with ethanol-ether gave 1.5 g. 
(60%) of white solid, m.p. 234235'; Xmx. (KBr) 
3.28, 3.32, 3.40, 3.44, 3.47, 3.51 (CH); 3.65, 4.01, 
4.12,4.31 (NH+); 6.20 (C=C); 13.35~ (indole CH). 
Aux, (EtOH) 225, 275, 282, 293 mp. 


And-Calcd. for CMHI~CIN~:  C, 67.0; H, 
7.63; N, 11.2. Found: C, 67.2; H, 7.82; N, 11.2. 
2 - Ethyl - 9 - hydroxymethyl- 1,2,3,4 - tetrahydro- 


6-carboline (XI)-To a suspension of 1.0 g. (5 
mmoles) of 2-ethyltetrahydro-8-carboline in 10 ml. 
of water was added dropwise concentrated hydro- 
chloric acid until a solution was obtained (about 0.1 
ml.). The pH of the solution was adjusted to 5.5-6.0 
with aqueous sodium acetate and 5 ml. of 38% 
(60 mmoles) of formaldehyde was added. The 
mixture was allowed to  stand at room temperature 
for 4 days. When the solution was made basic with 
10% potassium hydroxide, an oil separated. The 
oil was extracted into 50 ml. of ether, and evapora- 
tion of ether gave a gummy product which was then 
dissolved in ether and converted into 0.5 g. (36%) 
of hydrochloride salt by mixing with ethereal HCI. 
The hydrochloride was hygroscopic; it  decomposed 
when heated to 180". Am.,. (KBr) 3.10 (OH); 3.20, 
3.25, 3.35, 3.45 (NH+);  6.18 ( k c ) ;  9.60-9.70 
(C-0); 13.40 p (indole CH); A,nsx. (EtOH) 204, 
224,272, 279, 289 mp. 


Anal.-Calcd. for CMHISCIN~O: C, 63.0; H, 
7.17; N, 10.5. Found: C, 62.8; H, 7.20; N, 10.5. 
2,9 - Dimethyl - 1 - 0x0 - 1,2,3,4 - tetrahydo - 8- 


carboliie (XXV)-To a suspension of 1.44 g. 
(0.06 mole) of sodium hydride (50% suspension in 
mineral oil) in 25 nil. of tetrahydrofuran was added 
dropwise a solution of 3.72 g. (0.02 mole) of 1- 
oxotetrahydro-j3-carboline in 50 ml. of tetrahydro- 
furan over a period of 1 hr. After being refluxed 
for 45 min., the mixture was cooled in an ice bath 
while 14.2 g. (0.1 mole) of methyl iodide was added 
dropwise over a period of 15 min. The resulting 
mixture was allowed to stand overnight at room 
temperature, then refluxed for 30 min. After the 
addition of 3 ml. of water, the mixture was heated 
under a stream of helium until the volume reduced 
to about 25 ml. A large amount of water was 
added and an oil separated. The oil was extracted 
into 150 ml. of ether and the aqueous layer was again 
extracted with 100 ml. of ether. The combined 
ethereal extracts were dried with anhydrous sodium 
sultate and evaporated in vacuo leaving an oily 
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residue. When the oil was boiled with 15 ml. of 
heptane for 10 min. then allowed to  cool, i t  solidified 
to give 3.1 g. (72%), m.p. 77.5-79'; Aux. (KBr) 
6.10 (C=O); 6.20, 6.47, 6.70 (C-C); 13.55 
(indole CH), Am=. (EtOH) 207, 230, 242 (s), 303. 
330 (s) ma. 


And-Calcd. for CI~HUN~O:  C, 72.9; H, 6.58; 
N, 13.1. Found: C,73.1; H,6.63; N, 13.0. 
2,9-Dimethy1-1,2,3,4-tetrahydro-j3-~arboline (xn) 


-To a stirred suspension of 0.76 g. (0.02 mole) of 
lithium aluminum hydride in 30 ml. of ether was 
added dropwise a solution of 2.14 g. (0.01 mole) of 
2,9-dimethyl-l-oxo-tetrahydro-j3-~arboline in 30 ml. 
of ether. After being stirred at  room temperature 
for 2 hr., the mixture was decomposed with water, 
filtered, and the filtered cake was washed with ether 
(3 X 20 ml.). The combined ether solution was 
dried with anhydrous sodium sulfate and evaporated 
in vacuo leaving a white solid. The solid product 
was dissolved in ether, filtered to  remove small 
amounts of undissolved product, then mixed with 
ethereal HC1. The hydrochloride salt, m.p. 242- 
244', weighed 2 g. (83.3'%). One recrystallization 
from ethanol gave 1.3 g. (54.101,), m.p. 246-247'; 
AmX. (KBr) 3.74, 3.83, 3.89, 3.98, 4.03, 4.12, 4.20 
(NH+); 6.20 (C=C); 13.18, 13.30 I* (indole CH), 
Am,,. (EtOH) 204,237,276,282,292 ma. 


And-Calcd. for ClaHd!lNg: C, 65.9; H, 7.23; 
N, 11.8. Found: C,66.1; H,7.30; N, 12.0. 
Assay 


Mitochondria] inonoarnine oxidase from beef 
h e r  was isolated and purified as previously de- 
scribed (1). All the stock solutions of the hydro- 
chloride salts of inhibitors were prepared in water. 
Conipound VIII was dissolved in 0.01 N HCI and 
compound 1X in propylene glycol. Incubation was 
carried out with tryptamine-2-14C hydrochloride 
according to the previously described procedure (1 1. 
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Studies on Protein Binding I 


Interaction of para-Hydroxybenzoic Acid Esters with 
Bovine Serum Albumin 


By NAGIN K. PATEL, PAI-CHANG SHEEN, a n d  
KATHLEEN E. TAYLOR* 


The binding of methyl, ethyl, propyl, and butyl esters of p-hydroxybenzoic acid 
(parabens) by bovine serum albumin (BSA) was investigated by an equilibrium 
dialysis procedure. All the compounds were found to interact with BSA. The 
association constants were ascertained from the dialysis data, and free energy 
change, A P ,  enthalpy change, AHo, and entropy change, A P ,  of the interaction were 
computed from the data at two temperatures. The possible mechanism of the inter- 
action is discussed. The specttophotometric study of the interaction revealed hy- 
pochromic effects in the absorption spectra of all the parabens in the presence of 
BSA. The in uitro antifungal activity of methyl- and propylparaben was found to 


be related to the concentration of free or unbound drug. 


NTERACTION OF NUMEROUS small molecules I with serum proteins has been extensively re- 
viewed by Goldstein and most of the drugs stud- 
ied have been found to bind primarily to the al- 
bumin fraction of plasma proteins (1). Although 
a majority of the earlier reports were of a quali- 
tative nature, attempts have been made to 
quantify the data with an ultimate aim of 
elucidating the nature of equilibria and forces in- 
volved in the drug-macromolecular interaction 
(2, 3). With the advancement of the theoretical 
knowledge of these interactions, considerable re- 
search has been conducted on the binding of 
salicylates (4, 5), sulfonamides (6-8), penicillins 
(9), xanthines (lo), steroids (Il), and other 
therapeutic agents with serum albumins. 


In  their extensive reviews Goldstein (1) and 
Brodie and Hogben (12) have discussed the im- 
portance of drug-protein association in the 
transport, distribution, and elimination of me- 
dicinal agents. In  addition, it is generally recog- 
nized that the specificity of pharmacologic agents 
lies in the structure of complexes which they form 
with macromolecular systems. The investiga- 
tion of the factors involved in such interactions 
may shed some light on the understanding of 
drug action. 


Interactions of some benzoic acid derivatives 
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(5) with serum albumins have been investigated. 
The degree of ionization and the relative size of 
the anion of the interacting molecule influenced 
the protein binding, and Boyer et al. (13) con- 
cluded that an anion with a fairly large nonpolar 
group imparted an increase in its binding ca- 
pacity for BSA. Both textbook and reference 
works (14-16) indicate a significant loss of bi- 
ological activity of some antifungal agents in the 
presence of protein materials and Alto et al. ob- 
served that the antimicrobial activity of p-hy- 
droxybenzoates was diminished in the presence of 
protein (17). No reports could be found of ex- 
perimentation on the direct correlation of binding 
data with the in vitro antimicrobial activity of 
p-hydroxybenzoates. The purpose of this work 
was to evaluate quantitatively the binding of a 
series of p-hydroxybenzoic acid esters by bovine 
serum albumin (BSA) and to show that the in vitro 
antifungal activity of methyl- and propylparaben 
was primarily a function of free or unbound 
drug. 


EXPERIMENTAL 
Materials-Bovine serum albumin, fraction V 


(BSA) purchased from the Armour Pharmaceutical 
Company (lots B24011 and D25901), was used 
throughout this study. The albumin' content of 
lots B24011 and D25901 were 97 and 95%, re- 
spectively. Both lots of albumin exhibited similar 
binding tendencies for methyl p-hydroxybenzoate. 
The moisture content of protein was determined 
and appropriate corrections were made in weighing 
it; a molecular weight of 69,000 was assumed. 
Reagent grade monobasic potassium phosphate and 
dibasic potassium phosphate were employed to pre- 
pare the buffer solutions. Reagent grade potassium 
chloride was used to obtain an equilibrium ionic 
strength of 0.16 where necessary. The p-hydroxy- 


1The analytical results were kindly supplied by Dr. T. 
Douglas of the Armour Pharmaceutical Company, Kankakee, 
Ill. 
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benzoic acid esters (parabens) and the synthetic cul- 
ture medium were the same as described in a previous 
paper (18). All paraben and protein solutions were 
prepared immediately prior to use. 


Dialysis Studies-The general approach, tech- 
nique, and treatment of data of this study have been 
described previously (19, 20). Dialysis cells were 
the same as those employed by Pate! and Foss (20) 
with the exception that seamless cellulose mem- 
branes (Fisher Scientific Company) were employed 
in the present work. The membranes were placed 
in distilled water and heated to 90" for 1 hr., and 
they were washed with distilled water several times 
in order to remove any contaminating substances in 
the cellophane (7). The membranes were permeable 
to p-hydroxybenzoates and impermeable to BSA. 
Binding data of an extensively dialyzed sample of 
the BSA yielded results similar to those from a n  un- 
dialyzed commercial material. Thus undialyzed 
BSA was used in the entire investigation. Binding 
of parabens by the membranes and the dialysis cells 
was found to be insignificant. Equilibrium was es- 
tablished at the end of 16 hr. by agitation on a rota- 
tional shaker in an Aminco constant-temperature 
laboratory bath (American Instrument Co. Inc.). 


The dialysis studies were performed on 0.1 m M  
BSA, with the exception that in the case of propyl- 
paraben-BSA interaction, an additional 0.25 m M  
BSA was included. All parabens were studied at  
pH 7.4 and their initial concentrations ranged from 
5.15 X M to 1.32 X M. Binding data 
were also collected for the methyl- and propylpara- 
ben-BSA systems at pH 6.6 for the purpose of ap- 
proximating the pH of the synthetic culture medium 
(18). 


Spectrophotometric Studies-Spectrophotometric 
examination of paraben solutions in the absence and 
presence of BSA was made at room temperature on a 
Hilger Ultrascan recording spectrophotometer, 
model H999. The concentration of paraben used 
was 6.4 X M. Any interference due to thepro- 
tein was eliminated by using the appropriate concen- 
tration in the reference cell. 


Analysis After Equilibration-At the end of 
equilibrium time 1- or 2-ml. aliquots were removed 
from both sides of the membrane and were diluted 
with 0.1 N HCl to suppress the dissociation of para- 
bens. The concentrations of parabens were deter- 
mined using a Beckman DU spectrophotometer at a 
wavelength of their maximum absorbance, 256 
mp. Any interference due to the protein was elimi- 
nated by using the appropriate concentration in the 
reference cell and i t  was found that at very high 
dilutions employed for the analysis of parabens, there 
was no effect on the absorbance of parabens in the 
presence of BSA. Any absorption contribution 
by the dialyzable components in BSA was assumed 
to be negligible in lieu of the high dilutions employed 
in the analysis. The pH values of the solutions were 
recorded with a Beckman zeromatic pH meter, 
model 76, after each dialysis experiment, with no 
appreciable change noted. 


Microbiological Studies-Observations were made 
on the influence of BSA on the antifungal activity of 
methyl- and propylparaben for Aspergillus niger.g 
The culture medium and methods as described pre- 


1371 
viously (18,21) were employed with the following ex- 
ception in sterilization procedure. In order to avoid 
denaturation of protein a t  the high autoclave tem- 
perature, the solutions were sterilized by Millipore 
filtration using a hypodermic syringe, Swinney 
adapter, and Millipore filter.3 Inhibitoryconcentra- 
tions for methyl- and propylparaben, in the presence 
and absence of BSA, were obtained through visual 
observation of samples each day for a period of 2 
weeks. 


RESULTS 


Treatment of Data-The mathematical analysis of 
binding data from equilibrium dialysis studies has 
been described and discussed by Klotz (2, 22) and 
Scatchard (23). If the intrinsic association constants 
for all polymer sites are identical, the data can be 
plotted according to the equation of Scatchard (23), 


1 UAMH No. 1456, kindly supplied by Miss Marjorie Din- 
een. of the Provincial Laboratory of Public Health, Edmon- 
ton, Canada. 


r nk - rk (3 = 


where r = moles of bound drug/mole of protein, ( A )  
= free drug concentration, IZ = number of binding 
sites available on each protein molecule, and k = 
association constant. Plotting r / ( A  ) versus r will 
give a straight line with slope = -k, and ordinate 
and abscissa intercepts of nk and n, respectively. 
By the method of least squares the quantities nk 
and k were calculated using a n  IBM 360/67 com- 
puter. From the value of k, the thermodynamic 
functions were calculated according to  the following 
equations (2 ,  24): 


AFQ = -RT In k 


where AF'J = the free energy change, R = gas con- 
stant, and T = absolute temperature. 


where AH0 = the enthalpy change and kl and kl are 
binding constants a t  temperatures TI and Ti. 


A P  = AHo - TASO 


where A s 0  = the entropychange. 
Dialytic Data of the Paraben-Protein Interaction- 


The data for the interaction of methyl-, ethyl-, 
propyl-, and butylparaben at  p H  7.4 and a t  two tem- 
peratures are plotted in Figs. 1-4. Within the con- 
centration ranges of the drugs and the protein, a 
linear relationship of r/( A )  versus r, as described by 
Scatchard's equation, was noted. The k and n val- 
ues were obtained by linear extrapolation to  the or- 
dinate and abscissa axes. 
Absorption- Spectra in the Presence and Ab- 


sence of Protein-The absorption spectra of certain 
molecules are altered in the presence of proteins and 
this spectral change is indicative of an interaction 
between two compounds. This change usually con- 
sists of a decrease in the absorption coefficient. 
The pronounced hypochromic effects of methyl-, 
ethyl-, propyl-, and butylparaben in the presence of 
increasing concentrations of BSA are depicted in 
Figs. 5-8. The method has been employed by var- 


a Mixed esters of cellulose, marketed as MF-Millipore, Type 
HA, Millipore Ltd., Montreal. Canada. 
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Fig. 1-Binding of methylparaben by BSA, pH 7.4.  
Key: 0, 30'; 0, 10'. 


4 8 12 
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Fig. 2-Binding of ethylparaben by BSA, PH 7.4.  
Key: 0, 30'; 0, 20'. 


ious investigators (25-27) to study the binding of 
some drugs by proteins. 


Inactivation by BSA Related to Binding-It was 
shown in earlier studies that the ratio, R, of total to 
free preservative for a given concentration of poly- 
sorbate 80 and cetomacrogol1,OOO was fairly constant 
(18-21). If the antifungal activity of parabens can 
be assumed to be due to the free or unbound form, 
the R value may be used to predict the minimum 
inhibitory concentration of antifungal agent in the 
presence of a definite quantity of BSA by a proce- 
dure described previously (18, 21). It is recognized 
that in the case of BSA the R value would not be 
constant over a wide range of concentrations of the 
parabens. However, within a narrow range of con- 
centrations, especially around the minimum inhibi- 
tory concentration of the drug, it can be assumed to 


? -  
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Fig. 3-Binding of propylparaben by BSA, pH 7.4. 
Key: 0, 30'; 0, 20'; A, data collected employing 
0.25 mmole BSA, pH 7.4,  at 30'; all other data of 


Figs. 1-4 were obtained using 0.1 m M  BSA. 


4 12 8 


Fig. 4-Binding of butylparaben by BSA, pH 7.4.  
Key: 0, 30'; 0 ,  20". 


be reasonably constant, as outlined below. The R 
values, as obtained employing 0.1 mM BSA solu- 
tion, at  pH 6.6 and 30°, were 1.19 (range 1.16-1.23 
with standard deviation of 0.026) and 1.75 (range 
1.60-1.95 with standard deviation of 0.12) for 
methyl- and propylparaben, respectively. The total 
paraben concentrations on the protein side a t  the 
end of the dialysis experiment were 0.062-0.110~0 
and 0.030-0.050/, in the cases of methyl- and propyl- 
paraben, respectively. The results of the i n  vitro cor- 
relation of binding data with the antifungal activity 
of methyl- and propylparaben for Aspergillus niger 
in the presence of 0.1 mM BSA are sumqarized in 
Table I. It is evident from these data that there is a 
good correlation between the predicted minimum 
inhibitory concentration and the experimental anti- 
fungal concentration for both the parabens. 







Vol. 57, No. 8, August 1968 1373 


0.800 


0.600 
0 
Z 


K g 0.400 


U 


d 
m 


0.200 


250 
WAVELENGTH, rnp 


0.600 
0 
Z 


5 0.400 
v) 


c 


d 
m 


0.200 


250 
WAVELENGTH, rnp 


Fig. 5-Absorption 
spectra of methyl- 
hraben at bH 7.4. 
Key: A, biffer; B, 
0.025 mM BSA; 
C, 0.050 mM 
BSA; D, 0.10 


m M  BSA. 


Fig. 6-Absorption 
sfictra of ethylpar- 
aben at p H  7.4. 
Key: A, buffer; B, 
0.025 mM BSA; 
C ,  0.050 mM 
BSA; D, 0.10 


mM BSA. 


DISCUSSION 
The ability of p-hydroxybenzoic acid esters to 


interact with several macromolecules has been well 
documented (18, 19, 28, 29). Based upon this ob- 
servation, it was expected that BSA might provide 
binding sites for the parabens. From Figs. 14, it is 
evident that all the parabens interacted with BSA. 
The values for the association constants, k, and num- 
ber of binding sites, n, together with the thermody- 
namic parameters of the interaction, are summarized 
in Table 11. From this table it is noted that the 
values of n are not integers. This might be either 
due to the experimental error in dialytic studies as 
explained by Klotz (30) or due to the view that pro- 
tein might not be molecularly homogeneous with re- 
spect to binding properties as theorized by Karush 


The exact mechanism of binding of p-hydroxy- 
(31). 


TABLE I-CORRELATION OF PROTEIN BINDING DATA 
WITH In Vitro ANTIFUNGAL ACTIVITY OF PARABENS, 


OBSERVEDFORTWOWEEKS 


Minimum Inhibitory Concn. Propylparaben, 
Concn., Methylparaben g . / l O O  ml. 


BSA Pred.o ExpLb Pred. EXDt. 
0 0.060 0.020 
0.1mM 0.071 0.074 0.035 0.035 


(I Predicted from the binding data. Experimental values. 
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Fig. 7-Absorption 
spectra of propyl- 
imraben at BH 7.4. 
Key: A, bdffer; B, 
0.025 mM BSA; 
C, 0.050 mM 
BSA; D, 0.10 


mM BSA. 


Fig. 8-Absorption 
spectra of butylpar- 
aben at pH 7.4. 
Key: A, buffer; B, 
0.025 mM BSA; 
C,  0.050 mM 
BSA; D, 0.10 


mM BSA. 


benzoates by BSA cannot be elucidated from this 
study, since the results were obtained primarily from 
the binding of methyl-, ethyl-, propyl-, and butyl- 
paraben. However, certain tentative conclusions 
may be drawn. A comparison of association con- 
stants for various parabens a t  a definite temperature 
(Table 11) reveals that the binding increases from 
methyl- to ethyl- to  propyl- to butylparaben. Due 
to the limited solubility of hexyl- and heptylparaben 
it was not possible to evaluate the association con- 
stants for these compounds by dialysis studies. An 
increase in the solubility of these compounds in 
aqueous BSA solution at pH 7.4 over their water 
solubility at the same pH indicated that hexyl- and 
heptylparaben would be bound to a greater extent 
than butylparaben (32). About 40% of the total 
amino acids in the protein are nonpolar residues (33) 
and it is quite possible that the association between 
these residues and the nonpolar moieties of the para- 
ben molecule (aromatic ring and hydrophobic chain 
of ester) may contribute to the overall interaction. 
An examination of the data of Table I1 shows that 
the magnitude of binding increased with an increase 
in temperature, demonstrating that the binding 
process was endothermic (unfavorable positive 
enthalpy). More significantly, the binding was 
accompanied by an increase in entropy term which 
is typically a thermodynamic behavior in common 
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TABLE 11-ASSOCIATION CONSTANTS AND THERMODYNAMIC PARAMETERS OF PARABEN- 
PROTEIN INTERACTION IN AQUEOUS SOLUTION AT pH 7.4 


Free 
Energy Enthalpy 


Binding Change Change Entropy 
Constant (k), nk No. of (AP) (AHo)  Change, 


Paraben Temp. l./mole X lo-’ X 10-8 Sites, n kcal./mble kcal./mble (ASO) e.u. 
Methyl- 30” 0.987 10.9 11.2 -4.15 0.0845 14.0 


10” 0.968 12.1 12.5 -3.87 14.0 
Ethyl- 30O 1.05 12.8 12.2 -4.19 0.529 15.6 


20O 1.02 14.4 14.1 -4.04 15.6 
Propyl- 30 O 2.33 31.3 13.4 -4.67 0.876 18.3 


20 O 2.22 34.9 15.7 -4.49 18.3 
Butyl- 30’ 10.1 99.4 9.9 -5.56 4.00 31.5 


20 O 8.11 105 12.9 -5.24 31.5 


with that described by Schachman (34) for hydro- 
phobic bonding. The positive entropy change for 
this type of interaction has been ascribed by Kauz- 
man (35) and others (36, 37) as resulting from the 
energy change accompanying the disruption of the 
“iceberg” structure of water molecules around hydro- 
carbon groups in aqueous solution (hydrophobic 
bonding). The large difference in the values of AH0 
and A& of propyl- and butylparaben was probably 
due in part to the experimental error which resulted 
from a significant scatter in the experimental points 
in the case of butylparaben (Fig. 4), especially at 30”. 


In Figs. 5-8, the degree of hypochromism increases 
with an increase in concentration of protein. The 
decrease in the absorption has been interpreted by 
Klotz (25) as an effect due to the formation of drug- 
protein complex, if the complexation involves a chro- 
mophor system of drug. Although spectrophoto- 
metric study can often yield information as to the 
magnitude of the interaction as well as to  the nature 
of forces responsible for the interaction, and such 
study is in progress, this part of the work was lim- 
ited to the qualitative nature of the interaction. 


The results of correlation of binding data with the 
inhibitory concentration of methyl- and propylpara- 
ben for Aspergillus niger in the presence of 0.69y0 
BSA are in good agreement. This part of the study 
shows that the protein-bound paraben is devoid of 
in oitro antifungal activity. 
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Structure and Activity in Molluscicides 11. 
Activity Assay of Catalase and Peroxidase in Snails 


By I. NABIH, M. T. EL-WASSIMY, and J. METRI 


Catalase and peroxidase, ptotoporphyrin enzymes present i n  snails and affected by 
molluscicidd agents, were studied i n  some species of snails of biological importance 
(Biompbalaria and Bnlinns types, intermediate hosts for schistosomiasis, intestinal 
and renal, respectively). The activity values of these enzymes in  snails infected with 
miracidia of Scbistosomes were less than those for the noninfected ones. Also, deter- 
minations were run for  snails of Lymnaea (intermediate host for cattle liver fluke, 


Fasciola hepatica) and Pbysa types. 


CHISTOSOMIASIS is a world health problem, and S after malaria, it  is the most widespread disease 
in tropical and subtropical regions. It infects about 
200,000,000 (1) of the world inhabitants causing 
tremendous losses in the areas it prevails. Un- 
fortunately, the disease is still out of control. 


One of the major approaches in the combat of the 
disease is eradication by molluscicides of snails, the 
intermediate vector of the parasite. 


In spite of the extensive work with molluscicides, 
no approach has yet been made in the establishment 
of a structure-activity relationship. 


In a previous communication (2) the authors 
reported the relation between the speczcity in 
structure of molluscicides of phenolic type and the 
activity of both protoporphyrin enzymes, peroxidase 
and catalase, within the snail's body. The former 
enzyme is involved in the biological formation of 
free radicals from substrates of aromatic amines 
and phenols. 


The color developed, due to the formation of 
trivalent nitrogen-free radicals by the uninfected 
snails, from p-phenylenediamine dehydrochloride 
and its derivatives led to a new quick method for 
identification of infected and noninfected snails 
(the infected snail does not develop the color or 
only faintly, depending on the intensity and age of 
infection). 


The activity in phenolic molluscicides depends 
mainly on the nature of substituents on the ring. 
This may be explained due to the initial formation of 
a phenoxy radical through the snails' body enzymes. 
The subs.equent transformation of the radical t o  the 
snail toxic quinoid structure is similarly dependent 
on that nature of substituents on the ring. 


In the present work, quantitative microassays for 
the activity of both enzymes, peroxidase and 
catalase, were run in different species of snails of 
biological importance. 


For these studies, fresh water snails of Bwmphula- 
ria alexandrina and Bulinus truncatus types were 
selected. Both types are prevalent in this country 
and act as intermediate hosts for Schistosomu 
mansoni and Schistosoma hemutobium, respectively. 


Also, the studies were run on snails of Lymnueu 
caillaudi (intermediate host for the cattle liver 
fluke, Fascwla hepatica) and the Physa acuta 
types. 


The method used for activity assay of peroxidase, 
present in snails' whole extract, depended on spectro- 
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photometric measurement for the rate of oxidation 
of p-phenylenediamine as a substrate at the wave- 
length 485 mp in a buffered solution at pH 7 (3, 4). 


For catalase, the activity assay depended on the 
spectrophotometric measurements for the rate of 
decomposition of hydrogen peroxide through the 
enzyme present in the snails' extract at wavelength 
240 mp in a buffered mixture at pH 7 (5-7). 


Determinations were run on snails at two dif- 
ferent seasons (summer and winter). Under both 
conditions the snails, after collection from the field, 
were directly submitted to assay determinations. 
The temperature ranged between 33' in summer 
and 15' in winter. 


The results reveal that the activity diffeers from 
season to season. In  summer the activity is higher 
than in winter. Also, it differs according to the 
species in the same season. 


These findings agree with the observed changes 
in the rate of the oxygen consumption by  fresh 
water molluscs which depends largely on the 
temperature, season, and species. Species studied 
showed increase in the oxygen consumption with 
increasing temperature, but the precise relationship 
varies from species to species and a t  different seasons 
within a species (8-10). 


Also, activity determinations were run on snails 
of the Biomphalaria type infected with the miracidia 
of Schis tosm mansoni. It had been observed that 
the activity for both enzymes is less in the infected 
snails than the noninfected ones. These findings 
may be rationalized since the Schistosomes live 
anaerobically (11). They habitate the liver in the 
snail's body, and may tend to  destroy, as a defense 
mechanism, any enzyme or biological factor that 
would furnish free oxygen in their surroundings as 
this would interfere with their anaerobic metabo- 
lism. 


Also, it can be due to damage in function of organs 
in the snail's body, due to infection, involved in the 
biogenesis of both enzymes. 


The studies for the end transformation products 
with their intermediate for each of the important 
molluscicides in vivo and in vitro by both enzymes 
are now under investigation and will be reported 
later. 


EXPERIMENTAL 


All spectrophotometric measurements were run 
on a Unicam SP 500 spectrophotometer using cells 
with a 1-cm. light path. Snails were freshly collected 
from the field. 
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Extract Preparation TABLE I-CATALASE ACTIVITY IN DIFFERENT 
A known weight of snails of the same type was 


homogenized in a blender with 0.006 M phosphate 
buffer, pH 7 (Solution I diluted 1: 10) at 1-4', then 
centrifuged (3,500 T/min., for 10 min.). The ~ i ~ ~ ~ b l a ~ h  alexandrim 25.87 
sediment was stirred with cold phosphate buffer 
0.006 M and allowed to stand in the cold with oc- (Infected) 13.26 21.5 


SPECIES OF SNAILS" 


Tempera- 
Type Activity* ture, OC. 


33 
24.207 20 


casional shaking. The extraction process was 11.53 20 
repeated three times. The whole extract was Bulinus truncatus 58.43 33 
cleaned through centrifugation several times. The 36.33 30 


27.67 15 
33 


final volume of the extract was recorded. The 


21.67 27 extraction did not take longer than 24 hr. 
Activity Measurements 19.174 20 


30.78 30 
phate, A.R., KHzPO~; disodium hydrogen phos- 28.019 20 
phate, A.R., NasHPOr.2H20; hydrogen peroxide, 27.58 18 
ca. 30% (w/v). 


Lymnaea caillaudi 29.27 


Physn ncuta 44.35 33 Catalase-Reagents-potassium dihydrogen phos- 


Preparation O f  Solutions-Solution I: phosphate 
3.522 g. KH~POI and 7.268 


g. NazHPOd. 2H20, were dissolved in doubly distilled 
water and made up to 1,000 ml. Solution 11: TABLE 11-PEROXIDASE ACTIVITY IN DIFFERENT 
hydrogen peroxide-phosphate buffer (0.06 M phos- 
phate, ca. 1.25 X M H202 pH 7). 0.16 ml. 
HZOZ 30% (w/v) was diluted to 100 ml. with buffer 


28 (Solution I). The absorbance of this solution ~i~~~~~~~ alexandrim 751 
should be about 0.500 at 240 mp with a 1-cm. 682 X lov6 18 
light-path cell. This solution should be freshly (Infected) 546 X 10' 21.5 
prepared. 462 X 10" 18 


ProcedureMeasurements were carried a t  wave- Bulinus truncatus 513 X 10" 20 
length 240 mp in silica cells of 1-cm. light path, 452 X 15 
the final volume was about 3 ml. against a control 451 X lod6 27 


422 x 10-6 20 
264 X 10" 20 (cell containing HzOz-free phosphate buffer, Solu- 
245 X 10-6 18 tion I). 


In the experimental cell, 3 ml. hydrogen peroxide- 
phosphate buffer (Solution 11) was placed with " Results are mean values for duplicate determinations of 
about 0.05 ml. extract. The time at (A) required for duplicate samples. * The peroxidase activity unit is defined 


a in the absorbance from o.450 to o.400 as. the amount of purpurogallin (mg.) which is formed in 5 
mn.  at 25' from 1.25 pyrogallol in 500 ml. solution con- 


was recorded; if it was longer than 60 sec. the taining 12.5 mg. Hdh 83) .  
measurement was repeated with a more concen- 485 mp, 1-cm. light path, final volume in the cell trated solution of the sample. 


calculations (cj. Reference 12FThe activity = ca. 3.5 ml. Control cell as for experimental cell 
17/At units per assay mixture in the cell, where one but containing bidistilled water instead of hydrogen 
unit is defined as ,,the amount of enzyme which peroxide. One-milliliter sample, 2 ml. phosphate 


proxide solution of any in seconds enediamine (11) were pipeted successively into the 
cell and thoroughly mixed. Using a stopwatch, 
the absorbance after 30 set., 15 sec., and 3 min. was 
recorded. 


" Results are mean values for duplicate determinations of 
*These units can be converted to Rat. f. duplicate samples. 


if multiplied by 10.8 (12). buffer (0.06 M ,  pH 7): 


TYPES OF SNAILS' 


Activity) Tempers- 
Type per g. Snails ture. OC. 


Lymmea caillaudi 


Physa acuta 


liberates half the peroxide oxygen from a hydrogen buffer ('IL), O.' HZ02 ('1, and o.l #-phenyl- 


at 25'C. (7)." 


activity' in different species of snails. 


30% (w/v) ; p-phenylenediamine; potassium di- 
hydrogen phosphate, A.R., KH2PO4; disodium AE X volume of enzyme extract 
hydrogen phosphate, A.R., Na2HP04.2HzO. At weight of snails 


Preparation of Solutions-All solutions were 
prepared in bidistilled water. (a) Hydrogen peroxide 
(3 X M ) .  Stock solution: 0.66 ml. of hydrogen 
peroxide (30% w/v) was diluted to 200 ml. Before action. 
use this stock solution was diluted 1: 10. (b) p- 
Phenylenediamine (1% w/v), 1 g. of p-phenylene- 
diamine was dissolved in about 60 ml. hot bidistilled 
water, then filtered and the filter was washed with 
about 25 ml. The total filtrate was quickly cooled 
and diluted to 100 ml. (c) Phosphate buffer (0.067 
M pH 7), 3.522 g. KHzPO4 and 7.268 g. NazHP04. 
2H20 were dissolved in water and made up  to 100 ml. 


Table I1 illustrates results obtained for catalase 
activity in different species of snails. 


Spectrophotometric MeasurementkWavelength 


Table I illustrates results obtained for catalase 


Peroxidase-Reagents-Hydrogen about (d. Reference 13*K" activity per 


where AE = change in absorbance during limited 
period of time (AE) and At = measured time re- 
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Antiradiation Compounds X. Derivatives 
of 3,3-Dimercaptoacrylonitrile 


By WILLIAM 0. FOYE and JOEL M. KAUFFMAN 


The dipotassium salt of 2-cyano-3,3-dimercaptoacryloniuile was found to give fair 
protection to mice versns X-rays. Derivatives prepared for further radioprotective 
evaluation include dialkyl thioethers, metal complexes, and fused heterocyclic 
dithioles. A series of 3,3-dimerca toacrylonitriles bearing aromatic and hetero- 
cyclic rings was also obtained from t!e condensation of arylacetonitriles with carbon 
disulfide in the resence of dkoxide ion. Of these various derivatives, the zinc com- 


plex and g e  benzoyl derivative showed some radioprotective properties. 


ONDENSATIONS of carbon disulfide with certain C amines and mercaptans have given dithio- 
carbamates (1, 2) and trithiocarbonates (3) with 
radioprotective activity. In order to determine 
whether nonbasic compounds, unrelated to the 2- 
rnercaptoethylamine structure, having a dithio acid 
group may have radioprotective properties, conden- 
sations of a number of active methylene compounds 
with carbon disulfide have been carried out. Some 
of the products obtained have been examined for 
radiation protection in mice. Radiation protection 
of animals by dithio acids has not been previously 
reported. 


Reaction of malononitrile with carbon disulfide is 
known to give the dipotassium salt of 2-cyano-3,3- 
dirnercaptoacrylonitrile (4) (I). Brown's pro- 
cedure was repeated, utilizing potassium hydroxide 
in 95% ethanol, 


-S CN 
\ FN \ /  


Zn+f /c=c\ /-\ 


K+-S 


K+-S CN -S CN 
I I1 


to give a product melting at 313316" (dec) (m.p. 
previously listed as > 250") with loss of water below 
300". Analysis indicated a monohydrate, and the 
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infrared absorption spectrum showed the presence of 
water and C e N, C = C, and C - S bonds (960 and 
872 (5). A trihydrate of the sodium salt of 
this compound has been reported by Soderback (6). 
Antiradiation tests camed out at the Walter Reed 
Army Institute of Research' showed this compound 
to give fair protection to mice versus 825 r (X-rays) 
at  a dose level of 350-700 mg./kg. Accordingly, 
derivatives of this compound have been prepared as 
well as analogs in which one of the cyan0 groups was 
replaced, primarily by aromatic rings. 


A zinc complex (11) was obtained as the hemihy- 
drate which was much less water soluble than the 
potassium salt. The infrared spectrum was similar 
to that of the potassium salt, except that the absorp- 
tion due to C& appeared as a wide doublet centered 
at 880 cm.-'. A cupric complex was also obtained 
as the hemihydrate, extremely insoluble in water, 
but a ferrous complex was too rapidly oxidized to be 
characterized. 


The dimethylthioether and diethylthioether are 
known compounds (7) and were prepared for testing, 
but the monomethyl- or monoethyl-thioether could 
not be isolated. The dibutylthioether could not be 
crystallized or purified as well. Condensations of 
I with 2,3-dichloropyrazine and 2,3-dichloroquinoxa- 
line were successful, however, giving pyrazino- 
[2,3-d]-1,3-dithi0le-A~~~-malononitrile (111) and 
quinoxalino [2,3-d] -1,3-dithiole-Ag~'-malononitrile. 


Carbon disulfide condensation with cyanoaceta- 
mide to give IVu has been reported (4), using the 
hydroxide-ethanol method. An attempt to repeat 


1 The authors are indebted to, D. P. Jacobus and T. R. 
Sweeney for the results of the antiradiation tests. 
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Press Inc., 44-01 21st St., Long Island City, New 
York, NY 11101, 1968. 16 X 23.5 a. The 
proceedings are presented in 11 volumes with the 
individual pertinent data as follows. Vol. 1:  
Mode of Action of Anti-Parasitic Drugs. Edited 
by J. RODRICUES DA SILVA and M. J. FERREIRA. 
x + 119 pp. Price $9. Vol. 2: Pharmacology of 
Reproduction. Edited by E. DICZFALUSY. vi f 
126 pp. Price $9. Vol. 3: Clinical Pharmacology. 
Edited by R. K. RICHARDS. vi + 113 pp. Price $9. 
Vol. 4: Mechanisms of Drug Toxicity. Edited by 
H. RASKOVA. vii f 104 pp. Price $9. Vol. 5: 
Control of Growth Processes by Chemical Agents. 
Edited by A. D. WELCH. Price $8. 
Vol. 6: Drugs i n  Relation to Blood Coagulation. 
Hamostasis and Thrombosis. Edited by G .  V. R. 
BORN. vii + 126 pp. Price $10. Vol. 7: 
Physico-Chemical Aspects of Drug Action. Edited 
by E. J. ARIENS. ix + 385 pp. Price $14. Vol. 
8: Salt and Water Balance. Edited by K. H. 
BEYER. viii + 109 pp. Price $9. Vol. 9: 
Pharmacology of Pain. Edited by R. K. S. LIM. 
viii + 250 pp. Price $13. Vol. 11: Immuno- 
pharmacology. Edited by H. 0. SCHILD. ix + 
166 pp. Price $13. 


vii + 91 pp. 


While being well organized, it has the serious draw- 
back of an incomplete listing of references. Further- 
more, there is no information on biochcmical 
mechanisms of microbial reactions. 


The book by Capek et al. is fairly complete 
through 1965, relative to references and is similarly 
indexed. In addition, it covers such useful topics 
as mechanisms of transformations, practical meth- 
ods of fermentation, isolation and identification pro- 
cedures, chromatography, etc., which are especially 
useful to  someone who may have had no personal 
experience in performing a microbiological trans- 
formation. The third book of Charney and Herzog 
exhaustively examines both the entire scientific and 
U. S. patent literature through 1967. Furthermore, 
it also gives an excellent description of the up-to- 
date mechanisms of the various classes of microbial 
transformations, while omitting the practical as- 
pects such as care of cultures, fermentation proce- 
dures, and separation of products. Without ques- 
tion, this handbook is most useful to  those actively 
engaged in research in this field. 


Taking all things into consideration, we rate: 
1, Charney and Herzog ($21.00); 2, Capek et ul. 
($6.25); and 3, Ilzuka and Naito ($16.50). 


Reviewed by B. Stein and C. J. Sih 
School of Pharmacy 
University of Wisconsin 
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Principles of Adsorption Chromalography: The 
Separation of Nonionic Organic Compounds. By 
LLOYD R. SNYDER. Marcel Dekker, Inc., 95 
Madison Avenue, New York, NY 10016, 1968. 
xvi + 413 pp. 16 X 23 cm. Price $17.50. 
This Iepresents Volume 3 in a new series of mono- 


graphs on Chromatographic Science edited by Gid- 
dings and Keller. As the author states, the adsorp- 
tion process is complex and difficult to understand. 
The author has attempted a rational organization of 
the underlying principles, and this volume will en- 
able a serious worker in the field of adsorption 
chromatography to better understand and predict 
the separation of complex nonionic organic com- 
pounds. 


After a brief introduction, the author discussed 
“The Chromatographic Process and Techniques of 
Separation,” “General Aspects of Adsorption,” 
“Isotherm Linearity,” “Bed Efficiency,” etc. The 
chapter on “The Role of Sample Structure” is 
particularly interesting, and one wishes that the 
author had devoted more effort on this aspect. 


Reviawed by William J. Mader 
Drug Standards Laboratory 
American Pharmaceutical Association Foundation 
Washington, D C  20037 
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Proceedings of the 3rd International Pharmacological 
Meeting, 1966 Sau Paulo, Brazil. Pergamon 


111 International Pbrmacologual Congress-Inter- 
national Symposium on Vaso Active Polypeptides: 
Bradykinin and Related Kinins. Edited by 
M. ROCHA e SILVA and H. A. ROTHSCHILD. 
Available from Dept. of Pharmacology, Faculty of 
Medicine, Ribeirao Preto-S.P., Brazil, 1967. 
300 pp. (in English). Price: unbound $10.00; 
bound $12.50. 


Committee on Safety of Drugs. Annual Report for 
1966. Her Majesty’s Stationery Office, London, 
England, 1967. Available from Sales Section, 
British Information Services, 845 Third Ave., 
New York, NY 10022. 15-page pamphlet. 
Price 1s. 9d. net. Approx. 40 cents U. S. 


Food Additives and Contaminants Committee: Sec- 
ond Report on Cyclamates. Her Majesty’s Sta- 
tionery Office, London, England, 1967. Available 
from Sales Section, British Information Services, 
845 Third Ave., New York, NY 10022. 5-page 
pamphlet. Price Tenpence net. Approx. 30 
cents U. S. 


Gamma Globulins: Structure and Control of Bio- 
Proceedings of the Third Nobel Sym- 


Edited 
John Wiley & Sons, Inc., 605 


643 pp. 


synthesis. 
posium, June 1967, Sodergarn, Sweden. 
by J.  KILLANDER. 
Third Ave., New York, NY 10016,1968. 
16.5 X 24 cm. Price $32.00. 


Fibrinogen. Edited by KOLOMAN LA=. Marcel 
Dekker, Inc., 95 Madison Ave., New York, NY, 
1968. xiii + 398 pp. 16 X 23.5 cm. Price 
$19.50. 








Human Urinary Excretion of the Quaternary 
Ammonium Compounds Anisotropine Methyl- 


bromide and Propantheline Bromide 
By MORRIS PFEFFER, JOSEPH M. SCHOR, 


SANFORD BOLTON, and RALPH JACOBSEN 


Urinary excretion was studied after the administration of anisotropine methylbro- 
mide p.0. and i.v. and propantheline bromide P.O. to a grou of volunteers. Orally 
administered material was excreted in the urine for perio& of 2-5 days while i.v. 
administered material was excreted for 16 days. In all cases, periodic excretion 
peaks were observed. The urinary excretion of anisotropine methylbromide and 


propantheline bromide seems similar. 


PRELIMINARY STUDY of the excretion of a A tablet formulation of the quaternary am- 
monium antispasmodic anisotropine methyl- 
bromide' (8-methyltropinium bromide 2-propyl- 
pentanoate), in  six subjects was the subject of a 
previous publication (1). The observation of 
prolonged excretion with discrete periods of peak 
excretion of the compound has been confirmed 
and extended with a larger group of subjects. 
Several oral formulations and a n  intravenous ad- 
ministration are included. Similar results have 
been obtained for propantheline bromide2 (/3 
diisopropylaminoethyl 9-xanthene carboxylate 
methobromide) tablets, indicating tha t  the ob- 
served pattern of excretion might be a general 
property of quaternary ammonium compounds 
(QAC's). 


EXPERIMENTAL 


Reagents-Anisotropine methylbromide origi- 
nated and was compounded at  Endo Laboratories, 
Inc. Propantheline bromide was obtained as a coni- 
mercially available 15-mg. tablet and 30-mg. ampul. 
Tropaeolin 00 (orange I\') was purchased from 
Matheson, Coleman and Bell. The grades and 
sources of supply of all other reagents were indicated 
previously ( 1). 


Analytical Procedures-All spectrophotometric 
analyses were performed with a Hitachi Perkin- 
Elmer 139 spectrophotometer. 


The analytical methods employed for both aniso- 
tropine methylbromide and proparitheline bromide 
are similar in that they depend upon the formation 
of a salt between the cationic agent and an anionic 
dye. The dye salt is extracted from an aqueous 
medium into an immiscible nonpolar solvent. The 
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analytical procedure for anisotropine methylbro- 
mide, employing picric acid as the anionic dye, has 
been reported previously (1). 


Propantheline bromide did not yield an extract- 
able dye salt in the picric acid assay system, pre- 
sumably due to the presence of a hydrophilic hy- 
droxyl group on the quaternary hydrolysis product 
of the ester. Hydrolysis was due to the highly alka- 
line aqueous medium necessary for this assay system. 
Since Biles el al .  ( 2 )  had successfully analyzed for 
propantheline bromide with tropaeolin 00, this dye 
was used here, and a suitable assay was developed 
for the estimation of propantheline cation in human 
urine. Absorption spectrum for the propantheline- 
tropaeolin 00 dye salt in chloroform following ex- 
traction from an aqueous solution is given in Fig. 1. 
Five milliliters of urine or neutral aqueous solution 
containing propantheline cation was mixed with 
0.5 ml. of a saturated aqueous solution of tropaeolin 
00 and this mixture was extracted with 5.0 ml. of 
chloroform by agitation on a Vortex Genie mixer for 
15 sec. Longer agitation on a wrist-action shaker for 
periods up to 30 min. did not improve extraction. 
A plot of the absorbance a t  409 ma   AM^) of the 
chloroform-extracted dye salt uersus the original 
aqueous concentration of propantheline bromide 
was linear over the range of 0-114 nmoles/ml. The 
molar absorptivity was 1.76 X 10'. The sensitivity 
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Fig. 1-Absorption spectrum of the propantheline- 
tropaeolin 00 dye salt in  chloroform after extraction 
from aqueous solution. Propantheline bromide Lon- 


centration I 0 0  nmoleslml. HZO. 
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schedule corresponding to that used during the QAC 
excretion studies. The resultant correction factors 
are listed in Table I. The magnitude of their varia- 
tions are indicated by the standard deviations (SD). 


Previously (1) the correction values for methyl 
anisotropinium cation in urine had been determined 
for 24-hr. collections. In the present series of experi- 
ments, correction values were calculated separately 
for each of the three 8-hr. periods to determine if 
there were any diurnal variations in blanks and re- 
covery values. Analysis of variance of the blank and 
recovery values did not indicate significant variation, 
over the three 8-hr. periods, of the values for any 
given individual. However, there were significant 
differences between individuals for blanks and re- 
coveries. There was no apparent correlation be- 
tween the blank and recovery values. 


The values for methylanisotropinium and pro- 
pantheline cations were determined by correcting 
the respective A366 and Au,~ values obtained from 
experimental urine samples, for corresponding time 
intervals, according to  the equation 


B = (A - D)lOO/C 


where B = corrected absorbance, A = observed 
absorbance, D = blank absorbance values for that 
time period, and C = calculated percentage analyti- 
cal recovery for that time period. Concentrations 
were calculated in terms of nanomoles that were then 
converted back to their equivalents in mcg. of the 
bromide salts of the QAC’s. 


of the tropaeolin 00 analytical method for propan- 
theline cation is almost identical to the sensitivity of 
the picric acid method for methylanisotropinium 
cation (1). 


The naturally occurring QAC’s choline chloride, 
acetylcholine chloride, phosphocholine chloride, and 
thiamine did not yield discernible dye salt absorp- 
tion spcctra in chloroform extracts when tested in 
the tropaeolin 00 assay at concentrations up to  0.3 
pmoleslml. HgO. These compounds had previously 
been found not to interfere in the picric acid assay 


Divatia and Biles (3) reported that the response of 
QAC’s to tropaeolin 00 decreases as the molecular 
weight of the QAC decreases. 


It has been reported that in the picric acid assay 
for metliylanisotropiniurn ion in human urine there is 
a component of blank absorption as well as a sys- 
tematic analytical loss (1). It was demonstrated 
that both these factors remained constant for any 
given individual, although they varied from one to 
another. I t  developed that this was equally true for 
the tropaeolin 00 assay for propantheline cation in 
urine. The blank absorptions and analytical re- 
coveries for both assay systems in the 12 subjects 
used in this study were calculated by comparing 
analyses of 0, 5, 10, and 15 nmoles/ml. of each QAC 
when in deionized water and when added to their 
norpal urines. These control urines were collected 
for consecutive 8-hr. periods, starting 30 min. before 
breakfast, over three 24-hr. periods- collection 


(1). 


TABLE I-ANALYTICAL CORRECTION VALUES FOR HUMAN SUBJECTS 


Subject 
N O .  


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Time 
Interval, 


Hr. 
0-8 
8-16 


16-24 
0-8 
8-16 


16-24 
0-8 
8-16 


0-8 
8-16 


0-8 
8-16 


16-24 
0-8 
8-16 


16-24 
0-8 
8-16 


16-24 
0-8 
8-16 


16-24 
0-8 
8-16 


16-24 
(r8 
8-16 


0-8 
8-16 


16-24 
0-8 


16-24 


16-24 


16-24 


16-24 


8-16 


-Anisotropine M e t h y l b r o m i d u  


A m  f SD %*SD 
0.024 f 0.004 83.5 f 11.2 
0.033 f 0 . 0 0 2  80.5 f 7.1 
0.023 f 0.005 81.0 f 5.7 
0.061 f 0.004 80.0 f 2.3 
0.035 f 0 . 0 0 4  86.0f 0.6 
0.025 f 0.003 9 1 . 2 3 ~  4.0 
0.029 f 0.006 58.4 f 5.7 


Mean Blank Mean Recovery 


0.023 f 0.004 60.1 f 1.7 
0.018 f 0.007 64.7 f 7.7 
0.030 f 0.009 59.6 f 5.4 
0.026 f 0.007 71.6 f 4.9 
0.027 f 0.002 63.7 f 3 .8  
0.026 f 0.001 5 7 . 5 f  1.6 
0.024 f 0.003 63.0 f 4.4 
0.027 f 0.003 62.2 f 5.2 
0.013 f 0.002 71.7 f 1.5 
0.014 f 0.000 68.6 f 3.6 
0.016 f 0.004 78.1 f 4.6 
0.026 f 0.006 72.4 f 2.2 
0.027 f 0.004 73.5 f 1.4 
0.020 f 0.001 7 9 . 0 1  2.3 
0.020 f 0.002 73.9 f 2.5 
0.011 f 0.003 79.0 f 5.3 
0.013 f 0.000 79.3 f 3 . 8  
0.024 f 0.002 90.3 f 0.4 
0.022 f 0.002 88.9 f 0.4  
0.032 i 0.005 91.3 f 2.6 
0.018 f 0.002 81.3 f 0.5 
0.023 f 0.001 7 1 . 0 f  8 .2  
0.023 f 0.002 82.0 f 5.6 
0.038 f 0.006 8 0 . 0 f  6 .5  
0.032 i 0.004 75.6 f 1 .7  
0.022 * 0.004 87.7 f 5.0 
0.018& 0.005 44.1 f 1 .3  
0.044 & 0.005 4 6 . 8 f  5.8 
0.036 * 0.001 35.4 f 5.0 


-Propantheline 
Mean Blank 
A400 rt SD 


0.037 f 0.005 
0.024 f 0.002 
0.029 f 0.000 
0.073 f 0.004 
0.035 f 0.003 
0.026 f 0.001 
0.033 f 0.000 
0.034 f 0.003 
0.028 f 0.001 
0.042 f 0.019 
0.040 f 0.007 
0.026 f 0.002 
0.056 f 0.001 
0.017 f 0.004 
0.022 f 0.003 
0.021 f 0.003 
0.010 f 0.003 
0.013 f 0.002 
0.017 f 0.000 
0.029 f 0.005 
0.022 f 0.003 
0.018 f 0.002 
0.029 f 0.000 
0.022 f 0.000 
0.019 f 0.002 
0.021 f 0.004 
0.021 f 0.004 
0.031 f 0.001 
0.049 f 0.006 
0.055 f 0.001 
0.094 f 0.001 
0,044 f 0.006 
0.038 f 0.003 
0.014 f 0.002 
0.011 f 0.000 
0.023 f 0.006 


Bromid- 
Mean Recovery 


%*SD 
81.0 f 1.6 
77.4 f 0.3 
84.2 f 1.0 
48.8 f 0.3 
70.7 f 0.5  
73.1 f 0.4 
3 7 . 8 f  1.6 
58.8f 4.1 
24.3 f 1.4 
22.6 f 4.7 
64.1 f 0.2 
31.2 f 4.7 
58.9 f 0 . 3  
72.6 f 1.2  
57.4 f 0.3 
58.5 f 2.7 
62.8 f 7.1  
70.7 f 4.5 
49.4 f 4.9 
56.7 f 3.2  
64.2 f 6.0 
49.3 f 1 . 7  
51.3 f 2.0 
66.4 f 0.9 
64.1 f 0.8 
60.9 f 0.9 
59.6 f 2 .0  
69.9 f 2.5 
74.7 f 0.7 
72.7 f 0.7 
86.7 f 0.4 
77.6 f 1 .7  
85.’9 f 1.6 
34.3 f 1.9 
39.9 f 4.1  
17.0 f 1.5  
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TABLE 11-COMPLETE THREE-WAY 
ANALYSIS OF VARIANCE 


Source dfa ssb MSC F 
People 11 3 97 
People X for- 


Times 80 71.0 
Times X for- 


Times X people 220 57.8 
Times X people 


X formula- 
tions 620 123 0.198 


mulations 31 IS.fi 0 K32 


mulations 60 15.0 0.251 F(60,260) 
= 1.27 


Formulations 3 3.10 1.03 F(3,31) = 


a df = degrees of freedom (see no. of experimental subjects 
SS = sum of squares. 


1.63 


for each formulation in Table 111). 
' MS = mean square. 


Creatinine concentrations in urine specimens were 
determined by the method of Taussky (4). Neither 
anisotropine methylbromide nor propantheline bro- 
mide inter>xed in this determination. 


E x c r e t h  Study-Twelve males were employed. 
None took any other medication during these 
experiments. None showed any abnormalities of 
urine specific g r a ~ i t y , ~  protein,4 glucose,4 or 
pH.4 


The formulations administered are listed in Table 
111. These were taken 30 min. before breakfast, 
except the intravenous injection which was given at 
11 a.m. Complete dosage of the liquid formulations 
was ensured by also administering washings of the 
containers. 


Consecutive 8-hr. collections of urine were started 
immediately upon dosing and were not terminated 
until nine consecutive 8-hr. samples gave negative 
results. 


The urines were preserved by the addition of SFT 
tablets' and refrigerated until analyzed. All analy- 
ses were performed within 48 hr. of sample collection. 
The SFT tablets did not interfere with determina- 
tions of either QAC in water or urine or with the 
creatinine assay. 


RESULTS 


The term fractional excretion represents that por- 
tion of a QAC dose excreted during any single 8-hr. 
interval. The mean fractional excretions reported 
here have been averaged for the 12 subjects for each of 
the different formulations for each corresponding8-hr. 
period and are expressed as percent of total dose. 
Excretion after intravenous administration is con- 
sidered separately from oral administration. 


After intravenous administration of anisotropine 
methylbromide, approximately 50% of the dose is 
excreted in the first 8-hr. period (Fig. 2 ) .  Excretion 
continues for 16 days with a pattern of fluctuating 
excretion rates until an average of 108% of the ad- 
ministered drug is excreted. 


The mean fractional excretions of the orally ad- 
ministered QAC's are presented in Fig. 3. The same 
pattern of periodic excretion peaks is seen. Although 
excretion from these formulations is not as prolonged 
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_- a-edams Midget Urinometer, Clay-Adams Inc., New York, 
N. Y .  


4Labstix AmesCo Elkhart Ind. 
6 Sodium' fluoride-<hymol iablets, Cambridge Chemical 


Products, Detroit, Micb. 


0 2 4 6 8 10 12 14 16 18 
TIME, days 


Fig. .?-Fractional excretion of anisotropine methyl- 
bromide by human subjects, after i.v. administration 


Total dose, 5 mg. 
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Fig. 3-Fractional excretion of QAC's by human sub- 
jects after oral administration. Dosages: anisotro- 
pine methylbromide, 25 mg.; propantheline bromide, 
30 mg. Key: a, anisotropine methylbromide tablets; 
0, anisotropine methylbromide elixir; 0, anisofropine 
methylbromide kaolin-pectin suspension; H, propanth- 


eline bromide tablets. 


as excretion from the intravenous dose, duration of 
excretion is still appreciable. An analysis of vari- 
ance (Anova) of this data was performed (Table 11). 
Neither F value obtained in the complete 3-way 
Anova is significant. Overall QAC excretion levels 
do not differ. The times X formulations interaction 
shows no evidence for lack of parallelism between the 
various fractional excretion plots. It would seem, 
therefore, that the correspondence in time of oc- 
currence of the excretion peaks in Fig. 3 is real and 
is indicative of a fundamental similarity in excretion 
behavior of the two QACs under study. Superimpo- 
sition of the corresponding section of the plot for 
fractional excretion of i.v. administered anisotropine 
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T-LB 111-TOTAL EXCRETION OF QAC's 


QAC 


Mean Total Mean Total 
Excretion, Excretional 


Formulation" n Dose, mg. mg. as yo of Dose Time, hr. 
Anisotropine Tablets 12 25 0.76 3 . 1  55 


methylbromide Tablet@ 6 20 1.42 7.1 91 
Elixir 12 25 1.42 5 .7  125 
Elixir 3 20 0.99 4 . 9  51 
Kaolin-pectin 11 25 1.49 6 . 0  64 


suspension 
i.v. Injection 12 5 5 . 4  108 400 


Propanthehe Tablets 11 3oc 2.20d 5.7 95 
biomide 


Anova" Fi 
FB 


1.63 7.w 
0.47 2.96 


a Formulation potencies: anisotropine methylbromide, 10-mg. tablft 2 1 /ml. eliiir, 0.33 mg./d. kaolin-pectin suspension 
5 mg./ml. for i.v. injection, propantheline bromide 15 mg /tablet. Data rom Pfeffer et d. (1) included for purposes for c o d  
parison. Thirty mg. of anisotropine methylbrohde id the molar equivalent of 24.2 mg. of adwotropine methylbromide. 


Equivalent to 1.73 mg. of amsotropine methylbromide. Anova excludes data from i.v. injection and the anisotropine 
methylbromide tablets and elixir administered at dosages of 20 mg. F I  = F for differences among all four oral dose forms. 
FI - F for differences between means of the three oral anisotropine methylbromide dose forms nd the ropantheline bromide 
tablets. Significanceat# = 0.05; Fi P 2.91; FI = 4.16; a t g  = 0.01; FI = 4.48, A - 7.53. a# = 0.!1. 


methylbromide (Fig. 2) onto Fig. 3 would reveal that 
a parallelism in excretion peaks is maintained be- 
tween oral and intravenous dosage although the 
levels excreted differ. There was no obvious 
relationship between urine volume, weight or age of 
the subjects, and the variables reported upon here. 


The mean values for total excretion time and total 
excretion are presented in Table 111. The statisti- 
cal analysis indicated that there are no significant 
differences between the observed QAC levels ex- 
creted after administration of the various oral for- 
mulations, either when they are compared to each 
other or when propantheline bromide is compared 
to the pooled mean excretion level of all the oral 
anisotropine methylbromide formulations. 


The observed total excretion times of the aniso- 
tropine methylbromide in its various oral formula- 
tions also are not signscantly different from the total 
excretion times for propantheline bromide adminis- 
tered as tablets. 


In  previous studies QAC excretion has been found 
to be highly variable (5-11). Despite these normally 
accepted variations, it is apparent that the several 
formulations of anisotropine methylbromide are 
equivalent. I t  is also of deep interest that the ob- 
w e d  excretions of these two antispasmodics are 
very similar. 


DISCUSSION 
In a previous paper (1) it was indicated that, 


due to the nature of the picric acid assay, metabo- 
lized anisotropine methylbromide was not likely to 
be detected. The total mean recovery value of 
108y0 after intravenous administration of anisotrop- 
ine methylbromide has, therefore, three interesting 
implications: (a) all anisotropine methylbromide in 
the bloodstream may be eventually excreted through 
the kidneys, (b) this drug is apparently not metabo- 
lized to polar compounds in the human body, (c) if 
this QAC is undergoing enterohepatic recycling, the 
ef6ciency of intestinal reabsorption of the material 
excreted in the bile must approach 100%. 


Rowland and Beckett (12) have observed suc- 
cessive peaks during the excretion, by humans, of 
amphetamine and methylamphetamine. This they 
attributed to the diurnal Urinary pH rhythm. The 
degree of ionization of these weak bases shifts as the 
urinary pH shifts, altering the degree of reabsorp- 
tion from the distal tubule to the kidney. This 


would not, however, appear to serve as an explana- 
tion for the periodic excretion peaks seen with 
QAC's. These strong quaternary bases. for which 
pKa's are not determinable, will not mter their 
degree of ionization at any physiologically attainable 
pH. Furthermore, the timing of the excretion peaks 
for these QAC's does not correspond to the timing of 
the diurnal pH changes reported by Rowland and 
Beckett. 


Retention of QAC's in an intracellular tissue res- 
ervoir would not seem a likely explanation either. 
Although the QAC might be slowly released it should 
not be released in "pulses." If there is an upper 
limit to the amount of methyl anisotropinium 
cation the kidney can excrete in a given time period, 
it has not been approximated in these experiments. 
After intravenous injection of 5 mg. of anisotropinc 
methylbromide, approximately 2.5 mg. can be ex- 
creted in an 8-hr. period and the average amount ex- 
creted in any succeeding peak is appreciably larger 
than the amount excreted in any peak after oral 
administration. Thus, in these studies, the amount 
excreted through the kidney would seem to be a func- 
tion of the amount available to the kidney. 


Enterohepatic cycling of the QAC Seems to offer 
the best explanation of the observed phenomenon. 
Bile, after its formation, is stored in the gall bladder 
and is periodically released into the intestinal tract 
(13). This periodicity of bile release might corre- 
spond to the periodicity of QAC excretion. QAC 
excreted into the bile would therefore be held in the 
gall bladder to eventually be released with the bile. 
The QAC would be reabsorbed and a portion ex- 
creted in the kidney while the balance would be re- 
excreted into the bile. 


By inference, the total excretions after oral dosage 
represent the total gastrointestinal absorption of 
anisotropine methylbromide. The amounts ab- 
sorbed are retained in vivo for a prolonged period of 
time. 


The excretion pattern and amount excreted for 
orally administered propantheline bromide is almost 
exactly the same as that of anisotropine methyl- 
bromide. The question of whether this could be a 
common excretion pattern for QAC's is raised. 
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Significance of Kinetic Aspects 
in the Simultaneous Administration of Drugs 


By MILDRED J. TARASZKA and ARLINGTON A. FORIST 


Kinetic aspects, such as half-lives for absorption and elimination, as well as limiting 
solubilities, which should be considered in the simultaneous administration of 
drugs are discussed. Two simple hypothetical cases are presented: the selection 
of the ratio of two drugs with different rate constants for absorption and elimina- 
tion to obtain similar average asymptotic serum levels of each drug on multiple-dose 
administration, and the selection of the ratio of two drugs with different rate con- 
stants for absorption and elimination and different solubilities to minimize the risk of 
crystalluria. Extension of the latter to the triple sulfas, on the basis of solubility 
and human blood level data in the literature, has given a “best” ratio of 1 : 3 : 4  for 
sulfadiazine : sulfamerazine : sulfamethazine, respectively, rather than the 1 : 1 : 1 


now used. 


HEN TWO or more drugs are combined in a W single formulation or are given in separate 
dosage forms at the same time, several factors 
should be considered in choosing the individual 
drugs and the amounts of each drug to be used: 
( a )  biological spectra, ( b )  minimum effective cir- 
culating concentrations for biological activity, (c) 
possibilities of reactions between the combined 
drugs, (d) possibility of one drug affecting the 
biological response to the other drug(s), (e) rate 
constants for absorption or absorption half-lives, 
(f) rate constants for elimination or biological 
half-lives, (g) rates of production and elimination 
of metabolites (especially if the metabolites may 
be active or toxic), (h) intrinsic solubilities of the 
individual drugs and/or metabolites if crystalluria 
is a potential side reaction. 


It is the authors’ opinion that drug combina- 
tions could be more beneficial if all of the above 
factors are considered. However, only kinetic 
aspects that affect drug combiliatioils are con- 
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sidered in this paper; that is, all the calculations 
are based on the assumption that the individual 
drugs have the correct spectra of biological ac- 
tivity, similar minimum effective circulating con- 
centrations, and that they are compatible in the 
in vitro and in viva systems. The importance of 
the kinetic aspects can be seen if the selection of 
the optimum dosage schedule is considered for 
multiple-dose therapy with a combination of two 
drugs which have biological half-lives of largely 
different magnitudes. 


DISCUSSION 
Example 1-When two or more drugs are com- 


bined in a single formulation, or the drugs are 
given in separate dosage forms a t  the same time, 
the multiple-dose serum levels attained with each 
drug will depend on each biological half-life plus 
other factors. The ratio of two drugs given in com- 
bination, which should be used to attain similar 
serum levels on multiple dosing, can be estimated 
in the following manner, assuming that the intrinsic 
drug solubilities, biological activities, and production 
of metabolites do not have to be considered. Fur- 
thermore, it is assumed that the single-dose serum 
level and urinary data for each drug fit the following 
model : 


ki k2 


A - + C -  + D (Model 1) 
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Antiradiation Compounds X. Derivatives 
of 3,3-Dimercaptoacrylonitrile 


By WILLIAM 0. FOYE and JOEL M. KAUFFMAN 


The dipotassium salt of 2-cyano-3,3-dimercaptoacryloniuile was found to give fair 
protection to mice versns X-rays. Derivatives prepared for further radioprotective 
evaluation include dialkyl thioethers, metal complexes, and fused heterocyclic 
dithioles. A series of 3,3-dimerca toacrylonitriles bearing aromatic and hetero- 
cyclic rings was also obtained from t!e condensation of arylacetonitriles with carbon 
disulfide in the resence of dkoxide ion. Of these various derivatives, the zinc com- 


plex and g e  benzoyl derivative showed some radioprotective properties. 


ONDENSATIONS of carbon disulfide with certain C amines and mercaptans have given dithio- 
carbamates (1, 2) and trithiocarbonates (3) with 
radioprotective activity. In order to determine 
whether nonbasic compounds, unrelated to the 2- 
rnercaptoethylamine structure, having a dithio acid 
group may have radioprotective properties, conden- 
sations of a number of active methylene compounds 
with carbon disulfide have been carried out. Some 
of the products obtained have been examined for 
radiation protection in mice. Radiation protection 
of animals by dithio acids has not been previously 
reported. 


Reaction of malononitrile with carbon disulfide is 
known to give the dipotassium salt of 2-cyano-3,3- 
dirnercaptoacrylonitrile (4) (I). Brown's pro- 
cedure was repeated, utilizing potassium hydroxide 
in 95% ethanol, 


-S CN 
\ FN \ /  


Zn+f /c=c\ /-\ 


K+-S 


K+-S CN -S CN 
I I1 


to give a product melting at 313316" (dec) (m.p. 
previously listed as > 250") with loss of water below 
300". Analysis indicated a monohydrate, and the 
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infrared absorption spectrum showed the presence of 
water and C e N, C = C, and C - S bonds (960 and 
872 (5). A trihydrate of the sodium salt of 
this compound has been reported by Soderback (6). 
Antiradiation tests camed out at the Walter Reed 
Army Institute of Research' showed this compound 
to give fair protection to mice versus 825 r (X-rays) 
at  a dose level of 350-700 mg./kg. Accordingly, 
derivatives of this compound have been prepared as 
well as analogs in which one of the cyan0 groups was 
replaced, primarily by aromatic rings. 


A zinc complex (11) was obtained as the hemihy- 
drate which was much less water soluble than the 
potassium salt. The infrared spectrum was similar 
to that of the potassium salt, except that the absorp- 
tion due to C& appeared as a wide doublet centered 
at 880 cm.-'. A cupric complex was also obtained 
as the hemihydrate, extremely insoluble in water, 
but a ferrous complex was too rapidly oxidized to be 
characterized. 


The dimethylthioether and diethylthioether are 
known compounds (7) and were prepared for testing, 
but the monomethyl- or monoethyl-thioether could 
not be isolated. The dibutylthioether could not be 
crystallized or purified as well. Condensations of 
I with 2,3-dichloropyrazine and 2,3-dichloroquinoxa- 
line were successful, however, giving pyrazino- 
[2,3-d]-1,3-dithi0le-A~~~-malononitrile (111) and 
quinoxalino [2,3-d] -1,3-dithiole-Ag~'-malononitrile. 


Carbon disulfide condensation with cyanoaceta- 
mide to give IVu has been reported (4), using the 
hydroxide-ethanol method. An attempt to repeat 


1 The authors are indebted to, D. P. Jacobus and T. R. 
Sweeney for the results of the antiradiation tests. 
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nitrile and carbon disulfide was obtained unsolvated 
and in poor yield. Infrared absorption was similar 
to that observed for the other compounds in the 
series, but no absorption attributable to a carbonyl 
group was evident. Instead, bands were observed 
a t  1580, 1530, 1440, and 1270 ern.-' which are ex- 
pected for metal chelates or salts of enols of 1,3- 
diketones (5), so the resonating structure V appears 
to  be the most logical structure. Soderback (6) has 
pointed out the existence of similar resonating forms 
of dicyanodimercaptoethylene. The higher degree 
of resonance in this compound accounts for its 
greater stability and ease of handling, in comparison 
to the heterocyclic-substituted compounds. 
K +  -S K +  -S CN 


\ /  
(--f c-c \ /cN 


-S / \c 
c=c 


// NC 
S 


/ I  
K +  -0 CsH5 


/ \  
K +  0 CaH6 


V 
Antiradiation Properties-Antiradiation tests 


were carried out in mice as previously described (11). 
Data received show that the dimethylthioether and 
diethylthioether of I were inactive versus 825 r 
(X-rays), whereas the zinc complex of I showed 
slight activity versus 1000 r (-prays) at a dose level 
of 25 mg./kg. The condensation product of carbon 
disulfide with ethyl cyanoacetate (IVb), however, 
gave 50yo protection to  mice versus 600 r (?-rays) at 
a t  a dose of 100 mg./kg. The phenyl, furyl, and 
thienyl dimercaptoacrylonitriles, (IVc,d,e) gave no 
protection versus 825 r (X-rays), but the benzoyl 
derivative (V) gave slight protection (170/, survival) 
with a dose of 120 mg./kg. 


EXPERIMENTAL. 
Methods-Melting points were determined in 


capillaries with a Mel-Temp block and are cor- 
rected. Infrared spectra were obtained with a 
Perkin-Elmer Infracord 137B spectrometer in KBr 
pellets. Carbon-hydrogen analyses were done by 
Weiler and Strauss, Oxford, England, or by Carol K. 
Fitz, Needham, Mass. Nitrogen analyses were done 
by the Kjeldahl method and sulfur analyses by 
peroxide fusion. 
2-Cyano-3,3-dimercaptoacrylonitrile, Dipotas- 


sium, Salt, Monohydrate-The procedure of Brown 
(4) gave an 83% yield of yellow crystals, m.p. 313- 
316' (dec); Y,": 3400 (doublet) (OH) 2190 (C=N), 


872 (C-S) cm.-l. 
And-Calcd. for CaH,K,NtOSt: C, 20.3; H ,  


0.9; K, 33.0; N, 11.9; S, 27.2. Found: C, 20.3; 
H, 1.1; K,32.8; N, 11.8; S,27.0. 
2-Cyano-3,3-dimercaptoacrglonitxile, Zinc Com- 


plex-A clear solution of the potassium salt of 
2-cyano-3,3-dimercaptoacrylonitrile (2.36 g., 0.01 
mole) in 5 ml. of water was treated dropwise a t  25" 
with a solution of zinc nitrate hexahydrate (2.97 g., 
0.01 mole) in 2 ml. of water. The resulting mixture 
was cooled at 5", filtered, and the light yellow solid 
was washed with a few ml. of ice water and dried, 
giving 1.8 g. (84% yield) of product which was un- 
melted a t  360": Y,": 3550 (doublet), 2200, 1610, 
1400,1380,1335,945,885,875cm.-1. 


Anal. -Calcd. for C4N&Zn.'/, H20: C, 211.4; 
H, 0.47; N, 13.1. Found: C, 22.6; H, 0.43; N, 13.4. 
2-Cyano-3,3-dimercaptoacrylonitrile, Cupric Com- 


1610 (c=c), 1310 (c-c), 1235 (c-c), 960 ( c  -s), 


111 


this gave only potassium ethyl xanthate. Conden- 
sation with ethyl cyanoacetate (4, 8, 9) took place 
readily using hydroxide-ethanol, and the product 
(IVb) was obtained unsolvated, unlike the other 
members of this series. The carbon analyses were 
low and erratic, as was the case with nearly all the 
compounds described below. This was probably 
due to retention of carbon as cyanide in the inorganic 
residue formed on the combustion catalyst. The 
weight of the residue was found to  correspond to the 
amount the carbon analysis was low, calculated as 
cyanide, in one case investigated. Infrared ab- 
sorption, however, showed the presence of C%N, 
C=C, and C-S in this and the following com- 
pounds, which with generally satisfactory analyses 
for H, N, and S leaves no question as to  the struc- 
tures. 


K +  -S CN 
\ /  c=c - -  


R 
/ \  


K +  -S 
IVa R = CONH, d R = 2-fury1 


b R = COzCzHs e R = 2-thienyl 
c R = CaH5 f R = 2-pyridyl 


g R = 2-quinolyl 


Condensation of carbon disulfide with phenylace- 
tonitrile has been reported to occur in ether with 
sodamide but the product was not isolated (8). It 
has also been claimed to  take place in methanol with 
potassium hydroxide, but no physical constants 
were reported for this compound (9). Repetition of 
this synthesis using potassium n-propoxide gave only 
xanthate. Use of t-butoxide, however, which is 100 
times more basic than n-propoxide (lo), in t-butanol- 
ether gave a good yield of condensation product 
(IVc), isolated as the hemi-t-butanolate. The reac- 
tion of carbanions with carbon disulfide appears to 
be instantaneous, but difficulties occur when too 
weak a base is used. A low concentration of car- 
banion apparently allows the competing reaction of 
alkoxide with carbon disulfide to  predominate, lead- 
ing to xanthates as major products. 


This was illustrated in the case of condensation 
with furan-2-acetonitrile. Hydroxide in %yo eth- 
anol gave xanthate, n-propoxide gave a mixture of 
xanthate and dithio acid (IVd), and t-butoxide gave 
dithio acid in good yield as the hemi-tbutanolate. 
The corresponding thiophene, pyridine, and quino- 
line compounds were also isolated as the hemi- 
alcoholates. Acetonitriles bearing electron-defi- 
cient rings such as pyridine and quinoline were suffi- 
ciently acidic to  allow proton removal by n-propox- 
ide. All of these aromatic-substituted compounds 
were extremely hygroscopic, liquefying after expo- 
sure t o  moist air for a few seconds to a few minutes. 
Handling in a glove bag under dry nitrogen was 
necessary. However, aqueous solutions of the com- 
pounds appeared to be stable at room temperature. 
None of these compounds could be recrystallized 
without decomposition. 


A condensation product (V) from benzoylaceto- 
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plex-The potassium salt of 2-cyano-3,3-dimercapto- 
acrylonitrile (2.36 g., 0.01 mole) in 14 ml. of water 
was treated with a solution of cupric nitrate trihy- 
drate (2.41 g., 0.01 mole) in 2 ml. of water. Bulky, 
red-brown solid appeared at once, and heat was 
evolved. The product was filtered, washed with 
water and propanol, and dried to give 2.2 g. (lOO~o) 
of material unmelted a t  360" (darkens above 250"). 


Anal.-Calcd. for C~CUNZSZ.~/P HzO: C, 22.6; H, 
0.47; N, 13.2. Found: C,23.6; H, 0.42; N, 13.0. 
Pyrazino[2,3-d]-1,3 - di th i01e -A~ ,~ -  malononitrile- 


The potassium salt of 2-cyano-3,3-dimercaptoacrylo- 
nitrile (7.08 g., 0.03 mole) was dissolved in 50 ml. of 
dimethylformamide, and 2,3-dichloropyrazine (4.44 
g., 0.03 mole) (gift of American Cyanamid Co.) was 
added. The solution was heated a t  85" for 16 hr. 
during which time it  became black. It was diluted 
with 100 ml. of water, cooled to 5 O ,  and filtered. 
The dried, brown powder (2.0 g.) was sublimed a t  
0.5 mm. using a free flame to give 1.1 g. (17%) of 
yellow powder, m.p. 175-205" and 0.25 g. (4y0) of 
yellow needles, m.p. 212-213" (analytical sample); 
v 2 k  2210,1480,1340,1155,1075,850 cm-1. 


Anal.-Calcd. for CsHzN4S2: C, 44.0; H, 0.93; 
N, 25.7; S, 29.3. Found: C, 43.9; H, 1.16; N, 
25.4; S, 29.0. 


Quinoxalino [2,3-d]-1,3-dithiole-A2~=malononi- 
trile-The potassium salt of 2-cyano-3,3-dimercapto- 
acrylonitrile (7.08 g., 0.03 mole), 2,3-dichloro- 
quinoxaline (6.0 g., 0.03 mole) (Eastman Organic 
Chemicals), methanol (200 ml.), and water (20 ml.) 
were refluxed 2 hr., diluted with 150 ml. of water, 
and filtered. Recrystallization of the solid from 250 
ml. of dimethylformamide and drying a t  140"/0.2 
mm. for 2 hr. gave bright yellow crystals, 3.2 g. 
(25%), m.p. 298320" (dec.); v:: 2210, 1505, 1250, 
1180,1120,780,770 ern.-'. 


And-Calcd. for CI2HlN&: N, 20.8; S, 23.9. 
Found: N, 20.5; S, 23.6. 


All manipulations in this and the following pro- 
cedures were carried out under nitrogen. 
2-Phenyl-3,3-dimercaptoacrylonitxile, Dipotas- 


sium Salt-Trimmed potassium metal (3.9 g., 0.1 
mole) was allowed to dissolve in 100 ml. of t-butanol 
under nitrogen with stirring. Phenylacetonitrile 
(5.8 ml., 0.05 mole) in 25 ml. of dry ether was added 
in one portion a t  30°, and carbon disulfide (3.8 g., 
0.05 mole) in 25 ml. of dry ether was added dropwise 
at 10" during 10 min. The yellow product was 
filtered a t  5 O ,  washed with ether, and dried to give 
10.2 g. (67%) of extremely deliquescent material, 
m.p. 45-60'; vf: 3400 (OH), 2180 ( k N ) ,  1620 
(C=C), 1600,1500,1390,910,760,700cm.-1. 


Anal.-Calcd. for C~HGKZNS~. '/z C4HgOH: N, 
4.6; S,20.9. Found: N,4.7; S, 21.2. 
2-(2-Furyl)-3,3-dimercaptoacrylonitrile, Dipotas- 


sium Salt-The previous procedure was applied 
to furan-2-acetonitrile (Aldrich Chemical Co.) to 
give an 877" yield of deliquescent tan powder, m.p. 
110" (dec.); v,": 3400, 2180, 1625, 1570, 1500, 
1400,1350,920,765,730 cm.-'. 


Anal.-Calcd. for C7HaKzNOSz. '/z C~HIOH: N, 
4.7; S,21.6. Found: N,4.5; S,20.9. 


2-(2-Thienyl)-3,3-dimercaptoacrylonitrile, Dipo- 
tassium Salt-The previous procedure was applied 
to thiophene-2-acetonitrile (12) to give a 76% yield 
of deliquescent yellow powder, m.p. 160-170" (dec.); 
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v:: 3400, 2180, 1625, 1610, 1500, 1480, 1440, 1380, 
1325,1240,920,775,690 cm.-'. 


Anal.-Calcd. for C ~ H ~ K Z N & . ~ / Z  C4HpOH: N, 
4.5; S, 30.8. Found: N,3.9; S, 30.9. 


2-(2-Pyridy1)3,3-dimercaptoacrylonitrile, Dipo- 
tassium Salt-The previous procedure was employed 
with pyridine-2-acetonitrile (13) except that pro- 
panol was used in place of t-butanol. Bright yellow 
solid was obtained in 59y0 yield, after washing with 
propanol, m.p. 290410" (dec.), and was extremely 
hygroscopic. v:: 3300, 2180, 1630, 1590, 1460, 
1425,1380,1295,1260,920,825,775,745,670 cm-1. 


Anal. -Calcd. for CsH,KzN&. '/P CaHaH : N, 
9.3; S,21.3. Found: N,9.3; S,21.1. 
2-(2-Quinolyl)-3,3-dimercaptoacrylonitrile, Dip* 


tassium Salt-The previous procedure was employed 
with quinoline-2-acetonitrile (14) to give an 81% 
yield of bright orange, granular solid, m.p. 225-235" 
(dec.) (loses liquid at 200") which was very hygro- 
scopic. vz: 3300, 2180, 1640, 1610, 1600, 1550, 
1500, 1450, 1420, 1350, 1310, 1270, 1240, 1050, 
920,895,825,780.760,750cm.-1. 


Anal. -Calcd. for ClzHsKzNzSa. '/z C~HTOH: 
N,8.0; S, 18.3. Found: N,8.0; S, 18.0. 
2-Benzoyl-3,3-dimercaptoacrylonitrile, Dipotas- 


sium Salt-Potassium hydroxide (4.8 g., 0.072 mole) 
dissolved in 50 ml. of methanol was treated with a 
solution of carbon disulfide (2.2 ml., 0.036 mole) and 
benzoylacetonitrile (5.24 g., 0.036 mole) in 100 ml. 
of 50% ether-methanol. The solid that separated 
after 4 days a t  20" was washed with 100 ml. of 5070 
ether-methanol and dried to give 0.8 g. (7.5%) of 
light-colored solid, m.p. 247-248" (dec.); v z k  2200, 
1580, 1530, 1440, 1350, 1270, 910, 795, 775, 720, 
690 em.-'. 


Anal.-Calcd. for CIOH~KZNOSB: C, 40.3; H, 
1.7; N,4.7. Found: C,40.2. H,2.1; N, 4.9. 
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Significance of Kinetic Aspects 
in the Simultaneous Administration of Drugs 


By MILDRED J. TARASZKA and ARLINGTON A. FORIST 


Kinetic aspects, such as half-lives for absorption and elimination, as well as limiting 
solubilities, which should be considered in the simultaneous administration of 
drugs are discussed. Two simple hypothetical cases are presented: the selection 
of the ratio of two drugs with different rate constants for absorption and elimina- 
tion to obtain similar average asymptotic serum levels of each drug on multiple-dose 
administration, and the selection of the ratio of two drugs with different rate con- 
stants for absorption and elimination and different solubilities to minimize the risk of 
crystalluria. Extension of the latter to the triple sulfas, on the basis of solubility 
and human blood level data in the literature, has given a “best” ratio of 1 : 3 : 4  for 
sulfadiazine : sulfamerazine : sulfamethazine, respectively, rather than the 1 : 1 : 1 


now used. 


HEN TWO or more drugs are combined in a W single formulation or are given in separate 
dosage forms at the same time, several factors 
should be considered in choosing the individual 
drugs and the amounts of each drug to be used: 
( a )  biological spectra, ( b )  minimum effective cir- 
culating concentrations for biological activity, (c) 
possibilities of reactions between the combined 
drugs, (d) possibility of one drug affecting the 
biological response to the other drug(s), (e) rate 
constants for absorption or absorption half-lives, 
(f) rate constants for elimination or biological 
half-lives, (g) rates of production and elimination 
of metabolites (especially if the metabolites may 
be active or toxic), (h) intrinsic solubilities of the 
individual drugs and/or metabolites if crystalluria 
is a potential side reaction. 


It is the authors’ opinion that drug combina- 
tions could be more beneficial if all of the above 
factors are considered. However, only kinetic 
aspects that affect drug combiliatioils are con- 
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sidered in this paper; that is, all the calculations 
are based on the assumption that the individual 
drugs have the correct spectra of biological ac- 
tivity, similar minimum effective circulating con- 
centrations, and that they are compatible in the 
in vitro and in viva systems. The importance of 
the kinetic aspects can be seen if the selection of 
the optimum dosage schedule is considered for 
multiple-dose therapy with a combination of two 
drugs which have biological half-lives of largely 
different magnitudes. 


DISCUSSION 
Example 1-When two or more drugs are com- 


bined in a single formulation, or the drugs are 
given in separate dosage forms a t  the same time, 
the multiple-dose serum levels attained with each 
drug will depend on each biological half-life plus 
other factors. The ratio of two drugs given in com- 
bination, which should be used to attain similar 
serum levels on multiple dosing, can be estimated 
in the following manner, assuming that the intrinsic 
drug solubilities, biological activities, and production 
of metabolites do not have to be considered. Fur- 
thermore, it is assumed that the single-dose serum 
level and urinary data for each drug fit the following 
model : 


ki k2 


A - + C -  + D (Model 1) 
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be calculated, assuming the six following conditions: 
(a) each drug has an intrinsic solubility, S1 and SZ, 
unaffected by the presence of the other drug; 
(b) the serum level data and urinary excretion data 
for each individual drug follow Model 1; when given 
as a single dose (the rate constants kl and k2 are first 
order); (6) the absorption and elimination of each 
drug is unaffected by the presence of the other; (d) 
metabolites do not have to  be considered; (e) the 
appearance of drug crystals in the urine is dependent 
on the concentration of the drug in the urine; cf)  
the urine flow is independent of the drug given. 


According to  Model 1, the rate of appearance of 
the drug in the urine is d [ D ] / d t  = k2[C].  The ki- 
netic equations for Model 1 can be easily derived 
(2), and it is found that 


where kl is the first-order rate constant for absorp- 
tion, kz is the first-order rate constant for excretion 
and/or metabolite production, C is the serum com- 
partment for the drug, and D is the excretion 
and/or metabolite compartment for the drug. 
Since more than one drug is involved, the rate con- 
stants and serum concentrations are labeled kli, 
kzir and Ci where i = 1 or 2 and denotes which 
drug is being considered. 


According to Wagner el al. (l), the average asymp- 
totic serum level of a drug on a multiple dose 
schedule is given by 


where F = fraction of dose absorbed, D = dose, 
v d  = volume of distribution, T = dosage interval, 
and kz = first-order rate constant characterizing the 
biological half-life. This equation holds for any 
model as long as a series of simultaneous linear 
differential equations can be written describing the 
model; transfer from the serum is first order; and 
F, D, v d ,  kz, and T are constants for each dose of the 
multiple-dose regimen in a given subject (1). 
Since two drugs are being considered, the following 
equations can be written corresponding to  Eq. 1. 


The same average asymptotic serum levels for the 
two drugs means c1 = cz. The ratio of the two 
drugs in the fomulation is found by  rearranging and 
setting T~ = T2 since both drugs are given together. 


The parameters on the right-hand side of Eq. 4, 
or the ratio D1/Dz, can be calculated from single- 
dose data if it is assumed each drug reacts indepen- 
dently and will be unaffected by the presence of the 
other. The dosing interval T is adjusted according 
to  the smaller biological half-life. 


Figures la and lb show the effect on multiple-dose- 
serum levels of adjusting the ratio of two hypo- 
thetical drugs with differing absorption and biologi- 
cal half-lives, which are given in combination. 
Serum levels in Fig. 1 are computer calculated. 
Both drugs, 1 and 2, obey Model 1 with the listed 
assumptions and have the following values for their 
kinetic parameters: k11 = 0.693 hr.-l, kz1 = 0.174 
hr.-1, & / v d ,  = 0.025 1.-1, TI = TZ = 6 hr., klz = 
1.39 hr.-l, ka  = 0.087 hr.-1, and Fz/Vdz = 0.0350 
1.-1. In Fig. la, drugs 1 and 2 are combined in the 
ratio of 1: 1, respectively. In  Fig. lb, drugs 1 and 2 
are combined in the ratio of 1 : 0.36, as predicted by 
Eq. 4. Identical serum-level curves of the two 
drugs cannot be obtained by altering the combina- 
tion ratio of the two drugs; only the average as- 
ymptotic serum levels can be adjusted t o  be the 
same as seen in Fig. 1. The amount of variation 
about this average asymptotic serum level depends 
on the model, the dosing interval, and the  magnitude 
of the absorption rate constant (1). 
Example 2-The best ratio of two drugs which are 


given in combination to  assure a minimum prob- 
ability of crystallization of drug in the kidneys can 


(Eq. 5 )  


where [Ao] is the initial concentration in compart- 
ment A and equals FD/Vd. 


The concentration of the drug in the urine at the 
time of saturation will equal the solubility of the 
drug. This time of saturation can be found from 


where [D] = concentration of drug in the urine, 
fa = time of saturation, and S = saturation con- 
centration (solubility a t  a given pH). 


Substituting for d [ D ] / d t  and integrating Eq. 6 
gives 


The two equations corresponding to  Eq. 7 can 
be written by using the second numerical subscript 
to  indicate which drug is being considered and 
substituting FD/Vd for [A,]. 


s1 = 
FIDlkllkzl ( e-:: 


vdi(kzi - kii) 


(Eq. 8 )  


(Eq. 9) 


(Eq. 10) 


Also, 


Di + Dz = DT 


where D1 = dose of drug 1, DZ = dose of drug 2, and 
DT = total dose given. 


To  have the least chance for crystalluria, D1 and 
Dz have to  be adjusted so the time of saturation for 
each drug is the same, ta = t,. Equations 8 and 9 
are too complex t o  solve for t,, and t ,  explicitly. 
However, they can be solved for D1 and DZ and 
substituted into Eq. 10 with tll = tr, = X to give: 
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or 
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In  Eq. 11 everything is known from individual 
single-dose experiments except X and DT. For a 
given value of DT the value of X, which satisfies 
the equation, is determined by trial and error with 
a computer. Once X is determined the values of 
D1 and DS are just equal to  the individual terms in 
the summation. 


When X = - the terms on the left-hand side 
of Eq. 12 will become infinite. Therefore, for any 
value of DT, a finite value of X exists and a given 
ratio of drug 1:drug 2 can be obtained t o  assure a 
minimum probability of crystalluria. 


If the rate constants of absorption and elimination, 
the fraction absorbed, and the volume of distribution 
were the same for both drugs, then the best ratio 
of drug 1 :drug 2 would be the ratio of their solubili- 
ties a t  the “mean” p H  of human urine, Sl : SZ. 


Application of Example 2-Example 2 has been 
extended to determine what ratio of sulfadiazine, 
sulfamerazine, and sulfamethazine gives the least 
chance of crystalluria in man. 


According to  the literature, the serum level and 
urinary excretion data indicated Model 2 for the ab- 
sorption and elimination of sulfonamides.1 


Both the excreted sulfonamide and the exmted 
acetylsulfonamide may precipitate in the urine and 
have to  be considered. The times of saturation of 
the acetylsulfonamides, taai, can be found from 


[ D i ] v  = L‘”‘ dt (Eq. 13) 
at 


where i denotes which acetylsulfonamide and S,,i 
their solubilities. Similarly, the times of saturation 
of the sulfonamides, tri, can be found from 


According to Model 2, d[D, ] /d t  = kaCi and 
d[Ei]/dt = k4Bi and the corresponding integrated 
Eqs. for 13 and 14 become, respectively, 


r 
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Fig. I-Com@ter-calculated, multiple-dose serum 
levels of a combination of two hypothetical drugs with 
different kinetic constants. Key: ---, drug I with kl 
= 0.693 hr.-l, ks = 0.174 hr.-l, F/Vd = 0 .03  1.-’ 
and 7 = 6 hr.; - , drug 2 with kl = 1.39 hr.-I; 
kt = 0.087 hr.-t, F/Vd = 0.035 1.-l and 7 = 6 hr.; 
curves la represent 100 units each of drug 1 and drug 2 
administered simultaneously; curves 1 b represent 100 
units of drug 1 and 35.7 units of drug 2 administered 
simultaneously. A, Ca = 6,7 units l.-l; B, CI = 2.4 


units ~ - 1 ;  C, Cl = Ce = 2.4 units 2.-1. 


kai + k4i + ksi - kli 
e - (kzi+k4i+ kif)fa< si = kt ikddo{  _ -  


For ease of manipulation, Eq. 15 may be written 


Sai = Aoifi (Eq. 17) 


Si = AoiPi (toil 0%. 18) 


as 


wherefi ( h )  is a function of taoi, and Eq. 16 as 


Substituting Aoi = FiDi/Vdi and rearranging, 
Eq. 17 becomes 


and Eq. 18 becomes 


1 


___- 
1 Model 2 for sulfonamides does not include discrete steps 


for tubular reabsorption or protein binding since the problem 
only requires characterization of how rapidly the drug 
concentrates in the urine. All the estimated rate constants 
are really composite values representing several processes 
since all models are only approximations for what is really 
taking place in ew. According to the principle of micro- 
scopic reversibility, each step in a mechanism should be 
reversible but experimental techniques are not sophisticated 
enough td determine all discrete rate constants. only “over- 
all” macroconstants are available. The value for kc charac- 
terizes bow fast the sulfonamide is eliminated, and it in- 
cludes effects from several-processeg as tubular reabsorption, 
the distribution of drug mto vanous t~ssuu according to 
their perfusion and partition characteristics, protein binding 
in these various tissues and blood as well as the discrete 
elimination process. 


The total dose of sulfonamides, DT, must equal 
the sum of the doses of the individual sulfonamides, 
ZDi. For a mixture of three 


DT = DI + Dz + D3 (Eq. 21) 
and three equations can be written for Eq. 19 and 
three for Eq. 20. 


Since the parent compound and the acetylated 
derivative have to  be considered for each sulfon- 
amide, eight possibilities exist for Eq. 21; that is, 
all the possible combinations of the six equations 
corresponding to  Eqs. 19 and 20. 
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ks 
second metabolite -excreted metabolite i 


compartment I 
containing the ki sulfonamide kz acetylated ka excreted 
initial dose - in the blood - sulfonamide- acetylsulfonamide 
of sulfonamide in the blood 


I kr + cscreted sulfonamide 


in simple notation 
kr 


ki 
A - B - C A l )  (Model 2) 


The kinetic constants and solubilities used for the 
sulfonamides under consideration are listed in Table 
I and were taken from the indicated literature. 


To  have the least chance for crystalluria the time 
of saturation for each drug has to  be the same; 
that is, the times of saturation in each of the in- 
dividual cases ( A  through H) have to be equal (for 
Case A, L1 = tSaz = trot = XA).  The case which 
gives the minimum total dose, DT, for saturation 
will be the limiting case, and the ratio of the terms 


20 40 60 
X.  hr. 


F i g .  2-Plot of DT versus X for the 8 cases, A-H. 


in the summation will be the best ratio for the drugs 
in the formulation. 


The values of DT for various Xj's are plotted in 
Fig. 2 for the eight different cases ( A  through H ) .  
A digital computer was used t o  calculate the values. 
For a given DT grater than the minimum asymp- 
totic DT for Case H either Case H or Case G will 
be limiting. Since Case H is limiting at lower 
values of the total dose, DT, Case H is the one of 
interest. The fact that Case H is limiting means 
that for sulfadiazine and sulfamerazine the parent 
compounds will cause crystalluria if the dose is 


TABLE I-KINETIC CONSTANTS AND SOLUBILITIES FOR THE TRIPLE SLTLFAS 


Parameter Sulfadiazine, i = 1 Sulfamerazine, i = 2 Sulfamethazine, i = 3 
Sp mg. m1.-1 0.16 0.34 0.62 
Saib mg. ml. -1 0.33 0.35 0.74 
kli hr.-l 0.6s 0.60d 0.66e 
ksi + kli  + ks,  hr.-I 0.0414 0.0295 0.095 
kJ hr.-1 0.15(0.0414)'= 0.0062 0.35(0.0295) = 0.0103 0.6(0.095) = 0.057 
k,if hr.-l 0.85(0.0414) = 0.0352 0.45(0.0295) = 0.0133 0.4(0.095) = 0.038 
kai hr.-l 0.06 0.04 0.20 
vdi /Fi  ml. 30,000 23,000 18, OOO 


b Sulfadiazine equivalent 
solubilities at 37O and pH = 0 for the acetylated sulfas. 0 ' V d l / h  and ku were estimated from Fig. 
la of Reference 6. The other kinetic constants for sul fadide  are from Table I1 of Rzjerence 5. d V d a / F t  and ku were esti- 
mated from Fig. 1 of Reference 4. The kinetic constants for sulfamethazme are calculated from data in Reference 4. f The kinetic constants kzi and kri were esu- 
mbted by multiplying the overall dimination rate constant, kri + kai + kri, by the fraction of the snlfonamide excreted ps 
the acetylsulfonamide or the unchanged sulfonamide, respectively. The values we4 for thwe fmctioqs were -ken from 
Table IV of Reference 7 .  


5 Sulfadiazine equivalent solubilities at 37' and pH = 6 for thesulfas. Taken from Reference 3. 
Taken from Reference 3. 


The other kinetic constants for sulfamerazine are from Table I1 of Reference 5. 
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large enough, while for sulfamethazine the acetyl 
derivative will cause crystalluria (this can be seen 
from the equation for Case H). In  order to  have the 
largest total concentration of sulfonamides without 
crystalluria, the ratio of sulfadiazine-sulfamerazine- 
sulfamethazine should be 1 : 3.1 : 3.9 (on a sulfadi- 
azine equivalent). This is the ratio of the terms in 
the equation for Case H when t.1 = & = t8a = a. 
The ratio in terms of the individual compounds 
instead of the sulfadiazine equivalent is sulfadi- 
azine-sulfamerazine-sulfamethazine = 1 : 3.2 : 4.3. 
On the average this ratio should have the least 
chance for crystalluria, if the kinetic constants are 
the best average ones. Since the kinetic constants 
in some cases were only estimated from blood level 
curves in the literature, they may not be the best. 


It should be noted in Fig. 2 that  the numerical 
values for DT are large. This is a result of using the 
best ratio of sulfas for the given set of conditions 
and equations which assume a constant urine 
volume. The effect of varying urine volume or 
flow rate was not considered because the objective 
was only to calculate the best ratio of triple sulfas 
which gives the least chance of crystalluria. Case H 
will always be limiting whatever the flow rate. 


The solubilities of the sulfonamides depend on 
pH. Above p H  7 the solubilities increase rapidly. 
The solubilities at p H  = 6 of the three sulfonamides 
in question were chosen because this approaches the 
normal human urine pH, and the ratio of the 
solubilities of the three sulfonamides is almost 
constant over the pH range 5.6-6.5 (3). Therefore, 
the calculated ratio of 1:3.2:4.3 for the three 
sulfonamides should be the best ratio over the pH 
range 5.6 to  6.5. 


As the solubility and/or the biological half-life 
of a drug increases, the incidence for crystalluria 
will become less. If the three sulfonamides in a 
combination have similar long biological half-lives, 
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similar half-lives of acetylated derivative production 
and elimination, and similar fractions absorbed and 
volumes of distribution, then the ratio of the sulfon- 
amides in the formulation should be the ratio of 
their solubilities. 


