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Pharmacokinetic Basis for the Influence of Route of Administration 
on the Area Under the Plasma Concentration-Time Curve 


MILO GIBALDI and STUART FELDMAN* 


Abstract 0 A three-compartment open system is proposed to ex- 
plain the influence of route of administration (i.e.,  intravenous 
versus oral) on the area under the plasma concentration-time curve. 
The hepatoportal system is treated as a compartment distinct from 
the vascular site being sampled. Computer analysis of the model 
using estimated pharmacokinetic parameters provided a success- 
ful prediction of the relative area under the plasma concentration- 
time curves after oral and intravenous administration of aspirin 
in man. It is shown also that the proposed model yields a plasma 
concentration-time curve after intravenous administration which 
may be described adequately by a biexponential equation under 
experimental conditions. 


Keyphrases 0 Plasma concentration-time curve area-administra- 
tion route influence 0 Pharmacokinetics-administration route 
effect on plasma concentration-time curve area 0 Aspirin plasma 
concentration versus time, simulation-computer analysis 0 
Model, three-compartment-administration route influence, 
plasma concentration-time curve area 


The two-compartment open model (Model I, Fig. l), 
first related to  drug pharmacokinetics by Teorell (l), 
adequately describes the plasma concentration-time 
data observed after intravenous administration of a 
large number of drugs. Accordingly, as noted by 
Riegelman et al. (2), Model I probably represents the 
simplest model for a reasonably sophisticated descrip- 
tion of the time course of many drugs in the body, al- 
though the still simpler one-compartment model pro- 
vides certain pharmacokinetic parameters which are in- 
deed useful, particularly in clinical applications. 


Occasions may arise however where additional data 
are available which cannot be reconciled with the two- 
compartment open model despite the fact that the 
plasma concentration-time curve is well-described by a 
biexponential equation and there is little if any statis- 
tical justification in using a higher order equation to  
describe the plasma data. One possible example has been 
presented by Levy et al. ( 3 ) ,  who demonstrated how a 
combination of pharmacologic effect data and drug 
concentrations in the plasma, as a function of time, 
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Figure 1-Two-compartment open model. X ih the amount of drug in 
a given compartment, V is the colume of the compartment, ktzh and 
k,,* are first-order transfer rute constants and kelY is the first-order 
elimination rate constant. Eliminatioti is assumed to occur in the 
central compartment. For the instantaneous inrravenous administra- 
tion case, a f  t = 0, XT = 0 and X, = Xo = dose. 


could reveal the existence of a three-compartment 
system which is simply not detected by an analysis of the 
plasma concentration data alone. As discussed by 
these authors, it is virtually inipossible, in most in- 
stances to distinguish between a two-compartment sys- 
tem and more complex pharmacokinetic systems on the 
basis of plasma concentrations alone. 


A problem similar to that described above occurs when 
one attempts to rationalize the influence of route of ad- 
ministration on the area under the plasma concentra- 
tion-time curves of certain drugs, with the two-com- 
partment model which describes the time course of the 
drug in the plasma after intravenous administration 
(4, 5). The physiologic basis of the two-compartment 
model is that the central compartment (see Fig. 1) con- 
sists of the plasma as well as a highly perfused lean tis- 
sue group which includes the kidney and hepatoportal 
system. Hence, from a mathematical viewpoint it can 
be assumed that the parameters of distribution and 
elimination remain constant after administering the 
same quantity of drug to the body by different routes, 
e.g., intravenous and oral. If the areas under the plasma 
concentration-time curves are not equal, one must con- 
clude that at least one of the following situations exist: 
(a )  one or more of the distribut on or elimination pro- 
cesses cannot be described by first-order kinetics; (b)  
there is incomplete absorption of the intact drug from 
the oral route of administration ; (c) the two-compart- 
ment open system (Fig. 1) is inadequate to describe the 
pharmacokinetics of distributior and elimination of the 
drug. 


The present report deals with the latter situation and 
provides a mathematical basis For quantifying the in- 
fluence of route of administration on the area under the 
plasma level-time curve. Harris ?t al. (5) found that the 
area under the plasma concentration-time curve of 
aspirin in dogs upon administration of the drug into 
the hepatic portal vein was 54-78 that observed after 
administration of equivalent doses uia the vena cava. 
Administration of a drug dirxtly into the hepatic 
portal vein is, in most instances, equivalent to the path- 
way followed after oral administration if one assumes 
complete absorption and an absence of drug metabolism 
in the intestinal wall. These autE ors conclude that more 
of the intact compound reaches the vascular site being 
sampled by one route than by the other and that the 
hepatic portal vein route results in the drug passing 
through an organ, i.e., the liver, which will metabolize 
part of the compound before it reaches the sampling 
site. These findings represent a significant contribution 
to pharmacokinetics and strongly suggest that a model 
more complex than that shown in Fig. 1 is required to 
describe the time course of drugs which are rapidly 
and/or extensively metabolized in the body. 
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x = x3 router v = VI 


C’ = V” 


Model 11 


Figure 2-Three-compartment open model. The pliysiologic signifi- 
cance of each compartment is discussed in the text. Pliarmacokinetic 
parameters are defined in Fig. I .  Elirninatioii is usslimed to occur in 
the hepatoportul svsreni (Compartment 2). 


THEORETICAL 


If oiie assumes that the lack of corresponding areas under the 
plasma concentration-time curves, as a function of route of ad- 
ministration, is principally due to a “first pass effect,” as suggested 
by Harris et al. (9, then the model (Model 11) shown in Fig. 2 
should provide a first approximation of the situation. Compart- 
ment 1 may represent the central plasma pool as defined by Price 
et al. (6) ,  the plasma, or the plasma and certain visceral organs not 
including the liver. Compartment 2 represents the hepatoportal 
system and in certain instances (where a drug is eliminated essen- 
tially exclusively by the hepatoportal system) may also represent the 
viscera. Compartment 3 represents the “tissue,” i.e., a group of 
tissues which are less rapidly accessible to the drug than the visceral 
organs. Price (6)  suggests that the “tissue” compartment consists 
of muscle and fat tissues which are rather poorly perfused. 


Area Under the Plasma Concentration-Time Curve After In- 
travenous (e.g., Vena Caw) Administration-In this case the amount 
of drug in Compartment 1 at time zero is equal to the dose, X o ,  
while the zero time levels of drug in the other compartments are 
zero. According to Nagashima et al. (7) the plasma concentration 
(i.e.,  the concentration of drug in Compartment I)  is given by 


C, = Cpo[C1exp(-n-t)+Czexp(-at)+C3exp(-l3t)]  (Eq. I )  


where C, is the plasma concentration at any time t ,  Cpo is the plasma 
concentration at time zero and the other constants are as defined in 
the appendix. 


The total area under the plasma concentration-time curve is de- 
fined in terms of the three-compartment model, shown in Fig. 2, in 
the following manner. 


(area)i.,. = C,dt = CPo [ Lmc1 exp ( - K t 1  LW 
+ Cz exp ( - a t )  + Ca exp ( - P i )  (Eq. 2) 1 


Integration of Eq. 2 yields 


Substituting for Cl, Cz, C3 and n-, a,  and 0 in terms of the rate 
constants for Model 11 (see Appendix for appropriate relationships) 
yields 


(area)i.,. = Cpo (k21 + kel)/kizkel 0% 4) 


Since C,O is given by the quotient of the dose and the volume of 
Compartment 1 ( VI), then 


(Eq. 5 )  


Area Under the Plasma Concentration-Time Curve After Hepatic 
Portal Vein or Oral Administration-To simplify the kinetic treat- 
ment it will be assumed that both routes may be treated in ex- 
actly the same fashion, i.e., oral administration results in complete 
and instantaneous absorption, exclusively uia ihe hepatoportal 


(areah.,. = dose (kz1 + k,l)/VAzk,i 


system. Then, from a mathematical point of view, the initial condi- 
tions for Model I1 in this case are as follows: at t = 0, XI = X ,  = 
0, and X z  = X o  = Dose. 


As shown in the Appendix (see Eq. 16a) the plasma concentra- 
tion at any time is given by 


dose 
cp = -K 


[CI’ exp (-n-t) + Cz‘ exp ( - a t )  + Cs’ exp ( - p i ) ]  (Eq. 6 )  


The total area under the plasma concentration-time curve upon 
since at any time C,.  Vl = XI, 


oral or hepatic vein administration is given by 


Substituting for CI‘, CZ’, and C,’ and n-, a,  and p in terms of the 
rate constants for Model I1 (see Appendix for appropriate relation- 
ships) yields 


(area),,,I = dose (kZ1)/Vlklzkrl  (Eq. 8) 


Comparison of Areas Under the Plasma Concentration-Time 
Curves After Intravenous and Oral Administration-Dividing Eq. 8 
by Eq. 5 yields the following relationship 


(area)o,al/(area),.v. = kd(k21 + k e J  0%. 9) 


where the rate constants are as defined in Model 11. Equation 9 
clearly shows that the ratio of areas will always be less than unity. 
The magnitude of this difference is dependent on the ratio of 
kzl/k,l. If this ratio is greater than ten then the simpler model 
shown in Fig. 1 will adequately describe the overall pharmaco- 
kinetics of the drug. If this is not the case, a more complex model is 
required in which the hepatoportal system is defined as a compart- 
ment or part of a compartment which is kinetically distinct from 
the vascular site being sampled. 


COMPUTER ANALYSIS OF ASPIRIN DATA ACCORDING 
TO MODEL I1 


Simulated plasma concentration data as a functiox of time after 
oral and intravenous administration of aspirin were obtained by 
using the appropriate differential equations (viz., Eqs. 10a, lla, 
and 12a) as input data for the “MIMED” digital computer analog 
simulation program (8). The rate constants of Model I1 were esti- 
mated from literature data (9), as discussed in the Appendix. The 
rate constants used ill the simulation are as follows: 


klz = 0.700 min.-’ 
kzl = 0.618 min.-’ 
k I 3  = 0.180 min.7 
ktl = 0. 123 min.-’ 
kel = 0.209 min.-’ 


Compartment 1 was assumed to represent the plasma and assigned 
a volume of 3 1. To obtain a satisfactory graphical relationship of 
the plasma data as a function of route of administration, the drug 
was introduced into either Compartment 1 or 2 in a first-order 
fashion with a rate constant of 0.07 min.?, chosen arbitrarily. 
The “MIMED” program also provided an estimate of the areas 
under the simulated plasma concentration aersus time curve from 
t = 0 to t = 500 min. (essentially t = 0 to t = m )  by means of a 
fourth-order Runge-Kutta numerical integration a1go:ithm (8). 


The simulated plasma concentrations after administration of 
100 mg. aspirin into Compartment 1 (the plasma, intravenous route) 
and into Compartment 2 (the viscera, oral route) are shown in Fig. 
3. The difference between the areas under the plasma concentration- 
time curves as a function of route of administration is clear. Also 
quite apparent is that this difference in area does not represent a 
poorer “availability” of aspirin to the body when administered oia 
the oral route. 


The computer program provided the following area data; 
(area),r,l = 140.8 mg.-min./l. and (area)i.,. = 188.4 mg.-min./l. 
The area obtained from oral administration is 74.7 that obtained 
from intravenous administration. This estimate is in perfect agree- 
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ment with the value of (area),,,l/(area)i.,. calculated by means of 
Eq. 9. 


Comparison of the relative areas of the plasma concentration- 
time curves after oral and intravenous administration based on 
Model 11 with absorption data in the literature was most encourag- 
ing. Rowland et al. (4) report that the areas under the aspirin 
plasma concentration-time curves in four human subjects after 
oral administration of 650 mg. of the drug were 65574% those ob- 
tained after an intravenous dose. That aspirin was completely ab- 
sorbed from the oral dose was demonstrated by the equal areas 
under the plasma concentration-time curves obtained from the 
metabolite salicylic acid after the two modes of administration of 
aspirin. These findings are in excellent agreement with the area 
ratio of 75% calculated using Model 11. Agreement is even better 
when one considers that the estimate of 75 represents a maximum 
value based on the assumption that transfer of drug from the plasma 
to the viscera is blood flow rate limited. 


Distinction Between Two-Compartment (Model I) and Three- 
Compartment (Model 11) Models Based on Plasma Level Data- 
Levy et al. (3) have stated that it is frequently impossible to dis- 
tinguish between a two-compartment and more complex pharmaco- 
kinetic system on the basis of plasma coacentrations alone. To 
test this possibility the following calculations were performed. 
Simulated plasma concentrations at 5-min. intervals after instan- 
taneous intravenous injection of 100 mg. aspirin were obtained with 
the “MIMED” program using Model 11 as a basis (initial condi- 
tions XI = 100 mg., X ,  = X 3  = 0). These data were intended to 
simulate “typical” plasma data obtained after intravenous adminis- 
tration of a drug. In such cases a biexponential curve is the usual 
result. These simulated plasma concentrations were given equal 
weight and were used as input data for the digital computer program 
of Marquardt (10) to provide a biexponential least squares re- 
gression fit to the data. This yielded the following expression: 


C, = 9.60 exp (-0.2641) + 6.27 exp (-0.045 t )  (Eq. 10) 


with a zero-time intercept of 15.87 mg./l. The apparent excellence 
of this fit is reflected in the extremely small value of the sum of the 
squared deviations of the simulated from the calculated plasma 
concentrations-uiz., 2.2 X 


Figure 4 depicts the plasma concentrations of aspirin predicted 
by the biexponential equation and the “MIMED” simulation of 
Model 11. A distinction between the two curves can only be made 
on the basis of experimental data obtained during the first 2 or 3 
min. after injection providing that bkmd mixing problems (11) $0 
not interfere. Hence from an experimental point of view it is entirely 
reasonable to obtain an apparently biexponential curve after intra- 
venous administration yet be dealing with a three-compartment 
model such as Model 11. 


A final verification of the model and the simulation procedures 
is obtained by comparing the biexponential equation obtained with 
the simulated plasma data taken at 5-min. intervals after adminis- 
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Figure >Sirnuluted plasniu concentrations of aspirin (ASA)  upon 
udministration o f  a 100-mg. dose into Compartment I (i.u., upper 
curve) or Compartment 2 (orul, lower curfie). In euch case the drug is 
administered in a Jirst-order fusliion with u rate constant of 0.07 
min-1. 
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Figure 4-Semilogarithmic plot of plusnia coiicenfrations of aspirin 
( A S A )  versus time calculated according t?  the “MIMED” simula- 
tion of Model I I  (interrupted line) and the oiexponentiul least squares 
$t of simula fed plusma concentration data taken ot 5-min. intervals 
ajier instuntuneous intruuenous injection 7f 100 my. aspirin (solid 
line). See text for further discussion. 


tration, with literature data (9). After intravenous administration 
of 650 mg. of aspirin in man the plasma concentration-time curve 
may be described by the following equation (9): 


C, = 58.0 exp (-0.267 t )  + 28.5 exp (-0.049t) (Eq. 11) 


with a zero time intercept of 86.5 mg./l. Considering that both Eqs. 
10 and 11 are of the form C, = A exp (-at) + B exp ( - O f ) ,  it 
may be noted that there is excellent agreement of both a and f l  
terms between the two equations. Correct ng Eq. 11 to a dose level 
equivalent to that used to obtain Eq. 10 bields A = 8.92 and B = 
4.34. Both of these values are somewhat lower than, but in reason- 
able agreement with corresponding values in Eq. 10. 


CONCLUSIONS 


The three-compartment model, shown in Fig. 2, in which the 
hepatoportal system is defined as a compartment or part of a 
compartment which is distinct from the compartment containing 
the plasma, provides a pharmacokinetic basis to explain the in- 
fluence of route of administration on the area under the plasma con- 
centration-time curve. The findings suppcsrt the position taken by 
Harris et al. ( 5 )  that one must use caution in applying the law of 
corresponding areas as developed by Dost (12) and Gladtke (13,14) 
to the assessment of drug absorption from the gastrointestinal tract. 


APPENDIX 


Definition of Constants in Equation 1-According to Nagashima 


Ci = (Kz - T)(& - ~ ) / ( p  - ~ ) ( a  - T) (Eq. la) 


C2 = (Kz - a)(& - c t ) / ( ~  - a)(P - a) (Eq. 2a) 


C3 = (Kz - PXK3 - P)Aa - P)(T - P )  0%. 3a) 


C = kin + k13 (Eq. 4a) 


Kz = k,i + kzi 0%. 5 4  


K3 = ka (Eq. 6 4  


+ P = Ki + Kn + K3 (Eq. 7 4  


et ul. (7) 


where 


and 
T + 


U P  + ctP + TTN = KiKn + KiK3 + KzK3 
- kizkzi - kiik31 (Eq. 8a) 
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T& = KiKZK3 - ki3k3iK~ - kizkziKa (Eq. 9 ~ )  


Determination of Drug Levels in Compartment 1 of Model I1 After 
Oral Administration-The transfer and elimination processes in 
the three-compartment open model shown in Fig. 2 may be de- 
scribed as follows: 


d X i  _ _  ~ =  XI + k21X2 + K3X3 
dt 


~ = k1ZXi - KZXZ (Eq. l l a )  dXz 
dt 


(Eq. 10a) 


(Eq. 12a) 


where K l ,  K2 ,  and K3 are defined in Eqs. 4a,5u, and 6a. 
Assuming that the dose is administered directly into the hepato- 


portal system (i.e., Compartment 2) then the Laplace transforms of 
Eqs. IOU, 1 la, and 12u are given by 


SFI - 0 = - K I ~ I  + kZly2 + KaF3 (Eq. 13a) 
- 


sX2 - Xa = klrX1 - K Z ~ Z  (Eq. 1 4 4  


(Eq. 15a) 


The above simultaneous transformed differential equations may 
be solved using the methods of determinants (see Reference 7 for a 
more detailed discussion) to yield Xl, XZ, and X3. The fraction of the 
dose in the central compartment at time t is given by 


s X ~  - 0 = kis?, - Kay3 


XI .F = Cl’exp (-7rt) + CZ’ exp ( -a t )  + Ca’exp(-/3t) (Eq. 16u) 


where 


CI’ = k21 (K3 - ~ ) / ( / 3  - ~ ) ( a  - T )  


Cz‘ = kzi(K3 - a)/(* - .)(P - 01) 


(Eq. 1 7 ~ )  


(Eq. 1 8 ~ )  


C3’ = k~i(K3 - P)/(a - P ) ( r  - P )  (Eq. 1 9 ~ )  


and r, a,  and /3 are related to the intrinsic rate constants as shown 
in Eqs. 7a, 8a, and 9a. 


Estimations of the Rate Constants of Model I1 for Aspirin- 
Riegelman et al. (9) have found that the two-compartment open 
model shown in Fig. 1 satisfactorily describes the time course of 
aspirin in the plasma after intravenous administration. These 
workers calculated the following pharmacokinetic parameters ; 
klZ* = 0.085 min.?, ~ Z I *  = 0.123 min.-l, k,l* = 0.1 1 1  min.?, 
and V, = 6.4 l., where V, is the volume of the central compartment. 
The volume of the tissue compartment ( VT) of the two-compartment 
open model, calculated according to Wagner ( 1  5 ,  16), is 4.4 1. 


Assuming that the total volume of Compartments I and 2 in 
Model I1 is comparable to the volume of the central compartment 
in Model I, and that Compartment 1 corresponds to the plasma, 
then Vl = 3.0 1. and V2 = 3.4 1. Further assuming that Compart- 
ment 3 in Model I1 is identical to the tissue compartment in Model 
I, and that clearance from each of these compartments is identical, 
then V3 = VT = 4.4 1. and kZl* = kil = 0.123 min.-l. The elimina- 
tion rate constant, kel, in Model I1 was estimated by setting k e l .  Vz 
equal to the previously reported (9) value of 0.71 I./min. for the 


body clearance of aspirin. In  this manner it was estimated that 
kel = 0.209 min.?. 


The rate constant for transfer of drug from Compartment 1 to 
Compartment 3, kI3, was determined by assuming that clearance 
from one compartment to another is equal in both directions (15, 
16), i.e., k13V1 = k31V3. Accordingly, k13 = 0.180 min.-’. 


An estimate of klZ was made by assuming that the transfer of drug 
from Compartment 1 to Compartment 2 was blood flow limited. 
According to Price (6), blood flow rate to the viscera (which is es- 
sentially equivalent to Compartment 2 in Model TI for the aspirin 
case) is 3.75 l./min./1.73 m.Z in man. Considering a hematocrit 
value of 45% (17), the visceral plasma flow rate is 2.1 l./min. It is 
therefore highly probable (18) that knVl 6 2.1 l./min. and kI2 6 
0.700 min.-l. In the absence of knowledge to the contrary, the 
transfer was assumed to be blood flow rate limited and k lZ  set equal 
to 0.700 min.-I Finally, kP1 was estimated to be 0.618 min.-I by as- 
suming that kl2V1 = kZIVZ. 
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Effect of Sodium Diethyldithiocarbamate (DDC) 
on Renal Hypertension in Rats 


H. L. CROSSLEY, J. J. DEFEO, and D. R. DEFANTI 


Abstract 0 The effect of DDC on renal hypertension was studied 
in male albino rats. Evaluation was based on the relationship of 
urinary dopamine levels to arterial blood pressure in surgically 
intact, unilaterally nephrectomized and modified Goldblatt hyper- 
tensive rats for a 9-week period. Following treatment with DDC, a 
dopamine hydroxylase inhibitor, a significant increase in urinary 
dopamine was observed in the unilaterally nephrectomized group of 
animals. There was no significant increase observed in the other 
groups. A significant hypotensive effect was observed in all groups 
of drug-treated animals. In all groups of drug-treated animals there 
was a correlation between decreasing cumulative weight gains, de- 
creased amount of functional kidney tissue, and decreased arterial 
blood pressure. N o  correlation was found to exist between arterial 
blood pressure and urinary dopamine levels. 


Keyphrases I? Na diethyldithiocarbamate-renal hypertension, 
rats Hypotensive activity---Na diethyldithiocarbamate 0 Dopa- 
mine, urinary levels-Na diethyldithiocarbamate effect 


In recent years much attention has been focused on 
the role of catecholamines in the pathogenesis of arterial 
hypertension. Suspected aberrations of catecholamine 
metabolism have led investigators to study levels of 
circulating catecholamines and their metabolites in 
hypertension. 


Bing (1) reported evidence for the production of a 
pressor substance, presumably dopamine (DA), from 
the decarboxylation of dihydroxyphenylalanine (DOPA) 
in extracts of guinea pig kidneys under anerobic con- 
ditions. He observed a similar reaction in vico in cat’s 
ischemic kidney perfused with blood containing DOPA. 
This report also suggested that deamination but not 
decarboxylation of amino acids is incomplete in anoxic 
kidneys. This possibility was verified by Giordano et al. 
(2), who observed increased kidney DOPA decarboxyl- 
ase and decreased kidney M A 0  after prolonged hyper- 
tension in rabbits with renal ischemia. These altered 
enzyme levels could conceivably lead to an accumula- 
tion of DA, NE, and/or epinephrine in ischemic tissue. 


DeFanti and DeFeo ( 3 )  reported evidence indicating a 
degree of positive correlation between arterial blood 
pressure and urinary DA concentration in renal hyper- 
tensive rats. To further investigate the role of DA 
in experimental hypertension, the present investigation 
was designed to inhibit the enzyme DBH, the enzyme 
responsible for the conversion of DA to its B-hydroxyl- 
ated analog NE, with DDC. DDC has been reported 
to inhibit DBH in v i ~ o  (4, 5) resulting in reduced NE 
levels with a concomitant increase in DA in rat and 
rabbit small intestine (6). 


1 DA, dopamine; NE, norepinephrine; DOPA, decarboxylase (3,4- 
dihydroxy-1-phenylalanine carboxylase E.C. 4.1.1.26); MAO, mono- 
amine oxidase (monoamine: oxygen, oxidoreductase, E.C. 1.4.3.4); 
DBH, (doparnine-B-hydroxylase, 3,4-dihydroxyphenylethylamine, as- 
corbate: oxygen oxidoreductase E.C. 1.14.2.1 .). 


200 
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WEEK OF TREATMENT 


Figure l-The effeci of Nu diethy1dithio:urbumute on body weight 
in mule albino ruis (uoeruge of six ruty/group). Key: 0, celiicle; 
A, Nu diethyldiiliiorurbumute; A3. 


Evaluation of the present investigation was based on 
the effect of this drug on systolic blood pressure, weight 
gains, and urinary dopamine levels in renal hyper- 
tensive, unilaterally nephrectomi;ced and normal male 
albino rats. 