The calculations indicate that kinetic aspects can 
be important in the simultaneous administration of 
drugs. The triple sulfas was used as an example 
for the application of kinetics and limiting solubili- 
ties to  obtain a formulation with the best margin 
of safety. To show this increased margin of safety, 
a large-scale clinical test would be needed. 
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Griseofulvin Absorption in Man After Single and 
Repeated Treatments and Its Correlation with 


Dissolution Rates 
By SAMSON SYMCHOWICZ and BERNARD KATCHEN 


Absorption of griseofulvin from six different preparations was studied in  man. 
Plasma levels were followed for 1 day after a single oral 500-mg. dose, and for 7 
days after daily 500-mg. doses. A high correlation was found between dissolution 
rates in  simulated intestinal fluid and absorption during 0-25 hr., 49-173 hr., and 


0-173 hr. 


riseofulvin is widely used for treating fungal 
Its rela- 


~ e c e i v e d  February 27, 1968, from the Schering Corpora- 
tion, Departments of Physiology and Biochemistry and 
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tively high dose and meager water solubility (15 
mcg./ml. at 37’) might contribute t o  i ts  poor and 
variable absorption. Because certain minimal 
drug-plasma levels are needed for a n  effective 


Pharmaceutical Research, Bloomfield, NJ 07003 cure (1-3), griseofulvin preparations must be 
CUefUlly designed to ensure maximum absorption. 


The authors have shown previously (4) tha t  


infections in man and animals. G 








Antiradiation Compounds XI. Sulfur-Containing 
Derivatives of Nitriles and Aminonitriles 


By WILLIAM 0. FOYE and JOEL M. KAUFFMAN 


Attempts to obtain iminothio esters and dithio esters from a-aminoacetonitrile gave 
stable products only with the amino group acylated by the carbobenzoxy function. 
An iminothio ester derived from 8-aminopropionitrile was found to be relatively 
stable as the dihydrochloride, however. Examples of both a- and 8-cyanoalkylthio- 
sulfates were found to be stable M the sodium salts. Antiradiation testing of  the 
@-amino iminothio ester dihydrochloride and the a-cyanothiosulfate showed no pro- 


tective properties. 


NORGANIC CYANIDES have shown radiation-protec- I tive properties in animals (l), but relatively few 
organic nitriles have been tested for this property. 
Malononitrile (2), hydroxyacetonitrile (3), 2-hy- 
droxybutyronitrile (4), and a-benzyloxyiminopropio- 
nitrile (5) have all shown some degree of radiation 
protection, and several examples of cyano-containing 
dithio acid dianions (6) are radiation protective. 
The N-cyano derivative of 2-mercaptoethylguani- 
dine (MEG) has also been found protective in 
animals, but less so than MEG itself (7). An 
attempt has been made, therefore, to  obtain sulfur- 
containing derivatives of organic nitriles which 
might have protective ability, and in particular those 
which might lead to  sulfur-containing derivatives of 
amino acids in vivo. Glycine itself is radioprotective 
for some enzymes (8), and its thioamide has shown 
radiation-protective properties in plants (9). 


In regard to  the synthesis of amino dithio acids, 
no method of liberating an amine or amine salt from 
an N-blocked derivative in the presence of a dithio- 
carboxylic acid or ester is known. It appeared 
possible to obtain dithio esters or iminothio esters 
with free amino groups, however. Accordingly, 
benzyl cyanomethylcarbamate (I) was prepared 


CzHsSH 
C&I.&HeOCONHCHzCN 


I 
HC1 


NHZ+Cl- 
II Ha5 


CBH~CHZOCONHCHZCSCZH~ 
NaCOa 


I1 
C~H~CHZOCONHCHZC&CZHF, 


I11 
from carbobenzoxy chloride, aminoacetonitrile bi- 
sulfate, and sodium carbonate. Although the prep- 
aration of I from aminoacetonitrile hydrochloride 
with gradual addition of sodium hydroxide has been 
reported (lo), the method described here gives a 
cleaner product with less trouble, since carbonate 
provides the optimum p H  for the reaction. The 
product can also be recrystallized rather than repre- 
cipitated. Reaction with ethanethiol and hydrogen 
chloride gave the iminothio ester (11), which was 
converted to  the dithio ester (111) with hydrogen 
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sulfide and sodium carbonate. The iminothio ester 
(11) remained stable only long enough for chlorine 
and nitrogen analyses, which could be run imme- 
diately after isolation of the product. Charac- 
teristic absorption for C=S in (111) was shown in the 
infrared at 1050 em.-' and in the ultraviolet at 270 
and 365 mp. 


Attempts to  remove the carbobenzoxy group from 
the a-aminodithio ester were made with hydrogen 
bromide in acetic acid, hydrogen chloride in acetic 
acid, trifluoroacetic acid, and phosphonium iodide. 
All of these methods, as  well as aqueous procedures, 
failed. Attempts to  thiohydrolyze the dithio ester 
(111) to the dithio acid with hydrogen sulfide and 
triethylamine also failed. 


Benzyl cyanoethylcarbamate (IV) was prepared 
from aminopropionitrile fumarate and sodium car- 
bonate rather than from the free m i n e  and hydrox- 
ide as previously reported (11). Reaction with 
methanethiol and hydrogen chloride gave the imino- 
thio ester (V), which surprisingly had suffered loss 
of the carbobenzoxy group. Apparently, a distance 
of two carbons is required between an unblocked 
amino and iminothio ester functions for stability. 


CHaSH 


HCI 
CsHsCHzOCONHCHzCHzCN - 


I V  
NHa +C1- 
II 


Cl-+NHaCHzCHzCSCHs 
v 


To obtain compounds containing both cyano and 
reactive sulfur functions, the preparation of sodium 
cyanomethylthiosulfate was attempted using chloro- 
acetonitrile and sodium thiosulfate. Analysis indi- 
cated the product (VI) to  be a monohydrate, but the 
infrared spectrum showed only weak absorption for 
a cyano group and much stronger absorption at 
1,640 cm.-l. Suspecting that the product might be 
the amide rather than the nitrile, the amide (VII) 
was prepared from chloroacetamide and sodium thio- 
sulfate. The amide differed in crystalline form, 
solubility, infrared absorption, melting behavior, and 
Rf  value on thin-layer chromatography, thus con- 
firming that the nitrile had been obtained. The 
homologous cyanoethylthiosulfate was also prepared, 
and again obtained as the monohydrate. 


Na +-O&SCHZCN. H20 Na+-O&SCH,CONH? 
VI VII 
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Antiradiation Screening-Results obtained from 
the Walter Reed Army Institute of Research, 
through the courtesy of Drs. D. P. Jacobus and T. R. 
Sweeney, showed that Compounds V and VI pro- 
vided no protection in mice. Compound V was 
tested uersus 1,OOOr (-prays) and Compound VI was 
tested ueisus 825r (X-rays), both compounds admin- 
istered a t  dose levels of less than 50 mg./kg. 


EXPERIMENTAL 


Melting points were determined in capillaries on a 
Mel-Temp block (Laboratory Devices Co.) and are 
corrected. Elemental analyses were determined by 
Dr. Carol K. Fitz, Needham, Mass. Infrared ab- 
sorption spectra were obtained with a Perkin-Elmer 
model 137B spectrometer with sodium chloride 
optics. Evaporations were done using a rotary 
evaporator at 40 mm. 


Benzyl Cyanomethylcarbamate (I)-Aminoaceto- 
nitrile bisulfate (89 g., 0.58 mole) (Aldrich Chemi- 
cals), water (500 ml.) and ice (500 g. )  were stirred 
while sodium carbonate monohydrate (220 g., 1.77 
moles) was added. Additional ice (1 kg.) and ether 
(1 1.) were added, the temperature of the ether layer 
dropped to -2", and carbobenzoxy chloride (94 g., 
0.55 mole) (Nutritional Biochemicals) was poured in 
a t  once. Stirring was continued overnight as the 
mixture warmed to room temperature, and the ether 
layer was dried (MgSO4) and evaporated. The 
residue was recrystallized from carbon tetrachlo- 
ride-methanol, giving 73.7 g. (70%) of white needles, 
m.p. 61-63' [lit. (10) m.p. 62'1; v:::. 3320 (NH), 
2260 (very weak) (&N), 1700 (C=O) cm.-l. 


Benzyl Z-Ethylthio-Z-iminoetc~bamate Hy- 
drochloride (II)-Benzyl cyanomethylcarbamate 
(1.9 g., 0.01 mole), ethanethiol (1.5 ml., 0.02 mole) 
(Eastman Organic Chemicals), and dry ether (20 
ml.) were treated with hydrogen chloride a t  4" for 
30 min. The solution became cloudy and deposited 
3.2 g. (1000/,) of white product after 3 days storage 
at  4"; m.p. 138-142' (dec.). The analytical sample 
was obtained by recrystallization from chloroform- 
ligroin (1:l); m.p. 135-141' (dec.); v c ~ ~ ~  2860 
(NH+), 1720 (W) cm.-l. 


AnaZ.-Calcd. for ClrH1&lN~O~S: C1, 12.28; N, 
9.69. Found: C1, 12.71; N, 9.88. 


Ethyl N-Carbobenzoxydithioglycinate (II1)-The 
iminothio ester (11) (1.9 g., 0.007 mole) and sodium 
carbonate (3.2 g., 0.03 mole) were covered with 30 
ml. of dry ether and treated with dry hydrogen sul- 
fide (CaClz) at a rate sufficient to stir the mixture 
for 4.5 hr. Filtration and removal of solvent from 
the filtrate in a dry nitrogen stream left 0.4 g. (22%) 
of bright yellow crystals, m.p. 6 W " ,  150" (dec.). 
The compound was insoluble in cold alkaline solu- 
tion, but soluble in sodium hydroxide solution after 
warming for 5 min. The analytical sample was 
obtained by recrystallization from ether-ligroin, 
m.p. 64-65'; v::: 1730 (C=O), 1050 (C=S) 
cm.-l; Am=. (CHaOH) 270 (6 14), 365 (6  16) ma. 


Anal.-Calcd. for ClZH16NGS2: C, 53.60; H, 5.62; 
N, 5.21. Found: C, 53.64; H, 5.56; N, 5.22. 


Benzyl 2-Cyanoethylcarbamate (IQ-2-Amino- 
propionitrile fumarate (15.4 g., 0.06 mole) (Aldrich 
Chemicals) was carbobenzoxylated by the method 
above. In the puriiication of the product, propanol 
was added to the ether solution until all organic solid 
was dissolved. Dilution of the dried solution with 
ligroin and cooling gave glistening white plates in 
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two crops totaling 17.6 g. (72%); m.p. 69-71" [lit. 
(11) m.p. 74'1; v?;. 3310 (NH), 2250" (weak) 
(C=N), 1695 (C=O) em.-'. 
3-Imino-3-methylthiopropylamine Dihydrochlo- 


ride (V)-This reaction, and all handling of the 
product, was carried out under dry nitrogen. The 
previous product (10.2 g., 0.05 mole) was dissolved 
in 300 ml. of dry 1,2-dimethoxyethane (distilled over 
sodium hydride), cooled to 5", treated with 6 ml. of 
methanethiol (Eastman Organic Chemicals), and 
saturated with hydrogen chloride. Crystal forma- 
tion appeared complete in l day. Solvent was 
decanted after 1 week, and the white, crystalline 
residue was washed with 70 ml. of dry 1,a-dimethoxy- 
ethane and vacuum dried, giving 9.1 g. (95%), m.p. 
203-208' (dec.). It was hygroscopic and soluble in 
cold water. Analyses were obtained for chlorine 
and nitrogen immediately after isolation, but the 
product suffered partial decomposition before 
carbon-hydrogen analyses could be obtained. 


Anal.-Calcd. for C~HIZCI~NZS: C1, 37.1; N, 14.7. 
Found: C1, 37.0; N, 14.6. 


Sodium Cyanomethylthiosulfate, Monohydrate 
(VI)-Sodium thiosulfate pentahydrate (59.6 g., 
0.2 mole) was dissolved in 50 ml. of distilled water 
and treated with 50 ml. of 95% ethanol and then 
chloroacetonitrile (15.1 g., 0.2 mole) (Aldrich Chem- 
icals). The mixture was boiled under reflux for 20 
min., cooled, and freed of solvent. The residue was 
leached with 100 ml. of boiling 95% ethanol, then 
with another 20-ml. portion of the same, and the 
extracts were cooled a t  -5" to give 32.0g. (86%) of 
white prisms. Recrystallization from 95% ethanol 
gave the analytical sample; m.p. 150" (dec.); 
v:: 3490 (OH), 2250 (C%N), 1640 (CH), 1380 


Anal.-Calcd. for CzH4NNaO&: C, 12.43; H, 
2.10; N, 7.25; Na, 11.9. Found: C, 12.5; H, 1.9; 
N, 7.35; Na, 11.9. 


The Feigl spot test (12) for an aliphatic nitrile 
was strongly positive. On Eastman Chromagram 
sheets, using propanol-water, and iodine vapor as 
developer, this nitrile had an Rf = 0.44, whereas 
the amide (VII) had an Rf = 0.25. 


Sodium Carboxamidomethylthiosulfate (VII)- 
Chloroacetamide (13) (2.4 g., 0.026 mole) in 12 ml. 
of warm ethanol solution and sodium thiosulfate 
pentahydrate (6.4 g., 0.026 mole) in 12 ml. of warm 
water were mixed and rduxed for 1 hr. The solvent 
was evaporated, and the residue was taken up in 15 
ml. of ethanol with additional water for complete 
solution, and white needles precipitated a t  5" (2.6 g., 
55%); m.p. 180-203" (dec.); v:::. 1670 (C-0), 


Anal.-Calcd. for GH4NNa0&: C, 12.43; H, 
2.10; N, 7.25. 


Sodium Cyanoethylthiodate Monohydrate 
The same procedure as used for VI was employed 
with 2-bromopropionitrile (26.8 g., 0.2 mole) and 
sodium thiosulfate pentahydrate (59.6 g., 0.2 mole). 
After 1 hr. of rduxing, 33.4 g. (81%) of white solid 
was extracted and washed with cold 95% ethanol; 
infrared peaks were similar to those of VI; m.p. 250" 
(dec.). 


Anal.-Calcd. for CsHsNNaO&: C, 17.40; H, 
2.92; N, 6.76. 


(SOZ), 1220 (SOZ), 1040 cm.-1. 


1260 (SOZ), 1200 (SOz). 1040 


Found: C, 12.56; H, 2.44; N, 7.24. 


Found: C, 17.58; H, 3.60; N, 6.10. 
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Pyrrolo [2,3-d]Pyrimidines 
By RICHARD H. HAMMER 


T h e  synthesis of a series of 4-alkyIamino-7- 
methyl analogs of tubercidin from 4-chloro- 
7-methyl-7H-pyrrolo [ 2,3-d] pyrimidine is de- 


scribed. 


UBERCIDIN (4-amino-7-p-~-ribofuranosyl-7H- T pyrrolo[2,3-d]pyrimidine) (I) and two other 
closely related naturally occurring nucleosides 
containing the pyrrolo [2,3-d] pyrimidine structure, 
toyocamycin (II), and sangivamycin (111), show 
pronounced cytotoxic activity (1-3). As a result 
of this activity and the unique stability of the base- 
sugar bond to  enzymatic (4) and in wilro acid cleav- 
age,’ considerable interest in the synthesis and 
evaluation of tubercidin analogs has developed. 


Recently, Gerster et el. (5 )  synthesized a series of 
4-substituted derivatives of tubercidin with the 
ribofuranosyl group intact on the 7 position. 
Montgomery and Hewson (6) have observed a 
decrease in cytotoxic activity, compared to tuber- 
cidin, when substituting aliphatic and cycloaliphatic 
groups at the 7 position with a free amino group 
in the 4 position. Cell-culture cytotoxity studies on 
Compounds IV and V (Table HI), synthesized in 
this laboratory (7), indicate an increase in activity 
when the bulky, lipophilic benzyl group is substi- 
tuted on the mercapto group of IV. These observa- 
tions prompted the synthesis of a series of 4-alkyl- 
amino-7-methyl-7H-pyrrolo[2,3-d]pyrimidines 
(VIIIa-VIIIf) where the series extends from the sim- 
pler alkyls, such as ethyl, to heterocyclic rings such as 
pyrrolidyl and piperidyl. In order to simulate the 
pKa of tubercidin, the described compounds all 
have a methyl group substituted on the 7-nitrogen. 
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1 Preliminary degradation studies in this laboratory show 
tubercidin to  be completely stable for 66 hr. in 0.1 N HCl 
a t  80° compared to a half-life of 72 min. for adenosine under 
identical conditions. 


Synthesis of these compounds htrs been accom- 
plished through methylation of 4-chloro-7H-pyrrolo- 
[2,3-d]pyrimidine (VI) with methyl iodide (8) and 
reaction of this 7-methyl product (VII) with the 
appropriate amine in a Parr bomb at elevated 
temperatures to give the respective 4-alkylamino-7- 
methyl - 7H - pyrrolo[2,3 - dlpyrimidine compound 
(VII Ia-VIIIf). 


1 ,R-H 
11, R = C S N  


0 
III, R =C-NHz II 


Iv v 
EXPERIMENTAL 


Melting points were obtained on a Thomas- 
Hoover capillary melting-point apparatus and are 
uncorrected. Ultraviolet analysis was recorded 
on a Beckman model DB spectrophotometer. 
Titrimetric pKa values were obtained on a Sargent 
titrator, model D a t  25”. NMR spectra were ob- 
tained on a Varian A-60 instrument at a field 
strength of 60 Mc./sec. Microanalysis was con- 
ducted by Galbraith Laboratories, Inc., Knoxville, 
Tenn. 


Method A-To 0.175-0.20 g. of V I I  (8) wdS 
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large enough, while for sulfamethazine the acetyl 
derivative will cause crystalluria (this can be seen 
from the equation for Case H). In  order to  have the 
largest total concentration of sulfonamides without 
crystalluria, the ratio of sulfadiazine-sulfamerazine- 
sulfamethazine should be 1 : 3.1 : 3.9 (on a sulfadi- 
azine equivalent). This is the ratio of the terms in 
the equation for Case H when t.1 = & = t8a = a. 
The ratio in terms of the individual compounds 
instead of the sulfadiazine equivalent is sulfadi- 
azine-sulfamerazine-sulfamethazine = 1 : 3.2 : 4.3. 
On the average this ratio should have the least 
chance for crystalluria, if the kinetic constants are 
the best average ones. Since the kinetic constants 
in some cases were only estimated from blood level 
curves in the literature, they may not be the best. 


It should be noted in Fig. 2 that  the numerical 
values for DT are large. This is a result of using the 
best ratio of sulfas for the given set of conditions 
and equations which assume a constant urine 
volume. The effect of varying urine volume or 
flow rate was not considered because the objective 
was only to calculate the best ratio of triple sulfas 
which gives the least chance of crystalluria. Case H 
will always be limiting whatever the flow rate. 


The solubilities of the sulfonamides depend on 
pH. Above p H  7 the solubilities increase rapidly. 
The solubilities at p H  = 6 of the three sulfonamides 
in question were chosen because this approaches the 
normal human urine pH, and the ratio of the 
solubilities of the three sulfonamides is almost 
constant over the pH range 5.6-6.5 (3). Therefore, 
the calculated ratio of 1:3.2:4.3 for the three 
sulfonamides should be the best ratio over the pH 
range 5.6 to  6.5. 


As the solubility and/or the biological half-life 
of a drug increases, the incidence for crystalluria 
will become less. If the three sulfonamides in a 
combination have similar long biological half-lives, 
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similar half-lives of acetylated derivative production 
and elimination, and similar fractions absorbed and 
volumes of distribution, then the ratio of the sulfon- 
amides in the formulation should be the ratio of 
their solubilities. 


The calculations indicate that kinetic aspects can 
be important in the simultaneous administration of 
drugs. The triple sulfas was used as an example 
for the application of kinetics and limiting solubili- 
ties to  obtain a formulation with the best margin 
of safety. To show this increased margin of safety, 
a large-scale clinical test would be needed. 
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Griseofulvin Absorption in Man After Single and 
Repeated Treatments and Its Correlation with 


Dissolution Rates 
By SAMSON SYMCHOWICZ and BERNARD KATCHEN 


Absorption of griseofulvin from six different preparations was studied in  man. 
Plasma levels were followed for 1 day after a single oral 500-mg. dose, and for 7 
days after daily 500-mg. doses. A high correlation was found between dissolution 
rates in  simulated intestinal fluid and absorption during 0-25 hr., 49-173 hr., and 


0-173 hr. 


riseofulvin is widely used for treating fungal 
Its rela- 


~ e c e i v e d  February 27, 1968, from the Schering Corpora- 
tion, Departments of Physiology and Biochemistry and 
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tively high dose and meager water solubility (15 
mcg./ml. at 37’) might contribute t o  i ts  poor and 
variable absorption. Because certain minimal 
drug-plasma levels are needed for a n  effective 


Pharmaceutical Research, Bloomfield, NJ 07003 cure (1-3), griseofulvin preparations must be 
CUefUlly designed to ensure maximum absorption. 


The authors have shown previously (4) tha t  


infections in man and animals. G 
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dissolution rates in simulated intestinal fluid cor- 
relate well with drug absorption following a single 
500-mg. oral dose. The present communication 
shows there is also a correlation between dissolu- 
tion rate and absorption following 7 daily 500-mg. 
doses of griseofulvin. Thus, the absorption 
characteristics of griseofulvin preparations can be 
conveniently predicted on the basis of dissolution 
rate data. 


Journal of Pharmaceutical Sciences 


11-ANALYSIS OF MEAN GRISEOFULVIN 
PLASMA LEVELS BY DUNCAN'S 
MULTIPLE-RANGE STATISTIC 


EXPERIMENTAL 


In the first part of this study, four different 
griseofulvin preparations (No. 1-4) were given at  
weekly intervals to eight normal humans in a repli- 
cated Latin square crossover design (5). Before 
breakfast, each subject ingested one 500-mg. tablet 
(preparation 2) or four 125-mg. tablets (preparations 
1,3,4). 


In the second part of this study, three different 
griseofulvin preparations (No. 2,5,6) were given to 
18 normal subjects. Each subject ingested one 
500-mg. tablet (preparation 2) or two 250-mg. 
tablets (preparations 5,6). Preparation 5 has the 
same composition as 1, and preparation 6 the same 
composition as 3. 


All subjects were told to avoid foods and drugs 
which interfere with the griseofulvin plasma assay 
(6). Blood was drawn a t  specified time intervals 
(Tables I, IV),  and plasma samples were assayed 
fluorometrically (7) in duplicate. All plasma levels 
were corrected for their 0-hr. values. 


Mean plasma level, which is the absorption index, 
was calculated by dividing the area under the plasma 
level curve (calculated by the trapezoidal rule) by 
the appropriate time interval. 


Dissolution rates (Table 111) were measured in 
simulated intestinal fluid as described previously (4). 
Single 125-mg. tablets, half of the 250-mg., and one 
quarter of the 500-mg. tablets were assayed. 


RESULTS AND DISCUSSION 


Single-Dose Study-Table I shows the individual 
plasma levels a t  different times following ingestion 
of the four preparations. Plasma levels vary widely, 
but, in general, peak at  4 hr. There are large varia- 
tions in drug absorption between subjects on all 


TABLE 


Treatments Area/25 
1 1.021 
4 0.93 I 
2 
3 


0.83 I 
0.74) 


Values not connected by a solid line differ significantly. 
1 > 3 ( p  < 0.05); 1 > 2 ( p  < 0.10); 4 > 3 ( p  < 0.10). 


preparations, This agrees with the findings of other 
investigators (1, 8). 


An analysis of variance procedure for Latin 
square crossover designs (5), applied to the plasma 
levels in Table I, shows that treatments, time, and 
the treatment X time interaction are statistically 
significant factors ( p  = 0.05). Duncan's multiple- 
range test, applied to the area/25 values in Table I, 
shows (Table 11) that preparation 1 is significantly 
better than preparations 2 and 3, and that prepara- 
tion 4 is significantly better than 3. 


Figure 1 shows a good correlation between the 
mean plasma levels (area/25) in Table I and the 
logarithm of the 30-min. dissolution values in Table 
111. The correlation coefficient is 0.94 ( p  = 0.04). 
The 15- and 10-min. dissolution values have correla- 
tion coefficients of 0.96 ( p  = 0.03) and 0.92 ( p  = 
0.05), respectively. These results agree well with 
the authors' previous single-dose study (4). 


Because griseofulvin therapy requires prolonged 
drug administration, the correlation between dis- 
solution rates and drug absorption during prolonged 
treatment was studied. This was also of interest 


9 0.60 ' 
Z _I 0.50 1 _ _  


40 50 60708090100 150 
DISSOLUTION RATE 


mg. dissolved/30 mi;. 


Fig. I-Correlation of dissolution rate and mean gris- 
eofulvin plasma levels. Correlation coeficient = 0.94 
(p = 0.04).  Brackets enclose 95% conjdence inter- 


vals of regression line. 


TABLE I-GRISEOFULVIN PLASMA LEVELS (nicg./ml.) FOLLOWING AN ORAL 500-mg. DOSE 


Prep- Time, 
aration Hr. 


1 2 
4 
8 


25 
2 1 


4 
8 


'5 
3 > 


4 
8 


25 
4 2 


4 
8 


25 


- 


- 


I 


1 
1.73 
1.46 
0.70 
0.71 
0.72 
0.82 
0.64 
0.78 
0.29 
0.76 
0.96 
0.66 
1.00 
1.81 
1.71 
0.84 


2 3 
2.20 1.23 


Subject- 
4 5 


1.23 0.62 
1.60 1.58 1.18 1.18 
1.15 1.45 0.83 0.82 
1.06 0.77 0.49 0.99 
1.Oi 0.29 
1.08 1.62 
0.94 2.20 
0 .62  0.58 
0.67 0.49 
0.71 1.40 
0.54 1.17 
0.61 0.53 
0.66 0.94 
0.97 1.58 
0.71 1.38 
0.64 0.68 


0.82 0.43 
1.13 0.59 
0.58 0.60 
0.85 0.65 
0.56 0.47 
0 79 0.52 
0.68 o.5i 
0.76 0.91 
0.64 0.15 
1.00 0.84 
1.01 0.93 
0.54 1.03 


6 
1.13 
1.51 
2.32 
1.00 
1.49 
1.58 
0.86 
0.59 
0.75 
1.46 
1.10 
0.69 
1.07 
1.20 
0.93 
0.58 


7 8 
0.35 1.00 
0.87 1.13 
0.94 0.84 
1.11 0.86 
0.29 0.75 
0.53 0.83 
0.77 0.80 
1.00 1.03 
0.35 0.48 
0.80 1.00 
0.51 1.08 
0.82 0.79 
0.50 0 
1.02 1 
0.93 1 
1.00 1 


.27 


.52 


.10 


.oo 


Average Area/25 
1.18 1.02 
1.17 
1.13 
0.86 
0.73 ( J  W 
1.02 
0.92 
0.76 
0.51 0.74 
0.93 
0.82 
0.72 
0.65 U.98 
1.24 
1.09 
0.79 
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TABLE 111-DISSOLUTION RATES OF 
GRISEOFULVIN PREPARATIONS 


Yo Dissolved 
Time, Preparation- 
mn. 1 2 3 b 4 5 6  
5 24 17 7 13 21 11 
10 54 30 15 31 48 17 
15 77 37 24 42 70 22 
30 97 50 35 55 94 33 
45 99 45 65 98 42 
60 99 65 52 75 100 44 
Preparations: 1 ,  3. 4-125-mg. tablets; 5, 6-250-mg. 


tablets; 2-500-mg. tablets. This preparation is the same 
as preparation 2 in the authors' previous study (4). 


in view of a report (9) urging caution when interpret- 
ing data from a single-dose study with griseofulvin. 
Multiple-Dose Study-Table IV shows the in- 


dividual griseofulvin plasma levels obtained with 
three preparations, in 18 subjects treated daily for 
7 days with 500 rng. of griseofulvin. Table V 
compares the mean plasma levels in the same eigh- 
teen subjects. The data in Table IV show that the 
peak and residual plasma levels for each treatment 
group and also within most of the subjects are 
remarkably constant after the second or third dose. 
Griseofulvin mean plasma drug levels plateau after 
the third daily dose with all preparations (Table V). 


Analysis of variance of the mean plasma levels in 
Table V does not show any statistically significant 
differences between preparations. This is probably 
due to  the small number of subjects, large inter- 
subject variation, and lack of a crossover design. 
Despite the lack of demonstrable statistically 
significant differences between preparations, de- 


! 


Prep- Sub- 
paration ject 


- 1 
2 
3 
4 
5 
6 


5 7 
8 
9 
10 
11 
12 


Averarre 


9 


Average 


'.-t - 49 - 173 M. 


TABLE IV-GRISEOFULVIN PLASMA LEVELS (mcg./ml.) 
FOLLOWING AN ORAL 500-mg. DOSE DAILY FOR 7 DAYP 


2 4b 
0.97 0.92 
0.49 1.68 
0.54 0.71 


8 25 
0.78 0.74 
1.12 0.61 
0.65 0.43 
1.12 0.92 0.41 1.68 


0.76 1.87 1.42 0.53 
0.45 1.31 1.03 0.87 
0.60 1.36 1.02 0.68 
1.43 1.14 
1.19 0.97 


0.98 0.90 
0.83 0.52 
0.97 0.83 0.90 1.36 


2.08 2.22 1.89 1.23 
0.81 1.14 0.56 1.14 
1.28 1.39 1.07 0.92 


1.27 1.54 i.17 0.93 


-Time, 
49 
0.89 
0.85 
0.96 
1.29 
0.76 
1.09 
0.97 
1.19 
0.81 
0.83 
1.55 
1.35 
1.27 
1.16 


hr.- 
53b 
1.60 
1.44 
1.65 
2.11 
2.49 
1.87 
1.86 
1.85 
1.69 
1.26 
2.66 
2.58 
1.77 
1.97 


97c 10lb 169' 
0.96 1.82 1.16 
1.03 2.44 0.97 
0.85 1.79 1.12 
1.34 2.48 1.03 
0.74 2.30 0.85 
1.15 1.60 0.94 
1.01 2.07 1.01 
1.23 2.35 1.30 
0.77 1.54 0.75 
1.20 1.98 1.10 
1.57 2.14 1.44 
1.99 2.98 1.35 
1.25 1.65 1.30 
1.33 2.11 1.21 


- 
173b 
2.16 
1.86 
2.20 
2.40 
2.39 
1.37 
2.06 
1.96 
1.47 
1.72 
2.33 
2.41 
1.88 
1.96 


I 


6 13 0.41 0.70 0.63 0.80 1.12 1.17 1.38 1.79 1.18 1.61 
14 1.20 1.90 1.75 0.82 1.25 2.70 1.36 2.38 1.36 3.00 
15 0.68 0.51 0.68 0.61 1.18 1.23 0.97 1.43 0.93 1.04 
16 0.44 0.98 0.62 0.36 0.84 1.38 0.85 1.46 0.69 1.32 
17 0.67 0.80 0.77 0.74 0.84 2.31 0.91 2.27 0.88 1.99 
18 0.78 1.07 0.69 0.60 0.77 2.01 0.75 2.15 0.65 1.16 


Average 0.70 1.00 0.236 0.65 1.00 1.80 1.04 1.91 0.95 1.68 
Drug was given at 0 25 49 73 97. 121. 149. and 169 hr.; plasma was analyzed at theindicated time intervals. Peak 


plasma levels. Kesiddal plasma ievek (blood drawn just prior to drug ingestion). 


TABLE V-MEAN GRISEOFULVIN PLASMA LEVELS, InCg. /ml.. 
-. -_ ____ 


Prep- I Hr.- 
aration 0-25 25-49 49-53 53-97 97-101 101-169 169-173 49-173 0-173 
2 0.87 0.83 1.42 1.44 1.54 1.54 1 54 1.50 1.31 
5 1.03 1.05 1.57 1.65 1.72 1.67 1.58 1.65 1.48 
6 0.76 0.84 1.40 1.42 1.47 1.43 1.32 1.42 1.24 


~ ~ ~ _ _ _ _ ~ ~  ~ 


a Areas under curve divided by periods as indicated. 
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tailed inspection of the data reveals some interesting 
points, For example, the ranking of preparations 
based on mean plasma levels during the first 25 hr. 
(single dose) remains the same throughout the entire 
experiment (except for the 25-49-hr. period). Also, 
if the residual plasma levels are considered (values 
25 hr. after the first dose, and 24 hr. after the second, 
fourth, and seventh doses), the following statistically 
significant differences emerge: a t  25 hr., prepara- 
tion 5 > 6 ( p  = 0.1, least significant difference), a t  
97 hr., preparation 5 > 6 ( p  = 0.1, Duncan’s 
multiple-range statistic), and 5 > 2 ( p  = 0.05, 
Duncan’s multiple-range statistic). Residual plasma 
levels may be important in griseofulvin therapy 
since a minimum level of 1 mcg./ml. appears to  be 
needed for an effective cure (1). 


When the dissolution values (Table 111) are corre- 
lated with the mean plasma levels (Table V), a 
good correlation is seen (Fig. 2) between the 
logarithm of the 30-min. dissolution values and 
mean plasma levels after 25 hr. (effect of a single 
dose), 49-173 hr. (the plateau region), and 0-173 
hr. (total experimental period). The correlation 
coefficients for the 3 time periods are 0.999 ( p  = 
0.015), 0.992 ( p  = 0.077), and 0.995 ( p  = 0.056). 
The slope of the 0-25-hr. regression line compares 
favorably with the slope of the single-dose treatment 
(0.60 in Fig. 2 versus 0.63 in Fig. 1). The slopes for 
the later time intervals (Fig. 2) are lower than the 
0-25-hr. slope because differences between the 
mean plasma levels of the preparations are smaller 
for the 49-173-hr. period. 
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Since dissolution rates correlate well with griseo- 
fulvin absorption after a single dose, as well as 
after repeated drug administration, they should 
serve as an effective tool for selecting therapeutically 
useful griseofulvin preparations. 
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Further Applications of Diazotized 
4-Amino-6-chloro-m-benzenedisulfonamide 


Colorimetric Determination of Pyridoxine Hydrochloride, 
17p-Hydroxy-7a~-l7a-dimethyl-B-homo-A-norestrane-3,6-dione 


and Morphine Sulfate 


By TIBOR U R B h Y I  and SUSAN BUDAVARI 


The diazotization roduct of 4-amino-6-chloro-m-benzenedisulfonamide has been 
found to be a usefurreagent for the coIorimetric determination of a vitamin, steroid, 
and alkaloid. A general method, with slight modification, can be applied to those 
compounds which contain a phenolic or similar-to-phenolic hydroxyl group. Pyri- 
doxine hydrochloride, 1 7B-hydroxy-7aa- 1 7a-dimethyl-B-homo-A-norestrane-3,6- 
dione, and morphine sulfate were used as coupling components i n  this study. The  
optimum reaction conditions for coupling and color formation have been deter- 
mined and the applicability of the method in  the presence of commonly used in- 


gredients is demonstrated. 


REPORT ON the colorimetric determination of diazotized 4-amino-6-chloro-m-benzenedisulfon- 
estrogenic hormones b y  coupling with amide reagent has already been published (1). 


The purpose of the present investigation was to 
extend the application Of that method to the 
quantitative determination of a phenolic alkaloid, 
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Pyrrolo [2,3-d]Pyrimidines 
By RICHARD H. HAMMER 


T h e  synthesis of a series of 4-alkyIamino-7- 
methyl analogs of tubercidin from 4-chloro- 
7-methyl-7H-pyrrolo [ 2,3-d] pyrimidine is de- 


scribed. 


UBERCIDIN (4-amino-7-p-~-ribofuranosyl-7H- T pyrrolo[2,3-d]pyrimidine) (I) and two other 
closely related naturally occurring nucleosides 
containing the pyrrolo [2,3-d] pyrimidine structure, 
toyocamycin (II), and sangivamycin (111), show 
pronounced cytotoxic activity (1-3). As a result 
of this activity and the unique stability of the base- 
sugar bond to  enzymatic (4) and in wilro acid cleav- 
age,’ considerable interest in the synthesis and 
evaluation of tubercidin analogs has developed. 


Recently, Gerster et el. (5 )  synthesized a series of 
4-substituted derivatives of tubercidin with the 
ribofuranosyl group intact on the 7 position. 
Montgomery and Hewson (6) have observed a 
decrease in cytotoxic activity, compared to tuber- 
cidin, when substituting aliphatic and cycloaliphatic 
groups at the 7 position with a free amino group 
in the 4 position. Cell-culture cytotoxity studies on 
Compounds IV and V (Table HI), synthesized in 
this laboratory (7), indicate an increase in activity 
when the bulky, lipophilic benzyl group is substi- 
tuted on the mercapto group of IV. These observa- 
tions prompted the synthesis of a series of 4-alkyl- 
amino-7-methyl-7H-pyrrolo[2,3-d]pyrimidines 
(VIIIa-VIIIf) where the series extends from the sim- 
pler alkyls, such as ethyl, to heterocyclic rings such as 
pyrrolidyl and piperidyl. In order to simulate the 
pKa of tubercidin, the described compounds all 
have a methyl group substituted on the 7-nitrogen. 
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1 Preliminary degradation studies in this laboratory show 
tubercidin to  be completely stable for 66 hr. in 0.1 N HCl 
a t  80° compared to a half-life of 72 min. for adenosine under 
identical conditions. 


Synthesis of these compounds htrs been accom- 
plished through methylation of 4-chloro-7H-pyrrolo- 
[2,3-d]pyrimidine (VI) with methyl iodide (8) and 
reaction of this 7-methyl product (VII) with the 
appropriate amine in a Parr bomb at elevated 
temperatures to give the respective 4-alkylamino-7- 
methyl - 7H - pyrrolo[2,3 - dlpyrimidine compound 
(VII Ia-VIIIf). 


1 ,R-H 
11, R = C S N  


0 
III, R =C-NHz II 


Iv v 
EXPERIMENTAL 


Melting points were obtained on a Thomas- 
Hoover capillary melting-point apparatus and are 
uncorrected. Ultraviolet analysis was recorded 
on a Beckman model DB spectrophotometer. 
Titrimetric pKa values were obtained on a Sargent 
titrator, model D a t  25”. NMR spectra were ob- 
tained on a Varian A-60 instrument at a field 
strength of 60 Mc./sec. Microanalysis was con- 
ducted by Galbraith Laboratories, Inc., Knoxville, 
Tenn. 


Method A-To 0.175-0.20 g. of V I I  (8) wdS 
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added a 1-mole excess of alkylamine and 15-25 ml. 
of 95'% ethanol. The solution was heated with 
stirring in a Parr bomb a t  125-130" for 6-6.5 hr. 
The reaction mixture was acidified to approximately 
p H  2 with 20% HCl, filtered, and the filtrate ad- 
justed t o  p H  10 with 20% NaOH. The mixture 
was evaporated to dryness and the resultant oily 
syrup was taken up in water-chloroform and 
subsequently extracted with chloroform. Removal 
of the chloroform left a syrup which was purified 
using preparative thin-layer chromatography to  
yield crystalline, analytically pure samples (1-mm. 
Silica Gel GF264; solvent system, ethyl acetate- 
methanol, 9: 1). Including fluorescent zones on the 
starting line and solvent front, four bands were 
observed under short wavelength UV light. Ex- 
traction of the second band from the solvent front 
with 95% ethanol and evaporation of the solvent 
yielded the products which were characterized as 
the free base and/or the HC1 salt. See Tables I and 
11. In the case of VIIIb, after extraction from the 
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plate and removal of the solvent, it was necessary 
to triturate with petroleum ether to  obtain the 
product. 


Method B-After heating the reactants in a Parr 
bomb at 125-130" for 6-6.5 hr. as outlined under 
Method A, the solution was concentrated to  a 
viscous oily syrup and purified via two consecutive 
preparative thin-layer chromatography steps 
(Method A) to  give the final product which was 
analyzed as the free base and/or the HC1 salt. See 
Tables I and 11. 


RESULTS AND DISCUSSION 


The five-step procedure of Davall's (9) led to the 
4-chloro- 7H-p yrrolo [ 2,3-d] pyrimidine intermediate 
(VI) which was converted to the 7-methyl analog 
(VII) by methylation with methyl iodide (8). 
Nucleophilic displacement of the 4-chloro gronp of 
VII and other 4-chloro-7-alkyl-7H-pyrrolo[2,3-d]- 
pyrimidines with methanolic ammonia to give the 


TABLE I-PHYSICAL PROPERTIES OF 


P 


CH, 


% ,  
Corned." R Method Yield 
VIIIa 4-Ethylamino A 52 


VIIIb 4-n-Propylamino A 32 
B 5 0  


VIIIc 4-~Pentylamino B 59 


VIIId 4-n-Hexylaminoe B 57 


VIIIe 4-(l-Pyrrolidyl)d B 80 


VIIIf 4-(l-Piperidyl) B 599 


-M.p.. O C . 7  Molecular 
Base HCl Formula 


1 % - 5 8 C  23334 C O H I ~ N ~  
dec. 


dec. 
118-20 203-04 CioHirNd 


7 2 a d  67-9 CizHisN 


99-100 ' CuHirNd.HC1 


- 195-96 CisHisN4.HCl 
dec. 


-Anal.- 
-Calcd- -Pound- pKab 
C 61.37 C 61.25 5.64 
H 6.81 H 6.95 
N 31.82 N 31.67 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


63.16 
7.36 


29.47 
66.04 
8.33 


25.68 
67.06 
8.69 


24.14 
55.37 


6.45 
23.48 


C 
H 
N 
C 
H 
H 
C 
H 
N 
C 
H 
N 


63.00 
7.48 


29.24 
65.85 
8.08 


25.53 
65.78 


8.63 
23.71 
54.34 
6.36 


23.00 


5.52 


5.66 


- 


- 


C 57.04 C 56.81 5.28 
H 7.59 H 7.28 
N 22.17 N 21.95 


~ ~~ 


" The 4-n-butyl compound was also prepared M.p. (free base) 112-113'. Calcd. for CnHaN4: C, 64.71; H, 7.87; N 
27.44. Found: C, 64.57; H, 7.90;d N,  27.20. '* Dissociation constants were determined on the HCl salts in distilled wate; 
at 25O. Reported: 159O (10). Reported 125-127' (10). See Resulfs and Discussion. a Compounds VIIId and VIIIe 
were not within acceptable limits for carbon analysis. Insufficient amounts of both samples prohibited further analysis. ' Begins darkening around 240° and melts with decomposition at 260°. Calculated as the HCI salt from starting material 
VII. 


TABLE 11-UV AND NMR ANALYSIS 


-NMR ( r ,  p.p.m.) 
A-X. mlr (4- Protons 


Compd. pH 1.0' Ethanol pH 13.0 CompdbNHCN =CH NCH8 NCHa CHI & CHa J5,a C.P.S. 


VIIIb 232 (19,020) 276 (13,310) 275 (12,930) 


VIIIc 233 (20,140) 276 (12.730) 276 (12,940) 


VIIId 232 (18,580) 278 (9,750) 275 (12,770) VIIIcc 1.83 2.88 6.28 6.51 8.56 com lex 3.5 


VIIIo 232 (19,370) 273 (12,150) 273 (11,970) VIIIo 1.93 2.82 6.28 6.52 8.71 (CHs) 3.5 
274 (12,360) 3.38 


274 (13,120) 


274 (12,940) 


2 4 (11 840) 3.41 9.09 1 overrapding 
VIIIed 237 12:600) 281 (9,450) 282 (9,390) VIIId' 1.65 3.12 6.20 6.43 8.08 3.5 


280 19,700) 3.66 8.62 


VIIIfd 238 (13,640) 288 (16,170) 290 (12,880) 
284 (11,620) 


9 .  i2 
9.94 


OpH 1.0 (0.1 N HCI); ethanol, 95%; pH 13.0 (0.1 N NaOH). * HCl salt in water-d with tetramethylammoniumtetra- 
tluoroborate as the internal standard. Determined in dedimethylsulfoxide. HCI salt. ' Determined in chloroform-d 
with tetramethylsilane as the internal standard. 
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4-amino derivatives proceeds smoothly although 
requiring higher temperatures than the correspond- 
ing purines (6, 8). Hitchings et al. (10) reported 
the synthesis of various 4-alkylamino-7H-pyrrolo- 
[2,3-d]pyrimidines by heating the 4-chloro starting 
material a t  elevated temperatures with an alkyl- 
amine. The facility by which the 4-chloro group 
of pyrrolo[2,3-d]pyrimidines serves as a leaving 
group for a variety of nucleophilic substitutions is 
therefore well established (8). 


Two methods have been employed for the synthe- 
sis of VIIIa-VIIIf. The first method (Method A), 
which is similar to the method employed by Hitch- 
ings (lo), produced low yields of product. The 
second method (Method B) whereby the volume of 
solvent was reduced and the acid-base steps were 
eliminated increased the yield of VIIIb from 33 to 
50%. Method B was therefore adopted for the 
synthesis of VIIIc-VIIIf. See Table I .  


The ultraviolet spectra of the secondary amines 
(VIIIa-VIIId) have maximums a t  274 mp ( E  


11,840-13,120) and a more intense maximum a t  
232-233 mp ( E  18,580-20,140) at pH 1, while in 
ethanol or at pH 13, only a broad absorption band 
at 273-278 mfi ( E  9,750-13,310) is observed. The 
spectra of the two tertiary amines, VIIIe and VIIIf, 
undergo a bathochromic shift to 280-284 mp and 
237-238 mp a t  pH 1, and a shift to 281-290 mp in 
ethanol or a t  pH 13 with the lower maximum having 
the more intense absorption. These spectra are 
characteristic of 4-amino and 4-propylamino-7H- 
pyrrolo[2,3-d]pyrimidines (6, 8, 10) as well as the 
corresponding purines (11). See Table 11. 


Representative proton magnetic resonance spectra 
were obtained on two of the free bases (VIIIc and 
VIIId) and a HCI salt (VIIIa). The pyrrole ring 
protons (Cs-H, Ce-H) both have coupling constants 
(-76,~) = 3.5 C.P.S. The chemical shift ( 7 )  of the 
7-NCHa is 6.2-6.28 p.p.m. The chemical shift of 
the C5-H is 2.82-3.12 p.p.m. and for the Cs-H, 
3.38-3.66 p.p.m. The chemical shift of the pyrimi- 
dine ring C2-H is further downfield a t  1.65-1.93 
p.p.m. 


Representative pKa values range from 5.28 to 
5.66 and are generally more basic than the corre- 
sponding 4-amino-7-methyl compound (pKa 5.02) 


Journal of Pharmaceutical Sciences 


TABLE 111-CELL CULTURE CYTOTOXICITY 


Compound EDro (mcg./ml.)" 


VI M 
R 
I 


VIIId 
VIIIbb 
VIIIcb 
VIIIdC 
VIIIeb 
VTTT;b 


25 
27 
47 
56 
42 
100 . _-- ~ . .  


VIP' >loo 
4-Amino-7-methyl-7H- >loo 
4Mercapto-7-methyl-7H- >lo0 


4-Mercapto-7H-pyrrolo [2,3-d] >lo0 


pyrrolo[2,3-d] pyrim:dine (8)c 


pyrrolo [2,3-d] pyrimidine (8)e 


pyrimidine (7) (VIP 


pyrimidine (7) (IVY 


pyrimidine (7) (V)" 


pyrimidine (7)e 


4-Chloro-7H-pyrrolo [2,3-d] 26 


4-Benzylthio-7H-pyrro!o [2,3-d] 13 


4-Methoxy-7H-pyrrolo[2,3-d] 28 


~ ~ _ _ _ _ _  


a The dose (mcg./ml.) that inhibits growth of cells to 50% 
of control growth. HC1 salt. Free base. 


(8), and tubercidin (pKa 5.3) (12). These pKa's 
are all favorable for producing high ratios of 
unionized to  ionized forms of the drug at the pH 
of body fluids (7.4), and one would predict a high 
intracellular level of these drugs provided that they 
have high partition coefficients. 


Synthesis of compounds VIIIa and VIIIc have 
previously been reported (10). The m.p. reported 
in the literature for VIIIa agrees with the m.p. of the 
compound prepared in this laboratory. However, 
the m.p. previously reported for VIIIc is in dis- 
agreement with that of the compound prepared in 
this laboratory. The structural assignments for 
VI and VII, intermediates in the synthesis of VIIIc, 
are well established (8, 9). Reaction of VII with 
n-pentylamine to form VIIIc as reported here is 
supported by comparison of the UV spectrum of 
VII (8) and Compounds VIIIa, VIIIb, and VIIId 
to the spectrum of VIIIc. The bathochromic shift 
from 299 mp ( E  23,050) and 272 mp (C  4,550) of 
VII (8) to 233 mp (e 20,140) and 274 mp (e 12,940) 
at pH 1, similar shifts at other pH's, plus similarity 
of the UV spectrum of VIIIc to VIIIa, VIIIb, and 
VIIId indicate 4-alkylamino substitution. In addi- 
tion, the C, H, N analysis and NMR of the free 
base (VIIIc) and pKa data further support this. 
See Tables I and 11. Based on this data, VIIIc is 
considered to  be the 4-n-pentylamino-7-methyl-7H- 
pyrrolo[2,3-d] pyrimidine structure with physical 
properties as reported in Tables I and 11. 


Cytotoxicity studies have been conducted by the 
Cancer Chemotherapy National Service Center. 
The results obtained from several pyrrolo [2,3-d] - 
pyrimidine derivatives, synthesized and reported 
in previous papers (7, 8) and compounds VIIIa- 
VIIIf are given in Table 111. 


The compounds were all inactive although deriva- 
tives substituted with 4-alkykdmino substituents 
(VIIIa-VI IIe) and 4-benzylthiopyrrolo [2,3-d]pyrim- 
idine (7) (V) were all more active than the unsubsti- 
tuted 4-amino-7-methyl- (8) and 4-mercaptopyrrolo- 
[2,3-d]pyrimidines (7) (IV), respectively. Con- 
ceivably, a bulky group on the 7 position, such as a 
cyclopentyl or cyclohexyl group, in addition to a 
4-alkylamino- or 4-benzylthio- group, would in- 
crease activity. 







Vd.  57, No. 9,  September 1968 1619 


(12) Anzai. K., Nakamura, G., and Suzuki, S . ,  J. Anfibiof.  REFERENCES 
(1) Owen, S. P., and Smith, C. G., Cancer Chemofherapy 201(1957). 


R c P f . ,  36. 19(1964). 
(2) Rao, K. V.. Division of Medicinal Chemistrv. I h _ _  - 
(3) Engle R. R. Pharmacognosy and Natural Products 


Section, A P ~ A  Academy of Pharmaceutical Sciences, L ~ S  
Vegas meeting, April 1967. 


(4) Pike J E Slechta L., and Wiley, P. F., J .  Hete- 
~ocyci ic  c&., '1, ibs(uer).' 


(1967). 


(5) Gerster, J. F. Carpenter B. Robins, R. K., and 


(6) Montgomery, J. A., and Hewsoa, K., ibid., 10, 665 


(7) Hammer R. H J. Phorm. Sci.. 54, 1826(1965). 
(8) Ibid 55 ' ioss(isss). 
(9) Da&l i J. Chum. Soc 1960 131. 


Townsend, L. B., J. M'cd. Chem., 16,3i6(1967). 


(10) Hitchiig<'G. H ~ e d i g  K. w. 'and west R. A. u. s. 
pat. 3,037,980 ( j u e  5: 1962j; thrdugh C k m :  Absf;., 57, 


(11) Mason, S. P., J .  Chem. Soc., 1954,2071. 
15129e(1962). 


e American Chemical Society, Atlantic City meeting, Septem: 
ber 1965. I 


Tubercidin analogs 
P~rrolo[2,~-~1pyrimidines-synthesis 
pKa values-titration 
TLC-separation 
Proton magnetic resonance-identity 
UV spectrophotometry-identity 
NMR spectroscopy-identity 
Cytotoxicity screening-tubercidin analogs 


Keyphrases 


Alkaloids of Peumus boldus. Isolation of Laurotetanine 
and Laurolitsine 


By D. W. HUGHES, K. GENEST, and W. SKAKUM 


Two alkaloids, in addition to the six previously described, have been isolated from 
the leaves of PeumuJ boldw Molina. They were characterized by chromatographic 
and spectral data and shown to be the noraporphines, lauotetanine and laurolitsine. 


URING A chromatographic study of the alka- D loids of the leaves of the South American shrub 
Peumus boldus Molina (Monimiaceae) (boldo leaves), 
the authors detected the presence of a t  least 17 alka- 
loids in a nonquaternary fraction obtained by chloro- 
form extraction of the plant material after treatment 
with ammonia (1). The alkaloids were numbered 
1-17 according to increasing R f  on thin-layer chro- 
matography (TLC), and two were isolated and 
characterized as reticuline and the aporphine, iso- 
boldine. Earlier, the aporphines boldine (I) (2), 
N-methyllaurotetanine (11), and isocorydine and 
the noraporphine, norisocorydine had been isolated 
(3). On the basis of paper chromatographic evi- 
dence the presence of sparteine has also been sug- 
gested (4). 


This paper describes the isolation from boldo 
leaves and the characterization of two closely related 
noraporphines, laurotetanine (Alkaloid 6) (111) and 
laurolitsine (norboldine; Alkaloid 2) (IV). TLC 
examination of the crude alkaloid extract indicates 
that the leaves contain 0.005-0.007% laurotetanine 
and approximately 0.001% laurolitsine. 


These alkaloids have been isolated from a number 
of species, particularly in the family Lauraceue 
(5, 6), sometimes together with boldine (5). A 
recent report describes the isolation of laurotetanine 
and N-methyllaurotetanine from another Monimi- 
aceae: Palmeria fengerianu Perk (7). 


EXPERIMENTAL 
Isolation of Alkaloid 2-Alkaloids were extracted 


from 5 kg. boldo leaves and fractionated as described 
earlier (1) into four solutions (i, ii, iii, and iv). 
TLC examination of Solution i showed the presence 
of three main alkaloids (Nos. 1, 2, and 5). These 
were partially separated by column chromatography 
on silicic acid using chloroform-methanol mixtures 
as eluant. Fractions containing Alkaloid 2 were 
further resolved, first by rechromatography on 
silicic acid using benzene-methanol mixtures and 
then bv ureuarative TLC. Alkaloid 2 was then 
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JOURNAL OF Pharmaceutical 
Sciences 


N O V e d e r  1968 volume 57, number 11 


Review Article 


Particle Size of Drugs and Its Relationship to 
Absorption and Activity 


By JULIAN H. FINCHER 


HE PARTICLE SIZE of a drug is not a new con- T sideration. Down through the ages the 
state of subdivision of a drug was and still is a pri- 
mary factor to be considered in the preparation of 
esthetical, elegant, and stable dosage forms 
(1-11). With the evolvement of physical phar- 
macy, pharmaceutical scientists and medical 
practitioners have begun to look more critically 
at this property in an effort to not only learn of its 
effect in physical systems, but also to gain insight 
into the influence of particle size in biological 
systems. This article treats primarily the recent 
information of the biopharmaceutics (12) of the 
particle size of drugs. 


Several review articles treating particle size in 
different context have been published since 1963: 
(a) “Effect of Particle Size on Dissolution and 
Gastrointestinal (GI) Absorption Rates of Phar- 
maceuticals,” in March 1963, by Levy (13); (b) 
“Pharmaceutical Aspects of Fine Particles and 
Their Evaluation,” in September 1963, by Lees 
(14) (no references were listed); (c) “Particle 
Size in Relation to Formulation,” in July 1964, by 
Dare (15) (partial list of references was pre- 
sented); (d) “Importance of Particle Size in 
Pharmaceutical Practice,” in November 1966, by 
Lamy (I); (e) “Importance of Particle Size in 
Pharmaceuticals” in February 1967, by Renoz 
(16). The latter two are not comprehensive re- 
views but were written for the purpose of calling 
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this property to the attention of the hospital 
pharmacist and Belgium industrial pharmacist, 
respectively. Some of the more important prin- 
ciples and considerations discussed in these re- 
views are worth reiterating here since neither of 
these articles was published in this journal. From 
this writer’s experience, some are not readily 
accessible to every library. All are in English, 
however, except Renoz’s (16), which is in French. 
Clinical Aspects-GI-(a) Absorption from 


particulate matter usually results after the 
drug is in the dissolved state. If the dissolu- 
tion rate is the rate-limiting step; i.e., the 
dissolution rate is less than the diffusion rate to 
the site of absorption and the absorption rate 
itself, the particle size of the drug is of great 
importance in the transport from the GI tract 
to the site of action by way of the blood and 
lymph (13, 14). 


(b) When the solubility of a drug is less than 
0.1 mg./ml., its physiological availability must be 
considered and the effect of particle size could be 
paramount (8). Others claim that particle size is 
a factor to be considered if the solubility is 1 mg./ 
ml. orless (15). 


(c) Most drugs are passively absorbed and their 
rates of absorption are dependent upon the con- 
centration gradients in each case; by increasing 
the dissolution rate in the GI tract the absorption 
rate is necessarily increased so long as the dissolu- 
tion rate is still the limiting step (12-15). It 


1825 
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follows that an increase in the absorption rate 
results in the entrance of more drug into the 
blood, and usually more will reach the site of 
action before metabolism and excretion eliminate 
the active form of the drug from the body. 
(d) If a drug is not absorbed enough to be 


systemically active and if the drug is not soluble 
enough to be used for its local action in the gut, 
the reduction of particle size may improve its 
therapeutic efficacy. A larger particle may be 
needed to give local action in the lower GI tract 


(e) Reduction of particle size can act as a 
“double-edged sword.” The potential toxic 
effects due to increased concentration must 
always be considered in both locally acting and 
systemically acting drugs (13-15). 


cf) The stability characteristics of the drug 
may be altered considerably by reduction of 
particle size. The resultant increase in surface 
area places more of the drug molecules in a vul- 
nerable position for rapid degradation by the GI 
fluids (13-15). 


Other general clinical considerations which are 
directly related to particle-size effects are: (g) 
Localized absorption areas in the gut-if the area 
of absorption of a given drug is in the stomach or 
upper region of the gut only, then the reduction of 
particle size is potentially beneficial, since more 
of the drug would be in solution in the absorption 
region. However, if the area of absorption is in 
the lower portion of the gut, drug absorption may 
be independent of particle size. After the time 
required to reach the site of absorption, dissolu- 
tion would have occurred already when using the 
drug in a large or a small particle size (13-16). 
This factor obviously is directly related to the 
conveyance of the materials through the GI 
tract-stomach emptying time and peristaltic 
activity of the gut in general (12). 


(h )  pH of the contents of the GI  tract-the 
average changes of medium pH as a drug is 
conveyed through the GI tract and has been 
discussed in a review by Wagner (12). The 
solubilities of weak acids and weak bases are a 
function of the pH of the dissolving medium, and 
in some cases the availability of drug will be in- 
dependent of particle size due to a dissolution in 
one compartment and. a subsequent precipitation 
in another. For example, a weak organic base 
drug would be solubilized rapidly in the form of 
the amine acid salt in the pH of the stomach, but 
as the drug passes into the duodenum and small 
intestines the free base would be precipitated in 
the contents. Since the large and small particles 
are each dissolved rapidly and reprecipitated 


(1 3-15). 
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before any appreciable absorption can occur, the 
absorption rate is independent of the initial parti- 
cle size (13). A weak acid drug would lend itself 
to particle-size consideration. In solution, it is 
largely in the undissociated form in the stomach, 
and absorption can occur. It would be very 
insoluble in this pH, however, and a smaller 
particle could improve the dissolution rateand the 
availability of the drug for absorption. After the 
weak acid drug passes into the duodenum and 
small intestines, it would be much more soluble 
due to salt formation, but a t  the same time it 
would be highly ionic in character. Thus, the 
availability for absorption is greater, but its 
ionic character would make the absorption rate 
less since only a small fraction of the drug mole- 
cules are in the undissociated state (12, 13). It is 
appropriate to mention at this point that the pH 
at the site of absorption may be different from the 
pH of the GI lumen contents, and absorption 
from an ionic solution may not be as limited as 
the pH-partition theory would indicate. 


(9 The degree of agitation in the GI contents is 
related to particle-size effects, and this factor is 
subject to considerable variability within the 
individual depending on the physiological state 
during the time of administration and absorption. 
No suggestions are offered for the control of this 
variable, but the agitation intensity would affect 
the size of the “saturated boundary layer” on each 
of the drug particles and also the “effective d z u -  
sion rate” of the drug to the sites of absorption 
(13). 
(j) Measurement of the effects of particle size 


on drug action-apparently, there is not a good 
way to measure the dissolution rate of a drug 
(dosage form) in the stomach and intestinal con- 
tents. In uitro measurements made in simulated 
gastric and in simulated intestinal fluids are not 
necessarily indicative of actual in vivo processes. 
The determination of blood levels is assumed to be 
a good criterion for drug action in most cases, and 
since passive excretion by way of the urine is a 
function of blood level, the excretion rate is usally 
a good criterion to use (12). In order to measure 
the amount of drug absorbed, the bound drug and 
the metabolites, as well as the unchanged drug, 
must be measured. Thus, with particle size con- 
trolled, the absorption, distribution, metabolism, 
and excretion routes of the drug should be studied 
first. If particle-size effects need to be deter- 
mined, the blood levels and excretion rates can be 
used more effectively as an indirect measure of 
drug availability, as some function of particle 
size. 


(k) Since particle absorption has been reported 
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(14, 15), one cannot preclude this possibility as an 
adverse effect in the use of extremely small, 
insoluble particles. The passage of bacterial 
cells and oil globules (in emulsified form) through 
the intestinal wall into the blood has been re- 
ported. Particles (globules) up to 0.5 p are 
reported to pass through (14, 15). Entrance of 
very small particles of barium sulfate into the 
intestinal glands can cause granulomas (14). 


Clinical Aspects-Other Than GI-In par- 
enteral therapy, the particle size (surface 
area) of suspended particles injected i.m. 
or subcutaneously is an important factor. The 
absorption of the drug from particles appears 
to increase with an increase in the specific 
surface area; however, in certain vehicles 
where a hydrophobic protective layer is in- 
volved the absorption may be more delayed 
when using very small particles. This may be 
related to the fact that fine particles tend to cake 
or form gels in certain vehicles. The viscosity of 
suspensions increases with a decrease in particle 
size, and this factor may explain some of the 
delayed absorption using very small particles 
(14, 15). 


In semisolid systems (ointments and sup- 
positories), the particle size of the insoluble frac- 
tion of the drug is an important factor in obtaining 
the desired results. In these cases an improved 
dissolution rate leads to greater availability of the 
drug for absorption in the case of systemic effects, 
and for higher concentration at the area of ap- 
plication for a better local action (14, 15). 


Inhalation therapy has been improved con- 
siderably by controlling the particle size of aero- 
sol-generated droplets. The size of the droplet 
governs the deposition area in the respiratory 
tract (14, 15). Tables of the droplet size, ranges, 
and areas of condensation are presented in the 
aerosol chapters of Husa’s and Sprowl’s dispensing 
textbooks (17, 18). 


The particle size of practically insoluble drugs 
in dusting powders, insufflates, and aerosols was 
predicted to be an important consideration in 
their dissolution and subsequent local action (14). 


Physical and Chemical Aspects of Particle 
Size-The dissolution rate of drug particles 
has been discussed thoroughly by Levy (13) 
and Dare (15) in terms of the modified Noyes- 
Whitney (19) equation and there is no par- 
ticular need for a complete discussion here. 
The modified Noyes-Whitney equation is: 
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dA 
- = KS(C* - C )  dt 


where A = amount of drug in solution, t = time, 
K = intrinsic dissolution rate constant, S = 


surface area, C, = concentration of the drug- 
solvent boundary on the surface of the particle 
which is approximately equal to the solubility of 
the drug in the solvent, and C = concentration of 
the drug in the dissolution medium at time t .  


The equation is useful for the determination of 
the intrinsic dissolution rate at  a constant surface 
area. It is noted by an examination of the equa- 
tion that the rate of dissolution dA/dt is directly 
proportional to the surface area, S, and the con- 
centration differential (C, - C). The variables 
which must be controlled in the determi- 
nation of the intrinsic dissolution rate are 
surface area, agitation intensity, temperature 
of the system, and volume of the dissolution 
medium. This expression is very valuable in- 
deed, but it falls short of expressing the dissolu- 
tion rate of a rnultiparticulate system where agita- 
tion intensity is more difficult to control. It is 
even farther from simulating the conditions in the 
fluids of the GI  tract or other tissue fluids at 
different administration sites. 


The closest analogy of the above expression in a 
living system would be the subcutaneous im- 
plantation of pellets made from practically in- 
soluble drugs which exert a therapeutic effect for 
several months. The change of surface area with 
time is small, but even in this case the absorption 
rate is not constant (13). 


The Hixson-Crowell (20) cube root law as 
modified by Parrott (21) is presented: 


Kt = WOah - W’/a 0%. 2) 
where W, = weight of solid particle initially, W = 
weight of solid particle at time, t, K = the prod- 
uct of intrinsic dissolution constant, solubility, 
and density. 


The weight of a sphere was determined at  
different times and a linear relationship was ob- 
tained. This equation is useful only for the de- 
termination of the intrinsic dissolution rate con- 
stant and it is limited to those particles whose 
ratio of dimensions does not change as dissolution 
proceeds (22). The error would be even more 
pronounced if different dissolution rates occurred 
from different faces (22). There is an applicabil- 
ity, however, to those cylindrical particles whose 
heights are equal to their initial diameter (22). 
In general, all particles with dimensions which are 
in the proximity of spheres would first dissolve 
away those faces and edges, so that by their 
absence the particles can assume the shape of 
minimum surface (spherical). In shapes grossly 
different from spherical, most of the drug material 
will be dissolved before the spherical shape is 
approached, if it  is possible for the final shape to 
be nearly spherical. Long needles and irregular 
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decrease in melting point. Particle size deter- 
mines color in some cases. For example, anti- 
mony changes from red to yellow as the particle 
size decreases. As particle size is decreased the 
amount of gas and other types of molecules ad- 
sorbed is increased due to the increased surface 
(26). This phenomenon is utilized in the treat- 
ment of flatulence, in toxin absorption in the 
treatment of poisoning, and in the determination 
of surface areas (B.E.T. method). 


The mechanism of solution involves surface 
action and by virtue of an increased surface a 
given solute will dissolve more rapidly (26). 
Increased solubility is reported to be evident when 
particle size is in the submicron range. Alexan- 
der (27) found a linear relationship between the 
logarithm of the solubility, S, and the surface 
area, A ,  of amorphous silica: log S = 0.00480A 
- 2.043. As will be noted, the slope is a very 
small positive number, but as the surface area 
becomes very large, the increase in solubility is 
significant. Higuchi (28), in a discussion of the 
theoretical effects of particle size on solubility 
noted that the increase in solubility is significant 
only for very small particles. Even perfect 
crystals, differing in size, will have different 
solubilities (28). 


The formation of complexes has the effect of 
increasing molecular dimensions, increasing the 
charge on the molecule if the complex is soluble, 
and decreasing the solubility of the drug if the 
complex is not charged. Complexing is a func- 
tion of pH, and the pH of GI contents is an im- 
portant consideration here. 


The advantages gained by reducing the particle 
size below 1 p are far outweighed by the difficulties 
encountered in handling and formulating drugs 
into dosage forms (15). The surface energy of 
the particles is one property manifesting itself in a 
very small particle size (below about 5 p) by their 
sticking to each other and the sides of the con- 
tainer or by their scattering asunder on contact 
with an agitator. 


Effects of Particle Size on Clinical Response 
Reported Prior to 1964-Table I is an alpha- 
betical summary of those drugs which have 
been studied and information published prior 
to June 1964 (References 29-57). 


More Recent Reports on Particle Size and 
Clinical Response-Table I1 is an alphabetical 
listing of those drugs which have been studied 
with respect to particle size and have been 
reported since 1964 (References 58-65). 


The effect of the particle size on sulfisoxazole 
blood levels in dogs was studied by Fincher et al. 
(58), and statistical analyses were performed on 
the data taken a t  0.5, 1, 2, 4, 8, and 12 hr. after 


platelets are good examples of grossly different 
shapes from spherical. The Hixson-Crowell 
equation has limited applicability to in vivo con- 
ditions. 


Dissolution rates of multiparticulate systems 
are the best estimate of actual in viuo conditions 
(23). The Hixson-Crowell equation was ex- 
tended by Niebergall et al. (24) to include multi- 
particulate systems. Their equation is: 


W@’/Z - W’/t = KwW/tt (Eq. 3) 


where Wo, IV, K”, and t have the same significance 
as above and where N equals the number of 
particles. 


According to Levy (13) the determination of 
apparent dissolution rates is necessary since (a) 
highly irregular shaped particles do not maintain 
constant ratio of dimensions; (a) the particle-size 
distribution is not normal or log-normal and can- 
not be adequately described mathematically in 
many cases; (c) many particles exhibit different 
dissolution rates from the different crystal faces 
(anisotropic in nature) ; (d) agitation intensity is 
hard to control or define, and it varies with den- 
sity and particle size-small particles (less than 
10 p) are not subjected to much agitation and the 
boundary layer is effectively larger for them; (e) 
dissolution rates need to be determined in the 
presence of the other ingredients of a formulation; 
(j) the functional surface area is different from 
the specific surface of solid drugs and this differ- 
ence may be brought about by surface fissures, 
porosity, surface hydrophobicity, and particle 
aggregation-surfactants may change the effec- 
tive surface of a particle. 


Agitation intensity and its effect on the dis- 
solution rate, as determined by the method of the 
rotating disk, has been expressed quantitatively 
by Levy (13). 


R = K (r.p.m.)’/* = dissolution rate/min. 


where K = a proportionality constant. 
In a dissertation by Fincher (25) a review of 


physical phenomena associated with the reduction 
of particle size is presented. The reduction of 
particle size is associated with an enormous in- 
crease in specific surface area. The classic ex- 
ample (26) of a cube 1 cm. ( m.) on edge being 
divided into smaller cubes which are 1 mp 
m.) on edge gives an increase in surface areaof 
seven orders of magnitude, i.e., 6 X lo-‘ m.2, as 
compared to 6 X los m2 Properties which play 
a subordinate role in determining the behavior of 
large particles will become increasingly important 
as the particle size is reduced (26). 


Drug materials, upon fine subdivision, show an 
increase in solubility and vapor pressure and a 


(Eq. 4) 
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TABLE I-ALPHABETICAL SUMMARY OF DRUGS THAT HAVE BEEN STUDIED IN BIOLOGICAL SYSTEMS WITH 
RESPECT TO PARTICLE SIZE~TUDIES REPORTED UP TO JULY 1964 


Method Used Criterion Clinical Effect 
Biological to  Det. Used, of Reduced 


System Particle Size Particle Hours of Particle Size 
Name of Drug Used or SSA Kange Size of SSA Sampling (Increase SSA) Dosage Form Ref. 


Aspirin 


Calomel 


Chloramphenicol 


Chloramphenicol 


Bishydroxy- 
coumarin 


Griseofulvin 


Griseofulvin 


Griseofulvin 


p-Hydroxy- 
propiophenone 


Mercury 


Phenolphthalein 
Phenothiazine 


Phenothiazine 


Phenothiazine 


Procaine 
Penicillin 


Spironolactimc 


Sulfadiazine 


Sulfadiazine 


Sulfaethidole 
Sulfathiazole 


Sulfur 


Tetracycline 


To1 butamidea 
Vitamin A 


hydrochloride 


- 
Humans 


Bacteria 


Rabbits 


Humans 


Humans 


Rats 


- 


Humans 


Rats  and 
rabbits 


Humans 
Lambs 


Moth 


Sheep 


Humans 


larvas 


- 
Humans 


Humans 


Rabbits 
Humans 


Humans 


Humans 


- 
Humans 


20.120 mesh, solution 


USP (2-50 p )  0.8 p .  


11-60 /I 
max. (colloidal) 


50-800 p 


Fine and larger 


0.4-2.5 m.2 per 6. 
(0.8-11.4 p )  


Common powd. 4- 
micronized 


Common powd. + 
micronized 


Large and small 


Smaller particles 


USP and colloidal 
1-10 p 


4 and 45 p 


- 


CUIUII~UU aiid iiiicroii 


Common powd. in 


Common powd. + 
6&274 p 
50-100 mesh and eu- 


tectic mixture with 


ized 


tablets. microcrys- 
talline, micronized 


micronized 


urea 


colloidal 
Elemental and 


1.00 p-0.95 cm. pellet 


- 
1-2 Y 


(infants) 


Sieve 
- 
- 


Sieve 
- 


Instrumentb 


- 


- 
Microscope 


- 
- 


Instrument) 


- 
- 


- 


- 
- 


- 


Sieve - 


- 
Sieve 


- 
Microscope 


Blood level 


Antiseptic 
action 


Zones of in- 
hibition 


Blood levels 


Hemophilia 


Blood levels 
(4, 8, 12) 


Serum level 
(2, 4,8. 12) 


Increased 


Increased 


Increased 


Increased 
rates 


Increased 


Increased 


Increased 
Increased 


Increased 


absorption 


Estroeenic Increased 
actrvity 


content 
Wet kidney Increased 
. ~ . ~ - ~  


Purgative Increased 
Worm counts Incredscd 


in abomasa 
and intes- 
tine (small) 


effects 


large 
intestine 


Toxicity Increased 


Nematodes in Decreased 


Serum levels Increased 


Decreased 


Set uin levels Increased 


Plasma levels Incressed + urine ex- 
cretion 


Serum levels Increascd 
(1, 2, 4,  6, 
24 


Blood levels Increased - Increased 
with 
eutectic 


Excretion Increased 


- S o  e5ect 


- - 
_ _  lncrcasecl 


Cachet, 
solution 


Ointment 


Ointment 
- 


Tablets 


Tablets 


Suspension 
Suspension + 


surfactants 
Suspension in 


corn oil - 


15 


44,45 


55-57 


33 


53 


29, 30 


31 


32 


49 


48 


43 


- 
- 
- 
- 38.39 


52 - 
- 40.41 


Suspension in 50 


Suspension in 


Capsules 51 


Tablets susp. 35 


Suspension 34 


36 
Suspension 37 


water 


oil 


- 


46 


42 


54 
Emulsion 47 


- 
- 
- 


See Table 11. last item. ' Fisher subsieve sizer. 


oral administration of the drug in capsules. Per- 
haps, for a better picture of particle-size effect, it 
would have been better to administer the drug 
particles in a freshly prepared suspension, since 
capsules have been known to delay the availabil- 
ity of the drug for absorption up to 30 min., or 
even more. This fact may explain some of the 
higher degree of variation at the 0.5-hr. study. 
The changes of blood level with particle size a t  
each of the times studied can be expressed in 
semilogarithmic function: 


log M = aP + b (Eq. 5) 


where M = blood level in mg. yo, P = 
particle diameter, and a and b are constants rep- 
resenting the slope and intercept, respectively. 


The slope of the time conslant lines changes 
from a negative to a positive value between 4 and 
8 hr. after administration indicating that blood 


levels are higher for larger than for smaller parti- 
cles after about 6 hr. A linear plot of the slope of 
each time constant line (d log M)/dP ,  as a func- 
tion of time, t ,  in hours produced a straight line 
whose equation is: 


a log M x 103 - 
- + bl (Eq. 6 )  dP 


where a1 and bl are the slope and intercept equal 
to 0.781 and -4.32, respectively, for sulfisoxa- 
zole. The factor 10* was introduced for the con- 
venience of plotting whole numbers. Integration 
of this equation between limits of yields: 


If PI, T, Pz, and MI are known, one can calculate 
with Eq. 7 the blood level resulting from Pz at a 
given time. The proportion of dose absorbed did 
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TABLE 11-ALPHABETICAL SUMMARY OF DRUGS THAT HAVE BEEN STUDIED IN BIOLOGICAL SYSTEMS WITH 
RESPECT TO PARTICLE SIZESTUDIES REPORTED SINCE JUNE 1964 


Method Used 
Biological to Det. Criterion Used, Clinical Effect 


Name of System Particle Size Particle Hours of of Reduced 
Drug Used or SSA Range Size of SSA Sampling Particle Size Dosage Form Ref. 


Amphotericin 


Fluocinolone 
acetonide 


Lime 


Medroxyproges- 
terone acetate 


Nitrofurantoin 


Nitrofurantoin 


Nitrofurantoin 


Potassium 
dihydrogen 
phosphate 


Sulfisoxazole 


Tolbutamide 


%e 
Humans 
Humans 


Alfalfa 


Humans 


Dogs 


Rat 


Humans 


Rats 


Dogs 


Humans 


Not known - 


Coarse and - 
8-10 mesh Sieve 
10-20 mesh 
20-30 mesh 
30-50 mesh 
5-100 mesh 
100- +mesh 
Common (1.2 m.2) and - 


micronized (7.4 m.9 
before tableting 


50430 mesh Sieve 
200-325 mesh 


micronized 
50-80 mesh Sieve 
80-200 mesh 
ZOO-micronized 
Same as above Sieve 


1&50 mesh Sieve 


micronized 


1.7, 39, and 95 p Electronic 
counter" 


6.60, 36.9, 63.1, and Calculations 
98.6 cm.2 per dose 
of 5 g. 


Toxicity; Increased Parenteral 


Vasoconstriction Increased Ointments 


therapeutic Increased 
effect 


Rate of growth Increased to Fertilizer 
50 mesh 


Urinary excre- Increased Tablets 


Emesis Increased Capsule 


tion (8 hr.) 


Urinary exae- Increased Suspension 
tion 


Urinary excre- Increased Capsules 
tion 


Cariostatic Increased to Diet 
action 20-30 mesh 


Blood levels Increased Capsule 
(0.5, 1, 2, 4, 
8, 12) 


Urinary excre- Increased Tablet and 
tion (every 2- capsules 
12 hr. then 
every 12 hr.) 


64 


60 


02 


59 


63 


63 


68 


61 


.j 8 


65 


" Coulter, Coulter Electronics, Franklin Park, IU. 


not change with particle size, but the smaller 
particles gave quick and higher blood levels which 
declined rapidly (58). With very insoluble 
drugs, such as griseofulvin, the absorbed propor- 
tion of the dose is increased with a decrease in 
particle size (29-32). 


Smith et al. (59) compared the urinary excretion 
of micronized and nonmicronized medroxypro- 
gesterone acetate after oral administration of 
tablets, each containing 10 mg. of the drug plus 
0.05 mg. of ethinyl estradiol. A crossover testing 
procedure was used. One tablet of nonmicron- 
ized drug was compared with one-half tablet of 
micronized drug and one tablet of nonmicronized 
was compared to one tablet of micronized. An 
average of 2.23 times as much micronized drug 
was excreted as compared to the nonmicronized 
in a period of 8 hr. The specific surface area 
(SSA) of  the micronized and notimicronized was 
reported to be, before tableting, 7.4 and 1.2 
m.2/g., respectively (59), but the method of 
determination of the SSA was not given. The 
effect of tableting on the SSA is not known here. 
Methods for determination of the apparent or 
effective surface area after incorporation in a 
tablet or other dosage form are needed in order to 
obtain meaningful SSA versus availability results. 
One-point determination, evident in the above 
studies (59), may be justified in some cases, but 
one still wonders what happened before and after 
the end point used. 


A coiiiIrarison of the cffect of  iiiicroiiized utitl 


coarse fluocinolone acetonide particles on the 
degree of vasoconstriction was done by Barrett 
et al. (60). The coarse particles were partially 
milled in a triple roller mill during preparation, 
and the resultant particle size is open to question. 
White soft paraffin was the base used for the 
studies and two percentages of the drug were used, 
viz., 0.025 and O . O l ~ o .  In  both concentrations, 
the micronized form produced about twotimes the 
effects of the coarse. Ten subjects were used for 
each test and the ointment was applied to the 
flexor aspect of the forearm for 16 hr., was washed 
away, and the degree of vasoconstriction was read 
1.5 hr. later. 


It is interesting to note that the particle size of 
potassium dihydrogen phosphate had an effect on 
the cariostatic activity in rats when fed in their 
diets (til). The best size for cariostatic action 
was found to be in the 2tV80 mesh range. Since 
the solubility of KHPPO~ is 1 part in about 4.5 
parts of water, one wonders how particle size 
could possibly have any effect on tooth decay 
except that the larger particles may fracture the 
teeth more on chewing. 


Another interesting study was performed by 
fertilizing alfalfa with limes of different mesh size 
(62). In  the calcitic form no differences in alfalfa 
growth were noted with all particle sizes, but with 
the dolomitic form of particles above 30 mesh did 
not produce accelerated growth as compared to 
the control. Below 30 mesh the particles size had 
no increased elTed. 
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Paul et al. (63) studied the relationship of the 
particle size of nitrofurantoin to emesis in dogs, 
urinary excretion in rats, dogs, and humans. 
Twenty dogs were used for each of the emesis 
studies, four rats and 15 humans were used in the 
urinary excretion studies for each crystal size. 
The range of crystal sizes studied was 50-400 
mesh. Since the larger crystals caused less emesis 
in dogs and the smaller crystals gave higher blood 
levels, an optimum crystal size range was reached, 
which gave the highest blood levels with minimum 
nausea. A plot of the percent of dose excreted in 
the rat as a function of time gave excellent curves, 
which were very similar to those obtained by 
Fincher et al. (58). The smooth shape of the 
curves presented is indicative of a well planned 
and thorough study. No statistical analyses were 
performed on their (63) data, but in physiological 
systems 10-15 determinations can give useful data 
and show the expected results with the degree of 
variability known. 


Bennett et al. (64) studied the toxicity and ther- 
apeutic &ect of the particle size of amphotericin 
B after injection into the dog, mouse, and man. 
As the particle size increased, the toxicity level 
decreased but the therapeutic effect also de- 
creased. The writer did not have access to the 
original article, and possibly some mistake in 
transmitting the abstract data has been made, 
but an i.v. injection was reportedly used which is 
unusual, if not undesirable in any circumstances. 


Nelson et al. (65) administered doses of tolbu- 
tamide to normal humans in the form of a cylin- 
drical disk (6.60 and three granules having 
initial surface areas of 36.9, 63.1, and 98.6 
0.5-g. dose. The granules were administered in 
hard gelatin capsules. Urinary collections were 
made at  intervals of 2 hr. for the first 12 hr. and at 
12-hr. intervals up to 60 hr. Each test was per- 
formed three times and the average percent of 
dose excretions for the metabolite gave linear 
correlation with the surface area of the dose. 
Their conclusion was that the surface area of a 
tolbutamide dose can have a significant effect on 
the extent and the rate of availability. 


Recent Studies of Effect of Particle Size on 
Release of Drugs From Dosage Forms In  
Vitro-The effect of salicylic acid particles on 
its diffusion rate from some ointment bases 
was studied by Kucera and Veber (66). 
Their exact results are not known to the author 
since a translation was not available. From 
the abstract, two grades of salicylic acid were 
used in the studies-one was the official form 
and the other was sodium salicylate. The diffu- 
sion of both saml)les was very low Trom hyrlro- 
phobic bases, but, from hydrophilic bascs the rate 
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of diffusion of the sodium salicylate was very 
marked (66). This appears to be a study of 
insoluble drug versus a soluble form. 


The interdependence of the displacement factor 
and particle size in suppositories was studied by 
Adel (67). By reduction of the particle size the 
value of the displacement factor is decreased. A 
particle greater than 150 p should not be used in 
suppositories based on their conclusion from a 
study of the displacement factor. 


The increase of the dissolution rate of drugs by 
preparation of solid solutions and/or eutectic 
mixtures of the drug and urea was attributed to 
the availability of the drug from such solutions 
and/or mixtures in a very fine state of subdivision 
(68-71). 


The factors influencing drug release from a pro- 
longed-action matrix were reviewed by Lazarus 
et al., and the particle size of the drug was one of 
the primary considerations (72). 


The theoretical effect of the distribution of the 
particle size in a diffusion-controlled process was 
studied by Higuchi, Rowe, and Hiestand (73). 
The change of particle-size distribution with time 
is shown. As dissolution proceeds the smaller 
particles dissolved very rapidly, leaving only the 
larger particles in the distribution. The assump- 
tions are (a)  the dissolution rate is diffusion con- 
trolled; (b) the diffusion layer thickness is always 
the same for all particles of the same size and is 
equal to or greater than the radius; (c) the con- 
centration change in the “sink” is negligible a t  all 
times; (d) the effective particle shape approxi- 
mates a sphere. 


The dissolution of a single particle is expressed 
in terms of the particle diameter, a,  at any given 
time, t. 


where a,, = initial diameter, D = Fick’s law 
diffusion rate constant, C = concentration of  the 
dissolved solid, p = particle density. 


The total dissolution rate of a powder with 
log-normal distribution is expressed as a function 
of the number of particles and the mass mean 
radius of the particles in the distribution. For a 
detailed discussion and equations see Reference 
73. 


Their theory was tested using micronized 
methylprednisolone, and a reasonably close agree- 
ment was obtained. The differences were be- 
lieved to be due to the combined effects of agita- 
tion, sedimentation, particle shapes, and the 
variation of solubility with particle size. 


Discussion of General Information Relating 
to Particle-Size Effect on Drug Absorption 
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able to pass through the pores of living mem- 
branes easily, but charged ions encounter some 
difficulty even though some ions may be pulled 
through by “solvent drag.” When a molecule is 
lipid soluble, this greatly increases the permea- 
bility of a substance, i .e. ,  in effect the size of the 
pores of the membrane increases greatly (75, 77). 


Reduction of the particle size of purified cellu- 
lose from 74 X 16 to 100 mesh had the effect of 
reducing the “lag-time” of the digestion by 
rumen cellulolytic bacteria in who,  from 12 to 6 
hr. (78). 


Time and space will not permit a detailed 
discussion of other aspects of particle-size studies, 
but the study of particle size and its effect on drug 
absorption and action can be divided into several 
phases each of which is not without its problems. 
I t  is assumed that some knowledge of the drug’s 
metabolismand excretion is already accomplished. 
The phases will be outlined in the order in which 
they are likely to be encountered, and a few perti- 
nent references given. 


Phase I-The aquisition of monosized particles 
in the range of desired studies. This is usually 
not feasible nor possible, and a narrow particle- 
size distribution is the next best possibility (25 ,  


Phase TI-characterization of the particles 
with regard to  crystal shape, form, and habit. 
This is normally done by use of X-ray diffraction, 
microscopy, and other physical property studies, 
and it should be checked after formulations are 
prepared. 


Phase III-Selection of the best method for 
particle-size analysis and determination of the 
particle-size distribution or specific surface area 
( 2 ,  25,81,82). 


Phase IV-Selection of the best dosage form 
and animal to administer the particles for the 
purposes of the study. 


Phase V-Determination of the effective par- 
ticle size after incorporation into the dosage form. 
Phase I1 may have to be repeated if a character 
change occurs during the production procedures 


Phase VI-Selection of an appropriate criterion 
to use in the evaluation of the effects of particle 
size (29-65). 


Phase VII-Design of the animal experimenta- 
tion procedures, including proposed statistical 
analyses to be performed (29-65). 


Phase VIII-The experiment and data analysis. 
In witro dissolution rates may precede animal 


studies, but unless positive correlation is estab- 
lished with in wiwo results, they cannot be the sole 
initial factor for estimation of biological avail- 


G8-7 1, 79,SO). 


(13). 


and Activity-It has been noted by Dayton 
et aE. (74) that  with certain drugs their plasma 
level decline is dependent on the dose; when 
giving probenecid, diphenylhydantoin, phenyl- 
butazone, and two analogs of phenylbutazone 
and biscoumacetate to dogs in larger doses, 
their rate of plasma disappearance was de- 
creased. This phenomenon was not attributed 
to plasma protein binding, but was found to be 
caused by a special case of self-inhibition of 
metabolism. It is pertinent to note in this case 
that if  particle-size reduction leads to a larger 
percentage of the dose being absorbed, a higher 
dose is the result, and a longer duration of action 
would be expected. This discovery also em- 
phasizes the need for knowledge of metabolic 
processes prior to a study of particle-size effects. 


In a review by Levine and Pelikan (75), these 
writers discussed the mechanisms of drug absorp- 
tion and excretion. The molecular size, shape, 
electrical charge, and degree of polarity are prop- 
erties of the drug molecule that affect its absorp- 
tion. The properties of the living membrane are 
not only dependent on the properties of its con- 
stituents, but also on their arrangement. A liv- 
ing membrane is in dynamic equilibrium. 
Changes occur in living membranes when the pH 
or other environmental factors change. Con- 
sequently, when the amount of drug absorbed is 
directly proportional to the initial concentration, 
this does not necessarily prove simple diffusion as 
the total mechanism. Dose effects are indicated 
in the case of benzomethamine. A plot of the 
amount of drug absorbed in 3 hr. versus the 
amount of benzomethamine in GI loop gives three 
straight lines of different slopes. The size of the 
dose determines which method is used in the 
absorption process. The middle-sized dose gave 
the most rapid absorption rate (75). This 
“dose-effect’’ is another reason why the absorp- 
tion rate of the drug must be studied before per- 
forming particle-size studies. If particle-size 
reduction produces a higher dose, which in turn 
induces another absorption process, the results 
may be interpreted in the wrong manner. 


The effect of molecular size on the diffusion 
coefficient was considered by Wurster (76). 
The conclusion was that a large increase in molec- 
ular size would be necessary to get an appreciable 
increase in the diffusion coefficient. The charge 
on a particle (molecule) can increase the effective 
molecular size much greater than the physical 
dimensions per se, and can decrease the diffusion 
process through a biological meilibranc ($7) .  
The diffusion through an aqueous medium would 
be facilitated, however. Water is, apparently, 
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ability. If a correlation is established, they may Let 
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be used as the criterion in subsequent batches of 
the same drug and dosage form. Methods for 
the determination of dissolution rates in uitro 
have been devised, and in some cases, correlated 
withinwho studies (13, 68-71,73,82-88). 


The significance of particle-size effects on the 
therapeutic response of drugs will be reflected in 
the new revisions of the official compendia of this 
country and others (16, 89-91). Effective par- 
ticle-size limits will probably be an established 
procedure for those drugs which are practically 
insoluble. If the particle size of other drugs, 
which are not so insoluble, can influence the 
needed therapeutic response, their particle size 
may also need to be controlled. 


The effect of particle size on formulation pro- 
cedures, as such, are not necessarily a part of this 
article but a few references are compiled for the 
benefit of the readers’ interest (1-11, 13-16, 66, 


A recent discussion of the increase in solubility 
of small particles (spherical only) has been pre- 
sented by Smolen and Kildsig (112). The 
thermodynamic equation-relating vapor pres- 
sure to the change of free energy-is the basis for 
their derivation of another equation which relates 
solubility to particle size: 


67-73,82-84,92-111). 


(Eq. 9) 
P dG = dNRT In - 
PO 


where G = surface free energy, P = vapor pres- 
sure of a small particle, Po = vapor pressure of 
pure drug, N = number of moles of substance in 
the bulk of drug material. 


In Eq. 9, they (112) substituted YdA for dG, 
(4rr2) /V for d N ,  and 8rrdr for dA and ob- 
tained 


(Eq. 10) 
P 2rV R T l n -  - - 
Po Y 


where V = molar volume, 7 = surface energy, 
Y = radius of particle, A = surface area. 


Since the same relationship applies using the 
solubilities, S and So, in place of P and Po, re- 
spectively, Eq. 10 can be written 


The greater solubility of smaller particles is a 
consequence of a larger molar free energy. 


Model of Possible Particle-Size (SSA) 
Effects on Absorption Rate of a Drug-Con- 
sider a system composed of a segment of G I  
lumen in which a single drug particle is placed. 


CS 


t 
a0 


a 


fa 
X 


N 
aT 


= concentration of the drug at  saturation 
in the GI fluid (the concentration of the 
saturated boundary layer) 


= concentration at  the membrane site of 
absorption 


= concentration in the blood (the other 
side of the membrane site of absorption) 


= initial surface area of the particle at  the 
time of its entrance into the GI segment 


= initial time the particle enters the seg- 
ment 


= surface area of the particle at  the time 
it leaves the GI segment 


= time the particle leaves the GI segment 
= total amount of drug dissolved a t  the 


= amount of drug dissolved at  the time it 


= agitation intensity factor 
= mean distance from the center of the 


lumen to the wall of the lumen-the 
expected mean location of the particle 


= total number of particles 
= total amount of drug dissolved in the 


= total amount of drug dissolved in all 


time i t  enters the GI segment 


leaves the segment 


segment 


segments 


The assumptions are (a) passive diffusion is the 
absorption process; (b) the rate of absorption is 
limited by the dissolution rate of the particle. 


Under these conditions, the absorption rate is 
equal to the dissolution rate of the particle, and C, 
>>>> C, > Ca. The dissolution rate, daldt ,  is 
a function of the effective surface area of the par- 
ticle at any time, t ,  the agitation intensity factor, 
fa(Cs - Cm)-which includes the solubility 
effect and the time the particle remains in the 
segment. It is represented by the equation: 


= RI ( A ,  - A ) ( C .  - C,,,)fa (Eq. 12) d t  


The mean distance between the center of the 
lumen need not be considered if the steady-state is 
reached in a negligible amount of time. R, is a 
proportionality constant. The change in surface 
area ( A ,  - A )  decreases with time and approaches 
zero as a limit. The concentration gradient 
(C, - C,) is approximately equal to C,, a con- 
stant, since C, is reduced to a minimum by the 
blood sink under the conditions existing. The 
agitation is assumed to be constant in a given 
segment of the GI tract. This factor may fluctu- 
ate considerably in a biological system in a given 
segment, but one has no control over this variable 







1834 Joiirnal of Pharmnceuticnl Sciences 


whose medium content is different from the 
others, could be used as hypothetical segments. 
It is recognized that, due to duodenal and intes- 
tinal secretions, there is a gradual change in any 
one segment (12), and an average content must be 
determined. It is also recognized that the 
emptying time of the stomach and the motility of 
other segments may be quite variable. The 
average time the particles remain in a given 
segment must be determined. Also, the change 
in the surface area of the particle in any given 
segment is not an easy determination. X-rays 
have been used to study movements of particles, 
hut the size or surface-area determination would 
he a more difficult task. The values of each ele- 
ment of the equation would have to be based on 
the means of 10 to 15 determinations, especially 
where physiological variables are involved. 


A treatment of a 
given disease or an abnormal condition is analo- 
gous to the make-up of our society. Our society is 
not made up of averages, but it is made up of 
individuals who deviate considerably from the 
mean. Furthermore, the things which are im- 
portant to our lives a t  any given time period are 
not made up of averages, but they are made of 
those which serve to fulfil the needs of the in- 
dividual a t  the time period in question. Thus, 
average behavior of biological systems under 
study are good guidelines, but they are not neces- 
sarily the all-important answer in an individual 
system. 


Lest anyone get the idea that particle-size con- 
trol and knowledge of the particle size are the an- 
swer to all the ills of dosage form production and 
drug availability for absorption, the author has 
this to add: particle size is like a wrench in the 
tool box. If it is needed to accomplish the goal, 
then by all means it should be used. If it is not 
needed, then it should be left in the tool box of 
knowledge until the occasion arises where it can 
contribute. In  formulation and production one 
would suspect that particle size is considered 
regularly. In  the case of its effect on drug avail- 
ability, its use may be less frequent. However, 
where the consideration of particle size is essen- 
tial, its effect should be known. 
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tailed inspection of the data reveals some interesting 
points, For example, the ranking of preparations 
based on mean plasma levels during the first 25 hr. 
(single dose) remains the same throughout the entire 
experiment (except for the 25-49-hr. period). Also, 
if the residual plasma levels are considered (values 
25 hr. after the first dose, and 24 hr. after the second, 
fourth, and seventh doses), the following statistically 
significant differences emerge: a t  25 hr., prepara- 
tion 5 > 6 ( p  = 0.1, least significant difference), a t  
97 hr., preparation 5 > 6 ( p  = 0.1, Duncan’s 
multiple-range statistic), and 5 > 2 ( p  = 0.05, 
Duncan’s multiple-range statistic). Residual plasma 
levels may be important in griseofulvin therapy 
since a minimum level of 1 mcg./ml. appears to  be 
needed for an effective cure (1). 


When the dissolution values (Table 111) are corre- 
lated with the mean plasma levels (Table V), a 
good correlation is seen (Fig. 2) between the 
logarithm of the 30-min. dissolution values and 
mean plasma levels after 25 hr. (effect of a single 
dose), 49-173 hr. (the plateau region), and 0-173 
hr. (total experimental period). The correlation 
coefficients for the 3 time periods are 0.999 ( p  = 
0.015), 0.992 ( p  = 0.077), and 0.995 ( p  = 0.056). 
The slope of the 0-25-hr. regression line compares 
favorably with the slope of the single-dose treatment 
(0.60 in Fig. 2 versus 0.63 in Fig. 1). The slopes for 
the later time intervals (Fig. 2) are lower than the 
0-25-hr. slope because differences between the 
mean plasma levels of the preparations are smaller 
for the 49-173-hr. period. 
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Since dissolution rates correlate well with griseo- 
fulvin absorption after a single dose, as well as 
after repeated drug administration, they should 
serve as an effective tool for selecting therapeutically 
useful griseofulvin preparations. 
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Further Applications of Diazotized 
4-Amino-6-chloro-m-benzenedisulfonamide 


Colorimetric Determination of Pyridoxine Hydrochloride, 
17p-Hydroxy-7a~-l7a-dimethyl-B-homo-A-norestrane-3,6-dione 


and Morphine Sulfate 


By TIBOR U R B h Y I  and SUSAN BUDAVARI 


The diazotization roduct of 4-amino-6-chloro-m-benzenedisulfonamide has been 
found to be a usefurreagent for the coIorimetric determination of a vitamin, steroid, 
and alkaloid. A general method, with slight modification, can be applied to those 
compounds which contain a phenolic or similar-to-phenolic hydroxyl group. Pyri- 
doxine hydrochloride, 1 7B-hydroxy-7aa- 1 7a-dimethyl-B-homo-A-norestrane-3,6- 
dione, and morphine sulfate were used as coupling components i n  this study. The  
optimum reaction conditions for coupling and color formation have been deter- 
mined and the applicability of the method in  the presence of commonly used in- 


gredients is demonstrated. 


REPORT ON the colorimetric determination of diazotized 4-amino-6-chloro-m-benzenedisulfon- 
estrogenic hormones b y  coupling with amide reagent has already been published (1). 


The purpose of the present investigation was to 
extend the application Of that method to the 
quantitative determination of a phenolic alkaloid, 
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a nonphenolic steroid, and similar-to-phenolic 
vitamin; morphine sulfate, 17~-hydroxy-7acu-17cr- 
dimethyl - B - homo - A - norestrane - 3,6 - dione 
(steroid) ; and pyridoxine hydrochloride, respec- 
tively. Although the structures of these three 
compounds differ considerably, each has a similar 
functional group upon which the proposed 
method of determination is based. 


A search of the literature reveals numerous 
assay methods for both morphine and pyridoxine. 
This attests to the importance of the compounds, 
as well as the difficulty involved in developing 
satisfactory analytical procedures which are 
quantitative and sensitive. For example, many 
alkaloids and vitamins can be determined by 
thin-layer chromatography (2, 3) with extreme 
sensitivity; but the results are not always quanti- 
tative. The numerous gas chromatographic 
methods available (4, 5) require great care in 
column preparation to secure reliable results. 
Ion-exchange methods (6,7) generally suffer from 
the lack of reproducibility. Colorimetric tech- 
niques (8-10) can be quite sensitive and quanti- 
tative but they, as in the case of the USP pro- 
cedure for pyridoxine in decavitamin capsules 
( l l ) ,  are often time consuming and require rigidly 
controlled conditions. Among other colori- 
metric methods are the coupling reactions with 
diazonium salts. Diazotized sulfanilic acid re- 
agent (12, 13) is often used, but this procedure 
fails to yield reproducible quantitative results. 
Aliev (14) proposes a method for pyridoxine 
determination which is based on the formation of 
a red-violet zinc complex with the stabilized 
diazo salt of norsulfazole. This method, as well 
as the others, proves less satisfactory than the 
proposed method for reasons of either poor re- 
producibility, length or complexity, or lack of 
sensitivity . 


Alternate procedures for the analysis of the 
steroid cannot be cited since no previous refer- 
ences appear in the literature. 


The need for a quantitative and sensitive meth- 
od for the determination of pyridoxine and mor- 
phine as pure substances and in pharmaceutical 
formulations was apparent. Since pharmaceuti- 
cal interest in steroids similar to the one presented 
here can be expected, the method for its analysis 
was included. The aim of this report, there- 
fore, was to propose a practical and general 
colorimetric procedure for the analysis of these 
compounds. 


EXPERIMENTAL 
A Beckman model DU spectrophotometer was 


used to determine the absorbances, and a Cary 
model 11 recording spectrophotometer was used to 
record the spectra. 


i 


Reagents and Solutions-CAmino-6-chloro-m 
benzenedisulfonamide (disulfonamide), 0.2, 0.5, and 
1.0% methanolic solutions; sodium nitrite, 1.0% 
aqueous solution ; hydrochloric acid, 1 N; sodium 
acetate, 1 N solution; sodium hydroxide, 1 N 
aqueous solution. 


Preparation of Assay Solution-The compounds 
used in this study were dissolved in either methanol 
or water, whichever provided the optimum condi- 
tions for the color measurements. Solutions con- 
taining approximately 0.0025% of pyridoxine hydro- 
chloride, 0.015% of steroid in methanol, and 0.13% 
morphine sulfate in water were prepared. 


General Procedure for Color Development-Into 
separate 10-ml. volumetric flasks 1.0 ml. each of 
disulfonamide, sodium nitrite, and hydrochloric 
acid solutions were successively pipeted and mixed 
well. The solutions were allowed to stand 1-2 min., 
then 1.0 ml. of assay solution and 1.0 ml. of solvent 
(blank) were added. The solutions were buffered 
and allowed to stand approximately 5 min. at room 
temperature. Each flask was diluted to volume with 
the proper solvent, and its absorbance was deter- 
mined at  the given wavelength in 1-cm. cells 
against its respective blank. 


The three compounds considered in this study 
belong to significantly different categories which 
precludes the use of a rigorous general method which 
can be applied to each with equal success. Since 
individual adaptations were made in order to obtain 
optimum conditions for each analysis, a schematic 
diagram (Fig. 1) is provided which lists the step-by- 
step procedure proposed. 


DISCUSSION 


The absorption spectra of the final coupled prod- 
ucts of pyridoxine hydrochloride, steroid, and mor- 
phine sulfate with diazotized disulfonamide are 
shown in Fig. 2. 
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TABLE I-MOLAR ABSORPTIVITIES 


Compd. c (Lrud 
Morphine sulfate 2.1 x 104 


Pyridoxine hydrochloride 35.7 x 104 
Steroid 8.7 X lo4 


1 1 1  
LW h I 0  WO 550 600 6% 


WAVELENGTH 


Fig. 2-Absorption spectra of coupled products. Key:  
1 ,  pyridoxine hydrochloride; 2,  17@-hydroxy-7aa-l7a- 
dimethyl- B -  homo- A-norestrane-3,6-dWne; 3 ,  mor- 


phine sulfate. 


Pyridoxine Hydrochloride-It is apparent that 
while both the alkaloid and steroid exhibit broad 
absorption maxima in the 510-515-mp region, the 
vitamin absorption maximum appears considerably 
lower at 467 mp. This hypsochromic displacement 
of the absorption maximum in the case of vitamin, 
along with the much greater color intensity of its 
coupled product, can be attributed to the fact that 
the pyridoxine has the most favorable coupling 
position which is para to the phenolic hydroxyl 
group as well as ortho to the ring nitrogen, and thus 
exhibits strong electron density. Only coupling 
ortho to the hydroxyl group is possible for the mor- 
phine and the steroid. The intensity of absorbance 
was significantly affected by the choice of diluents 
and the pH of the solution. The color intensity of 
the final solution was increased 5-10% when the 
pyridoxine to be determined was dissolved in 
methanol rather than water. Furthermore, the 
fact that the intensity was significantly greater when 
acetate buffer was chosen as the diluent rather than 
sodium hydroxide is consistent with the observation 
of Stamm and Zollinger (15). They reported that a 
10-fold increase in the concentration of acetate ions 
catalyzes the coupling reaction and produces five 
times more pura coupling. 


The most intense and reproducible color was ob- 
tained when the final pH was between 5.3 and 6.0. 
Therefore, 1 N sodium acetate, which brought the 
solution to the suitable pH upon dilution, was 
utilized as the diluent. Although the orange color 
developed immediately upon dilution with sodium 
acetate, it was found advisable to wait about 3 min. 
before reading the solution to avoid interference from 
the bubbles which develop. 


The relationship between the concentration and 
the absorbance a t  467 mp was found to be linear over 
a range of 04.04 mg./assay. The molar absorp- 
tivity value is considerably larger than the values for 
morphine and steroid as seen in Table I. 


Steroid-The synthetic steroid used in this study 
is significantly different from the phenolic estrogens 
considered in the previous publication (1). It is 
nonaromatic and has the structural formula in 
Scheme I. 


Experimental data have indicated that the en01 
form of the steroid predominates in the enol-keto 
equilibrium, thereby making its determination as a 
coupling component with diazonium salts possible. 
Based on the above, it was evident that the pH of 
the solution at the coupling stage should be critically 
controlled. Sodium acetate was found to be the 
best buffering agent for this purpose. Although a 
stable color was obtained omitting the sodium 
acetate, the results were not reproducible, and a 
bathochromic shift was observed. An attempt was 
made to  vary the sodium acetate buffer con- 
centration and also to  replace it with sodium bicar- 
bonate, sodium carbonate, and sodium hydroxide 
solutions. Color instability was noted, and the 
Beer's law plots did not intersect the origin. The 
most reproducible values were obtained when 
coupling was carried out with 1 N sodium acetate 
solution a t  pH 5 =t 0.3, and the coupling time was 
5 min. Color developed immediately upon the 
addition of 1 N sodium hydroxide and remained con- 
stant for a t  least 30 min. (Fig. 3). No absorption 
peak was obtained when the solution was diluted 
with sodium acetate. Beer's law was valid for this 
steroid at 515 mp over a range of 0-0.25 mg./assay. 


Morphine S u l f a t e T h e  rate of coupling and the 
color intensity of the coupled product with diazo- 


' - 1 1  


TIME IN MINUTES 


Fig. 3-Absorbance of final solution versus time. 
Key: - , pyridoxine hydrochloride; ---, steroid; 


. -. , morphine sulfate. 


OH 
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nium compounds are strongly affected by the struc- 
tural formula of the coupling agent. Alkaloids, 
having ortho or para positions to the phenolic 
hydroxyl unsubstituted, give diazo reactions; how- 
ever, the intensity of the reaction is dependent upon 
whether the free coupling site is a t  the ortho or 
para position. One notes that sinomenine (16), 
with the free para coupling position, gives a forty 
times stronger coupling reaction with diazobenzene- 
sulfonic acid than morphine, where only ortho cou- 
pling can occur. 
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morphine sinomenine 


The experimental conditions in this study were 
carefully investigated to obtain the optimum 
coupling reaction with morphine sulfate. The con- 
centration of disulfonamide solution was increased to 
1% to provide sufficient reagent for the amounts of 
morphine sulfate added. An increased amount of 
sodium nitrite raised the color intensity of the 
coupled product, but the color stability was di- 
minished. Morphine sulfate was dissolved in 
water, rather than methanol or 1 N hydrochloric 
acid, to obtain linear absorbance versus concentra- 
tion plots. Sodium hydroxide (1 N) was abandoned 
as a solvent despite good color stability and satis- 
factory adherence to Beer's law because reproducible 
results were not obtained. 


The morphine sulfate was allowed to couple in 
sodium hydroxide solution. Although acetate at 
coupling intensified the final color, acetate was not 
used since plots of absorbance versus concentration 
did not intersect the origin and color fading was 
noted. An intense red color developed immediately 
upon addition of sodium hydroxide a t  coupling, and 
the 5-min. waiting time ensured the stabilization of 
absorbance values upon dilution with water. Water 
was selected as the diluent because the final absorp- 
tion of the coupled product was about 10-150/, 
higher than when sodium hydroxide was employed. 
No absorption peak was observed when sodium ace- 
tate was use3 as diluent. Stable and reproducible 
results were obtained when the pH of the solution 
was 10.5 f 0.5. 


The absorbance was linear a t  510 mfi for concen- 
trations up to 1 mg. morphine (as the sulfate) per 
assay. As seen in Fig. 3, the plot of absorbance 
against time was quite constant and showed only 
about 2% increase in color intensity after 30 min. 


Mixtures-The data in the tables confirm that 
the method already described may be satisfactorily 
applied even though the compounds studied are in 
the presence of similar vitamins or alkaloids and 
excipients commonly used in pharmaceutical prep- 
arations. In each of the synthetic mixtures ana- 
lyzed, the ratio of the active ingredient to the addi- 
tive was that of the average found in commercial 
preparations (if existing) rather than the optimum 
for analysis procedures. 


I t  can be seen from the data in Table I1 that a 
10- to 100-fold increase in excipient concentration 
resulted in a 100-lOl~o recovery of active ingredient 
in the presence of sucrose, lactose, and starch. 


One can conclude from Table I11 that pyridoxine 
hydrochloride can be accurately determined though 
compounded with a considerable amount of any of 
the other common B vitamins and without the need 
for prior separation. However, interference due to 
ascorbic acid, which is also often found in vitamin 
B complex formulations, should be first eliminated 
by a simple oxidation process (14). 


As evident from Table IV, morphine may be 
assayed in the presence of certain related opium 
alkaloids since those alkaloids without a phenolic 
group, or with a substituted phenolic group, do not 
interfere. 


The unique character of the steroid investigated 
here illustrates the extended applicability of this 
method. Since steroids with similar structural 
formulas are not found in the literature, 12 steroids 
with alcoholic or ketonic groups a t  the 3 position 
were chosen to check the applicability of the pro- 
posed method. Androsterone, ergosterol, dehydro- 
cholic acid, etc., did not give coupling reactions with 
diazotized disulfonamide. Of course, steroids with 
phenolic hydroxyl group interfere; however, such 
combined formulations would not normally be ex- 
pected. 


TABLE 11-DETERMINATION OF MORPHINE, 
PYRIDOXINE, AND STEROID IN THE PRESENCE OF 


COMMON EXCIPIENTS 


Additives Morphine Pyridoxine Steroid 
Sucrose 


Added mg./g. 90.0 120.0 10.0 


% Recovery 100.4 100.0 100.0 
Found: mg./g. 90.4 120.0 10.0 


Starch 
Added, mg./g. 
Found, mg./g. 
Yo Recovery 


120.0 
121.0 
101.0 


Lactose 
Added mg./g. 90.0 120.0 10.0 
Found: mg./g. 90.5 120.0 10.1 
% Recovery 100.6 100.0 100.7 


TABLE 111-DETERMINATION OF PYRIDOXINE 
HYDROCHLORIDE IN THE PRESENCE OF ~ L A T E D  


VITAMINS 


Additives 


% 
Pyridoxine 
Recovered" 


Thiamine hydrochloride 100.1 
Riboflavin loo. ob 
Niacinamide 99.6 
Cyanocobalamin 99.9 


The compound-additive ratio 1:s. * Determined against 
sample blank. 


TABLE IV-DETERMINATION OF MORPHINE SULFATE 
IN THE PRFSENCE OF RELATED ALKALOIDS 


Additives 


% 
Morphine 


Recovered" 
Papaverine hydrochloride 101.5 
Codeine sulfate 100.8 
Dionin 100.4 


The compound-additive ratio 1:l. 
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This method with its sensitivity, rapidity, and 
color stability provides a significant improvement 
over the procedures mentioned in the literature. 


SUMMARY 


Pyridoxine hydrochloride, steroid, and morphine 
sulfate which contain either phenol c, or similar-to- 
phenolic hydroxyl groups, form colored azo dyes 
with diazotized disulfonamide. 


The color intensity was significantly increased 
when coupling occurred @a, rather than ortho, to 
the phenolic hydroxyl group. Certain compounds 
showing group similarities, as well as commonly used 
excipients in pharmaceutical formulations, do not 
interfere in this determination. 
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In Vivo and Ia Vitro Activity of a Vasoactive Drug 
9-( 3,5 -Dimethylpyrazole-1-carboxamido)-~-methyl- 


Quinoline Maleate 
By PAUL W. WILLARD and CLARENCE E. POWELL 


An indoloquinoline compound prepared from lysergic acid base has been found to 
have an a-blocking action on in vivo and in uitro preparations. The compound re- 
verses the blood pressure response to epinephrine from pressor to depressor in 
pithed and decerebrate cats. In renal hypertensive dogs, the compound produced 
a significant sustained decrease in blood pressure. On rat vas deferens preparations, 
the spasmogenic effect of epinephrine and norepinephrine was blocked by the com- 
pound similar to, but not in the same degree as that observed with dibenamine. The 
primary effect of the compound appears to be an interference with sympathetic trans- 


mission postsynaptically at the a-receptor sites resulting in peripheral dilatation. 


OMPOUNDS DERIVED from lysergic acid are C known to have a variety of pharmacological 
properties. Among these properties are effects 
on blood pressure and other cardiovascular 
parameters (1). Recently, a chemically unique 
series of indoloquinoline compounds prepared 
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from the lysergic acid base‘ produced a sustained 
lowering of blood pressure in unanesthetized and 
anesthetized animals. This study was made t o  
determine the mechanism of actions whereby one 
of the members of the series lowered blood pres- 
sure. 


The compound, 9-(3,5-dimethylpyrazole- 
1 - carboxamido) - 7 - methyl - 4,6,&,7,8,9,10,10a- 


1 Compounds were prepared by Dr. William L. Garbrecht 
of the Process Research and Development Division, Eli 
Lilly and Co., Indianapolis, Ind. 
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Alkaloids of Peumus boldus. Isolation of Laurotetanine 
and Laurolitsine 


By D. W. HUGHES, K. GENEST, and W. SKAKUM 


Two alkaloids, in addition to the six previously described, have been isolated from 
the leaves of PeumuJ boldw Molina. They were characterized by chromatographic 
and spectral data and shown to be the noraporphines, lauotetanine and laurolitsine. 


URING A chromatographic study of the alka- D loids of the leaves of the South American shrub 
Peumus boldus Molina (Monimiaceae) (boldo leaves), 
the authors detected the presence of a t  least 17 alka- 
loids in a nonquaternary fraction obtained by chloro- 
form extraction of the plant material after treatment 
with ammonia (1). The alkaloids were numbered 
1-17 according to increasing R f  on thin-layer chro- 
matography (TLC), and two were isolated and 
characterized as reticuline and the aporphine, iso- 
boldine. Earlier, the aporphines boldine (I) (2), 
N-methyllaurotetanine (11), and isocorydine and 
the noraporphine, norisocorydine had been isolated 
(3). On the basis of paper chromatographic evi- 
dence the presence of sparteine has also been sug- 
gested (4). 


This paper describes the isolation from boldo 
leaves and the characterization of two closely related 
noraporphines, laurotetanine (Alkaloid 6) (111) and 
laurolitsine (norboldine; Alkaloid 2) (IV). TLC 
examination of the crude alkaloid extract indicates 
that the leaves contain 0.005-0.007% laurotetanine 
and approximately 0.001% laurolitsine. 


These alkaloids have been isolated from a number 
of species, particularly in the family Lauraceue 
(5, 6), sometimes together with boldine (5). A 
recent report describes the isolation of laurotetanine 
and N-methyllaurotetanine from another Monimi- 
aceae: Palmeria fengerianu Perk (7). 


EXPERIMENTAL 
Isolation of Alkaloid 2-Alkaloids were extracted 


from 5 kg. boldo leaves and fractionated as described 
earlier (1) into four solutions (i, ii, iii, and iv). 
TLC examination of Solution i showed the presence 
of three main alkaloids (Nos. 1, 2, and 5). These 
were partially separated by column chromatography 
on silicic acid using chloroform-methanol mixtures 
as eluant. Fractions containing Alkaloid 2 were 
further resolved, first by rechromatography on 
silicic acid using benzene-methanol mixtures and 
then bv ureuarative TLC. Alkaloid 2 was then 
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cipitated as an amorphous light brown solid with 
cyclohexane from ethanol solution. Yield 20 mg. sity, Hamilton, Ontario) and Dr. G. Neville for mass and nu- 
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behavior on TLC of the product of N-methylation 
and an authentic sample of N-methyllaurotetanine. 
A picrate of Alkaloid 6 was prepared and crystallized 
from water as orange-yellow needles, m.p. 152-151' 
[lit. m.p. laurotetanine picrate 148' (lo)]. 
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(UV, IK, NMR, and mass) were consistent with 
Alkaloid 2 being laurolitsine. This was confirmed by 
direct comparison (TLC, UV, and I R  spectra) with 
an authentic sample of laurolitsine and by TLC 
identification of the product of M-methylation as 
boldine. Attempts to  crystallize Alkaloid 2 or its 
picrate were unsuccessful. 


Isolation of Alkaloid b T L C  examination showed 
Alkaloid 6 to  be present mainly in Solution iii, with 
smaller amounts in Solution iv and traces in Solution 
ii. The alkaloids in Solution iii were partially re- 
solved by column chromatography on sodium 
hydroxide-treated silicic acid ( 1) using benzene- 
methanol mixtures as eluant. Fractions containing 
Alkaloid 6 in admixture with traces of boldine, iso- 
boldine, and norisocorydine were combined. The 
alkaloid was then obtained chromatographically 
pure by preparative TLC and was precipitated from 
methanolic solution by n-hexane as  a light brown 
solid. Attempts to crystallize it from other solvents 
were unsuccessful. Further amounts were ob- 
tained similarly from Solutions ii and iv. Yield 
133 mg. (0.003%). The UV spectrum [A",":.""" 
282, 303, 312 (inflection) mp] was markedly similar 
to that of Alkaloid 2 and was typical of published 
spectra of aporphines unstrained by lack of substi- 
tution at Position 11 (8). The alkaloid was shown 
to be phenolic by color tests, chemical behavior, and 
bathochromic shift of the UV maxima in alkali. 
The NMR spectrum indicated that the compound 
was a noraporphine [No. 3 proton peak a t  2.35-2.55 
6 (9) ]  and an 0-methyl derivative of Alkaloid 2. 
This was confirmed by 0-methylation of each alka- 
loid with diazornethane to a common nonphenolic 
product (characterized by TLC). That Alkaloid 6 
is laurotetanine was confirmed by the identical 
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Polyamide Layer Chromatography of Organophosphorus Pesticides 
By J. T. HUANG*, H. C. HSIU, T. B. SHIH, U. T. CHOU, K. T. WANG, and C. T. CHENG 


Thin-layer chromatographic system and spray 
reagents are described for rapid differentia- 


tion of 1 1 organophosphorus pesticides. 


HE USE of paper or thin-layer chromatography to T determine and identify the organophosphorus 
pesticides had been widely studied and reviewed by 
Zweig (1). Recently, several workers used the 
formamide impregnated paper (2) and thin-layer (3) 
to separate organophosphorus pesticides. In pre- 
vious reports (4, 5) better separation of opium 
alkaloids was obtained with polyamide layer, there- 
fore, this method was applied to separate the 
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organophosphorus pesticides. This note describes 
the results obtained. 


EXPERIMENTAL 
Material-Eleven organophosphorus pesticides, 


FDA standard were used. The solvents and chem- 
icals are the reagent grade of Wako Pure Chemical 
Industries, Ltd., Osaka, Japan. 


Thin-Layer Plates-All plates used were 15 X 15 
cm. of polyamide layer sheet described by Wang (6). 


Chromatographic Procedure-The standard tech- 
niques of ascending thin-layer chromatography (7) 
were employed. 


Visualization-Four methods were employed: (a) 
iodine vapor exposing, ( b )  5% alcoholic potassium 
hydroxide solution spraying, (c) iodoplatinate re- 
agent spraying (8 ) ,  ( d )  first spraying 5% alcoholic 
potassium hydroxide solution on the plate, allowing 
the plate to dry, then exposing the plate with iodine 
vapor for 5 min., followed by exposing ammonia 
vapor. 
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Relative Stabilizing Effects of Several High Molecular 
Weight Polymers on the Stability of a 2 Percent 


Hexadecane in Water Emulsion 
By HELMY A. F. MAHROUS* a n d  A. P. LEMBERGER 


The stability characteristics of a 2 percent hexadecane i n  water emulsion containing 
0.09 percent dioctyl sodium sulfosuccinate (AOT) were investigated. Size distribu- 
tion analyses of the emulsified hexadecane particles within the diameter range of 
1-2 5~ were made over an extended time. T h e  volume concentrations of the emulsi- 
fied oil in  this diameter range were calculated. The mass median, the number 
median, the volume surface, and the arithmetic mean diameters were also calculated. 
The  data obtained established that the changes in  particle-size distribution observed 
were largely the result of coalescence. This system was then employed as a standard 
to evaluate the effectiveness of methylcellulose, 2 5 cps., polyvinylpyrrolidone, poly- 
vinyl alcohol, and polyoxyethylene glycol 6000 in  retarding the degree and rate of 
coalescence of this emulsion. It is suggested that strongly hydrated films at the oil- 


water interface form effective barriers to coalescence. 


IIE STABILITY of emulsions is a complex phe- T nomenon in which the electrical forces (1, 2) 
and the film-film interaction forces play an  im- 
portant role (3). The latter force is important 
especially in the case of emulsions stabilized with 
nonionic surfactants. 


One important group of nonionic surfactants in- 
cludes certain high molecular weight polymeric 
substances. King and Mukherjee (4) reported 
that these agents produced a coarser but more 
stable emulsion than those stabilized with soaps. 
Jellinek (5) found that emulsions stabilized with 
hydrophilic colloidal substances underwent rapid 
initial changes. The rate of change observed in 
these systems decreased after a period of time. 
In  another study methylcellulose was found to 
stabilize latex particles against coagulation with 
electrolytes by forming a protective film around 
the particles. The stabilizing effect of methyl- 
cellulose increased as its concentration was raised 


One of the most widely used methods for study- 
ing the stability of emulsions is size-distribution 
analysis. Usually size analysis data are pre- 
sented as number count, number percent, and 
volume or weight percent distributions. Reli- 
ance on one parameter may be misleading, since 
calculations based on volume or weight percents 
tend to show the importance of small numbers of 


(6). 
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large globules, while number counts or distribu- 
tions will minimize the presence of a few large 
globules which are important in emulsion sta- 
bility. Thus, the combination of the number- 
size distributions and weight-size distributions 
serves to give a better understanding of the nature 
of changes which occur in emulsions (7). 


Deaggregation in hexadecane in water emulsion 
systems containing various concentrations of di- 
octyl sodium sulfosuccinate has been reported by 
Higuchi et al. (8) and by Mourad and Lem- 
berger (3,9).  However, none of these studies in- 
volved an investigation of coalescence of larger 
globules. The purpose of this study was to 
critically examine the coalescence in a 2% hexa- 
decane in water emulsion containing 0.09% di- 
octyl sodium sulfosuccinate as a basis for further 
study of the influence of high molecular weight 
polymers on the stability of the system. Methyl- 
cellulose, polyvinylpyrrolidone, polyvinyl alcohol, 
and polyoxyethylene glycol 6000 were selected for 
examination as additives. 


EXPERIMENTAL 


Materials-The hexadecane used for the prepara- 
tion of the emulsions was purified by redistillation 
under reduced pressure. Dioctyl sodium sulfo- 
succinate' (AOT) was further purified by the frac- 
tional precipitation method (10) from methanol and 
a water-methanol solvent mixture. The fraction 
selected for use was that capable of solubilizing 40-50 
molecules of water. Water used was doubly distilled 
from permanganate in a glass apparatus. The poly- 


1 Aerosol OT. 100To pure, American Cyanamid Co., New 
York, N. Y .  


1836 







Vol. 57, No. 1 1 ,  November 1968 


mers used were methylcellulose 25,2 polyvinyl- 
pyrrolidone, polyvinyl alcohol, and polyoxyethylene 
glycol 6000.3 


Instnunents-'l'lir instrutnent used for the size- 
distribution analyses was the Coulter counter, model 
B.* The model B has the advantage of counting 
particles between two different size limits, thus 
simplifying the reduction of the raw data. The size 
analyses were conducted by using a 100-p aperture 
tube which had been calibrated with a monodisperse 
latex system a t  all the instrument settings used in 
this study. 


The samples were tumbled a t  a constant tempera- 
ture in a water bath fitted with a rotating mecha- 
nism. 


Procedure-The emulsions were prepared by the 
high-voltage electrical dispersion method described 
by Nawab and Mason (11) and used previously in 
these laboratories (3 ,8 ,9)  with a slight modification. 
A second syringe with needle was mounted above the 
apparatus such that the oil discharged into the water 
from the lower syringe was continuously replaced 
with oil from the top syringe thus maintaining a 
constant pressure head. Six kilovolts were applied 
to a 25-gauge needle whose tip was evenly cut per- 
pendicular to  its axis. The stock emulsion con- 
tained 40% v/v of hexadecane and 1.8% AOT. I t  
was placed in a polyethylene bottle and was aged for 
1 week in a rotating wheel-type constant-tempera- 
ture bath a t  30' prior to dilution. 


Preparation of 2 % Methylcellulose Solution- 
Methylcellulose powder was added to boiling water 
( l / 3  of the volume of the needed solution) and stirred 
to wet the powder completely. The remainder of 
water was added (cooled at  5") with stirring. The 
solution was then stored in a refrigerator for 8 days 
prior to its use. 


Preparation of Polyvinyl Alcohol-The P V A  in 
powder form was added with stirring to cold water 
( Z O O  or less) until a smooth slurry was obtained. 
This slurry was heated at i5-80' until complete 
solution was obtained. 


Preparation of Polyvinylpyrrolidone and Poly- 
oxyethylene Glycol 6000-Solutions of polyvinyl- 
pyrrolidone and polyoxyethylene glycol 6000 were 
prepared by dissolving the powders in cold water with 
stirring. 


All the above solutions were filtered with suction 
through a sintered-glass funnel. Microscopic 
examinations of these solutions indicated that they 
were free of particulate matter that might be con- 
fused with oil globules. 


Preparation of the 2% Hexadecane in Water 
Emulsions-For a given experiment the stock emul- 
sion was diluted 1-20 by volume in order to  obtain 
a 2yo hexadecane emulsion containing 0.09% AOT. 
Sufficient quantities of concentrated aqueous solu- 
tions of the polymeric solutions were added to the 
system during the dilution of the stock emulsion to  
give the desired final concentrations of these sub- 
stances in the emulsion. The concentration of the 
various additives was set a t  0.25, 0.5, 1.00, and 
2.00?c w/v. The samples containing the various 
concentrations were placed in 15-ml. glass vials and 
tumbled gently in the constant-temperature bath a t  
30'. All emulsions studied were prepared by dilu- 


* Methocel 25. Dow Chemical Co., Midland, Micb. 
a Carbowax 6000, Union Carbide and Carbon Corp., New 


4 Coulter Electronics, Inc., Hialeah, Fla. 
York, N. Y .  
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tion of the same stock emulsion for each experi- 
mental run. 


For particle-size analysis exactly 0.5 ml. of the 
eiiiulsion was diluted to 2.5 nil. with 0.090/, sodium 
chloride injection solution.b Four milliliters of this 
dilution was further diluted to  100 ml. with more of 
the sodium chloride solution. This suspension of oil 
globules was then analyzed for its size distribution 
using the particle counter fitted with a 100-p aperture 
tube. The diluted emulsion samples were analyzed 
for oil globules within the range of 1-25 p. Each 
emulsion system studied was run in triplicate deter- 
minations. 


Size-distribution data were recorded and processed 
for the calculation of the different diameter values 
and determination of the volume of oil in each sam- 
ple. The volume of the oil particles per given sam- 
ple volume of the emulsion was referred to as V.  
The raw data obtained from the size-analysis mea- 
surements were processed with the aid of an IBM 
1604 computer. 


RESULTS AND DISCUSSION 


The raw counts obtained by the particle counter 
were processed to  obtain the number and the weight 
percent distributions. A plot of these weight per- 
cents versus the particle diameters produced weight- 
size distribution curves. The number percent dis- 
tribution curves were obtained by plotting the 
number percents versus the particle diameters. The 
arithmetic mean diameter, dme., and the volume 
surface diameter, dvB,, were calculated from the data. 
The mass median and the number median diameters 
were easily obtained from the plots of weight and 
number percents against the particle diameters, re- 
spectively. 


Tables I and I1 show typical weight and number 
distribution data, respectively, for the 2% hexadec- 
ane in water emulsion stabilized with 0.09yo dioctyl 
sodium sulfosuccinate. Table I also includes values 
for the mass median (dm), the number median (dn), 
the arithmetic mean, and the volume surface diam- 
eters. The total volume of the oil counted ( V )  and 
the polydispersity ratio d,/d,  were also recorded in 
Table I. Size-distribution analyses and the other 
parameters were recorded as the average of three 
saniples/run. Graphical representations of Tables I 
and I1 are shown in Figs. 1 and 2, respectively. 


I t  is apparent from Figs. 1 and 2 that the size 
distributions within the size range selected for 
analysis changed with time. Specifically, it is seen 
that the larger particles disappeared from the sys- 
tem. Since the large particles constitute a larger 
percentage of the population on a weight basis than 
on a number basis, one would expect the size distri- 
butions of Fig. 1 to be affected to a greater extent 
over the time of observation. 


The comparative change in size distributions 
based on weight and number percents can be illus- 
trated even more clearly with the differential plots 
given in Figs. 3 and 4. The larger particles (>6 p )  
are disappearing and, as a result, the smaller particles 
constitute an increasing fraction of the total popula- 
tion of the aged systems. 


An approximate index to the behavior of this sys- 
tem upon aging is provided by the mass median 


6 Abbott Laboratories, Chicago, I1 
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IN WATER EMULSION STABILIZED w n n  0.09% AOT 
1’AHLE I-TYPICAL DATA OBTAINED FROM WEIGHT PERCENT DISTRIBUTION ANALYSES OF A 2% HEXADECANE 


- 


du 1 day 


24.88 0.00 
19.78 4.04 
15.67 12.27 
12.43 24.64 
9.87 38.02 
7.83 52.19 
6.21 64.73 
4.92 75.15 
3.92 84.98 
3.11 91.86 
2.46 95.83 
1.95 98.49 
1.65 99.48 
1.43 99.90 
I .  14 100.00 


8.00 
d ,  2.47 
dmldn 3.23 
dme . 2.76 
dvs. 5.63 
Volume 


x 10-53 4.65 


4 days 


0.00 
0.30 
2.30 
7.20 


18.78 
31.66 
45.81 
61.30 
75.35 
86.69 
94.20 
98.24 
99.50 
99.95 


lo( 1 . 00 


6.70 
2.62 
2.53 
2.72 
4.53 


4.41 


7days 11 days 16 days 42 days 


0.00 0.00 
0.00 
1.32 
3.42 
9.04 


18.85 
32.13 
49.06 
66.65 
82.48 
93.09 
98.30 
99.59 
99.93 


100.00 


0.00 
0.00 
0.83 
1.70 
4.93 


11.56 
22.63 
38.88 
59.48 
78.34 
91.56 
97.87 
99.43 
99. 90 


100.00 


0.00 
0.00 
0.69 
1.21 
3.22 
7.50 


16.69 
32.06 
52.98 
74.43 
89.66 
96.96 
99.21 
99.85 


100.00 
Calculated Values 


5.60 4.70 4.10 
2.71 2.67 2.58 
2.06 1.80 1.59 
2.69 2.60 2.49 
3.94 3.60 3.33 


3.75 3.54 2.70 


0.00 
0.40 
1.13 
1.41 
2.67 
5.95 


15.89 
34.94 
GO. 98 
84.10 
95.88 
99.01 
99.91 


1 o(). nc) 


3.35 
2.48 
1.35 
2.36 
2.92 


1.86 


94 days 


0.00 
0.00 
0.70 
1.01 
1.29 
1.48 
2.13 
6.29 


20.57 
47.93 
77.63 
94.99 
98.97 
99.82 


100.00 


3.05 
2.40 
1.26 
2.26 
1.65 


1.67 


224 days 


0.00 
0.00 
0.64 
1.03 
1.25 
1.43 
1.64 
2.06 
3.26 


12.15 
41 88 
77.16 
92. M 
98 66 


1 0 0  00 


2.30 
1.95 
1.18 
1.83 
1.05 


1:31 


diameter and number median diameter of the parti- 
cles as read from the appropriate plots. The 
volume surface diameter calculated from the raw 
data is also indicative of the behavior of the system. 
The ratio between the mass median and number 
median diameters, d, /d , ,  termed the polydispersity 
by Rowe (12) is also useful as a criterion of emulsion 
stability. As this ratio approaches unity, the emul- 
sion system is approaching the monodisperse state. 


The disappearance of the larger particles could be 
accounted for either by coalescence or by deaggrega- 
tion. Significant deaggregation seems the less likely 
explanation, however, because in this case, one would 
expect to see a much more pronounced increase in the 
frequency of the small particles on a number percent 
basis than actually occurs. This conclusion seems 
further justified by the marked decrease in cumula- 
tive volume of particles counted in the sample taker1 
as the emulsion aged (Table I). 


Influence of Additives-The arithmetic mean 
diameters, volume-surface diameters, the mass 
median diameters, the number median diameters, 
and the polydispersity ratios for emulsion systems 


containing various concentrations of polymeric sub- 
stances were obtained over a period of aging. These 
parameters are given in Tables 111, IV, V, and V I  for 
methylcellulose, polyvinyl alcohol, polyoxyethylene 
glycol 6000, and polyvinylpyrrolidone containing sys- 
terns, respectively. Since each system was prepared 
from a separately prepared standard emulsion the 
values for each of these emulsions are also given in 
the tables. From the data presented i t  can be seen 
that all standard systems demonstrated essentially 
the same behavior. 


Examination of Tables I11 and I V  reveals that 
addition of either methylcellulose or polyvinyl 
alcohol resulted in  a stabilizing effect. Perhaps of 
most significance is the observation that d ,  did not 
decrease as markedly over the aging period while d,, 
tended to remain constant or actually to increase 
slightly in value. Thus, the polydispersity tended 
to stabilize indicating that the particle-size distribu- 
tion of the emulsified hesadecane remained essen- 
tially the same. This is also confirmed in Figs. 5 and 
6 which show the weight percent size distributions of 
the emulsions containing 2% methylcellulose and 


TABLE 11-TYPICAL DATA OBTAINED FROM NUMBER PERCENT DISTRIBUTION ANALYSES OF A 27, 
HEXADECANE IN WATER EMULSION STABILIZED WITH 0.09y0 AOT 


du 1 day 4 days 7 days 11  days 16 days 42 days 94 days 224 days 


24.88 
19.78 
15.67 
12.43 
9.86 
7 . fa  . . ~~ 


6.21 
4.92 
3.92 
3.12 
2.47 
1.95 
1.65 
1.44 
1.14 


0.00 
0.03 
0.16 
0.55 
1.40 
3.12 
6.23 


11.68 
20.83 
34.45 
49.91 
70.97 
85.54 
95.79 


100.00 


0.00 
0.00 
0.02 
0.15 
0.57 
1.71 
4: i 3  
9.44 


19.04 
34.65 
55.23 
77.44 
90.77 
98.45 


100.00 


0.00 
0.00 
0.01 
0.05 
0.25 
0.94 
2.80 
7.36 


17.46 
35.27 
58.96 
82.43 
91.04 
98.26 


100.00 


0.00 
0.00 
0.01 
0.01 
0.11 
0.50 
1.80 


0 00 0.00 
0.00 0.00 
0.00 0.00 
0.01 0.01 
0.06 0.01 
0.27 0.05 
1.19 0.30 


5.61 4.26 1.48 
15.24 12.64 7.57 
33.14 29.79 23.16 
57.96 
81.60 
92.37 
98.90 


100.00 


54.17 50.78 
77.53 78.41 
92.55 93.09 
98.30 98.54 


100.00 100.00 


0.00 
0.00 
0.00 
0.00 
0.01 
0.13 
0.52 
0.66 
4.02 


17.18 
45.61 
78.80 
93.56 
98.02 


100.00 


0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.04 
0.44 
2.24 


15.87 
48.16 
74.52 
91.23 


100.00 
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DIAMETER p 


Fig. 1 -Typical weight percent-particle-size distribu- 
tion curves for a 2% hexadecane emulsion containing 
0.09% AOT. Key:  Q , 1  day; Q, 4 days; 0 ,  7 days; 
8, 11 days; 0,  16 days; @, 42 days; 0,  129 days; 


0 , 2 2 4  days. 


2% polyvinyl alcohol over the period of observation. 
The stabilizing effect of different concentrations of 
these additives is also indicated by the d,. values ob- 
tained. The volume-surface diameter decreased 
markedly with time of aging in the standard system, 
whereas the dv8. tended toward a constant value as 
the concentration of additive was increased. That 
these additives not only stabilized the size distribu- 
tion but also reduced coalescence rates is demon- 
strated in Figs. 7 and 8. In  these figures the recipro- 
cal of the volume of hexadecane in the sample 
analyzed is plotted as a function of time. The man- 
ner of plotting is analogous to that of Smoluchowski 
(13, 14). It is seen that coalescence occurs rapidly 
initially in the standard emulsions probably due to  
the formation of droplets larger than 25 p in diameter 
from the larger droplets initially present. Since the 
sample included particles to a maximum of 25 p in 
diameter, the total volume of the emulsified hexa- 
decane particles larger than this would be lost to  
observation. Increasing concentrations of methyl- 
cellulose 25 and polyvinyl alcohol progressively re- 
duced the rate of coalescence and a t  the maximum 
concentration used in these studies, the total volume 
of internal phase remained constant. This observa- 


Fig. 2-Typical number percenl-particle-size dis- 
tribution curves for a 2y0 hexadecane emulsion con- 
taining 0.09% AOT. Key:  0 ,  1 day; @, 4 days; 
Q, 7 days; 0,  11 days; 8, 16 days; 6, 42 days; 


@, 94 days; a, 224 days. 


Fig. 3-A plot of frequency in wezght perrent against 
size for a 2% N hexadecane emulsion containing 
0.09% AOT. Key:  0, 1 day; 6, 4 days; Q, 17 


days; Q, 94 days; 0, 224 days. 


tion coupled with the size-distribution analyses data 
indicate that, principally, the larger globules seem to 
be stabilized against coalescence to  form particles 
larger than 25 p. 


A similar family of plots for emulsions containing 
polyvinylpyrrolidone and polyoxyethylene glycol 
6000 are given in Figs. 9-12. As one would expect 
from the data given in the tables of these systems, 
there is no evidence of stabilization. Neither the 
polydispersity ratios nor the volume-surface diam- 
eters obtained differed significantly from those ob- 
tained with the standard emulsion. The weight per- 
cent size distributions of the systems containing 2y0 
of these additives are seen to change during the aging 
period in the same manner as the control emulsions. 
The plots of 1/ Vagainst time give families of roughly 
parallel lines showing that the rate of coalescence in 
these systems is identical to that of the control emul- 
sions. 


The polymeric substances used in this study pos- 
sess surface-active properties. They reduce surface 
tension of water and have the ability to be adsorbed 
a t  the interfaces (6, 15-17). The mode of the orien- 
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Fig. 4-A plot of frequency i n  number percent against 
size for a 2% N hexadecane emulsion containing 0.09% 
A O T .  Key:  8, 1 day; 6, 4 days; Q, 17 days; Q, 


94 days; 0, 224 days. 
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TABLE 111-VARIOUS VALUES CALCULATED FOR THE STANDARD SYSTEM CONTAINING METHYLCELLULOSE 


1 day 4days 7days 11 days 16days 42days 94 days 224 days 
- 


2.76 2.72 
5.63 4.53 
8.00 6.70 
2.47 2.62 
3.23 2.53 


Standard + 0.25% methylcellulose, p 
d m e .  2.79 2.72 
d,. 5.57 4.74 


8.00 6.40 
2.56 2.58 
3.13 2.51 


Standard + 0.50~,  methylcellulose, p 


d,, 2.69 2.71 
5.57 5.22 
8.15 7.20 
2.42 2.48 
3.38 2.89 


Standard + 1.00% methylcellulose, p 


2.59 2.59 
5.68 5.31 
8.60 7.60 
2.31 2.34 
3.72 3.24 


Standard f 2.00yo tncthylcellulose, p 


2.64 2.65 
5.74 5.55 
8.10 8.05 
2.34 2.36 
3.68 3.40 


2.69 
3.94 
5.60 
2.71 
2.06 


2.62 
4.24 
5.45 
2.60 
2.08 


2.51 
4.84 
6.60 
2.31 
2.86 


2.49 
5.04 
7.30 
2.15 
3.38 


2.46 
5.28 
7.70 
2.17 
3.51 


2.60 
3.60 
4.70 
2.67 
1.80 


2.71 
4.09 
5.05 
2.69 
1.87 


2.58 
4.69 
6.05 
2.44 
2.47 


no data 


no data 


2.49 
3.33 
4.10 
2.58 
1.59 


2.65 
3.84 
4.80 
2.67 
1.79 


2.51 
4.61 
5.80 
2.36 
2.45 


2.39 
4.92 
7.00 
2.13 
3.04 


2.41 
5.16 
7.40 
2.08 
3.56 


2.36 
2.92 
3.35 
2.48 
1.35 


2.65 
3.48 
4.00 
2.74 
1.46 


2.49 
4.43 
5.30 
2.36 
2.24 


2.48 
4.61 
6.25 
2.27 
2.71 


2.54 
4.47 
6.60 
2.27 
2.90 


2.25 
2.65 
3.05 
2.40 
1.26 


2.50 
3.11 
3.60 
2 .63  
1.36 


2.43 
3.99 
4.70 
2.36 
1.99 


2.53 
4.23 
5.70 
2.39 
2.38 


2.55 
4.76 
6.40 
2.32 
2.78 


1.83 
2.05 
2.30 
1.94 
1.18 


2.14 
2.77 
2.90 
2.24 
1.29 


2.33 
3.76 
4.40 
2.26 
1.95 


2.51 
3.64 
4.70 
2 .  *FA 
1.M 


2.52 
4.57 
6.00 
2.34 
2.56 


TABLE IV-VARIOUS VALUES CALCULATED FOR THE STANDARD SYSTEM CONTAINING 
POLYVINYL ALCOHOL (PVA) 


1 day 3 days 6days 10days 16 days 42 days 129 days 


2.45 
4.62 
6.40 
2.25 
2.84 


2.33 
4.51 
6.40 
2.10 
3.03 


2.33 
4.64 
6.40 
2.00 
3.19 


2.22 
4.66 
6.70 
1.95 
3.42 


2.28 
4.81 
6.90 
1.99 
3.45 


2.43 
4.33 
5.80 
2.29 
2.53 


2.37 
4.43 
6.00 
2.16 
2.76 


2.35 
4.55 
6.25 
2.24 
2.78 


2.37 
4.63 
6.50 
2.17 
2.98 


2.29 
4.70 
6.80 
2.00 
3.39 


2.42 
4.08 
5.30 
2.31 
2.28 


2.39 
4.35 
5.80 
2.21 
2.62 


2.38 
4.46 
6.08 
2.16 
2.80 


2.34 
4.68 
6.40 
2.09 
3.05 


2.28 
4.78 
6.85 
1.98 
3.45 


2.44 
3.75 
4.80 
2.40 
2.00 


2.42 
4.13 
5.42 
2.28 
2.36 


2.43 
4.20 
5.55 
2.29 
2.42 


2.34 
4.60 
6.30 
2.08 
3.02 


2.36 
4.75 
6.80 
2.10 
3.23 


2.33 
3.40 
4.30 
2.32 
1.85 


2.45 
3.83 
5.00 
2.15 
2.32 


2.43 
4.03 
5.30 
2.31 
2.29 


2.34 
4.55 
6.15 
2.09 
2.94 


2.31 
4.60 
6.65 
1.95 
3.39 


2.25 
2.89 
3.40 
2.33 
1.45 


2.51 
3.48 
4.25 
2.53 
1.67 


2.57 
3.65 
4.55 
2.60 
1.75 


2.49 
4.27 
5.60 
2.32 
2.41 


2.37 
4.61 
6.40 
2.12 
3.01 


2.00 
2.40 
2.75 
2.09 
1.32 


2.42 
3.01 
3.55 
2.G7 
1.38 


2.61 
3.27 
3.90 
2.76 
1.41 


2.72 
3.97 
5.00 
2.75 
1.82 


2.66 
4.42 
6.15 
2.53 
2.43 


212 days 
~- 


1.85 
2.13 
2.40 
1.94 
1.23 


2.40 
2.82 
3.30 
2.45 
1.34 


2.48 
3.06 
3.60 
2.64 
1.37 


2.60 
4.12 
4.70 
2.53 
1.85 


2.53 
4.38 
5.65 
2.38 
2.36 
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TABLE V-VARIOUS VALUES CALCULATED FOR THE STANDARD SYSTEM CONTAINING 
POLYOXYETHYLENE GLYCOL 6000 


1 day 3days 6days Qdays 15days 33 days 129days 212 days 


Standard, p 
dme. 
A,. 
d m  
dn 
d m l d n  


Standard + 0.25y0 polyoxy- 
ethylene glycol 6000, p 


dme . 
d"S.  


dm 
dn 
d m l d n  


Standard + 0.5y0 polyoxy- 
ethylene glycol 6000, p 


dme. 
dw. 
dm 
d, 
L / d n  


Standard + 1.00% polyoxy- 
ethylene glycol 6000, p 


Standard + 2.00y0 polyoxy- 
ethylene glycol 6000, p 


2.51 
4.66 
6.40 
2.33 
2.74 


2.48 
4.70 
6.20 
2.31 
2.68 


2.42 
4.37 
6.00 
2.27 
2.70 


2.45 
4.75 
6.00 
2.25 
2.68 


2.34 
4.39 
6.00 
2.18 
2.74 


2.39 
4.38 
6.00 
2.20 
2.62 


2.32 
4.28 
5.60 
2.15 
2.50 


2.38 
4.28 
5.60 
2.30 
2.68 


2.36 
4.29 
5.65 
2.19 
2.64 


2.39 
4.29 
5.60 
2.24 
2.58 


2.38 
4.14 
5.55 
2.25 
2.46 


2.39 
4.13 
5.38 
2.25 
2.38 


2.42 
4.00 
5.20 
2.31 
2.26 


2.37 
4.00 
5.20 
2.26 
2.40 


2.36 
3.98 
5.25 
2.24 
2.34 


2.41 
3.97 
5.20 
2.33 
2.22 


2.34 
3.93 
5.00 
2.27 
2.19 


2.36 
3.77 
4.90 
2.27 
2.17 


2.34 
3.73 
4.80 
2.24 
2.14 


2.30 
3.84 
4.90 
2.28 
2.14 


2.43 
3.65 
4.70 
2.42 
1.94 


2.40 
3.59 
4.50 
2.38 
1.95 


2.42 
3.53 
4.40 
2.40 
1.83 


2.38 
3.54 
4.50 
2.37 
1.90 


2.43 
3.52 
4.50 
2.42 
1.86 


2.29 
3.22 
4.10 
2.34 
1.75 


2.21 
3.20 
3.90 
2.25 
1.73 


2.23 
2.99 
3.70 
2.19 
1.68 


2.31 
3.18 
3.80 
2.31 
1.64 


2.33 
3.22 
3.90 
2.30 
1.69 


2.00 
2.39 
2.75 
2.12 
1.30 


1.78 
2.13 
2.35 
1.86 
1.26 


1.83 
2.11 
2.30 
1.93 
1.19 


1.98 
2.40 
2.70 
2.09 
1.28 


1. YO 
2.24 
2.45 
2.02 
1.22 


1.76 
2.00 
2.25 
1.87 
1.20 


1.63 
1.87 
2.05 
1.70 
1.20 


1.66 
1.86 
2.00 
1.77 
1.13 


1.86 
2.19 
2.36 
2.00 
1.18 


1.68 
1 .90 
2.00 
1.75 
1.14 


TABLE VI-VARIOUS VALUES CALCULATED FOR THE STANDARD SYSTEM CONTAINING 
POLYVINYLPYRROLIDONE (PVP) 


1 day 4days 7days 12 days 21 days 43days 80 days 140 days 


Standard, p 
dmc. 
dvs. 
d m  
dn 
dmldn 


dme . 
4 s .  


d m  
dn 
&/dm 


~ m . .  
d " S .  


d m  
dn 
d m  l d n  


&e. a,. 
d m  
d, 
&/an 


&* . 
4.. 
d m  
dn 
&/a. 


Standard + 0.25% PVP, p 


Standard + 0.50yo PVP, p 


Standard + 1.00% PVP, p 


Standad + 2.000/0 PVP, p 


2.52 
4.69 
6.20 
2.43 
2.54 


2.46 
4.51 
6.00 
2.37 
2.52 


2.44 
4.46 
5.90 
2.38 
2.48 


2.38 
4.42 
5.80 
2.41 
2.41 


2.49 
4.48 
5.80 
2.43 
2.38 


2.55 
4.33 
5.60 
2.49 
2.28 


2.34 
3.96 
5.00 
2.39 
2.09 


2.48 
4.09 
5.05 
2.44 
2.06 


2.47 
3.99 
5.00 
2.43 
2.05 


2.50 
4.06 
5.00 
2.47 
2.03 


2.57 
4.98 
5.10 
2.56 
1.99 


2.43 
3.74 
4.70 
2.40 
1.96 


2.50 
3.89 
4.75 
2.47 
1.92 


2.49 
3.83 
4.80 
2.47 
1.94 


2.52 
3.88 
4.80 
2.50 
1.91 


2.59 
3.92 
4.80 
2.61 
1.83 


2.42 
3.56 
4.40 
2.35 
1.82 


2.52 
3.71 
4.50 
2.53 
1.78 


2.51 
3.68 
4.50 
2.52 
1.78 


2.53 
3.77 
4.60 
2.53 
1.81 


2.54 
3.66 
4.50 
2.58 
1.74 


2.35 
3.42 
4.20 
2.33 
1.78 


2.37 
3.32 
4.05 
2.39 
1.68 


2.47 
3.42 
4.30 
2.50 
1.71 


2.50 
3.59 
4.40 
2.53 
1.73 


2.57 
3.45 
4.15 
2.66 
1.56 


2.29 
3.19 
3.75 
2.30 
1.61 


2.40 
3.27 
3.80 
2.46 
1.52 


2.44 
3.30 
3.90 
2.50 
1.56 


2.50 
3.42 
4.20 
2.57 
1.63 


2.53 2.37 
3.26 3.04 
3.90 3.40 
2.65 2.48 
1.46 1.37 


2.23 2.11 
3.00 2.88 
3.60 3.20 
2.18 
1.52 1.46 


2.32 2.19 
3.04 2.76 
3.60 3.30 
2.39 2.16 
1.49 1.50 


2.38 2.30 
3.04 2.64 
3.60 3.20 
2.42 2.30 
1.49 1.38 


2.40 2.27 
3.07 2.79 
3.70 3.20 
2.51 2.39 
1.47 1.34 
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Fig. 5-A plot of frequency in weight percent against 
size for the system containing 2.0% methylcellulose 
as an additional stabilizer. Key: a, 1 day; c), 
4 days; Q, I7 days; 8, 94 days; 0, 227 days. 


tation of these substances might be responsible for 
the differences in their stabilizing effect on the emul- 
sions under study. Since the concentration of AOT 
in the system (0.09%) is below the critical micelle 
concentration, it can also be assumed that the mono- 
layer surrounding the oil particles will be of the ex- 
panded type. If enough substance is adsorbed at 
the interface, the expanded monomolecular film may 
change to a more condensed film which, in turn, may 
protect the globules against coalescence. It,  there- 
fore. could well be that the stabilizing effect of meth- 
ylcellulose and polyvinyl alcohol was a result of 
their adsorption and orientation a t  the interface in 
such a manner as to  ensure the transformation of the 
expanded AOT film to a more condensed, stronger 
monomolecular layer. The degree of this transfor- 
mation appears to be dependent upon the concentra- 
tion of the additive as had been reported by Saunders 
(6). He found that the stabilization of latex parti- 
cles by methylcellulose was dependent upon the con- 
centration of the latter substance. He also reported 
that latex particles were stable when enough methyl- 


0; ' 40 ' 80 ' 120 . 160 ' 260 ' 


0 


TIME, DAYS 


Fig. 7-A plot of the reciprocal of the volume of 
emulsified particles/50 ml. of emulsion (V )  against 
time f o r  systems containing methylcellulose as a n  
additional stabilizer. Key: 0 ,  standard (+3); 


2.OY0 ( -1 ) .  (Values zn parentheses zndwate a 
factor added to value of 1/V for plotting purposes 


only.) 


a, 0.25% (+a; o, 0.59% ( + I ) ;  e, 1,oofro; 8 ,  


cellulose was added to ensure a condensed monolayer 
around the particles. 


Methylcellulose and polyvinyl alcohol possess 
hydroxyl groups in their structures. These hy- 
droxyl groups are strongly hydrophilic because of 
their tendency toward hydrogen bonding with the 
water molecules in the external phase. Thus, upon 
adsorption a t  the interface, the methylcellulose and 
the polyvinyl alcohol orient themselves in such a way 
that a hydrated film is formed around the oil globules 
which tends to protect them against coalescence. 


The stabilizing effect of such hydrated films was 
observed by Van den Temple (18) in his work with 
paraffin in water emulsions. He described the oil 
particles as being separated by a water film which 
might be the result of hydration or solvation of the 
original film. 


On the other hand, polyoxyethylene glycol 6000 
and polyvinylpyrrolidone showed no stabilizing effect 
on the emulsion under study, although one can as- 


Y o  0 


Fig. 6-A plot of frequency in weight percent against 
size f o r  the system containing 2.00% polyvinyl 
ulcokcd (1.7 an addiiional slabilizer. hky :  0. 1 
duy; 0,s duys; CI, 16 days; 8,129 days; 0 , 2 2 4  days. 


0 
0 2- m 9 


0 . .  . . ' ' .  . . , , 


40 80 120 160 200 
TIME, DAYS 


Fig. 8-A plot of the reciprocal of the volume of emulsi- 
fied particles/50 ml. of emulsion ( V )  against time for 
systems containing polyvinyl alcohol as additional sta- 
bilizer. Key: 0 ,  standard (+3); 8,  0.25% (+2) ;  
8, 0.50% ( f l ) ;  Q, 1.00%; c), 2.00% ( - 1 ) .  
( Values zn parenthrscs indicafe n fhctor added to value 


of 1 / V  f o r  plotting purposes only.) 
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S1ZE.p * 


Fig. 9-A plot of frequency in weight percent against 
size for the system containing 2.00% polyvinyl- 
pyrrolidone as a n  additional stabilizer. Key: 
0 , 1  day; Q, 4 days; 0 , 2 1  days; 8,8Odays; 0 , 1 4 0  


days. 


Fig. 10-A plot of frequency in weight percent against 
size for the system containing 2.00% polyoxyethylenc 
glycol 6000 as an additional stabilizer. Key: 0 ,  1 
day; e,3 days; 0 , 3 3  days; Q, 129days; 0 , 2 1 2  days. 


sunie that water molecules could be attracted to at 
least some of the ether oxygen atoms by hydrogen 
bonds. The hydrophilic nature of the polyoxy- 
ethylene glycol or polyvinylpyrrolidone may not be 
sufficient to induce orientation of the molecu’e a t  the 
interface in such a definitive manner as  with methyl- 
cellulose or polyvinyl alcohol. 


Eley (17) described the niolecule of polyoxyethyl- 
ene glycol adsorbed at the interface as lying approxi- 
mately flat in the water surface. He also added that 
molecules will not be expected to pack well when 
lying flat in a surface. Thus, i t  seems reasonable to  
assume that the polyoxyethylene glycol films formed 
around the oil globules were not oriented in such a 
manner as to  produce strongly hydrated films. The 
same may be true for polyvinylpyrrolidone, but fur- 
ther studies are needed to investigate the mode of ad- 
sorption of these polymeric substances a t  the inter- 
face before more definitive statements can be made. 


5 


4 


x 3  
3 


$2 


1 


40 80 1x) 
TIME, DAYS 


Fig. 11-A plot of the reciprocal of the volume of emul- 
sified particles/50 ml. of emulsion (V) against time 
for systems containing polyvinylpyrrolidone as an 
additional stabilizer. 0, standard (4-3); 8 ,  0.25% 


(Values zn parentheses andacate a factor added to value 
of 1/V for plotting purposes only.) 


(+2);  0,. 0.50% (+i)i  q 1.00%; e,z.m% ( -1) .  
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TIME, DAYS 


Fig. 12-A plot of the reciprocal of the volume of emul- 
sified particles/50 ml. of emulsion ( V )  against time 
for systems containing polyoxyethylene glycol 6000 as 
a n  additional stabilizer. Key: e, standard (+3); 


Z.Oo’% (-1). (Values in parentheses indicate a factor 
added to value of 1 /V  for plotting purposes only.) 


0, 0.25% (+2);  0 ,  0.50% ( + I ) ;  e, 1.00%; a, 
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Evaluation of Physical and Pharmaceutical Factors 
Involved in Drug Release and Availability 


from Chloramphenicol Capsules 
By A. J. AGUIAR, L. M. WHEELER, S. FUSARI, and J. E. ZELMER 


The importance of physical and pharmaceutical factors involved in chloramphenicol 
release and availability from four commercial lots of chloramphenicol was eval- 
uated. The study was carried out in three parts: (a) deaggregation or dispersion 
determinations, (6) dissolution studies, and (c )  in vitro gut permeation using an 
everted sac techni ue. A correlation between drug release as reflected by the de- 
aggregation and &solution rates and chloramphenicol plasma levels in humans 
is demonstrated. In this specific instance the results of the study demonstrate 
that, although the products tested contain analytically the same quantity of chlor- 
amphenicol, the rate of release of the antibiotic, and hence its availability from 
the capsules differs significantly. The commonly accepted scheme which defines 
drug absorption from dosage forms is modified to include the deaggregation rate. 


HE IMPORTANCE of physical properties of T drugs in relation to their pharmacological 
availability and activity has been demonstrated 
and emphasized repeatedly in the past. Until 
recently, proportionally little attention was paid 
to studies related to drug release from pharma- 
ceutical dosage forms. For example, there has 
been a vast amount of research done to evaluate 
dissolution rates of drugs from tablets where the 
geometry of the dissolving surface is kept con- 
stant during the dissolution process. However, 
most tablets and capsules of drugs used in clinical 
therapy are intended to disintegrate in the gas- 
trointestinal environment after oral administra- 
tion. 


If the tablets or capsules disintegrate, the sur- 
face area and the geometry of the dissolving sur- 
face will change continuously with time. The 
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dissolution rate which is dependent on the surface 
area will also change. Therefore, studies in 
which the dispersion (or deaggregation) as well 
as the dissolution rates are measured are of greater 
value in assessing the optimum formula for a cap- 
sule or tablet of a drug than simple dissolution 
measurements. The studies would also allow a 
closer correlation of drug availability from the 
dosage forms with plasma levels or other pharma- 
cological criteria of drug efficacy. 


The present work is an evaluation of the 
availability of chloramphenicol from four com- 
mercial lots of chloramphenicol capsules. Spe- 
cifically the study is an attempt to relate pharma- 
ceutical and physical factors with the differences 
in plasma levels observed when the four capsules 
were tested in adult human volunteers. The 
human absorption studies are reported else- 
where (1, 2 ) .  


EXPERIMENTAL 


The capsules tested were four commercial lots of 
chloramphenicol capsules produced by different 
manufacturers and were purchased from a local 
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This method with its sensitivity, rapidity, and 
color stability provides a significant improvement 
over the procedures mentioned in the literature. 


SUMMARY 


Pyridoxine hydrochloride, steroid, and morphine 
sulfate which contain either phenol c, or similar-to- 
phenolic hydroxyl groups, form colored azo dyes 
with diazotized disulfonamide. 


The color intensity was significantly increased 
when coupling occurred @a, rather than ortho, to 
the phenolic hydroxyl group. Certain compounds 
showing group similarities, as well as commonly used 
excipients in pharmaceutical formulations, do not 
interfere in this determination. 
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In Vivo and Ia Vitro Activity of a Vasoactive Drug 
9-( 3,5 -Dimethylpyrazole-1-carboxamido)-~-methyl- 


Quinoline Maleate 
By PAUL W. WILLARD and CLARENCE E. POWELL 


An indoloquinoline compound prepared from lysergic acid base has been found to 
have an a-blocking action on in vivo and in uitro preparations. The compound re- 
verses the blood pressure response to epinephrine from pressor to depressor in 
pithed and decerebrate cats. In renal hypertensive dogs, the compound produced 
a significant sustained decrease in blood pressure. On rat vas deferens preparations, 
the spasmogenic effect of epinephrine and norepinephrine was blocked by the com- 
pound similar to, but not in the same degree as that observed with dibenamine. The 
primary effect of the compound appears to be an interference with sympathetic trans- 


mission postsynaptically at the a-receptor sites resulting in peripheral dilatation. 


OMPOUNDS DERIVED from lysergic acid are C known to have a variety of pharmacological 
properties. Among these properties are effects 
on blood pressure and other cardiovascular 
parameters (1). Recently, a chemically unique 
series of indoloquinoline compounds prepared 
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from the lysergic acid base‘ produced a sustained 
lowering of blood pressure in unanesthetized and 
anesthetized animals. This study was made t o  
determine the mechanism of actions whereby one 
of the members of the series lowered blood pres- 
sure. 


The compound, 9-(3,5-dimethylpyrazole- 
1 - carboxamido) - 7 - methyl - 4,6,&,7,8,9,10,10a- 


1 Compounds were prepared by Dr. William L. Garbrecht 
of the Process Research and Development Division, Eli 
Lilly and Co., Indianapolis, Ind. 
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octahydroindolo [4,3-fg] quinoline maleate (com- 
pound PAI), has the following structural formula: 


/ 
H 


METHODS 


In Vivo Preparations of Unanesthetized A n i i s -  
Renal hypertension was produced in adult male 
dogs by the Goldblatt procedure (2). Blood 
pressure responses were measured from a direct 
arterial puncture by a mercury manometer. Follow- 
ing control blood pressure and heart-rate recordings, 
the drug was administered orally to each of three 
hypertensive dogs at 5.0, 7.5, and 10.0 mg./kg., 
respectively. Blood pressure and heart rate were 
measured at  30-, 60-, 120-, la, and 360-min. 
intervals. 


Subacute toxicity studies of the compound were 
made in adult white roosters (3). One group of 
three roosters received 2.0 mg. of compound PA1 
intramuscularly, b i d .  for 21 days. Another group 
of three roosters was given 5.0 mg. of compound PA1 
intramuscularly b i d .  for 31 days. In a third group 
of nine roosters, 5.0 mg. of the drug was given intra- 
muscularly daily 30 min. prior to a 1.O-mg. dose of 
ergotamine tartrate intramuscularly for 21 days. 
An additional group of nine roosters received only 
1.0 mg. of ergotamine tartrate intramuscularly for 
21 days. 


Anesthetized Animals-Ganglionic inhibition and 
blood pressure effects were evaluated in four cats 
anesthetized with chloralose (50 mg./kg.) following 
administration of progressively larger doses of com- 
pound PA1 (0.1, 0.25, 0.5, 1.0, 2.0, 5.0, and 10.0 
mg./kg.). The superior cervical sympathetic nerve 
was stimulated for 30 sec. by a 2- or 2oC.p.s. (9.0 v.- 
5 msec.) square wave from a Grass stimulator. 
Four minutes were allowed between stimulations for 
recovery of the preparation. Epinephrine (2.5 
mcg./kg.) and norepinephrine (2.5 mcg./kg.) were 
administered to chloralose anesthetized cats follow- 
ing intravenous administration of compound PA1 
(5.0 mg./kg.). 


In Vitro Preparations-The adrenergic blockade 
of compound PA1 was compared with dibenamine 
using a method modified from that described by 
Leach (6). Isolated vas deferens from adult rats, 
250-4300 g., were suspended in either 2-ml. or 10-ml. 
muscle chambers containing Tyrode’s solution 
warmed to 36’ and gassed with 95% oxygen and 5y0 
carbon dioxide. Responses of the muscles were 
recorded electronically by either isometric or iso- 
tonic myographs with 0.5-g. tension. Epinephrine 
and norepinephrine were used as the agonists. 
Doses of the antagonists which would block muscle 
response to the agonists by 50% were determined. 
The &receptor action of dichloroisoproterenol 


against epinephrine- and norepinephrine-induced 
contractions of the rat vas deferens was also in- 
vestigated. 


In another series of experiments, the protective 
action of PA1 against dibenamine blockade of 
norepinephrine-induced contractions of rat vas 
deferens was studied by a method modiiied from 
that of Furchgott (7). In  protection experiments a 
Vickers biological assay apparatus was used and 
muscle responses were recorded electronically by 
isotonic myographs with 0.5-g. tension. 


The test procedure was to first give a series of 
norepinephrine doses (1.0 mcg./ml.) at 5min. inter- 
vals until the muscle response was quantitated. 
The muscle strip was then treated with a dose (100 
mcg./ml.) of PA1 and 5 min. later dibenamine (0.1 
mcg./ml.) was added. Following a 5min. exposure 
the muscle was washed three times and allowed to 
rest 10 min. Norepinephrine in the same dose as 
control was then given a t  Bmin. intervals for a pe- 
riod of 30-60 min. 


The contractile force and coronary flow was tested 
on four rabbit hearts suspended in an Anderson- 
Carver perfusion chamber (4). Chenoweth’s solu- 
tion was used as the perfusion fluid (5). Doses of 
compound PA1 were injected directly into the 
perfusate as it entered the aortic cannula. The 
heart-muscle response was recorded electronically 
with an isometric myograph. 


RESULTS 
In Vivo Preparations of Unanesthetized Animals- 


When compound PA1 was administered orally to 
renal hypertensive dogs, blood pressure was lowered 
within 1 hr. of dosing (Table I). The blood pres- 
sure returned to near normal 3 hr. following the 5.0- 
mg./kg. dose. With 7.5 and 10.0 mg./kg., the blood 


TABLE I-caRDIOVASCULlS RESPONSES OF RENAL 
HYPERTRNSIVE DOGS FOLLOWING TREATMENT WITH 


PA1 


c 
2 1 2 


Dogweight, kg. 8.5 - 14.2 - 
4% 5 10 7.5 - 


185 pressure 210 210 190 
Controlpulse 120 128 100 112 


39985 oral 
(CaPSW, 


42.6 85.0 106.5 - mg. 
Blood pres- 


swe,30min. 215 200 175 - 
Pulse, 30 min. 120 160 112 - 
Blood pres- 


sure, 1 hr. 190. 170 1406 - 
Pulse, 1 hr. 128 200 136 - 
Blood pres- 


sure,2hr. 175 130 110 - 
Pulse,2 hr. 120 2004- 176 - 
Blood pres- 


sue,  3 hr. 195 120 140 
Pulse,3hr. 136 200+ 138 
Blood pres- 


sute,6hr. 200 165 160 
Pulse, 6hr. 112 176 144 


Days 


ZHll6 ZH116 ZH120 ZH120 Dog 


Dog dose, mg./ 


Control blood 


Compound 


- - 
- - 


a Vomited. Diarrhea (slight). 
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Anesthetized AnimalkThe  action of compound 
PA1 administered in graded doses of 0.1, 0.25, 0.50, 
1.0, 2.0, 5.0, and 10.0 mg./kg. to chloralose anes- 
thetized cats is shown in Fig. 1. A maximum 
decrease of 62% in blood pressure was produced 
with 10.0 mg./kg. (accumulated dose = 18.85 me./ 
kg.). The nictitating membrane was blocked 76% 
with the 2 C.P.S. stimulation and 50% with the 20 
C.P.S. stimulation. “Neural fatigue,” defined as a 
gradual decay of the sustained contractile response, 
was not observed with any dose of compound PAI. 


Following a 5.0 mg./kg. dose of compound PA1 to 
chloralose anesthetized cats, the pressor response to 
epinephrine was reversed to  depressor (Fig. 2). 
Blood pressure response t o  norepinephrine was only 
slightly inhibited. 


In Vitro Preparation-Doses of 0.1, 0.2, and 0.3 
ml. of a 1-mg./ml. stock solution reduced the iso- 
lated heart contractile force by 5.0. 7.0, and 75%, 
respectively. A dose of 0.5 mg. (0.5 ml.) completely 
blocked the heart beat with no recovery. The 
heart rate was not altered nor was the coronary flow 
changed by smaller doses. 


Compound PA1 was found to antagonize epine- 
phrine- and norepinephrine-induced spasms of the 
rat vas deferens. Figure 3 shows a typical response 
of the muscle to 10 mcg./ml. of the compound. 
Following matching contractions from doses of 0.3 
mcg./ml. of epinephrine, compound PA1 (10 mcg./ 
ml.) was injected into the tissue chamber and allowed 
to act 1 min. Following this procedure, an 0.3- 
mcg./ml. dose of epinephrine was added to the 
bath. The stimulating action of epinephrine was 
reduced 50yo. Even with repeated change of bath- 
ing fluid and exposure t o  epinephrine, the muscle 
failed to recover the pretreatment response after five 
trials. Thus, compound PA1 has a sustained block- 
ing action on epinephrine. The lower tracing on 


pressure was still reduced significantly at 6 hr. 
However, in dog ZH-120, there was no residual effect 
24 hr. following drug administration. The heart 
rate increased in each instance and appeared to be a 
function of the dose. The dogs vomited after re- 
ceiving the drug, and a slight diarrhea was evident 
with the 7.5mg./kg. dose. Emesis was a frequent 
occurrence with the drug when administered orally 
or i.v. to  other dogs, however, there was no apparent 
relationship to dose or t o  blood pressure decreases. 
Emesis generally only occurred once about 1 hr. 
following treatments. Emetic or other apparent 
central nervous system activity was not produced in 
unanesthetized cats. 


The rooster combs appeared normal following 21 
days of treatment with compound PA1 (2.0 mg. 
b.i.d.) and the general physical condition of the 
birds was good. During the treatment period, the 
roosters had an average weight gain of 0.3 kg. All 
roosters receiving 5.0-mg. b.i.d. doses were also in 
good condition with normal combs. 


Seven of nine roosters dosed only with ergotamine 
tartrate (1.0 mg.) had definite bluing of the comb 
followed by dry gangrene on the sixth day of treat- 
ment. One rooster died on the seventh day and the 
remaining bird survived with no bluing of the comb. 


In the group of roosters receiving 5.0 mg. of 
compound PA1 30 min. prior to  ergotamine treat- 
ment, none of the six surviving birds developed 
gangrenous combs. One rooster died on the third 
day, one on the tenth day, and one on the twentieth 
day following initiation of the regimen. Cause of 
death was not apparent. There was no weight 
change in this group. 


100 I I 
W t  I G  


0 Ld 0.1 0.25 0.50 1.0 2.0 5.0 10.0 


DOSE, rng./kg. 


Fig. 1-Four ether-chloralose anesthetized, normoten- 
sive cats. Effect of accumulation of larger doses of 
PAT on blood pressure and nictitating membrane con- 
tractile response. Stimulation of nictitating membrane 
preparation with a square wave ( 9  0 . )  stimulation at 
2 and 20 c.p.s. following each dose. Key: 0, 2 c.P.s.; 


a, 20 c.p.s.; u, B.P.; M, accumulative dose. 


Fig. 3-Comparison of the stimulating actwn of 
nephrine ( E )  (O.Smg./ml.)  and norepinephrine 
(0.3mcg./mJ.) on isolated vas deferens of the rat, bt 


and after compound P A I  ( X )  (10  mcg./ml.). 


A 


N f , A  N N N N n , N  N 


bi- 
N) 
we 


Fig. 2-Example of in vivo effects of P A I  (5.0 mg./ 
kg.) on equal doses of (2.5 mcg./kg. i .v.)  of epinephrine 
and norepinephrine i n  an ether-chloralose anesthetized 


cat. 


Fig. 4-Potentiation of the spasmogenic activity of epi- 
nephrine ( E )  (0.4 mcg./ml.) and norepinephrine ( N )  
(0.4 mcg./ml.) by DCI.(Xl = 5.0 mcg./ml.) and ( X ,  = 
10 mg./ml.) on the wolated uas deferens of the rat. 
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Fig. 3 shows a similar treatment of the muscle using 
norepinephrine in doses of 0.25 mcg./ml. Ten 
mcg./ml. of compound PA1 blocked the muscle 
response to  norepinephrine by 50%, but the time of 
recovery was somewhat less than was required for 
epinephrine. 


In the study with DCI on spasms induced by 
epinephrine or norepinephrine of the rat vas deferens, 
it  was found that an additive or enhancing action 
resulted (Fig. 4). DCI was added to the muscle 
chamber in doses of 5.0 and 10.0 mcg./ml. following 
matching contractions to  O.Pmcg./ml. doses of 
epinephrine and norepinephrine. When DCI had 
been in contact with the tissue for 1 min., a 0.4-mcg/ 
ml. dose of either epinephrine or norepinephrine was 
added to the chamber. As shown in the tracing, the 
muscle contracted higher following both catechol- 
amines, indicating an enhancing effect, since DCI in 
the doses given produced no activity alone. 


Although it could be demonstrated in isolated rat 
vas deferens preparations that compound PA1 left 
in contact with the muscle strip partially blocked 
norepinephrine-induced contractions (Fig. 3), such 
was not the case in protection experiments. From 
control protection tests in which compound PA1 
alone (100 mcg./ml.) was in contact with the muscle 
strip 5 min. then washed three times and dosed with 
norepinephrine (1.0 mcg./ml.), no significant ad- 
renergic receptor blockade was noted. An average 
of results on three muscle-strip preparations showed 
response to norepinephrine to be reduced by less 
than 20%. However, when muscle strips were 
treated in the same manner with dibenamine (0.1 
mcg./ml.), contractile responses t o  norepinephrine 
(1.0 mcg./ml.) were reduced by more than 95% 
through eight doses over a period of 40 min. (Fig. 5).  


The protection experiments indicate compound 
PA1 partially protects adrenergic receptors from 
dibenamine blockade. This confims the sugges- 
tion that PA1 reacts with a-adrenergic receptors. 


DISCUSSION 


The in  vivo and in  vitro activity of compound PA1 
suggests that the hypotensive response can be 
related or ascribed to a-adrenergic blockade. 
Epinephrine reversal occurs in pithed and decere- 
brate cats (Fig. 2) and inhibition of epinephrine and 
norepinephrine contraction of the vas deferens is 
a prominent feature of the drug (Fig. 3). 


It has been clearly demonstrated that compound 
PAI, when left in contact with rat vas deferens 5 
rnin., protects adrenergic receptors against the 
contractile action of norepinephrine (Fig. 3). How- 
ever, when large doses of the compound (100 mcg./ 
ml.) are incubated 5 min. and washed 3 times, most 
of the blocking action t o  norepinephrine stimulation 
disappears. This would indicate the compound 
does not adhere to  the adrenergic receptors as 
tightly as that of dibenamine. It is well known 
that dibenamine blockade of epinephrine stimulation 
of isolated muscle persists up to  2 or more hr. (7). 
In this study control experiments show dibenamine 
(0.1 mcg./ml.) to  inhibit almost 100~o  the contractile 
action of norepinephrine through three initial washes 
and eight doses of the agonists given at 5min. 
intervals (total time 55 min.). 


Compound PA1 does protect adrenergic receptors 
against dibenamine blockade of the contractile 


E E k E  E 


N N X I N  N N A p N  A 
Fig. 5-Antagonism of dibenamine ( X ,  = 0.4  mcg./ 
ml.) and ( X t  = 1.0 mcg./ml.) on thestimulation action 
of epinephrine ( E )  (0.2 mcg./ml.) and norepinephrine 
( N )  (0.2 mcg./ml.) on the isolated uas deferens of the 


rat. 


response of smooth muscle to norepinephrine as 
demonstrated when compound PA1 was incubated 
with dibenamine and then washed three times. 
From these experiments i t  was estimated that PA1 
protected 38% of the adrenergic receptors from the 
effectiveness of dibenamine. 


The hypotensive response in renal hypertensive 
dogs was accompanied by an increased heart rate 
which indicates an attempted compensation by the 
unblocked &receptors at the terminals of the cardiac 
sympathetic nerves (Table I). This response is con- 
sistent with the peripheral dilating action of a-block- 
ade (8). Blockade of ergotamine-induced gangrene 
of rooster combs by PA1 further indicates a competi- 
tive block at the site of peripheral vasoconstriction. 
In anesthetized dogs, the heart rate generally de- 
creased. The anesthetic probably depressed the 
cardiac center and effectively inhibited a compensa- 
tory chronotropic response. Compound PA1 does 
produce a blockade of the sympathetic nervous sys- 
tem (Fig. 1). From the data obtained in the above 
studies, a-receptor blockade probably accounts for 
a large portion of the hypotensive activity. 


SUMMARY 


1. Compound PA1 produced a significant sus- 
tained decrease in blood pressure orally in hyper- 
tensive dogs (5.0, 7.5, and 10.0 mg./kg.). Emesis 
occurred in one hypertensive dog and slight diarrhea 
in a second. 


On the rat vas deferens preparation, PA1 was 
observed to block the spasmogenic effect of epine- 
phrine and norepinephrine similar to, but not in the 
same degree as that observed with dibenamine. 
Protection experiments show that PA1 partially 
protected the a-receptors from dibenamine blockade 
of the contractile response t o  norepinephrine. 
Thus, compound PA1 is primarily an a-blocking 
agent, since DCI potentiated the spasmogenic effect 
of epinephrine and norepinephrine. Additional 
evidence in favor of a-blockade is provided by the 
fact that epinephrine is reversed in spinal cats by 
compound PAI. 


3. In  anesthetized cats, sympathetic block is 
evidenced following PA1 administration. Ergot- 
amine toxicity is inhibited in roosters following 
prophylactic treatment with PAI. 


It has been concluded that a primary effect of 
PA1 is interference with sympathetic transmission 
postsynaptically a t  the a-receptor which results in 
peripheral dilatation. 


2. 


4. 
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Micellar Solubilization of Testosterone I1 


In Aqueous Solutions of Some Ionic Surfactants 


By ARVIND L. THAKKAR* and NATHAN A. HALL 


The solubility of testosterone at 2 5 was determined in  aqueous solutions containing 
varying concentrations of dodecyltrimethylammonium bromide (DTAB), hexadecyl- 
trimethylammonium bromide (HTAB), .and potassium laurate (KL). After the ini- 
tial stages of solubilization, a linear relauonship was observed between the amount of 
testosterone solubilized and the molar concentration of the surfactant. T h e  order 
of increasing soluhilizing capacity was DTAB < HTAB < KL. The  environment of 
solubilized testosterone, as investigated by the Z-value method, was found to be 
quite polar in  all cases. At low concentrations of DTAB and HTAB the Z value 
was similar to that in water. As the concentration of the quaternary ammonium bro- 
mides increased, a precipitous drop in  Z value, corresponding to  a sudden decrease 
in e.nvironmenta1 polarity, was observed in the region of the critical micelle concen- 
tration. With further increase in the concentration of DTAB and HTAB the Z 
value remained reasonably constant. I n  low KL concentrations the Z value of the 
testosterone environment was higher (more polar) than in  water. With increasing 
concentrations of KL the Z value displayed behavior similar to that in  DTAB and 
HTAB. In general, solutions of ionic surfactants showed higher Z values than those 


of the nonionic surfactants examined previously. 


HE MICELLAR solubilization of testosterone by T solutions of the nonionic surfactants, poly- 
sorbates 20,40, and 60, was the subject of a prior 
report from this laboratory (1). The solubiliz- 
ing capaaties of the three polysorbates were de- 
termined and the polarity of the chromophore of 
testosterone examined in these systems. A de- 
scription of the 2-value method for empirically 
measuring the environmental polarity of the 
solubilized testosterone was included and the re- 
sults were discussed in the light of current micellar 
theories. 
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In 1949 Ekwall and Sjoblom (2) prepared clear 
aqueous solutions of testosterone in 10% sodium 
oleate, 20% sodium myristyl sulfate, and 20% 
sodium cholate solutions, but they did not study 
the micellar solubilization of this steroid in de- 
tail. Recently Lach and Pauli (3) reported the 
solubilizing action of aqueous sodium desoxy- 
cholate solutions upon this steroid. These 
workers attributed the solubilizing action of 
sodium desoxycholate, at  least in part, to channel- 
like inclusion complex formation. Besides these 
two reports no data regarding the solubilizing 
action of other anionic or cationic agents for 
testosterone are available. The investigations 
reported here include the solubilizing capacities of 
dodecyltrimethylammonium bromide, hexadec- 
yltrimethylammonium bromide, and potassium 
laurate, as well as the efTect of varying concentra- 
tions of these surfactants upon the environ- 
mental polarity of solubilized testosterone as de- 
termined by  the 2-value method. 
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behavior on TLC of the product of N-methylation 
and an authentic sample of N-methyllaurotetanine. 
A picrate of Alkaloid 6 was prepared and crystallized 
from water as orange-yellow needles, m.p. 152-151' 
[lit. m.p. laurotetanine picrate 148' (lo)]. 
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Polyamide Layer Chromatography of Organophosphorus Pesticides 
By J. T. HUANG*, H. C. HSIU, T. B. SHIH, U. T. CHOU, K. T. WANG, and C. T. CHENG 


Thin-layer chromatographic system and spray 
reagents are described for rapid differentia- 


tion of 1 1 organophosphorus pesticides. 


HE USE of paper or thin-layer chromatography to T determine and identify the organophosphorus 
pesticides had been widely studied and reviewed by 
Zweig (1). Recently, several workers used the 
formamide impregnated paper (2) and thin-layer (3) 
to separate organophosphorus pesticides. In pre- 
vious reports (4, 5) better separation of opium 
alkaloids was obtained with polyamide layer, there- 
fore, this method was applied to separate the 
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organophosphorus pesticides. This note describes 
the results obtained. 


EXPERIMENTAL 
Material-Eleven organophosphorus pesticides, 


FDA standard were used. The solvents and chem- 
icals are the reagent grade of Wako Pure Chemical 
Industries, Ltd., Osaka, Japan. 


Thin-Layer Plates-All plates used were 15 X 15 
cm. of polyamide layer sheet described by Wang (6). 


Chromatographic Procedure-The standard tech- 
niques of ascending thin-layer chromatography (7) 
were employed. 


Visualization-Four methods were employed: (a) 
iodine vapor exposing, ( b )  5% alcoholic potassium 
hydroxide solution spraying, (c) iodoplatinate re- 
agent spraying (8 ) ,  ( d )  first spraying 5% alcoholic 
potassium hydroxide solution on the plate, allowing 
the plate to dry, then exposing the plate with iodine 
vapor for 5 min., followed by exposing ammonia 
vapor. 
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TABLE I-CHROMATOGRAPHIC DATA 


r R, Value Solvent Systems- - Color of Spot Visualization* 


2-Iso-propoxyphenyl-N-methylcarbamate 0.80 0.77 0.70 0.82 + Y - W 


phate 0.87 0.75 0.45 0.59 + Y - - 


phorodithioate 0.62 0.25 0.30 0.36 + Y - - 


Pesticides I I1 111 IV 1 2 3 4 


Isopropylmethylpyrimidil diethylthiophos- 


O,O-Diethyl-S2 (ethylthio) ethylphos- 


0-Ethyl-p-nitrophenyl-thiobenzene phos- 


O,O-Dimethyl-S-4-oxo-1,2,3-benzotriazin- 


Phthalimido-methyl-0,O-dimethyl phos- 


S-l,a-Bis-( ethoxycarbony1)-ethyl-0,O-di- 


0,O-Dimethyl-( O-2,4,5-trichloro-phenyl) 


S-( pChlorophenythiomethy1)- O,O-diethyl 


Diethyl-paranitrophenylthiophosphate 0.55 0.28 0.16 0.37 + - Y B 


phate 0.40 0.12 0.10 0.20 + - Y B  


3-(4H)-ylmethyl phosphosphorodithioate 0.65 0.48 0.36 0.54 + Y - B 


Dimethyl-paranitrophenylthiophosphate 0.58 0.38 0.25 0.50 + - Y Y  


rnethylphosphorodithioate 0.77 0.57 0.73 0.68 + - - w  
phosphorothioate 0.48 0.14 0.11 0.03 + - - - 


phosphorodithioate 0.35 0.Oge 0.1W 0.11’ + Y - - 


phorodithioate 0.65 0.45 0.85 0.54 + Y - W 


4 I, isopropanol-water-formic acid (2:3: I); 11, formaldehyde-formic acid (10: 1); 111, water-methanolammonia (4:.5:2); 
IV, acetone-water-formamide ( 1 : Z : l ) ;  Loading, 1.0 mcg. in 0.01 ml. methanol. Y, yellow; W, white; ( f )  positive ac- 
tion to  detection reagent; (-) negative action to  detection reagent; B, brown spot on yellowish background. e Tailing. 


RESULTS AND DISCUSSION 


R f  values for the organophosphorus pesticides are 
in Table I. The detection limit of each compound 
is approximately 0.1 mcg. with iodine vapor. It is 
possible to  differentiate each compound by  using the 
different response to the detection reagents. For 
example, 2-iso-propoxyphenyl-N-methylcarbamate 
failed to give a color spot when sprayed with alco- 
holic potassium hydroxide solution, but it gave a 
yellow spot with the iodoplatinate reagent. Also, 
2-iso-propoxyphenyl-N-rnethylcarbamate was de- 
tected by using visualization method number four 
described above. This method produced a chro- 
matomam characterized by a white mot on a brown- 


method as official to detect pesticides residues in 
vegetables is currently under investigation. 
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yellow background. 
The experiment indicates that this method is very 


useful for identification of organophosphorus pesti- 
cides. It is convenient in handling the chromato- 
grams and is highly reproducible. Another impor- 
tant feature of this polyamide layer chromatogram 
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is a possible direct filing. The development of this 
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Evaluation of Physical and Pharmaceutical Factors 
Involved in Drug Release and Availability 


from Chloramphenicol Capsules 
By A. J. AGUIAR, L. M. WHEELER, S. FUSARI, and J. E. ZELMER 


The importance of physical and pharmaceutical factors involved in chloramphenicol 
release and availability from four commercial lots of chloramphenicol was eval- 
uated. The study was carried out in three parts: (a) deaggregation or dispersion 
determinations, (6) dissolution studies, and (c )  in vitro gut permeation using an 
everted sac techni ue. A correlation between drug release as reflected by the de- 
aggregation and &solution rates and chloramphenicol plasma levels in humans 
is demonstrated. In this specific instance the results of the study demonstrate 
that, although the products tested contain analytically the same quantity of chlor- 
amphenicol, the rate of release of the antibiotic, and hence its availability from 
the capsules differs significantly. The commonly accepted scheme which defines 
drug absorption from dosage forms is modified to include the deaggregation rate. 


HE IMPORTANCE of physical properties of T drugs in relation to their pharmacological 
availability and activity has been demonstrated 
and emphasized repeatedly in the past. Until 
recently, proportionally little attention was paid 
to studies related to drug release from pharma- 
ceutical dosage forms. For example, there has 
been a vast amount of research done to evaluate 
dissolution rates of drugs from tablets where the 
geometry of the dissolving surface is kept con- 
stant during the dissolution process. However, 
most tablets and capsules of drugs used in clinical 
therapy are intended to disintegrate in the gas- 
trointestinal environment after oral administra- 
tion. 


If the tablets or capsules disintegrate, the sur- 
face area and the geometry of the dissolving sur- 
face will change continuously with time. The 
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dissolution rate which is dependent on the surface 
area will also change. Therefore, studies in 
which the dispersion (or deaggregation) as well 
as the dissolution rates are measured are of greater 
value in assessing the optimum formula for a cap- 
sule or tablet of a drug than simple dissolution 
measurements. The studies would also allow a 
closer correlation of drug availability from the 
dosage forms with plasma levels or other pharma- 
cological criteria of drug efficacy. 


The present work is an evaluation of the 
availability of chloramphenicol from four com- 
mercial lots of chloramphenicol capsules. Spe- 
cifically the study is an attempt to relate pharma- 
ceutical and physical factors with the differences 
in plasma levels observed when the four capsules 
were tested in adult human volunteers. The 
human absorption studies are reported else- 
where (1, 2 ) .  


EXPERIMENTAL 


The capsules tested were four commercial lots of 
chloramphenicol capsules produced by different 
manufacturers and were purchased from a local 
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pharmacy. For purposes of these studies, they 
were labeled as A,' B, C, and D. 


(a) 
deaggregation or dispersion determinations, (b)  
dissolution studies, and ( c )  in vitro gut permeation 
using an everted sac technique. 


The method employed to  measure the deaggrega- 
tion rates was essentially the one reported earlier 
(3). In the present study the simulated gastric 
fluid T.S. (USP XVI) was presaturated with chlor- 
amphenicol to  minimize the dissolution of the drug 
particles as they appeared in the medium. 


Five hundred milliliters of simulated gastric fluid 
T.S. presaturated with chloramphenicol was added 
toan 800-ml. beaker placed ina constant-temperature 
bath set at 30 f 0.5'. The solution was stirred a t  
100 r.p.m. and allowed t o  come to temperature. 
The design of the all-glass stirrer used was such 
that it provided random agitation throughout the 
depth of the liquid without creating a vortex. 


Two capsules from each lot were added to the 
gastric fluid for each determination. A stopwatch 
was started as soon as the gelatin shell of the capsule 
dissolved and first traces of the drug appeared, gen- 
erally in about 2 min. 


The percent transmittance (from which the ab- 
sorbance was calculated) was measured at 650 mp 
using a Coleman Junior spectrophotometer. A 
pump circulated the fluid via a 3-mm. diameter 
Tygon tubing from the beaker through a flow- 
through cell located in the spectrophotometer. The 
force necessary to deaggregate the drug was pro- 
vided by the shearing action of the stirred liquid. 


The dissolution rates of the capsules were 
measured by two different methods. In the first, a 
USP tablet disintegration apparatus of the Vander- 
kampz design was employed, and the dissolution 
was carried out in simulated gastric fluid T.S. 
(USP XVI). One capsule was placed in each of the 
six tubes of the basket-rack assembly, omitting the 
plastic disks. The assembly was immersed in 800 
ml. of simulated gastric fluid T.S. contained in a 
1,000-ml. beaker, and held a t  37" f 0.5'. The 
assembly was put in operation a t  a constant fre- 
quency rate of 30 c.p.m. and 5-nil. aliquots of the 
solution were withdrawn after 10, 20, and 30 min. 
Each aliquot was centrifuged at 2,000 r.p.m. for 2 
min., and the supernatant diluted and assayed spec- 
trophotometrically for chloramphenicol a t  278 mp. 


The other method used for measuring the dissolu- 
tion rates was as follows. One capsule was dropped 
into 400 ml. of simulated gastric fluid T.S. (without 
pepsin) held in a beaker maintained at 30 f 0.5". 
The solution was stirred at 11 r.p.m. using an elec- 
tronic-controlled laboratory stirrerS designed with 
three parallel prongs facing down. Five-milliliter 
samples were removed at 2-min. intervals initially 
and 5-min. intervals after the first hour. The 
samples were filtered through a 0.45-p Millipore 
filter disk using a Swinney syringe adapter and 
assayed spectrophotometriclly a t  278 mp after 
appropriate dilution with the gastric fluid. 


The in vitro gut permeation of chloramphenicol 
was studied using a modified Crane and Wilson 
everted sac technique (4). 


The study was carried out in three parts: 


1845 


The excised small intestine from Holtzman rats 
weighing 120-150 g. was everted so that  the mucosa 
faced outward. A 10-cm. segment taken 1 cm. 
from the stomach was tied tightly at the lower end, 
1 cm. from the tip, and trimmed. The upper por- 
tion was attached 1 cm. from the top to a blunt 
cannula supported by a rubber stopper, leaving 8 
cm. of the everted sac free and available for absorp- 
tion. The segment supported by the cannula and 
rubber stopper was suspended in an 80-ml. glass 
tube containing 70 ml. of buffer-hloramphenicol 
mixture maintained at 37 f 0.5' in a constant- 
temperature bath. One and six-tenths milliliters 
(1.6) of buffer without drug at 37' was introduced 
into the sac through the cannula. 


A mixture of 95% oxygen and 5% carbon dioxide 
was bubbled through the solution through a longer 
cannula extending from the rubber stopper to  the 
bottom of the glass tube. 


At predetermined time intervals the solution inside 
the sac was removed, the sac was rinsed with a 
further 1.6 ml. of buffer which was also removed, 
and the combined solutions were assayed for chloram- 
phenicol. The rinse solution was replaced with 1.6 
ml. of fresh buffer. 


The buffer solution used was Krebs-Ringer bi- 
carbonate solution (5) (pH 7.2) with 0.3% glucose. 
The solutions were prepared in distilled water, 0.3% 
glucose was added, and the final solution was 
gassed for 10 min. with 95% oxygen-5% carbon 
dioxode. The gut segment was considered to be 
viable for 2 hr. 


In order to measure the chloramphenicol bound 
by the gut tissue, the everted sac was removed from 
the apparatus at the end of the run, washed on the 
inner and outer surfaces with distilled water, and 
dried at 65'. The dried material remaining was 
extracted with ethanol and assayed. 


The solutions were assayed spectrophotometrically 
for chloramphenicol at 278 mp. 


1 Product A Chloromycetin Kapseals, Lot P 13542A. 


2 Vim-Kel Industries, Livingston, N. J. 
8 Gerald K. Heller Co., Las Vegas, Nev. 


Parke Davis & Co. 


RESULTS AND DISCUSSION 


The purchased capsules were subjected to various 
analytical tests, and the results are summarized 
in Table I. 


Deaggregation Studies-The deaggregation pro- 
files of the four commercial lots of chloramphenicol 
capsules tested are shown in Fig. 1. This plot of 
percent transmittance versus time provides a con- 
venient comparison of the rates. It is readily ap- 
parent from the plot that Capsule A has the fastest 
deaggregation rate, and reaches the steady state 
in approximately 10 min. On the other hand, 
Capsule D has a very poor deaggregation rate. 
In fact, after 3 hr., Product D maintains its capsular 
appearance (Fig. 2). The initial increase in turbidity 
with Capsule D can perhaps be partly ascribed to  
the presence of additives in the capsule. 


Capsules B and C have faster deaggregation rates 
than Capsule D, but the rates were slower than that 
of Capsule A. 


The theoretical concepts developed earlier (3) to  
quantify the deaggregation rates were based on the 
premises that the deaggregation rate followed a 
first-order process and that  the species present in the 
media were either the large aggregates and/or small 
aggregates. This implied that the large aggregates 
were broken down into small aggregates without 
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TABLE I-ANALYSIS AND COMPARISON OF FOUR COMMERCIAL LOTS OF CHLORAMPHENICOL CAPSULES 


c Capsule 
Analytical Test A B C D 


Uniformity of capsule fill 
Average capsule fill, mg. 351.3 462.8 343.4 355.1 
Range of capsule till, mg. 339.6-369.8 379.9-504.8 333.0-352.1 318.6-371.7 


Assay Uniformity 
Average assay, mg. chloramphenicol/ 


camule 248.3 261.9 249.1 244.6 
Average percent of label claim 99.3 104.8 99.7 97.8 
Range of assays in percent of label 


claim 96.2-104.8 86.6-114.4 96.6-101.6 88.1-102.0 


20 40 60 80 
TIME, min 


Fig. 1-Plot of percent transmittance versus time 
showing the relative deaggregation rates of the four 
capsules in simulated gastric jluid T.S. Key: 0 ,  
Capsule A ;  H, Capsule B; 0, Capsule C; A? Cap- 


sule D .  


going through the intermediate states, or if these 
were formed they were extremely short lived. 


Based on these premises, equations were developed 
which described the deaggregation process. In 
the final form the equation was written as: 


Fig. 2-Chloramphenicol Capsule D after 3 hr. in 
simulated gastric fluid (deaggregation rates deter- 


mination ). 


where A ,  is the absorbance a t  the final state and 
At the absorbance at time t. 


If the deaggregation process follows Eq. 1, a plot 
of log A. / (A .  - A c) versus t should be linear. From 
the slopes, the relative deaggregation rates can be 
evaluated. 


In Figs. 3 and 4, the deaggregation rates of the 
four commercial lots of chloramphenicol capsules 
are plotted in accordance with Eq. 1. I t  is readily 
evident that the deaggregation rate of Capsule A 
follows Eq. 1. The deaggregation rates of the other 
three capsules are more complex. 


In the case of Capsule D (Fig. 4), during the first 
60 min. the deaggregation rate is indeterminate, 
possibly due to the appearance of additives in 
the medium. After the first hour, the rate appears to 
follow a first-order process, but it is extremely slow. 


The deaggregation rates of Capsules B and C are 
intermediate between A and D and are nonlinear. 
The nonlinearity is possibly due to the reaggregation 
of the particles after they appear in the test medium. 
If the dispersed particles reaggregate, then the 
mechanism for the reverse reaction must also be 
taken into account, and the equation describing the 
phenomena would be much more complex than 
that shown in Eq. 1. 


, I  I ,.' I 


1 


20 40 60 
TIME, mm 


Fig. 3-Deaggregation rates of Capsules A ,  B ,  and 
C in simulated gastric jluid T.S. plotted according to 
Eq. 1 .  Key: @, Capsule A ;  A! Cupsule 13; 0, 


Capsule C .  
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20 40 60 80 100 120 140 
TIME, min. 


Fig. 4-Deaggregatwn rate of Capsule D in simulated 
gastric j lud T.S. plotted according to Eq. 1 .  


Furthermore, the turbidity of the deaggregation 
medium is dependent on the particle size of the 
drug and in the present case also on the additives 
in the capsule such as fillers and lubricants. Equa- 
tion l describes a situation (3) in which the particle 
size of the drug tested was uniform. If the particle 
size of the chloramphenicol in the capsules is 
different, or i f  the nature and amount of additives 
are dissimilar, the application of Eq. 1 in the present 
study would serve only as  a qualitative comparison 
of the deaggregation rate rather than a quantitative 
measurement. 


Figure 3 shows that  there is at least a fivefold 
difference in the initial slopes of the lines between 
Capsules A and B and at least a sevenfold difference 
between A and C. The differences in the initial 
slopes of the lines emphasize the earlier and greater 
release of chloramphenicol from Capsule A in 
contrast to  the other three capsules. 


A qualitative correlation exists between the de- 
aggregation rates of the four commercial lots of 
chloramphenicol capsules and the plasma levels 
shown in Fig. 5.' Capsule A shows a higher and 
earlier mean chloramphenicol peak plasma level in 
comparison with the others, and the deaggregation 
rate of Capsule A is also much faster. The mean 
peak plasma level observed with Capsule D is 
much lower and delayed while the deaggregation 
rate of the capsule is also very slow. Capsules B 
and C show intermediate deaggregation rates and 
intermediate mean plasma levels, although the 
order is reversed. 