EXPERIMENTAL 


Male albino rats of the Sprague-Dawley strain weighing 125 to 
150 g. were divided into three groups: surgically intact, unilaterally 
nephrectomized, and renal hypertensive. Each group was further 
divided into two subgroups: animals receiving Na diethyldithio- 
carbamate 66.5 mg./kg. and animals receiving vehicle, 0.1 M 
phosphate buffer (pH 7.4), 1 ml./kg. of body weight. Injections were 
made every other day. Animals were fed 20 g. Purina rat chow2 per 
animal per day and water was provided trd libitum. 


Renal hypertension was produced by the method of Goldblatt 
ef a/. (7) as modified by Drury (8) and consisted of two separate 
operations. The first involved right unilateral nephrectomy followed 
in 2 weeks by compression of the contrallteral renal artery. 


Indirect blood pressure was measured on a biweekly basis using 
the tail cuff method (9). 


Determination of urinary DA was carried out according to the 
method of Carlsson and Waldeck (10) iis modified by Coates (9). 


Student’s f test was used to measure 1:vel of significance at  p < 
0.05 for all comparisons reported (1 1) .  


RESULTS AND DISCUSSION 


The effect of DDC on body weight in normal male albino rats is 
illustrated in Fig. 1. The mean body weight of the vehicle-treated 


2 Ralston Purina Co., St. Louis, MO. 
The solid triangles A designates significant differences. 
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Figure 2-Effect of Nu diethyldithiocarbumute 011 body weight in 
unilaterally tiephrertomized mule albino rats (average of six ruts/- 
group). Key: 0, aehicle; A, Na diethyldithiocurbumute; A3. 


WEEK OF TREATMENT 


animals increased from an initial value of 180 g. to a final weight of 
400 g. The mean body weight of the DDC-treated animals increased 
from an initial value of 175 g. to 350 g. during 10 weeks of treat- 
ment. The drug-treated animals had a significantly lower mean 
body weight than vehicle-treated animals after 6 weeks of treatment. 


Figure 2 represents the effect of DDC treatment on body weight 
in unilaterally nephrectomiLed male albino rats. The mean body 
weight of vehicle-treated animals increased from an initial value of 
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Figure &Effect of Na dietliyldithiocurbamate on systolic blood 
pressure in male albino rats (average of six ratslgroup). Key: 0, 
vehicle; A, Nu diethyldithiocurbumute; A3. 


240 g. to  350 g. during the ninth week of the study, whereas the 
mean body weight of the DDC-treated animals increased from 235 
g. to 300 g. durmg the. same period. The DX-treated animals had a 
significantly lower mean body weight than that of the control an- 
imals after 4 weeks of treatment. 


The mean body weight of vehicle-treated versus DDC-treated 
renal hypertensive male albino rats is represented in Fig. 3. The 
mean body weight of the control animals increased from 425 g. to 
450 g.; however, mean body weight &the DDC-treated animals de- 
exeased from 395 g. initially ,to 375 g. afier 10 weeks of-treatment. 
The difference from control values became significant after 2 weeks 
of treatment with DDC. 


The time interval subsequent to initiation of treatment at which 
the weight of the DDC-treated animals became significantly dif- 
ferent from that of the controls appeared to reflect the amount of 
functional kidney tissue in the three groups studied. The unilaterally 
nephrectomized and renal hypertensive DDC-treated animals 
showed a significantly lower body weight than that of the control 
animals after 4 and 2 weeks of treatment, respectively. The normal 
or surgically intact animals showed this difference after 6 weeks of 
treatment with DDC. This effect may be nothing more than an 
inability to excrete an entire single dose resulting in a cumulative 
effect. 


The effect of DDC treatment on systolic blood pressure in male 
albino rats appears in Fig. 4. The mean systolic blood pressure of 
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Figure 5-Effect of Nu dietlzylditliiocarbu~iute on systolic blood 
pressure in uniluterully t~~phrectomized mule albino ruts (average o j  
six rutslgrorrp). Key: 0, vc4iicle; A, Nu dietliyldithiocurbumute; A3. 
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Figure &Effect of Na diethyldithiocarbamate on systolic blood 
pressure in renal hypertensive male albino rats (average of six rats/- 
group). Key: 0, vehicle; A, Na diethyldithiocarbamate; &?. 


the vehicle-treated animals increased from an initial value of 115 
mm. Hg to a final value of 125 mm. Hg. The blood pressure of the 
DDC-treated animals decreased from 110 mm. Hg to 105 mm. Hg. 
However, there was a significant difference from control after 7 
weeks of treatment with the DDC. 


The systolic blood pressure of the unilaterally nephrectomized 
vehicle-treated male albino rats increased from a mean of l(30 mm. 
Hg to a mean of 120 mm. Hg after 7 weeks of treatment (Fig. 5). 
A decrease in systolic blood pressure was observed in the drug- 
treated unilaterally nephrectomized animals ranging from an initial 
mean value of 110 mm. Hg to a mean of 98 mm. Hg after 7 weeks of 
treatment with DDC. The decrease in systolic blood pressure be- 
came significant after the fourth week of treatment. 


The hypotensive effect of DDC was more dramatic in renal 
hypertensive animals (Fig. 6).  The mean systolic blood pressure of 
the vehicle-treated renal hypertensive male albino rats increased 
from an initial value of I 35 mm. Hg to a final value of 165 mm. Hg. 
However, the mean systolic blood pressure of the DDC-treated 
animals decreased from a mean of 140 mm. Hg initially to a mean of 
100 mm. Hg after 9 weeks of treatment. A significant difference from 
controls was observed after 4 weeks of treatment with DDC in the 
renal hypertensive animals. 


The significant hypotensive effect observed in the three groups 
treated with DDC agrees with the observations of Wohl etal.  (12). 
These authors using DOPA hypertensive rats noted a marked and 
sustained hypotensive effect when 100 mg./kg. of disulfiram was 
administered intraperitoneally. The explanation of the hypotensive 
effect on the basis of increased circulating or tissue DA levels ap- 
pears incongruous to the findings of Pogrund et al. (13), who 
demonstrated a pressor response to DA in the rat. However, 
Thoenen et al. (14) observed that after inhibition of DBH .-by 
disulfiram, DA incompletely replaced the missing NE suggesting 
the affinity of DA for storage sites is weaker than that of NE. This 
view appears to be in agreement with the observations of Burn 
and Rand (15). These authors in an effort to explain the depressor 
effect of DA in guinea pig hypothesized that DA when present in 
larger quantities than NE occupied some of the vacated NE re- 
ceptor sites. But, being a much feebler constrictor agent, DA's 
occupation of the sites results in loss of vascular tone. Therefore, 
the hypotensive effect observed in the DDC-treated animals in  this 
study may be a consequence of decreased NE levels. 


The effect of DDC treatment on urinary DA levels in normal 
male albino rats is represented in Fig. 7. There was no significant 
difference observed between control and DDC-treated animals at 
any time during treatment. Urinary DA levels of the vehicle-treated 
animals ranged from an initial value of 22 mcg./24 hr. to a value of 
20 mcg./24 hr. after 9 weeks of treatment. Similarly, urine DA levels 
of the DDC-treated animals ranged from a low of 20 mcg./24 hr. 
after 2 weeks of treatment to a high of 28 mcg./24 hr. after 6 weeks of 
treatment, findy returning to normal after 9 weeks of treatment. 


0 2 4 6 8 10 


Figure I-Effect of Na diethyldithiocarb~ mate on urinary dopamitie 
in male albino rats (average of six ratslgroup). Key: 0, uehicle; 
A, Na diethyldithiocarbamate. 


WEEK OF TREATMENT 


Figure 8 represents the effect of DDC on urinary DA in unilater- 
ally nephrectomized male albino rats. 1Jrinary DA levels of the 
DDC-treated animals increased from a normal value of 18 mcg./24 
hr. to 22 mcg./24 hr. after 7 weeks of treatment. The mean urine DA 
levels of the controls decreased from a normal of 15 mcg./24 hr. to 
13 mcg./24 hr. after 7 weeks of treatment. There was a significant 
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Figure &Effect of Na diethyldithiocarbamate on urinary dopamine 
in unilaterally nephrectomized male albino rats (average of six 
rutslgroupj. Key: 0, vehicle; A, Na diethyliidhiocarbamate; A3. 
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Figure 9-Efect of‘ Nu diefhyldithiocarbara/e on urinary dopumine 
in rend hypertensire male albino rars (average of six ruts/group). 
Key: 0, rehicle: A, Nu dierhyldithiocarbamate. 


difference between drug-treated and control animals observed after 
7-weeks treatment with DDC. 


The effect of DDC on urinary DA levels in renal hypertensive 
male albino rats appears in Fig. 9. Mean urine DA levels of the con- 
trols increased from 15 mcg.124 hr. to a high of 18 mcg./24 hr. after 
9 weeks of treatment, whereas the total urinary DA of the DDC- 
treated animals ranged from 20 mcg./24 hr. to a low of 17 mcg./24 
hr. after 9 weeks of treatment with DDC. There was no significant 
difference from controls at any point during treatment. 


The inability to demonstrate increased uiinary DA levels with the 
DDC-treated animals does not appear contradictory to the ex- 
planation of the hypotensive effect. Although circulating or tissue 
DA levels may be slightly increased as a result of enzyme inhibition. 
M A 0  has been reported to have a greater affinity for DA than for 
NE. As a result and at  this dose of DDC a significant increase in 
urinary DA would not be detected. The latter hypothesis appears to 
agree with the results in this study. 


SUMMARY 


Normal, unilaterally nephrectomized, and renal hypertensive male 
albino rats were treated with DDC, a DBH inhibitor. Weight gain, 


systolic blood pressure, and urinary DA levels were measured in an 
effort to further investigate the role of DA in experimental hyper- 
tension. A significant hypotensive effect was observed in the three 
groups treated with DDC. A significant decrease in body weight 
was also observed in the DDC-treated animals in the three groups 
studied. The significant hypotensive efyect and decreased body 
weight appeared to  correlate with amount of functional kidney tis- 
sue present. There was no significant difference in urinary DA ex- 
cretion between drug-treated and control animals in either the 
normal or renal hypertensive groups. A significant increase in 
urinary DA was observed in the unilaterally nephrectomiied drug- 
treated group after 7 weeks of treatment with DDC. This increase 
cannot be explained at  the present time, The results of this study 
do not indicate any correlation between arterial blood pressure and 
urinary DA levels. 


REFERENCES 


( I )  R J Bing, An?. J .  Physiol., 132, 497(1941). 
(2) C. Giordano, A. H. Samily, J. Bloom, F. W. Haynes, and 


(3) D. R. DeFanti and J. J. DeFeo, Biochem. Pharmacol., 12, 


(4) M. Goldstein, B. Anagoste, E. Lauber, and M. R .  Mc- 


( 5 )  A. Carlsson, M. Lindqvist, K. Fuxe, and T. Hokfelt, J .  


(6) C.  G. S. Collins, ibid., 17, 526(1965). 
(7) H. Goldblatt, J.  Lynch, R. F. Hanzel, and W. W. Summer- 


(8) D. R. Drury, ibid., 68, 695(1938). 
(9) D. W Coates, Ph.D. thesis, University of R .  I., 1968. 


J. R. Merrill, Federation, Proc , 19, lOO(1960). 


173( 1963). 


Kereghan, Life Sci.,  3, 763(1964). 


Pharm. Pharmacol., 18, 60(1966). 


ville, J.  Exptl. Med., 59, 334(1934). 


(10) A. Carlsson and B. Waldeck, Acta Physiol. Scand, 44, 


(1 1) G. W. Sedecor, “Statistical Methods,” Iowa State University 


(12) A. J. Wohl, M. Nemeth, and C. Korduba, Federation Proc., 


(13) R.  S. Pogrund, W. Drell, and W. G. Clark, J.  Pharmacol. 


(14) H. Thoenen, W. Haefely, K. F. Gey, and A. Huerlimann, 


(15) J. H. Burn and M. J. Rand, Brit. J. Pharmacol.. 13,471( 1958) 


295( 1958). 


Press, Ames, Iowa, 1956, p. 45. 


24, 389(1965). 


Exptl. Therap., 131, 294(1961). 


ibid., 156, 246(1967). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 28, 1969 from the Department of Pharmacology, 
College of Pharmacy, University of Rhode Island, Kingston, RI 
02881 


Accepted for publication August 13, 1969. 
Abstracted in part from the thesis submitted by H. L. Crossley 


to the School of Graduate Studies, University of Rhode Island, in 
partial fulfillment of Master of Science degree requirements. 


This investigation was supported in part by Public Health 
Service grant HE-09292. 


1484 Journal of Pharmaceutical Sciences 












Synthesis and Bioactivity of Lincomycin-2-Phosphate 


W. MOROZOWICH, D. J. LAMB, H. A. KARNES, F. A. MACKELLAR, 
C. LEWIS, K. F. STERN, and E. L. ROWE 


Abstract 0 Tritylation of 3,4-O-anisylidene lincomycin (11) was 
found to give 7-O-trityl-3,4-O-anisplidene lincomycin (III), a key 
intermediate in the synthesis of lincomycin-2-monoesters. The struc- 
ture of 111 was established by NMR. Phosphorylation of 111 with 
POCll in pyridine gave the resulting dichlorophosphate IV which 
after hydrolysis and treatment with 80% aqueous acetic acid (loo", 
30 min.) gave lincomycin-2-phosphate (V). The water-soluble ester 
V is inactive in the plate antibacterial assay using S. Irrtea, although 
in uiuo V is as active as the parent compound lincomycin (1) in 
mice infected with S. uurcus. V gave slightly higher blood levels than 
the parent compound I upon oral administration in dogs. The taste 
of V is less bitter than I. 


Keyphrases 0 Lincomycin-2-phosphate-synthesis 0 Bioactivity- 
lincomycin-2-PO4 0 Ion exchange chromatography-separation 
TLC-separation, identification 0 NMR spectroscopy-structure 


8 


OH 
I 
I a =  HCI salt 


This work is part of a program aimed at improving 
the pharmaceutical (taste, etc.) and biological properties 
(absorption, depot action, etc.) of the antibiotic linco- 
mycin (I) (1-3). The problem can be approached by (a )  
the synthesis of esters which could be cleaved by in 
uiuo enzyme systems, or (6) the synthesis of esters 
which are labile at physiological pH. This report de- 
scribes the synthesis of the enzymatically labile phos- 
phate ester of lincomycin. The synthesis of hydrolyti- 
cally labile esters will be reported later. 


The excellent chemical stability of phosphate esters 
(4) in the di-anionic state (>pH 6) and the ease of in 
uiuo hydrolysis by the widely distributed phosphatases 
makes this class of derivatives ideal for modifying the 
physical properties of drugs while maintaining the in 
uiuo bioactivity of the parent compound. 


It was speculated that lincomycin-2-phosphate (V) 
might have a less bitter taste than I because (a) impart- 
ing a net negative charge on the originally positively 
charged I might disturb or prevent the bitter taste re- 
ceptor interaction and (6) heavy metal or amine salts 
might be insoluble and therefore less bitter. 


This report shows that V is antibacterially active in 
uiuo and that it is less bitter than I .  


RESULTS AND DISCUSSION 


Synthesis-Lincomycin-2-phosphate (V) was synthesized by the 
route shown in Scheme I. Reaction of 3,4-O-anisylidene lincomycin 
(11) ( 5 )  with trityl chloride and triethylamine in acetone provided 
selective tritylation at the 7-position to give 7-0-trityl-3,4-0-anisylid- 
ene lincomycin (111). To establish the structure, 7-0-trityl-3,4-0- 
anisylidene lincomycin-2-benzoate (VI) was prepared from I11 
with benzoyl chloride in chloroform-pyridine. Subsequent removal 
of the trityl and anisylidene groups with 80% aqueous acetic acid 
afforded lincomycin-2-benzoate isolated as its hydrochloride salt 
(VII). The structure of I11 was concluded from its NMR spectrum 
and the spectra of the resulting benzoate esters (VI and VII) (see 
Table I). 


The NMR spectra show that on tritylation the Cs methyl doublet 
in I11 is shifted upfield by 0.37 p.p.m., the anomeric hydrogen ab- 
sorption is at the same chemical shift as in I and 11, the compound 
contains one hydroxyl group, and one carhinol hydrogen is shifted 
upfield due to the trityl ether function. The NMR spectrum of the 
benzoate ester VI retains the C8 methyl doublet shifted upfield and 
the trityl ether carbinol hydrogen is shifted upfield. The spectrum 
contains aromatic hydrogen absorption characteristic of a benzoate 
ester and a complex pattern at 5.5 6 with area equivalent to two 
hydrogens. The line intensities and splitting patterns of this com- 
plex multiplet indicate that the two hydrogens are on adjacent 
carbons, the anomeric hydrogen is shifted downfield and its usual 
doublet pattern is distorted by the proximity of the Cz hydrogen 
absorbance. Acid-catalyzed removal of the trityl and anisylidene 
protecting groups of VI  gave the monobenzoate VII. The NMR 
spectrum of VII retained the 5.6-5.4 6 absorption complexities of 


Table I-NMR Spectral Data, 6 Scale 


I- Anisylidene-------. 
Com- No. cs -  
pound Solvent Aryl-H OCH3 Benzylic-H HI X . z ,  C.P.S. Carbinol N-CH3 doublet 


1 CDCI, - - - 5.35 5.0 4.4-3.4 2.40 1.20 
- - - 5.34 5 . 5  4.3-3.4 2.33 1.14 


Ia DzO - - - 5.30 5 . 5  4.6-3.5 2.98 1.17 
I1 CDCI, 4 3.80 6.16 5.31 5 . 5  4.62-3.8 2.27 1.20 


DzO 


111 CDCIa 19 3.79 6.01 5.22 4 .5  4.7-3.65 2.27 0.83 
v1 CDCI3 24 3.82 6.07 -5.52 -5 .5  Hz - 5.48 2.27 0.95 


VII d7DMF 5 AR-H's of benzoate 5.63 5 . 5  Hz - 5.45 3.04 1.21 


V DzO - - - 5.53 5 . 5  4.7-3.65 2.95 1.16 


4.85-3.65 


4.7-3.5 
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the anomeric and Cz hydrogens, whereas the Cs methyl doublet 
shifted back to the position of the corresponding functions in I 
and 11. Spin decoupling techniques at 100 Mc.p.s. demonstrate 
that esters prepared from I l l  exhibit esterified carbinol hydrogen 
absorption in the 5.0-5.4 6 region with the 5.5 C.P.S. vicinal coupling 
of the anomeric hydrogen. One concludes that the esters VI and 
VIII are C, esters and therefore the trityl function in I11 must be at 
C7. 


Treatment of I11 with P0Cl3 in pyridine gave the dichlorophos- 
phate intermediate IV, which was hydrolyzed to the ionic phosphate 
ester on treatment with water. The trityl and anisylidene protective 
groups were removed with 80% aqueous acetic acid at 100" in 
15-30 min. The phosphate ester V was initially isolated by prepara- 
tive ion-exchange chromatography on ion-exchange resin' using a 
linear gradient of water (pH 9) going to 1 M ammonium acetate 


The chromatographic conditions were dictated by the results of 
sorption studies. A pH of 9 was chosen because V should have an 
effective charge of -2 at high pH (Fig. l ) ,  assuming a pKa of 7.5 
for the amino group2 and pKa values of 2 and 6 for the phosphoryl 
group (6). V was efficiently sorbed by the cationic resin' at pH 
8-9 (Fig. 2). Complete desorption of V from the resin occurred with 
approximately 0.3 N ammonium acetate at pH 9 (Fig. 3). 
In the preparative chromatographic system (Fig 4). a linear 


gradient of water (pH 9) to 1 N ammonium acetate was used. This 
system permits sorption of V at low electrolyte concentration and 
complete desorption of V before reaching the maximum electrolyte 
concentration. The phosphate ester peak (Fig. 4, Peak 11) was col- 
lected from the preparative chromatographic system and the solu- 
tion was freeze-dried to remove ammonium acetate. Recrystalliza- 
tion of the freeze-dried cake gave the hemiammonium salt V b  in 
26 yield. 


The homogeneity of the compound was established by the pres- 
ence of one symmetrical peak in the analytical ion-exchange 
chromatogram (Fig. 5 )  with only a trace of a supposed pyrophos- 
phate ester of I. Only one signal was observed for the thiomethyl, 


(PH 9). 


1 Dowex 1-X2, The Dow Chemical Co., Midland, Mich. 
The pKa of lincomycin.HC1 is 7.5 in water. 
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M-methyl, and the anomeric proton doublet in the 60 Mc.p.s. 
NMR spectrum (see Table I). 


The demand for kilogram quantities of V necessitated a process 
development study. This study afforded a phosphorylation pro- 
cedure which permitted purification of V by direct crystallization 
of the zwitterionic form V a  from alcohol-water mixtures. The 
main changes in the improved procedure were the use of large ex- 
cess of POCla and the removal of inorganic phosphate from the 
fully protected phosphate ester. Yields of approximately 50% were 
obtained on the kilogram scale with a purity of greater than 99% 
as shown by analytical ion-exchange chromatography. 


Bioactivity-Three procedures were used to compare the bio- 
logical activities of Vu, V b ,  and the parent compound, Ia. Activities 
were compared in a microbiological assay using S. Iufea (7), thera- 
peutic activities were compared following oral and subcutaneous 
administration to S. uurens-infected mice (7), and fasting blood 
levels were compared after oral administration of 0.123 mmoles/kg. 
to the three beagle dogs. 


1 2 3 4 5 6 7 8  
PH 


Figure I-Calculated net charge-pH profle for lincomycin-2-phos- 
phate ( V )  using the pKa assignments of 2 and 6 for the phosphoryl 
moiety and 7.5 for the amino function. 
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Figure 2-Percentage of Iiiicomycin-2-plio~pp/mle (V) sorbed versus 
p H  during continuous recirculation of 50 ml. water containing 0.2 
V through I g. ion-exchange resin (acetate form, 200-300 mesh). 
The pH was changed by addition of gaseous ammonia. 


Compounds V a  and V b  had identical activities using either the 
therapeutic or microbiological assay. Although Ia was more than 
50 times as active as V a  in microbiological assays the two com- 
pounds had equal therapeutic activities in S.  aureus-infected mice, 
whether administered orally or subcutaneously. In blood level 
studies (Fig. 6) ,  V a  blood levels were slightly higher than those 
obtained with the parent compound. Both Ja and V a  gave peak 
blood levels 1 hr. after oral administration. 


These studies indicate that antibacterial activity probably de- 
pends on lincomycin levels, that the unhydrolyzed ester is inactive, 
and that in viuo hydrolysis of the phosphate ester Va to the parent 
compound is very rapid. Hydrolysis of the phosphate ester by the 
widely distributed phosphatases probably accounts for the in viuo 
activity of Va. 


Taste Panel Evaluation-Aqueous formulations of V and Ia 
(0.123 M) were prepared containing 6 5 z  sucrose, 0.385% sac- 
charin, preservatives, imitation raspberry flavor, and coloring agents. 


The formdations were coded and submitted for taste evaluation 
to a panel of 36 adults. The taste was rated on a scale of 1 (very 
bitter) to 9 (tasteless). The results showed an average score of 4.68 
for V and 3.39 for In. The difference in means required for sig- 
nificance at the 5 %  level was 0.86, thus indicating that V is sta- 
tistically less bitter than Ia. 


Various long chain amine salts of V and the poorly water soluble 
calcium salt of V failed to improve the taste. 


EXPERIMENTAL 


Thin-Layer Chromatography (TLCtTLC was conducted on 
cellulose (Avid)  and on Silica Gel G plates. Solvent A: hexane, 
ether, pentan-2-one, methanol, concentrated ammonium hydroxide 


Y I  I I I I , I 
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 
MOLAR CONCN. AMMONIUM ACETATE, pH 9 


Figure 3-Percentage lincomycin-2-phosphate ( V )  desorbed from 
ion-exchange resin by ammonium acetate at p H  9.0 using the circu- 
Iating deoice and quantities as in Fig. 2. 
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Figure 4-Prepurutice ion-exrhaitge rhromatogram of 40 g. limo- 
iycin-2-phosphate ( V )  on a 7.62-cm. X 35.56-em. (3-in. X 14-in.) 
column of ion-exchange resin (200-400 mesh, acetate form) using a 
finear gradient (dashed line) consisting of 7 I .  water (pH 9) going to 7 
1. I N ammonium acetate (pH 9). The column efluent (pow rate 1.5 
/./hr.) was monitored continuously with a Bendix recording polari- 
meter. Peak I is mainly the starting Compound I and Peak I1 is the 
phosphate ester V. 