The apparent faster deaggregation rate of Capsule 
B in coniparison to C can possibly be ascribed to the 
larger amount of additives present in B, as the 
turbidity is a function of the total quantity of 
particles present in the medium. Since the capsules 
were purchased i t  was not possible to ascertain 
definitively the composition and quautity of the 
additives present in Capsules B, C, and D. 


A few of the D capsules were then emptied, and 
an equivalent weight of the powder was packed into 
a larger (No. 1) capsule to  determine if the packing 
force would affect the rate. Packing into a larger 
capsule increased the initial dispersion. However, 
the particles quickly formed two or three large 
aggregates and further deaggregation was very 
-~ 


4 Figure 5 is presented tcj facilitate the discussions and 
For details and other informa- comparisons in this paper. 


tion, see Refererrces l and 2. 


Fig. 5-Mean plasma levels in human volunteers of 
nitro compounds (chloramphenicol equivalents) fol-  
lowing single oral doses of chJoramphenico1 capsules. 
[Dose 0.5 g .  ( 2  capsules), 10 subjects] (see Reference 2) .  
Key: 0, Capsule A ;  A, Capsule B; 0, Capsule C; ., Capsule D.  


slow indicating that the nature of the adjuvants 
was more important than the packing density or 
force. 


Dissolution Studies-The results of the dissolu- 
tion studies carried out with the Vanderkamp 
disintegration apparatus according to USP specifi- 
cations are summarized in Table 11. 


The data presented in Table I1 show that  about 
90% of the chloramphenicol in Capsule A is in 
solution within the iirst 10 min. and emphasizes 
the rapidity of the dissolution of the product. 
Capsule C shows only about 50% of the drug in 
solution within this period while Capsules B and D 
have less than 10% in solution. 


The rapid dissolution of Capsule A correlates well 
the rapid absorption and high plasma levels observed 
with the product. 


The data presented in Table I1 also show that 
Capsules B and D have the lowest rates of solution. 
The mean plasma level obtained with Capsule D is 
also the lowest. The mean plasma level observed 
for Capsule B is higher than that with Capsule D, 
although their dissolution rates appear t o  be the 
same. 


The results of the dissolution studies carried out 
with the electronic stirrer shown in Fig. 6 indicate the 
rapid dissolution rate of Capsule A in comparison 
with the others. With the experimental procedure 
that was used, there appears to  be no significant 
difference between the rates of solution of the other 
three capsules. 


The rapid dissolution of Capsule A again correlates 
well with the rapid absorption and high chloram- 
phenicol plasma level shown in Fig. 5. The dissolu- 
tion rates (as determined) do not differentiate be- 
tween the blood levels of the three other capsules 
tested. 


The particle-size distribution of chloramphenicol 
in the four capsules was approximated by sieve 
analysis. About 10 g. of the powder blend obtained 
by emptying 30 capsules from each lot was passed 
through a series of screens with progressively de- 
creasing mesh size. The powder retained on the 
sieve was weighed, and an aliquot assayed spectro- 
photometrically for chloramphenicol content. The 
percent chloramphenicol retained on each sieve 
was computed and the data are shown in Fig. 7. 


Admittedly there are some errors involved in 
determining the particle-size distribution by screen- 
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TABLE 11-RESULTS OF DISSOLUTION STUDIES OF COMMERCIAL LOTS OF CHLORAMPHENICOL  CAPSULE^ 


% Total Drug Dissolved/Capsule 
A B C D 


Time, -Trial- Trial 
m0. 1 2 1 2 a 


10 91.8 9 . 9  8 . 3  48.7 7 . 2  9 .8  9 . 3  
20 97.5 16.9 17.5 8 8 . 3  13.4 21.7 16.8 
30 98.6 21.3 28.2 94.3 19.1 35.9 20.4 


* USP disintegration apparatus and artificial gastric fluid T.S. at 37 f. 0.5". 


ing techniques. However, qualitatively it is evident 
from Fig. 7 that the particle-size distributions of 
chloramphenicol in Capsules A, B, and D are not 
significantly different. The distribution of the 
drug particles in Capsule C is slightly different, 
showing a larger amount of fines which could be due 
to the presence of smaller chloramphenicol particles 
or alternatively due to  the lubrication of the drug 
particles engendered during the sieve analysis by 
the additives in the capsule. 


If the particle-size data presented in Fig. 7 are 
indeed representative of the distribution of chloram- 
phenicol in the capsules, one would expect that the 
mean plasma level obtained with Capsule C would 
be higher than that obtained with the other capsules. 


From the evidence presented, it appears that the 
deaggregation or dispersion rate is of importance in 
determining the availability of chloramphenicol 
(from the capsules) for dissolution and absorption. 


Permeation Studies-The permeation studies 
using the everted sac technique were carried out to 
determine whether the additives in the chlor- 
amphenicol capsules interfered with the absorption 
of the drug by binding, etc. 


The total quantities of drug permeating through 
the everted sac at various time intervals from the 
four lots of chloramphenicol capsules are given in 
Table 111. 


The profiles demonstrating the relative rates of 
permeation are shown in Fig. 8. 


I t  is evident that the rates of pcrmcation of 
Capsules A and C are similar, followed closely by 
Capsule B. The rate of permeation of Capsule D 
is approximately one-half of Capsule A, as is shown 
by the slope of the line. 


It was noted that Capsule D contained a large 
quantity of an insoluble compound which coated 
the gut tenaciously during the permeation study. 
To determine whether the coating interfered with 


5 
TIME, min. 


permeation of the drug, a second run was made with 
the capsule contents filtercd before placing in the 
apparatus. Removal of the insoluble material 
produced a marked increase in both the rate and 
level of the drug. All four commercial chloram- 
phenicol capsules were then treated similarly and 
resubmitted to permeation testing. 


The quantities of drug permeating through the 
gut over the various time intervals for the fltered 
preparations are given in Table IV. 


The profiles showing the relative rates of permea- 
tion after filtration are plotted in Fig. 9. 


The increased permeation rates shown by the 
filtered solutions of the Capsules A, B, and C may 
be due to removal of the gelatin shell from the solu- 
tion. The shaking time of 15 min. for the buffer 
solution containing the opened capsule was sufficient 
to saturate the solution with chloramphenicol, but 
was not sufficient to dissolve all of the gelatin cap- 
sule shell. The remainder of the gelatin shell 
dissolved during the 2 hr. of the experiment. 
Filtration, of the buffer-capsule mixture before 
placing in the apparatus removed the undissolved 
gelatin material. Filtering the mixture from Capsule 
D removed the white insoluble material, thus 
increasing the permeability of the gut. 


Assays of the ethanol extract of the gut, dried after 
use, showed less than 1% (of the dry weight) of 
chloramphenicol bound to the gut membrane. 


If the permeation of the drug through the everted 
sac is related to the absorption process through the 
liurnan intestinc, one could postulate from the data 
that the permeation rate of chloramphenicol is not 
the rate-determining step in the absorption process. 


It is difficult to assess the significance of the coat- 
ing of the gut membrane observed with Capsule D. 
As indicated earlier, the coating reduced significantly 
the absorption through the everted sac of chloram- 


- 


PARTICLE SIZE, j~ 


Fig. 6-Dissolution rates of chlorampIzenico1 capsules 
in  simulated gastru$uid T.S. Key: W, Capsule A ;  


Fig. 7-Plot showing the particle-size distribution of 
chloramphenicol in Capsule A ,  0; Capsule B,  A: 


a, Ca@sule B ;  0, Capsule C; 0,  Capsule D .  Capsule C, X; Capsule D ,  0. 
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TABLE 111-COMPARATIVE PERMEATION OF 
CHLORAMPHENICOL FROM THE CAPSULES THROUGH 
THE EVERTED SAC (CUMULATIVE AMOUNTS IN mcg.) 


Time, I Capsule 7 


ma. A B C D 


1849 


CHLORAMPHENICOL FROM THE CAPSULES THROUGH 
THE EVERTED SAC" 


TABLE IV-COMPARATIVE PERMEATION OF 


Time, I Capsulc 
man. A B C D 


5 
15 
25 
35 
45 
60 
75 
90 
105 
120 


82 38 
183 122 
412 308 
573 523 
862 667 


1,052 896 
1,464 1,189 
1,752 1,560 
1,976 1,873 
2,340 2,414 


50 
1 52 
323 
51 5 
707 


1,030 
1,422 
1,750 
2,046 
2,376 


81 
177 
394 
414 
557 
709 
889 


1,057 
1.211 
1 ;414 


phenicol from Capsule D. Since the total area 
present for absorption in the human intestine is 
very much larger, the quantity of the additives 
in the capsule may be too small to  significantly affect 
the absorption in man. 


GENERAL DISCUSSION 


When a drug is administered in a solid particulate 
state, it is not unreasonable to  assume that the 
absorption of the drug from the gastrointestinal 
media follows the sequence: 


solid particulate -* dissolved + absorbed 
drug drug drug 


If the intrinsic solubility of the drug is high, the 
permeation rate through the gastrointestinal barrier 
is assumed to  be the rate-determining step in the 
absorption sequence. On the other hand, when a 
drug has a relatively low solubility, the build-up of 
an effective concentration at the absorption site 
will probably govern the rate of absorption. 


Although the scheme outlined above has been 
shown to be true in many cases, it  appears to  be 
inadequate to describe the absorption of drugs from 
dosage forms, particularly from tablets and capsules. 


I t  is proposed that a modified version such as: 


drug in dosage form deaggregatioa 
(tablet, capsule) - + 


drug in particulate dissolution 
solid state - - drug 


drug in solution absorption absorbed 


30 - 


TIME, mi?. 


Fig. 8-Permeation rates of chloramphenicol from 
capsules through the everted sac. Solutions not 
filtered. Key: 0 ,  Capsule A ;  H ,  Capsule B; A ,  


Capsule C; 0, Capsule D .  


5 49 54 50 106 
15 193 165 157 274 
25 408 297 358 494 
35 656 468 552 752 
45 978 676 789 1.013 
6@ 1,333 949 i,ii2 1,237 
75 1,788 1,191 1,452 1,507 
90 2,284 1,445 1,764 1,952 
105 2.781 1.722 2.082 2.292 
120 3;375 1;983 2; 791 
125 2,694 


(I Solution of capsule contents filtered. (Cumulative 
amounts in mcg.) 


is a more realistic way of describing the absorption 
sequence. 


Evidence gathered in the study emphasizes the 
importance of pharmaceutical factors in controlling 
the availability of chloramphenicol from the capsules 
for gastric absorption. As the solubility of chloram- 
phenicol is approximately 5 mg./ml. at 37", it 
would appear that the drug would saturate the 
gastrointestinal media relatively fast if it  were 
released rapidly from the capsule. The higher and 
earlier chloramphenicol plasma level seen in humans 
receiving Capsule A correlates well with its faster 
rates of deaggregation and dissolution. The results 
of the study show that different chloramphenicol 
products containing analytically the same quantity 
of chloramphenicol are not equivalent in terms of 
drug release or drug availability. 


The study also suggests in vitro methods of defin- 
ing and establishing factors which control the 
absorption of a drug from dosage forms, particularly 
where a rapid plasma level is desirable. By de- 
termining the deaggregation and dissolution rates 
and using the everted sac technique to gauge any 
binding of the drug, one is able to  define more clearly 
and obtain a better correlation of drug release and 
availability. 


3.0 L 


Fig. 9-Permeation rates of chJoramphenuo1 through 
the everted sac, of filtered solutions from capsules. 
Key:  e, Capsule A ;  0, Capsule B ;  A, Capsule C; 


O, Capsule D .  
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Significance of Salicylic Acid Sublimation in 
Stability Testing of Aspirin-Containing Solids 


By A. Y. GORE*, K. B. NAIK, D. 0. KILDSIG, G. E. PECK, 
V. F. SMOLEN, and G. S. BANKER 


The salicylic acid content, formed from the decomposition of aspirin, was found to 
be an unreliable basis for judging the stability of aspirin tablets. Under condi- 
tions of accelerated stability testing, the loss of salicylic acid from the system by 
sublimation can incur appreciable errors in the direction of overestimating aspirin 
stability. Since aspirin was not detected to sublime under these same conditions, 
its residual content is an improved indication of its stability. A method for its 


simultaneous determination with salicylic acid is presented. 


ALICYLIC ACID was observed to be lost S from aspirin tablets undergoing accelerated 
stability testing in this laboratory. This is 
illustrated in Fig. 1 where deposits, analytically 
identified as salicylic acid, are shown on the 
surface of aspirin tablets coated with a cellulosic 
film. 


Considering that salicylic acid is a hydrolytic 
decomposition product of aspirin and sublima- 
tion is a commercial method for its purification 
(1) , its volatilization under the elevated tem- 
perature and humidity conditions employed in 
accelerated stability testing could be anticipated. 
However, this phenomenon apparently has not 
been previously studied. An earlier investiga- 
tion (2) either overlooked it or treated it as being 
unappreciable. 


A more than negligible loss of the salicylic 


acid formed from the decomposition of aspirin 
would preclude the common practice of analyt- 
ically determining changes in salicylic acid con- 
tent in solid dosage forms of aspirin as a measure 
of degrading aspirin. The salicylic acid method 
could obviously udderestiinate the extent of de- 
composition of aspirin and therefore provide 
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Fig. I-Aspirin tablets coated with a cellulosic film and 
stored at 81.2% relative humidity and 50” for 98 days. 
The crystalline deposits on the surface were identilied 
as salicylic acid formed from the decomposition of 


aspirin. 
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Micellar Solubilization of Testosterone I1 


In Aqueous Solutions of Some Ionic Surfactants 


By ARVIND L. THAKKAR* and NATHAN A. HALL 


The solubility of testosterone at 2 5 was determined in  aqueous solutions containing 
varying concentrations of dodecyltrimethylammonium bromide (DTAB), hexadecyl- 
trimethylammonium bromide (HTAB), .and potassium laurate (KL). After the ini- 
tial stages of solubilization, a linear relauonship was observed between the amount of 
testosterone solubilized and the molar concentration of the surfactant. T h e  order 
of increasing soluhilizing capacity was DTAB < HTAB < KL. The  environment of 
solubilized testosterone, as investigated by the Z-value method, was found to be 
quite polar in  all cases. At low concentrations of DTAB and HTAB the Z value 
was similar to that in water. As the concentration of the quaternary ammonium bro- 
mides increased, a precipitous drop in  Z value, corresponding to  a sudden decrease 
in e.nvironmenta1 polarity, was observed in the region of the critical micelle concen- 
tration. With further increase in the concentration of DTAB and HTAB the Z 
value remained reasonably constant. I n  low KL concentrations the Z value of the 
testosterone environment was higher (more polar) than in  water. With increasing 
concentrations of KL the Z value displayed behavior similar to that in  DTAB and 
HTAB. In general, solutions of ionic surfactants showed higher Z values than those 


of the nonionic surfactants examined previously. 


HE MICELLAR solubilization of testosterone by T solutions of the nonionic surfactants, poly- 
sorbates 20,40, and 60, was the subject of a prior 
report from this laboratory (1). The solubiliz- 
ing capaaties of the three polysorbates were de- 
termined and the polarity of the chromophore of 
testosterone examined in these systems. A de- 
scription of the 2-value method for empirically 
measuring the environmental polarity of the 
solubilized testosterone was included and the re- 
sults were discussed in the light of current micellar 
theories. 
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In 1949 Ekwall and Sjoblom (2) prepared clear 
aqueous solutions of testosterone in 10% sodium 
oleate, 20% sodium myristyl sulfate, and 20% 
sodium cholate solutions, but they did not study 
the micellar solubilization of this steroid in de- 
tail. Recently Lach and Pauli (3) reported the 
solubilizing action of aqueous sodium desoxy- 
cholate solutions upon this steroid. These 
workers attributed the solubilizing action of 
sodium desoxycholate, at  least in part, to channel- 
like inclusion complex formation. Besides these 
two reports no data regarding the solubilizing 
action of other anionic or cationic agents for 
testosterone are available. The investigations 
reported here include the solubilizing capacities of 
dodecyltrimethylammonium bromide, hexadec- 
yltrimethylammonium bromide, and potassium 
laurate, as well as the efTect of varying concentra- 
tions of these surfactants upon the environ- 
mental polarity of solubilized testosterone as de- 
termined by  the 2-value method. 
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concentration upon the wavelength of maximum ab- 
sorbance (Amax.) and 2 value has been investigated 
before, for testosterone in solutions of a nonionic 
surfactant (l), and for camphor in solutions of both 
ionic and nonionic surfactants (8, 9). No signscant 
differences were found in the values of these param- 
eters. I n  view of these studies and the fact that 
these parameters reflect the solvent polarity, it  
seemed reasonable to assume that dilution with the 
appropriate surfactant solution would not alter the 
values of A,=. and 2. Dilutions were kept to a 
minimum and, even with the largest dilution, the 
amount of testosterone in solution was well above 
its aqueous solubility. This would ensure that the 
testosterone molecules would be associated with 
surfactant micelles. I n  all the cases where dilutions 
were necessitated, cells of shorter (I mm.) path 
length were used. 


RESULTS AND DISCUSSION 


Solubility Determinations-Figures 1, 2, and 3 
show the relationship between relative solubility of 
testosterone and concentration of DTAB, HTAB, 
and KL, respectively. As in the case of polysorbates, 


w 40 
E 


20 4 
W 
a 


* ,  c y  / / & 1 0.w 0.008 


0.02 0.04 0.06 0.08 o.io 
DTAB CONCN., M 


Fag. 1-Relative solubility of testosterone versus con- 
centration of dodecyltrimethylammonium bromide. 
(Relative soldility, S/% = solubility in surfactant 
solution, S/ solubility in water, so.) The CMC indi- 
Gated is the reported ( 4 )  value determined in the absence 


of any solubilizate. 


EXPERIMENTAL 


Materials-Dodecyltrimethylammonium bromide 
(DTAB) and hexadecyltrimethylammonium bro- 
mide (HTAB) (K and K Laboratories, Plainview, 
N. Y.) were recrystallized twice before they were 
used, DTAB from acetone and HTAB from a 
chloroform-acetone mixture. The critical micelle 
concentration (CMC) of DTAB at 25' has been 
reported as 1.6 X lo-* mole/l. by Scott and Tartar 
(4). The CMC of HTAB was calculated from the 
linear plot of log CMC versus carbon atom chain 
length from the data of these authors as 8.4 X lo-' 
mole/l. A 0.1 M stock solution of DTAB was 
readily prepared at room temperature. When pre- 
paring a 0.01 M stock solution of HTAB, however, 
i t  was necessary to apply gentle heat. The dissolved 
HTAB did not precipitate from solution when cooled 
to  room temperature. From the stock solutions a 
series of solutions were prepared by appropriate 
volumetric techniques. 


The preparation of solutions of potassium laurate 
(KL) has been described previously (5). The CMC 
of KL has been reported as 2.34 X lo-* mole/l. (6). 


Testosterone NF,' obtained as micronized 
crystalline powder, was used in this investigation. 


Solubility Determinations-The solubility of 
testosterone in aqueous solutions of DTAB, HTAB, 
and KL at 25' was determined by the procedure 
described earlier (1). As in the case of solubiliation 
of testosterone in solutions of nonionic surfactants, 
initial supersaturation was found to occur in all the 
cases. Following this supersaturation, equilibrium 
solubility was attained within 48 hr. All the solu- 
tions, however, were equilibrated for 96 hr. The 
seemingly anomalous phenomenon of initial super- 
saturation in solubilized systems containing testos- 
terone has been investigated in detail and will be 
the subject of a future paper (7). 


Z-Value Determinations-This method for de- 
termining the environmental polarity of solubilized 
molecules has been described previously (1) and was 
utilized in this study. In most micellar solutions 
of DTAB, HTAB, and KL, however, the quantity 
of testosterone solubilized was so large that it was 
not possible to carry out spectral measurements 
using undiluted solutions. The effect of solubilizate 


N. J. 
1 Generously supplied by Schering Corp., Bloomfield, 


1 
I I 


0.002 0.004 0.006 0.008 0.010 
HTAB CONCN., M 


Fig. 2-Relative solubility of testosterone versus con- 
centration of ~xadecyltrimethylammonium bromide. 
(Relative solubility, S/sO = solubility in  surfactant 
solution, S/ solubility in water, &.) The CMC indi- 
cated i s  the reported ( 4 )  value determined in the absence 


of any solubilizate. 


140 4 


p ,  , 0.01 , 0.02 


0.02 0.04 0.06 0.08 
KL CONCN., M 


Fig. 3-Relative solubility of testosterone versus con- 
centration of potassium laurate. (Relative solubility, 
S/& = solubility in surfactant solution, Slsolubility 
in  water, So.) The CMC indicated is the repo.r@ (6 )  


value determined in the absence of any solubdzsate. 
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TABLE I ~ O L U B I L I Z I N G  CAPACITY OF VARIOUS 
SURFACTANTS FOR TESTOSTERONE AT 25' 


Solubility, Mole 
Testosterone/Mole 


Surfactant Surfactant 
Dodec yltrimeth ylammonium 


bromide 9.01 x 10-2 
Hexadecyltrimethylammonium 


bromide 16.26 X 
Potassium laurate 17.75 X 
Polysorbate 20 3.529 X 
Polysorbate 40 3.984 X 
Polysorbate 60 4.385 x 10-2O 


From Ref.  1. 


- 95 
W 


4 
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as efficient as polysorbate 20. A similar situation 
exists for HTAB and polysorbate 60 which have 
identical lipophilic moieties; HTAB is more than 
three times as efficient as polysorbate 60. From 
these differences, it  seems logical to believe that 
solubilization of testosterone may not involve pene- 
tration into the micellar interior. 


The results of this study and of an earlier one by 
Bjaastad, Hall, and Thakkar (5) point out that for 
molecules such as testosterone and camphor which 
possess a partially polar nature, anionic surfactants 
are more efficient solubilizers than cationic surfac- 
tants. This observation is in apparent disagreement 
with the generalization that cationic surfactants are 
better solubilizers than anionic surfactants (6, 10). 
It is important to take into consideration the nature 
of the solubilizate and the mode of solubilization 
before making a generalization regarding the relative 
solubilizing capacities of different surfactant types. 
For a nonpolar solubilizate which is solubilized in 
the lipophilic interior of micelles, for example, 
cationic agents would be more efficient than anionic 
agents because the micelles of cationic agents have 
a greater degree of disorder due to  the nature of 
their ionic head groups (11). 


If the concentration of surfactant at which the 
relative solubility of testosterone begins to increase 
is considered to be the CMC, then it will be seen 
from Figs. 1, 2, and 3 (where the CMC's shown are 
reported values, determined in the absence of any 
solubilizate) that these values are below the litera- 
ture values. One might postulate that this early 
increase in solubility probably results from the 
formation of mixed micelles between testosterone 
and surfactant molecules at surfactant concentra- 
tions below their usual CMCs and a consequent 
lowering of the CMC in the ternary system. That 
such an association between testosterone and the 
surfactants can occur seems plausible in view of the 
fact that testosterone also possesses surface activity 
(12, 13). Wurster and Taylor (14) have shown that 
the steroid prednisolone is also solubilized in solu- 
tions of sodium lauryl sulfate below the binary 
water-surfactant CMC. 


Z-Value Determinations-The relationships 
among the concentration of DTAB, solubility of 
testosterone, and Z value are shown in Fig. 4. 
Similar plots for HTAB and KL are shown in Figs. 
5 and 6. 


In  case of the cationic surfactants at low concen- 
trations (up to  0.006 M for DTAB, 0.008 M for 
HTAB) in which the solubility of testosterone is not 


the plots are linear after the initial stages of solu- 
bilization. The solubilizing capacities were calcu- 
lated from the slopes of the linear plots and are 
listed in Table I. In  order to facilitate comparison, 
the previously reported (1) solubilizing capacities 
of polysorbates 20, 40, and 60 are also listed in 
Table I. 


It may be seen from Table I that among the ionic 
surfactants the order of increasing solubilizing 
capacity is DTAB < HTAB < KL. Where sur- 
factant molecules have lipophilic portions of 
comparable length, the ionic agents are more efficient 
solubilizers mole for mole than polysorbates, i .e. ,  
DTAB and KL are better than polysorbate 20 and 
HTAB better than polysorbate 60. The anionic 
K L  has the greatest solubilizing capacity of all. 
Not only is KL more efficient than DTAB and 
polysorbate 20, but also it is a better solubilizer 
than HTAB, which is a molecule with a longer 
lipophilic moiety. 
An explanation of the greater efficiency of the 


fatty acid soap, KL, than that of the quaternary 
ammonium bromides may lie in the fundamental 
difference between micelles of the two ionic types. 
The ions of anionic micelles bear their charges on the 
exposed oxygen atoms of their polar head groups, 
the carboxylate groups. For a molecule such as 
testosterone which has polar-nonpolar characteris- 
tics, it  is conceivable that hydrogen bonding would be 
one of the factors in solubilization. The hydroxyl 
group at C-17 in testosterone would be the site 
for such bonding. The electron-rich oxygen atoms 
in the carboxylate ions of K L  micelles should be good 
acceptors for hydrogen. The quaternized nitrogen 
atom in the polar heads of DTAB and HTAB since 
it has no unshared electrons would be incapable 
of hydrogen bonding. The trimethylammonium 
polar groups will, however, be capable of association 
with testosterone by ion-dipole and van der Waals 
type of interactions. 


It is interesting to take a closer look at the solu- 
bilizing capacities of KL, DTAB, and polysorbate 
20. These three surfactants have identical lipo- 
philic moieties within their molecules. In an 
idealized picture of spherical micelles these lipo- 
philic portions may be considered as forming the 
relatively nonpolar micellar core which should be 
similar for micelles of KL, DTAB, and polysorbate 
20. If the mechanism of solubilization involved 
association of testosterone with the nonpolar micellar 
core, then similar solubilizing capacities would be 
expected for these three surfactants. However, the 
solubilizing capacities indicate that KL is about 
twice as efficient as DTAB and about five times 
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0.001 0.010 0.100 
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Fig. +The relationship between concentration of 
dodec yltrimeth yhmmonium bromide (logarithm), solu- 
bility of testosterone (O), and Z value (0).  The CMC 
indicated i s  the reported ( 4 )  value determined in the 


absence of any solubilizate. 
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Fig. 5-The relationship between concentration of 
hexadecyltrimethylammonium bromide (logarithm), 
solubility of testosterone (O), and Z value (0).  The 
CMC indicated is the reported ( 4 )  value determined i n  


the absence of any solubilizate. 


75 
0.001 0.010 0.100 


KL CONCN.. M 


Fig. 6-The relationship between concentration of 
otassium laurate (logarithm), solubility of testosterone P o), and Z value (0). The CMC indicated i s  the re- 


ported ( 6 )  value determined i n  the absence of any solu- 
bilizate. 


appreciably greater than in water, the Z value is 
similar to that in water. However, as the solubility 
of testosterone begins to increase, the Z value drops 
sharply over a narrow range of surfactant concen- 
tration. After this sudden drop the Z value appears 
to attain a plateau. It is interesting to note that 
the relatively precipitous drop in Z value takes place 
as the solubility of testosterone begins to  increase. 
The solubility of testosterone increases steadily with 
increasing surfactant concentration in both DTAB 
and HTAB solutions. Unlike the situation with the 
polysorbates (l), the increase in the solubility of 
testosterone does not parallel the change in Z 
value. 


The anionic surfactant, KL, displays a Z-value 
behavior similar to the cationic surfactants. A 
sudden drop in Z value takes place in the region of 
the reported CPlC just as the solubility of testos- 
terone begins t o  increase. The Z value in low con- 
centrations of K L  (0.005 M and 0.01 M) is slightly 
higher than that in water. 


As pointed out earlier (1, 8), the decrease in Z 
values with increase in surfactant concentration may 
reflect the increase in concentration and organization 
of the micelles. That this decrease in Z value takes 
place a t  or near the CMC is significant. The rather 
tibrupt formation of micelles would indeed lead 
to an increased structural organization within the 
solution. 


The relative regions of solubilization in or on the 
micelle may be deduced by a comparison of the 
changing Z values in the ionic surfactant solutions 
and in the nonionic polysorbate solutions (1). 
Higher Z values are attained with all the three 
ionic surfactant solutions than with polysorbates. 
The concentrations of ionic surfactants employed 


in this investigation are much higher on a molar 
basis than those of the polysorbates used in the 
previous investigation. The quantity of testosterone 
solubilized by ionic surfactants is also greater than 
that solubilized by the polysorbates and yet the 
solubilized testosterone is in a n  environment of 
higher polarity. 


The Z value, when it becomes reasonably con- 
stant in more concentrated ionic surfactant solu- 
tions, compares with the 2 value in methanol-water 
or ethanol-water mixtures. This indicates that the 
environment of the carbonyl chromophore of the 
solubilized testosterone is more polar than methanol 
or ethanol. In view of this high polarity, i t  seems 
logical to believe that the carbonyl chromophore is 
associated with the polar head groups of the surfac- 
tant. In the case of the anionic, KL, for which 
hydrogen bonding between the ionized carboxylate 
group and the hydroxyl group a t  the C-17 of 
testosterone may be postulated, this would mean 
that the carbonyl chromophore at C-3 is also 
associated with this polar region of the micelle. 
If idealized spherical micelles are considered, then 
this region would be the micellar surface. Such a 
simplified picture is not easy t o  visualize for the 
cationic agents DTAB and HTAB where hydrogen 
bonding of the hydroxyl group of testosterone 
cannot take place with the quaternary ammonium 
polar head groups. From the available Z-value data 
it can only be concluded that the carbonyl chromo- 
phore is in a n  environment more polar than metha- 
nolrwater or ethanol-water mixtures. It is not 
impossible in case of the cationic surfactants that  the 
nonpolar portion of the testosterone molecule could 
be associated to  some extent with the relatively non- 
polar palisade region of the micelles. However, as 
the high Z values indicate the carbonyl chrornophore 
must remain in the polar environment around the 
polar head groups. 


The observation that solutions of KL provide an 
environment of higher polarity than do the solu- 
tions of DTAB and HTAB is in agreement with the 
findings of Bjaastad and Hall (8) in the case of 
solubilized camphor and 2-heptanone. An explana- 
tion of this observation could lie in the nature of 
the polar head groups of KL on the one hand and 
of DTAB and HTAB on the other. 


The surface of the KL micelles would be rich in 
carboxylate ions, and since these ions arise from a 
weak acid, some hydrolysis would be expected in an 
aqueous medium. The resulting removal of protons 
should contribute to  the polarization of the-environ- 
ment of the solubilizate (elevated Z value). Hydro- 
gen bonding, possible with KL but not with DTAB 
or HTAB, may also alter the polarity of the medium 
a t  the polar head groups. Furthermore, the car- 
boxylate ions have their charges exposed for direct 
interaction with the solubilizate chromophore, 
while the ionic charge on the nitrogcn atom of the 
quaternary ammonium ions is shielded from close 
contact with the solubilizate by the presence of 
methyl group substituents. Thus, it appears that 
these several factors could result in KL solutions 
producing a more polar environment for the solu- 
bilizates than the quaternary ammonium surfac- 
tants. 
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Interaction of NOz with Monolayers of Phospholipids 
Extracted from E.  colz’at 15 and 37” 


By N.  D. WEINER, M. AMANAT, 
D. BLONDO, R. CAPRIOLI, N .  DINERMAN, and A. FELMEISTER* 


Phospholi ids were extracted from E. coli grown at 15  and 37O. The fatty acid 
residues ofthe 15” phospholipids were found to be considerably more unsaturated 
than the 3 7 phospholipids. These phospholipids were spread as monomolecular 
films and exposed to NOZ-containing atmos heres. Whereas the 37” phospholipid 
films showed no interaction, NOr was founx to expand considerably the 15’  phos- 
pholipid films. The results demonstrate that simple changes in environmental 
conditions may affect markedly the interaction of air pollutants such as NO2 with 


biological membranes. 


SOLATION and characterization of membrane I components from a wide variety of organisms 
indicate that the compositions of the membrane 
phospholipids differ significantly, not only from 
organism to organism, but even from tissue to 
tissue within a single organism (1). The phos- 
pholipid composition of the membranes of a 
number of microorganisms has also been shown 
to vary considerably with varying growth condi- 
tions. For example, Engleman, Terry, and Moro- 
witz (2) point out that the fatty acid residues of 
the membrane phospholipids of Mycofilasma 
hidluwii are a function of the fatty acids included 
in the growtb medium. Marr and Ingraham (3) 
demonstrated that the degree of unsaturation of 
membrane fatty acids of E. coli is dependent on 
growth temperature. These latter workers 
pointed out that the increase in unsaturation of 
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the fatty acids of E. coli grown at  lower tempera- 
tures is part of an expected adaptive process. 
The degree of fluidity exhibited at low tempera- 
tures by these unsaturated acids compares to 
that of their saturated counterparts at normal 
growth temperatures. Thus, the organism is 
able to maintain the level of membrane transport 
and other essential processes even at temperatures 
well below the normal optimum level. 


In  previous studies of the interaction of air 
pollutants with monomolecular ams, it was 
noted that NOz expanded monolayers of egg 
lecithin (where 50% of the fatty acid groups con- 
tain at  least one unsaturated bond), but did not 
affect monolayers of synthetic dipalmitoyl leci- 
thin. The expansion apparently is the result of 
a chemical interaction of NOS with the double 
bonds of the unsaturated fatty acid groups of egg 
lecithin rather than a simple physical penetration 
into the film (4). 
In view of these latter results and Marr and 


Ingraham’s report, it was of interest to determine 
whether the membrane phospholipids extracted 
from E. coli grown at 15 and 37O, respectively, 
would exhibit similar differences in their interac- 
tion with an air pollutant such as NOz. 








1,3,2-Dioxaphosphorinane 2-Oxides I. 
Preparation of Some 2-Alkoxyy Z-Acyl, and 


2 -Hydroxy- 5 -alkyl- 5 -nitro- 1 , 3,2-dioxaphosphorinane 
%Oxides as Potential Antitumor Agents 


By JOHN H. BIUMAN, RALPH F. MAY, and JANE E. HEARD 


A series of compounds consisting of 2-&0xy, Z-acyl, and 2-hydroxy-5-alkyl-S- 
nitro-1,3,2-dioxaphosphorinane z-oxides has been prepared. Several amine salts 
of the 2-hydroxy compounds have been isolated. All of the compounds prepared 


were submitted for antitumor evaluation. 


N AN EARLIER publication (1) a report was made that Compound I11 was the result of traces of mois- I from this laboratory concerning the synthesis of ture in the reaction system. Once formed, Com- 
phosphorochloridic acids I as possible intermediates pound IV could then react with the phosphoro- 
leading to some potential antitumor agents. chloridic acid I as is shown in Scheme I1 to yield the 


pyrophosphate 111. 


1 a .~ 


I 


lI 
Scheme I 


Recently, several different derivatives of Com- 
pound I were prepared in order to  determine what 
type of moiety in the 2 position might lend antitumor 
activity to  the compound. 


Three 2-alkoxy substituted compounds of Type I1 
were prepared according to Scheme I. Although 
this synthesis appears to  be straightforward, some 


0 0  


I11 


of the phosphorochloridic acid I failed to react as 
expected. Instead, a fairly large amount of the 
pyrophosphate I11 was produced thereby reducing 
the yield of the desired ester 11. 


Since the 2-hydroxy Compound IV is readily pre- 
pared by refluxing the corresponding chloridic acid I 
in a 1 : 1 mixture of acetone-water, i t  was decided 
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Scheme II  


In order to prove that Scheme I1 is a possible 
pathway to  the pyrophosphates, it has now been 
shown that a phosphorochloridic acid I and a 2-hy- 
droxy compound of Type IV yield the expected 
anhydride in the presence of triethylamine. 


Several amine salts of the 2-hydroxy-5alkyl-5- 
nitro-1,3,2-dioxaphosphorinane 2-oxide IV were 
prepared, not only to improve the hydrolytic proper- 
ties of the acid but to  introduce some amines into 
the molecule which reportedly have antitumor ac- 
tivity. These salts were prepared as in Scheme 
111. 


Scheme 111 


Three mixed anhydrides of Type VII were pre- 
pared as illustrated in Scheme IV. In view of the 
fact that these compounds are anhydrides and 
therefore, should be very active, it  is expected that 
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TABLE I-~-AcYL AND 2-HYDROXY-~-METHYL-5-NITRO-1,3,2-DIOXAPHOSPHORlNANE Z-OXIDES 


1623 


Compd. 
No. R 


1 HO- 
2 CHaCHzO- 


Formula 
CrHsNOaP 
CsHllNO6P 


CiiHirN0~P 


Ca HirNzOinPz 


Yield 
(pure) I -70 N- 


'% M.D.. OC. Calcd. Found .. 
77.6 
86.5 


15 .0  


64.5 


64.5 


99.2 


83.8 


73.3 


75.5 


68 .0  


90.5 


_ .  
169-171 7.12 
99-100 6.22 


152-154 4.89 


105-107 4.66 


250-252 7.30 


248-250 9.94 


204.5-206.5 9.93 


213-215 9.40 


204-206 9.52 


225-227 9.65 


243-245 11.16 


7.13 
6.27 


4.84 


4.65 


7.44 


9.92 


9.93 


9.30 


9.67 


9.45 


10.88 


Infrared 
Assignment. ,i 


8.20 
7.82 


7.80 


7.80 


7.52 


8.12 


8 . 2  


8.15 


8.2 


8 .3  


8.15 


9.80 
9.50 


9.62 


9.40 


10.00 


9.45 


9 .4 ,  10.05 


9 .4 ,  10.05 


9 .3 , lO  


9.5 


9.3,  9.98 


they might act as phosphorylating and/or acylating 
agents. If this turns out to  be the case, such com- 
pounds might very well interfere with biological 
systems involving the chemistry of RNA, DNA, 
etc. Compounds are given in Tables I and 11. 


Biological Results-To date, no biological data 


OH 
VI 


I 
0-c-Ar 


0 
II 


are available on any of the above compounds. All 
testing is being carried out by the Cancer Chemo- 
therapy National Service Center (CCNSC), Be- 
thesda, Md. 


EXPERIMENTAL' 


2-Alkoxy-5-alkyl-S-nitro- 1,3,2-dioxaphosphor- 
inane 2-Oxide-The synthesis of these compounds 
is typified by the procedure for 2-benzoxy-5-methyl- 
5 - nitro - 1,3,2 - dioxaphosphorinane 2-oxide. The 
benzyl alcohol 2.5 g. (0.0232 mole) and triethylamine 
4.7 g. (0.0464 mole) mixture in acetone was added 
dropwise to  a 200-ml., stirring, acetone solution of 
the phosphorochloridic acid 5 g. (0.0232 mole). The 
solution was allowed to reflux overnight resulting in 
a precipitate of amine hydrochloride. The solid 
was removed, and the acetone was evaporated in 
vucuo to  afford an oil. The expected product was 
extracted from this oil with ethyl acetate and col- 
lected as a solid when the solvent was removed 
under reduced pressure. The material was re- 
crystallized from 2-propanol to  give 1 g. (15.0% 
yield) of pure product (m.p. 152-154'). 


Anal.-Calcd. for CIIHI~NO~P: N, 4.89. Found: 
N, 4.84. 


2-Hydroxy-S-rnethyl-5-nitro - 1,3,2- dioxaphos- 


w 
Scheme I V 


1 All melting points were taken on a Thomas-Hoover device 
The analyses were performed by Midwest and are corrected. 


Microlab, Inc., Indianapolis. Ind. 
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TABLE II-2-ALKOXY-5-ALKYL-5-NITRO-1,3,2-DIOXAPHOSPHORINANE 2-OXIDES 


Compd. 
No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


R 


HO- 


0 


c-0 a 


CH2[CH@ HOI, 


Yield 
(pure), M.P., 7% N- Infkared 


Formula % 'C. Calcd. Found Assignment, p 


CsHioN0e.P 63.0 117-119 6.64 6.73 8.30 9.90 


CizHirN(hP 80.5 134-136 4.45 4.47 8.00 9.80 


CiaHizNOsP 56.8 119-121 4.60 4.63 7.90 9.80 


CizHiaNzOgP 70.0 214-216 7.78 7.88 8.60 9.60 


CioHisN~OiiP 73.8 255-257 6.95 6.97 7.60 9.25 


CsHgNNaOrP 90.6 300-302 6.01 6.10 7.98 9.22 


CiaHziNz0e.P 98.1 222-224 9.45 0.48 8.15 9.30 


CiiHiaFNz0e.P 80.3 222-224 8.75 8.75 8.20 9.32 


C I Z H I O N ~ ~ I P S  85.5 188-190 8.00 8.01 8.28 9.31 


CnHksN~OizPz 87.0 227-229 8.81 8.74 8.20 9.33 


CizHnN4OnPz 79.0 257-258 11.62 11.80 8.15 9.25 


CiaHzrNaOsPz 78.5 206-208 9.00 9.12 8.20 9.30 


CioHziNxO?P 69.0 183-185 9.00 8.99 8.12 9.35 


CiaHilNz07P 85 .0  185-187 9.08 8.91 8.12 9.22 


CsHziNOP 85.8 211-213 9.34 9.12 8.00 9.35 


C I I H I P N ~ O ~ P  96.6 124-126 8.70 8.59 8.20 9.20 


phorinane 2-Oxide-This compound and the 5-ethyl 
product as well were prepared by a procedure similar 
to  that of Edmundson (2). 


Anal.-Calcd. for CIH~NOEP: N, 7.12. Found: N, 
7.13. 


2-Hydroxy-5- methyl - 5 - nitro - 1,3,2 - dioxaphos- 
phorinane 2-Oxide, Furfurylamine Salt-The follow- 
ing synthesis is typical of the procedure used for 
preparing salts. Five grams (0.025 mole) of 2- 
hydroxy-5methyl-5-nitro-1,3,2-dioxaphosphorinane 
2-oxide was dissolved in 100 mi. of hot acetone. 
A mixture of 2.42 g. (0.025 mole) of furfurylamine 
and 10 ml. acetone was added slowly to the hot 
solution with constant stirring. The salt formed 
rapidly and was collected by filtration after cooling. 


Recrystallization in 2-propanol and water gave 5.6 g. 
(75.5% yield) of white crystalline material, m.p. 


Anal.-Calcd. for C9H1~N207P: N, 9.52. Found: 
N, 9.67. 


2-Acyl-5-alkyl-5 - nitro - 1,3,2 - dioxaphosphorinane 
2-Oxide-The synthesis of this series of compounds 
is illustrated by the synthesis of 2-benzoyl-5-ethyl- 
5-nitro-1,3,2-dioxaphosphorinane 2-oxide. The ace- 
tone solutions of the 2-hydroxy-fj-ethyl-5-nitro- 
1,3,2-dioxaphosphorinane 2-oxide 5 g. (0.0237 mole) 
and the benzoyl chloride 3.5 g. (0.0237 mole) were 
combined with no noticeable reaction. The tri- 
ethylamine 4.8 g. (0.0474 mole) was added dropwise 
with stirring to give an immediate precipitate of 


204-206". 
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triethylamine hydrochloride. The solid was re- And-Calcd. for CsHlaN2OlIP2: N, 7.46. Found: 
moved by filtration. and the filtrate was evaDorated N. 7.44. 


REFERENCES t o  dryness in vacuo to  give a white solid. The 
material was recrystallized from acetonitrile to  give 
6 g. (80.5% yield) of pure product (m.p. 134-136'). (1) Billman J, H, Meisenheimer, J, L,, and May, R. F., 


J .  M e d .  chem.,'Q, 772'(1966). 
Aml.-Calcd. for CI2HI,NO,p: N, 4.45. Found: (2) Edmundsou, R. S.. Tefrohedron, 21,2379(1965). 


N, 4.47. 
Bis(5--1-5 -nitro - 2- 0x0- 1,3,2 - dioxaphosphor- 


inmyl) Oxide-The synthesis of this type of com- 
pound is typified by the synthesis of the methyl 
derivative. The phosphorochloridic acid 20 g. 
(0.0928 mole) was dissolved in undried acetone, 
and the triethylamine 9.4 g. (0.0928 mole) was 
added. Within 10 min. the solid product began to  
form, and the reaction was complete in 2 hr. The 
solid was removed by filtration and dried, yielding 
11.5 g. (64.5y0 yield) of pure product (m.p. 250- 
252'). 


Keyphrases 
2-Alkoxy-5-alkyl-5-nitro-l,3,2-dioxaphos- 


phorinane 2-oxides-synthesis 
2-Acyl-5-alkyl-5-nitro-1,3,2-dioxaphosphori- 


nane 2-oxides-synthesis 
2-Hydroxy-5-alkyl-5-nitro-l,3,2-dioxaphos- 


phorinane 2-oxides-synthesis 
IR spectrophotometry-structure 


New Compounds: Synthesis of Some Phosphorus-Nitrogen 
Compounds for Pharmacological Study I11 


By A. ABOU-MOUSTAFA and M. KHALIFA 


Phosphorus-nitrogen compounds containing moieties of the so-called long-acting 
sulfonamides were prepared by reacting the sulfonamides with PClr or POClp in 
a 2 : 1 ratio. I n  the case of PCll the condensation took place according to the above 
ratio with sulfaphenazole, sulfamethoxypyridazioe, and sulfamethoxydiazine. 
With sulfadimethoxine two products were obtained: a derivative of phosphorus 
triamide and a derivative of diamidophosphorus acid; this corresponds to the 
condensation of 1 mole of the acid chloride with 3 moles and with 2 moles of the 
sulfonamide, respectively. In the POCI, condensations the ratio mentioned earlier 
was obeyed only with sulfamethoxydiazine while with the rest, 3 moles of the sulfon- 


amide condensed with 1 mole of the oxychloride. 


N CONTINUATION of the work which has been I started in this laboratory on the condensation of a 
number of sulfa drugs with phosphorus trichloride 
and phosphorus oxychloride (1, 2), the so-called 
long-acting sulfonamides were condensed with the 
same acid chlorides for two reasons: to  complete the 
picture required for the pharmacological study and 
to compare once more the reactivity of the two acid 
chlorides in these condensation reactions. This 
latter objective was dealt with in a previous pub- 
lication (2) and from a consideration of the reaction 
time, the yields, and the mode in which the sulfa 
drug had condensed with the acid chloride, it 
was concluded that phosphorus oxychloride is 
more reactive than the trichloride. The results ob- 
tained from the present investigation conform with 
those obtained earlier and confirm the finding that 
phosphorus oxychloride is more reactive than the 
trichloride. 
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With the trichloride the condensation was com- 
plete after 24 hr. while with the oxychloride 12 hr. 
was sufficient. Moreover, higher yields were ob- 
tained with the oxychloride (7048%) than with the 
trichloride (58-80%). Finally the manner in 
which the sulfa compound condensed with the acid 
chloride was significant. In three cases the sul- 
fonamide-oxychloride condensation ratio was 3 : 1 
while in the fourth only two molecules of the sulfon- 
amide condensed with one molecule of the acid 
chloride. This latter mode was the rule in the 
phosphorus trichloride condensations except in 
the case of sulfadimethoxine where a mixture of the 
tri- and diamide derivatives was obtained with 
the former predominating. 


The superior reactivity of phosphorus oxychloride 
to  that of the trichloride is probably due to the fact 
that the phosphorus atom in the oxychloride is more 
electrophilic than that in the trichloride-a property 
which expectedly would render it more vulnerable t o  
attack by nucleophilic reagents and this is in keep- 
ing with what has been reported earlier (3). 


That  the phosphorus atom in the synthesized 
compounds is linked to the N4 of the sulfa drug was 
shown qualitatively by the failure of all the con- 
densation products to diazotize, their solubility in 
dilute alkali, and their insolubility in dilute min- 
eral acids. 
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Significance of Salicylic Acid Sublimation in 
Stability Testing of Aspirin-Containing Solids 


By A. Y. GORE*, K. B. NAIK, D. 0. KILDSIG, G. E. PECK, 
V. F. SMOLEN, and G. S. BANKER 


The salicylic acid content, formed from the decomposition of aspirin, was found to 
be an unreliable basis for judging the stability of aspirin tablets. Under condi- 
tions of accelerated stability testing, the loss of salicylic acid from the system by 
sublimation can incur appreciable errors in the direction of overestimating aspirin 
stability. Since aspirin was not detected to sublime under these same conditions, 
its residual content is an improved indication of its stability. A method for its 


simultaneous determination with salicylic acid is presented. 


ALICYLIC ACID was observed to be lost S from aspirin tablets undergoing accelerated 
stability testing in this laboratory. This is 
illustrated in Fig. 1 where deposits, analytically 
identified as salicylic acid, are shown on the 
surface of aspirin tablets coated with a cellulosic 
film. 


Considering that salicylic acid is a hydrolytic 
decomposition product of aspirin and sublima- 
tion is a commercial method for its purification 
(1) , its volatilization under the elevated tem- 
perature and humidity conditions employed in 
accelerated stability testing could be anticipated. 
However, this phenomenon apparently has not 
been previously studied. An earlier investiga- 
tion (2) either overlooked it or treated it as being 
unappreciable. 


A more than negligible loss of the salicylic 


acid formed from the decomposition of aspirin 
would preclude the common practice of analyt- 
ically determining changes in salicylic acid con- 
tent in solid dosage forms of aspirin as a measure 
of degrading aspirin. The salicylic acid method 
could obviously udderestiinate the extent of de- 
composition of aspirin and therefore provide 
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Fig. I-Aspirin tablets coated with a cellulosic film and 
stored at 81.2% relative humidity and 50” for 98 days. 
The crystalline deposits on the surface were identilied 
as salicylic acid formed from the decomposition of 


aspirin. 
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false confidence in the stability of the tested 
products. 


The purpose of the present study was to de- 
termine whether the loss of salicylic acid by 
sublimation could introduce an appreciable 
error into stability tests based on its content 
within aspirin-containing solids. To achieve 
this objective it was first necessary to develop 
a method of gauging aspirin stability in solids 
which would be unaffected by any loss of salicylic 
acid. 
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TABLE I-RATE CONSTANTS FOR THE HYDROLYSIS 
OF ASPIRIN IN pH 7.40 BUFFER SOLUTION 


Temp., k (Rate Constant), k (Average 
O C .  Day-l Rate Constant) 


17.2 i, 0.08958 0.09372 
ii, 0.09786 


21.3 i, 0.1418 0.1506 
ii, 0.1595 


0.2067 25.5 i, 0.1914 
ii, 0.2221 


30.2 i, 0.3434 0.3429 
' ii, 0.3425 


MATERIALS AND METHODS 


Reagents-All reagents were of analytical grade 
with the exception of aspirin USP. The aspirin 
used in the determination of Beer's law plots and 
spectral absorbance curves was pursed by four 
successive recrystallizations. Each recrystalliza- 
tion involved dissolving 25 g. of aspirin in 25 ml. 
of anhydrous ether, iiltration, addition of 20 ml. 
of petroleum ether, cooling to O", collection of 
crystals, washing with petroleum ether, and final 
drying in air. The pursed crystals were stored in 
a vacuum desiccator. The recrystallized aspirin 
was found to be 100% pure as judged from the 
USP titration method for aspirin. 


Determination of Salicylic Acid and Aspirin 
Sublimation-Samples of salicylic acid, aspirin, 
or mixtures of salicylic acid and aspirin were placed 
on the pan of a Cahn model RG electrobalance. 
The samples were maintained a t  constant tempera- 
tures of 40, 50, and 70 f lo, by placing the weigh- 
ing chamber assembly within an oven. The initial 
sample weights were the same at each temperature 
studied. The powdered samples were spread evenly 
onto the balance pan so as to cover the entire pan 
thereby exposing a constant surface area. The 
loss of weight of the samples was continuously fol- 
lowed as a function of time with the aid of a Sargent 
SR recorder used in conjunction with the Cahn 
balance. 


Development of a Simultaneous Assay Method 
for Aspirin and Salicylic Acid-A UV spectrophoto- 
metric method of analysis employing a pH 7.4 
Clark and Lubs buffer as the solvent was developed. 
In comparison with the use of spectral grade chloro- 
form as the solvent, this method provided improved 
precision. The method was adopted from Ed- 
ward's study of aspirin hydrolysis (3). The pH 
of the buffer was chosen as 7.4. This value is 
sufficiently above the acidic pK's of salicylic acid 
and aspirin (3.49 and 2.97, respectively) that slight 
variations in the pH of the medium would not in- 
troduce an error into the determinations as a con- 
sequence of the differential absorption of ionized and 
unionized species (3). Furthermore, the slightly 
alkaline medium affords relatively rapid solution 
of solid aspirin and salicylic acid samples. The 
dissolution must be rapid in order to minimize 
aspirin hydrolysis during sample preparation and 
analysis. Edwards (3) has reported the apparent 
first-order hydrolysis of aspirin a t  17" to be inde- 
pendent of pH in the range of 4-8. 


In order to estimate the magnitude of the error 
resulting from aspirin hydrolysis in the pH 7.4 
buffer prior to spectrophotometrically reading the 
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region where Beer's law is followed. Raising the 
concentration of salicylic acid in this manner allows 
the absorbance of aspirin at this wavelength to be 
more precisely determined. 


Assay Procedure-A solid sample was com- 
minuted and 10-50 mg. of the powder was dissolved 
in 25 ml. of pH 7.4 buffer maintained at 0". Fol- 
lowing filtration, 3.0 ml. of the solution was diluted 
to 50 nil. and the absorbance determined as de- 
scribed earlier. The entire procedure was com- 
pleted within a period of 5-10 min. The absorbance 
measured a t  the 2 wavelengths and the constant 
absorbance for aspirin a t  296.5 allowed the concen- 
trations of aspirin and salicylic acid to be readily 
calculated (5). 


Preparation and Stability Testing of Aspirin 
Tablets-Aspirin tablets containing 10% starch 
and 37, talc, having a total weight of 624 f 5.71 
mg. ( S D )  were prepared using a 1.11 cm. (7/16 in.) 
diameter punch. Tablets having a thickness of 
0.088 cm. (0.2236 in.) f 2.09 X lo-' and a hard- 
ness of 32.95 f 1.27 lb. were produced. Prior to  
stability testing the tablets were stored in a vacuum 
desiccator. For stability testing the tablets were 
placed on a fiberglass screen within a desiccator 
containing a saturated potassium chloride solution 
which maintained the humidity a t  81.29% rela- 
tive humidity (74.20 mm. Hg) at 50'. The desic- 
cator was placed within an oven maintained at 
50 =k 1". At selected time intervals four tablets 
were removed for analysis. Under these test con- 
ditions, no moisture condensation was observed in 
the storage desiccators. 


RESULTS 


Verity and Error in the Method of Analysis- 
The developed assay procedure was applied to  solu- 
tions of known salicylic acid and aspirin concentra- 
tion. The agreement between known and de- 
termined concentrations of aspirin and salicylic 
acid was exact within the number of figures sig- 
nificant in the experiment. The data are presented 
in Table 111. 


The assay procedure was developed for the de- 
termination of aspirin in solids. In this applica- 
tion an error of 0.003 absorbance units a t  262 mp 
can contribute an error of approximately 1% in 
the determination of the aspirin content of a solid 
consisting of 80% aypirin using a 50-mg. aliquot for 
analysis. A single analysis of a 9: 1 powdered mix- 
ture of aspirin and salicylic acid revealed an error 
of 1.09% and 1.52y0 in its aspirin and salicylic 
acid content, respectively. These results are shown 
in Table IV. 


1 10 mcg /rn~ 


5mcg /ml 
330 320 315 300 250 200 270 7''n 250 240 230 220 


WLVELENGTP mp 


Fig. 3-Wavelength-absorbance spectra for aspirin and 
salicylic acid in  PH 7 .40  buffer solution. 


lengths of 296.5 and 262 rnp were selected to be rou- 
tinely employed for the assay. I t  may be noted 
that at 296.5 mp aspirin absorbance is independent of 
concentration. The small absorbance noted in 
this region for aspirin may be merely due to the 
base line of the instrument. The absorbance of a 
mixture of aspirin and salicylic acid at 296.5 mp 
is therefore attributable to that of salicylic acid 
plus a constant independent of the amount of 
aspirin present. The data pertinent to  the con- 
struction of the required Beer's law calibration 
curves is presented in Table 11. Variations from 


TABLE 11-CONSTANTS FOR ASPIRIN AND SALICYLIC 
ACID ULTRAVIOLET SPECTROPHOTOMETRIC ASSAY 


Concentra- 
tion Absorptivity 


Range, rAbs . /mg . /ml . -  
Drug Mcg./ml. 262 mp 296.5 mp 


Aspirin 0-160 3 .2  0 
Salicylic 0-10 3 . 3  - 


acid 
26.0 - 0-30 


the means of triplicate absorbance values were found 
to be within 0.002 absorbance units. A Beckman 
DU-2 spectrophotometer was employed. In order 
to correct for any variations in instrument response 
the apparently constant, concentration independ- 
ent, absorbance of aspirin a t  296.5 mp was determined 
each experimental day. At 262 the calibration 
curve for salicylic acid deviates from Beer's law 
below a concentration of 2 mcg./ml. Absorbance 
values of 0.0064.007 were commonly observed 
below this concentration. When this condition 
arose, a known amount of salicylic acid was added 
to the sample solution to raise its concentration to 
approximately 6 mcg./ml. and therefore into a 


TABLE 111-VERIFICATION OF THE ASSAY OF ASPIRIN IN MIXTURES 
OF SALICYLIC ACID AND ASPIRIN 


Known Concentration 
Buffered Concentration, - Absorbance,- Determined, 


mcg./ml. 
- .~ 


Solution, pH 7.40 mcg. / ml . 262 rnp 296.5 mp 
.- 


Salicylic 10 0,034 0.260 l o  
Aspirin 104 0.336 0.012 104 


Mixture 5(sA) 


acid (SA) 


(ASA) 


equal vol. 
SA and ASA 52(ASA) 52(ASA) 


5(SA) 
0.184 0.138 
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TABLE IV-MASS BALANCE AND RESULTS OP 


FOR 12 HR. AT 70°C. 


ASSAYING A KNOWN 9:  1 MIXTURE OF ASPIRIN 
AND SALICYLIC ACID BEPORE AND APTER STORAGE 


1853 


After Storage 
at 7OoC. for 


Zero Time 12 hr. 


Actual weight 55.35 51.9ob 


Assayed 50.42 50.60 


Assayed 4.69 1.33 


of sample" 


aspirin content 


salicylic acid 
content 


weight on 
basis of assay 


Total sample 55.11 51.93 


Aspirin, 91.09 9 1 . 4 2  
Salicylic acid, '% 8.48 2.4W 


" Weights are in mg. determined with a Cahn model RG 
electrobalance. *The loss of sample weight was 3.35 mg. 
Based on the assay results 3.18 mg. is attributable to salicylic 
acid and a weight gain of 0.18 mg. occurring for aspirin. 


TABLE VSWLWATION RATES OF SALICYLIC 
ACID AT 40, 50. AND 70°C. 


Temp., Rate of Sublimation, 
OC. mg./hr. 


40" f 0.05 
50" f 0.20 
70" f 0.20 


0.026 
0.062 
0.372 


Sublimation of Salicylic Acid and Aspirin- 
Sublimation rates of salicylic acid were studied at 
40, 50, and 70". The rates, under conditions of 
constant exposed surface area, were independent 
of time for the 12-hr. period in which they were 
recorded. The values are presented in Table V. 
An Arrhenius type plot of the apparent zero-order 
sublimation rates is presented in Fig. 4. The 
slope of the curve in Fig. 4 is likely predominately 
determined by the enthalpy of sublimation of 
salicylic acid. The observed rates of sublimation 
may be expected t o  directly depend upon the area 


Fig. 


295 3b 305 3;O 3;5 320 
1/T x 10 +: 


4-Arrhenius type $lot for  sublimation of sali- 
cylic acid. 


; k  c 100 


?.I", , , 


o 15 30 45 60 n 90 105 


Fig. 5-Hydrolysis of aspirin in tablets at 50" and 
81.20% relative humidity (74.20 mm. Hg water vapor 
pressure). Key: A, calculated on basis of salicylic 
acid content; a, calculated on basis of aspirin 


through which the mass transfer occurred. These 
results therefore are not intended to be quantita- 
tively indicative of sublimative loss of salicylic acid 
during stability testing, but merely substantiate 
that such loss can occur even at moderately ele- 
vated temperatures. 


A similar sublimation study of purified aspirin 
revealed no significant loss of weight up to  70". 
The sensitivity of the Cahn electrobalance is 
1 X lo-' mg. It was therefore concluded that 
aspirin does not appreciably sublime under the 
conditions of the experiment. 


The observed lack of sublimation of aspirin and 
appreciable loss of salicylic acid was further con- 
firmed in mixtures. The loss of weight of a mixture 
of 9 parts aspirin to 1 part salicylic acid was fol- 
lowed at 70' for 12 hr. The mixture was assayed 
for aspirin and salicylic acid before and after 
storage. The results presented in Table IV indi- 
cate that only salicylic acid was lost from the sam- 
ple. 


If the 9 : l  mixture of aspirin and salicylic acid 
had been a solid dosage form of aspirin, which had 
decomposed to the extent of lo%, a serious under- 
estimation of its extent of decomposition would 
occur if it was based upon salicylic acid content 
rather than residual aspirin content. On the basis 
of residual aspirin content, following 12 hr. storage, 
the extent of decomposition would be recorded as 
8.58%.l Under similar conditions the extent of 
decomposition based on salicylic acid content 
would be determined as 0nly3.12%.~ 


Sublimation of Salicylic Acid from Aspirin Tablets 
Undergoing Stability Testing-The average per- 
centages of original aspirin content, present at zero 
time, remaining in tablets stored at 81.2% relative 
humidity and 50" are presented in Fig. 5. The 
upper plot is based on the salicylic acid content 
of the tablets. The lower curve is based upon de- 
terminations of the aspirin content of the tablets. 
The disparity between the two curves is noted to 
increase with time. The vertical difference be- 
tween the two curves represents the percent error 
involved in assuming the salicylic acid content of 
the tablets is representative of the extent of aspirin 
decomposition. This same vertical distance be- 
tween the curves also represents the salicylic acid 
lost by sublimation from the tablets. The upper 
curve in Fig. 5 appears to possess some tendency 
to approach constancy. This observation could 


TIME, OAYS 


content. 


1 These values are the result of a single determination. 
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HUMIDITY, BASED ON THE DETERMINATION OF ASPIRIN AND SALICYLIC ACID CONTENT OF THE TABLETS= 
T A U L E  VI-COMPARISON OF ASPIRIN TABLET STABILITY TESTING RESULTS AT 5 0 ° C .  AND 81 -2% RELATIVE 


Error 
Aspirin Content Aspirin Content Due to 


Time, Based on Analysis Based on Analysis Sublimation 
Days of Aspirin, % of Salicylic Acid, yo of Salicylic Acid, ’% 


0 100 100 0 
15 99.1 f 0.038 99.1 f 0.028 0 
30 
45 
60 
98 


98.4 f 0.042 
$7.2 f 0.123 
97.1 f 0.178 
95.0 f 0.288 


98.8 * 0.215 
98.7 f 0.075 
98.6 f 0.023 
97.9 f 0.311 


0.4 
1.5 
1.5 
2.9 


Each value is the average of 4 determinations recorded with f l  standard deviation. 


be interpreted as a trend toward equilibrium within 
the tablet (2). Judging from the lower curve, no 
such trend toward equilibrium is apparent. The 
data pertaining to  Fig. 5 is summarized in Tahle 
VI. 


SUMMARY AND CONCLUSIONS 


Previously reported studies of the stability of 
aspirin-containing solids have utilized the salicylic 
acid content of the solids as a measure of aspirin 
decomposition. The underestimation in the extent 
of decomposition of the aspirin which can result 
from such a practice is clearly demonstrated by 
the results of the present work. The error can 
be expected to  become increasingly serious with 
storage time and the severity of the temperature 
and humidity conditions under which the solids 
are stored. This error can be circumvented by 
employing a method of determining decomposed 
aspirin which is independent of the loss of salicylic 
acid from the solid due to sublimation. Since 
aspirin was found not to sublime, the determina- 
tion of its residual content in a solid is a valid means 


of gauging the stability of the formulation. A 
method of analysis for aspirin with an accuracy of 
a t  least 1.5% was developed for application to 
tasting of aspirin stability in solid dosage forms. 
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Stability of Cyanocobalamin in Film-Coated 
Multivitamin Tablets 


By JAMES T. JACOB, ROBERT J. NESSEL, and JACK BLODINGER 


Multivitamin tablets containing each of two commercially available protected forms 
of cyanocobalamin showed considerable loss of vitamin Blz after exposure to meth- 
anol vapor for 1 month at room temperature. Other solvents commonly used i n  
film coating such as acetone, n-butanol, butyl acetate, isopropanol, and methylene 
chloride did not affect the stability of vitamin B12. Tablets containing vitamins 
B1, BIZ, ascorbic acid, and niacinamide, alone and in  combination with one another 
after exposure to methanol vapor at room temperature showed considerable loss of 


vitamin Blz only in  presence of ascorbic acid and/or niacinamide. 


HERE ARE SEVERAL reports in the literature Biz) in liquid multivitamin preparations. De- T on the stability of cyanocobalamin (vitamin composition products of other vitamins, pH, heat, 
and light can in most cases contribute to  the 
degradation of vitamin BIZ. Feller and Macek 
(1) reported that decomposition Of vitamin Biz 
occurs at elevated temperatures in the presence 
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Interaction of NOz with Monolayers of Phospholipids 
Extracted from E.  colz’at 15 and 37” 


By N.  D. WEINER, M. AMANAT, 
D. BLONDO, R. CAPRIOLI, N .  DINERMAN, and A. FELMEISTER* 


Phospholi ids were extracted from E. coli grown at 15  and 37O. The fatty acid 
residues ofthe 15” phospholipids were found to be considerably more unsaturated 
than the 3 7 phospholipids. These phospholipids were spread as monomolecular 
films and exposed to NOZ-containing atmos heres. Whereas the 37” phospholipid 
films showed no interaction, NOr was founx to expand considerably the 15’  phos- 
pholipid films. The results demonstrate that simple changes in environmental 
conditions may affect markedly the interaction of air pollutants such as NO2 with 


biological membranes. 


SOLATION and characterization of membrane I components from a wide variety of organisms 
indicate that the compositions of the membrane 
phospholipids differ significantly, not only from 
organism to organism, but even from tissue to 
tissue within a single organism (1). The phos- 
pholipid composition of the membranes of a 
number of microorganisms has also been shown 
to vary considerably with varying growth condi- 
tions. For example, Engleman, Terry, and Moro- 
witz (2) point out that the fatty acid residues of 
the membrane phospholipids of Mycofilasma 
hidluwii are a function of the fatty acids included 
in the growtb medium. Marr and Ingraham (3) 
demonstrated that the degree of unsaturation of 
membrane fatty acids of E. coli is dependent on 
growth temperature. These latter workers 
pointed out that the increase in unsaturation of 
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the fatty acids of E. coli grown at  lower tempera- 
tures is part of an expected adaptive process. 
The degree of fluidity exhibited at low tempera- 
tures by these unsaturated acids compares to 
that of their saturated counterparts at normal 
growth temperatures. Thus, the organism is 
able to maintain the level of membrane transport 
and other essential processes even at temperatures 
well below the normal optimum level. 


In  previous studies of the interaction of air 
pollutants with monomolecular ams, it was 
noted that NOz expanded monolayers of egg 
lecithin (where 50% of the fatty acid groups con- 
tain at  least one unsaturated bond), but did not 
affect monolayers of synthetic dipalmitoyl leci- 
thin. The expansion apparently is the result of 
a chemical interaction of NOS with the double 
bonds of the unsaturated fatty acid groups of egg 
lecithin rather than a simple physical penetration 
into the film (4). 
In view of these latter results and Marr and 


Ingraham’s report, it was of interest to determine 
whether the membrane phospholipids extracted 
from E. coli grown at 15 and 37O, respectively, 
would exhibit similar differences in their interac- 
tion with an air pollutant such as NOz. 
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EXPERIMENTAL 


All inorganic salts were reagent grade; the glucose 
was USP quality. All organic solvents were spectro- 
grade and distilled prior to use. 


The growth media used for both the 15 and 37" 
studies consisted of: 3 g. glucose; 2 g. NHICl; 
6 g. NaBPO,; 3 g. KHIP04; 3 g. NaCl; 85 mg. 
MgCh-6Hz0; 115 mg. Na2s04; 1,OOO ml. distilled 
water. 


E.  coli (ASTM No. 9637) was inoculated into a 
flask containing 1,OOO ml. of media and the flask 
was incubated at 37" until the absorbance of the 
mixture at 600 mp was about 0.5. Five-hundred 
milliliters of the resultant mixture was then added 
to each of two flasks containing 950 ml. of media. 
The flasks were then placed in water baths a t  15 
and 37', respectively. Incubation was allowed to 
proceed, in the presence of continuous aeration, 
until the absorbance of the mixture at 600 
was 0.7-0.8. The time required to reach this 
absorbance was about 72 hr. for the 15' batch and 
about 24 hr. for the 37" batch. 


The cells were harvested by centrifugation at 
5,000 r.p.m. at 4' for 30 min. The lipids were 
extracted from the bacterial cells by a modification 
of the procedure of Kanfer and Kennedy (5). 
The cells were added to flasks containing 300 ml. 
of chloroform-methanol (2: 1, v/v), and the con- 
tents were stirred with a magnetic stirrer for 24 hr. 
The mixture was then filtered through a thick plug 
of glass wool to remove most of the cellular debris. 
The filtrate was then washed three times with equal 
volumes of 2 M KC1 and once with an equal volume 
of water. The solvent was then evaporated by the 
use of a flash evaporator until a viscous slurry was 
obtained. The slurry was then redissolved in a 
minimum amount of chloroform-methanol (2 : 1, 


The resultant yellow solution was fractionated 
by column chromatography using a modification of 
the method of Huston and Albro (6). A slurry of 
60 g. of silicic acid (Mallinckrodt, 100/200 mesh) 
in n-hexane was packed into a 2 X 40 cm. column, 
and the flow rate was adjusted to 1.5 ml./min. The 
column was then washed with 50-ml. portions each 
of acetone, ethyl ether, n-hexane, and chloroform. 
The sample, contained in 2 3  ml. of solvent, was 
then added to the column. 


The crude hydrocarbon fraction was eluted with 
150 ml. of n-hexane-benzene (49:1, v/v), and the 
simple lipids were eluted next with 300 ml. of chloro- 
form. The complex lipids were next removed by 
eluting with 300 ml. of chloroform-methanol ( l : l ,  
v/v), followed by 100 ml. of methanol. This com- 
plex lipid fraction was collected in increments of 
10 ml. Each of these 10-ml. fractions was tested 
with ninhydrin reagent, and ody  the first 10 frac- 
tions, i.e., the first 100 ml. of chloroform-methanol 
(1 : 1, v/v) eluate, yielded positive ninhydrin tests. 
The next five fractions, when concentrated by partial 
evaporation, also yielded positive ninhydrin tests, 
while all the remaining fractions gave negative 
tests. It was therefore decided to use the first 150 
ml. of the chloroform-methanol (l : l ,  v/v) eluate 
as the total phospholipid fraction. 


The identification and purity of this phospholipid 
fraction WBS determined by a modification of the 
method of Parker and Peterson (7). Both 16 and 
37' fractions were spotted on Eastman Chromo- 


v/v). 


- 
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gram sheets (Silica Gel G) and developed using the 
Eastman Chromogram developing apparatus. 


The solvent system of Parker and Peterson 
proved unsatisfactory in that the phospholipids trav- 
eled with the solvent front. A modified solvent sys- 
tem of chloroform-methanol-acetic acid-water (65 : 
10:4:2) proved quite satisfactory. The samples 
were spotted 2.5 cm. from the bottom of the sheet 
and the solvent front was allowed to rise to within 5 
cm. from the top of the sheet. The average run- 
ning time was 4-5 hr. 


The 15 and 37" samples, as well as a sample of 
bovine phosphatidyl ethanolamine (Applied Science 
Laboratories), gave single spots with identical Rf 
values as determined by development with nin- 
hydrin reagent. No other spots were detected 
upon development with iodine vapors and concen- 
trated sulfuric acid spray. 


Qualitative iodine determinations of the 15 and 
37' phospholipids demonstrated that the 15' 
samples were signscantly more unsaturated than 
the 37" samples. This was confirmed by the 
method described by Weiner, Felmeister, and 
Amanat (8) where the surface-pressure increase of 
monolayers of phospholipids spread on an iodine 
solution subphase over that of an aqueous sub- 
phase was used to measure the degree of unsatura- 
tion. 


A phosphorous determination according to the 
method of King (9) was performed on both the 15 
and 37' solutions. On the basis of the molecular 
weight of phosphatidyl ethanolamine, it was calcu- 
lated that the authors' extraction procedure yielded 
approximately 80 mg. of phospholipid per 10 1. of 
E. coli, grown a t  both 15 and 37'. 


Both the 15 and 37' samples were then spread as 
monolayers and subjected to standard and Not- 
containing atmospheres by the method previously 
described by Felmeister et al. (4). The gases were 
metered by individual flowmeters into a glass 
tube equipped with baffles, which served as a pre- 
mixing tube. Mixing was completed by passing the 
gases into a 500-ml. round-bottom flask. The gas 
mixtures were then led through a 0.9-m. length of 
glass tubing connected to a short length of Teflon 
tubing. The latter was &xed to the underside 
of the Lucite trough cover which served to maintain 
the desired gaseous atmosphere over the film. 
The Teflon tubing within this enclosure was formed 
into a loop, and a series of small perforations was 
made in the wall of the tubing. The shape of the 
loop and the positions of the perforations gave a 
uniform flow of the gases over the film surface. 


The gas mixtures were permitted to flow through 
the system for at least 4 hr. before the start of 
each experiment to ensure steady-state conditions. 


A Film Balance (Frater Instrument Co., Corona, 
N. Y.) was used to study the surface pressure-surface 
area (PA) characteristics of the films. The balance 
consists of a Teflon-coated removable trough, 
totally free of metal contacts. Two variable-speed 
reinforced rigid Teflon stirrers are set into the 
trough to facilitate subphase mixing and tempera- 
ture control. The temperature of the subphase 
was maintained at 25 zk 0.1' by circulating water 
from a constant-temperature bath through the 
water jacket around the trough. The precision 
lead screw, which drives the reinforced Teflon 
barrier, allows for changes in surface area of the 
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RESULTS AND DISCUSSION 


The surface pressure-surface area ( P A )  curve 
for the 37' phospholipid film exposed to the standard 
atmosphere is shown in Fig. 1. Exposure of the 
37" phospholipid film to the NOz-containing test 
atmosphere yielded a P A  curve identical to  that of 
the standard (within ~'~0.4 dyne/cm. at all areas), 
indicating no film-NOz interaction. Figure 2 shows 
the PA curves for the 15" phospholipid films 
exposed to the standard and test atmospheres. 
Exposure of 15" phospholipid films to the NO, 
test atmosphere resulted in a r - A  curve that was 
considerably more expanded than that of the 
standard curve. This interaction, once it occurred, 
could not be reversed by replacing the NO1 test 
atmosphere with the standard atmosphere. 


It should be noted that all the curves in Figs. 1 and 
2 show a shoulder at ?r values of about 20-25 dynes/ 
cm. This effect was apparent only a t  very slow 
compression rates. Van Deenen et al. (10) also 
reported a shoulder for a synthetic phosphatidyl 
serine layered on a pH 4 subsolution. 


It appears that the 15 and 37" materials differ 
from one another primarily in the degree of un- 
saturation of their fatty acid groups. The observed 
effect of NO2 on the 15" phospholipid film is most 
probably the result of the interaction of NO2 with 
the double bonds of the unsaturated fat ty  acid 
groups. 


The results demonstrate that simple changes in 
environmental conditions may affect markedly the 
interaction of air pollutants, such as NOZ, with 
membranes. In vivo work now in progress in these 
laboratories on the effect of NOZ on E .  coli grown 
a t  different temperatures should serve to  determine 
the relevance of this phenomenon to living systems. 
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Fig. 1-PA curve of 37" phospholipid exposed to 
standard atmosphere (air) and to N02-containing test 


atmosphere. 
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Fig. 2-PA curves of 15" phospholipid exposed.10 
standard atmosphere (a ir )  (0); and to NO,-contaznzng 


test atmosphere (0). 


trough as small as 0.0125 A quick disengage 
mechanism permits rapid sweeping of the film for 
cleaning the surface. The film balance was en- 
closed in a dust-protective cabinet. 


Surface pressures were measured by the Wilhelmy 
plate method. A thin platinum plate, roughened 
to ensure complete wetting, was used. 


Both the 15 and 37' samples were spread as 
monolayers from 1 : 1 ,  v/v, methanol-hloroform 
solvent mixtures. It was found that when 0.05 ml. 
of solution was spread onto a subphase containing 
0.9% roasted sodium chloride in double-distilled 
water, a surface pressure of about 1 dyne/cm. was 
observed, in the case of both the 15 and 37" samples. 


These films were studied while exposed to  a 
standard atmosphere (air flowing a t  the rate of 
300 ml./min.) and to a test atmosphere (0.33% 
nitrogen dioxide in air) flowing at this same rate 
of 300 ml./min. 


In all cases, the films were permitted to stand 
with the gases flowing for 1 hr. before manual com- 
pression of the film was initiated. Surface-pressure 
readings were then obtained a t  various film areas. 
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triethylamine hydrochloride. The solid was re- And-Calcd. for CsHlaN2OlIP2: N, 7.46. Found: 
moved by filtration. and the filtrate was evaDorated N. 7.44. 


REFERENCES t o  dryness in vacuo to  give a white solid. The 
material was recrystallized from acetonitrile to  give 
6 g. (80.5% yield) of pure product (m.p. 134-136'). (1) Billman J, H, Meisenheimer, J, L,, and May, R. F., 


J .  M e d .  chem.,'Q, 772'(1966). 
Aml.-Calcd. for CI2HI,NO,p: N, 4.45. Found: (2) Edmundsou, R. S.. Tefrohedron, 21,2379(1965). 


N, 4.47. 
Bis(5--1-5 -nitro - 2- 0x0- 1,3,2 - dioxaphosphor- 


inmyl) Oxide-The synthesis of this type of com- 
pound is typified by the synthesis of the methyl 
derivative. The phosphorochloridic acid 20 g. 
(0.0928 mole) was dissolved in undried acetone, 
and the triethylamine 9.4 g. (0.0928 mole) was 
added. Within 10 min. the solid product began to  
form, and the reaction was complete in 2 hr. The 
solid was removed by filtration and dried, yielding 
11.5 g. (64.5y0 yield) of pure product (m.p. 250- 
252'). 


Keyphrases 
2-Alkoxy-5-alkyl-5-nitro-l,3,2-dioxaphos- 


phorinane 2-oxides-synthesis 
2-Acyl-5-alkyl-5-nitro-1,3,2-dioxaphosphori- 


nane 2-oxides-synthesis 
2-Hydroxy-5-alkyl-5-nitro-l,3,2-dioxaphos- 


phorinane 2-oxides-synthesis 
IR spectrophotometry-structure 


New Compounds: Synthesis of Some Phosphorus-Nitrogen 
Compounds for Pharmacological Study I11 


By A. ABOU-MOUSTAFA and M. KHALIFA 


Phosphorus-nitrogen compounds containing moieties of the so-called long-acting 
sulfonamides were prepared by reacting the sulfonamides with PClr or POClp in 
a 2 : 1 ratio. I n  the case of PCll the condensation took place according to the above 
ratio with sulfaphenazole, sulfamethoxypyridazioe, and sulfamethoxydiazine. 
With sulfadimethoxine two products were obtained: a derivative of phosphorus 
triamide and a derivative of diamidophosphorus acid; this corresponds to the 
condensation of 1 mole of the acid chloride with 3 moles and with 2 moles of the 
sulfonamide, respectively. In the POCI, condensations the ratio mentioned earlier 
was obeyed only with sulfamethoxydiazine while with the rest, 3 moles of the sulfon- 


amide condensed with 1 mole of the oxychloride. 


N CONTINUATION of the work which has been I started in this laboratory on the condensation of a 
number of sulfa drugs with phosphorus trichloride 
and phosphorus oxychloride (1, 2), the so-called 
long-acting sulfonamides were condensed with the 
same acid chlorides for two reasons: to  complete the 
picture required for the pharmacological study and 
to compare once more the reactivity of the two acid 
chlorides in these condensation reactions. This 
latter objective was dealt with in a previous pub- 
lication (2) and from a consideration of the reaction 
time, the yields, and the mode in which the sulfa 
drug had condensed with the acid chloride, it 
was concluded that phosphorus oxychloride is 
more reactive than the trichloride. The results ob- 
tained from the present investigation conform with 
those obtained earlier and confirm the finding that 
phosphorus oxychloride is more reactive than the 
trichloride. 
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antineoplastic action or any useful pharmacological activity 
in the laboratories of F. Hoffmann La Roche. Bade, Switzer- 
land. 


With the trichloride the condensation was com- 
plete after 24 hr. while with the oxychloride 12 hr. 
was sufficient. Moreover, higher yields were ob- 
tained with the oxychloride (7048%) than with the 
trichloride (58-80%). Finally the manner in 
which the sulfa compound condensed with the acid 
chloride was significant. In three cases the sul- 
fonamide-oxychloride condensation ratio was 3 : 1 
while in the fourth only two molecules of the sulfon- 
amide condensed with one molecule of the acid 
chloride. This latter mode was the rule in the 
phosphorus trichloride condensations except in 
the case of sulfadimethoxine where a mixture of the 
tri- and diamide derivatives was obtained with 
the former predominating. 


The superior reactivity of phosphorus oxychloride 
to  that of the trichloride is probably due to the fact 
that the phosphorus atom in the oxychloride is more 
electrophilic than that in the trichloride-a property 
which expectedly would render it more vulnerable t o  
attack by nucleophilic reagents and this is in keep- 
ing with what has been reported earlier (3). 


That  the phosphorus atom in the synthesized 
compounds is linked to the N4 of the sulfa drug was 
shown qualitatively by the failure of all the con- 
densation products to diazotize, their solubility in 
dilute alkali, and their insolubility in dilute min- 
eral acids. 
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TABLE I-N-SUBSTITUTED DERIVATIVES OF PHOSPHORIC TRIAMIDE 
I==\ 


HN+~NHR 
I 


0 


% -Anal., b- 
Compd. R Yield M.p.,"C.' Formula Calcd. Found 


I 6-Methoxy-3- 76 219-222 C~SH~~NIZOIOPS~ N, 18.99 19.49 
pyridazinyl 265 dec. 


I1 2-Phenyl-3- 88 170-174 C~F,H~~NIZO~P% N, 17.02 16.67 
pyrazolyl 242 dec. c ,  54.75 54.18 


H,  3.98 4.06 
111 2,CDimethoxy- 70 245-248 C ~ ~ H ~ ~ N I ~ O I ~ P S ~  N, 17.24 17.85 


6-pyrimidinyl 270 dec. 
Liquid crystal. Melting points were performed by the capillary tube method and are uncorrected. Analyses per- 


formed by Janssen Pharmaceutica, Beerse, Belgium. 


TABLE 11-N-SUBSTITUTED DERIVATIVES OF PHOSPHORODIAMIDOUS ACID 


9 H  


% -Anal., '- 
Compd. R Yield M.p., 'C.@ Formula Calcd. Found 


IV 6-Methoxy-3- 58 187-190 C ~ Y H Z ~ N ~ O ~ P S Z  N, 18.47 18.42 


v 2-Phenyl-3- 80 178-182 C~OHZ~N~O~PSZ N, 16.60 16.49 


VI 5-Methoxy-2- 67 155-158 C Z ~ H ~ N ~ O ~ P S P  N, 18.48 18.16 


pyridazinyl 248 dec. 


pyrazolyl 255 dec. 


pyrimidinyl 232 dec. 
a Liquid crystal. Melting points were performed by the capillary tube method and are uncorrected. Analyses per- 


formed by Janssen Pharmaceutica, Beerse. Belgium. 


EXPERIMENTAL. 


N-Substituted Derivatives of Phosphoric Tri- 
amide and N-Substituted Derivatives of Phos- 
phorodiamidous Acid-General procedure-Com- 
pounds I-VI were prepared by the gradual addition 
of the acid chloride (0.01 mole) in pyridine-chloro- 
form (20 ml.) to  the sulfa compound (0.02 mole) 
dissolved in the same solvent (120 ml.). Reactions 
were completed after reflux periods of 12 (1-111) 
or 24 (IV-VI) hr. Then the solvent was distilled 
in vucuo, the residue suspended in dilute hydrochloric 
acid, filtered, and washed with water until the wash- 
ings gave a negative chloride test with silver nitrate 
T.S. The dried products were crystallized from 
aqueous ethanol. 
N,N' - di[N - (5 - Methoxy - 2 - pyrimidinyl) - p  - 


sulfamoyl Phenyl] Phosphorodiamidic Acid-This 
compound was prepared by condensing sulfame- 
thoxydiazine (8.5 g.) dissolved in pyridine-chloro- 
form (160 ml.) with phosphorus oxychloride (2.33 9.) 
dissolved in 40 ml. of the same solvent. The 
reaction mixture was refluxed for 12 hr., the solvent 
distilled in iiucuo, and the residue worked up in the 
usual manner. The product which was obtained 
in 76y0 yield melted at 225-227", 260" dec. (liquid 
crystal) after being crystallized from aqueous 
ethanol . 


And-Calcd. for C P ~ H B N ~ O ~ P S ~ :  N,  17.94. 
Found: N, 17.97. 


N,N',N* - tri[N - (2,4 - Dimethoxy - 6 - pyrimi- 
dinyl)-psulfamoyl Phenyl] Phosphorus Triamide 
and N, N'-Di [N-(2,4-Dimethoxy-6-pyrimidinyl)- 
p-sulfamoyl Phenyl ] Phosphorodiamidous Acid- 


(See Tables I and 11.) 


These were prepared by condensing sulfadimethoxine 
(8.8 9.) dissolved in pyridine-chloroform (150 ml.) 
with phosphorus trichloride (1.94 g.) dissolved in 
30 ml. of the same solvent. The reaction mix- 
ture was refluxed for 24 hr., then the solvent was 
distilled in vucuo and the residue was worked up 
as usual. Crystallization of the product thus ob- 
tained from (ca. 300 ml.) 70% aqueous ethanol 
yielded (5.85 g.) of a compound which on recrystal- 
lization from the same solvent melted at 290° dec. 
Concentration of the mother liquor afforded (1.87 g.) 
of a second compound which melted at 190-193", 
245-250" dec. (liquid crystal) after being recrystal- 
lized from 50% aqueous ethanol. 


Former compound: A nd-Calcd. for C J S H ~ ~ N ~ ~  
012PSa: N, 17.51. 


Latter compound: And-Calcd. for CuHz~Nff 
09P&: N, 16.86. Found: N, 17.14. 


Found: N, 18.16. 
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HUMIDITY, BASED ON THE DETERMINATION OF ASPIRIN AND SALICYLIC ACID CONTENT OF THE TABLETS= 
T A U L E  VI-COMPARISON OF ASPIRIN TABLET STABILITY TESTING RESULTS AT 5 0 ° C .  AND 81 -2% RELATIVE 


Error 
Aspirin Content Aspirin Content Due to 


Time, Based on Analysis Based on Analysis Sublimation 
Days of Aspirin, % of Salicylic Acid, yo of Salicylic Acid, ’% 


0 100 100 0 
15 99.1 f 0.038 99.1 f 0.028 0 
30 
45 
60 
98 


98.4 f 0.042 
$7.2 f 0.123 
97.1 f 0.178 
95.0 f 0.288 


98.8 * 0.215 
98.7 f 0.075 
98.6 f 0.023 
97.9 f 0.311 


0.4 
1.5 
1.5 
2.9 


Each value is the average of 4 determinations recorded with f l  standard deviation. 


be interpreted as a trend toward equilibrium within 
the tablet (2). Judging from the lower curve, no 
such trend toward equilibrium is apparent. The 
data pertaining to  Fig. 5 is summarized in Tahle 
VI. 


SUMMARY AND CONCLUSIONS 


Previously reported studies of the stability of 
aspirin-containing solids have utilized the salicylic 
acid content of the solids as a measure of aspirin 
decomposition. The underestimation in the extent 
of decomposition of the aspirin which can result 
from such a practice is clearly demonstrated by 
the results of the present work. The error can 
be expected to  become increasingly serious with 
storage time and the severity of the temperature 
and humidity conditions under which the solids 
are stored. This error can be circumvented by 
employing a method of determining decomposed 
aspirin which is independent of the loss of salicylic 
acid from the solid due to sublimation. Since 
aspirin was found not to sublime, the determina- 
tion of its residual content in a solid is a valid means 


of gauging the stability of the formulation. A 
method of analysis for aspirin with an accuracy of 
a t  least 1.5% was developed for application to 
tasting of aspirin stability in solid dosage forms. 
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Stability of Cyanocobalamin in Film-Coated 
Multivitamin Tablets 


By JAMES T. JACOB, ROBERT J. NESSEL, and JACK BLODINGER 


Multivitamin tablets containing each of two commercially available protected forms 
of cyanocobalamin showed considerable loss of vitamin Blz after exposure to meth- 
anol vapor for 1 month at room temperature. Other solvents commonly used i n  
film coating such as acetone, n-butanol, butyl acetate, isopropanol, and methylene 
chloride did not affect the stability of vitamin B12. Tablets containing vitamins 
B1, BIZ, ascorbic acid, and niacinamide, alone and in  combination with one another 
after exposure to methanol vapor at room temperature showed considerable loss of 


vitamin Blz only in  presence of ascorbic acid and/or niacinamide. 


HERE ARE SEVERAL reports in the literature Biz) in liquid multivitamin preparations. De- T on the stability of cyanocobalamin (vitamin composition products of other vitamins, pH, heat, 
and light can in most cases contribute to  the 
degradation of vitamin BIZ. Feller and Macek 
(1) reported that decomposition Of vitamin Biz 
occurs at elevated temperatures in the presence 
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of thiamine decomposition products. Doerge, 
et al. (2 )  found that a thiol-containing degrada- 
tion product of thiamine hydrochloride may be 
responsible for the losses of vitamin BIZ potency 
during storage. Bartilucci et al. (3 )  showed 
that in liquid preparations, dehydroascorbic acid, 
the first decomposition product of ascorbic acid, 
caused greater instability of vitamin BIZ  than 
ascorbic acid. 


Cyanocobalainin has been found Lu be sta- 
bilized in solid dosage forms, such as multivitamin 
tablets by the incorporation of the vitamin in the 
sugar coating, thus separating it from the other 
active components. However, with the increas- 
ing use of film-coating, this method is not ap- 
plicable. For this reason, the use of a protected 
form of the vitamin is a necessity. Two such 
forms commercially available are cyanocobala- 
min dispersed in gelatin' and cyanocobalamin 
adsorbed on resin. 


The process of film-coating involves spraying a 
solution of a film-forming polymer in single or 
mixed organic solvents onto the moving bed of 
tablets or within an  air suspension column. The 
solvents are then removed by intermittent drying 
of the tablets. The total time for film-coating 
varies, depending upon the type of film-forming 
polymers and solvents used, thickness of the film, 
number of tablets coated, and the process used. 
It is quite possible for the solvent(s) to penetrate 
into the tablet core during the long exposure. 
Holl et al. (4) reported that tablets that were 
film-coated with a solution of cellulose acetate 
phthalate, even after considerable drying, re- 
tained residual amounts of acetone. Other sol- 
vents commonly used in film-coating are meth- 
anol, methylene chloride, chloroform, butanol, 
and isopropanol. 


Vitamin BI2 dispersed in gelatin has shown very 
good stability in uncoated multivitamin tablets. 
However, because of an unexpected loss in po- 
tency observed when incorporated in tablets 
that were film-coated, this investigation was 
undertaken. The purpose of this investigation 
was to determine whether the solvents used in 
film-coating may be the cause of the aforemen- 
tioned instability. For this study, solvent effects 
were determined on two commercially available 
protected cyanocobalamin forms. 


EXPERIMENTAL 


Materials-Acetone,a ascorbic acid, USP, butyl 
a ~ e t a t e , ~  n-butyl alcohol,a chl~roform,~ 1% cyano- 
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TADLE I-COMPOSITION OF MULTIVITAMIN TABLETS 


Potency 
Ingredient per Tablet 


1 Marketed as Stabicote by Merck & Co., Inc., Rahway, 


1 Marketed as Stablets by Chas. Pfizer & Co.. Inc., New 


4 Matheson, Coleman and Bell, Norwood, Ohio. 


N. J. 


York, N.  Y. 
Reagent Grade, Merck % Co., Inc., Rahway, N. J. 


Vitamin A acetate 
Vitamin DZ 
Thiamine mononitrate, USP 
Riboflavin, USP 
Ascorbic acida 
Niacinamide" 
&Calcium pantothenate, USI' 
Cyanocobalaminb 
Vitamin E succinate 
Folic acid 
Dicalcium phosphate 
Microcrystalline cellulose" 
Magnesium stearate 
Stearic acid 
Talc 


5000 units 
400 units 
1.4 mg. 
2.0  mg. 
70.0 mg. 
22.0 mg. 
10.0 mg. 
4.0 mcg. 
15 units 


0.1 mg. 
20.0 mg. 
30.0 mg. 


2 . 5  mg. 
5 .0  mg. 


10.0 mg. 
(I In the form of Merpress-registered trademark or nia- 


as 1% cyanocobalamin dispersed in gelatin; second batch 
contained thesamequantityintheform of 1% cyanocobalamin 
adsorbed on resin. Marketed as Avicel by American Vis- 
cose Co., Marcus Hook, Pa. 


cinamide ascorbate, Merck & Co.,  Inc. Rahway, N. J. c Added 


balamin dispersed in gelatin, 1% cyanocobalamin 
adsorbed on resin, isopropyl alcohol, a anhydrous 
methan01,~ methylene chloride,a niacinamide, USP, 
thiamine mononitrate, USP. 


Preparation of Tablets-Two 1,000-tablet 
batches of a full formula multivitamin were pre- 
pared by a direct compression method using 0.79-cm. 
(6/le-in.) dies and standard concave punches on a 
Manesty single-punch machine. One batch con- 
tained vitamin B12 in the form of cyanocobalamin 
dispersed in gelatin and the other, in the form of cy- 
anocobalamin adsorbed on resin. The quantitative 
formula is shown in Table I. 


Immersion in Solvents-Ten tablets were im- 
mersed for exactly 60 sec. in a beaker containing each 
of the following solvents: acetone, butyl acetate, 
n-butyl alcohol, chloroform, isopropyl alcohol, 
methyl alcohol and methylene chloride. The solvent 
was then poured off, the tablets were air dried for 
30 sec. and one-half of the tablets were stored at  
room temperature and the rest a t  50'. After 1 
month, the tablets were removed and were assayed 
for vitamin B12 content. 


Exposure to Solvent Vapors-Twenty multivita- 
min tablets were placed in loosely capped 20-ml. 
amber bottles, and stored in desiccators containing 
each of the solvents used in the immersion test at  
room temperature. After storage for 1 month, the 
tablets were assayed for vitamin Blz content. 


Solubility Test-The dissolution of cyanocobala- 
min from the two protected forms in methanol was 
determined as follows: 200 mg. of each powder was 
weighed into 125-ml. amber colored conical flasks. 
Fifty milliliters of anhydrous methanol yas added 
and the flasks shaken on a mechanical shakefl for 
48 hr. at  room temperature. The solution was 
filtered and the absorbance of the filtrate was mea- 
sured a t  361 mp on a Cary I1 spectrophotometer us- 
ing methanol as the reference solvent. The quantity 
of dissolved cyanocobalamin was calculated from a 
standard curve of cyanocobalamin solution in meth- 
anol. 


Assay Methods-The tablets were assayed for 
vitamin contents using standard assay methods. 


6 Burrel Wrist Action shaker, Pittsburgh, Pa. 
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TABLE II-% Loss OF VITAMIN Bl* FROM MULTIVITAMIN TABLETS EXPOSED TO 
VARIOUS SOLVENT VAPORS FOR 1 MONTH AT ROOM TEMPERATURE 


Batch Butyl Methylene 
No. Acetone 1:-Butanol Acetate Chloroform lsoprupanol Chloride Methanol 


l a  No loss No loss 1.2 No loss No loss No loss 24.5 
2* No loss 0 . 5  5 .7  0 . 5  No loss No loss 26.5 


-. 


Contained Biz as 1 '% cyanocobalamin dispersed in gelatin. 


RESULTS AND DISCUSSION 


Immersion in Solvents-The time for immersion 
of the tablets in the solvents was limited to 1 min. 
so that the tablets would not be soaked with the sol- 
vents. The assay results showed little or no loss of 
vitamin BIZ potency after storage either at room tem- 
perature or at 50' for 1 month. The concentration 
of the solvents retained in the tablets may not have 
been quite sufficient to cause any stability problem 
for vitamin BIZ. 


Exposure to Solvent Vapors-The tablets stored in 
desiccators containing n-butyl alcohol, butyl acetate, 


TABLE 111- COMPOSITION^ AND POTENCY Loss OF 
INDIVIDUAL VITAMINS FROM TABLETS EXPOSED TO 


METHANOL VAPOR FOR 1 MONTH AT 
ROOM TEMPERATURE 


-Potency of Each Tablet- 
Ascorbic Niacin- 


Batch BIZ, BI, Acid, amide, yo 
No. mcg. mg. mg. mg. Loss 


0.0 
5 . 0  


1 . 4  - - 18.0 
- 70.0 - 4 . 4  


- 22.0 0 . 0  


- - 3 4.0b - 
4 4.OC - 
5 
6 
7 


- - 
- 
- 
- - 


In addition to the vitamin, each tablet contained the same 
quantities of excipients as in the multivitamin tablet (Table I )  
and sufficient quantity of spray-dried lactose to adjust the 
weight to tha t  of the multivitamin tablet. As 1% cyanoco- 
balamin dispersed in gelatin. As 1% cyanocobalamin od- 
sorbed on resin. 


chloroform, isopropanol, and methylene chloride 
showed no loss of vitamin BIZ potency, whereas tab- 
lets similarly exposed to methanol vapors showed 
considerable loss (Table 11). Because of this loss, 
the dissolution of cyanocobalamin in methanol from 
its two protected forms was determined in order to 
consider the possibility of extraction of vitamin B12 
from the protective matrix into the tablet. Twenty- 
five percent of vitamin BIZ dissolved in methanol from 
the gelatin-dispersed form, while 55% of the vitamin 
leached from the resin adsorbate. Exposure of the 
two protected forms of vitamin BIZ per se to methanol 
vapor for 1 month showed no loss from the gelatin- 
dispersed form, whereas 20% loss was observed from 


Contained BI? as 1 Yo cyanocobalamin adsnrbed on resin. 


the resin adsorbate. This loss of vitamin BIZ may 
be attributed to the fact that methanol vapor eapily 
penetrated the resin adsorbate, which remained aJ a 
powder, whereas the gelatin-dispersed powder solid- 
ilied in the bottle thereby preventing any penetra- 
tion of methanol vapor. Since in aqueous solutions, 
degradation products of ascorbic acid, especially de- 
hydroascorbic acid, are known to adversely affect the 
stability of vitamin Blr (4). it was necessary to deter- 
mine whether this or any other vitamin in presence of 
methanol vapor may have any deleterious effect on 
the stability of vitamin BIZ. For this purpose, tab- 
lets were prepared with ascorbic acid, niacinamide, 
thiamine mononitrate, cyanocobalamin dispersed in 
gelatin, and cyanocobalamin adsorbed on resin, alone 
and in combination with one another. The potency 
of each vitamin and the excipient quantities were 
maintained at the same level as in the multivitamin 
tablets except t h a t  spray-dried lactose was used to  
adjust the weight to that of the multivitamin tab- 
lets. All tablets were formulated so as to be of same 
size, weight, and hardness. These tablets were then 
exposed to  methanol vapor by storage in desiccators 
for 1 month a t  room temperature. 