(60:20:20:9:1). Solvent B: n-butanol, isopropyl alcohol, water, 
concentrated ammonium hydroxide ( I  0 : 70 :20 : 10). The silica 
gel plates were sprayed with 20% ammonium sulfate and heated to 
180" to char the compounds. Iodine was used to detect the com- 
pounds on cellulose plates. 


NMR Spectra at 60 Mc.p.s.-Chemical shifts are reported in 
delta (6) units, i.e., p.p.m. downfield from the internal reference. 
Samples in CDCl, and d7 DMF ( - O . M . 1 5  M )  utilize the internal 
standard tetramethylsilane. Samples in D,O (-0.1-0.15 M )  utilize 
sodium2,2-dimethyl-2-sila-pentane-5-sulfonate as internal refer- 
ence. Hydroxyl resonance peaks were verified via exchange reac- 
tions with DzO. Table I lists the pertinent NMR data. 


3,4-O-Anisylidene Lincomycin (@-I1 was prepared by a modi- 
fication of the procedure reported earlier (5). Three hundred grams 
of anhydrous lincomycin HCI was dissolved in a mixture of 1600 
ml. N,N-dimethylformamide and 500 ml. anisaldehyde by heating 
to 94". The solution was diluted with 1175 ml. benzene and the 
solvent was allowed to distill. After collecting 400 ml. of distillate, 
400 ml. of fresh benzene was added. This process was continued 
until 5.2 1. of distillate was collected. Crystallization of the hydro- 
chloride salt of I1 occurred during distillation. After standing at RT 
for 18 hr., the pale yellow crystalline compound was isolated by 
filtration under a nitrogen atmosphere. The filter cake was washed 
with chloroform and the moist cake was dissolved in a mixture of 
6 1. methylene chloride and 10 1. of water containing 35 g. sodium 
hydroxide. The methylene chloride layer was washed successively 
with 1 1. water, 100 ml. 0.1 N HCI and finally with 1 I. water. The 
organic layer was concentrated to 500 ml. by atmospheric distilla- 
tion and then concentrated to a viscous residue under high vacuum. 
The residue was dissolved in 450 ml. hot acetone and the solution 
was decolorized with 15 g. charcoal. After filtration, the solution 
was diluted with 1800 ml. ether followed by 820 ml. hexane. The 
resulting crystals (273 g., 77 %) were isolated by filtration and dried 
at 65 O under high vacuum, m.p. 136-1 37 '. TLC on silica gel showed 
one spot in Solvent A with R f  0.3.  


0 200 400 600 
EFFLUENT VOLUME, ml. 


Figure 5-Analytical ion-exrlzunge analysis of lincomycin-2-phos- 
phate Vb (35.6 mg.) on a 9- X 400-mm. column of ion-exchange 
resin (200400 mesh, acetate form) using three linear gradients going 
from water (pH 9) to 1.2 N amnzonium acetate (pH 9). The eIuant 
was pumped at a rate of 2 ml./min. and the efluent was monitored 
continuously using a Bendix recording polarimeter, Peak I is the 
phosphute ester V ;  Peak I1 is probably the pyrophosphate ester of I .  
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Figure 6-Ar eruge wrum levels iii three dogs followirtg oral udminis- 
trution of Iri~romyciri-2-pliosphrrte ( Va) ( 0 4 )  und lincomyciii . HCI 
(la) (0 -0) both ut c1 douge equicnletrt to 50 mg./kg. of liilcomyciiz 
buse (0.123 mMIhg.) .  


Ariul.-Calcd. for CU~H,,N,O~S: C, 59.53; H, 7.69; N, 5.34; S, 
6.10; eq. wt., 524.63. Found: C, 59.58; H ,  7.94; N, 5.75; S, 6.21; 
eq. wt. 561; [DI]D + 137" (EtOH). 
7-0-TrityI-3,4-0-Anisylidene Lincomycin (111)-A solution con- 


taining 128 g. of 3,4-O-anisylidene lincomycin in 400 ml. acetone 
was treated with 256 ml. triethylamine and 320 g. trityl chloride. 
The condenser was fitted with a CaCL drying tube and the suspen- 
sion was refluxed for 24 hr. with concomitant precipitation of 
triethylamine HCI. 


The brown suspension was cooled to 50" and 125 g. silica gel was 
slowly added. The mixture was stirred for about 2 min. and then 
subjected to filtration using a heated filter funnel. The solids were 
washed with two 200-ml. portions of hot acetone. The brown filtrate 
and washings were combined and diluted with 1600 ml. cyclo- 
hexane. The solution was heated to reflux while adding 5600 ml. 
hexane and after standing at RT overnight the resulting yellow 
crystals were isolated by filtration, washed with 500 ml. hexane, 
and air-dried to give 160 g. (86%) of crude 111. 


The product was dissolved in 7400 ml. hot acetone and the solu- 
tion was quickly filtered through a bed of 800 g. silica gel. The 
silica gel bed was washed with 4500 ml. hot acetone and the filtrate 
and washings were combined. 


The colorless solution was heated to reflux and then diluted with 
12 1. of 55" water. Crystallization of the product occurred while 
cooling the solution to 10". The crystals were isolated by filtration, 
washed with acetone-water (2 : I ) ,  and then air-dried to give 135 g. 
(72%) of 111. m.p. 202-203 '. TLC on silica gel in Solvent A showed 
one spot with RJ 0.6. 


Anal.-Calcd. for C,jH,aN207S (767.01): C, 70.47; H, 7.10; N, 
3.65; S,4.18. Found: C, 70.66; H, 7.19; N, 3.93; S, 4.33. 
7-0-Trityl-3,4-0-Anisylidene Lincomycin-2-Benzoate (V1)-One 


gram of 111 was dissolved in a mixture of 10 ml. chloroform and 
1 .1  ml. pyridine in a flask protected from moisture. A solution of 
0.60 ml. of benzoyl chloride in 1 ml. chloroform was added drop- 
wise over a 0.5-hr. period. 


After dilution with 25 ml. CHCla, the solution was extracted with 
200 ml. 5 Na2C03 and then extracted with three 200-ml. portions 
of water. The chloroform layer was dried with sodium sulfate and 
about 10% of the chloroform was removed by distillation. The 
solution was diluted with 40 ml. hexane and gentle scratching of the 
flask induced crystallization. The compound was isolated by filtra- 
tion and air-dried to give 805 mg. of VI. Slow evaporation of the 
combined filtrates gave an additional 95 mg. of product (combined 
yield SO%), m.p. 144-145". 


And-Calcd. for CjaHa8N2O8S (871.12): C, 71.70; H, 6.71; 
N, 3.22; S, 3.68. Found: C ,  71.32; H, 6.89; N, 3.42; S, 3.71. 


Lincomycin-2-Benzoate HCI (VH-A solution of 490 mg. of VI 
was dissolved in 4 ml. glacial acetic acid. The solution was diluted 
with 0.8 ml. water and then heated at 100" for 20 min. The hot 
solution was diluted with 5 ml. water resulting in crystallization of 
tritanol. After cooling, the tritanol was removed by filtration and 
the filtrate was concentrated to a viscous residue under vacuum at 
25". The residue was dissolved in 25 ml. water and the solution was 
treated with 10 ml. 3 sodium carbonate. The resulting white pre- 


cipitate of lincomycin-2-benzoate was extracted with four 15-ml. 
portions of chloroform. The extracts were combined, dried with 
sodium sulfate, and concentrated to about 12 ml. by atmospheric 
distillation. The solution was evaporated to a viscous residue 
under vacuum at 25" and the residue was dissolved in 35 ml. ether. 
The solution was cooled to 0", HCI gas was introduced, and the re- 
sulting precipitate was isolated by filtration under nitrogen. The 
product was washed with ether and dried under vacuum to give 
270 mg. of white amorphous product. 


The compound (240 mg.) was dissolved in 6 ml. tetrahydrofuran, 
treated with 50 mg. charcoal, and filtered. The filtrate was diluted 
with 10 ml. acetone and then slowly diluted with 20 ml. ether over 
a 5-min. period to precipitate an amorphous powder. The com- 
pound was isolated by filtration under nitrogen and dried under 
vacuum to give 225 mg. (81 %). 


Am/.-Calcd. for C2,H3,CIN207S (547.13): C, 54.88; H, 7.19; 
CI, 6.48; S, 5.86. Found (corrected for HzO): C, 55.59; H, 7.58; 


Hemi-ammonium Lincomycin-2-Phosphate (Vb)-A solution of 
76.7 g. of 111 in 200 ml. pyridine was added dropwise over a period 
of 10 min. to a stirred solution of 18.4 g. POCI, in 200 ml. pyridine 
maintained at -40". The solution was allowed to warm to -20" 
and after 25 min. the solution was mixed with a cold (- 35 ") mix- 
ture of 36 ml. water and 150 ml. pyridine. The solvent was removed 
at 55" under vacuum. Ethanol (100 ml.) was added to the viscous 
residue and the solvent was removed again. The residue was dis- 
solved in 400 ml. acetic acid, the solution was diluted with 80 ml. 
water and heated on a steam bath for 0.5 hr. The solvent was re- 
moved under vacuum at 5 5 " ,  200 ml. water was added, and the 
evaporation process was repeated. The residue was shaken with a 
mixture of 700 ml. water and 100 ml. concentrated ammonium 
hydroxide. The insoluble tritanol was removed by extraction with 
1 1. chloroform. Ammonia was removed under vacuum and the 
solution was freeze-dried to give 75 g. crude V. 


A solution of 40 g. crude V in 750 ml. water was adjusted to pH 
9 with NH,OH and then applied to a 7.62 X 35.56-cm. (341-1. X 14- 
in.) column of resin (acetate) prewashed with 0.1 NH40H. The 
rate of application was 750 ml./hr. Elution was conducted at a rate 
of 1500 ml./hr. with a linear gradient of 7 1. water (pH 9) going to 
7 1. 1 N ammonium acetate (pH 9). The column effluent was moni- 
tored continuously with a Bendix recording polarimeter (Fig. 4). 
The product peak was collected separately and concentrated to a 
low volume to remove most of the ammonium acetate. The solution 
was diluted with 4 1. water and freeze-dried. The residual cake was 
heated to 100" under high vacuum to remove traces of ammonium 
acetate. The only contaminant at this stage was inorganic phosphate 
which was removed with ammonia. A solution of the compound in 
a mixture of 200 ml. water and 200 ml. ethanol was cooled to 0" 
and saturated with gaseous NH3 to precipitate ammonium phos- 
phate. The precipitate was removed by filtration and the filtrate 
was evaporated to dryness. The residue was dissolved in a mixture 
of 66 ml. water and 3.6 ml. acetic acid. The solution was diluted 
with 450 ml. acetone to induce crystallization. The product was 
isolated, dried at 100" under high vacuum, and equilibrated with 
the laboratory atmosphere to give 14.2 g. (26%) of the hemi- 
ammonium salt Vb, m.p. 201-208'. 


The compound showed one spot (Rf 0.5, Solvent B) on cellulose 
TLC and only a trace of a supposed pyrophosphate impurity was 
observed in the analytical ion-exchange chromatogram (Fig. 5).  


The elemental analyses indicated the compound was the hemi- 
ammonium salt Vb. The discrepancies in the analyses were probably 
due to the unstable character of the ammonium salt. 


Anal.-Calcd. for C36H73N6018P2S2 (990.10). C, 43.67; H, 7.43; 
N, 7.07; P, 6.26; eq. wt., 245.02. Found: C, 42.22; H,  7.90; N, 
7.07; P, 5.77; eq. wt., 237.; H20, 6.91 (analyses corrected for 6.91 % 
H20 and 0.87% inorganic phosphate as NHaH2P04). 


Lincomycin-2-Phosphate (Va)-Preparative Scale-A solution 
of 300 g. 111 in 2600 ml. pyridine was added dropwise to a stirred 
solution of 125 g. P0Cl3 in 850 ml. pyridine maintained at -5". 
After 45 min. at - 5' the solution was diluted with a cold (0") mix- 
ture of 800 ml. pyridine, 1600 ml. tetrahydrofuran, and 700 ml. 
water. The resulting suspension was concentrated to 1500 ml. under 
vacuum at 40" and 13 1. water was added. The product was isolated 
by filtration and then dissolved in 3 1. hot (85') 80% aqueous acetic 
acid. After 30 min. at 85",  the solution was concentrated under 
vacuum at 60" to 1600 ml. resulting in precipitation of tritanol. 
Two hundred milliliters water was added and the tritanol was re- 


CI, 6.43; S, 5.83; HzO, 4.40. 
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moved by filtration. The filtrate was concentrated to 600 ml. under 
vacuum at 60" and 6 1. acetone was added resulting in crystal- 
lization of crude Va.  The compound was dissolved in 1 1. water and 
extracted with 300 ml. chloroform. The pale yellow, aqueous layer 
was partially decolorized with charcoal and the solution was con- 
centrated to 300 ml. under vacuum at 50". The solution was diluted 
with 400 ml. ethanol and the resulting white crystalline V u  was 
isolated by filtration. The compound was recrystallized from a 
mixture of 500 ml. hot (80") water by addition of 500 ml. ethanol. 
The product was isolated by filtration giving 95 g. (50%), m.p. 
223-225' (dec.). Cellulose TLC (Solvent B) and analytical ion- 
exchange chromatography showed no impurities. 


Anal.-Calcd. for CIKHsjNZOISP (486.52): C, 44.43; H, 7.25; 
N, 5.76; P, 6.37; S, 6.59; eq. wt., 486.52. Found: C ,  44.70; H, 7.40; 
N, 5.90; P, 6.50; S, 6.60; eq. wt., 492.; H20,  3.15 (analyses corrected 
for 3.15% HzO); [a]? + 120" (H20). 
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Determination of Phenethanolamine Drugs in Biologic 
Specimens by Ultraviolet Spectrophotometry 


JACK E. WALLACE 


Abstract A rapid differential method for spectrophotometrically 
determining ephedrine and certain related compounds in biologic 
specimens in the presence of other alkaline drugs is presented. 
In the procedure, the compounds are oxidized by means of alkaline 
periodate to benzaldehyde which, in comparison to the original 
compounds, has a much higher molar absorptivity for UV radia- 
tions. In order to enhance significantly the sensitivity and speci- 
ficity of the procedure benzaldehyde is subsequently converted to 
its semicarbazone derivative. Only compounds that have a benzyl 
alcohol functional group and are extractable as an alkline drug can 
be analyzed by the method. The procedure is sufficiently sensitive to 
permit analysis of the compounds in biologic specimens after 
therapeutic doses. 


Keyphrases 0 Phenethanolamine in biological specimensaeter- 
mination 0 Periodate oxidation-phenethanolamine determina- 
tion 0 GLC-identification 0 1R spectrophotometry-identi- 
fication 0 UV spectrophotometry-analysis 


The extensive use of phenethanolamine compounds in 
pharmaceutical preparations has led many investigators 
to develop rapid and sensitive procedures for determin- 
ing these compounds in biologic and pharmaceutical 
specimens. The many published methods attest not only 
to the importance of the drugs but also to  the difficul- 
ties inherent in their analysis. Ephedrine (l-phenyl-2- 
methylamino-propanol) and the related compounds 
phenyramidol, pseudoephedrine, and phenylpropanol- 
amine have benzenoid spectra which are neither sensi- 
tive nor characteristic in their absorption of UV radia- 
tions. Methods which rely on direct UV techniques, 


therefore, have little application to the analysis of these 
compounds in biologic systems (1,2). 


The colorimetric procedures (3-5) for determining 
ephedrine-type compounds also give positive reactions 
with many other alkaline-extractable drugs. The fluoro- 
metric methods (6 )  detect submicrogram quantities but 
require specialized instrumentation and are often time- 
consuming. The problems in applying gravimetric or 
nonaqueous titration systems (7) to the analysis of com- 
pounds in biologic specimens are evident. Paper (8) 
and gas chromatographic (9, 10) procedures can be 
made very sensitive, but they do not provide the forensic 
scientist with specific information concerning the molec- 
ular structure of the unknown compounds. None of the 
previously mentioned methods are capable of screening 
large numbers of samples in  a short time period which 
is often necessary in the clinical laboratory. 


Using periodate oxidation, Heimlich (1 1) developed a 
specific analytical technique for determining phenyl- 
propanolamine in urine. Derivative formation by his 
method affords a sensitivity three to  four times greater 
than that for direct spectrophotometric determination 
of unconverted phenylpropanolamine. Periodate oxida- 
tion was also used by Chafetz (12) for the assay of several 
phenethanolamine compounds in pharmaceutical prep- 
arations, but the procedure is not applicable to the 
analysis of the drugs in biologic specimens. 


The use of steam distillation and a dichromate reagent 
to  obtain benzaldehyde from ephedrine was reported 
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moved by filtration. The filtrate was concentrated to 600 ml. under 
vacuum at 60" and 6 1. acetone was added resulting in crystal- 
lization of crude Va.  The compound was dissolved in 1 1. water and 
extracted with 300 ml. chloroform. The pale yellow, aqueous layer 
was partially decolorized with charcoal and the solution was con- 
centrated to 300 ml. under vacuum at 50". The solution was diluted 
with 400 ml. ethanol and the resulting white crystalline V u  was 
isolated by filtration. The compound was recrystallized from a 
mixture of 500 ml. hot (80") water by addition of 500 ml. ethanol. 
The product was isolated by filtration giving 95 g. (50%), m.p. 
223-225' (dec.). Cellulose TLC (Solvent B) and analytical ion- 
exchange chromatography showed no impurities. 


Anal.-Calcd. for CIKHsjNZOISP (486.52): C, 44.43; H, 7.25; 
N, 5.76; P, 6.37; S, 6.59; eq. wt., 486.52. Found: C ,  44.70; H, 7.40; 
N, 5.90; P, 6.50; S, 6.60; eq. wt., 492.; H20,  3.15 (analyses corrected 
for 3.15% HzO); [a]? + 120" (H20). 
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The extensive use of phenethanolamine compounds in 
pharmaceutical preparations has led many investigators 
to develop rapid and sensitive procedures for determin- 
ing these compounds in biologic and pharmaceutical 
specimens. The many published methods attest not only 
to the importance of the drugs but also to  the difficul- 
ties inherent in their analysis. Ephedrine (l-phenyl-2- 
methylamino-propanol) and the related compounds 
phenyramidol, pseudoephedrine, and phenylpropanol- 
amine have benzenoid spectra which are neither sensi- 
tive nor characteristic in their absorption of UV radia- 
tions. Methods which rely on direct UV techniques, 


therefore, have little application to the analysis of these 
compounds in biologic systems (1,2). 


The colorimetric procedures (3-5) for determining 
ephedrine-type compounds also give positive reactions 
with many other alkaline-extractable drugs. The fluoro- 
metric methods (6 )  detect submicrogram quantities but 
require specialized instrumentation and are often time- 
consuming. The problems in applying gravimetric or 
nonaqueous titration systems (7) to the analysis of com- 
pounds in biologic specimens are evident. Paper (8) 
and gas chromatographic (9, 10) procedures can be 
made very sensitive, but they do not provide the forensic 
scientist with specific information concerning the molec- 
ular structure of the unknown compounds. None of the 
previously mentioned methods are capable of screening 
large numbers of samples in  a short time period which 
is often necessary in the clinical laboratory. 


Using periodate oxidation, Heimlich (1 1) developed a 
specific analytical technique for determining phenyl- 
propanolamine in urine. Derivative formation by his 
method affords a sensitivity three to  four times greater 
than that for direct spectrophotometric determination 
of unconverted phenylpropanolamine. Periodate oxida- 
tion was also used by Chafetz (12) for the assay of several 
phenethanolamine compounds in pharmaceutical prep- 
arations, but the procedure is not applicable to the 
analysis of the drugs in biologic specimens. 


The use of steam distillation and a dichromate reagent 
to  obtain benzaldehyde from ephedrine was reported 
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Figure 3- UV absorption spectra of benzaldehyde in n-hexane and 
of benzaldehyde semicarbazone in water, each Corresponding to a 
benzaldehyde concermntion of5 nicg.lnil. 


Method--Volumes of 5 to 10 ml. of blood, serum, or urine are 
placed in a 250-ml separator and made strongly alkaline by the addi- 
tion of 1 N NaOH. Five- to ten-gram amounts of tissue are ho- 
mogenized and treated in a like manner. One hundred fifty milliliters 
of anhydrous ether is added and the mixture is shaken vigorously for 
3 min. The ether is separated from the aqueous phase by filtration 
through a fast flowing filter paper. Complete recovery of the ether 
should not be attempted, but the volume of recoverable ether is 
immediately recorded and the loss included in the final calculations. 
Ten milliliters of 0.5 N hydrochloric acid solution is added to the re- 
sidual ether and the mixture is shaken vigorously in a separator for 3 
min. Nine milliliters of the aqueous layer is transferred to a 250-ml. 
round-bottom flask with a ground-glass neck for attachment to a 
water-cooled reflux condenser. To the flask is also added 2 ml. of a 
4% solution of periodic acid (G. Frederick Smith Chemical Co., 
Item No. 74 or equivalent), 9 ml. 1 N NaOH, and 50 ml. of spectro- 
quality grade n-hexane (Fisher No. 334 or equivalent). 


The contents of the flask are refluxed, using a Glas-Col heating 
mantle (Glas-Col Apparatus Co., Inc., Terre Haute, Ind.) supplied 
with 40 v. through a variac. The slow reflux is maintained for 30 
min. with constant magnetic stirring of the flask contents. After 
cooling, the n-hexane layer is removed from the flask by means of a 
transfer pipet, and subsequently washed with 10 ml. of 0.5 N HCl. 
Approximately 3 ml. of the organic solvent is transferred to a cell 
and its absorption from 22CL340 mp determined in a recording 
spectrophotometer against a blank solution of n-hexane. If analysis 
at a single wavelength is required, determine the absorption at 240 
mp. 


The sensitivity and specificity of the procedure can be significantly 
enhanced by converting the carbonyl product to its corresponding 
semicarbazone. This is accomplished by reacting the product in 
4-40 ml. of n-hexane (depending upon the amount of absorbance 
observed at 240 mp) with 4 ml. of 0.05 M semicarbazide hydrochlo- 


Table I-Standard Curve Data of Ephedrine Reaction Product 
~ 


Absorb- Absorbance of Absorb- 


Productb 


Ephedrine Absorbance ance Semicarbazone ance 
in Sample, of Reaction Concentra- of Reaction Concentra- 


tion mg./ml. Product" tion 


10.0 0.890 0.089 1.23 0.123 
8.0 0.718 0.090 0.994 0.124 
6.0 0.552 0.092 n . 7 ~  n 125 - .  _ _ _  
4.0 0.356 0.089 0.491 0.123 
2.0 0.190 0.095 0.246 0.123 


a In hexane. b In aqueous semicarbazide. 







Table 11-Recovery Studies of Ephedrine 


-Recovery", Mean f SD, mcg./ml--- 
Ephedrine Added, Homogenized 


mcg./ml. Blood Urine Tissue 


10.0 8.72 f 0.10 9.43 f 0.15 8.37 f 0.11 
5.0 4.31 f 0.05 4.72 f 0.10 4.34 f 0.20 
2.5 2.15 f 0.03 2.28 f 0.04 


Av. recovery, % 86.5 93.3 85.3 


a Determined from semicarbazone derivative. * Not determined. 


ride solution buffered to pH 4.0 with sodium acetate. The reaction is 
conveniently done at room temperature in a flask connected to a 
vacuum rotary evaporator. Semicarbazone formation is complete 
when the n-hexane has been removed. The final aqueous solution is 
read at 278 mg against a 0.05 M semicarbazide blank. A calibration 
curve for the analysis is prepared from appropriate aqueous solution 
of the drug oxidized directly by the alkaline periodate reagent in the 
presence of n-hexane. 


RESULTS 


Ephedrine and several related phenethanolamine compounds 
give reproducible amounts of aryladehyde when oxidized with an 


alkaline periodate reagent. The UV absorption spectra of ephedrine, 
its reaction product, and the reaction product's semicarbazone de- 
rivative are shown in Fig. 1. With the exception of absorbance per 
unit concentration of drug, identical data are obtained for pseudo- 
ephedrine and phenylpropanolamine. Unoxidized phenyramidol has 
a different UV absorption from that of ephedrine, yet the same 
spectral curves are observed after oxidation (Fig. 2). Each of the 
reaction products has an absorption maximum at 240 mp in n- 
hexane, and a 278 mp maximum when converted to their respective 
semicarbazones. The UV spectra of benzaldehyde and its semi- 
carbazone are shown in Fig. 3. It is apparent that the carbonyl prod- 
ucts from the phenethanolamine compounds are benzaldehyde. 
Gas chromatographic and IR data also support this observation. In 
the analysis of each drug a linear relationship over the range 0 to 20 
mcg./ml. is obtained (Tables I and 111). 


Table II  demonstrates the capability of the procedure to recover 
ephedrine from biologic specimens to which the drug has been 
added. In each case the average recovery was greater than 85%. 
Numerous alkaline and neutral drugs that are extracted with ephe- 
drine in a general toxicologic analysis were investigated for possible 
interference (Table 111). It is desirable after the reaction with perio- 
date to wash the n-hexane with 0.5 N HCI. Those alkaline drugs 
which do not have the phenethanolamine group are not oxidized to  
the corresponding aldehyde; consequently, they are extracted from 
the organic solvent layer with dilute acid. In addition, the unoxidized 
drugs are generally incapable of reaction with semicarbazide. 


Table I n Z o m p o u n d s  Investigated for Interference with the Determination of Ephedrine" 


Absorbance of 
Absorbance of Product 


Absorbance Product Absorbance Semi- 
Compound of Productb Semicarbazonec Compound of Productb carbazonec 


Ephedrine 1.78 2.47 Chlordiazepoxide 0.07 0.01 
Pseudoephedrine 1.78 2.47 Chlormezanone 0.04 0.01 
Phenylpropanolamine I .93 2.75 Chloroquin 0.02 0.03 
Phenyramidol 0.84 1.10 Chlorthen 0.05 0.01 
Blank 0.02 0.01 Chlorpheniramine 0.05 0.01 
Acetop henazine 0.02 0.01 Chlorp hentermine 0.08 0.01 
Amitriptyline 0.07 0.02 Chlorpromazine 0.09 0.01 
Amphetamine 0.07 0.01 Chlorprothixene 0.08 0.02 
Antazoline 0.06 0.03 Clemizole 0.06 0.01 
Atropine 0.07 0.01 Cyclizine 0.09 0.01 
Azacyclonol 0.09 0.03 Danthron 0.13 0.03 
Benactyzine 0.04 0.01 Dextromethorphan 0.06 0.01 
Betamethasone 0.04 0.01 Diazepam 0.06 0.02 
Bisacodyl 0.06 0.01 Diethylpropion 0.06 0.02 
Bis hydroxycoumarin 0.06 0.01 Dip henhydramine 0.07 0.01 
Bromodiphenhydramine 0.08 0.01 Diphenylpyraline 0.07 0.01 
Brucine 0.06 0.01 Doxylamine 0.06 0.01 
Caffeine 0.02 0.01 Ergotamine 0.06 0.01 
Cantharidin 0.06 0.01 Ethinamate 0.04 0.01 
Capt odiamine 0.19 0.07 Ethoheptazine 0.04 0.01 
Carbinoxamine 0.06 0.01 Glutethimide 0.02 0.01 
Carisoprodol 0.04 0.01 Hydroxyzine 0.01 0.01 
lmipramine 0.06 0.02 Pipenzolate 0.02 0.01 
lsocarboxazid 0.15 0.05 Piperidolate 0.07 0.01 
Isoniazid 0.06 0.01 Prochlorperazinr 0.63 0.01 
Lidocaine 0.04 0.01 Pgocyclidine 0.06 0.01 
Mepenzolate 0.03 0.01 Promethazine 0.03 0.02 
Meperdine 0.07 0.01 Propoxyp hene 0.03 0.01 
Mwhentermine 0.09 0.01 Pyrathiazine 0.03 0.02 
Meprobamate 0.01 0.01 Pyrrobutamine 0.04 0.04 
Methamphetamine 0.05 0.01 Quinidine 0.06 0.01 
Methapyrilene 0.06 0.01 Reserpine 0.04 0.01 
Met hoxyphenamine 0.06 0.01 Salicylic Acid 0.06 0.01 
Methylphenidate 0.05 0.01 Strychnine 0.07 0.01 
Methyprylon 0.06 0.01 Sulfadiazine 0.07 0.01 
Oxazepam 0.16 0.04 Thenyldiamine 0.02 0.02 
Pargyline 0.06 0.01 Thioridazine 0.06 0.01 
Phenaglycodol 0.23 0.22 Thonzylamine 0.04 0.01 
Phenelzine 0.09 0.03 Tranylcypromine 0.13 0.18 
Phenindamine 0.05 0.02 Trimethobenzamide 0.03 0.01 
Phenmetrazine 0.07 0.01 Tripelennamine 0.02 0.01 
Phenylephrine 0.02 0.01 Triprolidine 0.06 0.01 
Phenyltoloxamine 0.04 0.01 Tubocurarine 0.06 0.01 
Pilocarpine 0.05 0.01 Yohimbine 0.06 0.01 


a Each compound was added directly to the reaction flask. The level of each corresponds to a concentration of 20 mcg./ml. in n-hexane as well as in 
aqueous semicarbazide. Each value is the average of three determinations. b Read at 240 mp. The n-hexane was washed with 0.5 N HC1 prior to deter- 
mination. c Read at 278 m p  against a semicarbazide blank. 
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Table IV-Ephedrine Distribution in the Rat“ 


Distribution Ratio*, Mean =t SD 
Concn. in Tissue/Concn. in Liver Tissue 


Blood 0.13 =t 0.03 
Brain 0.38 =t 0.05 
Fat 0.02 f 0.00 
Kidney 2.21 =k 0.28 
Liver 1 0  
Lung 
Muscle 


i.20 =t 0.27 
0.29 i~ 0.04 


Rats were fed oia stomach tube 25 mg. of ephedrine per kg. body 
weight. *Average of 10 rats. 


To determine the pattern of distribution into the various tissues, 
rats were fed, uiu stomach tube, 25 mg. of ephedrine (as the free base) 
per kilogram of body weight. Levels of the drug found in blood and 
tissues in decreasing order are : kidney, lung, liver, brain, muscle, 
blood, and fat. Average distribution ratios for 10 rats are given in 
Table IV. 


DISCUSSION 


The ability of alkaline periodate to cleave carbon-to-carbon bonds 
of 1,2-glycols and or-aminoalcohols, provided that the amine is 
primary or secondary, is the basis for the procedure of this report. 
Removing the benzaldehyde from the aqueous oxidation phase by 
continuous extraction with n-hexane allows the reaction with the 
phenethanolamine compounds to proceed to stoichiometric com- 
pletion. This adaptation evidently accounts for the increased sen- 
sitivity of the proposed method over that of techniques described 
previously. Of interest is the lack of any UV-absorbing products in 
the hexane layer after oxidation of certain phenolic compounds 
(Table 111). Phenolic metabolites such as p-hydroxyephedrine are not 
extracted into the hydrocarbon because of molecular polarity differ- 
ences. Therefore, interference from the many types of phenolic 
amines normally present in biologic specimens is also eliminated. It 
is apparent that periodate oxidation of certain phenethanolamine 
compounds yields only one compound sensitive to ultraviolet 
radiations, benzaldehyde (Figs. 1-3). 


The high sensitivity of the proposed method can best be illustrated 
by comparing the slopes of standard curves associated with several 
published procedures. Heimlich et al. (11) reported, in 1-cm. cells, 
a slope of approximltely 0.008 absorbance units per microgram of 
phenylpropanolamine. Using mandelic acid as a test compound for 
periodate oxidation, Chafetz (14) obtained a slope of approximately 
0.09, which approaches the order of sensitivity obtained with the 
method of this report. The slope of the standard curve for dichro- 
mate oxidation of ephedrine (14) was 0.058 for the product and 0.1 1 
for its semicarbazone. The slopes of the standard curves in the pro- 
posed procedure which are 0.09 and 0.12 for the aryladehyde product 
and its semicarbazone, respectively, compare favorably with the 
sensitivities obtained by other investigators using UV spectropho- 
tometry. 


In the dichromate method, as well as other available spectrophoto- 
metric techniques, an almost prohibitive amount of manipulation is 
required when applying the procedures to the analysis of phen- 
ethanolamine compounds in tissue specimens. Such difficulties have 
been eliminated in the technique of this report permitting rapid and 
sensitive analysis of the phen-thanolamine compounds regardless 
of the type of biologic specimen. The ability to rapidly remove the 
n-hexane under vacuum permits considerable concentration of the 
product which allows for a significant further increase in sensitivity. 


Ephedrine and its immediate metabolite norephedrine are deter- 
mined simultaneously, and in the data of Table IV are reported as 
total ephedrine compounds. In specimens from man this creates no 


difficulty because nearly all of the drug is excreted in an unchanged 
form (13, 15) with a small percentage appearing as norephedrine. 


The high polarity of the hydroxyl group in phenethanolimine 
compounds necessitates the use of diethyl ether or an equivalent 
polar substance as the initial extracting solvent. The low affinity of 
ephedrine for fat depots (Table IV) also illustrates the in ciuo polar 
properties of the drug and evidently accounts for its rapid renal 
excretion. The polar nature of these molecules is probably responsi- 
ble for the higher blood levels observed in our laboratory for ephe- 
drine when compared to blood levels for amphetamine and other 
related basic drugs after each were adminsitered to animals at 
equivalent dose levels (16). The enhanced sensitivity of the method 
proposed in this report now makes practical the UV spectrophoto- 
metric determination of ephedrine in blood specimens. 


Interference by other drugs in the qualitative determination of the 
phenethanolamine structure is minimal. Phenyramidol can easily be 
identified, since its UV spectrum is very characteristic and quite 
different from that of the ergot alkaloids. Although the technique 
does not distinguish between certain other of the phenethanolamine 
compounds, this lack of distinction does not decrease the forensic 
toxicologic importance of the procedure. 


Periodate is effective in the determination of ephedrine only if 
the oxidation takes place in an alkaline system. If spectra of both the 
benzaldehyde and its corresponding semicarbazone are utilized in 
the analysis, a procedure with excellent specificity and sensitivity is 
available. 
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Monomolecular Film Properties of Protective and Enteric Film 
Formers 11: Evaporation Resistance and Interactions with 
Plasticizers of Poly (Methyl Vinyl Ether/Maleic Anhydride) 


JOEL L. ZATZ”, NORMAN D. WEINER, and MILO GIBALDI? 


Abstract 0 Surface pressure-area isotherms of monolayers of the 
half-esters of poly (methyl vinyl ether/maleic anhydride)(PVM/ 
MA) on aqueous subphases indicate interactions between the poly- 
mer and various water-soluble diester plasticizers. Polymer mono- 
layers, either alone or in the presence of plasticizer, have no effect 
on water evaporation. Certain monolayer properties of the PVM/ 
MA derivatives are related to  properties of the polymers in free 
films. 


Keyphrases 0 Molecular properties-protective enteric film for- 
mers Poly (methyl vinyl ether/maleic anhydride) effect-evapora- 
tion 0 Plasticizers, interaction-poly (methyl vinyl ether/maleic 
anhydride) 0 Polymer monolayers-plasticizer penetration 0 
GLC-anal ysis 


In the previous paper (I) ,  monomolecular films were 
found to provide a useful model system to study the 
properties of polymers used as film coatings for solid 
dosage forms. The present report concerns the inter- 
actions of polymer monolayers with various water- 
soluble plasticizers and the penetration of water vapor 
through polymer and polymer-plasticizer surface films. 


Interactions of an insoluble monolayer with a water- 
soluble substance is conveniently studied by injecting 
a solution of the substance beneath the monolayer or 
by dissolving it in the subphase before spreading the 
monolayer. If no interaction occurs between the com- 
ponents the soluble compound is easily squeezed out 
of the surface, and the surface properties are identical 
to  the pure monolayer system. If there is a weak inter- 
action, the penetrant dissolves in the monolayer and 
there is an increase in  surface pressure (T) at a constant 
surface area (A), but the penetrant is gradually squeezed 
out upon further compression. Strong interactions 
yield surface complexes of definite stoichiometry whose 
a-A characteristics differ from those of either com- 
ponent (2, 3). 


Goddard and Schulnian (4) related the hemolytic 
potency of various surface-active agents t o  their 
ability to penetrate cholesterol films. Schaubman and 
Felmeister ( 5 )  investigated the penetration of lecithin 
monolayers by chlorpromazine. Pethica (6)  studied the 
penetration of cholesterol monolayers by sodium decyl 
sulfate. At a constant surface area, the increase in 
surface pressure, due to  penetration, was a function of 
penetrant concentration, indicating dissolution in the 
surface rather than formation of a stoichiometric com- 
plex. 


There have been few reports on interactions in poly- 
mer monolayers. Reis and Walker (7) observed a large 
increase in the collapse pressure of mixed films of 
stearic acid and poly (vinyl acetate) as compared to  the 
collapse pressure of either component alone, despite 
the fact that the polymer apparently had been squeezed 


out of the film before collapse. In addition, the mixed 
film could be expanded and recompressed with little 
hysteresis, in marked contrast to the behavior of stearic 
acid alone. 


Labbauf (8) described the monomolecular film be- 
havior of mixtures of poly (vinyl acetate) and poly 
(ethyl acrylate). He demonstrated the existence of an 
interaction and proposed that a similar approach be 
applied to  investigate polymer-plasticizer interactions. 
However, no studies of this nature have appeared in 
the literature to  date. 


The concept of resistance to  evaporation by mono- 
layers was introduced by Langmuir and Schaefer (9) 
who measured evaporation by determining the increase 
in mass of a desiccant suspended over the surface. La 
Mer et al. (10-18) modified Langmuir’s technique and 
extended the original work. The resistance of a mono- 
layer to  evaporation was taken to  be analogous to  
electrical resistance in that resistances in series are 
additive. Thus, such factors as the resistance of the air 
above the surface and the resistance of the desiccant 
may be nulled by subtracting the total resistance of a 
clean surface from that of the surface monolayer. 


Shukla et al. (19) studied water evaporation rates by 
spreading a monolayer on water in a petri dish and 
periodically weighing the dish. O’Neill and Goddard 
(20) used chambers containing a vessel of water covered 
by a monolayer or other artificial membrane and 
placed the entire assembly in a desiccator containing 
towers of anhydrous calcium sulfate. Jarvis et al. (21) 
placed a thermistor just below the water surface and 
compared the surface temperature of a clean surface 
to  that of a surface covered by various monolayers. 
Substances which had previously been shown to in- 
hibit evaporation produced a significantly higher sur- 
face temperature during evaporation as compared to  
the surface temperature of a clean surface. 


The ability of insoluble monolayers to retard evapora- 
tion has been ascribed to the presence of an energy 
barrier (9-1 1) so that an equation of the form: 


r = k exp (EIRT) 


may be written, where r is the specific resistance, k is a 
frequency factor, and E represents an activation energy. 
A plot of log r versus 1jT for a fatty acid monolayer 
yields a straight line, supporting the energy barrier 
concept (10). The activation energy has been interpreted 
as the energy required to form a “hole” in the mono- 
layer large enough for a water molecule to pass through 
(22). 


Protein monolayers apparently offer little resistance 
to  water vapor evaporation. Sebba et al. (23, 24) 
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Figure 1-Effect of stearic acid monolayer (?r = 4.5 dynes/cm.) on 
the appareni euaporaiion rate from 10-8 M HCI. Key: e, monolayer; 
0, control. 


studied these systems with a method in which dry air 
was passed over a monolayer on a surface balance. 
Moisture picked up by the air was then collected and 
weighed. The presence of protein monolayers, regard- 
less of their surface pressure, had no effect on the 
evaporation rate. More recently, Blank and Mussel- 
white (25) measured evaporation from protein solutions 
by dipping a phosphor bronze or glass ring in the 
solution under investigation, and monitoring its change 
in mass with time as evaporation was allowed to pro- 
ceed. The authors conclude that proteins offer an ex- 
tremely small, but finite, resistance to evaporation 
under the coiiditions of their experiment. 


EXPERIMENTAL 


Materials-The ethyl and n-hexyl half-esters of poly (methyl 
vinyl ether/maleic anhydride) (PVM/MA) were prepared and puri- 
fied as previously described (1). The plasticizers employed were 
Eastman grade, Eastman Organic Chemicals. Isopropyl alcohol 
and n-hexane were reagent grade. All organic liquids were repeatedly 
passed through a silica gel-alumina column, prior to use, to remove 
surface-active impurities. Purity was checked by a model 810 gas 
chromatograph equipped with a column containing 10% synthetic 
hydrocarbon (Apiezon L) on 60-80 mesh diatomaceous earth (Dia- 
toport W). All organic liquids were found to exhibit a single peak. 


Water was deionized by passing through a mixed resin bed of a 
Bantam demineralizer at the rate of 15&200 ml./min. and then 
fractionally distilled in an all glass still. All inorganic chemicals 
were reagent grade. Glassware was cleaned in chromic acid solution 
and rinsed in hot distilled water prior to use. 
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Figure 2-Effect of dibutyl adipaie (DBA)  on the surface pressure 
(a)-area isoiherm of the ethyl half-ester of PVMIMA. Key: 0, 
polymer alone; 0, polymer + DBA (initial a = 5 dyneslcm.); a, 
polymer + DBA (iniiial a = I0 dyneslcm.). 


Penetration of Polymer Monolayers by Plasticizers-The surface 
balance employed was made of Teflon and has been previously de- 
scribed (26). Sufficient plasticizer was dissolved in lova M HCl to 
bring the surface pressure of the subphase to either 5 or 10 dynesjcm. 
The half-esters of PVM/MA, dissolved in a mixture of isopropanol 
and hexane, were spread on the subphase by means of an Agla 
micrometer syringe. Surface pressure was determined as a function 
of area using the Wilhelmy plate method (27). All experiments were 
performed at room temperature (24 A 0.5"). 


Water Evaporation Studies-A direct weighing method, similar 
to that of ONeill and Goddard (20) was employed. The balance 
used was a Sartorius analytical balance model 2462 (Brinkmann 
Instruments, Inc.). Sensitivity of the balance with a load of 142 g. 
was found to be 0.1 mg. The weighing compartment, which contains 
the pan, has sliding glass doors which may be sealed, thus insulat- 
ing the weighing compartment from its surroundings. The weigh- 
ing compartment was therefore used as the drying chamber. This 
allowed continuous monitoring of evaporation loss without dis- 
turbing the apparatus or the monolayer. 


Pyrex crystallizing dishes, 40 mm. high and 80 mm. in diameter, 
were filled with 100 ml. of subphase. The monolayer, when em- 
ployed, was spread on the subphase in the dish. The entire dish was 
placed on the pan of the Sartorius balance. Four 100-ml beakers, 
containing 60 g. of anhydrous calcium sulfate (Drierite, W. A. 
Hammond Co.) were placed in the weighing compartment, around 
the dish. The weighing compartment was then sealed and 15 to 20 
min. was allowed to elapse to attain steady-state conditions. The 
weight of the crystallizing dish and its contents was then recorded as 
a function of time. Studies on evaporation through a monolayer of 
stearic acid were conducted as a check on the method. As shown in 
Fig. 1, there is a significant decrease in evaporation rate when a 
monolayer of stearic acid is present, in agreement with previously 
published results (9-1 1). In studies of evaporation through polymer 
monolayers, the subphase was either 1 0 - 3  M HCI or lop3 M HCI 
containing sufficient dibutyl phthalate to yield splutions with 
surface pressures of 5 or 10 dyneslcm. Sufficient half-ester to attain 
the desired surface pressure was then spread on the subphase, and 
water evaporation was determined as a function of time. 


RESULTS AND DISCUSSION 


Penetration Studies-Penetration of a monolayer of the ethyl 
half-ester of PVM/MA by plasticizers is typified by the results ob- 
tained with dibutyl adipate, shown in Fig. 2. Corresponding curves 
demonstrating penetration of the hexyl half-ester monolayer by this 
plasticizer are presented in Fig. 3. 


To interpret the penetration experiments, it is convenient to 
think of the polymer monolayer as a surface phase. In the ex- 
panded region, the surface phase is dilute since the polymer seg- 
ments are separated by water molecules (1). In the condensed 
region, polymer segments are in close contact and the surface phase 
may be considered, as in Fowkes' interpretation (28), to be con- 
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Figure &Effect of dibutyl adipate (DBA)  on the surface pressirre 
(a)-area isotherm of the hexyl half-ester of PVMIMA. Key: 0, 
polymer alone; U, polymer + DBA (initial ?r = 5 dyneslcm.); e, 
polymer + DBA (initial ?r = I0 dynes/cm.). 
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Figure 4-Hypothetical surface 
pressure-area curves showing pene- 
tration of and interaction with an 
insoluble polymer monolayer by a 
soluble surface-active agent. Curfie 
A, monolayer alone; Curve B, 
penetration by surfactant; Cnrce 
C, penetration and interaction. 
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tinuous in polymer segments in which water is dissolved. If there is 
no interaction between the insoluble polymer monolayer and dis- 
solved plasticizer, both species may simultaneously OCCUPY the 
surface. In this case, the insoluble monolayer acts merely to de- 
crease the surface area available to plasticizer molecules. TO com- 
pensate for this reduction in available surface area, some plasticizer 
molecules leave the surface phase to enter the subphase, and the 
surface pressure remains unchanged (Curve B in Fig. 4). As the film 
is compressed, more plasticizer molecules are forced into the bulk 
(and to the other side of the barrier) and the surface pressure re- 
mains constant. When compression causes the surface pressure of 
the polymer monolayer alone to be greater than that exerted by the 
plasticizer, all of the plasticizer molecules are forced from the sur- 
face and the n-A curve at higher surface pressures will be identical 
to that obtained in the absence of plasticizer. If an interaction 
occurs, the plasticizer will dissolve in the surface phase and the 
surface pressure at a given surface area will be higher than that ob- 
served in the absence of an interaction (Curve C in Fig. 4). 


Based on these criteria, one may conclude that the diester plasti- 
cizer interacts with the half-esters of PVM/MA. This finding is im- 
portant since it has been shown that penetration depends on an 
affinity of the polar groups of penetrant and film molecules as well 
as on association between the non-polar portions of the molecules 
(29). Penetration of PVM/MA half-ester monolayers by plasticizers 
must therefore be the result of a mutual perturbation and not due 
simply to a “filling of empty space” by available molecules. 


The increase in surface pressure of the penetrated monolayer, 
compared to the polymer monolayer alone, is an indication of the 
extent of penetration of plasticizer into the surface phase. A large 
increase in surface pressure may be the result of: (a) a high degree 
of interaction and/or ( b )  a high intrinsic affinity for the surface. 
One method of evaluating the interaction of a polymer with dif- 
ferent plasticizers is to eliminate the intrinsic affinity factor by com- 
paring plasticizer-polymer interactions at the same initial surface 
pressure (though concentrations in the subphase will generally be 
different). The value of this approach is supported by the curves in 
Figs. 2 and 3, which show that the degree of penetration is de- 
pendent on the initial surface pressure of the plasticizer. 


Other diester plasticizers, such as dibutyl succinate and diethyl 
phthalate, penetrated monolayers of PVM/MA half-esters to very 
nearly the same extent as dibutyl adipate. The degree of interaction 
of the polymers with these plasticizers is therefore approximately 
the same. 


It is of interest to note the effect of plasticizer on recompression 
of a polymer monolayer. If a monolayer, in the presence of dissolved 
plasticizer, is compressed to collapse, allowed to expand, and then 
after about five minutes compressed again, the original n-A curve 
will be duplicated. However, if plasticizer is not present, the second 
compression curve will exhibit a somewhat lower value at any given 
apparent area, probably because some of the polymer did not re- 
spread when the film was expanded. This diminution of hysteresis is 
a further indication of interaction. 