A study of Table I11 shows that methanol vapor 
did not cause an appreciable decrease in the poten- 
cies of protected vitamin B ~ z  (both forms), ascorbic 
acid, and niacinamide when these vitamins were 
present alone in the tablets. The effect was more 
pronounced on vitamin BI tablets which lost lS70 of 
the vitamin (see Batch No. 5). Table IV  shows t h a t  
there was only a small loss of ascorbic acid, but its 
presence in the tablet caused considerable loss of vi- 
tamin Biz. There was also a significant loss of vitamin 
BI from the tablets (see Batch Nos. 10 and 11). 
Table V shows that tablets containing vitamins 
BI-Blpniacinamide combinations had little or no loss 
of either vitamin B, or niacinamide in presence of 
methanol vapor. Only one batch (Batch No. 16) 
lost a substantial amount of vitamin BIZ. The large 
loss of vitamin B1 did not cause any stability prob- 
lem for vitamin B1t when these two vitamins were 
present together in the tablet (see Batch Nos. 12 and 
13). Since this study was limited only to  the assay 
of vitamin contents after exposure to methanol va- 
pors, no attempt was made to  isolate the degradative 
products of the vitamins, especially those of ascorbic 


TABLE IV- COMPOSITION^ AND POTENCY Loss OF VITAMINS FROM B I - B l r A ~ ~ ~ ~ ~ ~ ~  ACID 
TABLETS EXPOSED TO METHANOL VAPOR FOR 1 MONTH AT ROOM TEMPERATURE 


Potency of Each Tablet . 7-- yo Loss--- - 
Batch Ascorbic Acid, 


Ascorbic Acid 
.~ 


B12 _ _  NO. BI, mg. BIZ, mcg. mg. B1 
.- 


8 - 4.0b 70.0 - 11.5 3.7 
9 - 4.OC 70.0 - 19.4 8 . 1  
10 1.4 1.06 70.0 17.6 7.3 5 . 2  
11 1 .4  4.OC 70.0 13.0 17.0 3.0 


In  addition to the vitamins, each tablet contained the same amount of excipients as in the multivitamin tablets (Table I )  * As 1% cyanocobalamin and sufficient quantity of spray-dried lactose to adjust the weight to that of the multivitamin tablet. 
dispersed i n  gelatin. As 1 %  cyanocobalamin adsorbed on resin. 
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TABLE V-COMPOSITION" AND POTENCY Loss OF VITAMINS FROM B I - B l r N ~ ~ ~ ~ ~ ~ ~ ~ ~  
TABLETS EXPOSED TO METHANOL VAPOR FOR 1 MONTH AT ROOM TEMPERATURE 


Potency of Each Tablet- -7 , % Lass 
Batch Niacinamide, 
No. BI, mg. BIZ, mcg. m(t. BI Biz Niacinamide 


- 12 1 .4  4.0b - 12.6 2 . 4  
13 1.4 4.OC - 14.2 4 .9  


0.0 14 1.4 - 22.0 0 .0  
15 1 .4  4.0b 22.0 1.1 4 .9  3.8 
16 1 .4  4.0" 22.0 1.1 14.6 4.0 


- 
- 


- 
In addition to the vitamin, each tablet contained the same quantities of excipients as  in the multivitamin tablet (Table 1) ' As 1% cyanocohalamin and sufficient quantity of spray-dried lactose to  adjust the weight to that  of the multivitamin tablet. 


dispersed in gelatin. As 1% cyanocobalamin adsorbed on resin. 


acid and vitamin B1. No quantitative relationship 
between loss of vitamin B11 and loss of other vitamins 
could be observed. Nevertheless, it is quite appar- 
ent that methanol vapor when allowed to penetrate 
multivitamin tablets can cause loss of potency of in- 
dividual vitamins, especially vitamins B1 and BIZ. 
It can be postulated that methanol vapor causes deg- 
radation of either ascorbic acid or vitamin B1, or 
both, the degradation products of which in turn in- 
fluence stability of vitamin Bn. This fact should be 
taken into consideration when methanol is used as a 
solvent in film coating of multivitamin tablets. 
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Fluorometric Determination of Norgestrel 
and Structurallv Related Steroids 


d 


By L. F. CULLEN, J. G. RUTGERS, P. A. LUCCHESI, a n d  G. J. PAPARIELLO 


A sensitive procedure, based on sulfuric acid-induced fluorescence, has been devel- 
oped for the analysis of norgestrel (dl-13-ethyl-l7cr-ethinyl-l?-hydroxy on-4-en-3- 
one) in tablets of low dosage, i.e., 15-75 mcg. Optimum conditions for korescence 
have been established and the fluorescent properties of structurally related steroids 
studied to determine the selectivity of the reaction and mechanism of fluorescence 
formation. The reaction is specific for A4-3-ketosteroids which have both a 178- 
hydroxyl and 17~r-alkyl or alkyne substitution and A1.8P(10)-tziene-3-ol steroids. 
A two-step mechanism is tentatively explained on the basis of the effects of tem- 
perature, time, initial acid concentration, and subsequent dilution with water on 
fluorogen development. Specificity of the method with respect to the analysis of in- 
tact norgestrel in the presence of its photochemical and thermal degradation pro- 
ducts was demonstrated by comparison to quantitative thin-layer chromatography 
values. This 
automated procedure is capable of analyzing 1 5  samples per hour with a relative 


standard deviation of f1.4 percent at the 50-mcg. level. 


This procedure has been automated to permit unit dose analysis. 


HE SYNTHESIS of a new, extremely potent low dosage, i.e., 15-75 mcg. per tablet, had pre- T progestational steroid, norgestrel (dl-13-ethyl- sented a challenging analytical problem. A sensi- 
17a-ethinyl-17-hydroxygon-4-en-3-0ne)~ and sub- tive, accurate, and rapid procedure was desired 
sequent formulation of this steroid in tablets of for content iiniforinity testing of the dosage form. 


Received May 22,1968, from Wyeth Laboratories. Phila- Steroids Structurally related to norgestrel, 
having a characteristic A*-3-keto group in the delphia. P A  19101 


Accepted for publication August 5. lY6S. 








Novel Method for Studying 
Protein Binding 


Sir: 


The binding of drugs to proteins has been the 
subject of numerous investigations and many 
experimental techniques have been described for 
determining the fraction of total drug concentra- 
tion which is unbound and/or bound in a protein- 
small molecule system (1,2). Equilibrium dialy- 
sis and ultrafiltration are widely used methods and 
have general applicability in protein binding 
studies. Both methods are, however, somewhat 
tedious, require a considerable number of in- 
dividual measurements to define binding behavior, 
and are rather inconvenient to use over a wide 
range of temperatures. In addition, equilibrium 
dialytic studies require a rather long equilibration 
time and the ultrafiltration approach can suffer 
from the approximations necessary to assess the 
changing protein concentration during the course 
of filtration. 


We wish to report details of a rather simple 
method for studying the protein binding of small 
molecules which is based on the determination of 
the rate of dialysis of a small molecule from a pro- 
tein-containing compartment. The method 
differs from other dynamic dialytic approaches 
suggested, for example, by Stein (3) and Agren 
and Elofsson (4) in that the time course of dis- 
appearance of small molecule from a protein 
compartment is followed for extended periods of 
time. In our system, the relative concentrations 
of bound and unbound small molecule change 
continuously and, as a result, data which are 
obtained from a single kinetic run permit char- 
acterization of binding behavior over a wide 
range of small molecule concentrations. The 
method is based on the fact that nondiffusible 
protein-small molecule complexes are reversibly 
formed in the protein compartment and that the 
rate of loss of small molecule from that compart- 
ment is directly proportional to the concentration 
of unbound small molecule, provided that care is 
taken to insure that sink conditions are main- 
tained for the diffusing species, i . e .  that back 
diffusion into the protein compartment is in- 
significant. 


The experimental system consisted of a jack- 
eted beaker (internal height = 9 cm., internal 


diameter = 6.5 cm.) in combination with a con- 
stant-temperature water bath and circulator 
which provided excellent temperature stability. 
A large three-hole rubber stopper was obtained to 
fit the beaker. One hole accommodated a short 
piece of glass tubing (id. = 1 an.). Two-hun- 
dred milliliters of buffer solution was placed in the 
beaker. Hydrated cellophane dialysis tubing 
[width = 2.47 cm. (0.984 in.) ] was knotted at  one 
end to form a bag (length = 7 cm.) and was 
attached with a rubber band to  the glass tubing of 
the stopper. Seven milliliters of small molecule 
or small molecule-protein solution was placed in 
the bag. The stopper with the attached bag was 
fitted on the beaker. The solution external to 
the bag was stirred with a magnetic stirrer. 
Care was taken to insure that there was sufiicient 
clearance between the bag and the bottom of the 
beaker to allow free motion of the stirring bar. 
The solution within the bag was stirred with a 
twisted glass rod which passed through the glass 
tubing and was connected to a variable speed 
stirring motor. All experiments were conducted 
at  constant temperature, pH, liquid volume, bag 
size, and stimng rate. One-hundred milliliters 
of the solution external to the bag was periodically 
removed through one hole of the stopper and 
immediately replaced with 100 ml. of fresh buffer 
which was introduced through the other hole. 
In this manner the concentration of small mole- 
cule in the external solution was always main- 
tained a t  a level sufficiently lower than that in the 
protein compartment to approximate sink condi- 
tions. The concentration of small molecule in the 
removed sample was determined spectrophoto- 
metrically and the concentration of small mole- 
cule in the protein compartment was calculated 
from a knowledge of the initial concentration 
and the total amount of small molecule which 
had appeared in the external solution. 


Typical results are shown in the form of semi- 
log plots in Fig. 1 and depict experiments in which 
phenol red was employed as the small molecule 
and bovine serum albumin (BSA) was the macro- 
molecule. In the absence of protein, the dialytic 
behavior obeyed the expected rate law: 


where [ - -d(Dt) /dT] = rate of loss of small 
molecule from the dialysis sac. K = fist-order 
rate constant which characterizes the diffusion 


Corn ma nications 
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Fig. 1-The loss of phenol red from inside a dialysis 
bag, in  the presence and absence of BSA. The studies 
were run at p H  7.3 and 26'. Key: 0, 1.442% 


BSA; .,0.618% BSA; O, 0% BSA.  


process and which incorporates the area and thick- 
ness of the membrane. (Of) = concentration of 
unbound small molecule in the dialysis sac. 


In the presence of protein, i t  is seen that the 
semilog plots were not linear but exhibited 
marked curvature. The curvature reflects the 
fact that as the concentration of small molecule in 
the protein compartment decreased, the fraction 
of small molecule which was bound increased. 
The concentration of unbound small molecule 
(Of) in the protein compartment a t  any total drug 
concentration (Dt) can be calculated from Eq. 1 
with a knowledge of K and the instantaneous rate 
[ --d(Dt)/dT] at that particular (Dt). The value 
for K was obtained from the slope of the semilog 
plot of (Dt) versus time in the absence of macro- 
molecule. The instantaneous rate at a value of 
(Dt) in  the presence of macromolecule can be 
estimated graphically from a plot of (Dt)  versus 


2 -  4 6 V 


Fig. 2-The binding of phenol red by BSA at pH 7.3 
and 25". Key: e, ultrafiltration data; 0, kinetic 


data. 


time. We, however, found i t  more convenient 
and accurate to fit data from plots of (Dt)  versus 
time to an empirical equation with the aid of a 
digital computer (a six-parameter triexponential 
equation has been found to yield excellent fits 
with all systems studied thus far). The differ- 
ential of the empirical equation was then calcu- 
lated to obtain instantaneous rates at various 
values of (Dt) from which (Of) values were ob- 
tained. These two values permitted computa- 
tion of the concentration of bound small molecule. 
The binding data obtained in this manner were 
used to construct the Scatchard plot of Fig. 2 
where (?/Of) versus I was plotted (I = moles of 
bound small molecule per mole of protein). The 
open circles represent data points obtained from 
the dynamic dialysis experiments and the closed 
circles those obtained from ultrafiltration studies. 


TABLE I S U M M A R Y  OF BINDING CONSTANTS 


Method ma nz k i b  kz 
Phenol Red 


Experimental 
Ultrafiltration and kinetic 1 6 1.74 X 106 1.97 x 103 


Literature ( 5 )  
Ultrafiltration 


Experimental 
Kinetic 


Literature (6-7) 
Equilibrium dialysis 


1 6 1.1 x 106 1.2 x 103 
Methyl Orange 


22 - 4.8 x 104 - 
22 - 4.4 x 104 - 


n i  = number of binding sites in the i'th class; ki  = association constant for the 9th class. 
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Fig. 3-The loss of methyl orange from inside a 
dialysis bag, in the firesence and absence of BSA. 
The studies were run at fiH 7.3 and 25’. Key: 0, 


1.235% BSA; a, 0.620% BSA; o, 0% BSA. 


There is close agreement between data obtained 
by the two different techniques. The Scatchard 
plot was mathematically analyzed in terms of the 
fundamental binding parameters (n = number 
of sites in a class, k = intrinsic association con- 
stant characterizing the binding to a site) and 
was found to be consistent with an interaction 
involving two classes of sites on the protein 
molecule. Values for n and k are given in Table 
I where literature values are also shown. Figure 
3 shows the dialytic behavior of methyl orange in 
the absence and presence of BSA. These data 
were analyzed in a similar manner. The binding 
parameters are shown in Table I and are seen to 


1629 


be in excellent agreement with values previously 
reported. 


These preliminary results show the promise of 
this approach for studying protein binding. The 
relative ease and rapidity of the method, the 
minimum amount of sample preparation required, 
the convenient means of temperature control, and 
the economical utilization of protein are definite 
advantages of this approach. These factors 
become especially important when the supply of 
protein is limited or when a variety of experi- 
mental conditions such as pH or temperature 
are to be studied. 


Studies are currently in progress to define the 
influences of viscosity, binding by the dialysis 
membrane, stirring rate, bag size, liquid volume, 
temperature, and other variables on rates of 
dialysis and the effects that these variables might 
have in applying this kinetic approach to the 
study of protein-small molecule interactions. 
(1) Goldstein, A., Pharmacol. Reo., 1, lOZ(1949). 
(2) Meyer, M. C., and Guttman, D. E.. J .  Pharm. Sci., 
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(4) Agr&, A., and Elofsson, R:. Acta Pharm. Succica, 4, 
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Apparent Discrepancy Between 
Theory and Experimental Data 


for Dissolution from the 
Rotating Disk Under Stirred 


and Unstirred Conditions 
Sir: 


A recent article published by Gibaldi et al. (I), 
regarding the dissolution mechanism observed 


using a rotating disk, did not reach the same con- 
clusions reported in our recent article (2). Their 
study indicated that the diffusion layer model was 
operative at 100 r.p.m., but could not reach a 
definite conclusion regarding the mechanism 
operative under static conditions. It is the 
purpose of this communication to show that their 
data can be used to confirm our conclusions, that 
the rotating disk model rather than the diffusion 
layer model is operative under stirred conditions 
and that the Danckwerts’ model is operative 
under static conditions. 








Evaluation, Control, and Prediction of Drug Diffusion 
Through Polymeric Membranes I11 


Diffusion of Barbiturates, Phenylalkylamines, Dextromethorphan, 
Progesterone, and Other Drugs 


By EDWARD R. GARRETT and PRAMOD B. CHEMBURKAR 


Silastic membrane demonstrated the greatest permeability among the nine polymeric 
films studied. The apparent difision constants through silastic membrane were de- 
termined by steady-state studies for a series of barbiturates and phenylalkylamines 
and correlated with the determined chloroform/acetate b d e r  partition coefficients 
in the former case. The apparent diffusion constants did not correlate with the de- 
termined solubilities of the barbiturate series in the diffusing solvent since the solu- 
bilities within the membrane have to be considered. Only the uncharged species 
diffuse through the polymeric membrane and half of the maximal diffusion rate oc- 
curs at the pKa'. Diffusion rates were proportional to concentrations in all cases 
up to the solubility of the diffusing species and Fick's law was fully applicable. Dif- 
fusion rates can be varied by changing the diffusing and desorbing solvents and 
membrane thickness and area. Solvent variation (e, water, mineral oil, peanut oil, 
alcohol) affects the apparent diffusion coefficients ofiextromethorphan and proges- 
terone. The rates of diffusion of the studied com ounds decrease with their increas- 
ing solubility in the diffusing solvent which can %e assigned to the preferential par- 
titioning in the solvent rather than the membrane. Diffusion from capsules repeats 
the rates and is dependent on the same factors as diffusion through films. Solid par- 
ticles in contact with oilastic membrane dissolve in and are transported through the 
membrane. Release rates from the membrane into surrounding solvents should de- 
pend on whether these dissolution rates were of higher or lower orders of magnitude 


than diffusion through the membrane. 


HE APPLICABILITY of Fick's law to the T transfer of uncharged drugs through poly- 
meric membranes has been substantiated with 
respect to aminophenones (1, 2). The ap- 
parent rates of diffusion, dA/dt ,  through a typ- 
ical solid polymeric membrane, the silicone 
silastic, have been shown to be proportional to 
the concentration of the uncharged drug con- 
centration in the ditEusing solution, Cz, and in- 
versely proportional to the thickness, X, of 
the membrane in accordance with the steady- 
and quasi-steady-state expression of Fick's 
law, 


where Cz and Cl are the concentrations of the 
drug in volumes V2 and Vl of diffusing and de- 
sorbing solutions, respectively; where fz and 
fl are the fractions of the drug concentrations, 
C2 and Cl, that are uncharged, respectively; 
where K2 and K1 are the respective partition 
coefficients for the uncharged species between 
the membrane and solvents; and where S is 
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the area and D' the intrinsic diffusion constant 
within the membrane. In general the concen- 
tration C1 of the VI volume of desorbing solution 
was monitored as a function of time. 


The silastic membranes are impermeable to 
HCl, phosphate buffer salts, and protonated 
aminophenones (1, 2). The apparent diffusion 
constants D = D'K of various aminophenones 
through silastic membrane from and to equiva- 
lent solvents, i.e., K1 = K 2  = K, where, from 
Eq. 1, 


appear to be proportional to chloroform/water 
partition coefficients. The apparent diffusion 
constants, D = D'K, for 4'-aminopropiophenone 
from and to solvents of the same composition 
(or when f1 = 0) were inversely proportional 
to the solubility of the 4'-aminopropiophenone 
in the diffusing solution. 


The purposes of this investigation were to 
screen various polymeric films for their permea- 
bility to various drugs and to investigate in 
detail the diffusion of barbituric acid deriva- 
tives, phenylalkylamine, dextromethorphan, and 
progesterone through silastic membrane and 
potential dosage forms based on this principal. 
The effects of temperature, pH, and variation 
of diffusing and desorbing solvents were de- 
termined. The relations between the apparent 


dA/dt = VidCi/dt = D'KS(fiCz - fiC,)/X (Eq. 2) 


1401 







2402 


diffusion constants with solubilities and oil/water 
partition coefficients were also investigated. 
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4'-aminopropiophenone used has been discussed 
previously (2). 


Polymer films tested were an 11-aminoundecanoic 
acid polymer' (5). a polyamide' (6), cellulose 
acetate.' cellulose triacetate,' and cellulose acetate 
butyrate? thermoplastic cellulosic films (7), poly- 
ethylene type B (S), and polyethylene terephthal- 
ate.' Polypropylene (10) was supplied by the 
Avisun Corp., Philadelphia, Pa.; silastic medical 
grade sheeting H-0169, HO 293 is a dimethyl- 
siloxane polymer (11) and was supplied by the 
Dow Corning Center for Aid t o  Medical Research. 


Analytical Methode-Spectrophotometric mea- 
surement of absorbances at 24.0 f 1.0" was used for 
the quantitative estimation of barbituric acid 
derivatives, steroids, and dextromethorphan in 
a Beckman model DU spectrophotometer using 
10-mm. cells and 0.1 slit width a t  the wavelengths 
stated above. The linear relationship between 
absorbance and concentration was verified in all 
cases. The barbituric acids were measured in 
pH 10.1 borate buffer as the molar absorptivities 
are much higher than in the uncharged form. The 
absorbances of dextromethorphan and steroids 
were measured in pH 6.8 phosphate buffer solutions. 
The solutions of the sulfonamides were made 
alkaline with NaOH solution. A Cary recording 
spectrophotometer model 14 was used in screening. 


The phenylalkylamines were analyzed by a 
modification of the method of Gettler and Sun- 
shine (12). A 1.00-ml. aliquot of 1.5-10 X lo-& M 
solution in pH 6.8 phosphate buffer was made 
alkaline with 0.1 ml. of 2 N NaOH, 5.00 ml. of chloro- 
form added, and the mixture agitated. After cen- 
trifugation at 3,200 r.p.m. for 3 min., 4.00 ml. of the 
chloroform solution was removed and 0.20 ml. of 
freshly prepared methyl orange reagent (1 : 1 satu- 
rated solution of methyl orange and boric acid) was 
added to  this sample. The mixture was again cen- 
trifuged, 3.00 ml. of the chloroform solution was 
removed, and 0.20 ml. of absolute ethanol containing 
2% concentrated sulfuric acid was added to  this 
sample. The absorbance of this solution was read 
a t  520 mp on a Beckman DU spectrophotometer 
against a phosphate blank prepared similarly. Cali- 
bration curves were prepared daily. 


The cited pKa' values were obtained by poten- 
tiometric titration at 24.0 i 1.0' on a Sargent 
model D automatic titrator and standardized 
at pH 4.0, 7.0, and 10.0 and are accurate to  10.05 
pH unit. The difference method of Parke and 
Davis (13) was used and the pKa' determined 
from the half-neutralization value of the difference 
between the titers of equivalent volumes of sample 
solution and blank necessary to give the same 
measured pH value. Alkaline solutions of the 
barbiturates were titrated with standard HClOc; 
the acid solutions of the phenylalkylamines and 
dextromethorphan were titrated with standard 
NaOH. 


EXPERIMENTAL 


Chemicals-The following compounds were sup- 
plied by Abbott Laboratories, North Chicago, Ill. 
The molar absorptivities, e, are given for the desig- 
nated wavelengths a t  which the absorbances were 
measured: amobarbital, C~IHI&O~, eq. wt. 226, 
236 found, e = 6,520 (238 ma), pKa' 7.40; barbital, 
CsH1&0s, eq. wt. 184, 197 found, e = 10,310 
(238 mp), pKa' 7.45 [lit. value 7.91 (3)]; buta- 
barbital, C1oHlgNzO8, eq. wt. 212, 215 found, e = 
10,410 (238 mp); cyclobarbital, C12HlgN203, eq. wt. 
236, 245 found, e = 9,880 (238 mp), pKa' 7.27 
[lit. value 7.50 (3)] ; diallylbarbituric acid, CIOH12- 
N203, eq. wt. 208, 202 found, e = 9,690 (238 mp), 
pKa' 7.30 [lit. value 7.79 (3)]; mephobarbital, 
CisH14NzOa, eq. wt. 246, 250 found, e = 5,730 (238 
mp), pKa' 7.45; metharbital. CpHirNzOs, eq. wt. 
198, 198 found, e = 6,540 (238 mp), pKa' 7.90; 
pentobarbital, CIIHIINPO~, eq. wt. 226, 232 found, 
6 = 11,070 (238 mp), pKa' 7.65 [lit. value 8.11 (3)]; 
phenobarbital, C ~ ~ H ~ Z N Z O ~ ,  eq. wt. 232, 257 found, 
e = 10,880 (238 mp), pKa' 7.40 [lit. value 7.41 
(3)]; secobarbital, CllH18NZ08, eq. wt. 238, 230 
found, e = 9,860 (238 mp), pKa' 7.45 [lit. value 
8.08 (3)] ; thiamylal, C12HlrNzO& eq. wt. 254, 
290 found, e = 18,660 (304 mp), pKa' 6.80; thio- 
pental, C11H18N202S, eq. wt. 242, 246 found, e = 
12,100 (304 mp). pKa' 7.12. 


The following compounds were supplied by 
Smith Kline & French Laboratories, Philadelphia, 
Pa.: a-methylphenethylamine hydrochloride. CS- 
HIIN.HCl, eq. wt. 172, 165 found, pKa' 9.07; 
a-ethylphenethylamine hydrochloride, CioHirN - HCl, 
eq. wt. 186, 203 found; 2-amino-4-methyl-4-phenyl- 
pentane hydrochloride, C12HipN*HCI, eq. wt. 214, 
205 found, pKa' 9.42; 3-amino-1-phenylbutane 
sulfate, (CloHl~N),-H2S0,, eq. wt. 198, 242 found, 
pKa' 9.30; 1-methyl-5-phenylpentylamine hydro- 
chloride, CIZHION-HCI. 


The following compounds were supplied by the 
Upjohn Company, Kalamazoo, Mich. The molar 
absorptivities, e. are given for the designated wave- 
lengths at which the absorbances were measured: 
progesterone, e = 16,470 (248 m p ) ,  m.p. 128-130' 
[lit. value 127-131' (4)]: cortisone, c = 16,000 
(238 mp), m.p. 230-236' [lit. value 236-240' (4)]; 
hydrocortisone, = 16,200 (242 mp), m.p. 217-220" 
[lit. value 217-220" (4)] : prednisolone, e = 15,200 
(242 mp), m.p. 239-240' [lit. value 240-241' 


Dextromethorphan, pKa' 8.25, e = 3,003 (277 
mp) was supplied by Vick Divisions Research and 
Development, Richardson-Merrell Inc., Mt. Vernon, 
N. Y. 


The following compounds were purchased from 
National Biochemical Corp., Cleveland, Ohio: 
sulfathiazole, m.p. 200-203' [lit. value 200-204" 
(4)]; sullisoxazole, m.p. 195-198" [lit. value 194" 
(4)]; sulfadiazine, e = 5.370 in alkaline solution 
(255 mp), m.p. 256-257' [lit. value 252-256' (4)); 
sulfabenzamide, c = 4,480 in alkaline solution 
(255 mp), m.p. 181-183O [lit. value 181.2-183.3' (4)]. 


The peanut and mineral oil used were USP. 
All other reagents were of analytical grade. The 
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1 Rilsan (Nylon 11), May Industries, Inc., Atlanta, Go. 
9 PoIypenco(Ny1on 101). Polymer Corp., Reading, Pa. 


Kodacel A29, Eastman Chemical Products, Inc., Kings- 


Kodacel TA 401. Eastman Chemical Products. Inc.. 
port Tenn. 


Kingsport. Tenn. 


port Tenn. 


Wilmington, Del. 


6 Kodacel B 298, Eastman Chemical Products, Inc., Kings- 


8 Mylar polyester type S, E. I. du Pout de Nemoun h Co., 
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approximately 5 X 10-3 M in barbituric acid 
derivatives. These were used as reservoir solu- 
tions and circulated through the steady-state 
diffusion cells fitted with 3-mil silastic membranes. 
The system has been described previously (1). 
The solutions used on the desorption side of the 
membrane in the beakers were 200 ml. of pH 10.1 
borate buffer. Absorbances of samples were mea- 
sured as a function of time on the Beckman DU 
spectrophotometer and the samples were returned 
to the beakers. 


The steady-state diffusion of barbital and pento- 
barbital through 3-mil silastic membrane from 
their solutions in acetate, phosphate, and borate 
buffer solutions of different pH values at 37.5' 
was also studied. 


The steady-state dilTusion of the phenylalkyl- 
amine salts from borate buffers through 3-mil 
silastic membrane into 120 ml. of pH 6.8 phosphate 
buffer was studied at 25'. Samples of the phos- 
phate buffer solutions (1 ml.) were removed every 
15 min. and stored in a refrigerator. All the 
samples were analyzed simultaneously with the 
standard solutions used to prepare the calibration 
curve. 


The steady-state diffusions of dextromethorphan 
from peanut oil, mineral oil, and pH 10.1 borate 
buffer; and progesterone from peanut oil, and a 
saturated solution in phosphate buffer were studied 
through 3-mil silastic membrane into pH 6.8 phos- 
phate buffer at 37.5'. 


The diffusion of dextromethorphan was also 
studied from its saturated solutions in peanut 
oil and mineral oil. The concentration of dwtro- 
methorphan in peanut oil was determined by 
diluting a weighed amount of the filtered solution 
with chloroform and measuring the absorbance 
of the solution at 277 mp against a chloroform 
blank containing an equivalent amount of peanut 
oil where the absorbance of a similar solution of 
a known weight of the drug had been determined. 
The saturated solution of the dextromethorphan 
in the mineral oil was filtered and its absorbance 
was measured against a mineral oil blank. The 
concentration was calculated from the previously 
determined absorptivity. The steady-state diffu- 
sion apparatus used has been described previously 


Siastic capsules (Dow Corning Center for Aid 
to  Medical Research) were small silastic pouches 
prepared by sealing pieces of tubes (about 6 mm. 
in diameter and about 2.4 cm. in length) a t  both 
ends. These were cleaned externally with water 
and air dried. 


Saturated solutions of 4'-aminopropiophenone 
in phosphate buffer, solutions of barbital, pento- 
barbital, and phenobarbital in acetate buffer, 
and solutions of dextromethorphan in borate buffer, 
peanut oil, and mineral oil were prepared. The 
silastic capsules were cut open at one corner and 
were filled with these saturated solutions. The 
hole in each of the capsules was sealed by forcing 
a portion of silastic medical grade adhesive type 
A (Dow Corning Center for Aid to Medical Re- 
search) into and around the hole. The capsules 
were set aside for 1 day and were tested for leaks 
by pressing them lightly between fingers. Simi- 
larly, capsules containing solvents without drugs 
were also prepared. 


(1). 


Solubility Studies-Saturated solutions of the 
barbituric acid derivatives in pH 4.7 acetate buffer, 
ionic strength 0.1, were prepared at 50' and equili- 
brated at 25' for 48 hr. in a thermostated shaker 
bath in the presence of excess solids. The solu- 
tions were then filtered by suction through elec- 
trode isolation tubes, which are fitted with a finely 
porous fritted-glass membrane (E. H. Sargent 
and Company, Chicago, Ill.). Aliquots of the 
filtered solutions were appropriately diluted with 
pH 10.1 borate buffer and the absorbances measured 
at the pertinent wavelengths. 
Partition Coefficients-Aqueous p H  4.7 acetate 


buffer and chloroform were saturated with respect 
to each other. An approximately 5 X lo-' M 
solution of the barbituric acid derivatives was 
prepared in the acetate buffer presaturated with 
chloroform. One milliliter of this solution was 
appropriately diluted, generally with 10 ml. of 
pH 10.1 borate buffer, and its absorbance measured 
at the pertinent wavelength against a blank treated 
similarly. Five milliliters of the acetate solution 
and 6.0 ml. of the chloroform presaturated with 
aqueous acetate buffer in a capped, stoppered vial 
were mixed on a Vortex Junior mixer for 3 min., 
centrifuged for 3 min. at 3,200 r.p.m., and 1.00 
ml. of the aqueous phase was removed, diluted 
with 10 ml. of pH 10.1 borate buffer, and spec- 
trophotometrically analyzed against an acetate 
buffer blank treated similarly. The ratio of the 
differences in absorbances of the aqueous layer 
before and after partitioning t o  the absorbance of 
the aqueous layer after partitioning was taken 
as the partition coefficient of the drug in the CHCL- 
acetate buffer system. 


Screening of Polymer Films for Permeability to 
Drugs-The cited polymer films in 3 and 5 mil 
thicknesses were washed with distilled water and 
dried. Saturated solutions of the cited materials 
in 0.1 N HCI, 0.1 N NaOH, pH 6.8 phosphate 
buffer, propylene glycol, peanut oil, ethanol, min- 
eral oil, ethylene glycol, and polyethylene glycol 
200 were prepared. Two milliliters of each satur- 
ated solution was put into a serum vial (10-ml. 
capacity) and the vial stoppered with a holed 
rubber stopper. A small piece of each membrane 
was laid upon the stopper and an aluminum cap 
was then crimped to  sandwich the membrane. 
The serum vial was then inverted and placed into 
a 60-g. ointment jar containing about 10 ml. of 
pH 6.8 phosphate buffer. The jars were capped, 
properly labeled, and set aside for at least 1 week, 
when the phosphate buffer solutions were analyzed 
for drug by the methods described. A drug was 
said to have permeated through a membrane when 
the peaks at wavelengths corresponding to the 
A,. values of the drug were observed on the 
Cary model 15. Experiments with positive results 
were repeated to avoid erroneous conclusions from 
leaking vials. 


Difhsion Studies-The steady-state diffusions of 
the barbituric acid derivatives were studied through 
3-mil silastic membrane from their solutions in 
pH 4.7 aretate buffer into pH 10.1 borate buffer 
at 25 and 37.5". 


Weighed amounts of barbituric acid derivatives 
were dissolved in small volumes of 1 N NaOH and 
immediately diluted with pH 4.7 acetate buffer 
solution to 2 1. to  obtain solutions which were 
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The capsules containing barbital, pentobarbital, 
and phenobarbital were washed with water and 
put into 50 ml. of pH 10.1 borate buffer in glass 
vials. These vials were preequilibrated at 37.5" 
for about 10 hr. Similarly capsules of 4'-amino- 
propiophenone and dextromethorphan were put 
in glass vials containing 50 ml. of 0.12 N HCI 
and pH 6.8 phosphate buffer, respectively. The 
samples from the vials were assayed spectro- 
photometrically for the respective compounds. 


Diffusion of Solid Progesterone Through Silastic 
Membrane-One window of the stainless steel 
steady-state diffusion cell was used. One membrane 
was placed face down and the available area was 
covered with powdered, dry progesterone. Another 
membrane was placed atop and the resultant sand- 
wich was stretched tautly while i t  was clamped 
into the window. The cell was immersed in 120 
ml. of normal saline and vibrated in the shaker 
bath a t  37.5". Samples of the solution were re- 
moved at intervals and significant absorbance duc 
to progesterone, Amax. 248 mp, was observed on 
the Cary ultraviolet recording spectrophotometer. 


RESULTS 


Screening of Polymer Films for Permeability- 
The spectrophotometric curves of the desorbing 
solutions were checked for the peaks characterizing 
the compounds whose diffusion was under test. 
This method of analysis was sensitive to  lo-' M 
concentration in all cases and much more sensitive 
in the case of steroids. When no drug in the de- 
sorbing solution was observed at these sensitivities, 
the membrane is stated to be impermeable to that 
drug. 


Polyethylene membrane was permeable to  4'- 
aminoacetophenone in aqueous solutions and in 
peanut oil and to 4'-aminopropiophenone in ethyl- 
ene glycol. Both compounds permeated a n  11- 
aminoundecanoic acid polymer membranel:.ii from 
ethanolic solutions. A polymide membrane2 ,!was 
permeated by 4'-aminopropiophenone and 3'- 
aminoacetophenone from 0.1 N NaOH and ethanol. 
Polypropylene was nonpermeable to all the drugs 
tested. 


Substances were leached by phosphate buffer 
from cellulose triacetate and cellulose butyrate 
membranes that interfered with the spectropho- 
tometric analyses of the drugs. After compensation 
for the absorbances of these interfering substances, 
it was concluded that 4'-aminopropiophenone 
permeated cellulose triacetate from propylene 
glycol, ethanol, and polyethylene glycol 200. 
Positive results were recorded also for barbital 
in polyethylene glycol 200 and sulfabenzamide in 
ethanol. Polyethylene terephthalate polyester film' 
was available only in small quantity and was 
impermeable to  all the drugs tested with the avail- 
able films. 


Silastic membrane was permeable to 4'-amino- 
propiophenone and 3'-aminoacetophenone from 
all the solvents tested except mineral oil, to proges- 
terone from ethanol, to barbital from ethanol and 
ethylene glycol, and to  phenobarbital from peanut 
oil, ethanol, polyethylene glycol 200, phosphate 
buffer, and 0.1 N HCl. Silastic membrane allowed 
permeation of the majority of the compounds 
screened in measurable quantities and was in- 
vestigated in further detail. 


Journal of Pharmaceutical Sciences 


Steady-State D f i s i o n  Studies-The steady-state 
diffusion of drugs through silastic membranes was 
studied with the equipment and by the techniques 
previously described in detail (1, 2). The con- 
centration, G, of the diffusing solution was held 
constant as was the volume, V1, of the desorbing 
solution. The linear slopes, dCl/dt,  of the in- 
crease of concentration, I?,, of the desorbing solu- 
tion with time were determined. The concentra- 
tions, f1C1, of the uncharged species in the desorbing 
solution were kept at zero by choosing a pH where 
the fraction of the drug uncharged, f ~ ,  was effectively 
zero. 


The specific rate of diffusion was obtained by 
dividing this slope, the rate of increase of total 
concentration, C1, of the desorbing solution by 
the concentration, f&, of the uncharged species 
in the diffusing solution. When the slope was 
obtained from the linear increase in absorbance, 
A1, of the desorbing solution with time, this slope, 
d A l / d t ,  was divided by the product of the ab- 
sorbance, A z ,  of the diffusing solution and the frac- 
tion, fz. of the drug uncharged therein since 


K,s  = specific rate of diffusion 
= (dAi /d t ) /  zAz = [d(~Ci)/dt]/f2cC2 
= ( d C l / d l ) h C z  (Eq. 3)  


Typical plots of the increase of absorbance or 
concentration with time in the desorbing solutions 
after diffusion through 3-mil silastic membrane 
are given in Figs. 1 and 2 for various barbituric 


Time in Hours 


Fig. 1-Absorbance at 238 mp of 200 ml. of pH 10.1 
borate buffer desorbing solution as a function of time 
on the steady-state diffusion of the stated concentra- 
tions of the cited barbitals from p H  4.7 acetate buffer 


through 3-mil silastic membrane at 37.3". 


10' Y 
0.4 


- 


IA 
0 


Time in Hours 


Fig. 2-Absorbance of 238 m p  of 200 ml. of pH 10.1 
borate buffer desorbing solution as a function of time 
on the steady-state diffusion of the stated concentra- 
tions of the cited barbitals from p H  4.7 acetate bufeer 


through 3-nail silastic membrane at 37.3". 







Vol. 57, No. 8, August 1968 1405 


22 5 The apparent diffusion constant, D, was calculated 
from the rearrangement of Eq. 2 and the deter- 
mined specific rate of diffusion, (dC1/dt)/f& or 
(dAl/dt)/f iAz as defined in Eq. 3 where f i  = 0, 


7 


9 D = XVi(dG/dt ) / f zCzS (Eq. 4) 
'25 


where X = 7.52 X 10-1 cm. for the 3-mil thick 
silastic membrane, S = 10.4 cm.* for the area of 
the membrane, and VI was the maintained volume 
in liters of the desorbing solution. The fractions 


0-0-P4-~lhyl-4-pknllPCntDg of molecules uncharged in the diffusing and de- 


Tlme In Houri 0, respectively, for the barbiturates and dextro- 
methorphan. The fraction, f 2 s  of the phenyl- 
ak'lamines that were uncharged in the borate 
buffer diffusing solutions were calculated from the 
pKa' values of the compounds and the p H  values 
of the borate buffers in accordance with (l), 


0 I 2 3 4 5 sorbing solutions were effectively fz = 1 and f1 = 


Fig. 3-concentration of pH 6.8 phosphate buffer 
desorbing solution as a function of time on the steady- 
state diffusion of sweral phenylalkylamines from 
borate buffer adjusted to the p H  corresponding to their 
pKa' values through 3-mil silastic membrane at 25'. 


(See Table I . )  
f z  = [H+]/([H+] +K.) = lO-pH/(lO-pH + 10-pEa') 


(Eq. 5) 


The concentrations of uncharged phenylalkyl- 
amines in the diffusing solutions, their pKa' and 
pH values, and the observed specific rates of diffu- 
sion and apparent diffusion constants are given in 
Table I. 


The determined apparent diffusion constants, 
solubilities, and partition coefficients for the various 
barbituric acids are given in Table 11. The ap- 
parent energies of diffusion, AE., are calculated 
from the apparent diffusion constants at the two 
temperatures studied by 


0 1  2 3 4 5 6  
Time in Hour4 


Fig. &Concentration of 6.8 phosphate buffer desorb- 
ing solution of the stated volumes as  a function of tame 
on the steady-state dayusion of dextromethorphun at 
the cited concentrations from different solutions through 
3-mil silastic membrane at 37.5'. The pH of the 


diffusing solution borate buffer was 10.1. 


acid derivatives diffusing from pH 4.7 acetate 
buffer, where they are unionized, f i  = 1, to pH 
10.1 borate buffer where they are ionized, f1 = 0. 
Typical plots of the diffusion of phenylalkylamines 
from their partially nonprotonated forms in borate 
buffers into pH 6.8 phosphate buffers where they 
are charged, f i  = 0, are given in Fig. 3. Typical 
plots of the diffusion of dextromethorphan diffusing 
in its nonprotonated form, f2 = 1, from mineral 
oil, peanut oil, and pH 10.1 borate buffer into pH 
6.8 phosphate buffer, where i t  would be completely 
protonated, fl = 0, are given in Fig. 4. 


10-a(log Dno - log D%o)2.303R AE,,( kcal./mole) = 


where T is the absolute temperature and R is 
1.987 cal./degree/mole. 


The determined apparent diffusion constants 
for dextromethorphan from various diffusing sol- 
vents are given in Table 111. 


Further verification of the fact that only non- 
ionized materials diffuse through silastic membranes 
(1) was obtained from the variation of the apparent 
diffusion constant, D, on steady-state diffusion 
into pH 10.1 borate buffer with pH of the diffusing 
solution on the assumption that f2 = 1 in Eq. 4 
(Table IV). The plots of these apparent diffusion 
constants against pH are shown in Fig. 5. The 
pKa' values may be considered as the pH values 
at half the maximum diffusion constant and where 
dD/dpH is a maximum. These pKa' values for 
barbital and pentobarbital are 7.50 and 7.72, 


TABLE I-APPARENT DIFFUSION CONSTANTS," D, AND SPECIFIC RATES OF DIFFUSION: Ra, OF PHENYL- 
ALKYLAMINES THROUGH %MIL SILASTIC MEMBRANE AT 25.0' FROM BORATE BUFFER SOLUTIONS INTO pH 


6.8 PHOSPHATE BUFFER 


D" 
Ct f&= I L b  10'0 1./ 


Compd. pKa' pH 10, M 10, M 10* hr.-1 cm.-sec. 
a-Methylphenethylamine 9.07 8.93 3.18 1.55 2.84 6.84 
3-Amino-1-phenylbutane 9.30 9.40 2.47 1.647 5.00 12.05 
1-Methyl-5-phenylpentylamine 9.50 9.60 0.875 0.537 13.41 32.32 
a-Ethylphenethylamine 9.30 9.28 1.79 0.917 7.80 18.80 
2-Amino-4-methyl-4-phenylpentane 9.42 9.45 0.325 0.190 5.74 13.83 


f& is in hr. -1 and V1 = 0.120 1. is the maintained volume of the desorhing solution. 
slope of the total concentration in the phosphate buffer solution against time in hours. 
maintained concentration of the diffusing solution and 


a Calculated from D = XVl(dCi /d1 ) /3 ,600f iC iS  sincefi = 0. where X = 7.52 X 10-a cm. and S = 10.4 cm.' where (dCi /d t ) /  ' ( d C ; / d l ) / f K , .  where dCi/dt  is the linear 
Calculated from faCa where CI is the - [H+I/([H+] + Ra') - 10-PH/(lO-"H 4- 
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OF BARBITURIC ACID DERIVATIVES 
TABLE If-APPARENT DIFFUSION CONSTANTS, SOLUBILITIES, AND PARTITION COEFFICIENTS 


Amobarbital 


Barbital 


Butabarbital 


OC. 
24.7 
37.0 
24.1 
37.0 
24.7 
37.2 


Cyclobarbital 24.7 
37.2 


Diallylbarbituric 24.7 
37.5 


37.2 
Mephobarbital 24.7 


Metharbital 24.7 
37.2 


Pentobarbital 74.1 
37.0 


Phenobarbital 24.1 
37.0 


Metharbital 


Pentobarbital 


Phenobarbital 


24.7 
37.2 
74.1 
37.0 
24.1 
37.0 


Secobarbital 24.7 
37.2 


Thiamylal 


Thiopental 


~. ~ 


24.7 
37.2 
24.1 
37.0 


C* 
10: M 
2.97 
2.80 


29.6 
29.6 


1.96 
2.18 
2.17 
2.44 
2.34 
2.37 
1.01 
0.92 
1.32 
2.78 
3.71 
3.71 
4.08 
4.08 
1.87 
1.83 
0.26 
0.42 
0.82 
0.88 


Db 
Rsa 101' 


104(dCl/dt)/Ca I./cm.-sec. 
13.4 
20.2 
0.541 
0.835 
6.00 
9.87 
2.06 
4.23 
3.14 
4.04 


23.2 
61.0 
22.5 
33.0 
11.8 
19.2 
1.64 
2.61 


22.2 
35.6 


102 
370 
216 
342 


5.76 
8.12 
0.216 
0.33 
2.40 
3.95 
0.82 
1.69 
1.26 
1.62 
9.28 


9.00 


4. T! 
7.68 
0.66 
1.04 
8.88 


14.24 
40.6 


86.4 


24.4 


13.2 


148 


137 


AE a 
kcal./ 
Mole 
5.1 


6 . 7  


7.2 


10.1 


3.6 


13.6 


5.5 


6 .8  


6.4 


6 .8  


18.2 


6.4 


Solubilityd 
10' M 
3.9 


38.6 


8.0 


35.0 


8.5 


- 


11.5 


3.0 


4.6 


7.25 


0.348 


0.82 


Partition 
Coeffiaente 


CHCWAcetate 
Buffer 


20' 


0.80 (0.7) 


9.98 


1.36 (13.9) 


3.00 


56, 


56' 


26' (28) 


4.48(4.7) 


51 (51) 


high, 


high, 


.z Rate of increase per hour of concentration, C1 of 200 ml. of desorbing solution, pH 10.1 borate buffer, divided by the con- 
centration, Cx, of the diffusing solution of 4.7 pH Lcetate buffer. This was actually determined from the linear slopes. dAi/dl, 
of the plots of absorbance A1 of the desorbing solution a t  the wavelengths specified in Ezperimcnfal against time, t ,  in hours 
which were divided by the maintained absorbance Ax of the diffusing solution since (dAi/dl)/As = [d(rCi)/dll/~C~ 7 (dCl/dt)/ 
Cz in hr. -1. Apparent diffusion constant for the specified barbituric acid derived from steady-state drffuston studies from pH 
4.7 acetate buffer diffusing solutions of constant concentrations, Ci through silastic membrane of thickness X = 7.52 X 
cm. or 3.0 mil and available surface area S = 10.4 cm.2 into a desorbing H 10.1 borate buffer solution of volume Vi = 0.200 
1. so that D (l./cm. - sec.) = [(dCl/dl)/C21 (XV1)/3600 S, where (dCifit)/Cz is given in br.-1. Calculated from AEa = 
L10-8 (log Dl,o - log D,ro) 2.303R/(l/T*ro - l/Tno)], where T is the absolute temperature. In pH 4.7 acetate buffer at 
25.0". ' Parenthetical values are from the literature (14). The acetate buffer was at  pH 4.7. ' These values have large 
error since the absorbance readings in the acetate buffer were small. 


TABLE 111-APPARENT DIFFUSION CONSTANTS,' D, AND RATES OF  DIFFUSION,^ R, OF DEXTROMETHORPHAN 
FROM PEANUT OIL, MINERAL OIL, AND pH 10.1 BORATE BUFFER THROUGH 3 - M n  SILASTIC M E ~ R A N E  


INTO pH 6.8 PHOSPHATE BUFFER AT 37.6" 


Dextromethorphan -Peanut oil- Mineral Oil Borate Buffer 
Solution in Subsaturated Saturated Saturated Saturated 


Ce, lo* M 
Rb, lo4 M l./hr. 
VI. ml. 
D;, 1011 I./cm.-sec. 


8.97 
0.6062 


32.90 
2.76 


1.35 
2.10 


0.0105 
1.31 


200 120 120 20 
2.72 2.02 37.5 501.0 


Calculated from D - XVl(dCl/dt)/3600fxCiS sincef2 - 1 andfi 3 0 where S = 7.52 X lo-' cm. and S - 10.4 cm.2. 
where (dCl/df)/f& is in hr.-1 and Vi is the maintained volume of the deso;bing solution in Liters, and Ci and Ca are the total 
concentrations of the desorbing and diffusing solutions, respectively. dCi/dt is the linear slope of total concentration in the 
phosphate buffer solution against time in hours. 


respectively, whereas the values from titration 
were 7.45 and 7.65. 


Quasi-Steady-State DBusion Studies-When 
nondissociable or nonprotonable compounds such as 
progesterone are diffused through silastic membrane, 
there is no way of using buffers to effectively main- 
tain the concentration of the diffusing species as 
zero in the desorbing solution, Le., ft  = 0, in the 
manner that was possible with the previously 
cited amines and acids. When the same system 
was used to study the diffusion of progesterone, 
Eq. 2 is valid where CZ is maintained constant 
but 151 varies with time as fp = fi = 1. Plots of 
concentration, G, of desorbing solution of con- 
stant volume, V1, show decreasing rates of increase 
with time and approach a n  asymptotic value as 
shown in Fig. 6 and the pertinent information 
is given in Table V. 


Diffusion of Drugs from Silastic Capsules-The 
average area of the silastic membrane in the formu- 
lated capsules was 5.58 cm.' with an average 
membrane thickness of 3.13 X lo-' cm. How- 
ever, in this preliminary formulation, the possi- 
bilities that some of the silastic adhesive spread 
over various areas of the capsule modified the thick- 
ness and that the capsules were not completely 
filled must be realized. The observed apparent 
ditfusion constants for various drugs in various 
solutions from these formulated silastic capsules, 
on the assumption that the stated available area 
and thickness are valid, are given in Table VI 
and compared t o  those values obtained under the 
more controlled conditions in all diffusion studies. 
The comparisons are of the same order of magnitude. 
When the apparent diffusion constants are related 
to that of barbital as unity for each method, the 
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TABLE IV-APP-NT DIIWUSION CONSTANTS," D, 
OF BARBITAL AND PENTOBARBITAL THROUGH 


3.0-ME SnASTIC MEMBRANE AT 37.3' 
AS A m C T I O N  OF pH 


Pento- 
Barbital, barbital, 
D ,  lot* D, 1011 


PH I./cm.-sec. pH I./cm.-sec. 
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4.70 33.80 4.60 7.71 
6.65 26.08 6.99 7.54 
7.30 21.67 7.57 5.58 
7.60 15.01 7.90 4.05 
8.12 8.83 8.18 3.12 
9.16 5.02 8.65 1.53 
9.75 2.95 9.05 0.50 
10.55 0.65 9.53 0.57 


Calculated from D = XVi(dCi/dt)/CzS since fi = 0, 
where X = 7.62 X 10-8 cm. and S = 10.4 cm.1 where V I  IS 
the maintained volume of the desorbing solution in liters, C; 
is the total concentration of the diffusing solution, and dCi/dl 
is the linear slope of total concentra.tion.in the desorbing pH 
10.1 borate buffer solution against time in seconds 


: I  28 


L 
4 


.. 


Fig. 5-Apparent diffusion constants of barbital and 
pentobarbital through 3-mil silastic membranes at 
37.3' as a function of pH where no correction has been 


made for the concentration of uncharged species. 


Time in HWIS (Phosphate Butfa) 
5 10 15 20 25 30 35 


0.4 


a' I 


Fig. 6-Absorbance at 248 rnF of the stated volumes 
of pH 6.8 phosphate buffer desorbing solutions as a 
function of time on the quasi-steady-state diffusion of 
progesterone from peanut oil and pH 6.8 phosphate 
buffer of the stated concentrations through 3-mil silastic 


membrane at 37.5'. 


high degree of correlation of these ratios (Table 
VI) are truly indicative that the factors affecting 
diffusion from solution in silastic capsules are the 
same as those affecting diffusion from solution in 
the cell. 


DISCUSSION 


Solid polymeric organic membranes are permea- 
ble t o  uncharged organic molecules which are 


TABLE V-APPARBNT DIFFUSION CONSTANTS," D. 


PHOSPHATE BUFFER THROUGH 3-MIL SILASTIC 
MEMBRANE INTO pH 6.8 PHOSPHATE 


BUFFER AT 37.5" 


OF PROGESTERONE FROM PEANUT OIL, AND pH 0.8 


Phosphate 
Buffer 


Peanut Oil (Saturated) Solution in 
Concn., CS, M 8.34 X 5.98 X lo-& 
Volume of phos- 


phate buffer, VI, 
ml. 200 120 


Apparent musion  
constant, D, 10le 
I./cm.-Sec. 0.38 630 


Estimated from the slope of the plot of log (Cea. - Ci/Co) 
against time in accordance with the expression log (C.,,. - 
Ci/G) - log (Vz/Vi f Vz) - D S ( V i  f V;)j(ViVd(2.303 
X ,  where Ci is the concentration of the desorbmg solution of 
volume V i  at any time, 1, where Cea. is its concentration after 
final equilibration, Co is the concentration of the diffusing 
solution of volume Vs, S is the area of the 3-mil silastic mem- 
brane, and X is the thickness in cm. 


lipophilic. In  particular, silastic membrane is 
permeable to the uncharged species of the amino- 
phenones such as p-aminoprophenone (1,2), phenyl- 
alkylamines such as amphetamine, steroids such 
as progesterone, alkaloids such as dextromethorphan, 
and the barbiturates. These polymeric membranes 
are impermeable to the charged organic drug and 
the inorganic ions studied. 


The pKa' values of protonable or dissociating 
drugs can be determined from the study of rates 
of steady-state diffusion as a function of the pH 
of the diffusing solution where half of the maximum 
diffusing rate at that total concentration is ob- 
tained when pH = pKa' (Fig. 5). 


Water and other solvents such as mineral oil 
do not appear to be readily transported by silastic, 
although ethanol is transported without modifying 
the membrane (2). 


The classical laws of diffusion appear to hold 
for silastic membranes so that transport rates in 
steady-state and quasi-steady-state diffusion can 
be predicted for particular diffusing and desorbing 
solutions, their concentrations and p H  values 
from a knowledge of the thickness and area of 
the membrane, the pKa' of the diffusing species, 
and the apparent diffusion constant, D = KD', 
of the uncharged species. 


The latter have now been determined for the 
several classes of drugs (Tables 1-111, V). Only 
if studies are conducted on thick membranes to 
determine the intercept value in nonsteady-state 
diffusion (2, 15-17) can the intrinsic diffusivity 
constant, D', within the membrane and the actual 
partition coefficient, K, be separated. 


The fact that the rates of transfer (Eqs. 1 and 2 )  
are directly proportional to  the concentrations of 
the diffusing solution up to the limit of the drug's 
solubility, implies that there is no selective binding 
to these membranes, no limitations as to sites, 
and that a t  all times the concentration in the mono- 
layer on the diffusing side of the membrane is in 
instantaneous equilibrium with the solution in 
contact therewith. It also implies and has been 
confirmed that saturated solutions of drugs diffuse 
through the membranes a t  a constant rate. 


The apparent diffusion constant, D, can be 
formulated as a product of the intrinsic diffusion 
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TABLE VI-APPARENT DIFFUSION CON ST ANTS,^ D, AND SPECIFIC RATES OF DIFFUSION, b Rs, OF DRUGS FROM 
SILASTIC CAPSULES AT 37.5' 


Comoound 


,-D,a 10'1 I./cm.-sec.- 
Silastic Diffusion Silastic Diffusion 


-Relative Diffusivities '- 
Capsules Cell 


f i b  
Internal Solution 104 hr.-1 Capsules Cell 


Barbital Acetate buffer 2.18 0.170 0.338 L o o  1.00 
Phenobarbital Acetate buffer 9.55 0.745 1.05 4.382 3.11 
Pentobarbital Acetate buffer 4.89 3.81 7.71 22.41 22.81 
4'-Aminopropiophenone Phosphate buffer 29.8 38.9 48.2 251.24 142.60 
Dextromethorphan Borate buffer 19.7 154.0 501.0 905.88 1,482.24 


Dextromethorphan Mineral oil 25.0 19.5 37.5 114.71 110.95 
Dextromethorphan Peanut oil 0.967 0.754 2.02 4.38 5 .98  


Calculated from D = X Y I  Rs/3600 S, where X is the thickness of the membrane in cm. and S is the available surface area 
The specific rate of diffusion Rs = (dCi/dt)/faCa is obtained from the slope of the concentration-time in hours plot 


Apparent diffusion 
in cm.2. 
of the desorhing solution divided by the concentration of the uncharged species in the diffusing solution. 
constant divided by that for barbital from silastic capsules and diffusion cell, respectively. 


constant, D', within the membrane, and the opera- 
tional partition coefficient for the uncharged species 
between the membrane and the solvent when the 
diffusing and desorbing solvents are the same 
(Eq. 2). Another confirmation of this hypothesis 
is the linear relation between the apparent diffusion 
constant, D, of a series of barbituric acids for diffu- 
sion through silastic membranes and their partition 
coefficients between acetate buffer solution and 
chloroform (Fig. 7). Knowledge of rank order 
of such partition should permit prediction of relative 
diffusion through such membranes. No significant 
correlation exists for apparent diffusion constants 
with solubility or its reciprocal in the diffusing 
solution for the barbiturate series. This is readily 
understandable since 


D = D'K = D'Cm/Ci = D'S,(l/Si) (Eq. 7) 
where C,,, and C; are the concentrations in the 
equilibrated monolayer of the membrane and the 
concentration in the contacting solution, respec- 
tively; and where S,,, and S; are the respective 
solubilities. The apparent diffusion constant would 
be inversely proportional to the reciprocal of the 
solubility in the solvent only if the solubility of 
each drug of a homologous series were the same in 
the membrane. The fact that the apparent dif- 
fusivities, D, are proportional to partition coeffi- 
cients but not to the solubilities in the case of 
barbiturates (Table 11) denies this assumption. 


An interesting result of this analysis is the con- 
clusion that a species in solution can be separated 


112,  I 


from ionic or salt contaminants and concentrated 
in a desorbing solvent wherein it has a greater activ- 
ity or solubility than the diffusing solvent. At final 
equilibrium, the rate of diffusion dA/dt = 0 and 
from Eq. 1. 


KZfiG = KdiG 0%. 8) 
so that, when Eq. 7 is considered, 


so that the ratio of the concentrations in both de- 
sorbing and diffusing solutions at equilibrium is 
proportional to the ratio of their solubilities, S;, 
in these solutions. In  the specific cases of im- 
miscible solvents, these are equivalent to  the parti- 
tion coefficient of the compound in these solvents. 
In  the general case of miscible solvents, such as 
was shown for ethanol and water (2), these ratios 
may be considered as hypothetical partition c o d -  
cients. 


These studies on diffusion through silastic mem- 
branes and the fact that solid materials such as 
progesterone and other steroids in contact with 
the membrane do permeate (18-21) permits one 
to conceive of such membranes as isotropic media 
capable of dissolving drugs in a solid solution with 
all the operational properties of true solutions. 
The rates of diffusion within the membrane are 
dependent on the concentration gradients within 
them and the distance, X, of traversal. The 
overall rates of diffusion from solid particles of 
drug should be dependent on whether or not the 
rates of dissolution of these particles in contact 
with the membrane are rate determining. Such 
particles suspended in a polymer matrix should 
have rates of dissolution proportional to their 
surface area in contact. Release rates from the 
membrane into surrounding solvents would depend 
on whether these dissolution rates were of higher 
or lower orders of magnitude than diffusion within 
the membrane. 


SUMMARY 


72 Part it ion Coef f icient 


Fig. 7-The apparent diffusion constunts of various 
barbitals diffusing through 3-mil silastic membrane at 
25.0" as a function of their partition coeficknts be- 


tween 4.7 pH acetate buffer and chloroform. - -  


Various polymer films were screened for permea- 
bility to various drugs dissolved in several solvents. 
Detailed attention was placed on the diffusion of 
a series of barbituric acid and phenylalkylamines, 
and apparent diffusivities could be correlated with 
chloroform-acetate buffer partition coefficients. 
It was ascertained that Fick's law for solid Dolv- 
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meric membranes is operative with respect to 
the concentrations of uncharged organic com- 
pounds. Apparent diffusion constants from various 
solvents were obtained from steady-state and 
quasi-steady-state studies. Solid materials in con- 
tact with such membranes modified to act as po- 
tential pharmaceutical dosage forms were studied 
and demonstrated that basic diffusional informa- 
tion could be used to evaluate. predict, and control 
such diffusion. 
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Effect of a Dimethylpolysiloxane Fluid on 
the Stabilitv of Menadione 


d 


By RONALD T. TURNBULL* and KENNETH E. AVIS 


The nonaqueous solvents presently in use as parenteral vehicles possess certain 
disadvantages or have limited application. The silicone fluids have certain phys- 
ical, chemical, and biological properties which would appear to make them suitable 
for parenteral formulations. Accelerated thermal and light stability studies were 
carried out on a dimethyl silicone fluid of 20 centistokes viscosity and corn oil using 
menadione as the medicinal compound for study. Based on predictions from the 
accelerated thermal studies, it was found that the dimethyl silicone fluid was superior 
to corn oil. Corn oil was found to be superior to the dimethyl silicone in retarding 
photodegradation of menadione at room temperature. Since greater emphasis 
must be placed on the ability of the vehicle to retard thermal changes in a chemical 
compound, the experimental results indicate that the dimethyl silicone fluid of 2 0  


centistokes viscosity is superior to corn oil as a vehicle for menadione. 


QUEOUS SYSTEMS are normally preferred for A liquid dosage forms intended for parenteral 
administration because body systems are aqueous 
and absorption of the drug generally occurs more 
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readily from an aqueous system. However, a 
number of therapeutic agents, because of their 
solubility characteristics, can only be formulated 
in nonaqueous solvent systems. Although the 
number of such agents is considerably less than 
those requiring aqueous systems, they are vital to 
our therapeutic armamentarium. 


The nonaqueous vehicles most commonly used 
are the fixed oils. All of these, however, have 
disadvantages in use, such as: the development 
of rancidity with aging, potential allergenic reac- 
tions in sensitive individuals and local tissug reac- 
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TABLE V-COMPOSITION" AND POTENCY Loss OF VITAMINS FROM B I - B l r N ~ ~ ~ ~ ~ ~ ~ ~ ~  
TABLETS EXPOSED TO METHANOL VAPOR FOR 1 MONTH AT ROOM TEMPERATURE 


Potency of Each Tablet- -7 , % Lass 
Batch Niacinamide, 
No. BI, mg. BIZ, mcg. m(t. BI Biz Niacinamide 


- 12 1 .4  4.0b - 12.6 2 . 4  
13 1.4 4.OC - 14.2 4 .9  


0.0 14 1.4 - 22.0 0 .0  
15 1 .4  4.0b 22.0 1.1 4 .9  3.8 
16 1 .4  4.0" 22.0 1.1 14.6 4.0 


- 
- 


- 
In addition to the vitamin, each tablet contained the same quantities of excipients as  in the multivitamin tablet (Table 1) ' As 1% cyanocohalamin and sufficient quantity of spray-dried lactose to  adjust the weight to that  of the multivitamin tablet. 


dispersed in gelatin. As 1% cyanocobalamin adsorbed on resin. 


acid and vitamin B1. No quantitative relationship 
between loss of vitamin B11 and loss of other vitamins 
could be observed. Nevertheless, it is quite appar- 
ent that methanol vapor when allowed to penetrate 
multivitamin tablets can cause loss of potency of in- 
dividual vitamins, especially vitamins B1 and BIZ. 
It can be postulated that methanol vapor causes deg- 
radation of either ascorbic acid or vitamin B1, or 
both, the degradation products of which in turn in- 
fluence stability of vitamin Bn. This fact should be 
taken into consideration when methanol is used as a 
solvent in film coating of multivitamin tablets. 
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Fluorometric Determination of Norgestrel 
and Structurallv Related Steroids 


d 


By L. F. CULLEN, J. G. RUTGERS, P. A. LUCCHESI, a n d  G. J. PAPARIELLO 


A sensitive procedure, based on sulfuric acid-induced fluorescence, has been devel- 
oped for the analysis of norgestrel (dl-13-ethyl-l7cr-ethinyl-l?-hydroxy on-4-en-3- 
one) in tablets of low dosage, i.e., 15-75 mcg. Optimum conditions for korescence 
have been established and the fluorescent properties of structurally related steroids 
studied to determine the selectivity of the reaction and mechanism of fluorescence 
formation. The reaction is specific for A4-3-ketosteroids which have both a 178- 
hydroxyl and 17~r-alkyl or alkyne substitution and A1.8P(10)-tziene-3-ol steroids. 
A two-step mechanism is tentatively explained on the basis of the effects of tem- 
perature, time, initial acid concentration, and subsequent dilution with water on 
fluorogen development. Specificity of the method with respect to the analysis of in- 
tact norgestrel in the presence of its photochemical and thermal degradation pro- 
ducts was demonstrated by comparison to quantitative thin-layer chromatography 
values. This 
automated procedure is capable of analyzing 1 5  samples per hour with a relative 


standard deviation of f1.4 percent at the 50-mcg. level. 


This procedure has been automated to permit unit dose analysis. 


HE SYNTHESIS of a new, extremely potent low dosage, i.e., 15-75 mcg. per tablet, had pre- T progestational steroid, norgestrel (dl-13-ethyl- sented a challenging analytical problem. A sensi- 
17a-ethinyl-17-hydroxygon-4-en-3-0ne)~ and sub- tive, accurate, and rapid procedure was desired 
sequent formulation of this steroid in tablets of for content iiniforinity testing of the dosage form. 
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a stable and intense fluorescence suitable for 
quantitative measurement of microgram amounts 
of norgestrel in tablets of low dosage. 


Although this procedure can be carried out by 
conventional techniques, adaptation of the 
method to an automated system offered advan- 
tages of accuracy, precision, and economy. 
Optimum conditions for the acid-induced fluo- 
rescence were established prior to the development 
of the automatic analyzer system. The results of 
a systematic study of the exatation and emission 
properties of norgestrel after treatment with 
varying concentrations of sulfuric acid and the 
influence of time and temperature are described. 
Fluorescent properties of structurally related 
steroids were studied to determine the selectivity 
of this reaction, possible applications of the pro- 
cedure, and the mechanism of fluorescence forma- 
tion. 


A-ring, have been quantitatively assayed utilizing 
the well-known 2,4-dinitrophenylhydrazine (1) 
and isonicotinic acid hydrazide (2) colorimetric 
methods, but these procedures lack the necessary 
sensitivity for single-tablet analyses a t  the dosage 
levels considered. A direct UV spectrophoto- 
metric procedure as well as the UV measurement 
of the salicyloyl hydrazone (3) or thiosemi- 
carbazone (4) derivatives of the a&unsaturated 
carbonyl group did not exhibit the sensitivity or 
specificity required in the presence of tablet 
exupients for an accurate analytical method. 
Quantitative paper chromatographic (5) and thin- 
layer chromatographic (6) methods have been 
applied with some success but are limited, due to 
the lack of precision and accuracy characteristic 
of such procedures. Gas chromatographic (7) 
and polarographic (8, 9) procedures are available 
for several A'-3-ketosteroids, but these procedures 
did not lend themselves to the analysis of large 
numbers of samples. 


A fluorometric approach was considered to have 
the greatest potential and was studied further. 
Since the appearance of fluorescence in acid or 
base solution is a property of almost all steroids, 
there have appeared countless papers relating i t  to 
the identification, characterization, and analysis 
of steroids (1&13). However, there have been 
relatively few reports of fluorometric methods 
devised for A4-3-ketosteroids at  the sensitivity 
level required for unit-to-unit variation of 
formulations. 


Bush and Sandberg (14) noted that paper 
chromatograms sprayed with sodium hydroxide 
developed an orange-yellow fluorescence specific 
for A4-3-ketosteroids under UV irradiation. 
Subsequently, Abelson and Bondy (15) found 
that potassium tert-butoxide could produce the 
alkaline fluorescence reaction in solution in a 
satisfactory manner. However, the procedure 
requires meticulous care for satisfactory results, 
and it  is insufficiently raliid and precise for the 
analysis of single tablets. Smith and Foell (3 )  
demonstrated that A4-3-ketones and A1s4-:3- 
ketones, on paper chromatograms, exhibit a 
fluorescence under UV light when sprayed with 
isonicotinic acid hydrazide in acid alcohol. In 
attempting to apply this reaction to the problem 
at hand it was found that the procedure lacked 
the necessary sensitivity. 


A sulfuric acid-induced fluorescence procedure 
used in the USP as an identification reaction for 
hydrocortisone (16) suggested a promising ap- 
proach. A study of this reaction led to the 
deve~oliment of a sulfuric acid fluorogenic reagent 
of definite and critical proportions which Iirovidcd 


EXPERIMENTAL 


Apparatus-Spectral and optimum condition 
measurements were made on a Farrand spectro- 
fluorometer with a fused quartz cell (10 X 10 X 45 
mm. internal dimensions), using four 20-mp slits 
and an RCA 1-P-28 photomultiplier tube. The 
excitation and fluorescent spectra are obtained on a 
Honeywell Electronik lsstrip-chart recorder. 


A standard Technicon automatic analyzer (Auto- 
Analyzer) system consisting of the following 
modules: ( a )  Solid-prep sampler, programmed at  
15 samples/hr. ( b )  Proportioning pump. (6) Con- 
tinuous filter; speed 2. ( d )  Fluorometer ; equipped 
with fluorescent lamp (Turner 110-853) and Coming 
filters: primary, No. 7-59 and secondary, No. 3-68. 
(e) Linear recorder. (f ) Transmission lines and 
proportioning tubes carrying alcohol, sulfuric acid, 
and water consist of Acidflex tubing, while those 
carrying air are Tygon. 


Reagents and Solutions-Eighty-five percent 
SDA No. 30 alcohol (ethanol-methanol, 1O:l) in 
water (v/v); 85y0 sulfuric acid in water (v/v); all 
steroids used were of the purest grade available 
commercially. 


Standard Norgestrel Solutions-Prepare a 0.6 
n ~ ~ . / m l .  solution of norgestrel in 859; deiiaturetl 
alcohol. The standard calibration curve is derived 
from a series of diluted solutions ranging in con- 
centration from 15-85 mcg./ml. 


Thin-Layer Chromatographic System-MN Silica 
Gel G-HR/UV precoated glass plates (10 X 20 
cm. with a 250-p adsorbent layer), obtainable from 
Analtech, luc., were activated by heating at 105' 
for 0.5 hr. before use. The chromatogram was 
initially developed with a chloroform system. 
When the solvent front ascended approximately 15 
cm. from the origin, the  plate was removed, air- 
dried, and redeveloped with a benzene-chloroform 
( 8 : 2  v/v) solvent system. Visualization was 
effected by: ( a )  inspecting the plate under short- 
wave (253.7 mp) and long-wave (366.0 mp) UV 
light; ( b )  spraying the plate with 8574 ethanolic 
sulfuric acid and licatirig at approximately 105' 
for 5 min. 
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Fig. I-Flow diagram for norgestrel. Key:  1, 
0.8 ml./min. air; 2, 5.52 ml./min. 85% SDA No. 30 
alcohol; 3,4, 2.03 ml./min. sample; 5,0.6 ml./min.; 6, 
0.42 ml./min. water; 7, 2.76 ml./min. sample; 8, 
2.90 ml./min. air; 9,10, 2.76 rnl./min. 85% HdO4; 
11,12, 2.03 ml./min. water; 13,14, 2.03 ml./mzn. 
debubbler; 15, A-7 water-cooled T E E ;  16, water- 
cooled mixing coil ( N o .  114-209); 17, reservoir 85y0 


SDA No. 30 alcohol; 18, decantation trap. 


Automated Methodology-Figure 1 is the flow 
diagram indicating the automated equipment 
arrangement for this analytical procedure. In  
operation, four standards of the appropriate levels 
of norgestrel are placed on the sample plate, followed 
by samples of the intact or disintegrated tablets. 
Standardization is repeated a t  the end of a series 
of 15 samples in order t o  minimize the effects of 
reagent changes and instrumental variations. 
Samples are introduced into the Solid-prep sampler, 
programmed at 15 samples/hr., and homogenized in 
the 85% denatured alcohol. During the period of 
homogenization the sample is diluted and dissolu- 
tion of norgestrel occurs. A small portion of the 
the mixture is aspirated into the flow system and 
is automatically filtered to  remove insolubles. T o  
prevent mechanical obstructions from the insoluble 
excipient materials a t  the tubing connections, a 
decantation trap between the Solid-prep unit and 
the proportioning pump removes the majority of 
the solid matter. 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 a 
stream of the 85% sulfuric acid. The sample 
stream is immediately cooled in a water-jacketed 
coil and passed through a double mixing coil 
(D.M.C.) to permit a thorough mixing. After the 
streani is diluted with water, again cooled, and 
passed through double mixirig coils, the resultant 
fluorotnetric developnient is measured. Calcula- 
tions are made using corresponding fluorescent 
intensities of standards and solid dosage formula- 
tion samples. 


RESULTS A N D  DISCUSSION 


Optimum Conditions-Detratured alcohol w d S  
considered the ideal solvent for dissolution of the 
norgestrel during the automated extraction pro- 
cedure because of the steroid’s solubility in this 
solvent and the relatively low cost of large volumes 
of this solvent. In  investigating the influence of 
alcohol concentration on acid-induced fluorescence, 
it was tleiiionstratetl that a significant level o f  alctr 
1101 could bc tolcratcd without a lluorcsccut quciicli- 


Fig. ,?-Effect of initial sulfuric acid concentration on 
fluorescent intensity. 


ing effect. With a final sulfuric acid t o  alcohol 
volume ratio of 2: 1 and a reaction time of 5 min., 
a series of acid concentrations from 25 to 100% 
(v/v) was evaluated. Each sample was measured 
against an acid-alcohol reagent blank of the ap- 
propriate composition. As illustrated in Fig. 2, 
maximum response is produced with 85y0 sulfuric 
acid. 


Considering the maximum volume of alcohol 
that could be aspirated into the automated flow 
system from the Solid-prep unit and the volume of 
85% sulfuric acid required for sufficient fluorescence, 
it was realized that the final solution could not 
satisfy the essential flow dynamics of the fluorometer 
flow cell. As a result a series of experiments was 
performed to determine the effect of dilutions with 
water, after initial sulfuric acid-induced fluorescence. 
Diluting with water did not quench fluorescence, 
while the blank fluorescence produced by the rea- 
gents was significantly reduced. Thus, the flow 
difficulties could be overcome without a critical 
loss in sensitivity by the addition of water into 
the system, after initial fluorogen development with 
85% sulfuric acid. 


The excitation and fluorescence spectra for nor- 
gestrel after the addition of 857, sulfuric acid and 
on subsequent dilution with water appear in Fig. 3. 
Dilution with 3 ml. of water after fluorogen de- 
velopment corresponds to a final sulfuric acid con- 
centration of 38%. This represents the optimum 
water dilution level with respect to both flow charac- 
teristics of the automated procedure and sensitivity 
requirements. Any further addition of water 
simply produced a proportional decrease in intensity. 
Furthermore, the addition of water to the system 
produced aii unexpected shif t  i n  the cxritatiori 


Fig. .?-Excitation and emission spectra of norgestrel. 
Key:  ~ , initial addition of 85y0 HzS01; ---, 
dilution with 1 1111. H20; . . . , dilution with 3 ml. 


H20; dilution with 5 i d  lI#. 







Fig.  4-Relationship between fluorescence a!ewelopment 
and temperature. Key: ---, initial addition of 


85% H2S01; -, dilution with 3 ml. HaO. 


maxima. This unique spectral characteristic of 
norgestrel at the 38% sulfuric acid level suggested 
a basis for a more selective assay in the presence 
of other structurally related 3-kete17-hydroxyl or 
3,17-diketo-type steroids which have reported 
excitation maxima in sulfuric acid in the 460-470- 
mp range (17). This will be discussed in greater 
detail in the section on specificity. 


The fluorescence after the addition of 85% sul- 
furic acid and the fluorescence of the water-diluted 
final solution as a function of temperature and time 
were measured. Fluorometric measurements were 
made against reagent blanks treated in a similar 
manner. In the temperature study the intensities 
were recorded after exactly 5 min. The time study 
was run at 25". From Figs. 4 and 5 i t  is evident 
that the fluorescence developmcnt with 85Yu sulfuric 
acid is more sensitive to time and temperature than 
the fluorescence of the water-diluted, final solution. 


Data obtained under the above experimental con- 
ditions indicate that the maximum fluorescent 
yield of the initial fluorogen formation occurs 
above 60'. However, with respect to automated 
analysis adaptation, the small loss in sensitivity by 
maintaining the entire system a t  ambient room 
temperature overbalances the physical difficulties 
introduced by proportioning 85% sulfuric acid at 
60". 


Specificity-In order to determine the selectivity 
of the reaction and the effect of group substitution 
on the molecule, a number of structurally related 
steroids were studied. The fluorescent intensities 
with respect to norgestrel were obtained under the 
exact analytical conditions described under Auto- 
mated Methodology. The remarkable selectivity 
of the fluorogenic reaction is illustrated in Table I. 
Of the various steroids examined, only the particular 
group of A'-3-ketosteroids which have both a 17p- 
hydroxyl and 17a-alkyl or alkyne substitution and 
A1 .3.6(10)-triene-3-ol steroids produced a significant 
level of fluorescence. A4-Steroids, A1.'-diene-3- 
ketosteroids, and A2.6(10)-diene-3-methoxy-steroids 
did not fluoresce under the prescribed conditions. 


From these experiments i t  would appear that 
fluorescent intensity is strongly affected by the alkyl 
group a t  the 13-position. The replacement of a 
methyl group for an ethyl group as illustrated by 
pairs 19-norethisterone and norgestrel, nortestos- 
terone and 13-ethyl-17@-hydroxygon-4-ene-3-one 
produced a decrease in the fluorescence to  approxi- 
mately one-half the ethyl substituted C O I I I ~ ~ U I I ~ S .  


The replacement of a hydroxyl group by a ketone 
group a t  the 17-position in steroids which differ 
only in this single structural characteristic almost 


Fig. 5-Relations hip between fluorescence development 
and time. Key: ---, initial addition of 85% HzSO,; 


- , dilution with 3 ml. HsO. 


completely removes its capability to develop fluo- 
rescence. 


In order to study the chemistry of the fluorogen 
formation and the influence of the 13-position alkyl 
group on the spectral characteristics, the effect of 
dilution with water upon the excitation spectra of 
all steroids which produced a fluorescent yield in 
the automated system were observed. As illus- 
trated in Table 11, progressive dilution produced 
unique sequences of change in the excitation spectra 
of A4-3-ketosteroids with ethinyl and hydroxyl 
groups at the 17-position, quite comparable with 
those observed for norgestrel. It should be noted 
that further dilution beyond 31% sulfuric acid did 
not cause a further shift in the excitation spectra. 
However, A'-Bketosteroids which have a hydroxyl, 
keto, acetyl, ketol or combination ketol and hy- 
droxyl functional groups at the 17-position demon- 
strated excitation wavelength maxima a t  the 
characteristic 460-470-mp range and are not 
affected by the final acid concentration. The 
absence of an excitation maximum shift for steroids 
IV, X, and XI emphasizes the necessity for the 
presence of both the ethinyl group a t  the 17-position 
and a,Punsaturated ketone in the A-ring. Further- 
more, emission spectra and the data presented in 
Table I1 demonstrate that  the increased intensity 
produced by an ethyl substitution at the 13-position 
is not a result of an alteration in the characteristic 
spectral curves of compounds containing this group, 
for example, compare steroid pairs I and 11. 


Chemistry of Reaction-Evaluation of the data 
suggested that under the experimental conditions 
used in this study the sulfuric acid-induced fluores- 
cence of norgestrel is a two-step reaction. Eighty- 
five percent sulfuric acid developed a fluorescent 
intensity fourfold greater than 38% sulfuric acid 
(Fig. 2). However, after initial fluorogen forma- 
tion with 857- sulfuric acid and subsequent dilution 
to a final sulfuric acid concentration of 38yu, the 
relative fluorescent intensities were essentially 
equivalent and the unique hypsochromic shift in 
excitation maxima from 463 to 418 mp was intro- 
duced (Fig. 3). The time and temperature effect> 
(see Figs. 4 and 5) on the two-step fluorogen forma 
tion, i .e. ,  ( a )  addition of 85% sulfuric acid, ( b )  dilu- 
tion with water, further support a two-stage reac- 
tion mechanism. 


Fluorescence spectral data and thin-layer chro- 
matography (TLC) data were collected to determine 
whether or not denatured alcohol participated i i i  


the fluorogen formation. Samples with and without 
alcohol showed similar excitation and fluorescence 
spectra with equivalent responses when treated with 
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TABLE I-FLUOBSCENCE OF NORGESTREL AND STRUCTURALLY RELATED STEROIDS 


Relative 
Relative Fluores- 


Fluorescent cent 
Structure Compound Intensity Structure Compound Intensity 


1 1  9-Norethisterone 68 


0 


17a-Chloroethinyl- 23 
13-ethyl- 17-hydroxy- 
gon-4-ene-3-one (K = 
chloroethinyl) 


hydroxygon-4-ene-3- 
one (K = ethyl) 


13, 17a-Diethyl-17- 21 


0 


7 (R = acetyl) 


13-Eth gon-l-ine-i-one I 178 hydroxy- (R = 13 


Nortestosterone 6 
ethyl) 


(R = methyl) 


Estrenol & Nil 


5a-Androstane-3, Nil 
17-dione 


Ethisterone (I< = 28 


Methyltestosterone 166 
ethinyl) 


(R = methyl) 


Pogesterone 


13- Ethylgun-4.ene- 3 
3, 17-dione (I< = 
ethyl) 


(R = methyl) 
Norandrosteuedioiie Nil 


0 


Nil 


Estrenone # Nil Medroxyprogesterone Nil 


0 
Me 


FHZoR 
Cortisone (K = 11) N i l  
Cortisone Acetate Nil 


A'-Audrostene-3 ,- Nil (R = acetyl) 
17-dione 


0 


5 


(Conlinued on nrxl page.) 
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TABLE I-(Continued.) 


Relative 
Fluorescent 


Compound Structure Compound Intensity Structure 


Relative 
Fluores- 


cent 
Intensity 


A'*'-Androstadiene- Nil & 
0 2,5( lO)-diene-l7~-ol 


13-Ethyl-3- 3.17-dione 
methoxygona- 


MeO 


FHPR 


Pred@solone (R = H) Nil 
Predrusolose acetate Nil 


(R = acetyl) 


0 


@ Me C?OH Prednisone 


0 


& 8-Estradiol 


HO ' 


..OH 


Nil 


46 


Nil 


Nil 


Nil 


13-Ethyl-3- Nil 
methoxygona- 
2,5(10)-diene-17-one 


5a-Androstane-17-one Nil 


Ethinyl estradiol 860 


meotranol 880 
(R = H) 
(R = methyl) 


13-Ethyl-17-ethinyl- I ,020 
3-methoxygona- 
1,3,6(lO)-triene- 
178-01 


Md) 


& Estrone 8 


HO 
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TABLE 11-EFFECT OF FINAL SULFURIC ACID CONCENTRATION ON EXCITATION PROPERTIES 


Y S t r u c t u r -  Final Sulfuric Acid Concn. -Structur- -Final Sulfuric Acid Concn.- 
A-Ring D-Ring 49% 38% 31% A-Ring D-Ring 49% 38% 31% 


I -cr WH OH 


0 
460 


461 


V 
473 


0 05 
470 22 5 


418 


412 


425 


461 


472 


470 


415 ''a 5 460 
HO 


465 


465 


462 


460 


535 


543 


465 


462 


460 


535 


540 


concentrated or diluted sulfuric acid, indicating 
that alcohol did not enter into the reactions. TLC 
confirmed these data by finding the same number of 
fluorophors with identical R, values in the alcohol 
and alcohol-free systems. 


Any hypothesis concerning the reaction mech- 
anism must consider the reversibility or irrevers- 
ibility of the individual reaction step in the fluorogen 
formation. TLC demonstrated that the products 
formed by the action of 85% sulfuric acid on 
norgestrel did not revert back to the intact steroid 
on progressive dilution of the reaction mixture with 
water, thereby indicating induced irreversible 
changes. The multiplicity of products obtained 
chromatographically from extracts of the water- 
diluted reaction mixtures was additional evidence of 
this irreversible reaction. 


Spectral data demonstrated that in thesecond 
stage of fluorogen formation the intensities of the 
principal excitation maxima of norgestrel at 408 
and 460 mp are dependent on acid concentration 
and are reversible. 


From t h e  findings it would appear that the 
initial steroid-acid interaction is an extremely com- 
plex phenomenon, involving the possibility of de- 
hydration, sulfonation, or isomerization. The sec- 
ond part of the mechanism is an immediate re- 
versible reaction which suggests an ionic species 
interaction. 


With the aid of preparative TLC, studies are now 
being carried out to  isolate the products formed 
during the reaction. Based upon the identification 
of these fluorogens, a definitive mechanism will be 
presented. 


Suitability as Stability Method-Specificity of 
the method for analysis of intact norgestrel in the 
presence of its photochemical and thermal degrada- 
tion products was demonstrated by comparing 
analytical values of intentionally degraded samples 
to those obtained by quantitative TLC. I n  the 
TLC procedure, the norgestrcl was separated from 


its degradation products on a TLC plate. The 
intact norgestrel was removed from the plate, eluted, 
then assayed to  obtain a quantitative value. Ex- 
amples of the data obtained are summarized in 
Table 111. Since there is good agreement between 
the values by the two techniques it is concluded 
that the fluorometric procedure is stability indicat- 
ing. 


Linearity-An actual working curve which was 
obtained by analyzing standards of known con- 
centration is demonstrated in Fig. 6. A linear 
relationship exists for fluorescent intensity and 
norgestrel concentration in the range which was 
studied. A recording of the steady state, during 
which time an 85-mcg. standard was continuously 
sampled, is also shown. 


Precision-Repeatability of the procedure was 
demonstrated by assaying equal aliquots of nor- 
gestrel standard solutions. Relative standard de- 
viations of 0.9, 1.4, 2.2, and 3.1% were determined 
at  the 75, 50, 25, and 15-mcg. levels, respectively, 


QUANTITATIVE TLC ANALYSIS OF INTENTIONALLV 
TABLE 111-COMPARISON O F  FLUOROMETRIC AND 


DEGRADED NORCESTREL SAMPLES 
7% Initial-- 


Fluoro- 
metric n c  


Sam& Treatment Method Method 


Susnension of the nor- 68 60 
gistre1 heated in 0.1 N 
NaOH for 2 hr. at 70" 


Norgestrel stored at 210' 90 87 


Norgestrel exposed to UV 79 80 


Synthetic mixture con- 42 50 


for 30 min. 


light for 6 months 


taining 0.5 mg. of nor- 
gestrel in 100-mg. tab- 
let excipients stored 
at 100" for 49 days 
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termined by adding 26.0 mcg. of norgestrel to a 
tablet excipient mixture and measuring the per- 
centage recovery. The data collected indicate 
recoveries of 97 to  103% of the theoretical amount 
present with a relative standard deviation of 2.1%. 


A further evaluation of the accuracy of the pro- 
cedure was ascertained by studying the effect of 
common tablet excipients and lubricants on fluo- 
rescent development. The inactive components 
evaluated were lactose, sucrose, magnesium stearate, 
stearic acid, microcrystalline cellulose (Avicel), 
alginic acid, an ion-exchange resin (Amberlite), 
inethylcellulose (Methocel), and starch. No inter- 
ference was experienced from these materials. 


TABLE IV-PRECISION OF FLUOROMETRIC METHOD 
ON ANALYSIS OF COMPOSITE TABLET SAMPLE 


Norgestrel, mcg. per Equivalent Tablet Weight 
49.4 50.3 
50.9 50.8 
48.7 50.6 
49.7 49.2 
50.3 50.9 
51.3 49.1 
50.6 49.0 
50.3 50.6 
49.1 49.4 
50.6 49.4 


Average: 50.0 mcg. 
Relative standard deviation: k1.5% 


by performing 30 replicate assays. A series of 20 
replicate assays was run on a composite sample 
of a tablet formulation at the 50-mcg. norgestrel 
per tablet level. The resulting precision data in 
Table I V  indicate a relative standard deviation 
of 1.5y0. 


Sensitivity-The flow diagram of Fig. 1 is ap- 
plicable to the analysis of samples which initially 
contain 15 to 200 mcg. of norgestrel. At the 15- 
mcg. level, the final concentration of norgestrel is 
approximately 0.06 mcg./ml. However, the method 
has been shown to be sensitive enough so that it 
can easily detect less than 0.02 mcg. of norgestrel/ 
ml. Consequently, the method offers greater 
sensitivity than previously reported methods for 
the A‘-3-ketosteroids. 


Accuracy-The accuracy of the method was de- 


Fig. 6-Typic:al recording of autonraled syslmn for 
norgeslrel standards at the rate of 15 sampleslhr. 
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meric membranes is operative with respect to 
the concentrations of uncharged organic com- 
pounds. Apparent diffusion constants from various 
solvents were obtained from steady-state and 
quasi-steady-state studies. Solid materials in con- 
tact with such membranes modified to act as po- 
tential pharmaceutical dosage forms were studied 
and demonstrated that basic diffusional informa- 
tion could be used to evaluate. predict, and control 
such diffusion. 
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Effect of a Dimethylpolysiloxane Fluid on 
the Stabilitv of Menadione 


d 


By RONALD T. TURNBULL* and KENNETH E. AVIS 


The nonaqueous solvents presently in use as parenteral vehicles possess certain 
disadvantages or have limited application. The silicone fluids have certain phys- 
ical, chemical, and biological properties which would appear to make them suitable 
for parenteral formulations. Accelerated thermal and light stability studies were 
carried out on a dimethyl silicone fluid of 20 centistokes viscosity and corn oil using 
menadione as the medicinal compound for study. Based on predictions from the 
accelerated thermal studies, it was found that the dimethyl silicone fluid was superior 
to corn oil. Corn oil was found to be superior to the dimethyl silicone in retarding 
photodegradation of menadione at room temperature. Since greater emphasis 
must be placed on the ability of the vehicle to retard thermal changes in a chemical 
compound, the experimental results indicate that the dimethyl silicone fluid of 2 0  


centistokes viscosity is superior to corn oil as a vehicle for menadione. 


QUEOUS SYSTEMS are normally preferred for A liquid dosage forms intended for parenteral 
administration because body systems are aqueous 
and absorption of the drug generally occurs more 
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readily from an aqueous system. However, a 
number of therapeutic agents, because of their 
solubility characteristics, can only be formulated 
in nonaqueous solvent systems. Although the 
number of such agents is considerably less than 
those requiring aqueous systems, they are vital to 
our therapeutic armamentarium. 


The nonaqueous vehicles most commonly used 
are the fixed oils. All of these, however, have 
disadvantages in use, such as: the development 
of rancidity with aging, potential allergenic reac- 
tions in sensitive individuals and local tissug reac- 
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tions, including cysts, foreign body granulomas, 
and occasional nerve injury (1). All of these and 
other solvents currently in use possess certain 
disadvantages or have limited applications, there- 
fore, a need exists for other nonaqueous vehicles. 


The dimethylpolysiloxane fluids appear to 
possess most of the characteristics an ideal non- 
aqueous solvent should have (l) ,  namely, they 
possess very great chemical and oxidative stabil- 
ity, they have low viscosity-temperature co&- 
cients, their viscosity can be tailored to  meet the 
desired physical needs, their boiling points are 
high enough to permit heat sterilization, they are 
nonflammable, and they are very low in toxicity 


The use of silicone fluids as nonaqueous vehi- 
cles for the intramuscular administration of drugs 
has been reported in the literature (9). This 
brief account is the only known record of work 
that has been done in exploring such use for this 
potentially valuable series of solvents (10). 


The objective of this study was to explore the 
physicochemical effects of dimethylpolysiloxane 
fluid, 20 centistokes, when utilized as a vehicle for 
a particular drug, menadione. The observed 
effects were compared with those obtained using 
one of the commonly used nonaqueous vehicles, 
corn oil. 


(2-8). 


EXPERIMENTAL 


Materials-Menadione, USP; silicone fluid’, 20 
centistokes (supplied by Dow Corning Chemical 
Co., Midland, Mich.); 2,4-dinitrophenylhydrazine; 
corn oil. 


Equipment-Beckman DU spectrophotometer; 
type I amber glass vials (supplied by Kimble 
Products, Division of Owens-Illinois, Toledo, 
Ohio); rubber vial closures, No. 342 Red, P and H 
coated (supplied by Carron Products Co., Philadel- 
phia, Pa.); Gossen Luna Six light meter; light 
stability cabinet. 


Assay Method-A modified form of the assay 
procedure official in the NF XI1 (11) was utilized. 
The official assay is a colorimetric procedure react- 
ing menadione with 2,4dinitrophenylhydrazine, and 
depends on the formation of the 2,4dinitrophenyl- 
hydrazone of the naphthoquinone portion of the 
molecule, and the interaction of the latter compound 
with ethanolic ammonia to yield a blue-green colored 
solution. The concentration is determined spectro- 
photometrically at  a wavelength of 635 mp. In 
the official assay, an original sample of approximately 
25 mg. in solution is used, the spectrophotometric 
reading being taken on a 1 : 100 dilution. 


In preliminary trials, it was found that the ab- 
sorbance of menadione did not conform to Beer’s 
law, when percent transmission was plotted against 
concentration, throughout the range of concentra- 
tion tested, i.e., 2.5-25 mg., from either corn oil 
or silicone fluid, although it did conform to Beer’s 
law from the standard ether-alcohol vehicle. The ~- 


1 Medical Fluid 360. 
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deviation in the slope occurred at the original con- 
centration of between 12.5 and 15 mg. Since this 
deviation did exist, had a 25mg. sample been used, 
as recommended in the official assay, the assay 
results would have been unreliable up to a degrada- 
tion of 50%. Conformity to Beer’s law was demon- 
strated between 2.5 and about 15 mg. in the test 
sample, therefore, a 10-mg. sample was used in this 
study. 


Thermal Stability-Four temperatures were 
chosen to study the thermal stability of menadione 
in each vehicle: room temperature, 35, 55, and 70’. 
Solutions of menadione in corn oil and the dimethyl- 
polysiloxane fluid, 20 centistokes, were prepared a t  
a concentration of 1 mg./ml. Three samples were 
assayed for each storage interval and each assay 
was performed in triplicate. The solutions stored 
a t  55’ were assayed every 7 days for 3 weeks. The 
solutions stored a t  room temperature, 35, and 70°, 
were assayed every 14 days for a period of 9 
weeks. 


Liiht Stability-A light stability cabinet sug- 
gested by Lachman et al. (12) for ordinary illumina- 
tion was used for the light study. From preliminary 
trial data a light intensity of 750 ftc. was found to 
be sufficient to cause degradation withiin a few 
hours. Solutions of menadione in both vehicles were 
prepared at  a concentration of 1 mg./ml. Ampuls of 
type I colorless glass containing the solutions were 
laid horizontally in the center of the shelf in the 
cabinet to allow for maximum and uniform ex- 
posure. 


Three samples were tested for each exposure period 
and assayed in triplicate. The samples were as- 
sayed a t  zero-storage time and after 2, 6, 10, and 
12 hr. exposure to light at  an intensity of 750 
ftc. 


RESULTS AND DISCUSSION 


Assay Modification-As indicated previously, the 
absorbance from menadione did obey Beer’s law in 
the standard etheralcohol vehicle. Figure 1 shows 
the results of the same assay procedure when mena- 
dione was placed in the dimethylpolysiloxane fluid. 
This curve and the one obtained for menadione in 
corn oil are essentially identical. As can be seen, a 
linear relationship occurs only from 25 mcg.150 ml. 
to a point somewhere between 125 and 150 mcg./50 
ml. Therefore, the assay procedure was modified 
to use an original sample of 10 mg. (100 mcg./50 ml. 
in dilution) so that degradation a t  least up to 7595 
could be measured by this test procedure. 


Thermal Stability-The effects of temperature on 
the degradation of menadione in both vehicles tested 


CONCN. OF MENADIONE, mcg./lO ml. 


Fig. I-Standard curve for menadione in dimethyl 
silicone fluid, 20 centistokes. 
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TABLE I-COMPARATIVE mFECTS OF TEMPERATURE ON MENADIONE 


Temperature, O C .  Vehicle 0 7 14 %ys 36 48 63 
Room temp. Corn oil 100.011 100.0 98.9 95.2 85.6 84.0 


DMSB 100.0 - 1bb:O 91.8 103.4 105.2 105.6 
35 Corn oil 100.0 100.3 . . .  92.2 87.5 82.9 81.0 


100.0 95.5 . . .  95.5 94.8 05.2 94.1 100.0 100.0 91.0 88.1 - - - DMSP 
Corn oil 100.0 85.7 88.0 91.1 - - - 55 
DMSP 


70 Corn oi! 100 0 92.5 - 74.4 64.6 57.6 53.3 
DMSP 100.0 82.1 - 69.8 51.6 42.3 28.3 


Percent remaining. DMSF, dimethyl silicone fluid, 20 centistokes. 


~ 'g gp - A  ; :. ;, ;. i *-> 


TIME, DAYS 


Fig. 2-Effect of temperature on the stability of 
menadione in  dimethyl silicone fluid, 20 centistokes. 
Key: +, room temperature; --X--, 35'; 


--@--, 55'; -+--, 70'. 


TIME, DAYS 


Fig. 3-Effect of temperature on the stability of 
menadione i n  corn oil. Key: +, room tem- 
perature; -X-, 35'; --O--, 55'; -f-,70°. 


are summarized in Table I. When these data are 
plotted as in Figs. 2 and 3, the straight lines obtained 
indicate that the rate of degradation in both vehicles 
follows that of a first-order reaction. The rate of 
degradation a t  a storage temperature of 70" was 
found to be considerably greater in dimethyl silicone 
fluid than in corn oil, but a t  room temperature and 
35', considerably greater in corn oil than in dimethyl 
silicone fluid. In both fluids, the rate of degradation 
was greater a t  higher temperatures. 


Utilizing these data to prepare an Arrhenius 
plot, as proposed by Free and Oyer (13), it is possible 
to predict the stability of menadione at room tem- 
perature. By this method, the times at which the 
product, stored at selected elevated temperatures, 
reached 90% of its original concentration was 
plotted against l /T (absolute temperature). Ex- 
tending the line to the intercept of 1/T equal to 
room temperature indicated the predicted time of 
stability to 90% of original concentration. The 
authors' data for menadione in corn oil and in di- 
methyl silicone fluid have been plotted in this man- 
ner and the results shown in Fig. 4. As can be 
seen, there is it significant difference hi the effects 
of the two vehicles. The predicted shelf life for men- 
adione in corn oil was about 40 days, while that 
for menadione in the dimethyl silicone fluid was 
about 230 days. The experimelltally determined 
value for menadione in corn oil was found to be 


ROOM TEMPERATURE 


I 
35.C /' 


9 4t  


'I 
Q-HQ 


TEMPERATURE, l/ABSOLUTE X 106 
Fig. &Comparison of the theoretical shelf life of 
menadione in corn oil and dimethyl silicone fluid, 
20 centistokes. Key: -o-, corn oil; --X-- 


silicone. 
45 days. Therefore, the predicted value of 40 days 
was confirmed quite closely by experimental data. 