Evaporation Studies -The presence of a polymer monolayer, 
either alone or in the presence of plasticizer, had no effect on water 
evaporation (Fig. 5). This observation provides some insight to the 
structure of the monolayer. Compounds which have been shown to 
retard evaporation, such as long chain fatty acids and alcohols ( 1  1) 
can assume tightly packed, highly condensed orientations in mono- 
layers (30). It has been postulated that the enerzy barrier to evapora- 
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Figure 5-Lack of effect qf PVM/MA monolayer on rlre upparent 
evaporation rate from 10-3 HCI solution containing dibutylphthalate 
at an initial surface pressure of 5.5 dyneslcm. Key: 0, no monolayer; 
0, monolayer ( n  = 23 dyiies/cm.); 0 ,  monolayer (n  = 30 dynes/- 
cm.). 


tion depends on the presence of closely packed nonpolar groups 
(10). Because the presence of only a small number of spaces or holes 
causes a profound decrease in evaporation resistance (9) the ar- 
rangement of segments of a polymer at the interface would have to 
allow a very close fit if its monolayer were to  inhibit evaporation. 
This condition apparently was not met in the polymers studied. 
Close packing may not have been possible because of the presence 
of bulky side groups. 


Relationships Between Monolayers and Free Films-Previous 
workers have shown that the properties of monolayers may often be 
related to those of bulk systems. Merker and Daubert (31) found 
such a relation in their study of monoglycerides. Crisp (32) was able 
to demonstrate a relationship between the spreading properties 
of various polymers and their bulk characteristics. Fox et al. (33) 
applied the results of their surface studies on polyorganosiloxanes 
to achieve an understanding of the temperature coefficient of 
viscosity of the compounds in bulk systems. 


The length of the ester side chain of half-esters of PVM/MA has 
been shown to exert significant influence on the properties of mono- 
layers of these substances (1). The importance of such factors as 
nonpolar interactions between side chains has also been demon- 
strated in bulk systems. For example, an increase in ester side chain 
length causes a decrease in moisture sorption in free films of the 
half-esters of PVM/MA (34). Since all the derivatives studied have 
the same polar groups in equal proportion, differences in apparent 
hydrophobicity may be ascribed to the ester side chain. Further- 
more, since monolayer stability is increased by van der Waals’ 
interactions between side chains, hydrophobicity in bulk films 
should be related, at least qualitatively, to  collapse pressure of 
monolayers of the same derivatives. Figure 6 is a plot of the col- 
lapse pressure of the half-esters studied versus their respective ap- 
parent moisture sorption (taken from Fig. 8, Reference 34). The 
plot clearly demonstrates a relationship between bulk and mono- 
layer properties. 


Since monolayers of half-esters of PVM/MA exhibit no energy 
barrier to water evaporation, we may infer that moisture permea- 
tion through such films is purely a diffusion controlled process. 
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Figure 6-Relutioitship be- 
tween collapse pressure of’ 
monolayers of carious hav- 
esters of PVMIMA and appar- 
ent moisture sorption by free 
films of these esters. 


Vol. 58, No. I2,  December I969 0 1495 







Lachman and Drubulis (35) studied the effect of plasticizers on 
water vapor permeation through cellulose acetate phthalate films. 
Increasing the concentration of plasticizer in the film caused first a 
decrease, and then an increase in water vapor permeation. Banker 
et al. (36) obtained similar results with films of hydroxypropyl cel- 
lulose and poly(buty1 methacrylate). It was postulated by Lachman 
and Drubulis that plasticizer fills the interstices of the polymer, re- 
ducing permeation. After the interstices are completely filled, 
further plasticizer has only a dilution effect. 


An alternate explanation for this phenomenon is suggested by 
considering that insoluble polymers with hydrophilic groups may 
still have considerable affinity for water. Evidence for this is their 
ability to sorb moisture and to spread as a monolayer on an aque- 
ous substrate. In unplasticized films, water acts both as permeant 
and plasticizer (37) and its presence in the film provides an additional 
pathway for permeation. if a plasticizer is included in the free 
polymer film there is dipole-dipole attraction between the polar 
portions of both molecules, and induced dipole-induced dipole 
interactions between the nonpolar portions. 


Since polar groups of the polymer are solvated by plasticizer, 
the role of water as a plasticizer, leading to augmented permeation 
is diminished. At the same time, plasticizers increase the mobility 
of polymer groupings and this effect causes an increase in the 
diffusion coefficient of permeating vapors (38). The net influence 
of plasticizer on water vapor transmission through polymers de- 
pends on the magnitude of the effects cited. At low plasticizer con- 
centrations, although the segmental mobility is increased, the effects 
of interaction of the plasticizer in decreasing solvation by water is 
more important and the permeability of the film to water vapor is 
reduced. As the concentration of plasticizer is increased, the in- 
crease in mobility of groupings in the film is the greater effect and, 
permeation increases. 
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Phytochemical Evaluation of Some Cantharelloid Fungi 


E. D. HENRY and G .  SULLIVAN 


Abstract 0 A white crystalline compound was isolated from dried 
carpophores of Gomphus kauffmanii (A. H. Smith) Corner in a 
yield of 2 .0z and identified as norcaperatic acid. The presence of 
norcaperatic acid in a yield of approximately 4.4z was also re- 
confirmed in the dried carpophores of G. jloccosus (Schw.) Singer. 
Norcaperatic acid was not detected in dried carpophores of Can- 
tharelfus cibarius Fr., C. infundibufiformis Fr., C. subafbidus Smith 
et Morse, and G. clauatus S. F. Gray. The presence of mannitol was 
demonstrated in all six cantharelloid fungi. 


Keyphrases 0 Norcaperatic acid isolation, identification-Gom- 
fihus kauffmanii, G. jloccosus 17 Mannitol isolation, identification- 
Cantharellus species TLC-separation, identification 0 IR 
spectrophotometry-identification 


Cantharelloid fungi are generally regarded as edible 
and nontoxic. Cantharellus cibarius Fr. (the "Chan- 
terelle") has been a particular favorite for over four 
centuries in continental Europe. However, Gomphus 
.floccosus (Schw.) Singer (syn: Cantharellus JEoccosus 
Schw.) has been reported to cause gastrointestinal 
disturbances in some individuals (1-3). Miyata et al. (4) 
have shown that a constituent of this species, nor- 
caperatic acid (a-tetradecylcitric acid) (I), is probably 
the toxic principle. Carrano and Malone (5) have in- 
dicated that the toxic properties of norcaperatic acid 
and its homolog, agaricic acid, may be related to the 
structural chemical relationships of these substances to 
citric acid. Agaricic acid (a-hexadecylcitric acid) (11) 
has been isolated from Polyporus oficinalis Fr. (6) and 
has been classified as an anhydrotic and parasympath- 
olytic agent (7-9). Carminati and Spina (10) have 
arbitrarily classed its activity as an atropine-like anti- 
cholinergic agent in small animals. 


I 
I 


CHa-(CH&-CH-COOH CHa-(CH2)la-CH-COOH 
I 
I 


HO-C-COOH 


Hz-C-COOH 


HO-COOH 


Hz-C-COOH 
norcaperatic acid agaricic acid 


I I1 


A number of phytochemical investigations have been 
carried out involving cantharelloid fungi and the fol- 
lowing compounds have been reported to  be present in 
these fungi: mannitol, choline, dextrose, trehalose, and 
cellulose (1 1); a trypsin-type enzyme (12); ergosterol, 
solid and liquid fatty acids, and a dye (13); thiamine, 
riboflavin, vitamin D, ascorbic acid, and dehydroas- 
corbic acid (14-16); cobalt (17); carotenes (14, 18-21); 
lycopene, neurosporene, and phytofluene (20, 21); 
sodium, potassium, zinc, and aluminum (22); canth- 
axanthine (18); 18 amino acids (15, 22-25); theleo- 
phoric acid (26); and citric acid (27). An appraisal of 
these constituents isolated from cantharelloid fungi 
revealed no apparent chemical relationship worthy of 
chemotaxonomic consideration. 


Since the presence of an aliphatic polycarboxylic acid 
had been reported in but one cantharelloid, it appeared 
desirable to chemically examine other closely related 
cantharelloid fungi for the presence of this type of acid 
and to evaluate its possible role as a chemotaxonomic 
marker. 


EXPERIMENTAL 


Materials and Methods-Dried carpophores of Cantharellus 
cibarius Fr., C. infundibuliformis Fr., C. subalbidus Smith et Morse, 
Gomphus clawtus S. F. Gray, G. ,floccosus (Schw.) Singer, and G. 
kauffmanii (A. H. Smith) Corner (syn: Cantharellus kauffmarzii A. H. 
Smith) were obtained from Dr. Harry D. Thiers, San Francisco 
State College, San Francisco, Calif. These carpophores were col- 
lected in the San Francisco Bay area in the fall of 1967. 


As a preliminary step, each species was treated following the 
procedure of Miyata et al(4). The dried carpophores were ground to 
a @mesh powder in a Wiley laboratory mill and a 25-g. sample was 
placed in a 1-1. beaker and extracted for three 15-min. periods using 
200 ml. of boiling 95 % ethanol. The ethanolic extracts were filtered 
while still hot employing suction filtration. The filtered extracts were 
combined and the marc dried and retained for possible further 
examination. 


The ethanolic extract, in each case, was evaporated to dryness 
under reduced pressure at a temperature not exceeding 45 O, washed 
with 200-250 ml. of cold distilled water, filtered, and the water- 
soluble portion evaporated to dryness using a stream of air. The 
resulting orange-colored solids were washed several times with ace- 
tone in order to remove the orange pigments, filtered, washed with 
five 25-ml portions of cold methanol, filtered, and dried. The water- 
insoluble solids were solubilized in 500 ml. of boiling water and 
allowed to cool to room temperature. A white, flocculent precipitate 
was observed in the cases of G. froccosus and G. kauffmanii. The 
precipitates were filtered and dried. Scheme I illustrates the extrac- 
tion procedure employed. 


Characterization of Water-Insoluble Compounds-A white, 
water-insoluble material was obtained from the ethanolic extract of 
G. froccosus (1.1 g . ;  4.4% yield) and from G. kauffmanii (0.5 g.; 
2.0% yield). In each case the material was dried and stored in a 
desiccator over calcium chloride. A portion of each isolated material 
was recrystallized three times from boiling water and dried for 48 
hr. in a drying pistol at 60" over phosphorus pentoxide. The melt- 
ing range of both samples was found to be 133-1 35". 


The material was found to be readily soluble in boiling water and 
5 % sodium hydroxide solution; slightly soluble in hot ethanol; 
and insoluble in cold water, 1 0 %  sodium bicarbonate solution, 
ethanol, pyridine, chloroform, and benzene. When solubilized in 
boiling water a frothing was observed and the solution was acid to 
litmus. A small amount of each dried sample produced a slight 
residue when placed on a clean spatula and ignited in the flame of a 
Bunsen burner which indicated the presence of inorganic elements. 


Sodium Fusion-The material was subjected to a sodium fusion 
test (28) which indicated the absence of sulfur, nitrogen, and halo- 
gens. 


IR Spectra-The IR absorption spectra of the material isolated 
from both G. froccosus and G. kauffmanii were obtained on a Beck- 
man IR 8 spectrophotometer in a potassium bromide pellet. The 
spectrum revealed a hydroxyl peak at 3 4 5 0  cm.-l, an aliphatic CH2 
peak at 2900 cm.?, and a carbonyl signal at 1720 cm.-'. These 
spectra compared favorably with the spectrum reported by Miyata 
et a/ .  (4) for norcaperatic acid and were identical with the spectrum 
obtained with reference norcaperatic acid. 


Color Reactions-A few milligrams of the crystalline compound 
(m.p. 133-135"), when warmed to 100" for a few minutes with ace- 
tic anhydride, gave a cherry-red color. This color reaction indicated 
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Scheme I-Flow Diagram for the Extraction of Dried Carpophores 


the possible presence of an aliphatic polycarboxylic acid salt (29-31). 
Since at least a limited presence of an acid salt was suggested, the 
material was converted to the free acid. A portion of the material 
was dissolved in a minimum volume of 5% sodium hydroxide, 
acidified with a slight excess of hydrochloric acid, and the resulting 
white gelatinous precipitate removed by suction filtration. The 
precipitate was recrystallized three times from boiling water, filtered, 
air dried, and placed in a drying pistol for 16 hr. The melting point 
of the compounds obtained from both G. floccosus and G. kauffmanii 
was found to be 137-138". An admixture with reference norcaper- 
atic acid did not depress the melting point. 


The free acid, in each case, was subjected to a modified Furth- 
Herrmann color reaction (29-31). A small amount of the compound 
was dissolved in a few drops of pyridine, 3 ml. of acetic anhydride 
added, and the mixture allowed to stand. After a few minutes a 
cherry-red solution with a strong green fluorescence was observed, 
again indicating the presence of an aliphatic polycarboxylic acid. 


These data suggested that the water-insoluble compounds ob- 
tained from G .  floccosus and G .  kauffmunii were identical. Therefore 
further characterization of only the compound obtained from G. 
kauffmanii was conducted. 


Potassium Salt-The potassium salt of the water-insoluble com- 
pound obtained from G .  kauffmanii was prepared. A solution of 
100 mg. of the compound in 30 ml. of warm 95% ethanol was 
treated with 15 ml. of an ethanolic solution of 0.5 g. of potassium 
acetate and the resulting flocculent precipitate recrystallized three 
times from boiling water. After an additional recrystallization from 
acetone, the melting point was observed to be 173-174". This melting 
point was identical with the reported melting point of the potassium 
salt of norcaperatic acid (4) and an admixture with the potassium salt 
of reference norcaperatic acid was not depressed. 


Quantitative Elemental Analysis1-The compound isolated from 
G. kauffmanii, which had been converted to the free acid, was sub- 
jected to quantitative elemental analysis and was found to have the 
quantitative composition expected for norcaperatic acid. 


Anal.-Calcd. C20H3601: C, 61.83; H, 9.34. Found; C, 61.83; H ,  
9.52. 


Cantliurellus cibarius, C .  infundibuliformis, C .  subalbidus, and G .  
clavutus were subjected to the same isolation procedures as pre- 
viously described but failed to yield a precipitate from boiling water. 
A frothing action was observed in this procedure and since this 
behavior was observed with aliphatic polycarboxylic acid-type com- 


Analysis was carried out by the Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y. 
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pounds the extracts merited further investigation for possible 
minute amounts of norcaperatic acid or its homologs. 


Color Reactions-The residues obtained from the ethanolic 
extracts of the remaining four fungi gave a negative reaction to the 
Furth-Herrmann color test, indicating the probable absence of any 
aliphatic polycarboxylic acids. 


TLC-Following the procedure of Sullivan and Albers (32) 
for the separation of aliphatic polycarboxylic acids, plates of silico I- 
ized Silica Gel HF were prepared, developed in a solution of glacial 
acetic acid-dioxane-water-formic acid (4: 1 : 1 :6),  sprayed with 10% 
phosphomolybdic acid dissolved in ethanol, and heated. Concen- 
trated ethanolic solutions of the four fungi produced a positive 
phosphomolybdic spot at R, 0.33. Reference norcaperatic acid gave 
an Rj value of 0.53, as did the original compounds obtained from 
G. floccosus and G.  kauffmanii. Reference agaricic acid produced a 
positive phosphomolybdic spot at Rf 0.39, and reference citric 
acid produced a positive 3 potassium permanganate-co icen- 
trated sulfuric acid spot at Rj 0.87. 


Characterization of Water-Soluble Compounds-A white, water- 
soluble compound was isolated from all six fungi in the following 
amounts: C .  cibarius (0.35 g . :  1.4% yield), C. infundibuliformis (2 .0:  
8.0%), C. subalbidus (0.6:2.4%), G .  clavutus (1.0:4.0%), G.flo,-cosus 
(2.2:S.S Z), and G .  kauffmunii(2.4:9.6%). 


Solubility-The crystalline compound was found to be soluble i.1 
water and boiling methanol; very slightly soluble in cold methanol 
and 95% ethanol; and insoluble in ether, petroleum ether, benzene, 
chloroform, and ethyl acetate. 


Sodium Fusion-The absence of sulfur, nitrogen, and halogens 
was demonstrated by the sodium fusion test. 


TLC-All water-soluble compounds and their mrthanol washes 
were spotted oa 20 X 20-cm. plates. The method employed was 
similar to that advocated by Stahl ( 3 3 )  for the separation of sugar 
alcohols. However, best results were obtained when standard 
plates of Silica Gel G were used instead of Stahl's activated "Alusil" 
plates. The plates were spotted and developed in an n-propanol- 
water*thyl acetate-25 % ammonium hydroxide ( 6  : 3 : 1 : 1 )  solvent 
system. The developed plates were sprayed with silver nitrate- 
acetone solution, treated in an ammonia-saturated tank for 15 niin., 
and then heated in an oven at 110". All extracts revealed a discreet 
positive spot at R f  0.38 but considerable material was observed on 
the solvent front. Employing this same procedure, the following R,  
values for reference compounds were determined: inositol, 0.19; 
sorbitol, 0.35; glucose, 0.38; and mannitol, 0.38. 


Test for Reducing Sugars-Application of Benedict's test for 
reducing sugars with the isolated compound resulted in a negative 
response, thereby eliminating glucose from consideration. 







All isolated compounds were recrystallized five times from boiling 
methanol, filtered, and dried in a drying pistol for 16 hr. at 60”. 
A melting point of 165-166” was observed in all instances. 


IR Spectra-Preliminary IR spectra revealed minor differences 
between three of the six isolated compound? and reference mannitol 
(Eastman). The purity of the reference mannitol was questioned 
when further purification, employing activated charcoal, failed to 
alter the spectra of the three compounds. 


Column chromatography-The six isolated compounds and 
reference mannitol were placed individually on 3.5 X 24.5-cm. 
columns containing 100-2Wmesh silica gel, and the following 
solvent progression employed: 100 ml. benzene; 500 ml. benzene- 
methanol (95 :5), 400 ml. benzene-methanol (90: 10); 400 ml. 
benzene-methanol (80 :20); 500 ml. benzene-methanol (50: 50); 
and 700 ml. methanol. Fourteen 50-ml. fractions of the methanol 
were collected, and Fractions lCk14, in each case, were combined, 
evaporated, and the resulting compound recrystallized from hot 
methanol. 


Following treatment on the column, the IR spectra for each of the 
six isolated compounds and reference mannitol were found to be 
identical. The spectra revealed: KBr/max. 3250, 3400, 2920, 1730, 
1450,1080,1010,920, and 690 cm.-l. 


Melting Point-The melting point of all six isolated and purified 
compounds was observed to be 165-166’. Admixtures with reference 
mannitol were not depressed. 


Acetate Derivative-The hexaacetate derivatives of the isolated 
compounds and of reference mannitol were prepared by mixing 100 
mg. of the compound and 100 mg. of fused sodium acetate, adding 
10 ml. of acetic anhydride, and heating oq a steam W h  for 2 hr. 
with stirring (34). The melting point of the dried derivative was 
observed to be 121-122” in all instances, which was in agreement 
with the reported melting point for mannitol hexaacetate. Ad- 
mixtures of each of the six derivatives with mannitol hexaacetate 
were not depressed. 


Quantitative Elemental Analysis-Since all six isolated compounds 
possessed identical solubility behaviors, R, values, IR spectra 
melting points, and identical hexaacetate derivatives, it was necessary 
to characterize further only one of the compounds. The compound 
isolated from G. clauatus was selected and subjected to quantitative 
elemental analysis. This compound was found to have the quantita- 
tive composition anticipated for mannitol. 


Anal.-Calcd. for C6HI406; C, 39.56; H, 7.74. Found: C, 39.59; 
H, 7.68. 


RESULTS AND DISCUSSION 


A white, crystalline, water-insoluble compound was isolated in a 
2.0 %yield (dry weight basis) from the ethanol extract of G. kaufmanii 
and identified as norcaperatic acid on the basis of its solubility, 
melting point, qualitative and quantitative elemental analysis, IR 
spectra, color reactions, TLC, and characterization of the acid salt- 
derivative. The presence of norcaperatic acid in G. floccosus, pre- 
viously reported by Miyata et a/ .  (4), was reconfirmed and a 4.4% 
yield was obtained. This yield was in excellent agreement with 
Miyata’s findings. 


Miyata et al. also suggested that norcaperatic acid wm probably 
present in G. floccosus as the potassium salt. The authors’ results, 
however, indicated that this compound was probably present as a 
mixture of bath the free acid and the acid salt. This was evidenced 
by the compounds isolated from both G.floccosus and G. kauflmanii, 
which exhibited a melting range, after extensive purification, of 133- 
135 and also positive color reaction tests for both the salt and free 
acid. 


The absence of norcaperatic acid in carpophores of C. cibarius. 
C. in fundibuliformis, C. subalbidus, and G. caloatus was conclusively 
demonstrated by the negative modified Fiirth-Herrmann color re- 
action and by the employment of a thin-layer chromatographic 
procedure which possessed a detection limit of 0.5 mcg. for aliphatic 
polycarboxylic acids. 


The presence of the primary metabolite, mannitol, proved to be 
of no significance as a chemotaxonomic marker. The ubiquitus 
occurrence of mannitol in varying concentrations provided no basis 
upon which to draw conclusions. 


The results of this investigation are summarized in Table I. 
According to Corner’s concept of the cantharelloid fungi (35), 


sufficient morphological differences are present to justify the separa- 


Table 14ccurrence and Distribution of Norcaperatic Acid 
and Mannitol in Cantharelloid Fungi 


Cantharelloid Fungi Norcaperatic Acid Mannitol 


C. cibarius Absent Present 


C. in fundibuliformis Absent Present 


C. subalbidus Absent Present 


G.  claoatus Absent Present 


G.  floccosus Present Present 


G. kauffmanii Present Present 


(1.4%) 


(8.0%) 


(2.4%) 


(4.0%) 


(4.4%) (8.8%) 


(2.0%) (9.6%) 


tion of G. claoatus (Sect. Gomphus) from G. floccosus and G. kauf 
fmanii (Sect. Excavatus). The authors’ findings add support to 
Corner’s concept in that norcaperatic acid was found to be absent 
in G. clauatus but present in the latter two species. These data sug- 
gest that the accumulation or presence of norcaperatic acid may be 
indicative of certain infrageneric relationships. It would indeed be 
interesting to chemically evaluate the two remaining species in 
Comer’s Section Excavatus [G.  bonarii (Morse) Singer and G. 
wilkinsae (Morese) Corner] for the presence of norcaperatic acid or 
its homologs. 


SUMMARY 


Norcaperatic acid was found to be present in the dried carpo- 
phores of Gomphus kauffmanii in a 2% yield and its presence re- 
confirmed in G. Jloccosus. This acid was found to be absent in Can- 
tharellus cibarius, C. in fundibuliformis, C. subalbidus, and G .  clauatus. 
The presence of mannitol was demonstrated in all six cantharelloid 
fungi. 
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forms to dogs will be discussed in a future communica- 
tion. Abstract Griseofulvin and its main metabolite, Gdemethyl- 


griseofulvin (6-DMG), have been administered i.v. to dogs. The 
plasma data of griseofulvin were found to fit biexponential equations 
while the urinary excretion rate data of 6-DMG after its i.v. dose EXPERIMENTAL 


(and after griseofulvin administration) were found to fit triex- 
ponential equations. When increasing doses of griseofulvin were 
administered intravenously, some dogs followed dose-independent 
disposition kinetics, while others showed definite evidence of dose- 
dependent disposition kinetics. The distribution rate constants and 
the volume of distribution were found changed with dose in dogs 
showing dose-dependent disposition kinetics. However, the urinary 
recovery of the main metabolite, 6-DMG,remained almost constant. 
It is, therefore, postulated that the dose-dependent disposition 
kinetics of griseofulvin might be attributed to changes in tissue 
distribution rather than changes in the intrinsic metabolic ac- 
tivity. 


Keyphrases 0 Griseofulvin-disposition kinetics, dogs 6- 
Demethylgriseofulvin-disposition kinetics, dogs Kinetics- 
dose-dependence, -independence, griseofulvin 0 Metabolite ex- 
cretion-griseofulvin 


Griseofulvin (gris), a water-insoluble antibiotic, is 
widely used in both man and animals for treatment of 
superficial fungal diseases. Although it has been used in 
dogs for almost a decade, its metabolic fate in dogs has 
been only recently reported from this laboratory (1). 
The purpose of this investigation is to engage in more 
extensive pharmacokinetic study of this drug in dogs. 
It is interesting to note that some dogs follow dose- 
dependent disposition kinetics and some do not. The 
implication and the possible cause of dose-dependent 
disposition will be discussed. The absorption char- 
acteristics after oral administration of different dosage 


Materials-Gris USP grade,’ polyethylene glycol (PEG) 400 and 
6000,2 and bacterial beta-glucuronidase, Type 11,3 were used. 
6-Demethylgriseofulvin (6-DMG) was isolated from the urine of 
dogs after administration of large doses of gris. 


Formulation of Intravenous Dosage Form-Pure PEG 400 or 
3 5 z  PEG 6000 aqueous solution was used as a vehicle for the 
parenteral administrations of gris. The concentration of the drug 
ranged from 2-10 mg./ml. The parenteral6-DMG dosage form was 
prepared in the aqueous alkaline solution with a strength of about 8 
mg./ml. Fifty milligrams of 6-DMG was administered to dogs. 


Animal Procedures-Male mongrel, unanesthetized, conditioned 
dogs weighing between 19-22 kg. were used throughout the study. 
They were fasted for 16-18 hr. prior to experiments. Food was 
withdrawn during study, while water was available ud libitum. 
Solutions of gris or 6-DMG were administered i.v. in I or 2 min. 
For intravenous studies of gris, 3-5 ml. of blood samples were 
usually taken at 2, 4, 6, 8, 10, 15, 25, 35, 50, 70, 90, and 120 min. 
after administration, while urine samples were usually collected at 
20, 40, 60, 80, 100, 120, 150, 180, 210, 240, 300, 360, 420, and480 
min. from the indwelling urethral catheter. The dogs were then re- 
turned to metabolic cages. Total urine samples a t  24 and 48 hr. were 
collected. At least 20 ml. of saline was used each time to flush the 
bladder after initial withdrawing of urine samples. Both the washing 
and the urine sample were mixed and the total volume recorded. 
Only a portion was retained in a plastic container for the assay. 
The plasma was collected after centrifugation of the heparhized 
blood specimen. Both plasma and urine samples were stored at 5” 
until assayed. 


Assay of Plasma and Urine Samples-The plasma concentration 


1 McNeil Laboratories Inc., Fort Washington, Pa. 
2 Union Carbide Chemicals Co,., New York, N. Y 
3 Sigma Chemical Co., St. Louis, Mo. 
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Table I-Pharmacokinetic Data from Griseofulvin i.v. Injections in Dogs 


Weight A r e a ,  
of Dogs, Dose, to.?. tO. ,S@, A,  B, VP, Vdist.. rnin. 


Exptl. kg. mg. min. min. mcg./ml. mcg./ml. ml. ml. mcg./ml. 
~ ~~ 


A-0 19 60 3.3 46 3.8 2.0 10,400 22,900 144 
c-3 21 50 3 2  35 3.2 1 .6  10,430 22,800 96 
E- 1 20 100 3.0 45 5.7 3.75 10,570 21,300 134 
G-7 22 50 2.3 35 1 .6  2.5 12,200 18,700 132 
H-9 21 50 4.4 52 1 .6  2.5 12,200 18,350 198 
K-14 22 50 3.2 48 2.05 1.95 12,500 22,500 145 
Av. 3.2 43.5 2.53 2.10 11,400 21,100 125* 


18  


a Area: all corrected for 50 mg. griseofulvin. a Av. f SE. 


of gris was determined spectrophotofluorometrically by the method 
of Rowland, et a/ .  (2). The urinary concentrations of 6-DMG and 
its glucuronide were assayed spectrophotometrically according to 
the method of Rowland and Riegelman (3). 


RESULTS AND DISCUSSION 


Gris Disposition Kinetics Following Single i.v. Dose-As reported 
in man (2), rabbits (4) and dogs (l), the plasma level decay curves 
of gris in six dogs studied after a single intravenous injection could 
also be described by a biexponential Equation Ae-"t + Be-Bt, which 
corresponds to a two-compartmental open model. The pharmaco- 
kinetic parameters based on a two-compartmental model (5, 6) are 
shown in Table I. 


The fast disposition phase had a half-life of about 3 min., while 
the slow disposition phase had a half-life ranging from 35-52 min. 
It should be noted that the half-life of the slower phase found in 
man ranged from 9.3-21 hr. (2), while that of dogs (l), rabbits (4) 
and rats (7) was all very short and in the same range. The volume of 
distribution of gris. based on the same body weight, is also differ- 
ent. A dog weighing about 20 kg. has a value of about 21,000 ml., 
while a man weighing about 70 kg. has a value of about 100,000 ml. 
(2). 


Although the weight and the volume of distribution of dogs 
studied were quite similar, the area under the plasma concentration 
time curve varied considerably. An almost twofold difference was 
found in Dogs C and H. 


Dose-Independent Kinetics of Gris-In order to be able to utilize 
the plasma concentration time curve to evaluate the oral absorption 
characteristics of gris from different dosage forms, one of the essen- 
tial requirements is that the area under the plasma concentration 
time curve must be proportional to the dose, i.e., dose-independent 
kinetics must be met. To test this, different doses were injected in- 


TIME, rnin. 


Figure I-Data showing dose-independent kinetics after i.u. admin- 
istration of griseofufvin to Dog H.  Key: 0, 25-mg. dose; A, 100-mg. 
dose. 


travenously into the same dog. The half-life and the area were then 
compared. In two dogs, 25 mg. of gris was first administered, and 
then 100 mg. was given when the gris concentration from the first 
dose became negligible. It was found that the half-life remained the 
same and the area was proportional to the dose as shown in Fig. 1. 
It should be noted that the dose-independent kinetics wasEalso 
found in man (2). 


Dose-Dependent Kinetics of Grk-Dose-dependent kinetics of 
gris was found in three dogs during the authors' study. The phar- 
macokinetic data of nine i.v. experiments in Dog B are summarized 
in Table I1 and the typical plasma curves are shown in Fig. 2. In 
this dog, 30- and 60-mg. doses showed different elimination half- 
lives. It was suspected that this might be due to the day-to-day vari- 
ation. Therefore different doses were given in the same day, one in 
the morning and a higher dose in the afternoon. On one day, a 30- 
mg. dose (B-3) produced a half-life of 38 min. and a 60-mg. dose 
(B-4) gave 56 min. In another experiment, 32 min. were found for 
the 15-mg. dose (B-7) and 86 min. for the 120-mg. dose (B-8). It 
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Figure 2-Data showing dose-dependent kinetics after i.v. administra- 
tion of griseofulvin to Dog B. Key: 0, 15-mg. dose (B-7); U, 30-mg. 
dose (B-5); 0,60-mg. dose(B-6); A, 120-mg. dose (B-8). 
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Table 11-Pharmawkinetic Data for Dog B after Different i.v. Doses of Griseofulvin 


0.1 


Clear- Area, 
Expt., Dose, A,  B, t O : S a  to.,@ V P  3 Vdi , t . ,  ance, min 


Date of 


ml. ml./min. mcg./ml. 
CPQ 9 


ml. Exvt. 1967 mn. mcg./ml. mcg./ml. mcg./ml. mm. mm. 


I I I 1 I 


B- 1 
B-2 
B-3 


9-26 
9-28 


10-2 
10-2 
10-17 


60 3.10 
I .20 
2.2 
3.5 


2.25 5.35 
2.23 
3.65 
5.76 
3.73 
5.07 
I .50 
9.70 
2.98 


3.8 
3.4 
1.8 
3.0 


49 
40 
38 
56 
39 


11,200 
12,900 


21,900 
22,900 


338 
420 
352 
306 
440 


176.0 
71.4 
85.2 


197.2 
68.2 


.. 


30 
30 
60 


1.13 
1.45 
2.26 
1.03 


8,200 
10,400 
8.050 


18,100 
22,000 
22.400 


8-4 
B-5 
B-6 
B-7 
B-8 
B-9" 


2.3 
2.5 
2.3 
3.8 


30 
60 


2.7 
2.7 
1 .OO 
6.00 
2.05 


_. 


57 
32 
86 
59 


11;sOo 
10,000 
12,400 
10,150 


231000 
23,200 
28,600 
25,800 


288 
244 


203.7 
26.5 


492.0 
89.1 


10-18 
10-27 
10-27 
11-10 


2.37 
15 


120 
30 


0.50 
3.70 
0.93 


565 
355 3.5 


Q After 120-mg. dose. 


should be noted in Fig. 2 that the curves representing the slower 
disposition phase are linear out to the limit of the assay of gris in 
plasma. The half-life obtained from 30- and 60-mg. doses was quite 
reproducible from isolated experiments. In the last experiment, a 
30-mg. dose was given at 7 hr. after the intravenous injection of 120 
mg. The half-life increased to 59 min. (B-9) which is much longer 
than previously observed. As noted in Table €1 the clearance de- 
creased and the area under the plasma curve increased with the 
increase of dose. It is interesting to note that there was a linear 
relationship between the slow disposition half-life and the dose 
administered, with the exception of Experiment B-9. fn these nine 


mg. doses, were given successively in the same day (Fig. 4, K-16, 
17, 18). The initial 25-mg. dose resulted in the same half-life as that 
obtained from the previous 50-mg. dose. However, the half-lives for 
the later disposition phase from the next 100- and 25-mg. doses all 
increased twofold and the half-life for the fast disposition phase 
from 100-mg. dose all increased from 3.2-20 min. Furthermore, the 
vohme ofthe c-al compartment atso increased about 60%. Since 
the 25- and 50-mg. doses resulted in the same half-life and the pro- 
portional area under the plasma concentration time curve, it seems 
that there exists a threshold for the dog to become dose-dependent 
in the disposition of the drug. This phenomenon was also found for 
heparin in dogs (8). 


The phenomenon of dose-dependent kinetics of gris found in dogs 
may have significant clinical importance. The gris is usually ad- 
ministered to dogs orally for the treatment of certain types of super- 
ficial fungal diseases. If a small dose is given at relatively short in- 
tervals, then the metabolic rate of gris will be quite fast and the re- 
sulting blood level will be lower. However, if a large dose is admin- 
istered at longer intervals, the metabolic rate may decrease con- 
siderably and the blood level may be much higher and prolonged, 
provided the fraction of the drug absorbed is relatively independent 
of dose (which can be questioned). Another implication of dose- 
dependent kinetics is in the measuring of the absorption rate or total 
availability from the blood level data. Since the pharmacokinetic 
parameters are a function of dose, it is difficult to measure the 
absorption rate or availability from such data. However, it will be 
shown below that urinary data offer an alternative method of avail- 
ability assessment. 


Urinary Excretion of Metabolites After i.v. Injection of Gris-The 
urinary metabolites in dogs after intravenous administration of gris 
have been previously investigated in this laboratory (1). Intact gris 
was found excreted in a negligible amount. Only one metabolite of 
gris was found, 6-DMG, which was converted to a small extent to 
6-DMG glucuronide. However, the excretion rates of metabolites 
were not studied previously. 


The excretion rates of the metabolite, 6-DMG, after intravenous 
doses of 50 or 100 mg. of gris to four dogs are shown in Fig. 5. 
The excretion rate reached a maximum after the first 20-min. 
sampling interval. This is obviously due to the build-up of the body 
concentration of the metabolite. Beyond this peak, the excretion 
rate can be separated into fast and slow phases. The slow phase 
(half-life between 2-5 hr.) usually began after the gris level in the 
blood had decreased to a negligible value. Since the half-life for gris 
elimination is less than I hr., the slow elimination of 6-DMG is 
undoubtedly due to its rate of tissue distribution. This was con- 
firmed by the intravenous administration of 6-DMG to the same 
dogs which will be discussed later. The excretion rate of 6-DMG was 
quite fast, generally, increasing with the increase of the metabolic 
rate of gris. 
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Figure 3-Dutu slzowing dose-dependent kinetics ufter i.v. udmitristnc- 
fion of griseofulvin to Dog C. Key: 0,50-mg. dose; A, 100-mg. dose. 


experiments, the volume of the central compartment and the total 
volume of the distribution showed a 25-40% variation, respectively. 


The pharmacokinetic data for Dogs C and K are summarized in 
Table 111. In Dog C a dose of 50 mg. resulted in a half-life of 35 min. 
while one week later a dose of 100 mg. gave rise to a half-life of 68 
min. This is shown in Fig. 3. In addition, the volume of the central 
compartment was also found to increase by 40z. Another interest- 
ing example of dose-dependent kinetics was found in Dog K. A 
single dose of 50 mg. produced a half-life of 49 min. (Fig. 4, K-14). 
Several weeks later, three intravenous injections, 25-, 100-, and 25- 


Table II-Pharmacokinetic Data of Griseofulvin in Two Dogs Showing Dose-Dependent Disposition Kinetics 


Area, Clearance 
Dose, to. f ,  to.!@. A, B, min. Kc1 KIZ, &I, Vm Vt, 


Exptl. mg. min. min. mcg./ml. mcg./ml. mcg./ml. ml./min.-' min.-' m h - 1  ml. ml. 
~~ ~ 


c-3 50 3.2 35 3.20 1.60 96 0.0500 0.100 0.085 10,430 12,100 


K-14 50 3.2 48 2.05 1.95 145 0.0275 0.0905 0.1134 12,500 9,700 
c-4 100 4.8 68 3.52 3.48 360 0.0192 0.0579 0.0771 14,300 10,700 


K-17 100 20.0 99 2.70 2.40 41 6 0.0123 0.0091 0.0203 19,700 8,500 
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Figure 4-Data showing dose-dependent kinetics after i.v. administra- 
tion ofgriseofulvin to Dog K .  Key: r;, 25 mg. (K-16); @, 50 mg. (K-14); 
0, 100 mg. (K-17); A. 25 mg. (K-18). Arrows indicate the time of 
administration. 


It is interesting to note that the percentage of total recovery of 
6-DMG in 48 hr. f r m  eight studies in five dogs remained almost 
constant with an average of 56.4z, although their elimination half- 
lives differed significantly as shown in Table IV. It should be em- 
phasized that even Dog C which was found to show dose-dependent 
kinetics of gris (see last section) also produced the same metabolite 
recovery from different doses (C-3, 4). It seems possible, therefore, 
that one can use the total recovery of 6-DMG to evaluate the total 
availability of gris after oral administration even if the dogs show 
dose-dependent kinetics. 
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Figure 5-Excretion rate of 6-demethylgriseofulvin after i.v. adminis- 
tration of griseojulvin to dogs. Key: 0, C-3 (50-mg. dose): A, G-7 
(50-mg. dose); A, E-I (100-mg. dose); 0, H-9 (50-mg. dose). Data 
plot fed at midpoint of collection period. 


The recovery of the total 6-DMG glucuronide was usually quite 
small, ranging from 3-6% of the dose from the author's study. 
They were measured by the difference in the optical density before 
and after the incubation of the sample with 8-glucuronidase. Since 
the absorbance of the blank samples usually increased slightly after 
the incubation and the amount of the glucuronide formation was 
quite small, the error in the calculation of the glucuronide would be 
relatively big Therefore, the rate of the excretion of the glucuronide 
was not studied intensively. 


Urinary Excretion of 6-DMG After i.v. hjection of 6-DMG- 
The pattern of the distribution, metabolism, and excretion of 
6-DMG after its intravenous injection was quite similar in the three 
dogs studied. The excretion rate of 6-DMG could all be represented 
by a triexponential equation 


Ae-@ + Be-81 + Ce-W 


except for the first 2.5 min. (Table V and Fig. 6). 
If one assumes that the excretion rate of 6-DMG in the urine is 


proportional to the concentration of 6-DMG in the blood, then the 
decay curve of the excretion rate against time should reflect the 
blood level decay of 6-DMG. Therefore, the blood level decay of 
6-DMG after its i.v. injection might be equally described by a tri- 
exponential equation with the same slope. This is equivalent to 
describing the distribution, metabolism, and excretion of 6-DMC 
by a three-compartmental open model. From the urinary data, the 
rate constants of elimination and the distribution between compart- 
ments and the relative size of the compartments might therefore be 
estimated (9). The use of urinary data to obtain pharmacokinetic 
parameters of drugs is particularly valuable when it is difficult to 
assay drugs in the blood. Since compounds like 6-DMG will be 
concentrated in the urine, it is easier to assay them in the urine than 
in the blood. Although the literature has not been scanned com- 
pletely, this may be the first instance where urinary data of a drug or 
its metabolite was found to fit a triexponential equation. 


The fast portion in the feathered curves has the half-life of 5.5-7 
min., the medium portion 28-31 min., and the slowest part 197-- 
285 min. The determination of the half-life in the fast portion was 
made possible by the frequent sampling of urine from the indwelling 
urethral catheter at 5-min. intervals for the first 30 min. 


The total percentage of 6-DMG recovery in 48 hr. in three dogs 
from the intravenous administration of 6-DMG is shown in Table 
IV. The average recovery is 76.3%:. Since the recovery is not com- 
plete and the excretion of the glucuronide is negligible, there must 
be another route of metabolism and/or excretion of the 6-DMG. 
The percent of recovery of 6-DMG after its i.v. injection is higher 
than thet after gris injection, possibly indicating another pathway 
of elimination of gris besides the transformation of gris to 6-DMG. 
Although the biliary excretion of the glucuronides of 6-DMG and 
4 D M G  has been shown to take place in rats and rabbits (lo), the 
biliary excretion of gris and 6-DMG in dogs was found negligible 
in this laboratory (1). Hence, there must exist other pathways for the 
elimination of gris or 5-DMG. 


Possible Cause of Dose-Dependent Kinetics-Dose-dependent 
kinetics such as discussed above have also been reported on heparin 
(8), probenecid (l), phenylbutazone, biscoumacetate, diphenylhy- 
dantoin (12), and bishydroxycoumarin (13). Dayton et N I .  (11, 12) 
attributed such unusual phenomenon to the self-inhibition of the 
metabolism of a drug or the formation of a strong enzyme-drug 
complex. Wagner (14) has recently reviewed some of these aspects. 
He pointed out that a decrease in the distribution rate constant or 
an increase of the peripheral volume in the two-compartment open 


Table IV-6-Demethylgriseofulviii Recovery after Griseofulvin i.v. 
Administration in Dogs 


Dose, Half-Life, 
min. Recovery, Ex per imen t mg. 


c- 3 
c-4 
E- I 


50 35 58 
100 68 51.7 
100 43 55.4 


G- 7 50 35 51 . O  
G-16,17,18 I50 44 57 
H-7 50 - 58.6 
H-9 50 52 54.2 
K-14 50 49 59.2 
Av. i SEM 56.4 f 2 .7  
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Table V-Total Recovery and Excretion Rate Equations for 6-Demethylgrkeofulvin after i.v. Injection of 50 mg. of 6-DMG 


Experiment Recovery, Excretion rate, mcg./mhQ 


12 e-O 003281 


16 ,-O 00352L 
9 ,  5 .-O W24Bt 


G-9 74.4 900 e*.09t + 680 e Q . 0 2 3 1 t  + + 
820 eQ.02471 + 2150 e-0.138t + 


e-O.116t + 
530 e--0.0‘224t H-11 74.2 


K- 3 80.2 
Av. 76.3 


= See Fig. 6 for experimental data for dog H-11. 


model system with increase in dose could result in a longer elimi- 
nation half-life, even though the rate constant for the elimination was 
independent of dose. The data shown in Tables 11 and 111 clearly 
support the latter contention. It should be noted that the change of 
the volume in the central rather than the peripheral compartment 
was found in Dogs C and K. Further evidence to substantiate the 
argument that the enzyme activity may be unchanged in dogs show- 
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Figure &The tri-excretion rate of 6-DMG after i.u. administration 
of 6-DMG (50 mg.) to a dog (H-11; the excretion rate at 2.5 min. 
is not included). Data plotted at midpoint of collection periods. 


ing dose-dependent kinetics was found in Dog C. The percent uri- 
nary recovery of 6-DMG remained constant, as is shown in Table 
IV, in spite of the change of the half-life and other pharmacokinetic 
parameters. One possible explanation of these observations is that 
the protein binding characteristics of gris may vary in these animals. 
This, in turn, would cause minimal change in the metabolism. 
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Preparation and Dissolution Characteristics of 
Several Fast-Release Solid Dispersions of Griseofulvin 


WIN LOUNG CHIOU" and SIDNEY RIEGELMAN 


Abstract 0 A marked increase of dissolution rates and attainments 
of supersaturation of griseofulvin were found when dispersed in the 
matrices of polyethylene glycol (PEG) 4000, 6000, 20,000, penta- 
erythritol, pentaerythrityl tetraacetate, and citric acid by the fusion 
or solvent methods. The exact physical nature of these dispersion 
system are not determined. It is believed, however, that some griseo- 
fulvin is molecularly and/or colloidally dispersed in the PEG 
polymers due to their highly viscous and supercooling effect which 
will retard the nucleation and growth of griseofulvin precipitation 
during the solidification process. Pentaerythritol and penta- 
erythrityl tetraacetate which are globular compounds with the high 
degree of deformation of crystal lattice allowed are believed to 
form limited or complete solid solutions with griseofulvin. The 
melt of griseofulvin-citric acid mixture is highly viscous. It re- 
quired several days of standing at 37" in order to transform to a form 
(glassy) which could then be pulverized. The resultant glass solution 
is believed to  represent a new class of physical modification of drugs 
exhibiting strikingly fast dissolution rate of griseofulvin. 


Keyphrases 0 Griseofulvin fast-release solid dispersions-prepara- 
tion 0 Dissolution characteristics-griseofulvin fast-release solid 
dispersions 0 Stability-griseofulvin solid dispersions UV 
spectrophotometry-analysis 0 IR spectrophotometry-analysis 
0 Fluorometry-analysis 0 TLC-analysis 


In 1961, Sekiguchi and Obi ( I )  first proposed the 
utilization of solid dispersions to increase the dissolution 
and oral absorption of poorly water-soluble drugs. 
They proposed the formation of a eutectic mixture of a 
poorly water-soluble drug with a physiologically inert, 
easily soluble carrier. The physical mixture of the drug 
and the carrier was melted together and solidified by 
cooling to room temperature. When such systems are 
exposed to water or gastrointestinal fluids, the soluble 
carrier will dissolve rapidly and the finely dispersed drug 
particles will then be released. This is based on the as- 
sumption that solute particles formed from the solidi- 
fication of the eutectic melt are usually very fine, almost 
in the micron or submicron range. Goldberg et al. 
(2) in 1965 suggested the formation of solid solution to 
reduce the particle size to a minimum, i.e., insoluble 
drugs dispersed molecularly in the matrix of soluble, 
inert carriers. This can increase not only the dissolution 
rate, but also the solubility of drugs. 


Griseofulvin (gris), a water-insoluble, antifungal 
antibiotic, has been shown to be incompletely and 
erratically absorbed after oral administration of the 
conventional or micronized gris to rats, rabbits, cats, 
and man (3-9). The slow dissolution rate in the gastro- 
intestinal tract is the dominating factor in producing 
incomplete and irregular absorption. The rate of dis- 
solution of gris in vitro was shown previously to be 
enhanced considerably when dispersed in succinic acid 
(10) or polyvinylpyrrolidone (1 1). However, neither of 
these systems has been tested for its efficacy and ap- 
plication in animals or humans. 


This communication will report the usage of the 


higher molecular weight polyethylene glycols (PEG'S), 
pentaerythritol, pentaerythrityl tetraacetate, and citric 
acid as water-soluble carriers in forming solid matrices 
for gris. In addition to the eutectic mixture and solid 
solution, a new class, glass solution (12), will be intro- 
duced. This is believed to be able to serve the same 
purpose of fast release of drugs as suggested for the solid 
solution. The in vivo evaluation of the dispersed gris 
in dog and in man will be reported in the future. 


EXPERIMENTAL 


Material--Gris USP (micronized, Lot No. 0524),' polyethylene 
glycol 4OO0, 6000, and 20,000 (20 M);2 pentaerythritol, reagent 
grade, pentaerythrityl tetraacetate, reagent grade; anhydrous 
citric acid, reagent grade; succinic acid, reagent grade. 


METHODS OF PREPARATION OF SOLID DISPERSION 


Direct Melting Method-Fine powders of gris and different 
water-soluble carriers such as polyethylene glycol (PEG) 400, 
6000, and 20,000, pentaerythritol, pentaerythrityl tetraacetate, 
citric acid, and succinic acid were accurately weighed in certain 
ratios. They were physically mixed and transferred to beakers of a 
suitable size. These physical mixtures were heated directly and 
quickly with constant stirring on the conventional hot plate or oil 
bath until they all melted. The melts were quickly solidified by 
pouring onto stainless steel plates. In systems of gris-PEG, solidi- 
fication was further facilitated by blowing cold air onto the opposite 
side of the plates. At ambient temperatures, the freshly prepared 
gris-citric acid mass was essentially transparent, but was viscous and 
not easily subdivided. On experimentation it was noted that the 
gris-citric acid mixture stored in an oven at 37" took several days 
to convert to a form which could be easily pulverized. Storage at or 
below room temperature retarded the conversion. The Gris-PEG 
mixtures also required storage in a desiccator to harden. The final 
solid masses were pulverized either in a mortar or by use of a 
small ball mill. The powders were sieve-sized to the 80 or 200 mesh 
range. 