Light Stability-The experimental results from 
the light stability study are plotted in Fig. 5. As 
may be seen, there is a difference in the rate of 
degradation of menadione in the dimethyl silicone 
fluid as compared with corn oil. The dimethyl 
silicone fluid was somewhat less effective than corn 
oil in retarding the photodegradation of menadione. 
The rate of degradation in both vehicles was rapid 
up to about 20% of the original concentration re- 
maining. Subsequently, there was a pronounced 
reduction in the rate, particularly for the dimethyl 
silicone fluid. This leveling off of the rate of deg- 
radation agreed with the results reported by Collins 
and Kirch (14). 


- ke 1 0 1 ,  , , , , , , 
0 , 2  3 5 6  I I 0  K) I, 1 1  


TIME, hr. 
Fig. 5-Eflect of light at an intensity of 750 ftc. un 
the stability of menadione i n  corn oil and dimethyl 
silicone fluid. Key:  -o-, corn oil; --X--, 


silicone. 
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(4) McGregor, R. R.. “Silicones and Their Uses,” 


(5) Rowe, V., K., Spencer, H. C., and Bass, S. L., J. 


16) Barondes. R . b e  k.. Tudce. W.. Towne. C.. and Bax- 


McGraw-Hill, New York, N. Y., 1954. 


Indust. Hyg .  Toxrcol. 30 332(1948). 


SUMMARY 


The silicone fluids appear to  have certain physical, 
chemical, and biological properties which would 
make them useful as nonaqueous solvents for the 
administration of medicinal agents. 


Based upon data from accelerated thermal studies, 
it was found that the dimethyl silicone fluid was 
superior to  corn oil in preventing the thermal 
degradation of menadione. 


The photodegradation studies indicated that, 
although corn oil was somewhat superior t o  the 
dimethyl silicone fluid in preventing the degradation 
of menadione, photodegradation was rapid in both 
vehicles. Since photodegradation can be controlled 
during normal storage by protective packaging, its 
practical significance is less than the relatively un- 
controllable thermal storage conditions. 


In consideration of these findings, it may be 
concluded that the dimethyl silicone fluid is superior 
to  corn oil as a vehicle for menadione. 
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Assay of Terpin Hydrate and Codeine Elixir 
by Gas Chromatography 


By HAROLD J. WESSELMAN 


Terpin hydrate and codeine after extraction from the elixir are separated and deter- 
mined with the aid of two internal standards and the use of temperature-programmed 
gas chromatography. Using the same method, elixir of terpin hydrate can also be 


determined. A precision and accuracy study for both elixirs is included. 


HE QUANTITATIVE determination of terpin 
T h y  h a t e  , cis-p-menthane-l,8-diol hydrate, 
has always presented problems. Indeed the 
National Formulary XI1 (1) does not include 
an assay for terpin hydrate or codeine in either 
the elixir of terpin hydrate or the elixir of terpin 
hydrate and codeine. In 1921 Murray (2) 
used a gravimetric method for terpin hydrate. 
Harrison (3), Carol (4, 5), and Lund and Ameiss 
(6) improved this method. Later, in 1932, 
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Perelmann (7) proposed a colorimetric method 
which was modified by Platt and James (8) and 
Vadodaria, Parikh, and Mukherji (9). 


Dembeck (10) described a titrimetric assay for 
codeine while Stoicheva (11) determined terpin 
hydrate and codeine by subjecting them to 
microreactions and examining the results micro- 
scopically. Milos (12, 13) developed a spectro- 
photometric determination for these compounds. 
Using ion-exchange chromatography and non- 
aqueous titrimetry, Blake and Carlstedt (1 4) 
determined codeine in the elixir, while Moni- 
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0.0 1 
2 


Fig. 3-The loss of methyl orange from inside a 
dialysis bag, in the firesence and absence of BSA. 
The studies were run at fiH 7.3 and 25’. Key: 0, 


1.235% BSA; a, 0.620% BSA; o, 0% BSA. 


There is close agreement between data obtained 
by the two different techniques. The Scatchard 
plot was mathematically analyzed in terms of the 
fundamental binding parameters (n = number 
of sites in a class, k = intrinsic association con- 
stant characterizing the binding to a site) and 
was found to be consistent with an interaction 
involving two classes of sites on the protein 
molecule. Values for n and k are given in Table 
I where literature values are also shown. Figure 
3 shows the dialytic behavior of methyl orange in 
the absence and presence of BSA. These data 
were analyzed in a similar manner. The binding 
parameters are shown in Table I and are seen to 


1629 


be in excellent agreement with values previously 
reported. 


These preliminary results show the promise of 
this approach for studying protein binding. The 
relative ease and rapidity of the method, the 
minimum amount of sample preparation required, 
the convenient means of temperature control, and 
the economical utilization of protein are definite 
advantages of this approach. These factors 
become especially important when the supply of 
protein is limited or when a variety of experi- 
mental conditions such as pH or temperature 
are to be studied. 


Studies are currently in progress to define the 
influences of viscosity, binding by the dialysis 
membrane, stirring rate, bag size, liquid volume, 
temperature, and other variables on rates of 
dialysis and the effects that these variables might 
have in applying this kinetic approach to the 
study of protein-small molecule interactions. 
(1) Goldstein, A., Pharmacol. Reo., 1, lOZ(1949). 
(2) Meyer, M. C., and Guttman, D. E.. J .  Pharm. Sci., 
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(6) Klotz 1: M. Walker F. M., and Pivan,’R. b., J .  A m .  
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Apparent Discrepancy Between 
Theory and Experimental Data 


for Dissolution from the 
Rotating Disk Under Stirred 


and Unstirred Conditions 
Sir: 


A recent article published by Gibaldi et al. (I), 
regarding the dissolution mechanism observed 


using a rotating disk, did not reach the same con- 
clusions reported in our recent article (2). Their 
study indicated that the diffusion layer model was 
operative at 100 r.p.m., but could not reach a 
definite conclusion regarding the mechanism 
operative under static conditions. It is the 
purpose of this communication to show that their 
data can be used to confirm our conclusions, that 
the rotating disk model rather than the diffusion 
layer model is operative under stirred conditions 
and that the Danckwerts’ model is operative 
under static conditions. 
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The Levich equation can from their stirred data. 
be represented by the following expression: 


We believe that the excellent fit of their data 
to the diffusion layer model was intrinsic to the 
method used to calculate theoretical values for 
the mean micellar diffusion coefficient. It can be 
shown that the choice of models was arbitrary and 
that the diffusion layer model can be fitted equally 
well to static dissolution data. Figure 1 shows 
the result of using their approach to calculate a 
mean micellar diffusion coacient  (5.86 X lop6 
cm.*/sec.) from their static rate data and assum- 
ing that the diffusion layer model is applicable. 
Equation 1 was used for this calculation along 
with their solubility data, and diffusion coefficient 
in water (1.2 x 10-5~m.~/sec.). 


(a. 1) 


D' is the diffusion coefficient of the micelle solubi- 
lized drug that must be calculated from the chosen 
model, and C,' is the solubility increase due to 
micellar solubilization. D is the aqueous diffu- 
sion coefficient of the drug and C. is the aqueous 
solubility of the drug. R is the ratio of the dis- 
solution rate in surfactant solution to that in 
water. As expected, the diffusion layer model 
fits the static conditions, while the stirred data 
do not correspond to any of the represented 
models. 


I t  has been shown (3), however, that the rotat- 
ing disk dissolution rate follows the Levich equa- 
tion and hence should be applied to the stirred 
rate data. Using their same approach, the Le- 
vich equation was used to calculate a mean micel- 
lar diffusion coefficient (0.828 X lop6 cm.z/sec.) 


DC. + D'C,' 
D C. 


R =  


/' 


0 


A 


1 2 3 4 
(w/v) POLYETHYLENE (23) LAURYL ETHER 


Fag. 1-Comparison of theoretical and experimental 
dissolution rate ratios assuming D' = 5.86 X lo* 
cm.=/sec., calculated from Eq. 1 .  Key: static, 0; 
100 r.p.m., A; theoretical ratios predicted by Danck- 
werts' theory, ---; rotating disk theory, -; diffusion 


layer theory, - - -_ 


(Eq. 2 )  


In this equation Ct is the total solubility of drug, 
which is C, + C,', and D e ~ .  is the effective diffu- 
sion coefficient which can be written as 


Using the calculated mean micellar diffusion co- 
efficient, theoretical relative dissolution rates 
were again determined for the Danckwerts', 
rotating disk, and diffusion layer models. These 
theoretical plots are shown in Fig. 2 and shows 
that the Danckwerts' theory appears to fit the 
static data, while the rotating disk theory fits the 
stirred data, as expected. The diffusion layer 
theory predicts considerably lower relative rates 
than the experimental values. 


An alternate approach was also utilized, where- 
by the Danckwerts' model was fitted to the static 
rate data in order to calculate another mean 
micellar diffusion coefficient (1.27 X love cm./ 
sec.). The Danckwerts' model can be given as 


The theoretical plots for each model can be seen 
in Fig. 3 and yielded essentially the same agree- 


I I I I I 


1 2 3 4 
O/o ( w h ) P O L Y E T H Y L E N E  (23) LAURYL E T H E R  


Fig. 2-Comparison of theoretical and experimental 
dissolution rate ratios assuming D' = 0.828 X 
cm.2/sec., calculated from Eq. 2 .  Key: static, 0; 
100 r.p.m., A; theoretical ratios preduted by Danck- 
werts' theory, ---; rotating disk theory, -; dq-  


fusion layer theory, - - -. 
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1 2 3 4 
% (w/v) POLYETHYLENE (23) LAURYL ETHER 


Fig. 3-Comparison of theoretical and experimental 
dissolution rate ratios assuming D‘ = 1.27 X 
cm.2/sec., calculated from Eq. 4. Key: static, 0; 
100 r.p.m., A; theoretical ratios predacted by Danck- 
werts’ theory, ---; rotating disk theory, -; dif- 


fusion layer theory, - - -. 


ment between theory and experimental data as 
Fig. 2. 


Despite this good agreement, one must be 
cautious when using this approach because of the 
assumption that the micellar diffusion coacient  
remains constant with increasing surfactant con- 
centration. Changes in viscosity, micelle inter- 
actions, micelle type, etc., could significantly alter 
the micelle diffusion coefficient as surfactant 
concentration is changed. For these reasons, we 
feel that the approach utilized in our study should 
be used to clearly elucidate the specific dissolution 
mechanism operative under a given set of condi- 
tions, i e . ,  the correlation of the relative dis- 
solution rates with the corresponding effective 
diffusion coeflicients, which are independently 
determined. 


It also should be noted that the hydro- 
dynamics associated with a rotating disk is such 
that the diffusion layer model per se is not applic- 
able and the the Levich equation must be used. 
The rotating disk model represents one of the few 
instances of an exact mathematical solution to a 
classical hydrodynamic problem, while the diffu- 
sion layer model assumes a uniform one-dimen- 
sional diffusion layer. Therefore, this diffu- 
sion layer model cannot be applied to the diffu- 
sional flux from a rotating disk, which is in- 
fluenced by both a centrifugal force and a con- 
centration gradient. In view of this and the 
reasonable agreement of the Danckwerts’ predic- 
tion to their static data, this analysis confirms our 
conclusions. Since they used a completely 
different drug-surfactant system from that used in 
our study, it appears that our conclusions are 
generally applicable to micellar transport sys- 
tems. 
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Books 
REVIEWS 


Rogers’ Inorganic Pharmaceutical Chemistry. Eighth 
Edition. By TAITO 0. SOINE and CHARLES 0. 
WILSON. Lea & Febiger, 600 S. Washington 
Square, Philadelphia, PA 19106, 1967. xii + 704 
pp. 15 X 23 cm. Price $12.00. 


Readers familiar with previous editions of this 
well-known textbook will note that  the most sig- 
nificant difference is in the discussion of the pharma- 
cological action of the ions of each element con- 


sidered. This portion of the text material has been 
extensively rewritten and expanded to include recent 
observations, to which literature references are 
supplied. Among these may be mentioned: lithium 
salts in the treatment of mania; the therapy of osteo- 
porosis with sodium fluoride; hypopotassemia as a 
possible consequence of the administration of the 
thiazide diuretics; the internal and external action 
of the copper ion; silver nitrate in burn therapy; 
zinc compounds in wound healing and in athero- 
sclerosis; and the mucosal block, active transport, 
and iron-chelate hypotheses for the absorption of 








Determination of Molecular Binding in Aqueous 
Solution from Optical Activity Measurements 


Interaction of Tryptophan with Alkylxanthines 


By MASAHIRO NAKANO* and TAKERU HIGUCHIt 


Although the feasibility of using ORD for determining stability constants of molec- 
ular complexes in organic solvent has already been shown, the present investiga- 
tion appears to be the first attempt to apply it to an aqueous system. Measurements 
at 3 30 mp show distinct changes in the apparent optical activity of the zwitter ionic 
form of the amino acid when alkylxanthines were added to its solutions. These 
readings when analyzed by the iterative procedure previously developed for 
PMR data have yielded self-consistent stability constant values. Results are given 
for interaction with cdeine, theophylline, 8-methoxycaffeine, 1,3-dimethyluracil, and 
sarcosine anhydride. From measurements at several temperatures the heat of bind- 
ing of tryptophan with caffeine was shown to be -4.0 kcal./mole and that with 
theophylline to be -4.2 kcal./mole. These results appear to be consistent with 


results obtained previously on related systems. 


LTHOUGH IT HAS BEEN demonstrated that A optical activity measurements can be 
effectively used to determine stability constants 
of bound species in essentially nonpolar solvents 
(l), no attempt appears to have been made to 
utilize these readings for estimating binding 
tendencies in aqueous solutions. In nonpolar 
solutions the binding behaviors arise primarily 
through hydrogen bonding of the interactants. 
In  aqueous systems the source or sources of the 
associative tendencies of organic species are still 
not clearly elucidated (2). The present investi- 
gation was concerned with evaluation of the 
optical activity approach to estimation of sta- 
bility constants in water based on tryptophan as 
the primary optically active species. It would 
appear reasonable to expect that intimate bond- 
ing of another organic species on the amino acid 
will so affect the electrical field polarization in 
the immediate vicinity of the asymmetric center 
that significant change in the ORD spectrum 
may result. 


That tryptophan binds with xanthines has not 
been definitely reported previously but interac- 
tions of bovine serum albumin with xanthine 
molecules have been reported by Guttman 
et al. (3-5). A modification in pharmacologi- 
cal effect of ergotamine tartrate in the presence 
of caffeine has been suggested to be due to 
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complex formation (0). Since these molecules 
have an indole group in them, the interactions 
are likely to be similar to that of tryptophan with 
caffeine. 


EXPERIMENTAL 


Reagents-L-Tryptophan, as supplied by Sankyo 
Kasei (Tokyo), was recrystallized from ethanol- 
water before use. Caffeine and theophylline were 
of USP and NF grades, respectively. L-Tyrosine and 
L-phenylalanine were from Nutritional Biochemicals 
and were used without further purification. 8- 
Methoxycaffeine (Eastman), 1,3-dimethyluracil (Nu- 
tritional Biochemicals), sarcosine anhydride (K&K), 
and tetramethylsuccinamide (C. P. Hall) were all 
recrystallized from methanol-rbon tetrachloride. 


Instrumentation-A Cary 60 spectropolarimeter 
equipped with a thrrmostated cell compartment 
maintained at  25" with a 10-cm. cell was used 
for spectropolarimetry. Samples were equilibrated 
in a 25" water bath prior to use. For variable 
temperature measurements, a 10-cm. Cary 60 
thermostatable cell connected to a constant-tem- 
perature water bath was used. 


Determination of Stoichiometry-To establish the 
stoichiometry of the complexes under investigation 
the method of continuous variations (Job's method) 
(7) was employed. Although this method was 
developed especially for use with spectrophotometric 
measurements, it was readily modifiable for use 
with spectropolarimetric measurements. I t  was 
assumed that only a single complex AB,  was 
formed from A and B ,  the complexation reaction 
being written, 


A + nB = AB,  (Eq. 1) 


Solutions were prepared in which the sum of the 
number of moles A and B present was maintained 
constant at S M. These were prepared by making 
solutions which contained (1 - x)S M of A and 
XS M of B .  It  was evident that 


X n = -  
1 - x  


1865 







1866 


Molar rotations' of A ,  B, and A B ,  in 1-cm. path- 
length cells were set equal to ror rb, and r,, respec- 
tively; the difference, R ,  between the measured 
rotation and that expected if no interaction took 
place was then 
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where 1 was the pathlength of the cell in the study 
in cm. and c. - c,, cb - nC,, and c,, were the con- 
centrations of species A,  B, and C, respectively, a t  
equilibrium and r = r, - ra - nYb. When C, 
was a maximum (dC.)/dx = 0, then (dR) / (dr )  = 0. 
Thus R passed through an extremum when C, 
was a t  maximum. In this study total concentra- 
tion, S, was kept at 3 X 10-9 M ,  measurements 
being made at 330 mp. 


Computation of Stability Constants-For the 
computation of stability constants from ORD 
measurements, a new iterative method was de- 
veloped and employed. This method is analogous 
to that described earlier for the NMR technique 


If two species, A and B, interact reversibly in 
(8). 


one-to-one stoichiometry, 


A + B = C  (Eq. 4) 


at equilibrium, 


Eq. 5 can be rearranged to give 


KCaCb - KCc (Ca + cb - Cc) = Cc (Eq. 6) 
When n = 1, Eq. 3 may be written 


R = Z(r, - ro - Y b ) c c  = lYCc (Eq. 7) 
then 


R cc = 2 


Eq. 6 and Eq. 8 give 


K and r, were computed from the difference in 
measured rotation, R ,  and the initial concentrations 
of A and B, ca and cb, as follows. 


and the slope of the line, slope0 was obtained. 
Step 2-C01, the first approximate values of C,, 


was calculated employing slope0 in Eq. 8, i .e.,  C,, = 


Step 3-(c,,cb)/R was plotted against (C,, + 
cb - Cot) and the slope, slopel was obtained. 


Step &C,p was calculated as in Step 2, i .e.,  
C,, = slopel . R. 


Step 5--Steps 3 and 4 were repeated until the 
convergent slope was obtained. 


Step 6-K was calculated from the slope and the 
intercept of the last cycle, and r, from the final 


Step I-(cacb)/R W a s  plotted against (c, + cb) 


slope0 * R. 


1 Molar rotation stands for optical rotation which will be 
observed when 1 M solution is placed in 1-cm. pathlength 
cell, whereas molecular rotation is defined by [a]&! M/100, 
where (a]&! - specific rotation and M - molecular weight. 


PH 


Fig. 1-pH profile of rotations of tryptophan at 330 
mp. Concentration of tryptophan = 4 X M. 


slope, K = slope/intercept, r, = r. + fi + l/(slope - 
1). 


Optical rotations of tryptophan solutions with 
varying concentrations of amides were measured at 
330 mp. The concentration of tryptophan was 
kept constant at 4 X 10-8 M whereas concentra- 
tions of caffeine and theophylline were varied 
between 4 X M and 32 X 10-8 M 


RESULTS AND DISCUSSION 


The observed pH profile of the rotatory activity 
of tryptophan at 330 mp is shown in Fig. 1. The 
rotation was negative and constant in the neighbor- 
hood of isoelectric point ( ~ K I ) ,  namely between 
pH 5 and 7. Because of the independence with 
respect to pH, rotation measurements for sub- 
sequent studies were made in this region. The 
observed optical rotatory dispersion curve for tryp- 
tophan alone and those in the presence of atkyl- 
xanthines are shown in Fig. 2. As is evident from 
Fig. 2 the relatively low concentrations of the 
added solutes produced significant changes in the 
ORD spectrum, the rotatory activity becoming 
even more strongly negative and the trough shifting 
toward shorter wavelength. If the observed shifts 
can be entirely attributed to formation of a complex, 
stability constants can be readily calculated from 
these data. 


w 
W 
[L 
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450 400 3w 300 


WAVELENGTH, m,u 


Fig. 24ptical rotatory dispwswn spcctru of trypto- 
phan in WE& (4 X lo-' M). Kay: A ,  with 3.2 X 


M caffeine; B, with 3.2 X 10-3 M theophylline; 
C, without albylzanthines. 
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TABLE I S T A B I L I T Y  CONSTANTS OF B Y P T O P H A N  
COMPLEX WITH SOME AMIDES AT 25' IN WATER 


Stability 
Compound Constant, M-1 


X 


Fig. 3-The difference between the measured rotation 
and that predicted upon the assumption of no interac- 
tion, R, against mole fraction of tryptophn, x, 
measured at 330 mp, total concentration S = 3 X 
M. Key: 0 ,  tryptophan-caffeine; 0, tryptophan- 


theophylline. 


Optical rotation measurements, moreover, can 
be used to establish the stoichiometry of the complex 
species by the method of continuous variations. 
Plots of the difference between the measured rota- 
tion and that expected if no interaction took place, 
R, against z for tryptophan-caffeine and trypto- 
phan-theophylline at 25' are shown in Fig. 3. For 
both interactions, x = 0.5 appear to correspond to 
the maximum values of R. The indicated stoichio- 
metric ratio was, therefore, one-to-one. 


The stability constant for the tryptophan-caffeine 
system calculated from ORD measurements in water 
at 25' by the iterative procedure was 30.1 M In 
Fig. 4 the initial plot required by the method is 
shown to illustrate the adherence of the data to 
the expected relationship. The stability constants 
for tryptophan complexes with some other amides 
were computed in the same manner and are listed 
in Table I. It is of interest to note that 8-methoxy- 
caffeine showed a much stronger binding tendency 
than caffeine which has been generally considered 
to  be among the stronger complexing agents. 1,3- 
Dimethyluracil was a much weaker binder and 
sarcosine anhydride interacted little, possibly be- 


ccd + % - q x 10' 


Fig. &Plots based on Eq. 9 for tryptophan (4 X 10-0 
M) - cuffeinc (4 - 32 X lo-' M) system. Key: 


, 1st approximation; 0,3rd andfind approximabon. 


Caffeine 30 
Theoph ylline 35 
8-Msthox ycafteine 50 
1,3-Dimethyluracil 5.8 
Sarcosine anhydride hro 
Tetramethyl succinamide 110 


cause of its unfavorable nonplanar structure and 
nonaromatic character. 


The higher complexing behavior with theophylline 
than with caffeine was, however, somewhat m- 
expected (2). Guttman et al. (3) had also found 
stronger binding tendency of theophylline to  bovine 
serum albumin than caffeine. Since the abnor- 
mality was also observed in 8-chlorotheophylline- 
tryptophan system and was absent in theophylline- 
indole system [based on ORD studies in methanol 
and on phase-solubility studies (9)1, it may be 
suspected that 7-proton of theophylline may be 
interacting with the zwitter ion part of tryptophan. 
Although the extent of the interaction with the 
zwitter ion part may be small, it  may modify the 
optical rotation to  a certain extent. The observed 
increase in binding thus may be the s u m  of inter- 
actions of the indole ring and the zwitter ion part 
of the molecule with theophylline. 


The temperature effect on stability constants was 
studied using a Cary 60 thermostatable sample call 
connected with a water bath. Logarithms of the 
observed stability constants plotted against the 
reciprocal of the absolute temperature are shown 
in Fig. 5. AH' calculated from the slope of the 
straight line was found to be -4.0 kcal./mole for 
the tryptophan-caffeine system and -4.2 kcal./ 
mole for the tryptophan-theophylline system. AS' 
was also negative in both instances (-6.7 cal. 
mole-' and -7.0 cal. mole-' deg.-l, respectively). 


These values including those in Table I are in 
agreement with those which may be expected from 
earlier studies (2,lO). I n  general it has been shown 
that largely nonaromatic structures such as in the 
case of sarcosine anhydride bind very little. 8- 


1.5. 


1.4. 
k 


2 1.3. 
a 


1.2 - 


111 10' 


Fig. 5-Temperature dependence of stability constants 
i n  tryptophun-cuffeine system in wetor. Tryptopkun 
concentration = 4 X 10-8 M; cafeine cancentratien 


= 4 - 32 X M. 
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MethoxycafTeine, on the other hand, appears to 
be one of the strongest binders that the authors 
have found to date. 


Partition studies between water and cyclohexane- 
chlorofom (1 : 1 by volume) have shown that K = 
32 M-l for tryptophan-theophylline complex and 
K = 26 M-1 for tryptophan-caffeine complex. 
Although these values are somewhat smaller than 
those determined by ORD method (35 and 30, 
respectively), the agreement appears reasonable if 
one considers the difference in concentrations em- 
ployed (for partition work original concentration 
of each species was 1 X lo+ M). It is believed that 
phase-solubility method will give only approximate 
K values for these systems because of the great 
solubility of tryptophan in water (soly. = 6 X 
lo-* M), yielding a rather complex overall system 
at saturation. 


Experiments based on the ORD method have 
shown that caffeine interacts with btyrosine (K = 
13.4 d4-l at 25” in water measured a t  315 mp 
with tyrosine concentration = 8 X lo-’ M and 
caffeine concentration = 1 - 5 X lo-* M). The 
extent of interaction measured in the same manner 
between caffeine and L-phenylalanine was much 
less (K = 6.3 M-1 a t  25’ in water measured a t  
320 mp with phenylalanine concentration = 3 X 


M and caffeine concentration = 1 - 6 X 
lo-% M). Preliminary experiments on optical 
rotatory dispersion studies of tryptophan indicated 
that tryptophan also interacted with pyrimidines 
and purines of biological importance. 
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Differential Scanning Calorimetry 


Advantages and Limitations for Absolute Purity Determinations 


By N. J. DeANGELIS and G. J. PAPARIELLO 


A critical evaluation of the effectiveness of absolute purity determination by dif- 
ferential scanning calorimetry (DSC) is resented. Several pure drugs of widely 
differing structure have been investigatJwith respect to the detection of known 
amounts of added impurities of all types. The accuracy of purity values obtained 
by the DSC technique is shown to fall off rapidly below purities of 99 mole qo. 
Experiments are described which demonstrate that impurities present in solid solu- 
tion are not detected. Independent urity determinations by phase solubility and 
quantitative thin-layer chromatograp& are shown to be in good agreement with 
DSC values for samples that are 99% ure or better. A technique for extending 


the useful range of DSC purity &termination to about 95 % is given. 


AMRIMETRIC METHODS of absolute purity de- compounds that melt without decomposition for C termination by measurements related to many years. However, prior to the availability 
melting and freezing point depressions have been of the Perkin-Elmer differential scanning calo- 
successfully applied to the analysis of organic rimeter (DSC), these methods had not been widely 


used in pharmaceutical laboratories. With the 
~ e c e i v e d  May 22,1968, from Wyeth Laboratories, Radnor. introduction of this type of instrumentation, there 
Accepted for publication July 17. 1968. has been increased interest and application of 


purity measurements of this type (1). 
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(4) McGregor, R. R.. “Silicones and Their Uses,” 


(5) Rowe, V., K., Spencer, H. C., and Bass, S. L., J. 
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McGraw-Hill, New York, N. Y., 1954. 
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SUMMARY 


The silicone fluids appear to  have certain physical, 
chemical, and biological properties which would 
make them useful as nonaqueous solvents for the 
administration of medicinal agents. 


Based upon data from accelerated thermal studies, 
it was found that the dimethyl silicone fluid was 
superior to  corn oil in preventing the thermal 
degradation of menadione. 


The photodegradation studies indicated that, 
although corn oil was somewhat superior t o  the 
dimethyl silicone fluid in preventing the degradation 
of menadione, photodegradation was rapid in both 
vehicles. Since photodegradation can be controlled 
during normal storage by protective packaging, its 
practical significance is less than the relatively un- 
controllable thermal storage conditions. 


In consideration of these findings, it may be 
concluded that the dimethyl silicone fluid is superior 
to  corn oil as a vehicle for menadione. 
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Assay of Terpin Hydrate and Codeine Elixir 
by Gas Chromatography 


By HAROLD J. WESSELMAN 


Terpin hydrate and codeine after extraction from the elixir are separated and deter- 
mined with the aid of two internal standards and the use of temperature-programmed 
gas chromatography. Using the same method, elixir of terpin hydrate can also be 


determined. A precision and accuracy study for both elixirs is included. 


HE QUANTITATIVE determination of terpin 
T h y  h a t e  , cis-p-menthane-l,8-diol hydrate, 
has always presented problems. Indeed the 
National Formulary XI1 (1) does not include 
an assay for terpin hydrate or codeine in either 
the elixir of terpin hydrate or the elixir of terpin 
hydrate and codeine. In 1921 Murray (2) 
used a gravimetric method for terpin hydrate. 
Harrison (3), Carol (4, 5), and Lund and Ameiss 
(6) improved this method. Later, in 1932, 
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Perelmann (7) proposed a colorimetric method 
which was modified by Platt and James (8) and 
Vadodaria, Parikh, and Mukherji (9). 


Dembeck (10) described a titrimetric assay for 
codeine while Stoicheva (11) determined terpin 
hydrate and codeine by subjecting them to 
microreactions and examining the results micro- 
scopically. Milos (12, 13) developed a spectro- 
photometric determination for these compounds. 
Using ion-exchange chromatography and non- 
aqueous titrimetry, Blake and Carlstedt (1 4) 
determined codeine in the elixir, while Moni- 
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gomery, Jennings, and Weinswig (15) applied 
ion-exchange chromatography followed by ultra- 
violet absorption analysis. 


Domange and Longuevalle (16) suggested tha t  
terpin hydrate could be determined by  gas 
chromatography but provided no tangible 
evidence. Recently Kurlansik, Damon, and 
Salim (17, 18) and Mahn, Viswanathan, and 
Senkowski (19) devised gas chromatographic 
methods for terpin hydrate in elixir of terpin 
hydrate and elixir of terpin hydrate and codeine. 


The gas chromatography of codeine was in- 
vestigated qualitatively by  Parker, Fontan, and 
Kirk (20) and Massingill and Hodgkins (21) and 
made quantitative b y  Mule (22) and Schmerzler 
et al. (23). 


The literature does not record the use of gas 
chromatography for the simultaneous determina- 
tion of terpin hydrate and codeine. These com- 
pounds are difficult t o  separate b y  isothermal gas 
chromatography because of their widely spaced 
boiling points. Another difficulty in the case of 
the elixir of terpin hydrate and codeine is that 
terpin hydrate being the more volatile of the 
two is present in the greatest amount, 17.0 
mg./ml., while the higher boiling codeine has 
only a concentration of 2.0 mg./ml. 


The present work overcomes these problems by 
using a combination of isothermal and tempera- 
ture-programmed gas Chromatography when both 
compounds are present. By using isothermal 
gas chromatography, terpin hydrate in  elixir of 
terpin hydrate can be  determined easily. 


1413 


of 64 for terpin hydrate and benzoic acid and 4 for 
codeine and cholestane. In  the case of the elixir of 
terpin hydrate, the columns were operated iso- 
thermally at 135" with an attenuation of 32 on 
range 1,000. 


The helium flow rate was 55 ml./min. with an inlet 
pressure of 40 psig. Oxygen and hydrogen flow 
rates were 250 and 35 ml./min., respectively. The 
sample injection port was maintained at 240" and 
the detector block at 215". One-microliter injections 
of all samples were used throughout. 


Quantitative Analysis-This method uses two 
internal standards-benzoic acid for terpin hydrate 
and cholestane for codeine. 


Elixir of Terpin Hydrate and Codeine-Prepare a 
standard solution by adding exactly 85.0 mg. benzoic 
acid, 85.0 mg. terpin hydrate, 10.0 mg. codeine 
alkaloid, and 10.0 mg. cholestane to  a 5-ml. volu- 
metric flask and diluting to volume with a 1: 1 
mixture of chloroform and ethanol. 


Prepare a sample solution by transferring exactly 
10.0 ml. of the elixir to a 125-ml. separator and 
adding 3 ml. sodium hydroxide solution (1 : 10 
distilled water). Extract with four 20-ml. portions 
of chloroform, collecting the chloroform extracts 
in a 150-ml. beaker. Carefully evaporate the 
chloroform, using a stream of dry air and a water 
bath, to a volume of about 2 ml. Transfer the 
concentrated extract to a 10-ml. volumetric flask 
with the aid of chloroform. Carefully evaporate 
the chloroform to dryness. Dilute to volume with 
the internal standard solution which is prepared 
by diluting 850 mg. benzoic acid and 100 mg. 
cholestane to 50 ml. with a 1 : 1 mixture of chloroform 
and ethanol. Chromatograph the standard and 
the extracted sample solutions and measure the 
peak height of each component. 
Elixir of Terpin Hydrate-Prepare a standard solu- 


tion by adding exactly 85.0 mg. benzoic acid and 
85.0 mg. terpin hydrate to  a 5ml .  volumetric flask 
and diluting to volume with a 1: 1 mixture of chloro- 
form and ethanol. 


A 10-ml. sample of the elixir is extracted as 
discussed above. The final dilution is made with 
an internal standard solution prepared by adding 
exactly 850.0 mg. benzoic acid to  a 50-ml. volumetric 
flask and diluting to  volume with a 1:l mixture of 
chloroform and alcohol. Chromatograph the 
standard and the extracted sample solutions and 
measure the peak height of each component. 


Calculations. 


peak height standard benzoic acid 
peak height standard terpin hydrate 
peak height sample benzoic acid 


peak height sample terpin hydrate 
A / B  X 17 = mg. terpin hydrate/ml. elixir. 
peak height standard cholestane = 
peak height standard codeine 
peak height sample cholestane 


peak height sample codeine 


= A 


= B  


~ _ _ ~  ~~. = D 


C J D  X 2 = mg. codeine/ml. elixir. 


Precision and Accuracy-To determine the preci- 
sion and accuracy of the methods, freshly prepared 
solutions of terpin hydrate and codeine and terpin 
hydrate in distilled water were used as standard 
solutions. The sample solutions were prepared 


EXPERIMENTAL 


EquipmeneA linear programmed-temperature 
gas chromatograph, F & M Scientific Corp., model 
402, equipped with a flame-ionization detector, was 
used for the experimental work. The detector 
signal was fed to  a Honeywell Electronic 16 1-mv. 
recorder with a chart speed of 15 in./hr. and a 1-sec. 
full-scale response. Samples were injected with a 
lO-~l. Hamilton, No. 701, syringe. 


Materials-Helium was used as a carrier gas, 
while electrolytic hydrogen and oxygen were used in 
the detector. The stationary phase was 3.870 
Linde W-98 silicone gum applied by the solution 
technique of Horning et al. (24) to Diatoport S 
(80-100 mesh) and packed in dual borosilicate glass 
columns 0.91 m. x 0.64 cm. (3 ft. x l / q  in. 0.d.). 
A mixture of chloroform and ethanol (1:l) was 
used to dissolve the analytical reagent grade 
benzoic acid, terpin hydrate, codeine, and cholestane. 


Operating Conditions-For the elixir of terpin 
hydrate and codeine, the columns were operated 
isothermally a t  140" for 4 min. and then programmed 
to 275" at a heating rate of 10" per min. At the 
end of each run, the oven was cooled for exactly 
10 min. and then equilibrated a t  140" for exactly 
10 min. before injecting the next sample. The 
electrometer range was 1,000 with an attenuation 
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by dielving the same components in freshly made 
elixir blanks. These studies were carried out in 
accordance with the suggestions of the Advisory 
Board of Analytical Chemistry (26) and the recom- 
mended nomenclature is used. Tables I and I1 
show the results of these studies. 


RESULTS AND DISCUSSION 


A typical chromatogram of a mixture of terpin 
hydrate, benzoic acid, codeine, and cholestane is 
shown in Fig. 1. Table I11 gives the results of the 
assays of three production lots of elixir of terpin 
hydrate and codeine. Table N shows the results 
obtained from three production lots of elixir of 
t w i n  hydrate. Triplicate assays in each case show 
good agreement. 


TABLE I-MCISION AND ACCURACY %VDY FOR 
ELIXIR TERPIN HYDRATE AND CODEINE 


Terpin Hydrate Caddne 
Standard solution, mg./ml. 17.00 2.00 
Sample solution, mg./ml. 16.47 2.00 


16.53 2.03 
16.88 2.01 
17.29 2.01 
17.32 1.99 
84.49 10.04 
16.90 2.01 E 


1428.3627 20.1612 
S 0.2500 0.0132 


c x  
c xp 


RSD 
Mean error 
Relative error 


*1.48% *0.66% 
-0.10 +0.01 
-0.59% +0.50% 


TABLE II-PRECISION AND ACCURACY STUDY FOR 
ELIXIR TERPIN HYDRATE 


Standard solution, mg./ml. 
Sample solution, mg./ml. 


S 
RSD 
Mean error 
Relative error 


Terpin Hydrate 
17.00 
16.83 
16.81 
16.68 
16.66 
16.81 
83.79 
16.76 


1404.18 
0.24855 


*1.48% 
-0.24 
-1.41% 


W 
v) z 
0 
P 
3 a 
a 


a 


a 


W 
0 


0 
0 
W 


- 


3 


I I I I 1 I I 


0 4 8 12 16 20 24 


TIME (MINUTES) 
Fig. 1-Typical chromalogram of chloroform-ethanol 
( I ) ,  benzoic atdd (2), lerpirr hydrate (3), codGine (a), 


and cholestane (5). 


TABLE 111-RESULTS OF ASSAY OF ELEUR "ERPIN 
HYDRATE AND CODEINE 


Terpin Hydrate Coddne 
Theory, 
mp. /ml. 17.00 2.00 
LGt A 16.34 2.00 ~ . .__  


16.04 
16.19 


~ . . ~  


2.00 
1.99 


Lot B 17.32 2.00 
17.12 2.02 
17.29 2.01 


Lot c 16.83 2.03 
16.84 2.03 
16.88 2.01 


TABLE IV--RSSULTS OF ASSAY OF ELIXIR 
TBIlpIN HYDRA= 


Tapia Hydrate 
Theory, mg. /ml. 17.00 


Lot D 16.39 
16.30 
16.41 


Lot E 17.62 
17.60 
17.45 


Lot F 17.36 
17.12 
17.46 


CONCLUSION 


A new method for determining terpm hydrate 
and codeine simultaneously using a combination 
of isothermal and programmed-temperature gas 
chromatography has been developed. The use of 
two internal standards p d t s  a high degree of 
precision and accuracy. The relative standard 
deviations for t w i n  hydrate and codeine are 
f l.4Syo and d=O.Myo, respettively. The procedure 
is fast and accurate and easily carried out. The 
overall time for determining the standard and the 
sample is approximately 1 hr. 
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Colorimetric Analysis of Ethinyl Estradiol 
and Mestranol in Pharmaceutical Tablets 


By WILLIAM F. BEYER 


An automated colorimetric procedure is described for the determination of ethinyl 
estradiol and ethinyl estradiol-+methyl ether in pharmaceutical tablets. Chloroform 
solutions of the estrogen are automatically extracted with alcohol-sulfuric acid and 
analyzed at a rate of 2 0  samples/hr. The relative standard deviation of repetitive 
samplin of tablet extracts was less than 1 percent, and Beer's law was obeyed over the 
range ofo.40-8.00 mcg./ml. of sample solution. The procedure i s  ap licable to 
unit dosage assays and to assays requiring composite samples of pulverize1 tablets or 


numerous whole tablets. 


UMEROUS METHODS have been reported for N the determination of ethinyl estradiol 
(EE) or its 3-methyl ether derivative (EE-3ME) 
from tablets (1-5). The majority of these pro- 
cedures depends upon the spectrophotometric 
analysis of sulfuric acid-induced color, and in- 
volve somewhat lengthy separative techniques. 


A recent publication of Khoury and Cali (6) 
describes an automated assay for EE and EE- 
3ME based on the fluorescence exhibited by the 
estrogens in 90% sulfuric acid. The necessity 
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of assaying large numbers of tablets for EE in 
combination with nonestrogenic steroids also 
prompted the investigation of automation in these 
laboratories. A relatively simple, automated 
method has been developed with instruments 
normally found in laboratories employing auto- 
matic analysis-sampler, proportioning pump, 
heating bath, spectrophotometer, and recorder. 
The procedure is based on a manual method 
developed in these laboratories (7), a modifica- 
tion and quantitation of the USP XVII sulfuric 
acid identification test for EE (1). The red 
color formed when sulfuric acid is added to a 
chloroform solution of EE is extractable with 
sulfuric acid and exhibits a maximum absorption 
at  518 ml. The color develops rapidly and is 
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Fig. 3-Comparison of theoretical and experimental 
dissolution rate ratios assuming D‘ = 1.27 X 
cm.2/sec., calculated from Eq. 4. Key: static, 0; 
100 r.p.m., A; theoretical ratios predacted by Danck- 
werts’ theory, ---; rotating disk theory, -; dif- 


fusion layer theory, - - -. 


ment between theory and experimental data as 
Fig. 2. 


Despite this good agreement, one must be 
cautious when using this approach because of the 
assumption that the micellar diffusion coacient  
remains constant with increasing surfactant con- 
centration. Changes in viscosity, micelle inter- 
actions, micelle type, etc., could significantly alter 
the micelle diffusion coefficient as surfactant 
concentration is changed. For these reasons, we 
feel that the approach utilized in our study should 
be used to clearly elucidate the specific dissolution 
mechanism operative under a given set of condi- 
tions, i e . ,  the correlation of the relative dis- 
solution rates with the corresponding effective 
diffusion coeflicients, which are independently 
determined. 


It also should be noted that the hydro- 
dynamics associated with a rotating disk is such 
that the diffusion layer model per se is not applic- 
able and the the Levich equation must be used. 
The rotating disk model represents one of the few 
instances of an exact mathematical solution to a 
classical hydrodynamic problem, while the diffu- 
sion layer model assumes a uniform one-dimen- 
sional diffusion layer. Therefore, this diffu- 
sion layer model cannot be applied to the diffu- 
sional flux from a rotating disk, which is in- 
fluenced by both a centrifugal force and a con- 
centration gradient. In view of this and the 
reasonable agreement of the Danckwerts’ predic- 
tion to their static data, this analysis confirms our 
conclusions. Since they used a completely 
different drug-surfactant system from that used in 
our study, it appears that our conclusions are 
generally applicable to micellar transport sys- 
tems. 
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Books 
REVIEWS 


Rogers’ Inorganic Pharmaceutical Chemistry. Eighth 
Edition. By TAITO 0. SOINE and CHARLES 0. 
WILSON. Lea & Febiger, 600 S. Washington 
Square, Philadelphia, PA 19106, 1967. xii + 704 
pp. 15 X 23 cm. Price $12.00. 


Readers familiar with previous editions of this 
well-known textbook will note that  the most sig- 
nificant difference is in the discussion of the pharma- 
cological action of the ions of each element con- 


sidered. This portion of the text material has been 
extensively rewritten and expanded to include recent 
observations, to which literature references are 
supplied. Among these may be mentioned: lithium 
salts in the treatment of mania; the therapy of osteo- 
porosis with sodium fluoride; hypopotassemia as a 
possible consequence of the administration of the 
thiazide diuretics; the internal and external action 
of the copper ion; silver nitrate in burn therapy; 
zinc compounds in wound healing and in athero- 
sclerosis; and the mucosal block, active transport, 
and iron-chelate hypotheses for the absorption of 
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iron. The chapter on radioactivity and the radio- 
active elements has been completely rewritten and 
updated by Dr. Herbert Jonas, College of Pharmacy, 
University of Minnesota. 


As in the-previous editions the text material in- 
cludes sections on the history, occurrence, physical 
properties, chemical properties (including a brief 
explanation of the assay), tests for identity, com- 
mercial manufacture, pharmacological action, and 
uses of the elements and their inorganic compounds 
and preparations of pharmaceutical importance. 


The material has been revised to conform with the 
seventeenth revision of the “United States Pharma- 
copeia” and the twelfth edition of the “National 
Formulary.” Monographs have been added for 
povidone-iodine, ferrous fumarate, iron dextran in- 
jection, and magnesium stearate. Discussions of the 
nonofficial drugs dextriferron, iron sorbitex, and 
ferrocholinate have been added. 


In numerous instances data on the melting point, 
boiling point, and density of elements have been 
revised. Certain literature references cited in the 
seventh edition have been deleted from the eighth 
edition. 


The order of presentation of the text material is 
identical with that of the seventh edition, beginning 
with a chapter on atomic structure and chemical 
bonding, followed by chapters on the elements and 
their inorganic compounds and preparations. Oxy- 
gen, hydrogen, and nitrogen are considered first, 
followed by the halogens, the inorganic acids, and a 
chapter on solutions and solubility phenomena. AU 
other elements are discussed in the order of their 
occurrence in the periodic table, Groups I through 
VIII, followed by the inert gases and the chapter on 
radioactivity. The monographs on the official com- 
pounds of each element are arranged alphabetically 
after the discussion of the parent element. Other 
compounds of pharmaceutical interest, particularly 
those recently dismissed from the official compendia, 
are considered more briefly at the end of each chap- 
ter. 


Several errors which occurred in the seventh edi- 
tion have been corrected. However, the statement 
on page 99 that “. . . elemental iodine is officially 
recognized in a variety of preparations including . . . 
Iodine Ointment, . . . Phenolated Iodine Solution 
(Boulton’s Solution) and Strong Iodine Tincture” 
needs revision. Errors by the printer were noted 
on page 404 in a phrase which should read “. . . the 
poisonous barium sulfide or barium sulfite.”, on 
pages 615 and 616 where ferrous gluconate is incor- 
rectly designated as being official in the USP XI1 
instead of NF XI1 and on page 669 where nucleus is 
misspelled. 


This well-established and authoritative book 
should continue to enjoy widespread use as a class- 
room textbook and reference work for students and 
practicing pharmacists. 


Reviewed by Austin A. Dodge 
University of Mississippi 
University, M S  38677 


Journal of Pharmaceutical S c k c e s  


York, NY 10022, 1968. xv 3- 222 pp. 14 X 
21.5 cm. Price $7.95. 


NOTICES 


Febrile Convulsions. By J. GORDON MILLICHAP. 
The Macmillan Company, 866 Third Ave., New 


Handbook of Preventive Medicine and Public Health. 
By MURRAY GRANT. Lea 8t Febiger, 600 
Washington Square, Philadelphia, PA 19106, 
1967. ix + 242 pp. 13.5 X 20 cm. Price 
$6.25. 


Dispensatorium Hajniense 1658. (Dispensatory of 
Copenhagen, a facsimile edition.) By THOMAS 
BARTHOLINUS. Dansk Farmacihistorisk Selskab, 
Copenhagen, Denmark, 1966. 288 pp. Price 
$15.00. 


Apothecaries: A History of the Worshififul Society of 
Apothecaries of London, 1617-1967. By W. S. C. 
COPEMAN. Pergamon Press, Inc., 44-01 21st St., 
Long Island City, New York, NY 11101, 1967. 
xiii + 112 pp. 17 X 24 cm. Price $10.00. 


Russian Chemico-Pharmaceutical Journal. No. 1, 
January 1967. Translation Editor I. J. MAC- 
DONALD. Euromed Publications, 97 Moore Park 
Road, London, S.W. 6, England. 44 pp. 17 X 
23.5 cm. Subscription: single monthly issues 
$5.00; half-yearly for any 6 consecutive issues 
$78.00; full annual subscription (12 issues) 
$144.00. 


Russian Pharmacology and Toxicology. No. 3, Vol. 
30, May-June 1967. Edited by G. N. PERSHIN. 
Euromed Publications, 97 Moore Park Road, 
London, S.W. 6, England. 16.5 X 23.5 cm. 
Annual subscription: $25.00 per volume of 6 
bimonthly issues. Paperbound. 


Prescribed and Nonprescribed Medicines, Type and 
Use of Medicines, United States, July 1964-June 
1965. (PHS Publication No. 1000, Series 10, 
No. 39.) Available from the Supt. of Documents, 
U. S. Government Printing Office, Washington, 
DC 20402. 41 pp. 20 X 26 cm. Price 30 
cents. Paperbound. 
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Medizialbeamte. By H. J. ROTH und W. 
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MethoxycafTeine, on the other hand, appears to 
be one of the strongest binders that the authors 
have found to date. 


Partition studies between water and cyclohexane- 
chlorofom (1 : 1 by volume) have shown that K = 
32 M-l for tryptophan-theophylline complex and 
K = 26 M-1 for tryptophan-caffeine complex. 
Although these values are somewhat smaller than 
those determined by ORD method (35 and 30, 
respectively), the agreement appears reasonable if 
one considers the difference in concentrations em- 
ployed (for partition work original concentration 
of each species was 1 X lo+ M). It is believed that 
phase-solubility method will give only approximate 
K values for these systems because of the great 
solubility of tryptophan in water (soly. = 6 X 
lo-* M), yielding a rather complex overall system 
at saturation. 


Experiments based on the ORD method have 
shown that caffeine interacts with btyrosine (K = 
13.4 d4-l at 25” in water measured a t  315 mp 
with tyrosine concentration = 8 X lo-’ M and 
caffeine concentration = 1 - 5 X lo-* M). The 
extent of interaction measured in the same manner 
between caffeine and L-phenylalanine was much 
less (K = 6.3 M-1 a t  25’ in water measured a t  
320 mp with phenylalanine concentration = 3 X 


M and caffeine concentration = 1 - 6 X 
lo-% M). Preliminary experiments on optical 
rotatory dispersion studies of tryptophan indicated 
that tryptophan also interacted with pyrimidines 
and purines of biological importance. 


Journal of Pharmaceutical Sciences 
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Differential Scanning Calorimetry 


Advantages and Limitations for Absolute Purity Determinations 


By N. J. DeANGELIS and G. J. PAPARIELLO 


A critical evaluation of the effectiveness of absolute purity determination by dif- 
ferential scanning calorimetry (DSC) is resented. Several pure drugs of widely 
differing structure have been investigatJwith respect to the detection of known 
amounts of added impurities of all types. The accuracy of purity values obtained 
by the DSC technique is shown to fall off rapidly below purities of 99 mole qo. 
Experiments are described which demonstrate that impurities present in solid solu- 
tion are not detected. Independent urity determinations by phase solubility and 
quantitative thin-layer chromatograp& are shown to be in good agreement with 
DSC values for samples that are 99% ure or better. A technique for extending 


the useful range of DSC purity &termination to about 95 % is given. 


AMRIMETRIC METHODS of absolute purity de- compounds that melt without decomposition for C termination by measurements related to many years. However, prior to the availability 
melting and freezing point depressions have been of the Perkin-Elmer differential scanning calo- 
successfully applied to the analysis of organic rimeter (DSC), these methods had not been widely 


used in pharmaceutical laboratories. With the 
~ e c e i v e d  May 22,1968, from Wyeth Laboratories, Radnor. introduction of this type of instrumentation, there 
Accepted for publication July 17. 1968. has been increased interest and application of 


purity measurements of this type (1). 
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The theoretical justification for classical calori- 
metric purity measurements imposes as one of its 
restrictions that an equilibrium exist between the 
solid and liquid phases (2). Hence, in measure- 
ments of this kind it has been most common to 
employ heating rates of 0.1' C. per hour or less in 
the vicinity of the melting point of the compound. 
This condition assures that equilibrium is estab- 
lished but results in a long analysis time. Un- 
like the above static methods, DSC utilizes a min- 
imum rate of temperature rise of 0.625' C. per 
minute. In  this dynamic technique one benefits 
from much shorter analysis time (less than 2 hr.), 
but under these circumstances it cannot be as- 
sumed that true solid-liquid equilibrium is always 
attained. The authors feel that i t  is necessary 
to investigate this latter aspect because sufficient 
experimental data have not been presented in the 
scientific literature to indicate the incidence of 
this occurrence and the resulting consequences. 
Thus, the authors have performed a comprehen- 
sive series of experiments to evaluate the DSC 
technique for purity measurements and to reveal 
its advantages and limitations. 


Among the areas considered are the following: 
(a) the detection of contaminants that are either 
structurally similar or structurally dissimilar to 
the major component, (b) the accuracy of DSC 
purity determinations for various levels of im- 
purity content, (c) comparison of results with 
other established purity techniques, (d) a method 
for extending the useful range of DSC purity de- 
terminations. 


DSC TECHNIQUE 


Detailed discussions of the theory of calori- 
metric purity determinations have already been 
presented (3, 4). A brief review of the theory 
and the details of how it is applied to the DSC 
method was given by Gray (5) and Reubke and 
Mollica (1). In  this paper, the procedure will 
merely be outlined. 


The DSC technique centers around an analysis 
of the shape of the melting curve of the com- 
pound. Measurements of the amount of sample 
melted at  several temperatures are made and 
their inverse is plotted against the temperature 
a t  which the individual fractions were measured. 
Theoretically, for systems that behave as ideal 
solutions this should represent a straight line since 
the following relationship can be derived (5) : 
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where 


T., = instantaneous temperature of sample in 
OK. 


TO = melting point of pure solvent in OK. 
R = gas constant in calories/mole-degree 
xz = mole fraction of solute 
AH/ = heat of fusion of solvent in cal./mole 
F = mole fraction melted at  T. 


bH, is directly related to the total area under 
the curve, To is the corrected temperature of the 
peak of the melting curve, and F is determined by 
dividing the area under the curve up to the tem- 
perature T, by the total area. 


When the raw data are plotted one rarely ob- 
tains a linear relationship, and the area measure- 
ments must be mathematically adjusted to make 
them fit a straight line. In  the absence of solid 
solutions, the reason for this behavior has been 
attributed to sensitivity limitations of the instru- 
mentation which causes the early stages of the 
melt to go undetected (6). 


Another approach has recently been presented 
by Driscoll, Duling, and Magnotta (7). In it, all 
samples are treated as though they form solid 
solutions and the equation of Randall and Lewis 
for such systems is applied (8). The authors 
have incorporated this procedure into a computer 
program which shortens the data reduction time 
and provides better accuracy. 


EXPERIMENTAL. 
The Perkin-Elmer DSC-1B was used in all the 


experiments. A heating rate of 0.625' C. per minute 
was employed and all samples were run in a nitrogen 
atmosphere. Area measurements were made with a 
K & E compensating polar planimeter and all 
weighings were made with a Cahn gram electro- 
balance (precision &O.l mcg.). Sample sizes were 
typically in the range of 1-4 mg. The nature of the 
samples did not necessitate the use of the volatile 
sample pans and calculations were made according 
to the procedure outlined in the literature (5, 6). 


When the dry mixing technique was used for 
sample preparation both the pure component and 
the contaminant were separately weighed into a 
tared sample pan and the weights of each were ob- 
tained by difference. This eliminated the possibility 
of sampling errors that could have been present 
if both components were premixed and a single 
aliquot taken. For preparation of samples which 
were mixed in solution, an organic solvent which 
did not adversely affect either component and 
yielded good crystalline material was employed. 


Materials used for the major component were of 
analytical reference standard quality, Le., 99.8 
mole yo pure or greater as established by inde- 
pendent purity measurements. The methods em- 
ployed were phase solubility and quantitative thin- 
layer chromatography. Chromatographically, the 
amount of impurity present was determined by 
visual comparison of the contaminant spot intensity 
with actual samples of the isolated impurities. 


RESULTS AND DISCUSSION 


Structurally Similar Impurities-Since the con- 
taminants encountered in synthesized raw material 
are usually closely related to the major component, 
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TABLE I-DSC PURITY VALUES FOR STRUCTURALLY SIMILAR IMPURITIES 


Actual Purity, DSC Purity, 
Pure Compound Impurity Mole % Mole % 


dZ-13-Ethyl-17a-ethynyl- 17- a-13-Ethyl-17-ethynyl-3- 99.5 99.6 
hydroxygon-4-en-3-one methoxygona-2,5(10) -dien- 99.2 99.2 


d-Form of pure compound 99.4 99.4 
99.0 99.1 


dl-13-Ethyl-17a-ethynyl-17- 99.5 99.5 
hydroxygon-5( lO)-en-3-one 99.1 99.1 


7-Chloro-l,3-dihydro-3-hydroxy- 7-Chloro-l,3-dihydro-3-hydroxy- 99.4 99.5 
1-methyl-5-phenyl-3H-1.4- 5-phenyl-2H-l,4-benzodi- 99.2 99.2 
benzodiazepin-2-one azepin-2-one 


Polymorph of pure compound 99.4 99.5 
99.0 99.0 


FEthox yacetanilide Acetanilide 99.5 99.4 
99.2 99.1 


p-Chloroacetanilide 99.6 99.6 
99.1 99.1 


An investigational substituted A position isomer of the pure 99.2 99.2 
carbamate compound 98.8 98.9 


dl-Malic acid I-Form of pure compound 99.3 99.4 
98.9 99.0 


176-01 


the presence of this type of impurity in several dif- 
ferent classes of compounds was investigated. 
Examples of position and optical isomerism, poly- 
morphism, and common synthetic reaction con- 
taminants were considered. These impurities were 
added to the drug by dry mixing and the final 
purity determined by the DSC method. In all 
cases, the purity of the starting major component 
was independently determined and the DSC value 
was in good agreement with it. The results of this 
study are given in Table I. The actual purity 
values listed in the table represent the sum of the 
impurities in the starting major component and the 
amounts of contaminant added. It is apparent 
that there is excellent agreement in the range 
considered, independent of the system investigated. 
This is especially significant because the nature of 
the impurities is such that they would be very 
difficult to quantitate by conventional analytical 
techniques. 
Structurally Dissimilar Impurities-To further 


test the “absoluteness” of the DSC purity method, 
i t  was necessary to determine if impurities struc- 


turally different from the major component could 
be detected. To investigate this aspect, contam- 
inants were dry mixed with nonrelated pure com- 
pounds and the DSC purity was determined. The 
results are given in Table 11. With the exception 
of sodium chloride, lactose, and sodium acetate, the 
contaminants present were accurately determined. 


Since the theory of calorimetric purity measure- 
ments predicts inaccuracies for systems that con- 
tain salts, the authors did not expect perfect agree- 
ment for those type samples. However, it is inter- 
esting to note that they were not detected even 
though present in large quantities. The behavior 
of lactose was not expected and indicates that either 
equilibrium is not rapidly established or that the 
two components do not form a solution. The 
latter point is very often neglected, but it is an 
important consideration since it is required that the 
impurity form a solution with the major component 
in order to be detected. It is reasonable to expect 
that as the major and minor component become 
more and more dissimilar the incidence of this effect 
will become more prevalent. 


TABLE 11-DSC PURITY VALUES FOR STRUCTURALLY DISSIMILAR IMPURITIES 


Actual Purity, DSC Purity, 
Pure Compound Impurity‘ Mole yo Mole % 


dl-13-Ethyl-17a-ethynyl-17- 7-Chloro- 1,3-dihydro-3-hy- 99.1 99.1 
hydroxygon-4-en-3-one droxy-5phenyl-2H- 1,4- 


benzodiazepind-one 
PEthoxyacetanilide 


7-Chloro-l,3-dihydro-3-hydroxy- 
l-methyl-5-phenyl-2H-1,4 
benzodiazepin-2-one 


N- Acet yl-p-aminophenel 


dI-13-Ethyl- 17a-ethynyl- 17- 
hydroxygota-4-ul-3-one 


An investigational substituted 99 -3 99.3 


N- Acetyl-p-aminophenol 99.4 99.3 
carbamate 


2-Methyl-2- N-prspyl- 1,3- 99.0 99.1 


Lactose 98.0 99.6 
Sodium acetate 95.0 99.6 
Sodium chloride 95.0 99.8 


prepanediol dicarbamate 


a Impurity added by dry mixing. 
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Fig. I-Limits of accuracy. Key: 


0.5 1.0 1.5 2.0 2.5 mined by DSC; ---, actual 
amount of impurity present. 


1 -, amount of impurity as detcr- 


IMPURITY ADDED (molexl 
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Accuracy Range-The range of impurity levels 
which can be accurately quantitated by the DSC 
technique (&O.ly0) was also investigated by dry 
mixing known amounts of impurity with a pure 
drug. Structurally similar impurities representing 
1 mole yo or less of the total sample were precisely 
determined. In some cases, this range was in- 
creased slightly but not beyond a limit of approxi- 
mately 1.5 mole yo. Representative results are 
given in Fig. 1. Typically, the analysis of a sample 
containing 2 mole Yo impurity yielded values of 
near 1.5y0, and approximately 2.5% for those 
that were actually 5y0 impure. It must be under- 
stood that the above results may not hold true for 
every system considered, because the range of ap- 
plicability will primarily be determined by the 
ideality of the system and the rate at which equi- 


librium between the solid and liquid phases is 
attained. However, the authors have not yet on- 
countered any system in which accurate results were 
obtained beyond 1.5 mole yo impurity and it is indi- 
cated that DSC purity values of less than 99% are 
likely to be in error. 


Solid Solution Effect-The use of Eq. 1 assumes 
the absence of solid solutions. To demonstrate 
the effect that their presence will have on purity 
measurements by the DSC method the following 
experiments were performed. 


(a) Varying concentrations of different types of 
impurities were mixed with p-ethoxyacetanilide in 
chloroform solution. Aliquots of these solutions 
where pipeted into the DSC sample pan with a 
microliter syringe and then recrystallized rapidly 
by evaporation. This same procedure was used 


TABLE 111-EFFECT OF SOLID SOLUTIONS 


-Method of Recrystallization 
Fast Evaporation Controlled Process 


Actual DSC Actual DSC 
Purity, Purity, Purity, Purity, 


Pure Compound Impurity Mole % Mole % Mole % Mole % 


p-Ethoxyacetanilide p-Chloroacetanilide 


Acetanilide 


An imvestigaticnal rub- 
stituted carbmate 


dl- 13-Ethy1-17a-ethymyl- dl-13-Ethyl-17-ethyyl-5- 
17-hydrexygon-4-en- methoxygonr-2,5( 10)- 
3-one dim-176-01 


7-Chloro-l,3-dihydro-3- 
hydroxy-5phcnyl-2H- 
1.4-bemzodiazepirn-2-one 


99.6 99.9 


98.4 99.5 
99.4 99.7 
98.9 99.6 
98.4 99.3 
99.5 99.6 
99.0 99.1 
98.5 98.7 
99.5 99.8 
99.0 99.6 
98.5 99.3 
99.6 99.7 
99.2 99.2 
98.8 99.0 


98.9 99.a 
99.5 99.5 
99.3 99.2 
98.9 98.9 
99.7 99.7 
99.4 99.4 
99.0 99.1 - - 


98.5 99.5 
99.2 99.2 


98.9 98.8 - - 
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TABLE IV-COMPARATIVB PURITY’ 
RESULTS BY OTHER METHODS 


dl-13-Ethyl-17a-ethynyl-17-hydro~gon-4-en-3-one 
Phase 


Sample DSC Solubility TLC 
~ ~~ 


1 99.4 99.3 99.2 
2 99.6 99.5 99.5 
3 99.8 99.6 99.7 
4 99.8 100 99.8 
5 99.1 99.2 99.2 


An Investigational Substituted Carbamate 
Sample DSC NMR TLC 


1 99.7 > 99 >99.5 
2 99.5 > 99 99.5 
3 98.6 98.2 98 
4 97.4 95.4 95-96 
5 96.5 94.4 <95 


a All purity values in mole %. 
by NMR if i t  does not exceed 1%. 


Impurity not detectable 


for a system whose major component was dl-13- 
ethyl- 17a-ethynyl- 17 - hydroxygon - 4 - en - 3 - one. 
These samples, when analyzed by the DSC method, 
gave poor results if the contaminants were closely 
related in size and structure to the major com- 
ponent. For impurities that were dissimilar, the 
agreement was equivalent to  that obtained by dry 
mixing. The results are summarized in Table HI. 


The above results are not surprising, because 
where the compounds were closely related and 
then rapidly recrystallized, migration of one com- 
ponent into the crystal lattice of the other is likely 
to occur. In the resulting solid solution, the con- 
taminant is either in part or in whole dissolved 
in the solid phase of the major component. Hence 
Eq. 1 must be modified by the addition of a dis- 
tribution coefficient to take this into account. 
Mastrangelo and Dornte (9) have derived a method 
for the analysis of systems which form solid solutions 
but Driscoll eb al. (7) have shown that this treatment 
is not applicable to the DSC technique when they 
actually occur. The results verify this conclusion. 
The reason for this behavior is most likely due to  
the nonequilibrium operating condition. Un- 
fortunately, one does not know a priori if a solid 
solution exists, and this information is not ob- 
tainable from the DSC curve. 


(b) The systems described above for which in- 
accurate results were obtained were recrystallized 
under controlled conditions to simulate actual 
synthetic reaction processes. This was done to 
determine if the solid solution limitation would be 
prevalent in production-recrystallized material. 
The combination of dl-13-ethyl-l7a-ethynyl-17- 
hydroxygon-4-en-3-one and dl-13-ethyl-17-ethynyl- 
3-methoxygona-2,5(10)-dien-17~-ol was slowly 
recrystallized from ethyl acetate by the addition of 
isooctane. The p-ethoxyacetanilide systems were 
dissolved in ethyl alcohol and precipitated by 
dilution with water. DSC purity determinations on 
the above samples were in good agreement with 
theory as seen in Table 111. 


I t  is true that there will always be uncertainty in 
the purity values obtained on samples for which the 
nature of the contaminants and the history of the 
sample is not known. However, it has been dem- 
onstrated in this laboratory, at least for two sys- 
tems, that DSC analysis of production material 


Journal of Pharmaceutical Sciences 


TABLE V-DSC PURITY BY DILUTION TECHNIQUE 


Compound 


dl- 13-Ethyl-17a-ethynyL 
17-hydroxygon-4-en- 
%one 


9-Ethoxyacetanilide 
2-Methyl-2-propyl-l,3- 


propanediol dicarba- 
mate 


7-Chloro-l,3-dihydro-3- 
hydroxy-l-methyl-5- 
phenyl-2H-l,4-benzo- 
diazepin-Zone 


-DSC Purity- 
Actual Before After 
Purity, Dilution. Dilution, 
Mole % Mole % Mole % 


’ 95.5 97.4 95.5 


96.0 97.6 96.2 
97.0 97.8 97.2 


96.5 97.6 96.4 


is not limited by solid solutions. The justification 
for this statement is based on the excellent agree- 
ment obtained with independent purity determin- 
ations as will be shown below. 


Comparative Results-Comparative purity re- 
sults by the phase solubility technique, which has 
been generally accepted as the standard method for 
determining absolute purity, and quantitative TLC 
were found to be in good agreement with DSC 
purity values on production material which was 
99 mole yo pure or better. This is shown in Table 
IV. A t  the same time it is apparent from the NMR 
and TLC results on the carbamate that impurities 
of 2 mole % or more are not accurately determined. 
This is in agreement with findings on the dry mixed 
samples. 


Extending Accuracy Range-To circumvent this 
problem of inaccurate DSC results for samples more 
than 1 mole ’% impure, the following method is 
applicable. 


Mix in known proportions the sample whose 
purity is to be determined with a known pure sample 
(>99.5%) of the same compound. Adjust the 
amounts so that the final purity of the mixture is 
between 99% and 99.5% pure. The ratios t o  be 
used can be estimated from the initial DSC results 
of the nondiluted sample. Determine the DSC 
purity of the mixture and from this information, 
along with the known weightsand purity of the 
diluent, algebraically calculate the values for the 
sample in question. 


Using this technique, the results shown in Table 
V are obtained. 
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Pharmaceutical Heterogeneous Systems I1 


Study of Hydrolysis of Aspirin in Combination with 
Fatty Acid Tablet Lubricants 


By H. V. MAULDING, M. A. ZOGLIO, and E. J. JOHNSTON 


Stearic acid USP, in combination with aspirin in tablets, capsules, and powder 
mixes increases the rate of salicylic acid formation over pure aspirin controls. The 
breakdown of aspirin in combination with stearic acid USP and reagent grade 
stearic and palmitic acids has been studied with regard to the relative suitability 
of the fatty acids in question as tablet lubricants. Commercial stearic acid was found 
to have a marked effect on acceleration of salicylic acid formation as compared to 
reagent almitic and stearic acids which were 95% + pure (gas chromatography). 
In pow&rs and tablets with a constant aspirin:fatty acid ratio (20: 1) the degree 
of as itin degradation reaches a maximum when the two reagent acids are mixed 
togezer at approximately the same molar ratio as found in stearic acid USP. This 
maximum closely parallels the minimum on the melting point curve for mixtures 


of stearic and palmitic acids. 


T HAS BEEN observed that the commonly used I tablet lubricant, stearic acid USP, accelerates 
aspirin decomposition and salicylic acid forma- 
tion upon combination with pure aspirin in tab- 
lets, powders, and capsules (1). This deleterious 
effect has been well documented in this labora- 
tory (2). It was thought that by varying the 
purity of the stearic acids used, one might note a 
difference in the degree of acetylsalicylic acid deg- 
radation as a result of either chemical and/or 
physical effects of the fatty acid lubricants. For 
this comparison aspirin powder mixes and tablets 
containing food grade stearic acid' USP and rea- 
gent grade stearic and palmitic acids (Fisher 
Chemical Co.) were compared. 


EXPERIMENTAL 


Free Salicylic Acid Determination (3)-A sample 
of powder or tablet (crushed in a mortar) equivalent 
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1 Emeresol 6332, Emery Ind. Inc. 


to 200 mg. of aspirin was dissolved in 10 ml. of 
water-saturated chloroform with agitation (1 min.). 
This solution was then poured onto a column con- 
taining 8 g. of acid-washed diatomaceous earthz 
previously mixed with 8 ml. of 2y0 ferric chloride. 
The column was eluted with water-saturated 
chloroform (about 50 ml.) to remove the aspirin. 
The purple complex was eluted into a volumetric 
flask with 10% acetic acid in chloroform (10 ml.) 
followed by 1% acetic acid in water-saturated 
chloroform to remove the complex. The concen- 
tration of salicylic acid was determined by measur- 
ing the absorbance of the solution at  310 mp. 
Melting Point Determination-Exactly weighed 


quantities of reagent steric and palmitic acids 
(Fisher) were mixed and heated to melting on a 
water bath. The mixtures were stirred and allowed 
to cool overnight. The congealed mixtures were 
crushed, mixed intimately, and melting points run 
on a Thomas-Hoover melting point apparatus with 
a temperature increase of 1°/min.a 


Gas Chromatography-Esterqkation Procedure- 
One gram of fatty acid was transferred to a 125-ml. 
conical flask, and 30 ml. of BFa-methanol reagent, 
14% w/v (Applied Science Laboratories, Inc., 
State College, Pa.) added. The flask was fitted 
with an air condenser and the reactants refluxed on a 
steam bath for at  least 0.5 hr. The reactants were 
cooled at room temperature, 20 ml. of petroleum 
ether added, the flask swirled, and the mixture 


* Celite 545, JohnsMaaville, New York. N. Y. 
I All melting points are uncorrected. 
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iron. The chapter on radioactivity and the radio- 
active elements has been completely rewritten and 
updated by Dr. Herbert Jonas, College of Pharmacy, 
University of Minnesota. 


As in the-previous editions the text material in- 
cludes sections on the history, occurrence, physical 
properties, chemical properties (including a brief 
explanation of the assay), tests for identity, com- 
mercial manufacture, pharmacological action, and 
uses of the elements and their inorganic compounds 
and preparations of pharmaceutical importance. 


The material has been revised to conform with the 
seventeenth revision of the “United States Pharma- 
copeia” and the twelfth edition of the “National 
Formulary.” Monographs have been added for 
povidone-iodine, ferrous fumarate, iron dextran in- 
jection, and magnesium stearate. Discussions of the 
nonofficial drugs dextriferron, iron sorbitex, and 
ferrocholinate have been added. 


In numerous instances data on the melting point, 
boiling point, and density of elements have been 
revised. Certain literature references cited in the 
seventh edition have been deleted from the eighth 
edition. 


The order of presentation of the text material is 
identical with that of the seventh edition, beginning 
with a chapter on atomic structure and chemical 
bonding, followed by chapters on the elements and 
their inorganic compounds and preparations. Oxy- 
gen, hydrogen, and nitrogen are considered first, 
followed by the halogens, the inorganic acids, and a 
chapter on solutions and solubility phenomena. AU 
other elements are discussed in the order of their 
occurrence in the periodic table, Groups I through 
VIII, followed by the inert gases and the chapter on 
radioactivity. The monographs on the official com- 
pounds of each element are arranged alphabetically 
after the discussion of the parent element. Other 
compounds of pharmaceutical interest, particularly 
those recently dismissed from the official compendia, 
are considered more briefly at the end of each chap- 
ter. 


Several errors which occurred in the seventh edi- 
tion have been corrected. However, the statement 
on page 99 that “. . . elemental iodine is officially 
recognized in a variety of preparations including . . . 
Iodine Ointment, . . . Phenolated Iodine Solution 
(Boulton’s Solution) and Strong Iodine Tincture” 
needs revision. Errors by the printer were noted 
on page 404 in a phrase which should read “. . . the 
poisonous barium sulfide or barium sulfite.”, on 
pages 615 and 616 where ferrous gluconate is incor- 
rectly designated as being official in the USP XI1 
instead of NF XI1 and on page 669 where nucleus is 
misspelled. 


This well-established and authoritative book 
should continue to enjoy widespread use as a class- 
room textbook and reference work for students and 
practicing pharmacists. 


Reviewed by Austin A. Dodge 
University of Mississippi 
University, M S  38677 
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Technical Articles- 


Colorimetric Analysis of Ethinyl Estradiol 
and Mestranol in Pharmaceutical Tablets 


By WILLIAM F. BEYER 


An automated colorimetric procedure is described for the determination of ethinyl 
estradiol and ethinyl estradiol-+methyl ether in pharmaceutical tablets. Chloroform 
solutions of the estrogen are automatically extracted with alcohol-sulfuric acid and 
analyzed at a rate of 2 0  samples/hr. The relative standard deviation of repetitive 
samplin of tablet extracts was less than 1 percent, and Beer's law was obeyed over the 
range ofo.40-8.00 mcg./ml. of sample solution. The procedure i s  ap licable to 
unit dosage assays and to assays requiring composite samples of pulverize1 tablets or 


numerous whole tablets. 


UMEROUS METHODS have been reported for N the determination of ethinyl estradiol 
(EE) or its 3-methyl ether derivative (EE-3ME) 
from tablets (1-5). The majority of these pro- 
cedures depends upon the spectrophotometric 
analysis of sulfuric acid-induced color, and in- 
volve somewhat lengthy separative techniques. 


A recent publication of Khoury and Cali (6) 
describes an automated assay for EE and EE- 
3ME based on the fluorescence exhibited by the 
estrogens in 90% sulfuric acid. The necessity 
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of assaying large numbers of tablets for EE in 
combination with nonestrogenic steroids also 
prompted the investigation of automation in these 
laboratories. A relatively simple, automated 
method has been developed with instruments 
normally found in laboratories employing auto- 
matic analysis-sampler, proportioning pump, 
heating bath, spectrophotometer, and recorder. 
The procedure is based on a manual method 
developed in these laboratories (7), a modifica- 
tion and quantitation of the USP XVII sulfuric 
acid identification test for EE (1). The red 
color formed when sulfuric acid is added to a 
chloroform solution of EE is extractable with 
sulfuric acid and exhibits a maximum absorption 
at  518 ml. The color develops rapidly and is 
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Fig. 1-Flow diagram 
for the automated deter- 
mination of ethinyl es- 
tradwl and ethinyl es- 
tradwZ-3-methyl ether, 
at wavelengths of 528 
and 538 mp, respectively. 


Pioportioninp Pump 
End Block m A l l  proportioning pump tubes are Acidflex, 5%' long 


SPECTROPHOTOMETER RECORDER 
Wevclcngth = 528 my 
Slit I 0.3 mm 
Currtte = 1 .O Cm 


Chart Speed = O.l"/min 


stable at room temperature for at least 15 hr. 
Although the reaction is not influenced b y  the 
volume of chloroform, the color is enhanced 
by  the small amount of alcohol used as a preserva- 
tive in  chloroform. The interference of non- 
estrogenic steroids present in tablets in combina- 
tion with the estrogen is eliminated by correcting 
for absorbances due t o  nonestrogenic steroids. 


Details of the automated procedure and a 
comparison of assay results with the manual 
procedure are the subject of this report. 


EXPERIMENTAL 
Equipment-Automatic sampler, proportioning 


pump, and assorted tubing and glass fittings'; 
heating bath2; spectrophotometerS; recorder4; and 
12 X 35-mm. glass shell vials. 


Reagents-Chloroform, analytical grade; 10% 
3A alcohol6 in 90% sulfuric acid, analytical grade 


Standards-Chloroform stock solutions contain- 
ing 100 mcg./ml. of USP ethinyl estradiol or ethinyl 
estradiol-3-methyl ether are refrigerated in tightly 
sealed volumetric flasks. The stock standards are 
brought to room temperature and diluted with 
chloroform to approximately 4 mcg./ml. just prior 
to use. 


Interfering Nonestrogenic Steroids-Chloroform 
stock solutions of steroids present in tablet formula- 
tion in combination with EE or EEBME are re- 
frigerated in tightly sealed volumetric flasks. 
Chloroform solutions of nonestrogenic steroids are 
prepared from the stock solutions, maintaining the 
ratio of estrogen to nonestrogen that exists in the 
tablets. 


Tablets-Tablets are disintegrated by gentle 


(v/v). 


1 Technicon, Ardsley, N. Y. 


a Hitachi-Perkin-Elmer 139 s ectrophotometer with 1.0- 
cm. Thomas flow cell No. 9128N05, A. H. Thomas Co., 
Philadelphia, Pa. 


4 Sargent SRL recorder 
6 US Industrial Chemical Co., New York, N. Y. (100 gal. 


ethanol denatured with 5 gal. methanol). 


Tamson heating bath, Witt Sales, Cleveland, Ohio 


shaking in polyethylene-stoppered conical flasks, 
containing a small amount of water and several 
glass beads. To completely disintegrate the tablets, 
the stoppers are loosened and the flasks are heated 
on a steam bath for approximately 15 min. After 
cooling to room temperature, chloroform is added 
at a ratio of 10 ml. for each ml. of water so that the 
final estrogen concentration is similar to that of the 
standard. For example in the assay of 0.05mg. EE 
tablets, eight tablets are disintegrated with 10.0 ml. 
of water and extracted with 100.0 ml. of chloroform. 
The flasks are shaken vigorously for approximately 
30 min. A portion of the chloroform phase is 
filtered directly into shell vials using a rapid flow 
filter paper such as Whatman No. 41. A layer of 
water (approximately 0.4 ml.) is added t o  each vial 
immediately after iiltration to  suppress evaporation 
of chloroform. 


Procedure-The sampling probe of the automatic 
sampler is aligned so that satisfactory aspiration 
from the shell vials and from the rinsing compart- 
ment occurs. A zero base line is established with 
all instruments operating using the flow system of 
Fig. 1 with sample and rinse lines in chloroform and 
the remaining line in acidic alcohol. Sampling rate 
is set at 20/hr. with a sample-rinse ratio of 1:l. 
Before aspiration of samples, the flow cell is inverted 
and tapped to  release chloroform or water droplets 
that may be trapped. Vials of the nonestrogenic 
steroid are sampled first if that particular steroid is 
present in the tablets in combination with the estro- 
gen. Vials of duplicate EE or EE3ME standards 
follow, with approximately 0.4 ml. of water added to  
vials of both the nonestrogenic steroid and standard. 
Additional standards are interspaced among test 
samples to compensate for instrumental variation. 
EE is measured at a wavelength of 528 ma, E E  
3ME at 538 mp. 


Calculations are based on the relative absorbance 
of standards and test samples with corrections made 
for the absorbance of the nonestrogenic steroid 
present in the tablet formulation. 


RESULTS AND DISCUSSION 
Virgorous shaking of tablets in chloroforiii follow- 
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ing disintegration with a small amount of water, 
gave both a simple and efficient extraction of EE. 
The use of chloroform samples introduced difficulties; 
however, satisfactory procedures were developed 
that permitted their use. An attachment t o  hold 
glass shell vials in the sample plate of the automatic 
sampler and a glass cover plate for the sampler 
were constructed. Two metal disks were attached 
to the standard sample plate, below the plastic 
holder; one with forty 1.3-cm. (0.5-in.) holes to  cen- 
ter the shell vials, the other without holes as a sup- 
port for the containers. An exact duplicate of the 
original plastic cover plate was made using plate 
glass, to  eliminate the effect of chloroform on the 
plate. Placing a layer of water on the vials of chloro- 
form, eliminated the problem of chloroform evapora- 
tion. In-stream extraction of the estrogen in chloro- 
form with sulfuric acid was aided by adding 10% 
water and 10% alcohol to  the acid and by using a 42' 
water bath. Alcohol added to  diluted sulfuric acid 
decreased the viscosity of the acid, giving a uniform 
flow of liquids and a satisfactory separation of 
acid-chloroform phases. The effect of striations 
caused by sulfuric acid passing through the flow 
cell was eliminated by applying Scotch Magic tape6 
to the optical surface of the flow cell nearest the 
photo tube in the manner described by Anderson 
et al. for the automated assay of vitamin A (8). 
Maximal absorption of E E  and EE-3ME occurred 
a t  528 and 538 mfi, respectively, verified with a 
recording spectr~photometer~ after manually collect- 
ing acid from the exit port of the flow cell while 
sampling continuously. 


Recordings of repetitive and continuous sampling 
of chloroform solutions of E E  at a concentration of 
3.0 mcg./ml. are shown in Fig. 2. A relative stan- 
dard deviation for the 12 replicate analyses was 
0.54yo even though peak heights of individual 
samples did not reach that of continuous sampling 
and the base line was not reached during the rinse 
cycle. Recordings of various concentrations of 
EE (Fig. 3), with duplicate sampling at each level, 
show minimal interaction between subsequent 
samples. Beer's law was obeyed and a y intercept 
of -0.004 was calculated. The values gave a 
calculated slope of 0.999 when plotted on the ordinate 
against theoretical values on the abscissa. 


The recovery of E E  from pooled chloroform ex- 
tracts of oral contraceptive tablets containing 
0.05 mg. E E  in combination with 10.0 mg. medroxy- 
progesterone acetate per tablet was tested. E E  
standard was added to  varying quantities of tablet 
extracts, giving an average recovery of 100.2% 
(Table I), with a low of 99.6% and a high of 100.7%. 
Medroxyprogesterone acetate, the progestin in the 
tablet, did not interfere with the assay. Recovery 
studies of E E  from tablets containing 0.02 mg. E E  
and 1.0 mg. fluoxymesterone, in which the anabolic 
androgen contributed approximately 3% of the 
absorbance, were carried out. Samples were pre- 
pared to contain tablet excipients, varying quantities 
of EE, and fluoxymesterone at a concentration 
equivalent t o  50 times the level of E E  used for 
assay purposes. Table I1 shows that  it is possible 
to assay EE at a concentration of 75-12570 of the 


8 Minneapolis Mining and Manufacturing, St. Paul, Minn. 
'Cary model 11. Cary Instruments, Applied Physics 


Corp., Monrovia, Calif. 


Fig. 2-Absorbance recordings of 3.0-mcg./ml. 
chloroform solution of ethinyl estradiol sampled con- 


tinuously and repetitiely. 


Fig. 3-Absorbance recordings of various mcg. /ml.  
levels of ethinyl estradiol in  chloroform. 


TABLE I-RECOVERY OF ETHINYL ESTRADIOL FROM 
CHLOROFORM EXTRACTS OF TABLETS CONTAINING 
ETHINYL ESTRADIOL AND MEDROXYPROGESTERONE 


ACETATE 


EE EE Theoretical 
Standard from EE Assayed 


mcg./ml. mcg./ml. mcg./ml. mcg./ml. yo 
Added, Tablets, Present. EE, Recovery. 


2.60 0.25 2.85 2.87 100.7 
2.60 0.50 3.10 3.13 100.6 
2.60 1.00 3.60 3.61 100.3 
2.60 1.50 4.10 4.11 100.2 
2.60 2.00 4.60 4.59 99.8 
2.60 2.50 5.10 5.08 99.6 


Av. 100.2 


TABLE 11-RECOVERY OF VARYING QUANTITIES OF 
ETHINYL ESTRADIOL FROM SAMPLES SPIKED WITH 


FLUOXYMESTERONE 


Pluoxy- 
EE mesterone EE 


Present, Added, Assayed, Recovery, 


3 . 0  200 3.05 101.6 
mcg./ml. mcg./ml. mcg./ml. % 


3.5  200 3.53 100.9 
4 . 0  200 4.01 100.3 
4 . 5  200 4.46 99.1 
5 . 0  200 4.86 97.2 


Av. 99.8 


labeled amount in the presence of the nonestrogenic 
steroid at label strength. 


Numerous assays for EE in tablets containing 
iiiedroxyprogesterone acetate or fluoxymesterone 
were carried out using automated and manual 
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TABLE 111-AUTOMATED AND MANUAL ETHINYL. 
ESTRADIOL ASSAYS OF TABLETS CONTAINING 
ETHINYL ESTRADIOL AND A NONESTROCENIC STEROID 


Journd of Phormuceuticd Sciences 


‘TABLE IV-BrHINYL ESTRMIOG~-METFIYL ETHER 
ASSAYS OF ORAL CONTRACEPTIVES FROM VARIOUS 


MANUFACTURERS 
-EE, mg./Tab.- 


Lot No. Automated Manual 
0.05 mg. Ethinyl Estradiol + 10.0 mg. Medroxyprogesterone 


Acetate 
1 0.050 0.050 
2 0.049 0.050 
3 0.050 0.049 
4 0.048 0.049 
5 0.047 0.051 
6 0.050 0.048 
7 0.049 0.049 
8 0.047 0.050 
9 0.049 0.048 
10 0.048 0.050 


0.02 mg. Ethinyl Estradiol + 1.0 mg. Fluoxpesterone 
11 0.019 0.019 
12 
13 
14 
15 
16 
17 


0.019 0.020 . . . ~ .  


0.021 0.020 
0.021 0.022 
0.020 0.020 
0.020 0.019 
0.019 0.020 


18 0.017 0.020 
19 0.020 0.021 
20 0.021 0.021 


procedures. Table I11 shows that satisfactory 
agreement occurred for the two methods of assay. 


Progestins present in formulations of oral con- 
traceptive tablets, in combination with E E - 3 M E  
interfered with the automated assay to varying 
degrees. The interference, however, was eliminated 
by correcting for the absorbance at 538 mp, due 
to  the progestin alone. Table IV  gives results of 
tablet assays from five manufacturers. 


SUMMARY 


An automated colorimetric method has been 
described for the assay of ethinyl estradiol and 
ethinyl estradiol-3-methyl ether in tablets. Inter- 


EE-3ME 
Manu- Progestin and Assay, % of 


facturer Labeled Amount, mg. mg./Tab. Claim 
A Norethindrone, 1.0 0.047 94 
B Norethindrone, 2.0 0.077 96 
C Norethindrone, 2.0 0.096 96 
D Norethynodrel, 5.0 0.082 109 
E Chlormadinone 0.075 94 


acetate, 2.0 


ferences due to nonestrogenic steroids also present 
in the tablets are eliminated by correcting for the 
absorbance due to  the steroids. Following manual 
extraction of test preparations, chloroform samples 
are analyzed at a rate of 20/hr. The relative stand- 
ard deviation is less than 1% and Beer’s law is 
obeyed in the range of 0.4-8.0 mcg./ml. Satisfac- 
tory agreement of assay results was obtained for 
the automated and manual procedures. 
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Pharmaceutical Heterogeneous Systems I1 


Study of Hydrolysis of Aspirin in Combination with 
Fatty Acid Tablet Lubricants 


By H. V. MAULDING, M. A. ZOGLIO, and E. J. JOHNSTON 


Stearic acid USP, in combination with aspirin in tablets, capsules, and powder 
mixes increases the rate of salicylic acid formation over pure aspirin controls. The 
breakdown of aspirin in combination with stearic acid USP and reagent grade 
stearic and palmitic acids has been studied with regard to the relative suitability 
of the fatty acids in question as tablet lubricants. Commercial stearic acid was found 
to have a marked effect on acceleration of salicylic acid formation as compared to 
reagent almitic and stearic acids which were 95% + pure (gas chromatography). 
In pow&rs and tablets with a constant aspirin:fatty acid ratio (20: 1) the degree 
of as itin degradation reaches a maximum when the two reagent acids are mixed 
togezer at approximately the same molar ratio as found in stearic acid USP. This 
maximum closely parallels the minimum on the melting point curve for mixtures 


of stearic and palmitic acids. 


T HAS BEEN observed that the commonly used I tablet lubricant, stearic acid USP, accelerates 
aspirin decomposition and salicylic acid forma- 
tion upon combination with pure aspirin in tab- 
lets, powders, and capsules (1). This deleterious 
effect has been well documented in this labora- 
tory (2). It was thought that by varying the 
purity of the stearic acids used, one might note a 
difference in the degree of acetylsalicylic acid deg- 
radation as a result of either chemical and/or 
physical effects of the fatty acid lubricants. For 
this comparison aspirin powder mixes and tablets 
containing food grade stearic acid' USP and rea- 
gent grade stearic and palmitic acids (Fisher 
Chemical Co.) were compared. 


EXPERIMENTAL 


Free Salicylic Acid Determination (3)-A sample 
of powder or tablet (crushed in a mortar) equivalent 
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1 Emeresol 6332, Emery Ind. Inc. 


to 200 mg. of aspirin was dissolved in 10 ml. of 
water-saturated chloroform with agitation (1 min.). 
This solution was then poured onto a column con- 
taining 8 g. of acid-washed diatomaceous earthz 
previously mixed with 8 ml. of 2y0 ferric chloride. 
The column was eluted with water-saturated 
chloroform (about 50 ml.) to remove the aspirin. 
The purple complex was eluted into a volumetric 
flask with 10% acetic acid in chloroform (10 ml.) 
followed by 1% acetic acid in water-saturated 
chloroform to remove the complex. The concen- 
tration of salicylic acid was determined by measur- 
ing the absorbance of the solution at  310 mp. 
Melting Point Determination-Exactly weighed 


quantities of reagent steric and palmitic acids 
(Fisher) were mixed and heated to melting on a 
water bath. The mixtures were stirred and allowed 
to cool overnight. The congealed mixtures were 
crushed, mixed intimately, and melting points run 
on a Thomas-Hoover melting point apparatus with 
a temperature increase of 1°/min.a 


Gas Chromatography-Esterqkation Procedure- 
One gram of fatty acid was transferred to a 125-ml. 
conical flask, and 30 ml. of BFa-methanol reagent, 
14% w/v (Applied Science Laboratories, Inc., 
State College, Pa.) added. The flask was fitted 
with an air condenser and the reactants refluxed on a 
steam bath for at  least 0.5 hr. The reactants were 
cooled at room temperature, 20 ml. of petroleum 
ether added, the flask swirled, and the mixture 


* Celite 545, JohnsMaaville, New York. N. Y. 
I All melting points are uncorrected. 
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quantitatively transferred to a 125ml. separator 
fitted with a Teflon stopcock. Twenty milliliters 
of water was added to the mixture, extracted with 
petroleum ether, and two additional extractions 
performed with 20-ml. portions of petroleum ether. 
The extract was filtered through anhydrous sodium 
sulfate into a tared 100-ml. beaker. The petro- 
leum ether was evaporated and the residue weighed, 
then redissolved in 80 ml. of chloroform. The 
solution was chromatographed and the fatty acid 
distribution calculated. 


Conditions for Gas Chromatography-Chroma- 
tography was performed with an Aerograph model 
1520 gas chromatograph equipped with a thermal 
conductivity detector, a Leeds & Northrup Speed- 
max "W" recorder, and a 1.5-m. stainless steel 
column, packed with 11.6% SE-30 on Anakrom 
ABS, 70180 mesh (Analabs Inc., Hamden, Conn.). 
The temperatures were: column 215", injector, 
265", and detector, 250". The carrier gas was 
helium with a flow rate of 30 ml./min. The de- 
tector was calibrated with CI,, CIS, and CU methyl 
ester standards (Mann Research Laboratories, 
New York, N. Y.). Peak areas were calculated 
with a Disc integrator. 


Tablet Preparation-The reagent stearic and 
palmitic acids were chilled to -10' and passed 
through a 35-mesh screen while still cold. The 
commercial stearic acid was passed through a 
bolting cloth. The powders were then mixed in a 
Hobart mixer for 20 min. followed by compression 
of the tablets on a Stokes E machine to  give 10-mm., 
320-mg. tablets. The powders used were taken 
from these mixtures. Tablet hardness varied from 
3 to 5 on Strong Cobb Arner Inc. tablet hardness 
tester. 


Kinetic Studies-Aspirin (100 me.) and the fatty 
acid (8 g.) were placed in a sealed ampul in an oil 
bath at 70" (*0.01") and rotated at 60 r.p.m. 
Samples were taken out at intervals and quickly 
frozen. One gram of the mixture was crushed in a 
mortar and analyzed for free salicylic acid, as 
previously mentioned. 


The lower concentrations of aspirin (30 rng.)/S g. 


Journal of Pharmaceutical Sciences 


ANALYSIS OF ACIDS 
TABLE I I - G A s  CHROMATOGRAPHIC 


-Mole, yo- 
Cl4 ClS Cl8 


TABLE I-SALICYLIC ACID FORMED FROM 
ASPIRIN IN POWDERS AND CAPSULES 


Final Initial Salicylic 
Aspirin : Salicylic Salicylic Acid 


Stearic Acid' Acidb Acidb Formedb 


Aspirin-Stearic Acid Powders' 
l . o :o .o  0.25 0.23 0.02 
0.9:o. I d  1 .oo 0.24 0.76 
0.5:  0. 5d 3.80 0.25 3.55 
0.9 : 0.1" 0.42 0.23 0.19 
0.5:O.P 0.93 0.23 0.70 


Aspirin-Stearic Acid Tablets 
l.o:o.o 0.28 0.23 0.05 
0.9:o. I d  0.53 0.25 0.28 
0.8:O. 2d 1.13 0.23 0.90 
0 . 5  : 0. 5d 3.13 0.25 2.88 
0.9: 0.1' 0.30 0.23 0.07 
0.8: 0.24 0.41 0.25 0.16 
0.5:  0. 54 0.59 0.25 0.34 


'Ratios on mole fraction basis; time, 36 days, tempera- 
ture, 50° ( 3 ~ 0 . 2 5 ~ ) .  *Salicylic acid calculated in m /200 
mg. aspirin. Stored in closed amber glass bottles. %om- 
mercial triple pressed stearic acid (Emery Ind.). ' Fisher 
reagent grade stearic acid. 


Stearic acid USP 3.2 52.7 44.1 
Reagent stearic acid - 2.8 97.2 
Reagent palmitic acid - 97.0 3.0 


of fatty acid were analyzed in the same manner 
except a 8-g. sample was used. 


The salicylic acid solution was eluted into a 
volumetric flask and the concentration determined 
by measuring the absorbance at 310 mfi. 


The mineral oil study was carried out by diiuting 
a sample containing 30 mg. aspirin in 10 ml. heavy 
mineral oil to 100 ml. with chloroform and reading 
in the UV for salicylic acid with correction for un- 
reacted aspirin. 


RESULTS AND DISCUSSION 


Powders and tablets composed of variable quan- 
tities of aspirin with the two grades of stearic acid 
were prepared and the following results were ob- 
tained (Table I )  after allowing them to stand at 
50' (f0.25') for 36 days. 


From the preceding data it can be seen that 
although both reagent and practical grades of acid 
increase salicylic acid formation over pure aspirin 
controls, the commercial product produces con- 
siderably greater decomposition than the reagent 
grade. 


Stearic acid USP (4), is a mixture of acids con- 
sisting principally of palmitic and stearic. Upon 
gas chromatographic analysis of reagent palmitic 
and stearic as well as stearic acid USP, the data as 
shown in Table I1 were obtained. 


As the possibility of a liquid phase serving as a 
reaction media was suspected, a melting point curve 
was run on a binary system of reagent stearic and 
palmitic acids to determine the lowest temperature 
at which liquefaction might occur (Fig. 1). The 
curve shows a minimum at approximately 70 mole 
yo of palmitic acid. This low point corresponds 
closely to that previously shown for mixtures of 
pure stearic and palmitic acids (5). It may also 
be noted that stearic acid USP falls quite close to 
this minimum (see Fig. 1). 


Aspirin tablets and powders containing realistic 
ratios (20: 1) of acetylsalicylic acid to lubricant were 
prepared. Various concentrations of reagent stearic 
and palmitic acids mixed together were used obmg 
with stesric acid USP and aspirin controls and their 
stability studied at room temperature, 20' (*0.5"), 
40" (+0.25"), and 50' (3=0.25°) (Figs. 2 and 3). 
Moisture determinations were run on the tablets 
and powders by the Karl Fixher method and all 
were found to  be lower than 0.066% which is below 
the confidence limits of this procedure. Too large 
a weight of sample is necessary (not dissolvable in 
the medium used for the determination) to  obtain 
meaningful data. 


The results (Figs. 2 and 3)  indicate maximum 
aspirin degradation occurs around the range of 
composition (with regard to  stearic and palmitic 
acid content) of the commercial stearic acid. 


The reagent palmitic and stearic acids were chilled 
to -10' prior to reduction of their particle size. 
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Fig. 2-Aspirin degradation in  powder mixes (320 
mg.) containing aspirin plus fatty acid lubricant (20:1 
w/w ratio, time = 60 days). Pure aspirin controls 
formed less salicylic acid at all temperatures than 
aspirin lubricant combinations. Key: 0, 50" 
( f0 .25") ;  0, POD ( f 0 . 2 5 " ) ;  0, R.T.  (3~0.50');  A, 


steuric acid USP. 
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Fig. J-Asfi'rin degradation i n  tablets contain- 
ing aspirin plus fatty acid lubricant (2011 w/w 
ratio, time = 60 days). (Pure aspirin controls formed 
less salicylic acid at all temperatures thun aspirin 
lubricant combinations.) Key: 0, 50" (f0.25'); 
0, 40" ( f 0 . 2 5 " ) ;  0, R.T. ( f0 .50") ;  A,  stearic acid 


USP. 


This was necessary because of their consistency 
which caused diiliculty in both their passage 
through a screen or a bolting cloth. After screening 
the material was allowed to warm up to room tem- 
perature. 


I t  is apparent that in most cases there is a sig- 
nificant increase in aspirin degradation in powders 
over tablets of identical lubricant concentration. 


Kinetic studies were run a t  70" on solutions of 
aspirin in each of the 3 acids as well as in mineral 
oil to determine their role in increasing salicylic 
acid formation (Fig. 4). The graph indicates that 
stearic acid USP, shows the most aspirin decom- 
position a t  any given time interval up to 96 hr. 
Reagent grade palmitic acid gives less degradation 
with reagent stearic acid giving the least for the 
96 hr. 


Mineral oil shows little salicylic acid formation 
after the initial 12-hr. assay. The leveling effeet 
is probably caused by consumption of the total 
water present in the system. 


Kinetic studies on lower concentrations of aspirin 
(30 mg.) in stearic acid USP (8 g.) give the pre- 
dictable first-order picture a t  70" for 96 hr. (Fig. 5). 
This may be a result of the lesser concentration of 
aspirin relative to the water in the system. 