Solvent Method-Mixtures containing 10 and 20% (w/w) gris 
in the gris-PEG 6000 system were also prepared by the solvent 
method. In the 10% gris mixture, 0.5 g. of Gris and 4.5 g. of 
PEG 6OOO were suspended in 500 ml. of absolute alcohol in a 
beaker and concentrated directly on a hot plate to about 100 ml. 
The resulting cloudy and colloid-like suspension was further con- 
centrated in an oil bath kept at 11 5' for 1 hr., when the formation of 
ethanol vapor bubbles were no longer observed. A semitransparent, 
colloidal, viscous liquid was obtained which was allowed to solidify 
by cooling in a cold air stream. The sample was powdered and the 
80 to 200 mesh fraction was collected. In the 20% Gris mixture, 0.5 
g. of Gris and 2.0 g. of PEG 6000 were treated in the same manner 
except the sample was finally heated in an oil bath at 125" for 25 
min. It was noted that the control of temperature and the time of 
heating affected the amount and the particle size of crystallization of 
gris. 


Stability Studies on the Gris-Solid Dispersions-Thermal, 
spectroscopic, and chromatographic methods have been used to 
study the pure components and the coinponents of the final dis- 


~~ 


McNeil Laboratories, Fort Washington, Pa. 
Carbowax, Union Carbide Chemicals Co., S. Charleston, W. Va. 
Eastman Organic Chemicals, Rochester, N. Y. 
J. T. Baker Chemical Co., Phillipsburg, N. J .  
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persions to attempt to verify their chemical stability after processing. 
Thermal Studim-The melting point of gris is 218-219". The 


pure powder was melted quickly to 235" and the melting point of 
the rapidly solidified mass was measured by the capillary method to 
ascertain the effect of the heating process. 


Spectrophotometric Studies-UV, IR, and fluorescent methods 
were used. The UV spectra of pure Gris and PEG 6000, heat- 
treated gris (235") and PEG 6000 (300"), and Gris from different 
solid dispersions were run in 1 alcohol solution by the recording 
Beckman DB spectrophotometer. The activation and fluorescence 
spectra of the pure and processed Gris were run by using Aminco 
Bowman spectrophotofluorometer. The IR spectra of the pure and 
heat-treated gris were obtained from Beckman IR 8 spectrophoto- 
meter by the KBr disk method. 


Thin-Layer Chromatography-The pure and processed gris 
samples were dissolved in absolute ethanol and spotted on the 
plates. The plates were developed by a solvent system of chloro- 
form-acetic acid-water (4: 1 : 1 v/v) and the phosphor was excited 
by 253 mp light in darkness. The dark spots can be easily detected 
on the green background of the plates since gris and the possible 
decomposition products would absorb the light preventing fluo- 
rescence. 


Dissolution Rate Studies-A recycling and automatic recording 
system was used for all the dissolution rate studies. The dissolution 
rates of gris in different physical forms were run in either 500 ml. 
distilled water in a 600-ml. beaker at room temperature or 18 1. of 
distilled water at 36.7 =t 0.05' in a constant temperature water bath. 


Unless otherwise specified, samples of 80 to 200 mesh powder 
were transferred directly into the dissolution medium and stirred 
with a stainless steel paddle. The paddle, 5.5 X 2.7 cm., was placed 
at the center of 500 ml. dissolution medium and rotated at a rate of 
100 r.p.m. A larger size paddle, 8.7 X 2.7 cm., was used for 18 1. 
of dissolution assembly. The paddle was placed 4 ern. above the 
bottom of the water bath and rotated at a rate of 200 r.p.m. The 
solution was pumped by a peristatic pump (Multi-speed Trans- 
mission, model No. 6000-000, available from the Harvard Appara- 
tus Co., Dover, Mass.) at a rate of 80 to 100ml./min. through a glass 
filter stick to a I-cm. flow cell and then back to the dissolution 
apparatus. The absorbance of the solution is monitored by a re- 
cording Beckman DB spectrophotometer a t  either the maximum 
peak of gris, 292 mp, or minimum absorbance, 272 mp, depending 
upon the concentration of Gris. In the system of &-PEG 20,000, 
324 mp was used because of possible interference of absorption by 
the polymer at 272 mp. The volume of the solution in the tubing of 
the recycling system is about 10 ml. At the flow rate used, the moni- 
tored absorbance will reach 90% of the equilibrium value in 15 
sec. Therefore the lag time in the measurement of dissolution rate is 
essentially negligible. In the study of the dissolution rate at room 
temperature, the water is preadjusted to 25". The ambient tempera- 
ture of the room ranged less than 2" from this temperature. 


The solubility of gris at 25" is I m,o./100 ml. of water. The amount 
of gris in the various solid dispersion systems used for the dissolu- 
tion rate study in 500 ml. water was usually 5 mg., which would 
saturate this volume of the solvent (unless a polymorphic form of 
increased solubility was formed). Selected studies were carried 
out, however, using several times the amount of gris. Dissolution 
rate studies using 125 mg. gris were also carried out in 18 1. of 
water at 36.7'. The solubility of gris at 37" is  1.5.mg./100 ml. of 
water, hence 125 mg. of gris in 18 1. of water at that temperature 
is equivalent to about 4 6 z  of the saturation. 


In order to study a gris sample of markedly different particle 
size, a mass of gris was rapidly melted, cooled, pulverized and 
sieved to a 1 0 0  to 200 mesh particle distribution. All samples were 
run in at least duplicate. The dissolutioncharacteristics of the solid 
dispersions were reproducible with only negligible variation be- 
tween runs. A slightly larger, but relatively insignificant variation 
was seen between runs ofthe coarse or micronized powder. 


RESULTS AND DISCUSSION 


Selection of Solid Dispersion Carriers -Polyethylene Glycol Poly- 
mers-Water-soluble polymers such as polyvinylpyrrolidone, 
methylcellulose, and polyvinylmethylether have been proposed as 
possible vehicles ta form colloidal euspenskms. ( I  3) or fast-release 
solid dispersions ( 1  1) ofwater-insoluble drugs by the solvelrtmethod. 


The authors have found a new class of water-soluble polymer, the 
polyethylene glycol polymer, not previously reported, which appears 
to be able to serve as an extremely useful solid dispersion matrix for 
water-insoluble drugs. One possible limitation of such systems may 
be the propensity of the ether group in the polyethylene glycol poly- 
mers to form stable and insoluble complexes with some drugs such 
as phenobarbital (14). 


The rationale for the polyethylene glycol polymers as water- 
soluble carriers is based on the following theoretical considerations: 


(a) Molecular size: the essential criterion for the formation of an 
interstitial solid solution is the molecular size, i.e., the host molecule 
must be much larger than the guest (solute) molecule (15, 16), since 
the molecular weight of the organic drugs is usually below 400 or 
500, while that of the available PEG is 1500,4000,6000, and 20,000. 
Therefore, the use of the high molecular weight polyethylene gly- 
cols will be expected to form interstitial solid solutions with many 
drugs. 


(b) Supercooling and viscous effects: high molecular weight 
PEG compounds are viscous in their melted state even at a temper- 
ature of 200" (17) and can be supercooled to about 40" (the melting 
points of the different molecular weight of PEGS are all above 
50'). The viscosity also increased markedly with the decrease in 
temperature. As the PEG-drug melt is allowed to cool, the crys- 
tallization of the drug will be retarded due to the slow migration 
and the difficulty in nucleation of the drug in the viscous medium 
(18, 19). Although the melting point of gris is 218-219" and that of 
the polymer is above 50°, it was found feasible to supercool 10, 20, 
and even 40% of gris in PEG 4ooo or 6000 (w/w) to about 40" be- 
fore solidification started. This surprising supercooling phenomenon 
of PEG-drug melt was also observed with other drugs such as 
digitoxin, 17-methyltestosterone, prednisolone acetate, and hydro- 
cortisone acetate (20). It is believed that it will also occur with other 
substances. 


As discussed above, the solidified PEG-drug melt is prepared by 
cooling rapidly on a cald stainless steel plate. During this treatment, 
the drug will only nucleate with extreme difficulty. If the solute 
commences to nucleate and niicrocrystals form, the particle size 
will be very small due to the extremely high viscosity of the medium 
at  this low temperature and the short time interval for the comple- 
tion of solidification. 


The solidification time may play an important factor especially in 
obtaining a metastable solid solution (21). It is also axiomatic that 
crystal size will be smaller if the crystallization takes place in a 
short time interval. This principle should also hold for the solidi- 
fication of the PEG-drug melt systems. Therefore, in order to ob- 
tain a metastable solid solution or fine particle size of the drug pre- 
cipitated in the PEG-drug solid dispersion form, the melt should be 
cooled to the solid state as fast as possible. It should be emphasized 
that this does not apply to the true or thermodynamically stable 
solid solutions. Although the precipitation of the metastable or 
supersaturated solid solutions of PEG-drug systems may occur, this 
process is usually sluggish (21). As will be discussed in a later com- 
munication, the key to the complete absorption of gris is the well- 
dispersed and wetted "colloidal" particles. The same principle 
should also apply to all other drugs. Therefore polyethylene glycols 
may wen be ideal matrices for most water-insoluble drugs (assuming 
they are sduble in the PEG melt) whether they form stable or 
metastable solid solutions or fine particles of pure drugs dispersed in 
the matrix. 


As discussed above, PEG-drug solid dispersion forms can be 
simply prepared by directly melting their physical mixtures. Al- 
though many drugs may decompose at their melting points, they 
may be stable 50 or 100" below their melting points and it is possible 
to  dissolve smaller amounts of the drug in the PEG melt below 
its decomposition point. Under such conditions, this direct melting 
method should be more convenient and economical than the solvent 
method proposed by Tachibana et ul. (13) and Mayersohn et ul. 
(11). The direct melting method cannot be applied to the polymers 
previously suggested by these authors because of their high melting 
points and/or thermal instability (17). Polymers of PEG also possess 
an advantage when the use of the solvent method is required when 
using drugs which are thermally unstable, because the PEG poly- 
mers are very soluble in a broad spectrum of organic solvents in- 
cluding ethanol, chloroform, N,N-dimethylformamide, and di- 
methylsulfoxide. Furthermore, the systems of PEG-drug-solvent 
will become increasingly viscous as the solvent evaporates. It 
should be noted that high vacuum can be applied to facilitate the 
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Table I- Twenty, Fifty, and Seventy Percent Dissolution Timcs 
for Various Forms of Griseofulvin in Saturation Dissolution 
Apparatusa 


T?oI 
Physical forms of Gris Tz0, min. TSO, min. mm. 


- - _. 100-200 Mesh pure Gris 


Micronized Gris (wetted) 2 . 0  30.0-40.0 __ 


> 60.0 
Micronized Gris (nonwetted) 25.0 


5 ' Z  Gris-PEG 6OOO << 1.0 0 .3  1.5 


. .  . .. 


10% Gris-PEG 6OOO << 1.0 0.5 3.0 
20% Gris-PEG 6OOO << 1.0 3 . 0  15.0 
40% Gris-PEG 6OOO < 1.0 14.0 .- 


5% Gris-PEG 4M)O << 1 . 0  0 .3  2 . 0  
5 X Gris-PEG 20.000 << 1.0 0 . 6  2.5 


_. . 20% Gris-PEG 20,000 << 1.0 4.0 
7.5 Gris-pentaerythritol << 1.0 0.5 4.0 
20 Gris-pentaerythritol < 1.0 3.8 15.0 


_ _  10% Gris-Pentacrythrityl < 1.0 8.0 
tetraacetate 


10% Gris-succinic acid 1.2 10.0 50.0 
5 X Gris-citric acid << 1.0  0.2h 0. 3b 
20% Gris-citric acid << 1.0 1 .0  5.0 


0 Five milligrams Gris in 500 ml. of water at 25". bDissolution times 
taken from recorded absorbance readings. Values are not corrected for 
the circulation lag time of approximately I5 see. 


removak of organic solverrfs with higher boiling points at the lower 
temperature especially if the last two solvents are used. 


The use of PEG polymers has other advantages. These polymers, 
especially PEG 1500, 4o00, and 6OO0, are almost spcctroscopically 
transparent in the visible and UV regions; therefore assays and dis- 
solution rate studies of PEG-drug solid dispersions can be under- 
taken directly and easily by the simplest visible or UV absorbance 
method without resortingto the extraction procedure. 


fentaerythritol -It is well known that globular or plastic com- 
pounds will form a wide range of solid solutions above their plastic 
points. For example, pairs of cyclopentane-2,2-dimcthylbutane 
(19) and chemically unrelated methane and argon (22) form con- 
tinuous solid solutions at appropriate temperatures. The reasons 
for their mutual solubility are the similarity in their symmetry and 
almost free rotation (hence low lattice energy) above their plastic 
points. Since plastic compounds have the lowest lattice energy and 
strain, it is reasonable to expect that they will more easily accommo- 
date all kinds of molecules in their crystal lattice for the formation of 
solid solutions. Pentaerythritol, a typical globular compound (19), 
was selected for the test of this possibility. Its transition point from 
the tetragonal Crystal I1 to the cubic, plastic Crystal € is 185" with 
an entropy of transition of 22.8 cal: deg.-* mole-'. The Crystal I 
melts at 260" with a typical low entropy of fusion of 7.2 cat. deg.-' 
mole-'. Although the pentaerythritol is water-soluble (1 g. in 18 
ml. of water at ISo), its solubility in organic solvents is quite limited. 
Preparations of solid solutions utilizing the organic solvent method 
are therefore difficult and force one to use the direct melting method. 
Due to its high melting point, it is clearly not a useful carrier for 
thermal-labile compounds. 
f entuerytlirityl tefraucetute --Pentaerythrityl tetraacetate proh- 


ably has plastic properties due to its tetrahedral structure, although 
thermodynamic data are nct available. It is fairly water-soluble (23). 
It has a low melting point, 80- 82" and is also soluble in certain 
organic solvents such as ether, ethanol, and other chemicals. 
Therefore, the solid dispersion of drugs in this carrier can. be easily 
prepared by the direct melting and/or the solvent methods. 


Citric Acid--Citric acid (a normal metabolic constituent of ani- 
mals), a tricarboxylic acid, has been found by the authors to be 
capable of glass formation. Although succinic acid, a dicarboxylic 
acid, has similar physicochemical properties as citric acid, it does 
not exhibit this particular property. The melt of succinic acid was 
found to solidify rapidly on cooling, while that of citric acid goes 
through a viscous state and solidifies less rapidly. After standing 
at 37" for a few days, a hard, brittle, and transpar-ent glass solution 
can be obtained. Glass solution formation was also found in the 
systems of citric acid-phenobarbital and citric acid-hexobarhital. 
In the glass solution, the active drug is dispersed molecularly in the 
matrix of the carrier. 


There is usually a relatively strong chemical binding between the 
solute and the solvent in the solid solution (24), while the lattice 


a c 
0 0.0 - ! t I I I , 


0 2 4 6 8 10 
TIME, min. 


Figure 1-Griseofdoitt dissolution rute studies, 5 mg.J.500 mi. water ut 
25". Key: (1) wetted, micronized Gris powder; (2)  nonwetted, micro- 
nizedpowder; (3) 100-200 me.sl1 powder. (Mu.winlum optical density 
0.7.) 


energy in the glass solution is much less because of its similarity to 
the liquid solution. Therefore, the dissolution rate of drugs in the 
glass solution should be theoretically faster than that in the solid 
solution. 


Citric acid is very water-soluble, but unfortunately insoluble in 
most organic solvents. Therefore systems of citric acid-drug can 
only be prepared by the direct melting method. The melting point 
of anhydrous citric acid is 153", while that of the monohydrate 
form is only ahout 100". Both forms of citric acid decompose about 
165" (22). It seems logical, therefore, that the monohydrate rather 
than the anhydrous form should be used in the preparation of solid 
dispersion of drugs. Gris was found to be partially decomposed 
during the melting process with anhydrous citric acid (see below). 
The potential use of monohydrous citric acid with gris and other 
drugs remains to be further investigated. 


Stability Studies -Pure Gris- - -Although the melt and solidified 
mass of pure gris appear slightly discolored,5 the slight degree of 
decomposition could not be detected by the various physical 
methods employed in this study. For example, the melting point, the 
spectra of the UV, IR, and fluorescence are all ostensibly identical 
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Figure 2-GriseofuIuit~ dissalution rute studies, 5 mg./500 nil. wuler 
at25". Key: ( 1 )  5% Gris-PEG6000;(2) 10% Gris-PEG 6000:(3)20% 
Gris-PEG 6000; ( 4 )  10 % Gris-PEG 6000prepared by ethanol method; 
(5) 20 Gris-PEG 6000 prepared by ethunol method; (6) 40% Gris- 
PEG 6000; (7)  wettedmicroni:edpowder. 


6 Poole (26) reported that the discoloration of the melt of griseofulvin- 
isogriseofulvin mixture when heated to 210 to 230" can be avoided by 
forming a bkdnke(. of nitrogen over the apparatus during the heating 
process. 
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Figure 3-Griseofuluin dissolution rate studies, 5 mg./500 ml. water 
at 25". Key: ( I )  5% Gris-PEG 20000; (2)  5% Gris-PEG 4000; (3)  
20% Gris-PEG 20000; (4)  wetted, micronized Gris. 


to those of unheated gris. No new spots were detected by TLC. 
The thermal stability of gris is further supported by the finding of 
Sekiguchi et al. (25). In their differential thermal analysis study, no 
thermal effect below its melting point was observed. In their thermo- 
gravimetric analysis study, no detectable change in weight of gris 
was found when heated up to 240". From the above evidence, it 
can be concluded that essentially gris is thermally stable and the 
decomposition after the rapid heating to its melting point or slightly 
beyond its melting point is negligible. 


Gris Dispersed in Polyethylene Glycol Polymers-Gris dispersed 
in these polymers prepared either by the direct melting or the solvent 
method showed the identical UV and fluorescent spectra on a mass 
basis as that of pure gris. In addition, no new spots could be de- 
tected on the thin layer plate. On the basis of these facts, it seems 
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gris is also not decomposed by the processing. It should be noted 
that if a high concentration of gris (e.g., 2&40% gris) is incor- 
porated in the melt, a high temperature is required and the resulting 
solid was slightly brown in color, and its color became darker as the 
time of heating was prolonged. It seems likely the discoloration of 
gris-PEG melt might have been prevented by blowing nitrogen over 
the apparatus during the heating process.5 It should be noted that 
the Gris dispersed in PEG 6OOO by the solvent method wascolorless. 


Gris Dispersed in Pentaerythritol--The gris, 7.5 and 20% (w/w) 
dispersed in the pentaerythritol by the direct melting method also 
showed an identical ultraviolet spectra as the pure compound. 
However, the deviation oftheUVspectra and extra spots on the thin- 
layer plate were found in the samples when they were prepared in 
larger quantities (above 10 8.) and required longer time of heating 
at high temperature (above 235 "). Only samples without decomposi- 
tion were used for the dissolution rate study. 


Gris Dispersed in Pentaerythrityl Tetraacetate-The melts of 5 or 
20% (w/w) of gris in the system of gris-pentaerythrityl tetraacetate 
were colorless. The Gris dispersed in this carrier showed the same 
UV spectra and the same R, value (single spot only) as pure com- 
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Figure 4-Griseofuluin dissolution rate studies, 5 mg.lS00 ml. water 
at 25". Key: ( I )  7.5% Gris-pentaerythritol; (2) 20% Gris-pentaery- 
thritol; (3) I0  % Gris-pentaerythrityl tetraacetate; ( 4 )  10 % Gris- 
succinic acid. 
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Figure 6-Griseofulvin dissolution rate data (amount remaining to 
be disso1ued)from 125 mg. in 18 1. ojwater at 36.7". Key: (1) 10% 
Gris-PEG 6000; (2) 20% Gris-PEG 6000; (3)  40% Gris-PEG 6000. 
(4)  wetted, micronized Gris; (5) nonwetted, micronized Gris. 
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Figure 7-Dissolution rate plots of Griseofulvin in 500 ml. water at 
25”. Key: (1) 10% Gris-PEG 20000 (25mg. Grisused); (2 )  5% Gris- 
PEG 4000 (25 mg.); (3)  7.5% Gris-pentaerythritol(15 mg.); (4) pure 
wetted, micronized Gris (15 mg.); (5)  pure nonwetted, micronized 
Gris(15mg.). 


pound. These data indicate that gris is not decomposed by the 
processing. It should be noted that the melting point of this carrier is 
only 80-82 ’. 


Gris Dispersed in Citric Acid-The gris was found to be partly 
decomposed when heated together with citric acid below 160” as 
shown by the deviation of the UV spectra in certain regions. 
About 20-30 % acidic decomposition product was found. The extent 
of the possible conversion of gris to isogriseofdvin (due to the 
acidity) during the fusion processing with anhydrous citric acid was 
not determined. 


Dissolution Rate Studies-Table 1 and Figs. 1-5 include data 
obtained in the 500-ml. dissolution apparatus under conditions in 
which the solution is approaching saturation. Indeed if carried to 
completion, a saturated solution would result. Table I compares the 
studies uttilizingthe time it took for each preparation to reach 20% 
dissolution (Tzo), 50% dissolution (TGo), and 70% dissolution ( T ~ o ) .  
Figure 6 shows the data obtained from the studies of 125 mg. gris in 
18 1. of distilled water. Figure 7 shows the results of dissolution rate 
when excess amounts of gris were studied in 500 ml. of distilled 
water. 


Pure Gris-The dissolution rate of the nonwetted, micronized 
gris is markedly slower than that of the same powder when wetted 
first prior to study (with 2 ml. of 0.2% polysorbate (Tween 20) 
soIution as shown in Table I, Figs. 1 and 7. Furthermore, the un- 
wetted sample has almost the same dissolution rate as the specially 
prepared 1W200 mesh (Fig. 1). This indicates the serious agglom- 
eration problem inherent with water-insoluble drugs such as gris. 
Therefore, unless steps are taken to assure appropriate dispersion 
and wetting, the administration of the micronized or fine particles 
of drugs may not produce the expected effect. 


Dispersion in PEGS-The strikingly fast dissolution rates of gris 
dispersed in PEG systems are shown in Table I, Figs. 2, 3, 6, and 7. 
Even the preparation containing 40% of gris in the system of gris- 
PEG 6OOO (designated by 40% gris-PEG 6OOO) possesses faster 
dissolution rate than the wetted, micronized gris. Hence, this rapid 
dissolution may be attributed by the molecular and/or colloidal 
dispersion of gris in the carrier matrix as discussed above. Owing 
to the similar physical and chemical properties of PEG 4OO0, 6000, 
and 20,000, it is understandable that gris dispersed in these three 
carriers all exhibit approximately the same dissolution characteris- 
tics. Another factor which might also contribute to the fast dissolu- 
tion and the easy attainment of supersaturation (Fig. 7) is the in- 
creased solubility ofgris in the fluids of the diffusion layer. While 
the solubility of gris in water at 25” is 10 mcg./ml., it is approxi- 
mately 25,000 mcg./ml. in pure PEG 4OOO and may show the same 
order of solubility in the higher molecular weight polymers. It is 
also interesting to note that the dissolution rate data of the 10 
and 20% gris-PEG 6OOO mixtures run in 18 1. of water are mono- 
exponential beyond 90% dissolution (Fig. 6). 


The dissolution rates of the 10 and 2 0 z  gris-PEG 6000 mixtures 
prepared by the solvent method are much slower than those pre- 
pared by the melting method, as shown in Fig. 2. This evidence, 


as well as the fact of limited solubility of gris in PEG, supports the 
contention that the systems of gris-PEG prepared by direct melting 
and fast solidification are in thermodynamically metastable state. 
However, the dissolution rate of 10% gris-PEG 6OOO was found 
unchanged even after 6 months of storage at  room temperature. 
This indicates the transformation in such systems may be very 
slow. 