Moisture determinations (Karl Fischer) again 
failed to produce any conclusive evidence of the 
amount of water present in the aspirin-fatty acid 
system due to the same reasons previously stated. 


Although the concentration of water in any of 
these fatty acids is exceptionally small, one must 
bear in mind that only 10 mg. of water is required 
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Fig. 4-Kinetic studies at 70" (f0.01') of aspirin 
degradation i n  fatty acid lubricants and mineral ozl 
(100 mg. aspirin/8.100 g .  sample). Key: 0, mineral 
oil; 0, reagent stearic acid; 8, reagent palmitic acid; 


@, stearic acid USP. 


to hydrolyze 100 mg. of aspirin. This would 
represent only a 0.12y0 moisture content/8 g. of 
acid. 


From a practicality viewpoint, the reagent 
palmitic and stearic acids appear to be efficient 
lubricants, however, the cost differential is appre- 
ciable between them and stearic acid USP. 


CONCLUSIONS AND DISCUSSION 


Stearic acid USP, in combination with aspirin 
tablets and powders increases salicylic acid formation 
over pure aspirin controls. 


Reagent grade stearic and palmitic acids (Fisher 
Chemical Co.) are found to retard aspirin degrada- 
tion relative to the commercial "triple pressed 
stearic acid," stearic acid USP. 


The effect of myristic acid was not evaluated due 
to its low concentration in the two fatty acids 
examined although the same basic situation with 
regard to aspirin stability would be expected to 
exist. 


From the results presented it appears there are 
better fatty acid lubricants from a stability stand- 
point for use with aspirin than the standard com- 
mercial stearic acid. 


Powders and tablets of the same composition 
(20: 1, aspirin:fatty acid) show a significant dif- 
ference in decomposition for a given period of time. 
As moisture content of the two shuuld be equal, 
this anomaly could be partially due to the greater 
surface area and looser consistency of a given 
weight of powder when compared to tablets. I t  
may be that the driving force of the reaction is 
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Fig. 5-Kinetic studies at 70' (f0.01") of aspirin 
degradation i n  stearic acid USP (30 mg. aspirin/8.000 


g .  stearic acid). 


sublimation and removal of salicylic acid from the 
system which should be much easier in the case 
of the loose powder than in the relatively hard- 
surfaced tablet. There will be a later report on 
this phenomenon. 


The decomposition of aspirin powders and tablets 
(20:l) made of different ratios of reagent steaxic 
and palmitic acids reach a maximum near the same 
point where the two acids reach a minimum in the 
melting point curve with stearic acid USP, being 
the worst of the group. 


The kinetics of aspirin (100 mg.) solutions in the 
fatty acids (8 g.) show no definite order of reaction 
a t  70" although, if the total amount of water in the 
system were known, the reaction would probably 
prove to be second order. In  the lower aspirin 
concentrations (30 mg.)/8 g. acid a first-order plot 
is demonstrable, probably due to excess water in 
the system strengthening the case for a second-order 
mechanism. 


The kinetic results with mineral oil indicate that 
little thermal degradation of aspirin takes placc a t  
70" and thus is not a factor with the principal 
reaction in all cases being simple hydrolysis by the 
water present in the system. 


The possibility exists of liquid or semiliquid being 
present in the system as a result of the low melting 
stearic acid which serves as the media for aspirin 
hydrolysis. 
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Pharmaceutical Heterogeneous Systems I11 
Inhibition of Stearate Lubricant Induced Degradation of Aspirin 


by the Use of Certain Organic Acids 


By M, A. ZOGLIO, H. V. MAULDING, R. M. HALLER, and S. BRIGGEN 


The acceleration of aspirin degradation in capsule formulations where an alkali 
stearate is employed as a lubricant can be inhibited by the inclusion of malic, hex- 
amic, or maleic acid. The acids when included at a level of 20 percent by 
weight of the complete mixture achieve a level of inhibition at which it could be 
said that the preparations are stable with respect to salicylic acid content. The 
mechanisms operative in these systems and the factors contributing to successful 
inhibition are described. Moisture content of the capsule mix and in the gelatin 
capsule shell is studied in regard to effects on the stability of aspirin and the 


dissolution rate of aspirin from the capsule formulations considered. 


HE ASPIRIN MOLECULE is subject to insta- T bility whenever moisture is present in appre- 
ciable amounts in an aspirin formulation (1). 
Excipients as well as physiologically active sub- 
stances which influence the pH of the moisture in 
the solid dosage form can influence the rate of 
degradation. Aspirin hydrolysis is accelerated 
a t  both low and moderately high pH values (2). 
Substances, such as antacids, have been cited as 
being detrimental to aspirin stability (3). In a 
recent study the acceleration of aspirin hydrolysis 
by alkali stearate lubricants was demonstrated 
(4). The physicochemical mechanism leading to 
this effect was explained on the basis of a reaction 
between the lubricant and aspirin. The reaction 
leads to formation of a soluble alkali salt of as- 
pirin which maintains the moisture in the formu- 
lations at  a hydroxyl ion concentration and 
greatly accelerates the breakdown of aspirin. 
The object of the present study was to investigate 
the feasibility of including organic acids of com- 
parable or lower pKa values and greater solubility 
than aspirin to compete for the magnesium cation 
creating an environment buffered close to the 
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optimum pH for aspirin stability. Factors in- 
fluencing the amount of acid and/or alkali salt 
present in the moisture in the system would, of 
course, determine the effectiveness of the indi- 
vidual acids. The study was carried out using 
capsule formulations. A second phase of the 
study was concerned with the humid micro- 
atmosphere very often existing within the cap- 
sule shell. The effect of reducing the moisture 
content in the gelatin shell on aspirin stability 
and the dissolution rate of aspirin from aspirin- 
stearate lubricant-organic acid capsule formula- 
tions is demonstrated. 


EXPERIMENTAL 


Capsules' containing a mixture of 20 parts aspirin 
USP (40 mesh), 1 part magnesium stearate USP, 
and 1, 2, 5, 10, and 20 parts, respectively, of organic 
acid by weight were prepared. Control capsules 
containing aspirin alone and aspirin plus magnesium 
stearate (20:l) were also prepared. The acids 
chosen for the study were hexamic,' maleic,* 
malic,' and tartaric acid NF. Maleic anhydride6 


1 Parke Davis No. 3, clear gelatin capsules, Parke Davis 


2 Abbott Laboratories, North Chicago, Ill. 
2 Practical Grade, Matheson Coleman & Bell, East Ruther- 


4 Practical Grade. Rastman Organic Chemicals, Distillation 


6 Monsdnto EMA Grade 81, Monsdnto Co.,  St. Louis, Mo. 


and Co., Detroit, Mich. 
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Continuous Flow Apparatus for the Determination 
of the Dissolution Characteristics of 


Tablets and Capsules 
By M. PERNAROWSKI, W. WOO, and R. 0. SEARL 


The apparatus described in this paper consists of a closed dissolution container, a 
basket-stirrer assembly, and a variable speed pump. It may be automated by con- 
necting the pum to a flow cell in a suitable spectrophotometer. Two or more test 


fluids can !e used interchangeably for the determination of dissolution 
characteristics. 


HE DISSOLUTION characteristics of a tablet or T capsule may be determined by using any 
one of the many methods described in the liter- 
ature (1-4). Several different types of dissolution 
containers, agitation methods, test media, and 
sampling procedures have been used to de- 
termine dissolution profiles or values. However, 
most methodology is based on either the USP 
disintegration apparatus (5-7) or on the use of 
a beaker-stirrer assembly (8-10). 


It is now generally accepted that in oritro results 
should be correlated to some physiological param- 
eter. This can only be done if the dissolution 
method yields results which reflect the physiologi- 
cal differences between chemically similar drug 
products. This implies that the apparatus should 
be so designed that its operating characteristics 
can be easily changed. The apparatus described 
in this paper is a nodilication of the beaker- 
stirrer method used by Levy (8) and others. 
A tablet-capsule container has been built into 
the assembly and provisions have been made for 
change of test fluids during a dissolution study. 


Automated assemblies have been used by 
several investigators (1 1-14). The continuous 
flow apparatus used in this laboratory is easily 
automated but, at the same time, may be used 
as a simple flask-stirrer assembly with an  auxil- 
iary system for media transfer. 


EXPERIMENTAL 


Equipment-The continuous flow dissolution ap- 
paratus is illustrated in Fig. 1. A diagram of the 
stainless steel basket-stirrer assembly is shown in 
Fig. 2. The assembly is connected to a Fisher model 
12 Stedi-Speed ad justable stirrer. Ten-mesh stain- 
less steel wire cloth is used in the construction of the 
main part of the basket. 


The dissolution container is a 1-l., three-neck 


flask. The main neck is 35 mm. in diameter; the 
secondary necks are 20 mm. in diameter. The 
total volume of the container is slightly more than 11. 


If fluid flow or changeover is necessary, the con- 
tainer is connected (via a suitable filtering device 
and short lengths of latex tubing) to a Cole-Palmer 
Series A-76910 pump. The dial readings on this 
pump are proportional to the pumping rate in ml./ 
min. Flow rates of up to 70 ml./min. have been used 
in this laboratory. Test fluids may be pumped 
directly to a collection container. Alternatively, 
they may be circulated through a 1-cm. flow cell 
in a Spectronic 505 recording spectrophotometer to 
the collection flask. Tubing lengths are kept to a 
minimum. 


Dissolution profiles are graphed externally on a 
previously calibrated Varicord model 43 recorder. 


Procedure-Dissolution characteristics may be 
determined by using exactly 1 1. of fluid or by operat- 
ing the apparatus as a continuous flow system. If 
the apparatus is operated continuously, the volume 
of fluid in the dissolution container is slightly more 
than 1 1. Dissolution characteristics are based, 
therefore, on the amount of fluid pumped through 
the dissolution container. 


One of the procedures used in this laboratory for 
the determination of the dissolution characteristics 
of phenylbutazone tablets NF is given below and 
illustrates the continuous flow method of operation 
with fluid changeover. 


Place one phenylbutazone tablet into the basket 
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Fig. 2-Specifiations (in mm. ) for the basket-stirrer 
assembly used in the dissolution apparatus. The four 
impeller blades of the stirrer are set at an angle of 45‘. 


and attach the stirrer. Fill the dissolution container 
with 1 1. of simulated gastric fluid USP. (The 
fluid contains no enzyme and is preheated t o  37’. 
Temperature is maintained by immersing the dis- 
solution container in a water bath held at 37O.) 
Insert the basket-stirrer assembly into the dissolu- 
tion container and rotate clockwise at 100 r.p.m. 
Set the pump to deliver 60 ml. of fluid per minute. 
Mow simulated gastric fluid USP to flow through 
the container for 30 min. Turn the stopcock con- 
necting the media reservoirs to the dissolution 
container and allow simulated intestinal fluid 
USP (no enzyme) to flow through the system for 
the remainder of the test. 


Determine the amount of phenylbutazone in the 
collection flask at hourly intervals by diluting 
aliquots with simulated intestinal fluid USP (no 
enzyme) and reading the absorbance of the solution 
at 240 mp (an isosbestic point). Record dissolution 
profiles on the external recorder. 


DISCUSSION 


A basket-stirrer assembly similar to  that il- 
lustrated in Fig. 2 was used to determine the dis- 
solution characteristics of phenylbutazone tablets 
(15). The apparatus diagrammed in Fig. 1 is 
currently being used to  investigate phenylbutazone 
tablets using two test media and bishydroxy- 
coumarin tablets using one test fluid. 


t 


Time Imnutes) 


Fig. 3-Dissolution profiles for sugar-coated (Product 
A )  and enteric-coated (Product D D )  phenylbutazone 


tablets. 


Dissolution profiles for sugar-coated (Product A) 
and enteric-coated (Product DD) phenylbutazone 
tablets are shown in Fig. 3. For the first 30 min., the 
pH of the fluid is 1.2. Simulated intestinal fluid 
USP (no enzyme) is then introduced into the flask. 
At a pumping rate of 60 ml./min., the pH of the 
fluid changes from that of simulated gastric fluid 
USP to that of simulated intestinal fluid USP 
(pH = 7.5) in 30 min. 


The dissolution profiles show that both products 
release drug to a test fluid quickly. However, 
Product A released most of its phenylbutazone con- 
tent in 3 hr. Product DD, which failed to  comply 
with the disintegration specification for enteric- 
coated tablets, released, in 3 hr., only 4.9 (average 
of three determinations) of the 100 mg. claimed on 
the label. The apparatus does, therefore, differenti- 
ate between two different types of dosage forms. 
Moreover, these in vitro differences appear t o  be 
related to  physiological availability. Product A 
was administered to  three subjects. The area under 
the plasma concentration versus time curve for Prod- 
uct A was 20 sq. in. units or better. Under the same 
conditions of administration, the area value for 
Product D D  varied from 4.6 to  11.2 in four subjects. 


The basket-stirrer assembly has been used in this 
laboratory (both in the manner described in this 
paper and in conjunction with 1, 2, or 3-1. beakers) 
for approximately 2 years. It is a convenient 
assembly for tablets but is particularly useful when 
the dissolution characteristics of a capsule are 
being determined. Without such a container, 
capsules tend to float on the surface of the test 
media. Visual inspection during the test suggests 
that the tablets and capsules are subjected to much 
less abrasion than that observed in the USP dis- 
integration test. A 10-mesh wire cloth is used in 
the construction of the basket and it is possible, 
therefore, to  measure “disintegration” times. 
Although such values are routinely recorded, no 
relationship between this time and dissolution char- 
acteristics has been established. 


This apparatus can be easily adapted to the 
routine control of tablets and capsules. Although 
dissolution profiles may be required in certain 
instances, total amount of drug eluted in a certain 
period of time would be a satisfactory criterion for 
many products. For example, the specification for 
phenylbutazone tablets N F  would state that the 
total quantity of drug eluted from the tablet under 
specified conditions shall be not less than xyo of 
that claimed on the label. 
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Slight changes in pumping rate do not materially (3) N-h, R. A., and Marcus, A. D., ibid., 28, l(1960). 
(4) Vliet, E. B., ibid., 28, 113(1960). 


change dissolution characteristics. With Product (5) Chapman, D. G., J .  A m .  Pharm. Assoc., Sci. Ed., 45, 
A, the amount of drug in solution at the end of 3 374[$'5&r0eter, L. c., Tingstad, J. E,, Knoechel, E. L , ,  
hr. was approximately the same (85 to 90 Of the and Wagner, J. G. ,  J .  Phorm. Sci., 51, 865(1962). 
100 mg. claimed on the label) even though the ibidf7'53M:$:'47; J.. Davie, J. M.8 and Morrison* A. B . p  


pumping rate was varied from 50 to 70 ml./min. (k) Levy, G., and Hayes, B. A., New E n d .  J .  Med., 262, 
The operating characteristics of this apparatus 1053(1960). 


(9) Paikoff, M., and Drumm, G., J .  Pharm. Sci., 54, can be easily altered. However, when conditions 1693(1965). 
are fixed, similar dissolution profiles are obtained T f ~ p ~ ~ ~ , ~ ~ ;  , 9 ; b r ~ ~ ~ : ~ ~ ~ ~ ~ ~ w ~ 2 ~ ~ ~ ~ ~ i g ~ , )  T* and 
when drug or tablets from a uniform lot are subjected (11) Schroeter, L. c.. and Wagner, J. G., J .  Pharm. Sci., 


produced dissolution profiles similar to that shown (13) Schroeter, L. c., and Hamlin, w. E., ibid., 52, 
in Fig. 3. Moreover, the basket-stirrer assembly 81tl(:~6~~pidus, H,, and Lordi, N. G., 55, 840(1966). 
positions the tablet in the same way from run to run (15) Searl, R. 0.. and Pernarowski, M., Can. M d .  Assoc. 
and helps, therefore, to produce results which are 


to the procedure' Repeated tests with Product A' 5 1 i ~ ! ~ ~ 2 ~ ~ ~ g a l l ,  p, J,, and Goyan, J. E,, ;bid., 52,29(1963), 


J. ,  96* 1513(lg6'). 


characteristic of the product rather than the appa- 
ratus. 


I Butazolidin tablets, Geigy, Ardsley. N .  Y. 


REFERENCES 


(1) Chapman D. G. Crisafio R. and Campbell, 1. A., 


(2) Souder, J. C., and E1le;bog;n. W. C., Drug Std., 26, 
J .  Am. Pharm. A h .  S k  Ed 


77( 1958). 


43 Zb7(1954). 


Keyphrases 
Continuous flow apparatus-tablet, capsule 


Dissolution profile determination-apparatus 
Diagram-continuous flow dissolution appa- 


dissolution 


ratus 


Some Measurements of Friction in 
Simple Powder Beds 


By EVERETT N. HIESTAND and CHARLES J. WILCOX 


An apparatus and procedure for measuring the static friction coefficient of owders 
in simple beds are described. The relative merits of three variations of 8 e  shear 
cell are considered. A sandwich of powder between two surfaces covered with 
sandpa er is satisfactory under most experimental conditions. Examples of the 
effect ofrelative humidity, time under load, mechanical vibration of the powder bed, 
and variations in the experimental procedure are presented. Reproducible values 
of the friction coefficient can be obtained readily if the experimental and environ- 
mental conditions are standardized. The r.esults of the experiments sug est that 
a single value of the friction coefficient applies only to a specific powder tea .  In 
practical applications the entire range of values that may be encountered must be 


within acceptable limits. 


RICTION COEFFICIENTS and cohesion values F have been used to characterize the flow prop- 
erties of powders. In a recent review (l), the 
methods used and the problems encountered have 
been discussed. In the opinion of the authors, 
there are limitations on the usefulness of such 
data because neither the friction coeflicient nor 
the cohesion is a single valued property of the 
powder. As stated in the review article, "The 
properties of a powder bed depend on the cumula- 
tive effect of the previous history of all the por- 
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tions of the bulk being considered. Isolated re- 
gions of shear, vibration, or compaction may have 
produced high bulk density regions. These may 
remain intact in subsequent flow of the powder or 
may fragment into macroscopic regions mixed 
throughout the less dense bed. The forces act- 
ing on the top of the bed may be quite different 
from those at the bottom of the bed." I n  the 
studies reported here, considerable data have 
been collected that reveal the large number of 
factors that cause changes in the properties of 
powder beds as well as indicating the magnitude 
of these effects. 


The basic measurements of friction coefiicient 
and cohesion may be obtained from a simple 
shear cell described by Nash et al. (2). Though 
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Pharmaceutical Heterogeneous Systems I11 
Inhibition of Stearate Lubricant Induced Degradation of Aspirin 


by the Use of Certain Organic Acids 


By M, A. ZOGLIO, H. V. MAULDING, R. M. HALLER, and S. BRIGGEN 


The acceleration of aspirin degradation in capsule formulations where an alkali 
stearate is employed as a lubricant can be inhibited by the inclusion of malic, hex- 
amic, or maleic acid. The acids when included at a level of 20 percent by 
weight of the complete mixture achieve a level of inhibition at which it could be 
said that the preparations are stable with respect to salicylic acid content. The 
mechanisms operative in these systems and the factors contributing to successful 
inhibition are described. Moisture content of the capsule mix and in the gelatin 
capsule shell is studied in regard to effects on the stability of aspirin and the 


dissolution rate of aspirin from the capsule formulations considered. 


HE ASPIRIN MOLECULE is subject to insta- T bility whenever moisture is present in appre- 
ciable amounts in an aspirin formulation (1). 
Excipients as well as physiologically active sub- 
stances which influence the pH of the moisture in 
the solid dosage form can influence the rate of 
degradation. Aspirin hydrolysis is accelerated 
a t  both low and moderately high pH values (2). 
Substances, such as antacids, have been cited as 
being detrimental to aspirin stability (3). In a 
recent study the acceleration of aspirin hydrolysis 
by alkali stearate lubricants was demonstrated 
(4). The physicochemical mechanism leading to 
this effect was explained on the basis of a reaction 
between the lubricant and aspirin. The reaction 
leads to formation of a soluble alkali salt of as- 
pirin which maintains the moisture in the formu- 
lations at  a hydroxyl ion concentration and 
greatly accelerates the breakdown of aspirin. 
The object of the present study was to investigate 
the feasibility of including organic acids of com- 
parable or lower pKa values and greater solubility 
than aspirin to compete for the magnesium cation 
creating an environment buffered close to the 
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optimum pH for aspirin stability. Factors in- 
fluencing the amount of acid and/or alkali salt 
present in the moisture in the system would, of 
course, determine the effectiveness of the indi- 
vidual acids. The study was carried out using 
capsule formulations. A second phase of the 
study was concerned with the humid micro- 
atmosphere very often existing within the cap- 
sule shell. The effect of reducing the moisture 
content in the gelatin shell on aspirin stability 
and the dissolution rate of aspirin from aspirin- 
stearate lubricant-organic acid capsule formula- 
tions is demonstrated. 


EXPERIMENTAL 


Capsules' containing a mixture of 20 parts aspirin 
USP (40 mesh), 1 part magnesium stearate USP, 
and 1, 2, 5, 10, and 20 parts, respectively, of organic 
acid by weight were prepared. Control capsules 
containing aspirin alone and aspirin plus magnesium 
stearate (20:l) were also prepared. The acids 
chosen for the study were hexamic,' maleic,* 
malic,' and tartaric acid NF. Maleic anhydride6 


1 Parke Davis No. 3, clear gelatin capsules, Parke Davis 


2 Abbott Laboratories, North Chicago, Ill. 
2 Practical Grade, Matheson Coleman & Bell, East Ruther- 


4 Practical Grade. Rastman Organic Chemicals, Distillation 


6 Monsdnto EMA Grade 81, Monsdnto Co.,  St. Louis, Mo. 


and Co., Detroit, Mich. 
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was also included in the study and employed in the 
same parts by weight as the acids. 


Two sets of capsules and corresponding capsule 
mixes, independently prepared, were stored at 22" 
(&0.5"), 40' (f0.25'), and 50" (f0.25') for 
30 days at which time salicylic acid analysis, dis- 
solution rate, and moisture determinations, as 
previously described, were performed. 


A third and fourth set of capsules identical with 
the first two, except that tartaric acid and maleic an- 
hydride were eliminated from this phase of the study, 
were prepared and subjected to vacuum drying for 
24 hr. at 40" (f0.1") and 0.1 mm. Dissolution 
rates, moisture, and salicylic acid determinations 
were performed initially (after drying) and after 
1 month's storage, as described for the first sets of 
samples. Nondried capsules and powder mixes 
were run as controls with the dried samples. The 
results reported in Tables I and 11, and Figs. 1-6 
are average results from two separate experi- 
ments. The error of reproducibility between ex- 
periments was less than 5%. To determine loss 
of moisture from the gelatin on drying, 10 g. 
(weighed exactly) of empty gelatin capsules' were 
dried under the conditions described for the filled 
capsules and moisture loss determined by weight 
loss. In  addition, a Karl Fisher moisture analysis 
was performed on the same batch of empty gelatin 
capsules before and after drying. The gelatin was 
ground to a fine particle size in an electric blender 
(Waring) before analysis. Samples equivalent to 200 
mg. of aspirin were analyzed according to  the method 
of Levine (5). Moisture determinations were per- 
formed on all capsules and powder mixes im- 
mediately after preparation by Karl Fischer 
titration. 


Dissolution rates of aspirin from the capsules were 
in all instances performed in duplicate. In some 
cases a third experiment was added to fortify data. 
The experiments were carried out in the following 
manner. 


One capsule was placed in a bottle containing 100 
ml. of distilled water, the bottle sealed, and rotated 
a t  60 r.p.m. in a water bath at 37" (3~0.1'). 
Two-milliliter samples were taken at 5, 10, 15, 20, 
45, and 60 min. using pipets with filters attached. 
Two milliliters of distilled water was added to the 
bottle after sampling to maintain volume. One 
milliliter of the sample was quickly (within 2 min.) 


!::r== 
lo i o 3 b  do 50 


TABLE I-HYDROLYSIS OF ASPIRIN IN CAPSULES 
CONTAINING ASPIRIN PLUS MAGNESIUM STEARATE 


(20: 1 WEIGHT TO WEIGHT RATIO) 


Salicylic Acid 
Formation/ZOO mg. Aspirin" 


(22°C. 4OoC. 50°C. 
f0.5"), (f0.25°). ( ~ t 0 . 2 5 ~ ) ,  


R.T. 


mg. mg. mg. 


Aspirin-magnesium 
stearate capsule9 1.02 3.22 15.81 


Aspirin-magnesium 
stearate powder 
mix6 1.00 2.68 5.56 


RESULTS AND DISCUSSION 


The acceleration of the hydrolysis of aspirin by 
inclusion of magnesium stearate as a lubricant in a 
capsule formulation is shown in Table I. 


Figures 1, 2, and 3 indicate that malic, maleic, 
and hexamic acids successfully inhibit the stearate- 
induced degradation of aspirin at the three storage 
conditions. A minimum of 20% by weight of these 
acids is needed for successful inhibition. The 40" 
curves for these acids show less effect than the room 
temperature and 50" curves. This could possibly 
be due to the following explanation. At lower 
temperatures the additive acid is most likely operat- 
ing through pH effects. The amount of solubilized 


0-1 d lb zb jo 4 0 s b  
X BY WEfGHT OF ADDITIVE ACID 


Aspirin capsules, 
controlb 


Aspirin USP, 
controlb 


Fig. 2-Inhibition of salicylic acid formation in 
' 0429 ' 262 .348 aspirin-magnesium stearate-malu acid capsules. Per- 


0.0362 0.0719 0.2623 cenhge inhibition compared to aspirin-magnesium 
stearate capsules (Table I ) .  Time of storage is 30 


0 Storage time = 30 days. All samples contained less days. Key: 0, R.T.  (22 * 0.5"); v, 40' (f0.25"); 
han O.lYo moisture. 0, 50O (A 0.250). 
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with magnesium stearate. The formation of the 
relatively alkaline aspirin : magnesium-aspirin buffer 
system described in a previous report (4) is ap- 
parently successfully inhibited by these acids. 


Figure 4 demonstrates the inhibition of aspirin- 
stearate lubricant degradation employing tartaric 
acid and maleic anhydride. The effects at room 
temperature are shown only since at 40" and 50" 
there was no significant inhibition by tartaric acid 
and maleic anhydride accelerated salicylic acid 
formation above the magnesium stearate-aspirin 
control. Maleic anhydride was apparently effective 
at room temperature through a pH eiTect, but intro- 
duced an additional 1.3% (average) moisture into 
the samples which supported enough hydrolysis 
to offset any pH or buffer system effects at the 
higher temperatures. (In general, samples in this 
study ranged from 0.1 to 0.5% moisture content, 
whereas the maleic anhydride formulations averaged 
1.70/0.) The ineffectiveness of tartaric acid at the 
higher temperatures was due to  a relatively high 
pKa and the poor solubility of its magnesium salt. 


Y 


0 


10 a 40 SO 
x BY WEIGHT OF ADDITIVE ACID 


Fig. 3-Inhibition of salicylic acid formation in 
aspirin-magnesium stearate-hexamu acid capsules. 
Percentage inhibition is compared to aspirin-mag- 
nesium stearafe capsules (Table I ) .  Time of storage 
as 30 days. Key: 0, R.T. (22" f 0.5'); V, 40" (* 


0.25"); 0, 50' (f0.25'). 


aspirin is decreased by the lower pH. The small 
amount in solution should not be degraded rapidly 
unless the pH of the moisture in the system is 
below 2.0 (2). At moderately high temperatures 
(40') the additive acid concentration is apparently 
increased to a point where the pH slightly accelerates 
degradation. At 50' the salt-forming reaction be- 
tween the additive acid and magnesium ion becomes 
quite significant and a buffer system composed of 
the additive acid and its magnesium salt raises the 
pH to a safe level for aspirin stability. All three 
effects, that is, inherent pH, solubility, and the 
salt-forming reaction are most likely operating to 
some degree at all of the conditions of storage. 
Malic, hexamic, and maleic acids appear to possess 
a good balance with regard to their ability to domi- 
nate the pH picture through solubility and reactivity 


E 
10 20 3i3 40 50 


X BY WEIGHT OF ACDITIVE ACID 


Fig. &Inhibition of saluylu acid. formation. {n 
aspirin-magnesium stearate-tartaric acld and aserzn 
mupnesium stearate-maleu anhydride capsules. Per- 
centage inhibition is compared to aspirin-magnesium 
stearate capsules control (Table I ). Storage condition 
is 22O (f0.5'). Time of storage is 30 days. Key: 
0. tartaru acid formulations; u. maleic anhydride 


TABLE 11-HYDROLYSIS OF ASPIRIN IN CAPSULES 


MAGNESIUM STEARATE (20:1 WEIGHT TO WEIGHT 
CONTAINING ASPIRIN ALONE AND ASPIRIN PLUS 


RATIO)" 


Salicylic Acid 
Formation/200 mg. Aspirinb 
R.T. 
(2.20 40' 50° + 0.5OC.), (* 0.25"C.),(f0.25"C.) 
mg. mg. mg. 


Aspirin capsules 
controlc 0.036 0.053 0.091 


Aspirin-magnesium 
stearate capsules, 
controlc 0.10 1.68 4.5  


The filled capsules were dried at 40°, 0.1 mm. pressure 
for 24 hr. *Storage time = 30 days. Capsule ingredieots 
contained less than 0.1% moisture after drying. 


Table I illustrates an important point with regard 
to the role of the gelatin capsule in aspirin break- 
down. Moisture present within the gelatin appears 
to set up a humid microatmosphere which accelerates 
aspirin breakdown in both plain aspirin and aspirin- 
magnesium stearate capsules. Moisture was re- 
moved from the gelatin by vacuum drying the 
filled capsules, and its effect on aspirin stability, 
moisture content of the capsule mix, and dissolution 
rate studied. The moisture loss from the gelatin was 
calculated as 10.1% by the two methods described. 
Malic, maleic, and hexamic were used in this phase 
of the study, since they presented the most success- 
ful inhibition in the initial study. Table I1 demon- 
strates the effect on aspirin stability with and with- 
out stearate lubricant. 


Table I1 illustrates that decreasing moisture con- 
tent of gelatin has a stabilizing effect on the aspirin. 
This effect was not so dramatic in the capsules con- 
taining aspirin-magnesium stearate-organic acid. 
Figures 5 and 6 demonstrate an inhibition of deg- 
radation, but not significantly greater on a per- 
centage basis than had been observed with the 
nondried capsules. Maleic acid capsules showed no 
inhibition of degradation. The removal of the 
moisture from the system resulted in complete 
saturation of available moisture bv the mamesium 
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Fig. 5-Inhibition of s a k y l u  acid formatwn in 
aspirin-magnesium stearate-hexamic acid capsules 
(dried in vacuo). Percentage inhibition is compared 
to aspirin-magnesium stearate capsules (dried in 
vacuo, Table 11), Time of storage .iS 30 days. Key; 
0, R.T .  (22 f 0.50'); V, 40' (j~0.25'); 0, 50 


(f0.25'). 


approximately 1.3 of the saturated aqueous suspen- 
sion, magnesium maleate, and maleic acid. 


The decrease in moisture in this system was not 
only due to the decrease in the gelatin moisture, but 
also to  a significant decrease in the capsule mix 
after drying. The initial moisture content of the 
samples was 0.4% (average) and was reduced to 
0.2% (average) after drying. All other capsules 
showed insignificant loss of moisture from the 
ingredients after the drying process. In general, 
the drying effect on dissolution rate was negligible 
when measured immediately after drying. If an 
appreciable amount of salicylic acid was formed after 
storage, the dissolution rate appeared to  be slightly 
decreased. The capsule ingredients set up when a 
significant amount of salicylic acid was formed caus- 
ing the decreased dissolution rates. 


The acceleration of aspirin degradation in capsule 
formulations where an alkali stearate is employed 
as a lubricant can be inhibited by the inclusion of 
malic, maleic, and hexamic acid. To achieve a 
level of inhibition at  which it eould be said that the 
preparation is stable with respect to  salicylic acid 
content, approximately 20% by weight of the acid 
must be included in the formulation. In addition 
to pH effects contributed by the acids the mechanism 
operative in inhibiting degradation involves a 
competition for the lubricant cation between aspirin 
and the additive acid. The important factors when 
considering this type of inhibition are as follows. 


(a )  The pKa of the additive acid should be in the 
range of aspirin or lower. 


( b )  The solubility of the additive acid and alkali 
salt formed should be sufficient so as not to  fix the 
acidacid salt ratio through saturation at a pH 
value detrimental to aspirin stability. 


( c )  The moisture content of the capsule mix 
should be between 0.4 and 0.6%. If maleic acid is 
used, the lower limit is critical since very low rnois- 
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Fig. 6-Inhibition of salicylic acid formatwn in 
aspirin-magnesium stearate-malic acid capsules (dried 
in vacuo). Percentage inhibition is compared to 
aspirin-magnesium stearate capsules (dried in vacuo, 
Tahle II). Time of storage is 30 days. Key: 0, 
R.T. (22 f 0.5'); V ,  40' (f0.25'); 0, 50' 


(f0.25'). 


'A Kt WEIGHT OF ADDITIVE &ID 


ture shifts the acid-acid salt ratio to the acid side 
accelerating degradation. 


Decreasing the amount of moisture in the gelatin 
capsule shell was successful in decreasing degrada- 
tion in capsules containing aspirin and aspirin plus 
magnesium stearate. The extent of aspirin hydroly- 
sis inhibited in dried aspirin-lubricant-additive acid 
capsules was improved only in the hexamic acid 
formulation. The removal of moisture from the 
gelatin improves aspirin stability except when this 
lowering of available moisture creates a high con- 
centration of substance detrimental to  stability 
through a pH effect. This was apparently the case 
with maleic acid. The dissolution rates were not 
affected to any great extent by the drying process. 
A slight decrease was noted after storage with sam- 
ples containing higher levels of salicylic acid. 
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Reuiew Article 
Biosynthesis of the Tetracycline Antibiotics 


By L. A. MITSCHER 


NVESTIGATION of the metabolic products of I biological systems, accelerated in recent 
years by the discovery and application of chro- 
matographic and spectroscopic methods, has re- 
sulted in the structural elucidation of an enor- 
mous number of natural substances. The en- 
deavor to bring classifying order into this ac- 
cumulation of data has resulted over the years 
in various unifying structural theories (1-5). 
These have often been put forth with the stated 
or implied assumption that the structures of the 
molecules reflect the underlying biological pro- 
cesses by which they are formed. Classic ex- 
amples of such systems would include the iso- 
prene rule, the polyketide theory, and the bio- 
genesis of alkaloids from amino acids. Among 
the most exciting discoveries of recent years has 
been the finding of experimental evidence indicat- 
ing that many of these systems do indeed have a 
real biological basis. As a result we now recog- 
nize great families of natural products derived 
from the ubiquitous primary metabolites: ace- 
tate-malonate, shikimate-prephenate, and ace- 
tate-mevalonate. An accelerating effort in re- 
cent years has resulted in the gathering of numer- 
ous examples of members of each of these great 
classes, along with a number of examples of 
natural products containing structural features 
derived from more than one class of precursor. 
Even while this great unifying effort has gone 
forth, examples have begun to appear of studies 
involving the next logical phase of study, eluci- 
dation of the detailed biosynthetic pathways 
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linking the primary metabolites with their de- 
rived natural products. The morphine alka- 
loids (6, 7), the steroids (&lo), and the tetracy- 
cline antibiotics (1 1-14) constitute the systems 
best studied to date. These systems are of out- 
standing medical and scientific importance and, 
interestingly, each belongs to a different precur- 
sor-product class and they may well serve as 
prototypes for the many studies to come. It is 
the purpose of this review to describe the present 
state of our knowledge of the biosynthesis of the 
tetracycline antibiotics and their relationship 
to the mainstream of acetate-malonate-derived 
microbial products. A number of practical ap- 
plications has been accomplished in this area 
making this study especially instructive for those 
interested in the preparation of new antibiotics. 


The tetracyclines are highly oxygenated hydro- 
naphthacene derivatives produced by fermenta- 
tion of various Streptomyces species, by struc- 
tural modification of fermentation tetracyclines, 
and, in certain cases, by total synthesis. The 
formulas of those tetracyclines which are pro- 
duced wholly or primarily by fermentative pro- 
cesses are given in Table I, which also contains 
the numbering and lettering system used for 
these substances. 


Many of the compounds that comprise the 
domain of the natural products chemist are 
classified as secondary metabolites. A secondary 
metabolite may be defined as a substance with no 
presently apparent utility (such as structure, 
energy, reproduction, growth, e k )  to the pro- 
ducing organism and which is elaborated, usu- 
ally, when the primary growth and replication 
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still not been accomplished. The C- and N- 
methyl groups are derived from methionine 
(21, 22, 25) as expected, and the nitrogen atom 
at CS likely comes from glutamic acid. Certain 
tetracyclines (I, IV, V, VIII) have a chlorine atom 
a t  C,. In chlortetracycline (I) biosynthesis, 
this atom comes from chloride ion in the medium 
and is not a necessary feature for overall tet- 
racycline formation as the final concentration of 
tetracyclines produced by a given mutant appears 
to be independent of the chloride ion concentra- 
tion in the medium (2i). When care is taken to 
exclude chloride ion from the medium, normally 
halogenating strains produce unhalogenated tet- 
racyclines in undiminished quantity. Some 
strains will accept bromide ion as a substitute and 
thus produce bromotetracycline (I,RI = Br) (26- 
29). This substance is quite active biologically 
though it has not found clinical application. A 
number of compounds, some of which are more 
readily recognized as antithyroid drugs, inhibit 
chlorination (30, 31). 


TABLE I-TETRACYCLINES PRODUCED 
BY FERMENTATION 


-~ 


No. Compd. R I  Rn I<:! Rq R j  


I Chlortetracycline CI OH Me H NH, 
I1 Oxytetracycline H OH Me OH NH2 


I11 Tetracycline H OH Me H NH1 
I V  BDemethylchlor- 


tetracycline C1 OH H H NH, 


cycline CI OH Me OH NH, 


boxamidooxy- 
tetracycline H OH Me OH CHI 


boxamidotetra- 
cycline H OH Me H CHa 


boxamidochlor- 
tetracycline C1 OH Me H CHa 


V Oxychlortetra- 


\’I 2-Acetyldecar- 


V I  I 2-hcetyldccar- 


Y I I I 2-hcetyldecnr- 


phase of colony or plant development has ceased. 
These substances are often produced in relatively 
large quantites, are frequently of complex struc- 
ture, and occasionally have useful physiological 
properties in human and veterinary practice. 
The tetracycline antibiotics are excellent exam- 
ples of such metabolites. 


An excellent review of the chemistry and gen- 
eral history of the tetracyclines up to about 19G2 
has been published (15), and the synthesis of 
tetracycline analogs has been reviewed (1G). 
-4 number of reviews of the biosynthesis of the 
tetracyclines from various viewpoints has also 
appeared in recent years (11-14). 


FUNDAMENTAL UNITS 


Before any experimental evidence was avail- 
able, Birch (li), Robinson ( 3 ) ,  and Woodward 
(18) predicted on theoretical grounds that the 
carbon skeleton of the tetracyclines is con- 
structed from “acetate” units linked together 
head-to-tail. At about the same time Snell 
(19, 20) was able to show that sodium acetate- 
2-I4C was incorporated into oxytetracycline 
(11) to the extent of 5-10%. The same result 
was obtained independently by Miller et al. 
(21). Birch, Snell, and Thompson (22, 23) and 
Gatenbeck (24) subsequently were able to show 
by degradation studies that the carbon atoms 
were indeed derived from acetate carboxyl and 
methyl in an alternating sequence although, 
because of experimental difficulties, complete 
degradation of the tetracyclines to isolate every 
carbon atom for absolutely rigorous proof has 


POLYKETIDE THEORY AND 
TETRACYCLINE BIOSYNTHESIS 


The manner in which these fundamental build- 
ing blocks are assembled can be predicted using 
the general tenets of the polyketide theory as 
elaborated in a masterful series of experiments by 
Birch and his school (32-34). 


According to this theory the majority of the 
phenolic secondary metabolites produced by 
microorganisms (particularly the fungi) can be 
considered to be polymers derived from various 
metabolic acids, with “acetate” forming the 
most common component. For simplicity of ex- 
position the basic tenets of polyketide theory can 
be illustrated through the hypothetical tetracene 
derivative (XII) which can be supposed to have 
been formed from 10 “acetate-equivalents’’ 
linked head-to-tail in a regular manner to form 
hypothetical intermediate IX, which is called a 
polyketide because of the alternation of carbonyl 
and methylene groups in a large ring. This 
substance can be likened to a zipper which is 
ready to close. The carbon skeleton of the aro- 
matic rings is formed by a series of transannular 
carbonyl-methylene condensations followed by 
enolizations. A large open-ring system such as 
X is capable of assuming many shapes by simple 
folding. The shape assumed during cyclization 
will determine the aromatic ring system formed. 
Control of the specificity of the process is con- 
sidered to be one of the functions of the enzymes 
involved. The majority of those oxygens not 
involved in ring closures are retained in the prod- 
uct as, indeed, it was this circumstance that 
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IX X 
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un I 


XI 


Scheme I 


XI1 


led Birch to propose polyketide involvement in 
natural processes in the first place. A number of 
secondary reactions are also frequently encoun- 
tered. The different oxygenation patterns of 
the two terminal rings in XI1 are particularly 
illustrative of one of the proposed ways in which 
the basic oxygenation pattern can be altered. 
Direct removal of a phenolic hydroxyl group as 
such, in the laboratory, is a high-energy process. 
A process involving much lower energy require- 
ments and with ample precedent in fatty acid 
biosynthesis is simple reduction to a 8-hydrox- 
yketone followed by dehydration. One pre- 
sumes a biological parallel. These reactions 
presumably occur before cyclization to hypothe- 
tical XI1 and are illustrated by formulas X and 
XI (Scheme I). It is interesting to note that 
oxygen atoms are frequently “missing” in analo- 
gous positions from a variety of polyketide-de- 
rived aromatic products and it is tempting to 
suggest that this oxygen has no essential func- 
tion in the cyclization or activation process as it 
has been formulated. This observation has 
recently been emphasized in the elaboration of 
an ingenious theory which attempts to explain the 
steric control of cyclization on the basis of chela- 
tion with metal ions on an enzyme surface. 
Examination of this hypothesis is highly recom- 
mended to those with a special interest in this 
topic (35). Additional functions, such as halo- 
gens, alkyl groups, isoprene units, extra oxygen 
functions, etc., can readily be visualized as being 
introduced into the activated methylene groups 
of the polyketides by electrophilic-type reactions. 
In fact, in microbial products thought to be 
elaborated from polyketides, such “extra” func- 
tions are almost invariably found on methyl- 
derived carbons-almost never occurring on car- 
boxyl-derived carbons. It must be emphasized, 
however, that these “extra” functions may also 


be introduced after the fully aromatic stage is 
achieved. This will be clearly apparent later 
when the sequential aspects of tetracycline bio- 
synthesis are discussed. These few general con- 
siderations, as simple as they are, are sufficient 
to rationalize the formation of the vast majority 
of polyketide-derived substances. The enor- 
mous utility of polyketide theory, not only 
in rationalizing biogenesis but also in predicting 
structures when a series of otherwise equivalent 
expressions is available, has led to its virtually 
general acceptance despite the fact that no one 
has yet succeeded in isolating a polyketide as 
such from either chemical or biological sources. 
Some interesting beginnings have been made in 
mimicking these processes by syntheses of poly- 
p-carbonyl derivatives and examining their re- 
arrangement products (36-41) and some sug- 
gestive structures have been isolated from un- 
natural, or blocked, biological systems (42-48). 


For example, synthetic triketoester (XIII) 
undergoes cyclization in alkaline solution to give 
a p-resorcylic ester (XIV) and/or an acylphloro- 
glucinol (XV) (39) (Scheme 11). The product 
composition varied widely depending upon the 
reaction conditions. These products are pre- 
cisely those predicted by the original poly- 
ketide theory (17) and naturally occurring ex- 
amples of both types of products are numerous 
(the phenyl substituent, however, is not usual). 


Synthetic pyrones (XVI) behave in a similar 
manner and presumably do so by the intermedi- 
acy of poly-@ketones (XVII) (36). The prod- 
uct in this case (XVIII) has been isolated from 
natural sources as well (Scheme 111). 


When tropolone (XIX) biosynthesis is inter- 
rupted by the use of enzymatic blocking agents, 
“tetraacetic lactone” (XXI) can be isolated 
(48) (Scheme IV). This material clearly looks 
like a rejected or incomplete polyketide (48). 
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OH 0 


OH HO HO 


XIV 


Scheme 11 


XV 


XVI 


Scheme 111 


XVII 


OH 
X W I  


Many other examples could be quoted (36-48) 
but these are sufficient to illustrate the point that 
materials resembling polyketides can be isolated 
from natural systems and that these materials 
have the general properties required of them by 
polyketide theory. Ultimate success in this 
difficult area will undoubtedly depend on develop- 
ment of suitable means of stabilizing the highly 
reactive polyketides once they are freed from 
their enzymatic supports. 


This exposition is, however, like most appeal- 
ingly simple approximations, now known to be an 
understatement. Polyketide formation may be 


viewed in a practical sense as an aberration in 
fatty acid biosynthesis in which most of the same 
apparatus is utilized but to a different end. The 
growing chain is not reduced, dehydrated, and re- 
duced, successively, as in typical fatty acid bio- 
synthesis. The polyketocarbonyl structure per- 
sists in the growing chain. The polyene mac- 
rolides would appear on this basis to be inter- 
mediate forms biosynthetically between the fatty 
acids and the aromatic metabolites. It has now 
become apparent that acetyl coenzyme A and 
malonyl coezyme A are the main fatty acid and 
polyketide precursors (thus the term “acetate- 


H02C 4.- OH 
CH3 Go COSCoA -cH3d XXI 0 


XIX xx 
Scheme I V 
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CHaCO+CoA + COz + ATP * 
HOzC-CHzCOSCoA + ADP + Pi ( u )  


0 
I I  13 


H~-C- -CHZ-COSCOA 4 H +  + 
u COz + CHz-COS-COA (6) 


CHaCO-SCoA + CHzCOSCoA + 
primer extender 


Scheme V 
CH~-CO-CHZ-COSCOA (c) 
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equivalent” used in early work is amply justi- 
fied!) (24, 49-51). In polymer terms acetyl 
Cod is thought to serve as the primer with the 
thiol ester grouping being easily displaced (a good 


XXII 


OH 


HO K 
xxm 


“leaving group”) facilitating coupling through 
nucleophilic reaction. Carboxylation of acetyl 
Cod to form malonyl CoA provides the extender, 
facilitating the reaction by increasing the ease of 
development of a negative charge on the acetate 


0 SCoA 


HOzC CONHZ 


XXIV 


0 


H02C 


COZH COZH COZH 


I t  must be emphasized that these expressions 
are expository and do not exclude the possibility 
that the sequence involved is concerted and, 
therefore, that the carbon dioxide may be lost 
subsequent to or during the coupling rather 
than, as illustrated above, before. As the role of 
carbon dioxide is essentially catalytic, the in- 
volvement of malonate was missed in early work 
and the fairly recent appreciation of its central 
role in these reactions is of outstanding impor- 
tance. Reduction of the growing chain would lead 
to fatty acid biosynthesis, whereas persistance 
would lead to aromatic products. This suggests 
that one factor controlling the amount of me- 
tabolism down these two branches mav be the 
amount of reducing capacity (NADPH) avail- 
able to the organism a t  the time. 


A number of other common metabolic acids, 
particularly propionate [either naturally as in the 
case of c-pyrromycinone (XXII) (52) or by 
forcing as with homoorsellenic acid (XXIII) 
(53)], are known to serve as primers, and chain 
extension can occur via other acids, such as meth- 
ylmalonate, as is the case in most nonpolyene 
macrolide antibiotics (54). 


TETRACYCLINES AS POLYKETIDES 


In the case of the tetracyclines specifically, it  
is now generally, though not entirely without 
reservation (14, 55), accepted that malonamyl 
CoA serves as the primer and that extension oc- 
curs via eight malonate units so that more sophis- 
ticated versions of polyketide IX can be put forth 
X(X1V and XXVI) (Scheme VI). As there is no 


1 
OH OH OH OH 


1 XXV 


XXVI 
Scheme VI 


methyl carbon. These ideas are illustrated in 
Scheme V, a, b, and G. 


convenient terminal methyl group to act as a 
marker, the exact folding is not obvious and both 
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After observing that the extent of labeling of the 
carboxamide carbon was higher than seemed 
likely from metabolic scrambling of acetate, an  
effect which Snell and Birch themselves ques- 
tioned (23), Gatenbeck obtained results (24) 
which suggest strongly that malonate, thought to  
be in the form of malonamyl CoA, is the starter 
unit and that the higher than expected labeling 
of the carboxamide function resulted from meta- 
bolic oxidation of acetate to carbon dioxide fol- 
lowed by fixation into malonate via the tricar- 
boxylic acid cycle. The earlier result with gluta- 
mate could be explained in the same way-that 
is, that glutamate acts as a metabolic source of 
carbon dioxide. The timing of the fixation and 
the time of incorporation of the starting unit 
could explain the variable radioactivity in the 
primer unit. It will be noted from inspection of 
formulas XXIV and XXVI that all of the carbon 
dioxide molecules fixed into the hypothetical 
polyketide are subsequently lost wi th  the single 
exception of the one in the starter unit. Thus this 
theory predicts a specific enrichment of Ring A by 
carbon dioxide, an effect Gatenbeck was able to 
achieve using radioactive sodium bicarbonate. 
Glutamate had no specific promoting effect over 
the other Krebs cycle acids tested. Using the 
data of Birch and Snell (22, 23) and Gatenbeck’s 
hypothesis (24), i t  is possible to achieve an ex- 
cellent fit for the experimental data (Scheme VII). 


XXIV and X X V I  equally satisfy the available 
evidence. There is no direct evidence for the in- 
volvement of malonamyl CoA. An interesting 
theory which has not been entirely abandoned 
(14) suggested that the majority of Ring A of 
oxytetracycline was derived from a glutamine 
unit. This ingenious idea would require the 
involvement of hypothetical polyketide XXVII, 
and was advanced prior to the recognition of 
the role of malonate in polyketide biosynthesis 
(22, 23).  Having noticed that the amount of 


H0,C CONH, 


CO,H C O B  C02H 


XXVII 


radioactivity incorporated into Ring A was often 
lower than anticipated when radioactive acetate 
was fed, an alternate primer unit was sought. 
It was found that glutamic acid-2-14C did lead to 
oxytetracycline with most of the radioactivity 
in Ring A. Unfortunately Ring A is very dif- 
ficult to degrade cleanly and in good yield to well- 
defined products, so that most of the work on the 
primer unit still depends on obtaining the extent 


I1 
3a + 8b + 8c + X=(42.2) 
/CIl I /cm; M H.SO, 


(CHJ,N+I- CH i co, 
‘La = 0.6( 0.5) I (0.6) 


“C0,H 
a + b=4.4(4.3) 


3 
co, 


( b  = 4.0) 


a 


0 


&J? + @o 


OH 0 
COLH 


OH - ~~ 


XVIII XIX 
+ 6b + 6c=27.3(27.1) a + 4b + 4c=18.3(18.7) 


p, H+ 


o W C O , H  


(c = 0.4) VCH3 OH + co2 
xxx 


a + 6b + 5c=26.9(26.4) 
Scheme VII-Incorporation of radioactivity into oxytetracycline from “CHaCOz H. Calculated figures are fol- 


lowed by normalized experimental values in  parentheses. 


of labeling by difference and the definitive ex- 
periment involving intact incorporation of a relative molar activities (R.M.A.)  X 
doubly labeled starter has yet to be reported. 


Radioactivity in Scheme VII is expressed as 


R.M.A. is defined as the number of counts/ 
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100 sec. for an infinitely thick sample of 1 
em.* cross-sectional area. Thus it is directly 
proportional to the molar specific activity. Us- 
ing methyl-labeled acetate the molecule as a whole 
had R.M.A. = 42.2 X lo* in this particular 
experiment and the parameters involved are 
fourfold: 


a = contribution due to the one-carbon pool de- 
rived v i a  oxidation of the acetic acid and subse- 
quent general metabolic incorporation of the la- 
beled carbon dioxide. This could be measured di- 
rectly by isolation of the amino methyls, which are 
methionine derived, and from the activity of the 
C6 methyl determined by Kuhn-Roth oxidation 
and subsequent degradation. a =  0.3. 


b = contribution of the methyl of acetic acid. 
This is measurable from the intensity of the 
activity of the Ce carbon, isolated as the car- 
boxyl end of the acetic acid from the Kuhn-Roth 
oxidation. b = 4.1. 


c = contribution of the carboxyl of acetic 
acid. The radioactivity of this carbon is due to 
metabolic scrambling and experience has indicated 
that a value of &loyo is appropriate. This could, 
however, be measured directly as the activity of 
the carboxyl in terracinoic acid (XVIII). c = 


0.4. 
x = activity in the primer unit can be calcu- 


lated using the values for a, b, and c. If the 
molecule is wholly acetate derived, then its 
makeup will be 3a + 8b + 8c + x = 42.2 and 
therefore x = 5.3. This would give an incorpora- 
tion level of about 12.5y0 into the primer unit 
which is equivalent to that which Gatenbeck found 
using radio-labeled malonate (10-20%). Birch 
determined the level in the carboxamide carbon to 
be 0.6. Thus the starter would be b + c + 0.6 = 
5.1 which is reasonably close to the expected value 
(b + c = 4.5). As the acetate involved in the 
starter unit must undergo a t  least one additional 
reaction compared with those used in extension, 
the agreement should not be expected to be ex- 
act. The variability observed in this unit in 
various experiments (14, 24) might reflect the 
relative efficiencies of these two processes and the 
extent to which the organism uses these building 
blocks for other purposes between the time when 
they are assembled and when they are incorpo- 
rated into tetracyclines. 


While it is true that specific degradation of 
Ring A is still to be achieved and double-labeling 
studies with malonic acid semiamide have either 
failed (55) or have not yet been reported, the 
balance of evidence currently favors Gatenbeck’s 
modification o€ Birch and Snell’s hypothesis. 
One additional bit of circumstantial evidence 
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favors this theory. The production of 2-acetyl- 
2-decarboxamidotetracycline derivatives (V1,VII , 
VIII) by certain mutant strains (56-58) is most 
readily rationalized by presuming a block in 
malonamyl CoA formation and the subsequent 
utilization of acetoacetyl CoA in its place. This 
would implicate polyketides XXIV or XXVI 
rather than XXVII. No experimental confirma- 
tion of this inference by labeling studies has yet 
appeared. Another circumstantial bit of sup- 
porting evidence derives from experiments in- 
dicating (vide infra) that the C4 nitrogen is in- 
troduced at  a later stage and does not therefore 
come as part of the primer unit. Thus the evi- 
dence available a t  present is in favor of the whole 
carbon skeleton being acetate-malonate derived 
and so the tetracyclines appear to be typical, 
although unusually complex, polyketide-derived 
molecules. No other known polyketide product 
has malonic acid semiamide as the presumed 
starter unit. 


PRETETR AMIDS 


Having concluded that hypothetical polyke- 
tides XXIV and XXVI are satisfactory rational- 
izations for the experimental evidence, it is im- 
mensely gratifying to find that certain aromatic 
degradation products of the tetracyclines which 
closely resemble XXV are in fact excellent bio- 
logical precursors of the tetracyclines. The 
simplest of these, pretetramid (XXV) is very 
close indeed (59, 60). The biotransformation 
yields of XXV to finished antibiotic ranged from 
3-75y0 depending upon the substrate and the 
mutant used. Pretetramid is the earliest rec- 
ognizable and well-characterized specific tet- 
racycline precursor known a t  present. Prote- 
trone (XXXI), isolated from a blocked mutant 
culture, appears to be a shunt product resulting 
from an imperfection in the cyclization process 
(1 1). Synthesis of aromatic pretetramid de- 
rivatives and subsequent bioconversion is a tool 
that should allow the preparation of novel tet- 
racyclines. This approach depends upon the 
subsequent enzymes being relatively insensitive 
to the presence of unusual structural features and 
i t  is disappointing that, so far, no really unusual 
tetracyclines have reportedly been made in this 
way. Still, work with the various pretetramids 
has given considerable insight into the biological 
reactions involved. Pretetramids lacking a CS 
methyl group do not give rise to 6-methylated 
tetracyclines, so methylation may be presumed 
to be a very early step. Synthetic &methyl 
pretetramid (XXXII) is readily bioconverted to 
6-methylated tetracyclines as theory would de- 
mand. Obviously then, the subsequent en- 
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zymes in the two series are insensitive to the 
presence or absence of the C6 methyl and the 
biosynthesis follows a parallel course from here 
on. 


These inferences are quite consistent with the 
observation that a number of mutant cultures 
produce 6-demethyltetracycline derivatives (61, 
62) and, under certain conditions, normal strains 
can be induced to form 6-demethyl derivatives 
by the use of enzymatic-blocking agents such as 
various sulfonamides, aminopterin, and ethionine 
(63-66). These appear to operate by inhibiting 
one-carbon transfer reactions and methionine is 
usually able to overcome these inhibitions. Eth- 
ionine dramatically reduces the antibiotic-pro- 
ducing potential of some S. aureofaciens strains. 
More will be made of this observation later. 
Under certain conditions, ethionine can sub- 
stitute for methionine, so ethionine can to a cer- 
tain extent both repress methionine utilization- 
formation or substitute for i t  in biosynthesis in 
some strains, and ethylmethylaminotetracycline 
was prepared in this way (67). The practical 
importance of the 6-demethyltetracyclines lies 
in their greater acid stability as compared with 
the normal tetracyclines which contain a ter- 
tiary-benzylic hydroxyl a t  (26 which is readily 
lost to form the anhydrotetracyclines (XLII). 
These later substances are strongly bound to 
serum proteins and are not clinically useful as 
antibiotics. The tendency to form anhydrotet- 
racyclines is diminished by removal of the Ce 
methyl. A chemically derived product of the 
6-demethyltetracyclines, 6-demethyl-6-deoxytet- 
racycline (XXXIII), is the simplest known tet- 
racycline possessing essentially full antibiotic 
activity and has been used to prepare a variety 
of new tetracyclines by electrophilic reactions 
under conditions which normal tetracyclines 
would not survive (68). 7-Chloro-6-demethyl- 
tetracycline (IV) was produced from blocked 
mutants and is an article of commerce, represent- 
ing the first economic fruit of these fundamental 


XXXIII 


studies. In contrast to the Ca methylation, 
C, chlorination of various pretetramids does take 
place using chlorinating S. auveofaciens strains so 
this is a later step (53). 


With the presumptive role of these partially 
and wholly synthetic derivatives established, the 
isolation of 4-hydroxy-6-methylpretetramid 
(XXXIV) from a blocked mutant was a very 
significant advance indeed (69, 70). The meth- 
odology involved should be of general utility in 
similar sequence problems and bears some com- 
ment. In contrast to mutations involving 
pathways in primary metabolism which are rela- 
tively easy to detect for they often lead to death 
or nutritional dependence on media factors, 
mutations deleting enzymes in secondary metab- 
olism are apparently not usually lethal. The cell 
can survive quite nicely whether i t  produces tetra- 
cyline or not. To make the detection of produc- 
tive mutants easier, the phenomenon of cosyn- 
thesis was used in a brilliant series of investiga- 
tions by J. R. D. McCormick and his group at  
Lederle. This approach has recently been de- 
scribed in detail (11, 71) and can be synopsized 
figuratively as shown in Scheme VIII. 


Cosynthesis depends upon the use of two 
nutritionally-intact blocked mutants, neither of 
which is able alone to synthesize active antibiotic. 
If certain conditions are met, however, growth 
of the two strains in mixed culture can produce 
tetracyclines. Thus consider Mutants A and B- 
one blocked (lacking a t  least one important en- 
zyme or cofactor for a given step in the sequence) 
early and the other blocked late in the sequence 
(Scheme VIII). If a stable intermediate is 


Strain A acetate - - - - - - - - - - I - - - Tetracycline 
I 


block 


block 
Strain B acetate-- I - - - - - - - - - - -  Tetracycline 
Scheme VIII-A sirnplijied illustration of cosynthesis. 


assembled by Mutant A, is excreted into the 
medium, and is taken up by Mutant B, Mutant 
B has the necessary enzymes to finish the syn- 
thesis. This ingenious method allows one not 
only to detect the presence of a stable intermedi- 
ate but also to demonstrate its biological capa- 
bilities. Barring coincidence, positive results in 
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this whole cell system are quite meaningful 
whereas negative results may not be (due to 
permeability problems, instability, etc.). Given 
enough mutants, the position of the break in the 


CH3 0 


mixed chemical-biological studies. The experi- 
ments reported to date, however, have not 
achieved this goal (12, 73, 74). 


STEPWISE DEAROMATIZATION- 
THE 4-KETOANHYDROTETRACYCLINES 


The next derivatives for which precursor 
activity has been demonstrated are the 4-ketoan- 
hydrotetracyclines (XXXV) . These substances 
have been prepared synthetically in a variety of 
ways (75, 76) and preliminary accounts of suc- 
cessful bioconversion have appeared using both 
whole cell (12) and cell-free systems (13). The 
details of the path between XXXIV and XXXV 
are obscure but one can propose, for the sake of 
argument, oxidation to quinone XXXVI which 
formally accepts a mole of water stereospecifically 
or (when represented by its enolic form XXXVII) 
(Scheme IX), more likely, by analogy with later 


XXXVI XXXVII 
Scheme IX 


biosynthetic path can be worked out with some 
certainty as has been done with at least 16 
mutant strains (11). The use of these strains 
obviates the necessity of using radio-labeled pre- 
cursors as net synthesis :s detected by biological 
activity (antibiosis). 


Individually nonproductive strains V655 and 
and ED1369, in mixed fermentation, produced 
7-chlortetracycline (60). Strain ED1369 was 
also able to form chlortetracycline when various 
fractions from V655 mash were added. Using 
this as an assay method, McCormick was able to 
isolate and characterize the elaborated agent as 
4-hydroxy-6-methyl pretetramid (XXXIV) and 
to show that the pure product was bioconvertable 
to chlortetracycline in up to 75% yield. These 
findings strongly support the polyketide-pre- 
tetramid hypothesis and suggest that 4-hydroxy- 
lation is the next step in the sequence and that 
chlorination occurs subsequently. Transforma- 
tion of 6-methylpretetramid to 4-hydroxy-6- 
methylpretetramid has been accomplished re- 
cently by purely chemical means though under 
fairly drastic conditions (72). As the 4-hydroxy- 
pretetramids are now fairly readily prepared by 
partial synthesis, and are at  least one enzymatic 
stage further down the pathway, once again one 
Can hope that new tetracyclines will result from 


steps, undergoes oxygenation of the B-diketo- 
system followed by reduction of the 4a, 5-double 
bond. Once again whole cell systems are able to 
halogenate these substances. Cell-free systems 
have not exhibited chlorinating ability here, 
perhaps due to the lack of necessary cofactors or 
instability of the responsible enzymes (13). 


The biological 12a-hydroxylation of certain 
synthetic anhydrotetracycline (XXXVIII) deriv- 
atives has been accomplished but not by tetra- 
cycline-producing strains, and these reactions 


CONHz 


XXXVIII 


may be taken, for our purposes, as being outside 
the normal pathway (77). Chemical hydroxyla- 
tion of the same type of derivative has also been 
carried out (78, 79). 


4-AMINOANHYDROTETRACYCLINES 
The next piece of evidence bearing on the pro- 


posed sequence was provided by experiments in- 
volving genetically complete strains. Addition 
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of ethionine a t  a suitable stage apparently re- 
presses methionine synthesis and, in the presence 
of an insufficient supply of methionine, tetra- 
cycline biosynthesis is shut off a t  an intermediate 
stage. The presence of precursors could be de- 
tected conveniently and quantitatively by assay- 
ing cellular extracts in the presence of methionine- 
W H 3  in a cell-free enzyme preparation made by 
sonification of suitable Streptomycete strains. 
The preparation of cell-free enzyme systems 
capable of elaborating secondary metabolites has 
usually been unsuccessful, thus i t  was most 
gratifying to find conditions whereby this could 
be accomplished with tetracycline-producing 
strains and, further, to find that they were 
capable of transforming even fairly early pre- 
cursors (all the way back to the 4-ketoderiva- 
tives) (13). The competence of these soluble 
enzyme systems is an especially powerful tool be- 
cause diffusion and cellular permeability are no 
longer factors of concern. Thus, providing the 
appropriate cofactors are supplied, the results ob- 
tainable take on a different order of reliability 
when using this sort of system. With this ex- 
perimental approach it was possible to find condi- 
tions whereby treatment of whole cell cultures of 
S. uzireofuciens and S. rimosus with ethionine re- 
sulted in high yields of these blocked inter- 
mediates and the products were isolated and 
characterized (Scheme X). These materials were 
shown to be 4-aminoanhydrotetracyclines (repre- 
sented by XL) and, further, it wis shown that 
they were past the point of halogenation. This 
narrowly restricts the position in the sequence 
where this step occurs and from this point on- 
ward, a parallel biosynthesis is utilized for halo 
and nonhalo-tetracyclines. Various degrees of 
methylation are present in these substances pro- 
viding additional evidence that the three carbons 
of the tetracyclines which are methionine 
derived are sensitive to different extents to the 
action oi ethionine. It could be shown by addi- 
tion of limiting amounts of S-adenosylmethionine 
that the amino derivatives were stepwise alkyl- 
ated to the monomethylamino (XLI) and 
then the dimethylaminoanhydrotetracyclines 
(XLII). The 4-8-epimers are not biologically 


XL 


convertable by these systems indicating some- 
thing of the steric requirements of the enzymes 
involved (80). Discovery of the introduction of 


XLI 


PMe, 


CONH, 
OH OH 0 0 


XLII 


nitrogen at  this stage is added circumstantial 
evidence against glutamate as a direct precursor 
of substantial portions of Ring A. 


One problem of concern in all sequence work in- 
volving mutants or chemical blocking agents is 
the possibility that some of the substances dis- 
covered may have good precursor activity but 
not be in fact actual intermediates. Such sta- 
bilized shunt products or extraneous materials 
could be converted to mainstream intermediates 
by enzymes not ordinarily involved in the normal 
biosynthetic sequence. A wonderfully instruc- 
tive example of this pitfall comes from work with 
4-dimethylaminopretetramids (XLIII) which are 
available by degradation of tetracyclines (77). 
These compounds serve as reasonably efficient 
precursors in whole-cell systems (59). However, 
in the presence of methi~nine-~*CHa the dimethyl- 
amino group of the finished tetracyclines became 
radioactive and one is forced to conclude that the 
cell must remove the dimethylamino function, 
perhaps producing a 4-hydroxypretetramid or its 
corresponding guinone, and then reintroduce this 
function later in its normal time. The alternate 
possibility, stepwise dealkylation followed by re- 
alkylation, seems less likely although must still 
be allowed as a possibility. This serves as a 
warning in drawing hasty conclusions. 
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In this context the aminoanhydrotetracyclines, 
although highly active as precursors, were a t  
first thought by some investigators to be sta- 
bilized shunt products (12). Thus a t  least two 
alternate sequences may be put forth between the 
4-ketoanhydrotetracyclines and the anhydro- 
tetracyclines. The evidence for the published 
sequence (12) was based, in part, on the structure 
of metatetrene, which shunt product has been 
isolated from mutant strain T219 and reported to 
have novel structure XLIV. This structure is 
now considered to be erroneous and the inter- 
mediacy of XLV is now doubted although not 
disproven (82, 104).l Such evidence as is now 
available favors pathway XXXV -+ XXXIX -+ 


XL -+ XLII and this sequence is generally 
accepted. Thus the Cd nitrogen appears to be 
introduced into the sequence by reductive amina- 
tion at  the 4-ketoanhydrotetracycline stage and 
the products are stepwise methylated to the 
anhydrotetracyclines. Interestingly, the closely 
related 4-hydroxy (XLVI) and 4-desoxyanhydro- 
tetracyclines (XLVII) are inert (12). 


It has been demonstrated for one group of 
mutants (Class I) that the rate of chloride utiliza- 
tion for tetracycline biosynthesis is independent 
of the chloride concentration (26) so the overall 
rate-limiting (slow) step must be prior to the 
aminoanhydro stage for halogenation precedes 
the formation of XL and probably XXXIX. 


1 Subsequent to the submission of this review, an article ap- 
peared describing isolation of 4-aminoanhydrodemethylchlor- 
tetracycline (the 6-demethyl analog of XL) from a blocked 
mutant (104). This discovery is strong confirmatory evi- 
dence for the sequence related herein. 
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ANHYDROTETRACYCLINES 


The products of the methylation, the anhydro- 
tetracyclines, are very readily formed by de- 
hydration of tetracyclines carrying an oxygen a t  
Ca and have been available by partial synthesis 
for a long time. They are readily transformed to 
finished tetracyclines by a number of whole-cell 
and cell-free systems (11, 14), but have not yet 
been reported as having been isolated from 
normal, blocked, or mutant cultures. This is 
surprising for they are stable chemically and their 
in vitro antibiotic properties should make them 
readily detectable. It has been surmised that 
they may be toxic to the producing organism so 
that inability to carry out the next step may 
cause them to accumulate to a toxic level and 
such mutations might then become self-limiting 
(12). 


TERMINAL REACTIONS 


The remaining reactions in the sequence are 
clear. Because the number of possible inter- 
mediates in the sequence between anhydrotetra- 
cycline (XXXIII) and oxytetracycline (IT) are 
limited, the method of approach used was to ob- 
tain as many as possible of the plausible inter- 
mediates and test them one after another in a 
cell-free system (83). The results are given in 
Scheme XI. Those reactions which could not be 
demonstrated in cell-free enzyme preparations 
have been blocked with an X. Note that there is 
only one contiguous sequence between anhydro- 
tetracycline (XLII) and oxytetracycline (11). 
Compound XLVIII is encased in dotted brackets 
as it has been prepared in microgram quantities 
only. Compound LI is encased in solid brackets 
as it has only been detected on paper chromato- 
grams and has not been isolated as a single 
chemical entity. The other substances have been 
fully characterized. 
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Scheme XI-Terminal reactions i n  tetracycline biosynthesis. 


Certain strains utilize air as an oxidizing agent first tetracycline intermediates to be isolated 
and transform anhydrotetracycline (XLII) to from a blocked mutant and to be converted 
5a(l  la)-dehydrotetracycline (XLVIII). The biologically to a finished antibiotic (71, 83-85), 
7-chloro analog of XLVIII (LV) was one of the It is interesting to note that the latter transforma- 
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tion has also been achieved in the laboratory by 
photochemical oxygenation of anhydrotetra- 
cyclines (86, 87) but also that no evidence is 
available for a free hydroperoxide intermediate 
in cell-free studies (13). The anhydrotetra- 
cyclines can be drawn in their ketonic tautomeric 
state (LIV) in which the Ce hydrogen is both 
benzylic and allylic and should be very susceptible 
to free-radical oxygenation processes. Interest- 


1645 


with S. aureofaciens enzymes leads to tetracycline 
whereas 5-oxygenation under aerobic conditions 
(with S. rimosus enzymes) leads to oxytetra- 
cycline.2 When 5 4  1 la)-dehydrochlortetra- 
cycline is used, biological reduction produces 
chlortetracycline. It is possible to convert 
6-deoxytetracycline to tetracycline in cell-free 
systems, but the anticedent reaction, conversion 
of anhydrotetracycline to 6-deoxytetracycline, 
has not been observed despite careful attempts. 
If this failure is fundamental rather than tactical, 
then the oxygenation of L is an incidental reac- 
tion and does not represent a valid in vivo path- 
way. Thus all the available evidence a t  present 
supports paths XLII + XLVIII + LI + I1 and 
XLII + XLVIII + I11 for the terminal se- 
quences. 


It is interesting to note that cultures producing 
mixtures of either oxytetracycline and tetra- 
cycline or chlortetracycline and tetracycline are 
not uncommon. However, no reports have 
appeared of cultures producing mixtures of 
chlortetracycline and oxytetracycline. This in- 
teresting fact bore on a problem of longstanding 
interest, namely: why was oxychlortetracycline 
(V) not known in nature, and how could this 
“hybrid” be prepared? It is possible to hypothe- 
size that each sequence of reactions leading to the 
formation of a secondary metabolite has as its 
ultimate aim the elaboration of a “target sub- 
stance” (89). This material may be considered 
to be the most highly elaborated (in terms of the 
extra functions added to the basic polyketide 
chain) metabolite that the culture was able to 
produce in its evolutionary history. In  these 
terms oxychlortetracycline (V) might serve as 
the target substance that all tetracycline-pro- 
ducing Streptomycetes once made. In the course 
of time, mutations, in the light of this theory, 
conceivably caused the deletion of one or more 
enzymes and all strains eventually lost the ability 
to produce this material. This is entertaining, 
though purely speculative, but it heightens in- 
terest in the recent successful preparation of 
oxychlortetracycline through use of biosynthetic 
theory and methodology (90-92). 


Knowing that S. rimosus was unable to handle 
anhydrochlortetracycline (84) , and having the 
terminal sequence for tetracycline and oxytetra- 
cycline in hand, examination o€ the chlorinated 
analogs of XLVIII and LI in S. rimosus systems 
seemed called for in the hope that the non- 
conversion of anhydrochlortetracycline was due 
to the C7-chlorofunction being inhibitory for the 
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ingly, the in vitro photooxygenation appears to 
fail unless a C? chlorine atom is present (86, 87). 
A biological feature of interest here is that S. 
rimosus strains are not able to carry out a Ca 
oxygenation reaction on anhydrotetracyclines 
bearing a C, chlorine (84). This presents an in- 
teresting contrast in structural requirements 
between the biological and photochemical pro- 
cess. As the aminoanhydrotetracyclines do not 
serve as substrates for the C6 oxygenating system 
in either S. aureofaciens or S.  rimosus cell-free 
systems, it is easy to see why they accumulate 
under ethionine blockade and to explain the 
otherwise puzzling observation that no amino or 
methylaminotetracyclines have been isolated 
from biological systems, particularly those leading 
to 6-demethylchlortetracycline under ethionine 
blockade (13). 


5u(l la)-Dehydrotetracycline has proven to be 
too unstable for successful isolation in more than 
microgram amounts; however, sufficient material 
was isolated by elution from paper chromato- 
grams that its biological role could be evaluated 
in whole-cell systems. This substance is a key 
intermediate, serving as the branch point at  which 
the biosynthesis of oxytetracycline (11) and 
tetracycline (111) diverge. Once again a point is 
reached where parallel pathways develop after 
the introduction of one of the “extra” features of 
the tetracyclines. As had been predicted (84, 88), 
reduction with NaDPH under aerobic conditions 


2 J. R.  D. McCormick, (87) Reference 12, p. 82, reports that 
5a(lla)-dehydrotetracycline undergoes a facile allylic rear- 
rangement to 5&hydroxyanhydrooxytetracycline. Analo- 
gous reactions in a similar series have been reported (88). 
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early enzymes and that subsequent enzymes 
would be less specific in their structural require- 
ments. 


It was indeed found to be possible to trans- 
form 5a( 1lu)-dehydrochlortetracycline (LV) to 
oxychlortetracycline (V) in excellent yield using 
either cell-free or whole-cell S. rimosus prepara- 
tions. It is apparent that S. rimosus lacks the 
enzymes or cofactors necessary for halogenation 
of tetracycline precursors and, even if it did not, 
it  would be unable to carry the precursor past 
the anhydrochlortetracycline stage, for the 
7-halogen apparently inhibits the Cs-oxygenase 
of S. rimosus. This, then, explains on an enzy- 
matic level why oxychlortetracycline remained 
so elusive for so long. I t  also suggests that 
natural strains producing LV may yet be found 
and, indeed, the pronounced instability of LV 
may be a partial explanation for this lack (in 
addition to the enzymatic factors discussed 
above). 
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factors may in part be a t  fault. Miller (13) has 
discussed the theoretical parameters involved 
in preparing 6-demethyloxytetracycline. There 
appears at present to be no theoretical reason 
why this compound should not be prepared by 
biochemical manipulation of a suitable S. 
rimosus system. On the other hand the reaction 
sequences in Scheme XI suggest that a 6-deoxy- 
tetracycline antibiotic would be unlikely as a 
natural fermentation product (13), just as V was 
not a natural product in a strict sense. Very 
little work has been done on the enzymes them- 
selves involved in secondary metabolism and 
many fascinating questions remain to be solved 
here. 


Certainly the conclusion is warranted that a 
great deal of sequential information, even though 
some of the pieces are still largely circumstantial, 
is now available dealing with the intimate steps 
by which various Streptomyces species elaborate 
the tetracycline antibiotics starting with very 
simple primary metabolites. It is also apparent 
that there are no real surprises in terms of the 
types of reactions involved. The major unique 
characteristic of secondary metabolism is the 
substrates themselves. It is fascinating to con- 
sider that, using a relatively limited number of 
reactions over and over again in various se- 
quences, microbes are capable of elaborating such 
a multitude of compounds. The complexity of 
these substances, including the tetracyclines, has 
taxed the ingenuity and been the joy of struc- 
tural, synthetic, and biological chemists for many 
years. Despite their central role in mankind’s 
attack against disease, it is curious that there is 
little real evidence that secondary metabolites 
are of much importance to the organism itself. 
Darwinian arguments can be advanced in the case 
of the tetracyclines and other antibiotics but for 
the vast majority of secondary metabolites such 
arguments are not supportable. Either we have 
not yet detected a function for the majority of 
these materials or they are themselves metabolic 
“flotsam.” 


Still, i t  is possible to rationalize the value of 
secondary metabolism to the organism (bearing 
in mind that a more direct, but currently obscure, 
primary function may someday be discovered). 
The important factor may not be the compounds 
themselves but rather the process whereby they 
are formed. Secondary metabolism is often con- 
sidered to begin when some essential media con- 
stituent has become exhausted thus subjecting 
the culture to metabolic stress. The organism 
has the choice of death or adaptation to the new 
circumstances of its environment. A whole 
sequence of enzymes may be induced (89) pro- 


SUMMARY 


Our current understanding of the biosynthetic 
scheme by which the tetracycline antibiotics are 
synthesized in nature is set forth in Scheme XII. 
Oxychlortetracycline is the most highly elabo- 
rated tetracycline presently known, embodying 
the structural elements of chlortetracycline, 
tetracycline, and oxytetracycline, so i t  was chosen 
to exemplify the sequence. Lack of enzymes or 
cofactors causes the deletion of one or more steps, 
several of which serve as branch points. Omis- 
sion of halogen, for example, leads to oxytetra- 
cycline and omission of the final hydroxylation 
step leads to chlortetracycline, and so on. 


FUTURE GOALS 


I t  is possible, indeed one of the hopes of this 
review, that successful preparation of new anti- 
biotics making use of biosynthetic theory either 
to suggest new structures or new means of 
preparation, as in several cases mentioned herein, 
will stimulate an increasing number of other 
workers to take a similar approach. This is 
particularly important at a time when empirical 
screening methods for new antibiotics have 
clearly reached the point of diminishing returns 
considering the effort expended. Even in fields 
as thoroughly studied as the tetracyclines there 
are goals left to achieve. By no means the only 
remaining lack, but illustrative of the point, is 
the preparation of the still missing 8-hy- 
droxytetracyclines. Polyketide theory suggests 
that they should exist, and experience with 
oxychlortetracycline suggests that enzymatic 
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Scheme XII-A summary of the biosynthetic pathway of the tetracycline antibiotics as currently understood. 
These reactions which appear to involve more than one step and intermediates which have not yet been well char- 


acterized are signified by hatched arrows (#+). 


ducing substances not normally present during 
primary metabolism. It is alternatively possible 
that shutting off the normal reactions of primary 
metabolism may permit the diversion of newly 
excess raw materials into pathways which are 
present in primary metabolism but not operating 
except to a minor extent. It is also possible that 
a few bridging enzymes are induced by the sudden 


piling up of a metabolite normally rapidly 
turning over and not present in large amount. 
This would lead down new paths of metabolism 
involving enzymes which normally have some 
other catalytic €unction, or perhaps only a struc- 
tural function. The answer as to which if any of 
these possible interpretations is correct must 
await the next logical phase of inquiry-study of 
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the enzymes themselves; a few pioneering papers 
have appeared in this area (93-102). This 
would bear on the question of whether the func- 
tion of secondary metabolism in the microor- 
ganism is to maintain intact for as long as pos- 
sible the largest number of enzymes and cofactors. 
This would have survival value by permitting 
continued operation, even a t  the expense of a 
great deal of cellular energy, on the chance that 
environmental conditions would change and allow 
the cells to resume primary metabolism (103). 
The future promises to provide answers to this 
and many other intriguing questions raised b y  
the phenomenon of secondary metabolism. 
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Nuclear In Vitro Method of Continuously Evaluating 
Release Rates of Solid Dosage Forms 


By WILLIAM J. McCLINTOCK*, DANE 0. KILDSIG, WAYNE V. KESSLER, 
and GILBERT S. BANKER 


A nuclear in  uitro continuous release rate measuring method has been developed and 
evaluated which permits determination of the release rates of IF-labeled materials 
from solid dosage forms. The nuclear apparatus consisted of a scintillation flow 
cell and a liquid scintillation spectrometer which recorded count rates automatically. 
The nuclear method was compared with a spectral method in measuring the release 
rates of 14CC-labeled caffeine and carrier csffeine from three different tablet systems. 
The two methods were equally precise and there was no statistical difference in the 
release rates determined by the two methods of analysis for any of the tablet systems 
studied. The nuclear method may be more convenient and less sensitive to the 
presence of interfering substances than a spectral method. The nuclear method 
can be employed as a continuous and automated methodology to reflect the effect 


of formulation or physical changes on the release rate of dosage forms. 


ONCERN WITH maximum drug availability and C effectiveness has resulted in the establish- 
ment of various dissolution tests as in aitro in- 
dicators of availability. Often the comparison of 
the apparatus used in one laboratory and that 
used in another yields significant differences in 
the results of dissolution tests on the same dosage 
forms and drugs. The rotating-bottle method 
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(1-3), the modified USP disintegration testing 
basket attached to a Gershberg-Stoll apparatus 
(4, 5), and the rotating disk (6-8), involve the 
periodic removal of samples followed by some 
form of quantitative analysis. Automated 
methods of evaluating in aitro release rates have 
been developed which employ continuous spectro- 
photometric analysis (9, 10). However, the use 
of radionuclides as labels on drug molecules 
affords a direct method of determining dissolution 
rates regardless of the drug's spectral characteris- 
tics. 


Several investigators have substituted radionu- 
clide detection for chemical analysis in the mea- 
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Slight changes in pumping rate do not materially (3) N-h, R. A., and Marcus, A. D., ibid., 28, l(1960). 
(4) Vliet, E. B., ibid., 28, 113(1960). 


change dissolution characteristics. With Product (5) Chapman, D. G., J .  A m .  Pharm. Assoc., Sci. Ed., 45, 
A, the amount of drug in solution at the end of 3 374[$'5&r0eter, L. c., Tingstad, J. E,, Knoechel, E. L , ,  
hr. was approximately the same (85 to 90 Of the and Wagner, J. G. ,  J .  Phorm. Sci., 51, 865(1962). 
100 mg. claimed on the label) even though the ibidf7'53M:$:'47; J.. Davie, J. M.8 and Morrison* A. B . p  


pumping rate was varied from 50 to 70 ml./min. (k) Levy, G., and Hayes, B. A., New E n d .  J .  Med., 262, 
The operating characteristics of this apparatus 1053(1960). 


(9) Paikoff, M., and Drumm, G., J .  Pharm. Sci., 54, can be easily altered. However, when conditions 1693(1965). 
are fixed, similar dissolution profiles are obtained T f ~ p ~ ~ ~ , ~ ~ ;  , 9 ; b r ~ ~ ~ : ~ ~ ~ ~ ~ ~ w ~ 2 ~ ~ ~ ~ ~ i g ~ , )  T* and 
when drug or tablets from a uniform lot are subjected (11) Schroeter, L. c.. and Wagner, J. G., J .  Pharm. Sci., 


produced dissolution profiles similar to that shown (13) Schroeter, L. c., and Hamlin, w. E., ibid., 52, 
in Fig. 3. Moreover, the basket-stirrer assembly 81tl(:~6~~pidus, H,, and Lordi, N. G., 55, 840(1966). 
positions the tablet in the same way from run to run (15) Searl, R. 0.. and Pernarowski, M., Can. M d .  Assoc. 
and helps, therefore, to produce results which are 


to the procedure' Repeated tests with Product A' 5 1 i ~ ! ~ ~ 2 ~ ~ ~ g a l l ,  p, J,, and Goyan, J. E,, ;bid., 52,29(1963), 


J. ,  96* 1513(lg6'). 


characteristic of the product rather than the appa- 
ratus. 


I Butazolidin tablets, Geigy, Ardsley. N .  Y. 
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Some Measurements of Friction in 
Simple Powder Beds 


By EVERETT N. HIESTAND and CHARLES J. WILCOX 


An apparatus and procedure for measuring the static friction coefficient of owders 
in simple beds are described. The relative merits of three variations of 8 e  shear 
cell are considered. A sandwich of powder between two surfaces covered with 
sandpa er is satisfactory under most experimental conditions. Examples of the 
effect ofrelative humidity, time under load, mechanical vibration of the powder bed, 
and variations in the experimental procedure are presented. Reproducible values 
of the friction coefficient can be obtained readily if the experimental and environ- 
mental conditions are standardized. The r.esults of the experiments sug est that 
a single value of the friction coefficient applies only to a specific powder tea .  In 
practical applications the entire range of values that may be encountered must be 


within acceptable limits. 


RICTION COEFFICIENTS and cohesion values F have been used to characterize the flow prop- 
erties of powders. In a recent review (l), the 
methods used and the problems encountered have 
been discussed. In the opinion of the authors, 
there are limitations on the usefulness of such 
data because neither the friction coeflicient nor 
the cohesion is a single valued property of the 
powder. As stated in the review article, "The 
properties of a powder bed depend on the cumula- 
tive effect of the previous history of all the por- 
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tions of the bulk being considered. Isolated re- 
gions of shear, vibration, or compaction may have 
produced high bulk density regions. These may 
remain intact in subsequent flow of the powder or 
may fragment into macroscopic regions mixed 
throughout the less dense bed. The forces act- 
ing on the top of the bed may be quite different 
from those at the bottom of the bed." I n  the 
studies reported here, considerable data have 
been collected that reveal the large number of 
factors that cause changes in the properties of 
powder beds as well as indicating the magnitude 
of these effects. 


The basic measurements of friction coefiicient 
and cohesion may be obtained from a simple 
shear cell described by Nash et al. (2). Though 
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modified in detail, the apparatus used in  these 
studies retains the advantages of simplicity and 
the use of a thin layer of powder that may be  
formed by  gentle sifting into place. Deep pow- 
der beds are not necessary and may be  undesirable 
since uniform bulk density is difficult to maintain 
in forming deep beds. Other shear cells have 
been used successfully but some of the observa- 
tions reported here could not be made using them 
because of the pretreatment, packing, etc., of the 
powder bed (3). 


FRICTION COEFFICIENT AND COHESION 


The friction-cohesion equation used here is 
basically the same as suggested by Deryagin (4). 


7 = ~r (mg + c) 0%. 1) 
where T is the force required t o  shear the powder, 
fi  is the friction coefficient, mg is the load in dynes 
applied normal t o  the shear plane, and c is the 
apparent cohesion force of the powder. 


Since friction is said to  be the shear strength 
of the areas of true contact, an increase in friction 
coefficient should reflect either an increase in true 
contact area or an increase in force of interaction 
in the regions of true contact. Either of these 
should produce a corresponding increase in cohesion. 
I n  real cases the cohesion value obtained by applying 
Eq. 1 often decreases when the friction coefficient 
increases and vice versa. These experimental 
values vary in such a way that the authors have 
been unable to  determine their significance. Other 
workers have observed that values of c based on 
Eq. 1 are larger than values obtained by direct 
tensile strength tests (5). 


APPARATUS 
Shear Cells-The basic shear cell is in the form of 


a sandwich of powder between upper and lower 
plates. The powder bed is prepared by sifting it 
into the 6.2-cm. diameter hole of a thin template 
placed over the bottom plate. The thickness of the 
template used varies with the type of upper and 
lower plates employed. A spatula serves to level 
the surface by gently scraping away excess powder. 
Care is taken to accomplish this with minimum dis- 
turbance of the powder bed. The template is lifted 
off and a disk-shaped bed of powder remains. The 
top plate is gently lowered onto the powder bed 
to bring its surface into contact with the powder. 
Additional weights are added to  produce the desired 
applied load. Figures 1 and 2 show the cell in 
place in the apparatus. Normal loads less than the 
weight of the top plate are produced by suspending 
the top plate from one side of the analytical balance 
holding the desired counterbalance weights (not 
shown in Figs. 1 and 2). In this case the powder 
bed is gently raised to  meet the top plate and to  zero 
the balance. 


Several different designs of top and bottom plates 
have been used. For some experiments at smaller 
applied loads, the bottom plate was a rectangular 
piece of “harrow” assembled from file cards’ after 
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1 Coulton’s No. 10 File Cleaner, E. C. Knudson, Mfg., 
Chicago, Ill. Facing removed and cemented to Bat plate. 
Surface grinder used to reduce length of steel bristles to 
0.16 cm. 


Fig. 1-Apparatus, TPT shear cell in  place. 


Fig. 2-Schematic arrangement of apparatus, Key: 
A, bottom plate of cell; B, powder bed; C, top plate 
of cell; D, tow line; E, strain gauges (only one used at a 


time); F, jack. 


SPS HPH TPT 


Fig. 3-Three varieties of shear cells used 


reducing the bristle length. The top plate was a 
5cm. diameter “harrow” of the same material. 
This shear cell “sandwich” will be referred to  as the 
HPH cell (harrow-powder-harrow). At higher 
loads, the harrow teeth may touch during a de- 
termination. Consequently, the upper and lower 
plate materials were changed. The first experi- 
ments done in this laboratory used metal disks 
coated with sandpaper,* called the SPS cell. In 
most of the recent studies the plates have been 
made from compressed tablets8 prepared from the 
same powder used in the shear test, the TPT cell. 
Figure 3 shows the parts of these three types of 
cells. The top plate has been removed and placed 
upside down beside the powder bed. 


In a few cases, a direct tablet-to-tablet measure- 
ment was made, the TT cell. This would not be a 


SThe grade of sandpaper is not a Critical factor. A 
satisfactory paper i s  garnet finishing paper, open coat, No. 
100, Minnesota Mining and Mfg. Co., St. Paul, Minn. 


‘The top element is a tablet 3.7-cm. square and about 
0.64-cm. thick. The bottom element is four of these tablets 
cemented to a rigid base plate and sanded smooth. Each 
tablet was made from 10 g. of powder A special die was 
used with the Carver press to form the tablets. Care was 
token to make all tablets in a act  as nearly alike as possible. 
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powder study unless indigenous powder was present. 
However, a comparison of TFT and TT data was 
desired. 


Force Detector-A cantilever beam strain gauge 
was connected to a horizontal screw jack. The jack 
was driven through a gear box by an electronically 


’ speed-controlled, reversible electric motor. The 
upper plate of the shear cell was connected to the 
strain gauge by a small diameter tow line or wire 
including a fish-line swivel. The strain gauge out- 
put was connected directly to the input of a Sargent 
model SR recorder and resulted in a sensitivity of 
1.315 X 106 dynes/mv. These parts are shown in 
Fig. 1 and diagrammatically in Fig. 2. 


The usual linear speed of the gauge assembly was 
4 cm./sec. Only static friction or “breakaway” 
force values were used. The shear force was in- 
sensitive to the rate of application of force in this 
range of gauge velocities. 


The usual operating procedure was to assemble 
the cell and connect the linkage to the gauge. 
The screw jack was operated until the top plate 
moved. Then the direction of the jack was re- 
versed until the tow fine became slack. The forward 
motion of the jack was reestablished and a second 
pull was made. This sequence was repeated until 
the same shear force was observed for several se- 
quential pulls. This was called the plateau value 
of the shear force and the powder bed was considered 
to have attained a reproducible steady-state con- 
dition referred to as the plateau condition. 


The frequency of the pulls was arbitrarily selected 
as approximately 2/min. The loading and un- 
loading times vary with the magnitude of the shear 
force and therefore with the applied load. The t h e  
interval between the “breakaway” peak force and 
the unloading is determined by the backlash of the 
jack. The exact magnitude of these factors is not 
critical but uniformity of practice is desirable to 
reduce the variability of results. 


Environment-The shear cell assembly was con- 
tained in a controlled-humidity chamber. The 
humidity chamber draws from dry and wet air 
reservoirs to cycle the relative humidity over a 
range of about +l% every 2 min. The air in the 
chamber is circulated rapidly through the chamber 
and a mixing box beneath it which contains the 
humidity controller and the dry and wet air-in- 
jector systems. 
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EXPERIMENTAL MATERIALS 


With a few exceptions, the materials used were 
selected from the common chemical entities used 
in pharmaceutical dosage forms. They were pre- 
conditioned in the controlled humidity environment 
for no less than 24 hr. and usually for more than 80 
hr. before use in the shear cell. The dynamic nature 
of the properties of powders will be illustrated by 
observations of the changing of a sample nvcr very 
long periods of time. 


CHANGES OF SHEAR STRENGTH 
IN A SERIES OF PULLS 


The series of pulls used to establish the plateau 
condition will provide a pattern of shear values 
typical of the powder bed a t  the applied load. In 
general, one of three patterns is obtained These 


A B C 


1 4 7 10 13 16 1922 1 4 7 10 13 1 4 7 10 
NO. OF PULLS 


Fig. 4-Recorder chart traces. Patterns developed 
by peaks prwr to reaching plateau condition. 
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Fig. 5-Repeated shearing of powder bed chunging its 
properties. Each line represents the shear force for a 
given number of pulls on the top disk obtained at warwus 
applied loads. The HPH cell was used i n  50% 
relative humidity environment with calcium aczd 
novobkcin powder. Key: 0, 1st pull; 0, 2nd pull; ., 4th pull; A, 8th pull; 0, 16th pull; a, plateau. 


are shown in the recorder chart traces in Fig. 4. 
The peak value of the leading edge of each indi- 
vidual “spike” is the breakaway force. Once 
shear occurs, the measurement becomes one of dy- 
namic friction and not static friction. The “spike” 
ends when the force is removed by reversal of the 
jack. The regular spacing of these spikes shows 
the uniform schedule of the pull cycles. This is 
necessary to obtain reproducible results. 
One of the patterns shown in Fig. 4 is obtained 


a t  each individual applied load. The usual friction 
plot used in this work is obtained by plotting the 
plateau values of the shear force against the applied 
load. Others have preferred to use the h t  
pull data (2). Figure 5 shows both results with 
calcium acid novobiocin as well as plots obtained 
by using other selected values, e.g., only second pull 
values for each series, only fourth pull values, etc. 
At all loads used, the pattern of pulls was like 
those in Fig. 4A. All strongly cohesive powders 
produce patterns of the type in Fig. 4A. These 
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changes with shear may be produced by changes in 
packing density, changes in bed thickness, or a 
development of structure that resists particle 
movement in a given direction. It is not the result of 
powder piling-up in front of the top element of the 
cell since removal of the powder in front has negli- 
gible effect on the shear force for the following pull. 
The types of patterns in Figs. 4B and 4C probably 
result from powders in which particle orientation 
and/or dialation are dominant factors associated 
with shearing of the bed. The bed thickness of 
choice depends on the selection of the shear cell. 
Obviously the HPH cell must use thicker beds than 
might be used with the T P T  arrangement. Sepa- 
rate studies using beds of different initial thickness 
gave very similar results, though not always 
identical values of 7 and c. With the HPH cell, 
the plateau values remained constant until the 
teeth of the harrow made contact with each other. 
With the other cells the plateau values remained 
constant over many pulls. Therefore, changes in 
bed thickness are not believed t o  be major factors 
in these measurements, especially when plateau 
conditions are used. Probably, the plateau con- 
dition is a steady-state situation in which the rate 
of introduction of new powder a t  the leading edge 
remains nearly constant with each successive move- 
ment of the top plate (see section on the elasticity 
of the tow line). 


If one concludes that the changes observed in a 
series of pulls is the result of changes in the bed 
other than thickness per se, then one may conclude 
that in some applications the friction and cohesion 
values may vary over at least the range observed 
in the series of pulls. Certainly a single value of 
friction and cohesion cannot be characteristic of 
the powder but only of the specific powder bed. 
It would be interesting to relate these values to 
other properties such as bulk density, etc. However, 
i t  is not simple to  obtain both measurements on 
the powder in the cell under the conditions of each 
individual pull. 


TIME-DEPENDENT EFFECTS 
Duration of Application of Static Load-It has 


been reported that the static friction coefficient be- 
tween solids varies with the logarithm of the time of 
contact (6). There is no reason to expect the fric- 
tion coefficient of powder beds to be independent of 
time of contact. Lidocaine base illustrates an ex- 
treme case as shown in Fig. 6. When the load was 
placed on the top plate and left for 30 min. before 
the first pull was made, the static friction force was 
much larger than when the usual time schedule was 
followed. However, the next pull, made immedi- 
ately after the time-delayed pull, is only very slightly 
different from the first pull made on the usual 
schedule without the time delay. 


Similar results were obtained when the time 
studies were applied to powder beds brought to  the 
plateau condition. Figure 7 shows data obtained 
with chlorphenesin carbamate. The plateau con- 
dition was established and then the cell was left 
undisturbed for the chosen time interval. The 
magnitude of the first pull after the time interval 
was higher than the plateau value. The lowest 
line in Fig. 7 shows the magnitude of a second pull 
made immediately after the time-delayed one for 
the 30-min. case. Similar results were observed 
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F i g .  6-Lidocaine base, SPS data, 70% relative hu- 
midity; influence of time of static loading on magnitude 
of shear force for frst pull. Key: 0, 1st pull after 
30 min.; 0, 2nd pull, immediately after 30-min. delay 


pull; A, plateau by usual method. 
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Fig. 7-Chlorphenesin carbamate, TPT data, 50% 
relative humidity; influence of time of static loading on 
magnitude of shear forces after plateau condition has 
been established. Key:  W, 1st pull after 60-min. wait; 
0, 1st pull after 30-min. wait; A, plateau; @, 2nd 
pull immediately following 1st pull after 30-min. wait. 


after each of the time-delay intervals. The shear 
forces have returned to approximately the same as 
the plateau ~ondi t ion .~  This indicates that the 
changes in shear force with time of static load 
application are not due to irreversible changes in 
the power bed. 


Figure 8 shows a longer interval of time lapse 
than shown in Fig. 7 but for only one applied load. 
Note that changes still are occurring after 30 hr. 
of standing with the load applied. 


Again the conclusion is that a single value of the 
friction coefficient and the cohesion is not adequate 
to describe the powder properties. 


Effect of Storage Time in the Controlled-Humidity 
Chamber-Changes in the properties of powders 


'The fact that this line is slightly below the plateau 
value in both examples is consistent with an observation 
made in other cases. Vis., whenever a preceding pull results 
in an unusually high shear force the next pull will be smaller 
than the average value. 
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Fig. 8-Chhrphenesin car- 
bamate in the same study 
as in Fig. 7 but shows ex- 
tended time scale for the 
application of a 110-g. 


applied load. 
HOURS 


0 30 60 90 120 


Fig. 9-Changes in the properties of a placebo mixture 
stored in the controlled-humidity chamber. Key: 
A, 0 days; 0, 3 days; 0, 14 days; v, 25 days. 
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lengths of time in the controlled-humidity environ- 
ment. The option of ignoring the effects of time of 
storage of each material was adopted, obviously 
to  save time. This expediency detracts from the 
absolute precision of a given value but should not 
mask the important effects. 


Table I shows the differences in plateau values 
of the friction coefficient obtained in various rela- 
tive-humidity atmospheres using the TPT cell 
prepared from &sitosterol. A minimum value in 
the 2545% relative humidity range was expected. 
The dramatic changes in the shear forces observed 
in the 30 and 50% relative humidity range were not 
expected. 


EFFECT OF VIBRATION ON SHEAR FORCE 
One possible cause of changes of shear force with 


time is the change in area of true contact induced 
by the ever present ambient vibrations of the 
laboratory. If so, an increase of shear force with 
time should be accelerated by subjecting the shear 
cell to  forced vibration. 


An electric vibrators was attached to  the lab 
jack supporting the shear cell. The motion orienta- 
tion was parallel to the direction of shear. A plateau 
value was attained in the same manner as before 
except that the vibrator was turned on for a few 
seconds between each pull Figure 10 compares the 
plateau condition results with spray-dried lactose 
(TPT) subjected to a Psec. vibration period with the 


TABLE I-CHANGES IN THE FRICTION COEFFICIENT OF &SITOSTEROL POWDER, TPT CELL DATA 


Relative humidity, % 30 40 50 72 87 94 
Friction coefficient 0.91 0.76 0.87 0.93 0.94 0.89 


occur during the storage of the material in the con- 
trolled-humidity environment. Figure 9 shows the 
results of a series of measurements6 with the HPH 
cell on a powder mixture. The mixture was used 
for a placebo tablet preparation and its primary 
constituent was lactose. The powder was not 
preconditioned in the controlled-humidity environ- 
ment. Zero time is taken as the time when the 
powder was spread on a tray in a layer not in excess 
of 1.2 cm. thick and was placed in the controlled- 
humidity chamber for the duration of the experi- 
ment. The results of the study indicate that it 
did not attain an equilibrium with its environment 
in 25 days. 


The controlled environment limits the humidity 
fluctuations to  a range of j=lyo relative humidity. 
Moisture on the surface and especially fluctuations 
in the amount of moisture could promote surface 
changes of the solid. However, the environmental 
changes in relative humidity are rapid enough that 
one would expect very little effect. Certainly one 
would not expect all powders to  continue to  change 
over such long periods of time but this example 
illustrates that the possibility must be considered. 


EFFECT OF RELATIVE HUMIDITY 
OF THE ENVIRONMENT 


As indicated earlier, most measurements were 
made after powders had been stored for reasonable 


6 These data are taken from a study in which all measure- 
ments were made using a standard powder bed that reached 
a plateau condition with 138 g. applied load prior to sheanng 
at the desired load. 
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Fig. 10-Lactose, spray dried, 50% relative humidity, 
T P T  and T T  data; effects of vibration on the values at 
plateau conditions. Key: 0-, TPT vibrated 4 
sec.; A-, T P T  not vibrated; o---, T T  vibrated 1 


sec.; a+---, T T  not vibrated. 


unvibrated case. 
same comparison for the TT cell. 


On the same graph is shown this 
Figure 11 shows 


6 Syntron Electric Vibrator, 
Co., Homer City, Pa. 


type V-4, style 1518, , Syntron 
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Fig. 11-Chlorphenesin carbarnate, soy0 relative 
humidity. T P T  and T T  dnta. Efect of vibrations 
on the values at plateau conditions. Key:  0---, 
T T  vibrated; V---, T T  not vibrated; -, T P T  


vibraled; A-, T P T  not vibra&d. 


the analogous case using chlorphenesin carbamate. 
TT data for materials such as lactose may be 


misleading because some powder is formed at the 
shear plane between the tablets. No evidence of 
powder was found for the TT case with chlor- 
phenesin carbamate. Forced vibrations produced, 
in a few seconds, an effect similar to  that produced 
by standing for a much longer time; however, the 
phenomenon occurring in the powder bed could 
have been different in the two cases. Possibly the 
main effect of vibrations is to  produce packing 
changes. Standing for longer periods may permit 
only the relaxation of elastic stresses at points of 
true contact. Either could increase the friction 
force. Again it is difficult to  make measurements 
that would define unequivocally the mechanism 
producing the effect. 


SOME RESULTS RELATED T O  
EXPERIMENTAL PROCEDURES 


Sifting-The same lactose placebo mixture used 
in the study of changes during storage was used to 
demonstrate the effects produced by repeated sifting. 
Figure 12 shows the result; the HPH method was 
used. Since the sifting to  form a shear cell nor- 
mally is done in the air bath, i .e.,  the controlled- 
humidity chamber, in which there is rapid circulation 
of the air, some fine particles are swept away by the 
air currents. This is believed to be the cause of the 
observed changes. These results led to the use of a 
fresh sample of powder each time a powder bed was 
formed. 


Elasticity of Tow Line-It is obvious that the 
factors that produce variation in the observed values 
of the friction coefficient are multitudinous. The 
influence of the design of the apparatus cannot be 
eliminated. Table 11 shows data obtained using 
three different tow lines between the cell and the 
strain gauge. The nylon line stretches as tension is 
applied. When the static friction is overcome, the 
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Fig. I2-Changes i n  the shear forces at plateau condi- 
tions resulting from the repeated sifling of the same 
sample of the powder i n  a placebo mixture. Key:  


0, new powder; A ,  sifted 5 limes. 


TABLE 11-EFFECT OF ELASTICITY OF Tow LINE 
ON PLATEAU SHEAR VALUES FOR 


140-g. APPLIED LOAD 


Shear Value, Average 
r p ,  Dynes Distance Moved 


Linkage Material X 10-8 per Pull. mm. 
Small nylon thread 87.1 1.45 
Nylon, No. 15 fish line 92.5 0.53 
Wire 93.2 0.44 


top plate of the cell will move forward until the 
tension is reduced to  the dynamic force. Obviously 
this distance of travel depends on the elastic prop- 
erties of the tow line and the cantilever beam strain 
gauge assembly. In this study only the tow line 
was changed. Apparently, the structure of the bed 
of powder is dependent on the extent of movement 
of the top plate. Therefore, the plateau value 
changes. Possibly the differences result from the 
change in the rate of introduction of new powder 
at the leading edge. 


DSerences in Values with Various Shear Cells- 
It must be noted that the three cells, HPH, TPT, and 
SPS do not yield identical results in the shear cell 
studies. The HPH design was developed to assure 
that the shear was within the powder bed. In con- 
cept it is essentially the same as a cell used by Dawes 
(7) but of a much simpler design. Dawes compared 
the results obtained using a cell with sandpaper- 
coated surfaces with those using a cell with vanes 
extending into the powder bed. The absolute 
values were found to be significantly different. 


The results of these studies confirm this observa- 
tion. Table I11 gives examples. Each cell fits a 
specific need and also has specific limitations. The 
HPH cell produces shear in the powder bed but 
cannot be used t o  obtain plateau conditions if a 
large applied load is used because the teeth of the 
harrow-like plates will touch before the plateau 


TABLE III-COMPARISON OF VALUES OBTAINED 
WITH LACTOSE USING DIFFERENT SHEAR CELLS 


HPH TPT SPS 
Friction coeffi- 


cient, y 0.608 0.608 0.602 
Cohesion 


(dynes/cm.*)' +59 - 57 +260 


a These units are obtained by dividing the intercept on the 
u axis by 01 X area of top plate). 







1427 


TABLE IV-COMPARISON OF PLATEAU VALUES OF 
SHEAR FORCE BETWEEN CASE OF ALL PULLS IN 
SAME DIRECTION, T,,, AND CASE OP PULL DIRECTION 


(SPS CELL, 50% RELATIVE HUMIDITY) 
REVERSED AFTER EACH PULL, rp  a 


Plateau Value of Shear Force 
Material ru r p  s a 


fl-Sitoste-ola 0.90 0.79 
Lactose (spray dried) 0.63 0.65 
Erythromycin base 0.82 0.72 
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Fig. 13-Anomalous results obtained for plateuu con- 
ditions with magnesium stearate. T P T  and lower SPS 
data were obtained by pulling top plate in one direc- 
tion. Top SPS data were obtained by reversing direc- 
tion nf pull each time. Key: A,  T P T  data for rp, 
all @ulls in same direction; B, SPS data for  rp, all 
pulls in same direction; C, SPS data for  rp, pull di- 


rection reversed after each pull. 


condition is established. The TPT cell is useful 
with the larger applied loads and does not introduce 
a foreign material at the interface with the powder. 
Obviously it cannot be used when the powder will 
not form a sufficiently strong compact by  com- 
pression. Sometimes shear may occur at the tablet- 
powder interface more readily than within the pow- 
der bed. With magnesium stearate the surface of 
the tablet changed during a single run. Reproduc- 
ible results were obtained by removing the surface 
layer between each run. Figure 13 shows three 
friction plots obtained with magnesium stearate. 
The conditioning of the tablet surface and shifting 
of the shear plane to  the interface is believed t o  
account for the irregular shape of the plot. The 
SPS cell required larger loads to produce the effect. 
After shearing to  the plateau condition under these 
larger loads, the sandpaper was plated with mag- 
nesium stearate and appeared to  be just like the 
compressed tablet surface. Pulling the top plate 
alternately in opposite directions diminished this 
effect and delayed the onset of gross deviations in 
the plot. The SPS cell seems to  be the most 
versatile assembly. 


Differences Produced by Direction of Shear- 
If after a series of pulls in a given direction the di- 
rection of pull is reversed, the observed shear force 
changes to be more nearly like the first pull, e.g., 
powders producing patterns like Fig. 4A would re- 
quire a smaller shear force when the direction of 
shear is reversed, if like Fig. 4B a larger force would 
be required. Table IV lists plateau values for 
several powders. The usual one direction of pull 
values are given and also the values obtained when 
the direction of pull is reversed after each individual 
pull. The magnitude of the plateau values seems 
to  follow the same general rule as for the case of a 
single pull in the opposite direction. 


The failure of these experiments to  produce 
values independent of the detailed design of the 
apparatus and independent of the procedure 
followed in its use could prompt extensive criticism 


Different lots of drugs were used than for studies reported 
in Tables I and 11. 


of the entire study. However, many of the con- 
clusions have been made using a carefully standard- 
ized procedure in which given values may be re- 
producibly obtained. Therefore, changes in these 
values produced by  humidity, time, vibrations, 
etc., are believed t o  be meaningful observations. 
The discussion of the observations relating t o  the 
experimental design or procedure may assist other 
investigators interested in conducting similar ex- 
periments. 


CONCLUSIONS 


A relative simple apparatus and procedure are 
described for obtaining reproducible powder bed 
conditions. Experimental results have been ob- 
tained that indicate some of the factors in the 
environmental history of a powder bed that produce 
changes in the friction and cohesion within the bed. 
In practical applications, the entire range of values 
of friction coefficients and cohesion should be within 
acceptable limits. The experimental design used 
to  establish the significant range of values must 
include the use of powders subjected to the en- 
vironmental variations that will be encountered 
by the powder in actual use. 
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Comparative Pharmacokinetics of Coumarin 
Anticoagulants I11 


Factors Affecting the Distribution and Elimination of 
Bishydroxycoumarin (BHC) in Isolated Liver Perfusion Studies 


By R. NAGASHIMA, G. LEVY*, and E. J. SARCIONEt 


The kinetics of elimination of BHC in man is unusual in that the apparent first-order 
rate constant for elimination appears to decrease with increasing dose. No such 
dose dependency is apparent in rats and certain other species of animals. The pur- 
pose of this study was to determine if this difference in BHC elimination kinetics is 
due to a difference in the interaction of BHC with plasma proteins of rats and man. 
Isolated rat livers were perfused with a mixture of red blood cells from rats and 
plasma from donor rats or man (avo concentrations) which contained various con- 
centrations of BHC. The concentration of BHC was determined periodically in the 
perfusate and terminally in the liver. It was found that the apparent rate constant for 
the metabolism of BHC in isolated perfused rat livers is affected by the initial concen- 
tration of drug and by the source and concentration of plasma roteins, and that it 
is a function mainly of the distribution of BHC between liver a n 8  lasma. There is a 
significant difference in the a5nity of BHC to plasma proteins from man and rat, 
respectively, and there appears to be also a difference in the relative importance of 


the factors which affect BHC elimination in man and rats. 


HE PHARMACOKINETIC characteristics of the T anticoagulant drug bishydroxycoumarin 
(BHC) in man are unusual in that drug levels in 
the plasma decline exponentially following ab- 
sorption and distribution, but with half-lives 
which increase with increasing dose (1, 2). Simi- 
lar dose-dependent characteristics have been 
noted in the elimination of several other drugs (3) 
but the basis for this unusual phenomenon has not 
as yet been elucidated. In  addition, there is some 
indication that the apparent volume of distribu- 
tion of BHC in man decreases with increasing dose 
(2). This type of effect has apparently not been 
observed with any other drug. 


The mechanism of the unusual pharmacoki- 
netic characteristics of BHC has been the subject 
of continuing inquiry in this laboratory. The 
unique concentration-dependent plasma protein 
binding characteristics of BHC described in the 
initial report in this series (4), and the unexpected 
type of dose dependence of the apparent volume 
of distribution of this drug in man as reported by 
O’Reilly et al. (a), suggested that the unusual 
pharmacokinetic characteristics of BHC may be 
due to protein binding. On the other hand, i t  has 
been suggested that a dose dependence in the 
biologic half-life of a drug may be the result of 
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substrate inhibition of the enzyme responsible for 
the biotransformation of that drug (3). A recent 
study in this laboratory (5)  has shown that there 
is no apparent dose dependence in the distribution 
and elimination kinetics of BHC in rats in the 
dose range of 2 mg./kg. to 20 mg./kg. (which is 
equivalent to an initial plasma concentration of 
about 20 mcg./ml. and 200 mcg./ml.). It was 
also found in initial experiments that the affinity 
of BHC to human plasma proteins is much greater 
than to rat plasma proteins. It was therefore 
thought that a study of the effect of human 
plasma and rat plasma, respectively, on the 
elimination of BHC by isolated perfused livers 
would establish the role, if any, of plasma protein 
binding in the elimination of this drug. Further- 
more, this technique permits an assessment of the 
effect of drug “dose” (ie., concentration) on the 
elimination kinetics under conditions where dis- 
tribution factors can be accounted and corrected 
for. 


In the study described here, the kinetics of 
BHC at various concentrations was investigated 
in isolated rat liver perfusion systems, using rat 
blood as well as mixtures of human blood plasma 
and blood cells from rats. (Plasma containing 
human blood cells does not flow adequately 
through rat livers.) The kinetic constants thus 
obtained were compared with similar constants 
obtained from studies on intact animals. The 
results of this investigation demonstrate the rela- 
tive importance of distribution and concentration 
in the elimination of BHC in both isolated livers 
and intact aniiiials. They demonstrate also that 
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the diaphragm. One-half milliliter sodium hep- 
arin solution was injected into the inferior vena 
cava through the second cannula. Finally, the 
liver was carefully dissected out and removed from 
the animal together with the attached diaphragm, 
the two cannulas, and the catheter attached to the 
bile duct. The total time for the procedure from 
opening the abdomen to starting the perfusion was 
approximately 15 min. 


Perfusion Fluid-Heparinized blood was obtained 
from normal, fed, male Sprague-Dawley rats by 
cardiac puncture. Generally, the blood from 10-15 
donor rats was pooled for any one perfusion experi- 
ment. It was diluted with Ringer solution such that 
for each part by volume of plasma, there was added 
0.7 part by volume of Ringer solution. The actual 
volume of Ringer solution added to  the blood was 
determined on the basis of hematocrit values, which 
ranged from 4 3 4 6 %  in the pooled blood. One 
milliliter of BHC solution (various concentra- 
tions),2 0.25 ml. sodium heparin solution (1,000 USP 
units/ml.), and 0.5 ml. antibiotics solution3 were 
added to 100 ml. of the diluted rat blood. 


Heparinized human plasma was prepared by 
centrifugation at 1,800Xg for 20 min. of b l d  
obtained by venipuncture from a healthy adult 
male volunteer. The plasma was then diluted by 
adding either 0.7 or 1.7 parts of Ringer solution to 
1 part by volume of plasma. The rat blood cells 
were obtained by centrifugation at 1,800Xg for 20 
min. of heparinized blood obtained from 10 to 15 
donor rats. The cells were washed with Ringer 
solution. Thirty-two milliliters of packed rat blood 
cells was mixed with 68 ml. of diluted human 
plasma, to which 1 ml. of BHC solution (various 
concentrations), 0.25 ml. sodium heparin solution 
(1,000 USP units/ml.), and 0.5 ml. antibiotics solu- 
tion were added. The blood was collected and the 
perfusing fluid was prepared from it no longer tham 
3 hr. before a perfusion experiment. During the 
experiment, 0.4 ml. each of sodium heparin solution 
and antibiotics solution were added to  the perfusing 
fluid in the reservoir every hour. 


Collection of Perfusion Fluid Samples-Two and 
two-tenths-milliliter aliquots of perfusing duid were 
withdrawn from the reservoir every 10 min. for the 
initial 0.5 hr. and every 0.5 hr. thereafter for a total 
of 4 hr. Part of each sample was used to determine 
glucose levels, the remainder was centrifuged to ob- 
tain “plasma phase” for the determination of BHC. 


Assay Method for B H C B H C  in the plasma 
phase was determined by a modification of the 
method of Axelrod et al. (10). The assay consists 
essentially of adjustment of plasma to pH 3.0, ex- 
traction with heptane, transfer of the drug into 2.5 
N NaOH, and spectrophotometry at 314 mp (4). 
BHC metabolites and the antibiotics added to  the 
plasma phase did not interfere with the assay. 


BHC concentration in the liver was determined by 
the paper chromatographic method of Christensen 
(11) except that the liver homogenate was adjusted 
to pH 4.3 using 1.5 M citrate-phosphate buffer prior 
to  the extraction of the drug with ethylene dichlo- 
ride. The average recovery of BHC from liver 


-‘FILTER 


Fig. 1-Schematic representation of isolated rat liver 
perfusion apparatus. The filter is a sheet of Nylon 
(100 mesh), and the perfusion pump is of peristaltic 
type (model T-8, Sigmamotor, Inc., Middleport, 
N .  Y.). The whole system is enclosed in a Plexiglas 
chamber in  which the temperature is thermostatically 
maintained at 37”. The liver is covered with gauze 
pads saturated with Ringer solution. The blood is 
oxygenated with a humidified 02-C02 mixture (95 5 


by volume). 


a rigorous pharmacokinetic analysis, incorporat- 
ing all pertinent variables, permits a quantitative 
correlation of data  obtained in vitro and i n  vivo. 


EXPERIMENTAL 
Liver Perfusion Techniques and Apparatus-The 


techniques and apparatus for the isolated rat liver 
perfusion studies (Fig. 1) were similar to those de- 
scribed by Miller et al. (6) and Sokal et al. (7, 8) .  
Liver donors were normal, fed, male Sprague- 
Dawley rats weighing 300-500 g. Their livers were 
excised and perfused with 100 ml. oxygenated per- 
fusing fluid consisting of diluted rat blood or mix- 
tures of diluted human plasma and rat blood cells. 
The perfusing fluid entered the liver by free flow 
through a cannula in the portal vein, at a hydro- 
static pressure of 13-15 cm. The fluid returned to 
the reservoir through a cannula in the inferior vena 
cava. I t  could then recirculate through the liver. 
The bile was collected every 0.5 hr. The viability 
of the livers was monitored by the appearance of 
the organ, flow rate of the perfusing fluid, bile p r e  
duction, and glucose levels in the perfusing fluid.’ 


Surgical Procedures-Surgical procedures were 
performed under light ether anesthesia. The ab- 
domen was opened, the gastrohepatic and gastro- 
duodenal ligaments were cut, and the bile duct was 
cannulated with a PE-10 polyethylene tube (Clay 
Adams, Inc., New York, N.Y.). The hepatic ar- 
tery was ligated above the branch running toward 
the duodenum, and two loose ligatures were placed 
around the portal vein. The inferior vena cava was 
ligated and the ligature previously placed around 
the portal vein distal to  the liver was tied. A 
glass cannula (0.d. 3 mm.) wasfirmlyplaced through 
an incision in the portal vein. One and one-half 
milliliters sodium heparin solution (250 USP 
units/ml.) was injected through this cannula. The 
chest was then opened and reflected, and a cannula 
was inserted through the inferior vena cava above 


1 Glucose levels were determined by an AutoAnalyzer 
(Technicon Instruments Co., Chauncey, N. Y.) using a ferri- 
cyanide reduction method (9). 


2 Prepared by dissolving one part by weight of bisbydrery- 
coumarin (Nutritional Biochemicals (30. Cleveland OM,) 
and 10 parts by weight of triP(hydrorymeihylamiia0) &thane 
(Nutritional Biochemicals Co.) in freshly distilled va tu .  


8 The antibiotics solution contained 2.46 mg. penicillin G 
potassium, 0.6 mg. polymyxin, and 0.48 mg. streptomycia/ml. 
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honiogenates to which 3.3 t o  100 mcg. of the drug/g. 
wet tissue were added was 87y0. Triplicate deter- 
minations were made. 


Stability of BHC in Aqueous Solution Under Oxy- 
genated Condition-An aqueous solution of 25 mcg. 
BHC/ml. in 0.05 M phosphate buffer (pH 7.45) was 
maintained at 38" and gassed continuously with a 
mixture of 95y0 oxygen and 5y0 carbon dioxide. 
One-half-milliliter aliquots were withdrawn at zero 
time and after 3 hr. of oxygenation. The conceutra- 
tions of BHC were determined as described previ- 
ously for plasma samples. 


Distribution of BHC in the Red Blood Cells 
(RBC)-Exactly 1 ml. of an aqueous solution con- 
taining 0.2 mcg. BHC/ml. was added to a 10-ml. 
mixture consisting of 2.75 ml. rat RBC and 7.25 ml. 
heparinized diluted rat plasma (1.7-fold dilution). 
This was mixed thoroughly and maintained at 37". 
One-milliliter aliquots of the fluid were withdrawn at 
appropriate intervals and centrifuged to  obtain 
plasma phase for the determination of BHC. The 
fluid was mixed before each withdrawal by repeated 
inversion of the tube to  prevent sedimentation of the 
cells. 


Equilibration of BHC Between Human Plasma 
and Rat Plasma-Cellophane tubing [2.54 cm. 
(1  in.) width when flat, Visking Co., Chicago, Ill.] 
was soaked in l/16 Mphosphate buffer (pH 7.4) for 4 
days. The tubing was then sleeved onto a glass rod 
and half-everted to  make a double cellophane 
wall with only one end open. Three milliliters of 
heparinized plasma (either rat or human), 0.5 ml. 
BHC solution of specified concentration, and 1.5 ml. 
'/E, M phosphate buffer (pH 7.4) were pipeted into 
the space between the two cellophane walls. The 
tubing was then placed in a 13-ml. round vial contain- 
ing 3 ml. plasma from the other source, 0.5 ml. BHC 
solution, and 1.5 ml. of l/16 M phosphate buffer (pH 
7.4). The tubing in the vial was adjusted so that the 
two fluids were at  the same level. This was done by 
placing one end of the tubing between the screw cap 
and the thread of the vial. The vials were agitated 
in an upright position on a reciprocating shaker in a 
cold room maintained at 2". One-half-milliliter 
aliquots were withdrawn from both plasma phases at 
&day intervals and were assayed for BHC as de- 
scribed previously. 


The same experiment was carried out also with 
more diluted plasmas (10-fold dilution). Here, each 
of the fluids consisted of 0.5 ml. plasma, 0.5 ml. BHC 
solution of specified concentration, and 4 ml. '/I& M 
phosphate buffer. 


Determination of Elimination Rate Constants and 
Distribution Ratios-The apparent rate constant for 
drug elimination in a liver perfusion system is in- 
versely proportional to  the volume of the perfusing 
fluid (12). The drug concentrations in aliquots of 
the perfusing fluid obtained during a liver perfusion 
experiment had to  be corrected therefore for the de- 
creasing volume of this fluid with time due to  repeti- 
tive withdrawal of samples. This correction was 
made by means of the relationship: 


V 
Va 


Czc = Cic - - (Ci - Cz) (Eq. 1) 


where CZ' is the corrected plasma concentration of 
BHC in a given sample of perfusing fluid, CZ is the 
actual concentration of BHC in that sample, C1 is the 
actual concentration of BHC in the preceding sample, 


I 
0 2 


TIME, hr. 


Fig. 2-The effect of a decrease in the volume of the 
perfusing jluid (due to repeated withdrawal of sample )  
on the time course of the drug concentration decline in 
an isolated perfused liver system. Shown are the 
expected concentration changes for a rapid and a slom 
apparent first-order elimination process i f  the volume of 
the perfusing fluid remains constant with tame (B);  
results which would be obtained if the volume of the 
perfusing fluid (initially 100 ml.)  decreases with time 
due to removal of 2.2-ml. samples every 10 min. for the 
first half hour and every 30 min. thereafter ( A  1; results 
obtained by correcting the data in A by the procedure 


described in  the text ( C ) .  


Clc is the corrected plasma concentration of BHC in 
the preceding sample (or the actual concentration if 
the preceding sample is the first sample), V is the 
volume of perfusing fluid prior to  withdrawal of the 
sample containing BHC = CZ, and VO is the ini- 
tial volume of the perfusing fluid. Equation 1 
applies exactly if drug elimination proceeds a t  a 
constant rate and can be used also if the rate of drug 
elimination is proportional t o  concentration, pro- 
vided that the concentration change in the sampling 
interval is small. Figure 2 shows the effect of a 
continuous decrease in the volume of perfusing fluid, 
due to withdrawal of 2.2-ml. samples every 30 min. 
from an original volume of 100 ml., on the observed 
concentrations of a drug. The examples in the 
figure refer t o  a rapid and a slow hypothetical first- 
order process, respectively. The line labeled B 
shows the concentration decline if the volume of the 
perfusing fluid had remained constant; Line A shows 
the expected actual concentrations when samples are 
withdrawn at intervals (note that this line curves 
downward and may suggest a saturation phenom- 
enon if the need for data correction is not recog- 
nized); Line C shows the expected data obtained by 
applying the correction procedure described in Eq. 1. 
The deviation from the "true" line becomes signs- 
cant only after about two half-lives; no such devia- 
tion occurs if the drug is eliminated at a constant 
rate. The rate constants of the hypothetical exam- 
ples presented in Fig. 2 are identical with the lowest 
and the highest rate constant, respectively, encoun- 
tered in this study. 
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TABLE I-PHYSIOLOGIC STATUS OF ISOLATED RAT LIVERS DURING PERPUSION' 


Amount of No. of Flow Rate of Volume of Glucose Concn. in 
BHC in Experi- Perfusing Fluid, Bile Excreted, Perfusing Fluid, 


Plasma Source System," mg. ments ml./min.c mLc mg./1m m1.d 


Rat 
Rat  
Man 


None 1 15 1.8 225 
1-6 8 19 f 4 1.6 i 0.2 220 f 46 
1-6 6 19 i 3 1 . 3  f 0 . 3  246 f 51 


Man, more diluted6 2 2 18, 19 1.5, 1.9 298, - 
O The data are preseoted as mean values f one standard deviation, or as individual values. * The system consisted of 32 ml. 


(packed volume) rat blood cells and 68 ml. diluted plasma (58% unless indicated otherwise). BHC = bishydrosycoumarin, 
Time, 4 hr. 


dialysis plasma. 
Time, 2 hr. The more diluted plasma consisted of 1 part human plasma and 1.7 parts Ringer solution, i . r .  


The reported apparent first-order elimination con- 
stants (kapp.) were not obtained from the slopes of the 
log plasma phase concentration versus time plots, but 
rather by successive calculations based on the rela- 
tionship: 


where A C  is equal to the observed drug concentration 
change in a sampling interval, C,,, is the observed 
drug concentration at the midpoint of that sampling 
interval, V is the volume of the perfusing fluid during 
the sampling interval, and VO is the original volume 
of the perfusing fluid. Thus, each Phr .  experiment 
yielded seven values of kapp. (data for the first 30-min. 
sampling interval were affected by the initial distribu- 
tion of the drug and were not used in the calcula- 
tions). These values were quite constant with time 
and the average k,,,. for any one experiment usually 
did not differ by more than 5% from the kapp. ob- 
tained graphically. 


The initial distribution ratio of BHC between liver 
and plasma phase (CLO/CPO) was calculated from 
the extrapolated zero time concentration of BHC in 
the plasma phase (CpO) and add the initial concen- 
tration of BHC in the liver (CLO). The latter was 
determined on the basis of the relationship: 


CLO = ( A  - VpCpo)/W (Eq. 3) 
where A is the amount of drug introduced into the 
system, Vp is the volume of the plasma phase,' and 
W is the wet weight of the liver in grams. Equation 
3 is based on the observation by Christensen (13), 
which was verified in this laboratory, that no mea- 
surable amounts of BHC are present in or on red 
blood cells. 


RESULTS 


Viability of the Isolated Liver Preparation-The 
flow rate of perfusing fluid at the end of the experi- 
ments, the cumulative volume of bile produced 
during the experiments, and the glucose concentra- 
tion in the perfusing fluid at the midpoint of the ex- 
periments are listed in Table I. These data are r e p  
resentative only since the listed functions were 
monitored continuously throughout the experiments. 
No discontinuities were observed. The continuing 
viability of the liver preparations during the experi- 
mental period is evident also from the drug elimina- 
tion data described in subsequent paragraphs. The 
flow rates of perfusing fluid observed in this study 
were similar to  those reported for a similar perfusion 


4 The volume of the plasma phase was corrected for the 
volume of the liquid trapped between the packed cells (4y0 
of packed cell volume) according to Chien d a!. (21). 


system (6) and were in the range of hepatic blood 
flow rates in intact rats (14). They were consider- 
ably in excess of the minimal flow rate necesssary to  
supply fully the oxygen requirement of the liver (15). 
The time course and rates of bile production ob- 
served in this study compare well with those de- 
scribed by other investigators (16, 17), the rates 
being also in the range obtained with intact rats (18). 
Glucose levels were also similar to those reported by 
others (8, 17, 19, 20). The single experiment with- 
out drug reported in Table I was not for the purpose 
of establishing physiologic controls; the listed data 
were obtained incidentally to a determination of 
BHC blank values in the isolated perfused liver sys- 
tem. 


Stability of BHC-The concentration of BHC in 
0.05 M phosphate buffer (pH 7.45) at 3 8 O  decreased 
only by 2% after 3 hr. of oxygenation with a mixture 
of 95% oxygen and 5% carbon dioxide. The con- 
centration of BHC in perfusing fluid containing 
human plasma, when circulated under oxygenated 
conditions at 37' in the perfusion apparatus without 
liver, did not change measurably during 4 hr. 
Similar control experiments with rat plasma were 
complicated by destruction of some of the red blood 
cells due to the mechanical action of the peristaltic 
pump. For unknown reasons, this did not occur in 
experiments with livers. The destruction of the red 
blood cells in the rat plasma control experiments was 
accompanied by a decrease in BHC concentration in 
the plasma, apparently due to adsorption of this drug 
on the cell debris. This decrease, which was about 
15y0, occurred suddenly after some time and seemed 
to  coincide with red cell destruction. Since no such 
destruction occurred in experiments with livers, it 
was assumed that this effect could be neglected. 
This assumption is justified also by the fact that in 
none of the actual experiments did there occur a sud- 
den decrease in BHC concentration in the plasma 
phase. 


Distribution of BHC in the Blood-Addition of 
BHC to diluted rat blood (the same composition as 
used in the perfusion experiments) yielded constant 
plasma levels of BHC during half-hourly sampling 
for 4 hr. The observed concentration of BHC in the 
plasma phase was identical to  the expected concen- 
tration if it is assumed that BHC does not enter or 
bind on blood cells. These results are consistent 
with those reported by Christensen (13). They 
show also that BHC is stable in rat plasma. 


Relative AfEnity of BHC for Plasma Proteins from 
Rat and Man-Equilibration of human blood plasma 
containing BHC against rat blood plasma containing 
BHC, with the two plasma phases separated by a 
dialysis membrane, showed that BHC concentration 
in the human plasma increased with time (Table 11). 
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TABLE 11-THE RATIO OF BHC CONCENTRATIONS AND AMOUNTS IN HUMAN PLASMA AND IN RAT PLASMA 
SEPARATED BY A DIALYSIS MEMBRANE 


Initial BHC Concentration, Ratio of Amounts 
Dilution -mcg./ml.- BHC Concentration Ratio, Human: Ratb of BHC in Plasma, 


of Human Rat Time, days Human :Rat, 
Plasma“ Plasma Plasma 0 4 8 12 16 18 daysb 


1.7-fold 20 20 1.0 1.1 1.1 1 . 4  1 . 7  
I .  7-fold 20 16.7 1 . 2  1 . 1  1 . 2  1 . 6  2.0 
1.7-fold 20 13.3 1.5 1.4 1 .4  1 . 6  1 .9  


2 . 5  
3 . 0  
2 . 6  


10-fold 3 . 3  3.3 1.0 1.2 1 . 8  2.5 2.9 3 . 1  


Diluted with 1/15 A4 phosphate buffer (pH 7.45). Average of two experiments each. 


The initially observed decrease was due to  water 
movement t o  the human plasma phase, resulting 
from the higher colloid osmotic pressure of human 
plasma as compared with rat plasma.6 The very 
slow rate of equilibration of BHC is due to  its exten- 
sive plasma protein binding and the resulting low 
concentration gradient of free drug across the dialy- 
sis membrane. Regardless of the criterion used 
(concentration ratio or ratio of amounts), and despite 
the fact that equilibration was not complete after 16 
days, it is evident that the affinity of BHC to human 
plasma proteins is much greater than to rat plasma 
proteins. 


Distribution of BHC Between Liver and Plasma 
Phase-The distribution of BHC between liver and 


TABLE 111-COMPARISON OF CALCULATED AND 
DIRECTLY DETERMINED LIVER : PLASMA 


CONCENTRATION RATIOS OF BISHYDROXYCOUMARIN 
(BHC) IN RAT LIVER PERFUSION SYSTEMS 


-Concentration Ratio, ml./g.- 
ExDt. No. Bv CalculationD Bv Assav 


6 
12 
13 
16 
17 


2 . 2  
0.8 
1 . 8  
0.6 
1 . 7  


2 . 7  
0.9 
1.8 
1.0 
1.8 


(1 Based on the amount of BHC added to the perfusion sys- 
tem and the extrapolated zero time concentration of BHC in 
the plasma phase of the perfusing fluid. *Determined by 
assay of BHC in the plasma phase of the perfusing fluid and 
in rat livers after 4 hr. of perfusion. 


plasma phase was determined by direct assay in five 
experiments. Despite the difficult and time-consum- 
ing assay procedure, the results thus obtained agreed 
well with distribution ratios obtained by calculations 
based on liver weight, plasma volume, amount of 
drug introduced into the system, and extrapolated 
zero time concentration in the plasma phase (Table 
111). All other distribution ratios were therefore 
determined by these calculations. 


Phannacokinetics of BHC Elimination in Livers 
Perfused with Rat Plasma-The elimination of BHC 
proceeded by apparent first-order kinetics in the 
dose range of 1-6 mg. Figure 3 shows the data ob- 
tained in the experiment which yielded the lowest 
kapp. value at each dose level. The other kapp. values 
as well as distribution data are listed in Table IV. 
It is evident that kapp. decreased with increasing 
dose and that the concentration of BHC in the liver 
was higher than in the plasma. 


6 The colloid osmotic pressure of undiluted plasma is 330 
(280-480) mm. HzO in man and 260 (220-290) mm. HzO in 
rats (22). This difference could cause a movement of 1.1 ml. 
water from the rat plasma to  the human plasma phase under 
the conditions of this study. The observed value was about 
0.8 ml. at 16 days. 


Pharmacokinetics of BHC Elimination in Livers 
Perfused with Human Plasma-The kinetics of 
BHC elimination from the human plasma phase also 
followed apparent first-order kinetics. The values 
of k,,,. were generally lower than with rat plasma 
(Table IV). There was no distinct dose dependence 
of /zap,. Two experiments with more diluted plasma 
(2.7-fold rather than 1.7-fold) yielded higher kapp, 
values than the other experiments. Five out of the 
eight experiments showed liver: plasma concentra- 
tion ratios of BHC less than unity and therefore con- 
siderably lower than those obtained with rat plasma. 


DISCUSSION 


The apparent first-order rate constant for BHC 
elimination in an isolated perfused rat liver system 
should reasonably be a function of the concentration 
of BHC a t  the site of the biotransformation (the 
liver) and of the size of the liver. Thus, it  is evident 
that distribution factors should profoundly affect the 
elimination of BHC. The “true” rate constant for 
elimination may be determined by correcting for 
variable drug distribution between liver and plasma, 
and for the weight of the liver. This may be done by 
calculating the fraction, F, of the total amount of 
drug in the system which is actually in the liver. 
Thus, 


k,,,. = k. F (Eq. 4) 


where k is the “true” rate constant for BHC elimina- 
tion. F and k,,,./Fvalues for the experiments with 
rat plasma are shown in Table V. Listed also are 
comparable data obtained from intact rats. I t  may 
be noted that kapp. values determined i n  vitro were 


Fig. 3-Concentration of bishydrorycoumarin ( B H C )  
i n  plasma phuse of an isolated rat liver perfusion 
system as a function of time. The perfusing j h i d  
consisted of diluted rat blood and the amount of BHC 
i n  the system ranged from 1-6 mg. (indicated by figures 
in the graph). The B H C  concentrations are ex- 
pressed as a fraction of the extrapolated zero time 


concentralion. 
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TABLE IV-DISTRIBUTION AND ELIMINATION OF BHC IN ISOLATED PERFUSED RAT LIVER SYSTEMS 


Calculated 
Liver Amt. of BHC Concn. Ratiod 


Expt. wt..D in System. (Liver : Plasma), k a m . .  h.8,  
N 0 . O  g. Plasma SourceC mg.' d. /g.  hr. -1 hr. 


3 11.5 Rat 
4 11.4 Rat 
5" 11.1 Rat 
6 14.3 Rat . 


20 15.6 Rat 
21 17.7 Rat 
7 14.9 Rat 
8 13.2 Rat 


10 12.9 Man 
11 12.6 Man 
12 12.2 Man 


1 
1 


1 
2 


2.5 0.45 1.5 
2.9 0.57 1.2 
2.5 0.31 2.2 
2.2 0.38 1.8 
1.5 0.31 2.3 
1.8 0.19 3.7 
2.0 0.16 4.4 
1.8 0.25 2.8 
0.8 
1.7 
0.8 


0.21 3.2 
0.17 4.1 
0.18 3.8 


13 15.7 MdIl 2 1 .! 0.19 3.7 
14 13.6 Man 6 0. I 0.19 3.6 
15 13.1 Man 6 0.8 0.12 5.7 
16 13.0 Man, more diluted 2 0.6 0.23 3.0 
17 14.9 Man, more diluted 2 1.7 0.29 2.4 


Experiments 1, 2,9, 18, and 19 were control experiments (no drug or no liver) and therefore are not listed. Wet weight. 
This experiment was the first one in the series and waa See footnotes b and e in Table I. See footnote a in Table 111. 


terminated at  3 hr. 


TABLE V-EFFECT OF DISTRIBUTION AND DOSE ON THE ELIMINATION KINETICS OF BHC IN PERPUSED RAT 
LIVER SYSTEMS AND INTACT RATS 


Dose, Initial Concn. Fraction of Dose 
Expt. mg./kg. CPO, in Liver? in Liver k w m .  P k.DD./F, 
No. Body Wt.' mcg./ml. mg./g. Liver Total F Per g. hr.-1 hr.-1 


3 
4 
6 
5 


20 


Isolated Liver Perfusion Systems 
2.9 10.2 0.026 0.30 0.026 0.45 1.5 _ .  ~. 


2.9 9 .8  0.028 0.32 0.028 0.57 1.8 
4.7 19.8 0.044 0.32 0.022 0.38 1.2 
6.0 20.7 0.051 0.29 0.026 0.31 1.1 
8.6 43.5 0.063 0.25 0.016 0.31 1.2 


21 7.6 39.6 0.071 0.32 0.018 0.19 0.6 -~ 
8 15.2 64.1 0.118 0.26 0.020 0.25 1.0 
7 13.5 61.0 0.119 0.30 0.020 0.16 0.5 


Intact Animals 
From Ref. 5 2 23 0.006" 0.11 0.0031 0.12 1.1 
From Ref. 23 5 47 0.011c 0.079 0.0025 0.11 1.4 ~ . _ ~  ._._ ~. ~- 
From Ref. 13 27 160 
From Ref. 5 20 200 


. ~~ 


0.070" 0.087 0.0026 0.075 0.9 
0.088" 0.15 0.0044 0.14 1.0 


O In  the case of perfused livers, the weight of the donor rat. ' CPO. (concn. ratio, liver:plasma)/1.000. Based on 33.5 g. liver/ 
kg. body weight (26). Concentration ratios, liver: plasma, in intact rats from Reference 23. 


generally two to three times higher than those ob- 
tained in vivo, but that k,,./F values were compar- 
able. This demonstrates the marked effect of dis- 
tribution on the elimination kinetics of BHC and 


Y q . .  . 
- 


"; : . . . 


T 2 1  2 1 1  0 


0 
0 


0 


L; INITIAL CONCENTRATlOIl . IN I . LIMR, . r y . 1 ~ .  .. . 
I . . . . . .  t . . . ,  


-7 OF *(c IN SYSTEM "g 


Fig. 4-Effect of the amount of BHC on th distribu- 
ti.n of this drug betwean liver and plasma phuse wz an 
isaluted rat liver #erf+ system with diluted rat 


bled as the aerfusing jEztid. 


1 6 '  1 . '  Fig. 5-The relationship between the rate constunt fer 
BHC elimination (corrected for variable distribution 
of BHC between liver and plusma due to variable 
liver weight, drug binding, etc.) and the i n i t d  6811- 
centration of this drug in the liver. Key: 0, isolated 
perfused livers; 0, i n h t  rats; 0, intact rats based on 


data from Reference 13. 
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TABLE VI-EFFECT OF DISTRIBUTION AND DOSE ON ELIMINATION KINETICS OF BHC I N  ISOLATED RAT 
LIVERS PERFUSED WITH A MIXTURE OF HUMAN PLASMA AND RAT BLOOD CELU 


Dose Initial Concn. Fraction of Dose 
Expt. mg./Kg., CPO, in Liver,” in Liver k-m., k sm. /F ,  
NQ. Body Wt.“ mcg./ml. mg./g. Liver Total F Per g. hr. -1 hr. -1 


10 2.6 12.5 0.010 0.13 0.010 0.21 1.6 
11 2.7 11.0 0.019 0.24 0.019 0.17 0.71 
12 5.5 25.2 0.019 0.11 0.009 0.18 1.6 
15 4.3 20.4 0.037 0.29 0.018 0.19 0.66 
14 14.8 75.6 0.056 0.13 0.010 0.19 1.5 
15 15.3 74.9 0.055 0.12 0.009 0.12 1.0 


a As in Table V. 


explains why the half-life of BHC was so much 
shorter in the perfused liver system than in the intact 
animals. The dilution of the plasma, which is neces- 
sary to obtain adequate flow rates in the in vitro sys- 
tem, results in greater partitioning of BHC into the 
liver than is the case in intact rats, and therefore 
results in greater kspp. values. 


The results of the perfusion studies with rat 
plasma show two dose (concentration)-dependent 
effects. One of these is the 1iver:plasma concen- 
tration ratio of BHC. I t  f i s t  decreases with an in- 
creasing amount of BHC in the system and then in- 
creases (Fig. 4). This effect is evident also in a plot 
of the fraction of the total dose/g. of liver versus the 
amount of BHC in the system (Fig. 4). The same 
phenomenon has been found in intact rats and in in 
vitro extraction studies (23). I t  is due apparently to 
the unusual concentration dependency in the plasma 
protein binding of BHC as described and discussed in 
a previous report (4). The other dose-dependent 
effect shown by the results of the perfusion experi- 
ments with rat plasma is the decrease in the “true” 
rate constant for BHC elimination with increasing 
“dose.” In this context, “dose” or “concentration” 
is more appropriately the concentration of BHC in 
the liver rather than in the plasma phase. A plot of 
k,,./F versus BHC concentration in the liver is 
shown in Fig. 5. It is readily apparent that the in 
vitro kspp. / F value decreases with increasing BHC 
concentration in the liver and that the in Gvo data fit 
very well into the pattern. Therefore, there are two 
dosedependent factors which affect the kinetics of 
RHC elimination, often in opposite directions: drug 
distribution between liver and plasma, and the 
apparent self-inhibition in the metabolism of BHC a t  
higher doses. The mechanism of this latter effect is 
not yet understood, but there are several other drugs 
which exhibit the same phenomenon (3). 


The liver: plasma concentration ratio of BHC in 
isolated rat liver systems perfused with human 
plasma was generally lower than in systems perfused 
with rat plasma, and the kapp. values were conse- 
quently generally lower (Table IV). No such dif- 
ference between the data obtained with rat plasma 
and hmam plasma, respectively, is evident in kapp./F 
values, i.c., in the rate constants corrected for distri- 
bution effects (Tables V and VI). The difIorcnces in 
the distribution of BWC are consistent with the 
greater aflInity of this drug to human plasma pro- 
teins (Table 11). The distribution data obtained 
with human plasma were much more variable than 
those obtained with rat plasma. The rat plasma 
used in any one perfusion experiment was pooled 
from 10 to 15 animals while the human plasma was 
always obtained from one and the same individual. 


The latter procedure was expected to yield a plasma 
with relatively constant characteristics but it is ap- 
parent retrospectively that the use of pooled human 
plasma would have been more appropriate. Differ- 
ences from one day to the other in the fatty acid con- 
tent of the plasma obtained from a single human sub- 
ject, related to the time and type of meals prior to 
collection of blood, are likely to have resulted in 
differences in the BHC binding Characteristics of 
each plasma sample (24). 


It is evident from the results of this study that the 
pharmacokinetics of BHC distribution and elimina- 
tion are quite complex. There are indications that 
the relative importance of the dose-dependent distri- 
bution and apparent self-inhibition effects differs 
with each animal species. The biologic half-life of 
very high doses of BHC in rats is actually much 
shorter than the half-life of small doses (23), suggest- 
ing that the contribution of the distribution effect is 
greater than that of the apparent self-inhibition 
effect. On the other hand, the biologic half-life of 
BHC increases with increasing dose in man (1,2,25), 
indicating that the apparent self-inhibitory effect is 
more important than the distribution effect in the 
elimination of BHC in man in the dose range studied. 
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Application of a Three-Compartmental Model to the Analysis of 
the Dose-Dependent Kinetics of Bishydroxycoumarin Elimination 


By R. NAGASHIMA, G. LEVY*, a n d  R. A. O’REILLYt 


It has been reported that the elimination of bishydroxycoumarin (BHC) in man shows 
unusual dose-dependent characteristics. Recent studies with isolated perfused rat 
livers have shown that the liver: lasma distribution ratio of BHC increases at high 
doses (resulting in more rapid elmination of the drug) and that drug-metabolizing 
activity is ap arently inhibited at high BHC levels (resulting in decreased elimina- 
tion of the $rug). A mathematical model based on a three-compartmental open 
system consisting of a plasma compartment, a rapidly accessible drug-metabolizing 
compartment, and a more slowly accessible compartment has been developed for a 
detailed pharmacokinetic analysis of BHC elimination in man. This analysis shows 
that the increase in the plasma half-life of BHC in man with increasing dose is due 
primarily to a decrease in the activity of the drug-elimination process and not to dose- 
dependent distribution effects. The three-compartmental model presented here has 
two unique attributes; the first compartment (following intravenous administration) is 
equated to the plasma volume rather than combining plasma and the so-called well 
perfused tissues into a single compartment, and an apparent volume of distribution 
which remains constant throughout the terminal elimination phase @-phase) has 


been defined. 


HERE ARE NOW several examples of drugs T which are eliminated exponentially from the 
plasma (following absorption and initial distribu- 
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tion) but where the apparent first-order rate con- 
stant for drug elimination decreases with increas- 
ing dose (1). One of the earliest and best docu- 
mented examples is the elimination of bishy- 
droxycoumarin (BHC) in man (2, 3) and mon- 
keys (4). Recent investigations with isolated 
perfused rat livers have shown that the distribu- 
tion of BHC into the liver ( i e . ,  the site of bio- 
transformation) increases with increasing drug 
concentration but that BHC apparently in- 
hibits its own biotransformation when high 
concentrations of the drug are present in the 
liver (5). Physical-chemical studies of the 
interaction between BHC and plasma proteins 
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Nuclear In Vitro Method of Continuously Evaluating 
Release Rates of Solid Dosage Forms 


By WILLIAM J. McCLINTOCK*, DANE 0. KILDSIG, WAYNE V. KESSLER, 
and GILBERT S. BANKER 


A nuclear in  uitro continuous release rate measuring method has been developed and 
evaluated which permits determination of the release rates of IF-labeled materials 
from solid dosage forms. The nuclear apparatus consisted of a scintillation flow 
cell and a liquid scintillation spectrometer which recorded count rates automatically. 
The nuclear method was compared with a spectral method in measuring the release 
rates of 14CC-labeled caffeine and carrier csffeine from three different tablet systems. 
The two methods were equally precise and there was no statistical difference in the 
release rates determined by the two methods of analysis for any of the tablet systems 
studied. The nuclear method may be more convenient and less sensitive to the 
presence of interfering substances than a spectral method. The nuclear method 
can be employed as a continuous and automated methodology to reflect the effect 


of formulation or physical changes on the release rate of dosage forms. 


ONCERN WITH maximum drug availability and C effectiveness has resulted in the establish- 
ment of various dissolution tests as in aitro in- 
dicators of availability. Often the comparison of 
the apparatus used in one laboratory and that 
used in another yields significant differences in 
the results of dissolution tests on the same dosage 
forms and drugs. The rotating-bottle method 
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(1-3), the modified USP disintegration testing 
basket attached to a Gershberg-Stoll apparatus 
(4, 5), and the rotating disk (6-8), involve the 
periodic removal of samples followed by some 
form of quantitative analysis. Automated 
methods of evaluating in aitro release rates have 
been developed which employ continuous spectro- 
photometric analysis (9, 10). However, the use 
of radionuclides as labels on drug molecules 
affords a direct method of determining dissolution 
rates regardless of the drug's spectral characteris- 
tics. 


Several investigators have substituted radionu- 
clide detection for chemical analysis in the mea- 
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sure of drug release, bu t  have retained the sam- 
pling methodology (11-13). Other workers, em- 
ploying nondrug labeled systems, have investi- 
gated continuous flow methods and various flow 
cells. Schram and Lombaert (14) used a spiral of 
polyethylene tubing filled with anthracene pow- 
der, inserted into a flat plastic vial, and placed on 
the window of a multiplier phototube to measure 
the radionuclide concentration of a continuously 
flowing eluate. Rapkin and Packard (15) used a 
cell packed with crystals of anthracene and placed 
between two multiplier phototubes. The  count- 
ing efficiencies for 14C using anthracene crystals 
were similar to  those found in  counting vials, 
according t o  Rapkin and Packard (15), which 
indicated that continuous flow measurements 
appeared to be a practical method of determining 
concentrations of 14C-labeled materials in solu- 
tion. 


In a previous investigation (16), a method of 
continuously measuring the release characteris- 
tics of y-labeled drugs was developed. The 
purpose of this research was to  develop a system 
which would continuously and quantitatively 
measure the concentration of 14C-labeled drugs in 
solution. Such a method would be independent 
of the physical and chemical properties of the 
other components of the dosage form, the spectral 
properties of the drug, and eliminate interference 
problems often found in spectrophotometric 
analyses. 


EXPERIMENTAL 


Apparatus and Methods-The nuclear system was 
composed of a Packard scintillation flow cell,' a 
Packard model 3314 liquid scintillation spectro- 
meter,' and a flow system designed to maintain the 
dissolution medium at 37 f 1". The Packard 
flow cell was a plastic cylinder containing a U- 
shaped channel for anthracene packing and an 
aluminum cap. To provide greater flow rates and 
to ensure leak-free operation, the cap was modified 
(Fig. 1) from the original manufacturer's model by 
boring two threaded holes, 0.8 cm. in diameter in 
place of the approximately 0.8 mm. (l/a2 in.) inlet- 
outlet openings of the manufacturer's model. Two 
cylindrical brass fittings were constructed (Fig. 1) 
with a 0.625 cm. i.d. for threading into the top of 
the cell. The fittings were securely tightened 
into the cell with the aid of rubber O-rings to 
assure a water-tight fit. The cap had a groove 
cut around the circumference to allow the use 
of another O-ring which sealed out light when the 
cell was in the spectrometer. 


The cell was firmly packed with 1.8 g. of flaked 
anthracene crystals' and each tube opening covered 
with a plug of glass wool and an 80-mesh monel 
metal screen. The flow cell, which had a 4-ml. 
volume when empty, had a 1.2-ml. liquid volume 
when filled with the flaked anthracene crystals. 
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Fig. 1-The scintillation flow cell. Key: I ,  flow 
cell; 2, brass-threaded fittings for inlet and outlet hose 
connections; 3 ,  rubber O-ring (leak seal); 4 ,  rubber 
O-ring (light seal); 5 ,  flange for positioning handle 
prongs; 6 ,  positioning handle; 7 ,  positioning handle 


prongs; 8, location bar. 


After packing the cell the brass fittings were se- 
curely tightened in place and the inlet and outlet 
tubing was connected. 


A steel handle was fabricated (Fig. 1) with prongs 
which could slide into flanges provided in the brass 
fittings of the flow cell. The handle was employed 
to accurately position the flow cell in the scintillation 
counter insuring reproducible counting geometry 
and to remove the cell from the counter. A location 
bar on the handle further facilitated positioning of 
the flow cell in the scintillation well. 


The liquid scintillation spectrometer was op- 
erated in the repeat mode and with a preset time 
of 5 min. and a preset count of 900,000 counts. 
An optimum gain for I'C was used. A background 
count was established by pumping the solvent, 400 
ml. of water, through the cell during a 15-min. 
period prior to a release study. 


Preparation of Dosage Form-Three tablet form- 
ulations were prepared as shown in Table I. The 


TABLE I-TABLET FORMULATIONS 
OF THE THREE TABLET GROUPS 


---Percent Composition by Weight- 
Magnesium 


Group Caffeine" Stearate Starch 


A 40 60 
B 40 40 20 
C 40 20 40 


"Labeled caffeine, approximately 1 pc./ZOO mg., was used. 


caffeine-14C was solvent distributed in the carrier 
caffeine using isopropanol and the resulting labeled 
caffeine had a specific activity of approximately 1 
pc./ZOO mg. Accurately weighed samples of the 
formulations were compressed on a Carver lab- 
oratory press* under 2,000 lb. of force to yield 
tablets weighing approximately 500 mg. 


1 Packard Instruments Co., Inc.. Downers Grove, I11 Fred S .  Carver, Inc., Summit, N. J. 
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Fig. 2-Average percent caffeine released from Group 
A and Group B tablets with time as measured by the 
scintillation and spectral methods. Key: 0, spectral; 


0, nuclear. 


Method of Operation-The tablet was placed in 
a weighted 60-mesh monel metal screen enclosure 
which was pyramidal in shape. The enclosure was 
attached to the arm of a VanderkampS tablet dis- 
integration apparatus and suspended in the dis- 
solution vessel. The spectrometer was set to  print 
cumulative counts at 5-min. intervals. During 
the 10-sec. time period required for printing the 
cumulative count, the pump was stopped and 10-ml. 
samples were taken for spectrophotometric analysis. 
After appropriate dilution and filtering, the caffeine 
was assayed a t  273 mfi using a Beckman DU-2 
spectr~photometer.~ 


B 


C 


Fig. .?--Average percent caffeine released by tablet 
Group C as measured by scintillation counting and 


spectrophotometry. Key:  0, spectral; 
0, nuclear. 


both methods of analysis tablet Group C released 
caffeine nearly 10 times faster than Group A and 
more than four times faster than Group B. The 
release rates for a particular tablet group, as de- 
termined by the nuclear and spectral methods of 
analysis, were compared by two special t tests 
described by Brownlee (17) to  determine whether 
parallelism existed and to determine whether the 
two lines represented a single coincident line. 


The rates of release as determined using the two 
methods of analysis, within each tablet group, were 
first compared for parallelism using a two-tailed 


TABLE 11-MEAN PERCENT CAFFEINE RELEASED AND STANDARD DEVIATION VALUES 
FOR TABLET GROUPS A, €3, AND C AT GIVEN TIME INTERVALS 


Scintillation- -Spectrophotometry--- 
Group na Minutes y % b  S D c  n F %  S D  


A 6 15 1.68 0.23 6 1.79 0.19 
4 30 2.54 0.067 5 2.57 0.23 
6 60 3.93 0.73 5 3.68 0.17 
6 90 4.73 0.65 5 4.72 0.32 
5 15 4.56 0.63 6 5.02 0.76 
4 30 7.21 0.46 6 6.79 0.83 
6 60 9.63 1.24 5 9.40 0.39 
4 90 11.44 0.42 4 11.59 0.34 
4 15 18.42 3.36 4 23.16 3.70 
4 30 27.36 4.05 4 30.76 5.18 
4 60 38.67 4.84 4 40.94 4.63 
4 90 47.54 4.71 4 50.44 5.64 


a n = number of data points used to calculate mean values. * f% = the mean percent caffeine released. SD = the 
standard deviation of the mean. 


RESULTS AND DISCUSSION 


Release Rates-The comparison between the 
nuclear and spectrophotometric methods of measur- 
ing the release of caffeine from three different tablet 
formulations is shown in Figs. 2 and 3. The release 
of caffeine from the tablets was linear with square 
root of time as predicted by Higuchi (18) for a leach- 
ing process and as shown in a previous investiga- 
tion (16) of similar formulations. The mean 
percent caffeine released at any time period was 
calculated from at least four determinations, and 
standard deviation is shown in Table 11, for each 
tablet group. 


The release rates were calculated from their re- 
gression line slopes (Table 111). According to  


a Van-Kel Industries, Inc., Livingston. N. J. 
4 Beckman Instruments, Inc.. Fullerton, Calif. 


it test and the hypothesis bl - bl = 0 with the critical 
regions of rejection being set at 0.25. The ob- 
served t values (Table IV) were less in every case 
than the table values for t. The rates of release 
within each group of tablets for each method of 
,analysis may therefore be regarded as parallel qr 
,equal. 


'TABLE 111-REGRESSION LINE SLOPES OF RELEASE; 
PERCENTAGES versus SQUARE ROOT OF TIME 


(AVERAGE PERCENT CAFFEINE RELEASED/MIN.'/~) 


Spectro- 
Group Scintillation photometry 


A 0.553 0.518 
B 1.223 1.147 
C 5.204 4.844 
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TABLE IV-RESULTS OF t TESTS FOR PARALLEL AND IDENTICAL REGRESSION SLOPES 


Group Parallel Identical 


A t (a = 0.25) = 0.6038 t (a = 0.10) = 1.266 
table t = 0.681 table t = 1.303 


B t (a = 0.25) = 0.6649 t (a = 0.05) = 1.445 
table t = 0.681 table t = 1.684 


C t (a = 0.25) = 0.4427 t (a = 0.025) = 1.994 
table t = 0.683 table t = 2.045 


The rates of release within each tablet group were 
next compared statistically to  determine if they 
were identical as well as parallel. Brownlee (17) 
describes the lines as being identical when the two 
lines can be regarded as a single coincident line. 
A null hypothesis that the two lines within each 
tablet group were identical could be accepted 
(could not be rejected) at a critical rejection 
region of 0.10 or less (Table IV). The rates of 
release of each tablet group, as measured by either 
analytical method, could therefore be regarded as 
producing a single coincident line. 


The variances of different sources of error with 
each method of analysis were also analyzed statis- 
tically. The scintillation method of measurement 
tended to yield slightly higher variance values than 
the spectrophotornetric method. However, in no 
case were these differences significant. In general, 
when the variance of one analytical method was 
high, the variance of the other method for the same 
tablet group was also high. 


SUMMARY 


Many new drug substances are being routinely 
“C-labeled early in the drug product development 
sequence to  facilitate illucidation of metabolites 
and metabolic pathways. It is suggested that the 
availability of 14C-labeled drug might facilitate 
drug property characterization, and dosage form 
design, especially according t o  the preformulation 
research protocols recently implemented in many 
pharmaceutical laboratories. The use of 14C- 
labeled drug, when available, could expedite pre- 
formulation research and drug design related to dis- 
solution rate and other determinations. The neces- 
sity of extracting drug from dissolution media 
containing enzymes of other interfering components 
of the media, or containing polymeric materials 
or other interfering dosage form excipients, may 
be avoided using a nuclear method. The necessity, 
sometimes encountered, of developing special assay 
methods or assay modifications during product 
design can be avoided. In addition, continuous 
and automated analyses may readily be established 
for static determinations or for dynamic tests such 
as continuous dissolution rate analysis. 


A method has been described in this investigation 
by which these objectives could be accomplished, 
employing 14C-labeled materials and utilizing a 
scintillation flow cell and scintillation spectrometer. 
The nuclear method was found to be equally precise 
and much more convenient than a sampling tech- 
nique and a spectral analytical method. 
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N o t e s  


Effect of Chronic Poisoning by Emetine on Oxidative Process in 
Rat Heart 111. Effects on Oxidation of Pyruvate and Lactate 


By GLENN D. APPELT and HAROLD C. HEIM* 


The effect of chronic emetine poisoning on the oxidation of pyruvate and lactate by 
rat heart and liver homogenates was investigated. Oxygen consumption by heart 
homogenates was lower in  the emetine-poisoned animals when compared to sham- 
injected controls. No significant difference was noted i n  liver homogenates. 
Heart slices from emetine- oisoned rats consumed less oxygen than slices from 
sham-injected controls. &en diaphragm sections were employed, this difference 


was not noted. 


UCH EVIDENCE has been accumulated to  show M that the myocardium utilizes, as a source of en- 
ergy, a variety of substrates including glucose, lactate, 
pyruvate, and fatty acids. In earlier communica- 
tions, data were presented which described an in- 
hibitory effect elicited by chronic emetine poisoning 
on the oxidation of fatty acids (l), and of certain 
citric acid intermediates (2) by rat heart homoge- 
nates. These inhibitory effects were not noted in the 
oxidationof these substrates by rat liver homogenates 
from emetine-poisoned animals. The heart contains 
a small amount of emetine after intraperitoneal 
injection, although a relatively high concentration 
of the drug is found in the liver (3). Cardiotoxicity, 
however, has been observed with emetine (4-6), and 
this effect may be related t o  a rather specific 
aberration of biochemical processes in the myo- 
cardium. 


Since pyruvate and lactate may be utilized by the 
myocardium, and apparently represent substrates 
for the heart (7-9), it appeared of interest to study 
the effect of chronic emetine poisoning on the oxida- 
tion of these compounds by rat heart and liver 
homogenates. In addition, oxygen consumption 
by heart slices and diaphragm sections from emetine- 
poisoned rats in the presence of pyruvate was 
measured. 


EXPERIMENTAL 


To study the effects of chronic poisoning by 
emetine on the oxidation of pyruvate and lactate 
by heart and liver homogenates, young adult 
Sprague-Dawley rats of both sexes were employed 
as test animals. The animals weighed approximately 
150 g. at the beginning of the experiment. The 
animals were separated into two groups of six 
animals each and given intraperitoneal injections 
daily for 14 days as follows: Group A, 0.2 mg. 
emetine HCI in 0.1 ml. water; Group B, 0.1 ml. 
water. Food and water were allowed ad libitum. 
After 14 days, the animals were decapitated, the 
heart or liver tissue immediately removed, washed 
quickly in cold water, blotted dry, and weighed. 
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The tissue was then transferred to a chilled Ten 
Broek tissue grinder containing sufficient cold 0.1 M 
potassium phosphate buffer, pH 7.4, so that the 
homogenates contained 80 mg. of fresh tissue per 
milliliter. The homogenates were pipeted into 
chilled Warburg vessels containing substrates and 
cofactors listed below. 


When diaphragm sections were employed, the 
animals were treated for 14 days in the same manner 
as above, sacrificed, and the diaphragm removed 
rapidly and cut into segments of approximately 100 
mg. each. Ventricle slices were prepared using the 
tissue slicer described by Stadie and Riggs (10). 
The individual slices or sections were quickly 
transferred to  a torsion balance, the exact weight 
determined, and one slice or section placed in each 
iced Warburg vessel containing the reaction medium. 


The main compartment of each flask contained 
0.5 ml. of homogenate or a tissue slice, 0.1 ml. of 
5 X lo-' M cytochrome c; 0.1 ml. of 1.5 X 10-2M 
malate; 0.1 ml. of 2 X 10-2M MgCln; 0.1 ml. of 
2 X 10-2MATP; 0.1 ml. of 1.5 X 10-2Mnicotin- 
amide; 0.3 ml. of 0.1 M pyruvate or lactate; 1.2 
ml. of 0.1 M potassium phosphate buffer, pH 7.4, 
in flasks which contained homogenates, or 1.7 ml. 
in flasks which contained a diaphragm section or 
heart slice; and 0.3 ml. of distilled water. In  all 
experiments the center well of each flask con- 
tained 0.2 ml. of 10% potassium hydroxide solution. 
The total volume of the flask contents was 3 ml. in 
all the oxidative studies. After a 10-min. equilibra- 
tion period, oxygen consumption was measured ac- 
cording to  conventional manometric techniques (11). 


Oxygen uptake readings were taken at 15min. 
intervals for 90 min. All values represent the aver- 
age of data obtained with at least six animals, and 
each determination was performed in duplicate. 
The vertical line through each point designates the 
standard error of the mean for each set of values. 


RESULTS AND DISCUSSION 


Figures 1 and 2 illustrate the effect of chronic 
poisoning by emetine on the oxygen uptake by rat 
heart homogenates in the presence of pyruvate and 
lactate, respectively. The total oxygen consumption 
a t  the end of 90 min. was significantly lower ( p  < 
0.001) in the preparations from emetine-poisoned 
rats when compared to  values obtained from sham- 
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Fig I-Oxidation of pyruvate by heart homogenutes 
from sham-injected and emetine-treated rats. Key: 
Curve a ,  emetine-treated animals; Curve b, sham-zn- 


jected animals. 
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Fig. 2 4 x i d a t i o n  of lactate by heart homogenutes 
from sham-injected and emetine-treated rats. Key: 
Curve a ,  emetine-treated animals, Curve b ,  sham-m- 


jected animals. 


injected animals. This inhibitory effect represents a 
48% decrease for pyruvate and a 59% reduction 
when lactate was the substrate. 


Figures 3 and 4 depict oxygen consumption by rat 
liver homogenates when pyruvate and lactate were 
utilized as substrates. The 90-min. r readings from 
emetine-poisoned animals in this instance, however, 
were not significantly lower than the values from 
the sham-injected animals. 


These data indicate that  heart homogenates 
from emetine-poisoned rats were less efficient in 
the oxidation of these substrates than homogenates 
from control animals. Such a difference, however, 
was not noted in liver homogenates from emetine- 
poisoned rats. 


Figure 5 shows a comparison of the respiration by 
diaphragm sections from emetine-poisoned rats with 
that of the sham-injected controls. Pyruvate 
was the substrate and, under the conditions of the 
experiment, no significant difference was observed 
between the test groups. Figure 6 illustrates that 
the total oxygen consumption of ventricle slices 
from emetine-poisoned rats was about 40% lower 
than that obtained with ventricle slices from the 
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Fig. 3-tkidation of pyruvate by  liver homogenates 
from sham-injected and emetine-treated rats. Key:  
Curve a ,  emetine-injected animals; Curve b ,  sham- 


injected animals. 
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Fig. 4 4 x i d a t i o n  of lactate by liver homogenates 
from sham-injected and emetine-treated rats. Key:  
Curve a ,  sham-in;ected animals; Curve b, emetine- 


treated animals. 


sham-injected controls. These results extend the 
idea that this inhibitory effect may be fairly specific 
for the myocardium, by including a muscle prepara- 
tion for comparison. 


It has been reported that pyruvate and lactate 
are utilized less efficiently in certain thiamine- 
deficient situations (12-14). Thiamine pyrophos- 
phate is necessary in the biotransformation of 
pyruvate to acetyl-coenzyme A which represents a 
pathway whereby these substrates may be metabo- 
lized v ia  the citric acid cycle. Diamant and asso- 
ciates (15) have reported that emetine-treated rats 
stored smaller amounts of thiamine in the liver than 
did control animals. It is conceivable that a similar 
situation exists in cardiac muscle resulting in a 
diminished utilization of pyruvate and lactate. 


Nicotinamide adenine dinucleotide (NAD) func- 
tions as a coenzyme in the lactic dehydrogenase 
system, as well as a cofactor in the conversion of 
pyruvate to acetyl-coenzyme A. Deitrich and Heim 
(16) have noted that  emetine decreased the oxygen 
uptake of rat heart homogenates in the presence 
of pyruvate and malate, however, an enhancement 
of the oxidation of succinate, an FAD-linked sub- 
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Fig. 5 4 r i d a t W n  of pyruvate by diaphragm slices 
rom sham-injected and emetine-treated rats. Key: 
Curve a, sham-injected animals; Curve b,  emetzne- 


treated animals. 


strate, was observed. A similar inhibitory activity 
of the oxidation of NAD-liked substrates in 
emetine-poisoned rats has previously been reported, 
although no alteration in NAD metabolism was 
noted (2). 


At  least one investigator (17) has suggested that 
emetine is most toxic to those tissues which involve 
contractility as the principal function. One might 
expect, therefore, that metabolic processes in tissue 
such as diaphragm would be altered by emetine. 
However, it was found that pyruvate was oxidized 
as rapidly by diaphragm sections from the emetine- 
poisoned animals as from the sham-injected animals. 
With heart slices it was found that chronic poisoning 
by emetine elicited an impaired ability to oxidize 
pyruvate. Such evidence tends to indicate that 
the &ect of emetine, as far as oxidative processes 
are concerned, is not common only to those tissues 
in which contractility is the principal function, and 
further supports the view that the toxic effect of 
emetine is rather specific to the heart. 


SUMMARY 


1. The effects of chronic poisoning by emetine 
on the oxidation of pyruvate and lactate by various 
tissue preparations was studied. 


Oxygen consumption by heart homogenates 
prepared from emetine-poisoned rats was lower 
than that observed with homogenates prepared from 
sham-injected controls. 


3. The oxygen uptake by liver homogenates 
prepared from emetine-poisoned rats did not 
dae r  significantly from that observed with homog- 
enates prepared from sham-injected controls with 
pyruvate and lactate as substrates. 


Heart slices prepared from emetine-poisoned 
rats consumed less oxygen in the presence of 
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Fig. G-Oxidation of pyruvate by heart slices from 
sham-injected and emetine-treated rats. Key: Curve 
a ,  emetine-treated animak; Curve b, sham-injected 


animals. 


pyruvate than did slices from the sham-injected 
controls. With diaphragm sections this difference 
was not observed. 
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Application of a Three-Compartmental Model to the Analysis of 
the Dose-Dependent Kinetics of Bishydroxycoumarin Elimination 


By R. NAGASHIMA, G. LEVY*, a n d  R. A. O’REILLYt 


It has been reported that the elimination of bishydroxycoumarin (BHC) in man shows 
unusual dose-dependent characteristics. Recent studies with isolated perfused rat 
livers have shown that the liver: lasma distribution ratio of BHC increases at high 
doses (resulting in more rapid elmination of the drug) and that drug-metabolizing 
activity is ap arently inhibited at high BHC levels (resulting in decreased elimina- 
tion of the $rug). A mathematical model based on a three-compartmental open 
system consisting of a plasma compartment, a rapidly accessible drug-metabolizing 
compartment, and a more slowly accessible compartment has been developed for a 
detailed pharmacokinetic analysis of BHC elimination in man. This analysis shows 
that the increase in the plasma half-life of BHC in man with increasing dose is due 
primarily to a decrease in the activity of the drug-elimination process and not to dose- 
dependent distribution effects. The three-compartmental model presented here has 
two unique attributes; the first compartment (following intravenous administration) is 
equated to the plasma volume rather than combining plasma and the so-called well 
perfused tissues into a single compartment, and an apparent volume of distribution 
which remains constant throughout the terminal elimination phase @-phase) has 


been defined. 


HERE ARE NOW several examples of drugs T which are eliminated exponentially from the 
plasma (following absorption and initial distribu- 
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tion) but where the apparent first-order rate con- 
stant for drug elimination decreases with increas- 
ing dose (1). One of the earliest and best docu- 
mented examples is the elimination of bishy- 
droxycoumarin (BHC) in man (2, 3) and mon- 
keys (4). Recent investigations with isolated 
perfused rat livers have shown that the distribu- 
tion of BHC into the liver ( i e . ,  the site of bio- 
transformation) increases with increasing drug 
concentration but that BHC apparently in- 
hibits its own biotransformation when high 
concentrations of the drug are present in the 
liver (5). Physical-chemical studies of the 
interaction between BHC and plasma proteins 
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have shown also that the protein binding of 
BHC increases with increasing drug concentra- 
tions up to a point (6). Accordingly, it ap- 
pears that the dose dependency of BHC elimina- 
tion in man may be due to both distribution 
effects and apparent self-inhibition of biotrans- 
formation. Plasma concentration data for BHC 
following intravenous administration of this 
drug at three different doses, utilizing a very 
intensive blood sampling schedule, have been 
obtained so that a detailed pharmacokinetic 
analysis of BHC elimination in man could be 
carried out. For this purpose, a three-com- 
partmental open pharmacokinetic model has 
been developed. This model has the unique 
but realistic feature of representing the actual 
plasma volume as the first compartment. As 
such, it overcomes the definite limitations of 
the single- and two-compartmental models 
which are apparent in the analysis of the ex- 
perimental data obtained following BHC ad- 
ministration. 
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THEORETICAL. 


When a drug is administered intravenously it 
is first distributed in the plasma and from there to 
other tissues. These other tissues can be classified 
conveniently as well perfused and poorly Mused ,  
respectively (see Reference 8 for a review of the 
literature on this subject). The usual two-com- 
partmental pharmacokinetic models combine the 
plasma and the well perfused tissues into a single 
compartment. The basis of the three-compart- 
mental model to be presented here is the concept 
that drug distribution between plasma and well 
perfused tissues is not instantaneous, and that it 
is realistic therefore to treat these as two separate 
compartments. This is particularly appropriate 
in the case of certain highly plasma protein bound 
or macromolecular substances. The concept of 
the plasma as the first compartment is justified 
when values of dose/(P + A + B) are essentially 
equal to the actual plasma volume. A pharmaco- 
kinetic analysis of this type usually requires very 
intensive blood sampling; where technical diffi- 
culties make this impossible, the use of simpler 
mathematical models becomes appropriate. 


The threecompartmental open model may be 
depicted by Scheme I. 


‘drug (by instantaneous injection) 
kir kts 


kn kit 


elimination 
Scheme I 


METHODS 


Experimental Details-BHC was administered 
intravenously to a normal male subject (age 51 
years, body weight 70 kg.) as the disodium salt in a 
concentration of 5 mg./ml. of solution. Doses of 
150, 286, and 600 mg. BHC were administered in 
separate experiments. The drug was injected 
slowly over a period of 5 to 30 min., depending on 
the size of the dose. The instant when the injection 
had been completed was taken as zero time. Blood 
samples were collected at the times indicated in the 
figures. The concentration of BHC in the plasma 
was determined by the method of Axelrod et al. 
(7). Additional details have been described in 
a previous report (2) .  
Data Analysis-The plasma concentrations (C,) 


of BHC were plotted as a function of time on semi- 
logarithmic paper. Using back-extrapolation pro- 
cedures, each of the curves was resolved into three 
exponential components. The data could therefore 
be described by the equation : 


C, = P exp ( - d )  + A exp (-at) + B exp ( -s t )  
(Eq. 1) 


where P, A ,  and B represent intercepts on the 
ordinate at  zero time and - r /2 .3,  -a/2.3, and 
-@/2.3 are the slopes of the respective exponential 
scg~ttciits. By dcfitiitiott, K > (X > 8. 


Compartment 1 represents the plasma volume 
Compartment 2 is designated as the rapidly ac- 
cessible compartment [i.e.,  the well perfused tissues 
such as the liver, kidneys, and viscera (9)], and 
Compartment 3 is designated as the slowly accessible 
compartment ( i .e . ,  the poorly perfused tissues such 
as muscle, bone, and fat depots). Drug elimina- 
tion is assumed to take place in Compartment 2. 
The processes designated by arrows and rate con- 
stants are conceived to be apparent first-order, the 
rate constants being defined with respect to the 
amount (rather than concentration) of the drug in 
the respective compartment. The classification of 
body tissues on the basis of rate of accessibility or 
perfusion does not imply that prefusion rate is 
necessarily a limiting step in the transfer of the drug 
from one real or hypothetical compartment to the 
other. I t  should be noted that the model presented 
here applies only to drugs such as bishydroxycou- 
marin which are eliminated by biotransformation 
and not by renal excretion from Compartment 1. 


Evaluation of Rate Constants-As shown in A@- 
pendix I, the fraction of the administered dose of a 
drug present in each of the three compartments at 
time t is given by: 
XI/XO = Ct exp (-hi!) + C2 esp ( - b z t )  + 
XE/XO = C,’ esp (--b,/) + C2’ exp ( - - b z t )  + 


C3 exp ( - - b a t )  (Eq. 2 )  


C3’ cxp (--bat) (Eq. 3) 
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represents the intrinsic drug-metabolizing activity 
of the body and excludes factors which affect the 
distribution of the drug in the three compartments. 
The latter factors are represented by klz, k a ,  k13, 
and k3l. 


The sequence of calculations by which the rate 
constants are determined have been outlined for 
the convenience of the reader in terms of 6 separate 
steps. In Step I, b and C values are calculated. 
These are then used in Step I1 to calculate R and 
Q. This permits determination of KP and K3 in 
Step 111. Determination of G values in Step IV 
permits the determination of K1 in Step V. All 
terms necessary for the determination of k values 
in Step VI are now available. While these calcu- 
lations can be carried out manually, the use of 
a computer will result in considerable saving of 
time. 
An Analysis of the Relative Effect of Distribution 


and Biotransformation on the Slope of the Terminal 
Linear Portion (&Phase) of a Log Plasma Concen- 
tration versus Time Plot-In the course of an 
experiment, the curves expressed by Eqs. 2,3, and 4 
eventually reduce to: 


X d X o  = Ca exp (-st) 
Xz/Xo = Ca' e ~ p  ( -a t )  


(Eq. 5 )  


(Eq. 6) 


(Eq. 7) Xa/Xo = C3" ~ X P  (-st) 
where 6 = b3 as deiined previously. Therefore, 
if the fractions of the dose in each of the compart- 
ments are plotted semilogarithmically against time, 
curves are obtained which become linear in the 
terminal portion (&phase). Let the total amount 
of the drug in the body at any given time be X B  
so that 


XB = xi + xz + x3 
Also let 


fl = X d X B  
f Z  = XZ/XB 
f3 = X d X B  


The fractions fi, fi, and j 3 ,  therefore, become con- 
stant during the &phase and may be expressed on 
the basis of Eqs. 5 ,6 ,  and 7 as: 


x3/x0 = CIM exp (-bit) + Cz" exp (-bzO + 
C3" exp (-bat) (Eq. 4) 


where X I ,  Xz,  and X3 are the amounts of the drug in 
Compartments 1, 2, and 3, respectively, Xa is the 
dose (the initial amount of drug in Compartment 1) 
and C's and b's are time-independent constants. 
It is important t o  note that the right sides of the 
three equations differ only with respect to  the C's. 
In particular, Eq. 2, which represents the fraction 
of the dose in the plasma, is equivalent to Eq. 1 
which describes plasma concentration of the drug 
as a function of time. This is so, since 


and, by definition, 


CpO = P + A + B 


Therefore, the following relationships apply: 


bz = a Cz = A/CpO (Step I) 1 bl = a Cl = P/Cp' 


b3 = C3 = B/Cpa 


r, a, and 8, as well as P, A ,  and B are obtained di- 
rectly from the plasma concentration data. 


Let 


Ki = klz + kla 
Kz = kzi + kzo 
K3 = kai 


Then, as shown in Appendix I, 


and 


where 


(Step 111) \ Kz = (R + Q ) / 2  


K3 = ( R  - Q ) / 2  


(Step 11) t 
t 


R = G(b3 - bi) + G(b3 - b2) + bl + bz 
Q =  
[ (Ci(b8 - bi) + Cz(ba - bz) + bl - bzlz+ 


4cz(bz - bi)(ba - bz)luz 


Let 


Gz = blbz 4- bzbs + b3bl (Step IV) 


(Step V) 


Knowing the values for K , ,  Kz, and K3, the in- 
dividual rate constants klz, kzl, kzo, and k13 can be 
determined from: 


GI = bi + bz + b3 


Ga = bibzba 


Then, 


KI = GI - Kz - K3 


fl = W(C3 + C3' + CZ") 
fz = Ca'/(Cs + Ca' + C3") 
fa = Cs"/(Ca + C3' + C3") 


Substituting for CS, Ca', and CS" the equations pre- 
sented in Appendix I yield: 


ft = (Kz  - ba)(Ka - ba)/Z 0%. 8 )  


fz = kidKa - ba)/Z 


fa = kia(K2 - bo)/Z: 
(Eq. 9) 


(Eq. 10) 


where 


Z = (Kz - h ) @ 3  - bs) + kiz(K3 - b3) + 
kii(Ka - ba). 


The total amount of the drug in the body at a 
given time, X B ,  may be expressed as: 


XB = xl/fl (Eq. 11) 


and 


(Eq. 12) 
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where V ,  is the actual plasma volume and C, is 
drug concentration in the plasma. Since during 
the @-phase, 


C, = 1y exp ( -a t )  (Eq. 13) 


Eqs. 11,12, and 13 may be combined to yield: 
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A t  t = 0, Eq. 14 reduces to: 


which upon substitution into Eq. 14 yields: 


X B  = XBO exp ( -st )  (Eq. 16) 


It should be noted that XBO is not the dose XO 
but a quantity defined by Eq. 15. Equation 16 
shows that the apparent first-order rate constant for 
the elimination of drug from the body as a whole 
is identical to  the apparent rate constant obtained 
from plasma concentration data in the terminal 
phase of the elimination process. Therefore, the 
value 0.693/s is justifiably called “body half-life” 
or “biologic half-life.” This reasoning leads to 
the following expression for drug elimination from 
the body during the &phase: 


In terms of the three-compartmental model, where 
drug elimination takes place only in Compart- 
ment 2, 


and, as shown previously, 


x2 = fZ ’ X B .  


Hence, 


Equating Eqs. 17 and 18, yields: 


B = fs - k20 (Eq. 19) 


Equation 19 has important implications in that it 
shows that 6 is a function of the distribution of 
the drug in the body (specifically. the fraction f i  
of the total amount of the drug which is in the 
drug-metabolizing compartment) and of the in- 
trinsic drug metabolizing activity as represented 
by the rate constant km. This conclusion has 
been verified experimentally in this laboratory 
(5). 


The derivations presented here lead to a concept 
of an apparent volume of distribution which has 
considerable practical advantages. Since, during 
the &phase of drug elimination, f1 is a time-in- 
dependent constant, the following definition may be 
introduced 


Vd* = v, 0%. 20) fl 
The amount of drug in the body at any time during 


expression : 


X B  = V,i* . B exp ( - f i t )  (Eq. 21) 


which is based on Eq. 14. This volume of distribu- 
tion is totally different from that defined by Riggs 
(10) and adopted by Wagner and Northam ( l l ) ,  
and Riegelman et al. (12). Their volume of dis- 
tribution multiplied by plasma concentration 
equals the amount of drug in the body only at the 
one instant when the amount of the drug in the 
“peripheral” compartment reaches its maximum 
and cannot be used to determine the amount of drug 
in the body from drug concentrations in the plasma 
at any other time (15). 


To calculate Va* from Eq. 20, V, may be ob- 
tained from the body weight [plasma volume is 
about 4.3% of body weight (13)], and fl is calculated 
from Eq. 8 which consists of terms the determina- 
tion of which is described in the first part of this 
paper. The use of a digital computer for these 
calculations is desirable since any rounding-off 
of values during the large number of individual 
calculations can lead to large errors in the final re- 
sults. In the present study, the original data 
introduced into the computer program were ex- 
pressed in two or three significant figures, and the 
computer carried out all subsequent calculations to  a 
maximum of nine significant figures. The h a 1  
answers printed out by the computer were then 
rounded off to three figures. 


Determination of the Apparent Volumes of the 
Rapidly and Slowly Accessible Hypothetical Com- 
partments-Defining 


Vd* = Vp + Vz + Va 
where Vz and Va are the apparent volumes of 
Compartment 2 and Compartment 3 with respect 
to a specific drug, and 


then 


and 
f 2  


f l  
vz = v, * 


Similarly, 


5 = v, f a  3 
The values of Vz and Va can therefore be determined 
from V, and Eqs. 8 to 10. 


RESULTS AND DISCUSSION 


Primary Analysis of the BHC Plasma Concentra- 
tion Data-The plasma concentrations of BHC 
following intravenous administration of 150, 286, 
and 600 mg. are listed in Table I and plotted in 
Fig. 1. Secondary concentration maxima were 
noted 20 to 24 hr. following injection of the two 
higher doses. The reason for the occurrence of 
these maxima, which reflect apparently a redistribu- 
tion of the drug, is not clear a t  present. The 


tlic @-phase, can therefore be -calculated froin the pharniacokinetic analysis of the data was limited 
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TABLE I-CONCENTRATIONS OF BISHYDROXYCOUJURIN (BHC) IN THE PLASMA FOLLOWING INTRAVENOUS 
ADMINISTRATION OF DIFFERENT DOSES OF BHC TO A NORMAL HUMAN SUB JECP 


I Dose, mg. 
r 150 - 286 -600 
Time, hr. Concn.. mg./l. Time, hr. Concn., mg/l. Time, hr. Concn.. mg./l. 


0.17 
0.33 
0.50 
0.67 
1 
1.5 
2 


4 
6 
7.7 


18 
23.3 


36.2 0.17 60.5 0.17 
34.0 0.51 49.8 0.33 
27.0 1 37.2 0.50 
23.2 2.83 27.8 0.67 
20.8 5 22.2 1 
17.8 7.25 18.1 1.5 
16.5 11 14.1 2 


2.4 


12.6 
8 .4  
8.3 
5.6 
2.6 


3 
5 
7.5 


18 
21 
27 
32 
42 
48 
68.5 
92 


121 


120 ~~. 


111 
104 
96 
93 


86 
74 
70 
65 
44 
39 
34 
38 
29 
27 
17 
9 
4 


a Male, 70 kg. body weight, 51 years old. 


therefore to the fist 20 t o  24-hr. portion of the 
curves and these data are presented in a more ex- 
panded form in Fig. 2. The results of the resolu- 
tion of these data into three exponential compo- 
nents are shown in Figs. 2 and 3. The values of 
the intercepts P ,  A ,  and B, and of u, a, and j3 for 
the three segments are listed in Table 11. It is 
evident that ?r and a are dose independent while 
i3 decreases with increasing dose. The values for 
dose/(P + A + B) listed in Table 11, and partic- 


TIME, hr. 
Fig. 1-Concentration of bishydrorycoumarin i n  the 
plasma as  a function of time after intravenous adminis- 
tratwn.of 150 mg.. A; 286 mg., 0; and 600 mg., m, 
respectzvely, to a normal human subject. The arrows 
indicate secondary concentration maxima observed 1 


day nfkr drug administrution. 


ularly the value for the lowest dose, are in good 
agreement with the plasma volume, i .e.,  about 3 1. 
for a 70-kg. man (13). I t  is to be expected that 
the long injection times for the two higher doses 
will have had a pronounced distorting effect on 
P and a somewhat smaller effect on A .  Since r 
is equivalent t o  a ti/, of about 20 min. while the 
time required for the injection of the 600-mg. dose 
was 30 min., a negative time shift was carried out 
in the case of the 286-mg. and 600-mg. data, using 
the r ,  a, and j3 values listed in Table I1 but setting 
dose/(P + A + B) = 3.2 1. The corrected P, A, 
and B values obtained by this procedure are listed 
in Table 111. The zero time shift required for 
these corrections was - 19 min. in each instance. 


Determination of Pharmacokmetic Constants 
Based on a Three-Compartmental Open System- 
Using the mathematical procedures described in 
the Theoretical section, the apparent first-order 
rate constants k p O ,  k12, kz l ,  kla, and kn were computed 
from the values for u, a, and j3 (Table 11) and from 
the corrected values for P, A ,  and B (Table 111) 
by means of an IBM 7044 digital computer. The 
results of these computations are listed in Table 
IV.  Essentially similar values for all rate con- 
stants except for kio were obtained at the three 
doses, but k a  decreased with increasing dose. The 
distribution of BHC in the three Compartments as 
a function of dose is listed in Table V which shows 
the fraction of the total amount of the drug in each 
of the three compartments. It can be noted that 
f i ,  the  fraction of the total amount of drug present 
in the compartment in which the drug is metab- 
olized, shows no consistent change with dose. 
This leads to  the significant conclusion, based on 
the relationship represented by Eq. 19, that the 
dose dependence in the elimination of BHC as 
reflected by a decrease in j3 with increasing dose is 
due t o  a decrease in the intrinsic drug-metabolizing 
activity and nut to  distribution effects. 


Finally, a comparison of the product of f i  and 
kzo as obtained from the lengthy and complex cal- 
culatioiis described in thc Theoretical section with 
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i t. 


5 10 15 20 
2 


TIME, hr. 


Fig. 2-The data f rom Fig. 1 presented on an  expanded 
scale over 24 hr. after drug administration. The slope 
of the linear segment of each curve is designated as 
-p/2.3 and the intercept on the ordinate at zero time 


is &signaled as B. Symbols as in Fig. I .  


286 mp. i.v. . 


2 4 6  


600 mg. is. 


TIME, hr. 


Fig. 3--P!ols of residuals obtained by subtracting f rom 
the initial plasma concentrations of bishydroxy- 
coumarin shown in Fig. 2, the respective theoretical 
concentration values represented by the stippled lines 
(solid symbols), and by subtracting from the initial 
data points represented by the solid symbols in this 
figure the theorethl values represented by the stippled 
lines (open symbols). The slope of the line fitted to 
the solid symbols is designuted as  -a/2.3 and the 
intercept at zero time is designated as  A. The slope 
of the line fitted to the open symbols is designated as  


- r r /Z .3  and the intercept at zero time i s  P .  


TABLE 11-PIIARMACOKINETIC PARAMETERS OBTAINED BY RESOLVING THE BHC PLASMA CONCENTRATION 
DATA INTO THREE COMPONENTS 


Dose, mg. 
Parametero 150 286 600 Units 


P 
A 
B 


22 
10 
14.5 


22 34 
22 19 
24.5 83 


}mg./l. 


Dose/(P + A f B )  3.2 4.2 4.4 
U 3.5 2.3b 3.5 
a 0.46 0.41 0.41 
B 0.085 0.051 0.036 


hr.-I i' 
CP = P exp(- rt) + A exp(-d) + B exp(-@t) where C p  is the plasma concentration of BHC at time 1. The other 


symbols are defined in the text and in Figs. 2 and 3. Based on 2 data points only. 


B values obtained by simply fitting a straight line to APPENDIX I 
the terminal log plasma concentration values pro- 
vides a direct check on the mathematical deriva- The transfer and elimination processes in the 
tions and the accuracy of the calculations. The three-compartmental open system presented in 
f i .  km values calculated from the data in Tables IV the Theoretical section may be described as fol- 
and V are 0.085, 0.052, and 0.036 hr.-1 for the 150-, lows: 
286-, and 600-mg. doses, respectively. These agree 
perfectly with the @values listed in Table 11. _ -  '2 - - -K& + k21Xz + kuX8 


TABLE III-mE VALUES FOR P, A, AND B WEEN 
CORRECTED FOR VARIABLE DURATION OF THE 


INTRAVENOUS  INJECTION^ 


-Dose. mg.- 
150 286 600 


P 22 40 81 
A 10 23 22 
B 14.5 25 84 
Zero time shift, min. -0 -19 -19 


Expressed as mg./l. The corrections are based on an 
initial value for dose/(P + A + B)  of 3.2 1. 


+ 
In these expressions, X is the amount of drug in 
the designated compartment, the numerical sub- 
scripts for X define the compartment, the respective 
k's are defined in the model presented in the The  
oretical section, and 


K I  = klr + k u  (Eq. l a )  
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TABLE IV-APPARENT IFIRST-OBDER RATE CON- 


MRNTAL OPEN SYSTEM FOR THE D I S T R I B ~ O N  AND 
ELIMINATION OF BHCo 


STANTS CHARACTERIZING THE THREE-COMPART- 


Rate 


hr. -8 160 2'86 600 
Constants, r Dose mg. 
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1, 2, or 3, A1.i is the determinant obtained from 
A by suppressing the f i s t  row and the ith column,2 
and A' is d Aids of the right hand of Eq. 4 a . a  


km 0.295 0.235 0.11 
kiz 1.66 0.91 1.44 
ku 1.67 1.13 1.93 
h a  0.22 0.26 0.14 
ka 0.30 0.23 0.32 


See Scheme I in the Thcoreiicd section. 


TABLE V-DISTRIBUTION PATTERN OF BHC IN THE 
TERMINAL ELIMNATION PEASE @-PHASE) 


-Dose, mg.- 


1, plasma UI) 0.35 0.31 0.455 
2, rapidly accessible, drug 


eliminating (&) 0.29 0.22 0.33 
3, slowly accessible (fa) 0.36 0.47 0.215 


Compartmenta 160 286 600 


fi, fz. and fa are the fractions of the total amount of drug 
in the body present in Compartments 1 ,  2, and 3, respec- 
tively, and were dculated from Eqs. 8,9, and 10. 


Kz = kzo + kzi (Eq. 2a) 


Ka = h i  (Eq. 3a) 


In order to  solve the above simultaneous differential 
equations by using Laplace transforms, it is con- 
venient to  set up the following determinant:' 


A = I  s + - K I  kiz s + - Kz kzi o"l= 
- k1a 0 s + Ka 


(S + bi)(s + W ( S  + ba) 0%. 4 ~ )  
where - bl, -b2, and - b3 are the real roots of the 
equation, A = 0. With the initial condition that 
X I  = X o  = dose when t = 0, the fractions of the dose 
in each of the three compartments are: 


X I / X O  = CI exp ( -b i t )  + CZ exp (-bZt) + 
C3 exp ( -bat)  


X Z / X O  = CI' exp ( - b i t )  + CZ' exp ( - 6 ~ t )  + 
Ca' exp ( - -ba t )  


Xa/Xo = Ci" exp ( - b i t )  + G' exp (-bzt) + 
Ca" exp (- bst)  


where the C values (with various superscripts and 
subscripts) are constants. These may be evaluated 
on the basis of the following relationships: 


where the subscript j represents either subscript 


1 The reader may find it helpful to refer t o h f e r r n c e  14  lor 
examples of similar derivations based on other models. 


The next step is to  develop equations from which 
the values for kzo, kln, kzi, kta, and kai may be de- 
termined from the known values for bi, bs, b,, C,, 
CZ, and C,. Rearrangement and expansion of 
the equation for CI yields: 


Ci(br - bi)(bs - bi)  = KzKs - bi(Kz + Ka) + bl' 
(Eq. 5a) 


Cz(bi - bz)(ba - -bz) = KzK3 - bz(K2 + Ka) + b2' 
0%. 6u) 


(Eq. 7a) 


Similarly for CZ: 


Deiining 


R = Kz + Ka 


q = KZK3 (Eq. 
and solving for R and q from the simultaneous Eqs. 
5u and 6a, yields: 


R = Ci(ba - bi) + Cdba - bz) + bi + bz (Eq. 9 ~ )  


q = bz[G(ba - bi) + Cz(ba - bz) + ail + 
Cz(bi - bz)(ba - ba) (Eq. 1 0 ~ )  


From Eqs. 7u and &z, and on the basis of K z  > 
Ka (see Appendix 11), 


KZ = (R + d R 7 ) / 2  (Eq. l l u )  


Substituting Eqs. 9u and 1Ou for R and q in Eqs. 
l la  and 1%, and simplifying, gives the following 


2 For example, 
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TABLE VI-CONSTANTS DESCRIBING THE DISTRIBU- 
TION AND ELIMINATION OF BHC ASSUMING THAT 


Ka > Ke (SEE A @ @ d i ~  11) 


Dose, mg. 
Constants’ 150 286 600 


km 0.152 0.0845 0.118 
klz 0.457 0.416 0.215 
kn 0.145 0.140 0.209 
kia 1.32 0.751 1.37 
km 1.97 1.37 2.04 ~ ._ 


j1-- 0.26 0.25 0.41 
0.56 0.60 0.31 
0.18 0.14 0.28 


f 2  
A 


a Units of k - hr.-l; f hos no units. 


equations for KI and Ka: 


Kz = (R  + Q)/2 


Ka (R - 4)/2 


where Q = d R 3  - 4g. These are the equations 
for K2 and Ka presented in the Theoretical sec- 
tion. 


Expanding both sides of Eq. 4a and identifica- 
tion of equivalent terms yields: 


(Eq. 13a) 


klzkzl - klaka1 (Eq. 14a) 


(Eq. 1%) 


bi + br + ba = KI + Kz + Ka 
bib2 + bzba + babi = KiKi + KzKa + Ka& - 


blbsbr = KIKzKa - kizkziKa - klakslKz 


K I  can now be evaluated from Eq. 13a, since K Z  
and Ka are already known. The values for k& 
and klskal are obtained from the two simultaneous 
equations 14u and 1%. Since kal = Ka and has 
already been determined from Eq. 12a, k18 can be 
determined from the value of klaksl. The value 
of klz, obtained from Eq. la, is used to solve for 
k21 from klzku. Finally, km is obtained from Eq. 
2a, since ktl and KI are now known. 


APPENDIX I1 


The data treatment leading to Eqs. lla and 12a 
assumes that KZ > Ka (i.e.,  kzo + ktll > kai). The 
opposite assumption (Ka > Kz) resulted in kia > klz, 
which is inconsistent with the proposed model. 
However, this latter possibility (which nieans that 
drug metabolism occurs in the slowly accessible com- 
partment) cannot be excluded solely on the basis of 
the plasma concentration data although it is un- 
likely on the basis of physiologic considerations. A 
similar uncertainty occurs in the use of two-corn- 
partment models although this has apparently been 
disregarded so far in the phannacokinetic literature. 
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When the experimental data were analyzed on the 
basis of the assumption that Ka > Kz, kzo did not 
change consistently with dose but kla decreased with 
increasing dose (Table VI). It  is interesting that 
the R n  values are quite similar to the k21 values, and 
ku values to kol values, in the model assuming drug 
metabolism in the rapidly accessible compartment 
(Table V). This is not the case where Ka > Kz 
(Table VI). Preliminary evidence based on the 
relationship between the plasma concentration and 
pharmacologic activity of BHC in man is consistent 
with the assumption that KZ > KI .  However, a 
definitive conclusion concerning the two possibilities 
will require determinations of BHC biotransforma- 
tion rates at various drug concentrations in human 
liver preparations. 
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