Dispersion in Globular Carriers and Glass Solutioii-The dissolu- 
tion rates and the attainment of supersaturation of gris dispersed 
in globular carriers such as pentaerythritol and pentaerythrityl 
tetraacetate are shown in Table I and Figs. 4 and 7. Although the 
phase diagram of these systems has not been determined, the fast 
dissolution and the attainment of supersaturation of gris dispersed 
in these carriers are compatible with the postulate that they exist 
in the form of solid solutions. The potential application of soluble 
globular compounds as carrier systems in increasing dissolution 
and oral absorption remains to be further investigated. It should be 
noted that the dissolution rates of gris dispersed in the above 
carriers are faster than that of gris dispersed in succinic acid as 
proposed by Goldberg. The dissolution of gris dispersed in citric 
acid glass solution shows the fastest rate among the solid dispersion 
forms studied (Fig. 5).  Although partial decomposition of gris was 
noted during the fusion process, the fastest dissolution rate ob- 
tained from such a system warrants further study in the future. 
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The Amino Acid Nature of Ampicillin and Related Penicillins 


JOSEPH P. HOU and JOHN W. POOLE" 


Abstract 0 The amphoteric penicillins, ampicillin and Wy-4508 
(cyclacillin), possess properties similar to the alicyclacillinphatic 
amino acids. At a pH equal to the isoelectric point (PI) they 
exist essentially as zwitterions (dipolar ions), and in this form are 
most stable and least soluble in water. The aqueous solubility of 
ampicillin changes only slightly with a change in ionic strength 
unless a nonpolar solvent is added. In water at 25", the carboxyl 
groups of all penicillins appear to have the same pK1 (2.6-2.7), 
while the amino groups of the amphoteric penicillins vary in  the 
pK2 values over a wide range (7.24-7.65), probably being influenced 
by the adjacent side chin groups. A change in the dielectric constant 
affects the pK1 more than the pKz; a change in temperature does the 
opposite. The formation of ampicillin zwitterions from its un- 
charged species is an exothermic reaction, and the heat of forma- 
tion is about 10.7 kcal./mole. 


Keyphrases 0 Ampicillin, related penicillins-amino acid similari- 
ties pH-stability profile-penicillins 0 Amphoteric penicillins 
in solution-apparent stability 0 Physicochemical properties, 
ponicillins-biological activity relationship 


Ampicillin (6-[2-amino-2-phenylacetamido]penicil- 
lanic acid) was first prepared by Doyle et al. (1) in 1961. 
After extensive antimicrobial and pharmacological 
evaluations, this antibiotic was shown to be very acid- 
stable (2), well absorbed (3-5), and effective at low 
minimal inhibitory concentration (MIC) against a wide 
variety of Gram-negative as well as Gram-positive or- 
ganisms (5-7). Wy-4508, an aminoalicyclic penicillin 
prepared by Grant et al. (8, 9), also has a broad anti- 
bacterial spectrum, and in addition has a higher ratio of 
iiz vivo to in vitro activity than ampicillin. Part of this 
superiority may be due to  its high, prolonged blood con- 
centrations and low serum binding (10). Ampicillin 
apparently owes its activity and stability to  the presence 
of the free amino group at  the or-position of the N-acyl 
side chain of the penicillin nucleus, since when this 
group is substituted or derivatives are made, the activity 
reverts to a more Gram-positive and lipophilic type (1). 
Recently, Cieslak and Wasilewa (I 1) reported that the 
presence of a free or-amino group, although required, is 
apparently insufficient for broad antimicrobial activity; 
the chemical nature of the penicillin side chain is also 
an essential factor. 


Commonly used penicillins, both natural and semi- 


synthetic, such as pencillins benzyl-and phenoxymethyl, 
methicillin, dicloxacillin, and nafcillin are salts of mono- 
basic N-substituted penicillanic acids. Ampicillin and 
Wy-4508, however, are ampholytes, i.e., they behave as 
both acids and bases since they carry both carboxyl 
and amino groups at the ends of the molecules. 


Austin et al. (12) reported the formation of ampicillin 
hydrates. Grant and Alburn (13) found the monohy- 
drate form of ampicillin less stable than the anhydrate. 
Poole and Bahal (14) further studied the anhydrate- 
trihydrate phase transition. The authors recently re- 
ported on the chemical kinetics of ampicillin in solution 
(15). Now using ampicillin as a model, these studies have 
been extended to  the solubility characteristics, dissocia- 
tion behavior, and apparent heat of dissociation (ioniza- 
tion) in solution of these amphoteric penicillins. 


EXPERIMENTAL 


Penicillins-All the penicillins were products or new compounds 
of Wyeth Laboratories. Their purity was greater than 98%. The 
following were used: ampicillin (anhydrate), 6-(2-amino-2-phenyl- 
acetamido)penicillanic acid, Lot C-10575 and Lot 10959, m.p., 
202-203" (dec.); Wy-4508 6-( I-aminocyclohexanecarboxamido)- 
penicillanic acid, Lot C-10789 (anhydrate) m.p., 182-183" (dec.); 
Wy-7953, 6-( I-amino:yclopentanecarboxamido)pznicillanic acid, 
Lot C-10785, m.p., 188-189" (dec.); Wy-8542, 6-(1-amino-3- 
methylcyclopentanecarboxamido)penicillanic acid, m.p., 164165' 
(dec.), (new compound); 6-APA, 6-aminopenicillanic acid, Lot 
C-11093, m.p., 187-189" (dec.); dicloxacillin sodium monohydrate, 
6-[3-(2,6-dichlorophenyl)-5-methyl-4-isoxazolecarboxamido] penicil- 
lanic acid, sodium salt.H20, Lot C-10651; nafcillin sodium mono- 
hydrate, 6-(2-ethoxy-l-naphthamido) penicillanic acid, sodium 
salt .HzO. 


All other chemicals were commercially availible reagent grade. 
The water used for penicillin solutions, titrants, and buffers was 
deionized, distilled and freshly boiled. The pH was 6.75 at 25". 


Procedures-To determine the solubility, an excess of each drug 
(about four times the amount needed for saturation) was added to 
each of a series of 120-ml. (4-oz.) bottles, followed by adding 50 ml. 
of solvent. The bottles were capped, placed in a constmt-tempera- 
ture bath, mechanically rotated for 2 hr., and allowed to stand about 
30 min. at the appropriate temperature. Samples were taken from 
the supernatants and filtered through Millipore filters,' diluted with 


1 Millipore fi:ters were type HA (aqueous solvent) and type LC 
(aqueous-organic solvent mixture). 
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Ampicillin (6-[2-amino-2-phenylacetamido]penicil- 
lanic acid) was first prepared by Doyle et al. (1) in 1961. 
After extensive antimicrobial and pharmacological 
evaluations, this antibiotic was shown to be very acid- 
stable (2), well absorbed (3-5), and effective at low 
minimal inhibitory concentration (MIC) against a wide 
variety of Gram-negative as well as Gram-positive or- 
ganisms (5-7). Wy-4508, an aminoalicyclic penicillin 
prepared by Grant et al. (8, 9), also has a broad anti- 
bacterial spectrum, and in addition has a higher ratio of 
iiz vivo to in vitro activity than ampicillin. Part of this 
superiority may be due to  its high, prolonged blood con- 
centrations and low serum binding (10). Ampicillin 
apparently owes its activity and stability to  the presence 
of the free amino group at  the or-position of the N-acyl 
side chain of the penicillin nucleus, since when this 
group is substituted or derivatives are made, the activity 
reverts to a more Gram-positive and lipophilic type (1). 
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presence of a free or-amino group, although required, is 
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methicillin, dicloxacillin, and nafcillin are salts of mono- 
basic N-substituted penicillanic acids. Ampicillin and 
Wy-4508, however, are ampholytes, i.e., they behave as 
both acids and bases since they carry both carboxyl 
and amino groups at the ends of the molecules. 


Austin et al. (12) reported the formation of ampicillin 
hydrates. Grant and Alburn (13) found the monohy- 
drate form of ampicillin less stable than the anhydrate. 
Poole and Bahal (14) further studied the anhydrate- 
trihydrate phase transition. The authors recently re- 
ported on the chemical kinetics of ampicillin in solution 
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Figure 1- -The pH-uppareiit solubility proJiles of umpicilliii uird Wy-  
4508 ut 25’ it2 buffers of totcil ioi~ic streiigtli 0.5. 


water to  make final concentrations of about 1-4 mg./ml., and then 
assayed for penicillin content. 


For this assay, a modified iodometric procedure (16) was used. 
At room temperature, a 2-ml. sample was transferred into each of 
two stoppered conical flasks. To one flask was added 5 ml. of 1 .0 N 
NaOH and 15 min. later, 5 ml. of 1.2 N HC1, 5 ml. of pH 4 citrate 
buffer, and 15 ml. of 0.01 N iodine solution. The mixture was allowed 
to stand another 15 min. and the excess of iodine was titrated with 
0.01 Nsodium thiosulfate solution. As the end point was approached 
about 0.1 g. of thyodene (indicator) was added, and the titration 
was continued until the blue color disappeared. To the second flask 
the same amount of buffer and iodine solution was added and the 
titration was completed immediately. The difference between the 
two titers represented the actual amount of iodine being consumed 
by the intact penicillin. The conversion factors used were: 1 ml. of 
0.01 N iodine equals 0.398 mg. of ampicillin, or 0.388 mg. of Wy- 
4508. 


For the pKa determinations, a potentiometric titration technique 
was used. The penicillins were dried in a desiccator over PZOj under 
reduced pressure before use. Frcsh solutions of the penicillins were 
prepared at 25”, and proper corrections for the purity of the drug 
were also made. The KOH solution was prepared and stored in a 
carbonate-free condition as described by Albert and Serjeant (17). 
The titration vessel was a water-jacketed, semiclosed container with 
inlets for electrodes, nitrogen gas, and a buret. The temperature of 
the solution was kept constant throughout the titration by circula- 
ting water from a constant temperature bath which was maintained 
at &0.1” by a Haake thermostat. Nitrogen gas saturated with 
moisture was gently bubbled on the top of the solution, and a 
magnetic stirrer was used for fast equilibrium during titration. The 
titrant was added in 0.1-rnl. portions from a buret calibrated in 
0.01-ml. divisions. The pH changes during titrations were measured 
by a Corning model 12 research pH meter equipped with a glass- 
SC electrode system. 


The calibration equations of Glasstone and Hammel (18) were 
used for computing the dissociation constants of the amphoteric 
penicillins, with elimination of the activity coefficient terms of the 
drug: 


pK1 = pH - log -- -‘ - - 1) (Eq. 1) (A - CII+ 


pKz = pH + log - -c  - - - 1)  (Eq. 2) (B - c01c- 


In these equations, pH is defined as -logal~&, cfz+ and COII - are the 
concentrations of hydrogen and hydroxyl ions in a solution consist- 
ing of C moles of penicillin to which A moles of acid or B moles of 


base have been added. The values of c11* and colt - are derived from 
the pH measurements by assuming the activity coefficients of the 
hydrogen and hydroxyl ions to be equal to the mean values for hy- 
drochloric acid or potassium hydroxide, respectively, at the same 
ionic strength. Within the pH range of 5 7, however, the term of 
COH- may be neglected in Eq. 2. The activity coefieients for hydro- 
chloric acid given by Robinson and Harned (19) were used. The 
concentration terms were properly corrected to account for the 
change in volume due to the addition of titrant. 


RESULTS AND DISCUSSION 


pH-Solubility Profile--At constant temperature (25”) and an 
ionic strength of 0.5, the pH-apparent solubility profiles of ampicillin 
and Wy-4508 were U-shaped as is shown in Fig. 1. With both of 
these amphoteric compounds there was a marked effect of pH on 
solubility. Tkminimumdubilities of ampicillin (3.98 X M) 
and Wy-4508 (9.09 X M) occurred at pH 4.9 and 5.0, respec- 
tively, and these pH values should represent the isoelectric points. 
Within the isoelectric region the ampholytes exist essentially as 
electrically neutral zwitterions (dipolar ions), and in the solid state 
their crystal lattice forces would be at a maximum, resulting in the 
least solubility. At lower or higher p H s  however, the molecules 
exist mainly as ions (cstions or anions), and the repulsive forces 
between such charged ions would be higher, thus increasing the 
solubility. Wy-4508 had more than twice the aqueous solubility of 
ampicillin over the entire pH range investigated, and this is believed 
due to the inborn structure or Chemical nature of the former com- 
pound. 


Effect of Salt and Organic Solvent on Solubility--The solubility 
of ampicillin at 25“ in water and in mixtures of 80% of water and 
20 of either methanol, ethanol, n-propanol, isopropanol, acetone, 
dimethylsulfoxide, p-dioxane or tetrahydrofuran (THF) in the 
presence of a varied amount of potassium chloride was investigated. 
Figure 2 shows that the solubility in water was 1.39 g./lOO ml., but 
that at low and high salt concentrations a “salting-in” and “salting- 
out” effect occurred. Due to the presence of 20% organic solvents 
(particularly the alcohols), a relatively low intrinsic solubility was 
shown, but the solubility was noticeably increased with an increase 
in salt concentration, particularly in the presence of p-dioxane and 
THF. 


At low salt concentrations, the attraction between the hydrated 
salt ions and the ionic groups of ampicillin increases, resulting in a 
“salting-in” effect. This interaction was shown to be enhanced in 
the solvent medium of low dielectric constant. At high salt con- 
centrations, however, there is an oppasite “salting-out” &at. .In 
addition, the relatively low intrinsic solubility of ampicillin in water- 
organic solvent mixtures is probably related to a dehydration effect, 
i.e., the water molecules surrounding the ionic groups of ampicillins 
interact mainly with the salt ions or organic solvent molecules, 
thereby decreasing the solute-solvent interaction. Thus the solubility 
of ampicillin would decrease. 


Ampicillin is insoluble in almost all organic solvents (20). Its 
EtOAc/HyO partition is essentially constant (coefficient, 0.044) and 


20 % 


f 
0 


f 
=! 1.2 2 
J 


a 
5 


0.8 
1 


0 0.2 0.4 0.6 0.8 
IONIC STRENGTH, fi 


Figure 2 Effect of ionic stmtgtk on the upparerit solubility of urnpi- 
cilliii iii 20 :< (tic) orgunic sol~ei t t  niixtirres mid in water (dotted like) 
nt 25‘. 
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Table I-Dissociation Constants of Some Penicillins in Water at 25 f 0.1 


Compd. Structure Concn., M PKI PKZ PIa 


6.52 X 2.66 Z!Z 0.03 7.25 =t 0.03 4.95 
8.00 x 1 0 - 3  2.64 Z!Z 0.05 7.24 =t 0.02 Ampicillin 0;; &- tf TCOi 


"3N 0 


Wy-4508 8.53 X 2.68 Z!Z 0.04 7.50 =k 0.02 5.09 


10.0 


wy-7953 


Wy-8542 


Nafcillin 


- 


8.00 x 
8.00 x 


5.86 x 1 0 P  


6.00 X 


2.62 =t 0.05 
2.61 41 0.06 


7.M) f- 0.05 
7.62 Z!Z 0.04 


__ 7.65 


2.65b 


5 . 1 1  


- 


Dicloxacillin 6.12 X 2.67b 


a PI = PH at isoelectric point. b The pK value was obtained by extrapolation to zero alcohol concentration from several pK values in water-ethanol 
mixtures. 


is not significantly affected by pH. This is in contrast to the behavior 
of the monobasic type of penicillins. The solubility and partition 
behaviof clearly indicate that ampicillin is more hydrophilic than 
lipophilic, behaving more like ionic than organic molecules in com- 
parison with the monobasic penicillins. 


Apparent Stability of Amphoteric Penicillins in Solution-The 
zwitterionic species of ampicillin and Wy-4508 are apparently the 
most stable toward acids and bases. This was done by measuring 


1.; 


1.4 


1.6 


J3 


G 1.8 


s 0 
I 


2.0 


2.2 


2.4 


'a 
"'0 


\ 


I 1 
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Figure 3-The pH-apparent rate profiles of' ampicillin a+ 35" mid 
Wy-4508 a f  25" in buffers of total ionic strength 0.5. 
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PH 


the remaining concentrations of intact penicillin iodometrically at 
constant temperature and pH and at an ionic strength of 0.5 (15). 
The initial rate for both ampicillin and Wy-4508 follow a pseudo- 
first-order kinetics, and the maximum stabilities lie on essentially 
the respective isoelectric points, PI = (pK1 -t P K ~ ) / ~ ~ .  Figure 3 
illustrates the pH-apparent stability profiles of ampicillin at 35' and 
Wy-4508 at 25", respectively, in buffers of pH 2-8. The minimum 
rate for ampicillin lies on a pH of 4.85, which gives a half-life of 


I3.O 12.0 , 


WY 4508 IN.- 


,**--SO% DIOXANE 
I 


5.0 A 


8 6 4 2 0 2 4 6 8  
HCI TITRANT (rnl.) KOH 


Figure &Titration curce of' Wy-4508 in water (solid line) und in 
50 % p-dioxane-water mixture (dashed line) at 25". 


2 The PI was 4.82 for ampicillin at 35" (Table V) and was 4.93 for 
Wy-4508 at 25" in wafer in the presence of 0.5 M KCI. The latter was 
determined by a solubility technique. 







Table 11-Determination of pK1 of Ampicillin in 
Water at 25 f 0.1 'a 


Table 111-Determination of pK2 of Ampicillin in 
Water at 25 f 0.1"" 


Concn., C 


PKI 
Titrant, A X lo3 


ml. PH M Y* 


I .o 
1 . 1  


6.750 
6.800 
6.855 
6.912 
6.965 
7.040 
7.095 
7.140 


2.039 
2.241 


0.460 
0.403 
0.349 


7.210 
7.203 1 . 0  3.278 2.067 0.954 0.626 2.652 - .~ . .~ . . 


1.1 3.240 2.272 0.949 0.574 2.666 
1 .2  3.195 2.476 0.947 0.530 2.665 
1 . 3  3.160 2.680 0.945 0.485 2.675 
1 . 4  3.120 2.883 0.944 0.447 2.673 
1.5 3.073 3.086 0.942 0.415 2.658 


1.2 
1 .3  
1.4 
1.5 
1 .6  


2.443 
2,644 
2.844 
3.014 


7.204 
7.210 0.298 


0.246 
0.201 
0.154 


7.214 
7.241 
7.249 
7.248 
7.238 
7.238 
7.244 
7,246 
7.244 
7.248 
7.253 
7.258 


3.244 
3.443 
3.642 
3.840 
4.039 
4.237 
4.434 
4.631 


1.6 3.043 3.288 0.940 0.378 2.665 
1 . 7  3.020 3 490 0 939 0 338 2 681 


1.7 
1.8 
1.9 
2 .0  
2.1 
2 . 2  
2.3 


0.108 
0.063 
0.018 


-0.026 
-0.071 
-0.116 
-0.162 
-0.209 
-0.257 
-0.307 
-0.358 
-0.413 
-0.459 
-0.531 


7.175 
7.220 
7.270 
7.317 
7.360 


~. .. . 


1.8 2.955 3.692 0,937 0.322 2.643 
1 . 9  2.943 3.893 0,936 0.287 2.656 
2.0 2.920 4.094 0.935 0.254 2.666 
2.2 2.862 4.495 0.932 0.202 2.660 
2.4 2.820 4.894 0.929 0.156 2.673 
2.6 2.771 5.291 0 926 0.095 2.676 


7.410 
2 .4  
2 .5  
2 . 6  
2 .7  
2 .8  


7.462 
7.515 
7.567 
7.624 
7.680 


4.828 
5.024 
5.220 
5.415 


~ ~ . ... 


2.8 2.730 5.687 0.924 0.060 2:680 
3.0 2.695 6.082 0.922 -0,002 2.697 7.260 . -  


7.265 
7.267 
7,256 
7.269 


Av. = 2.66 + 0.03 (PKd 
5.611 
5.805 
6.000 


2.9 
3.0 


7.726 
7.800 a The initial ampicillin concentration was 8.0 X 10-3 M .  The titrant 


was 0.2088 N HCI. * The activity coefficient for HCI was taken from 
Reference 19. Av. = 7.24 0.03 (pKn) 


130 hr., while that for Wy-4508 lies on a pH of 4.96, which gives a 
half-life of approximately 200 hr. 


Surprisingly enough, 6-aminopenicillanic acid (6-APA) was shown 
to behave quite differently from ampicillin and Wy-4508. At low 
pH's (l-3), the initial rates for 6-APA were shown to follow a first- 
order kinetics, but this was not the case at pH > pK2 (4.92) and no 
satisfactory pseudo-first-order kinetic rates were obtained. The 
difference may be due to the polymerization of 6-APA initiated by 
the 6-amino group towards the P-lactam ring of a second molecule. 
The degradation and polymerization behavior of 6-APA at higher 
pH's has been reported by Grant et a/. (21) and Dennen (22). The 
maximum stability at pH of 8 (22) could be due to the polymerized 
form of 6-APA. 


Dissociation Constants of Penicillins-The dissociation constants 
of ampicillin, Wy-4508, Wy-7953, and Wy-8542 were determined 
potentiometricslly in water at 25". The results are shown in Table I .  
Each of the pK values is an average of 16 to 21 individual values 
corresponding in most cases to 25-75% of neutralization. The PI 
(isoelectric point) for monocarboxylic and monoamino ampho- 
lytes is defined as (pKI + pKs)/2. 


In the present investigation, the dissociation constants were shown 
to be uniform, never deviating more than f 0.05 pK unit. Tables 11 
and 111 present one typical set of computed data on ampicillin in 
water at 25". In several cases the apparent pKl of ampicillin was 
calculated simply by using the pH value as the hydrogen ion con- 
centration in Eq. 1. The average pK values obtained in this manner 
were shown to be only 0.002 to 0.03 higher than the true values. 


Figure 4 is a titration curve obtained for Wy-4508. The titration 
with acid is a process of proton association (proton gain) from 
zwitterion to cation; while that with base is a process of proton 
dissociation (proton lost) from zwitterion to anion, as is shown in 
Scheme I. The corresponding dissociation constants KI and K, may 
thus be expressed as: 


The initial ampicillin concentration was 8.0 X 1 0 - 3  M .  The titrant 
was 0.206 N KOH. 


7.65 for an alkyl-substituted aminoalicyclic penicillin (Wy-8542). 
Conceivably this difference is due to the positive inductive effect of 
the side cliain, which seems to correlate with the pKn increases, as is 
shown in the following order (see Scheme 11). 


Effect of Organic Solvent on Dissociation Constants-The dis- 
sociation constants of ampicillin in 50% p-dioxane and of Wy-4508 
in 50% each of p-dioxane, dimethylformamide (DMF) and n-pro- 
panol at 25" are listed in Table IV. A decrease in the dielectric con- 


n 


(H,N+RCOOH ) 


0 


@T-- N- 


O 
(H') (H3NfRCOO-) 


(HsN'RCOOH) 


(H+) (H2NRCOO-) 
(H3N+RCOO-) 


Kl = 


K2 = 
( H,N +RCOO-) 


n 
Data obtained in these laboratories and those in the literature 


(23, 24), indicate that regardless of the side chain group, all penicil- 
lins possess a pKl (carboxyl group) 2.65 f 0.1 in water at 25". This 
was believed due to the large distance (> 6 atoms) between the side 
chain group and the carboxyl ion of penicillins. The dissociation 
constant of the amino groug of amphoteric penicillins, however, is 
definitely influenced by the adjacent nonpolar side-chain group. 
The pK2 value in water at 25" increases from 7.24 for ampicillin to 


coo- 
H2N 


(H2N RCOO-) 
Scheme I 
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Table IV-Dissociation Constants of Ampicillin and Wy-4508 in 50% Organic Solvents at 25" 


Compd. (solvent) 
Original 


Concn., M PK1 PK2 ApKzb 


Ampicillin in 


Wy-4508 in 
50 p-dioxane 6.52 X 4.15 zt 0.03 6.97 k 0.02 1.49 -0.27 


50 % p-dioxane 8.53 x 1 0 - 3  4.16 =k 0.03 7.01 i 0.03 1.48 -0.46 
50 dimethylformamide 8.53 x 10W 4.14 =k 0.03 7.22 k 0.02 1.46 -0.28 
50% n-propanol 8.53 x 10-3 3.70 f 0.03 6.86 f 0.02 1.02 -0.64 


a Difference between PIG in solvent mixture and in water. Difference between pKz in solvent mixture and in water. 


stant of the reaction mixture resulted in a decrease of both the 
acidity and basicity of ampicillin and Wy-4508, that is the pK1 in- 
creased and the pKz decreased in both instances. Also, the organic 
solvent had a greater effect on the pK1 than on the pK,. Accordingly, 
the ApKl values were large and positive while the ApK2 values were 
small and negative in all the solvents investigated. 


Figure 4 depicts the titration curve obtained for Wy-4508 in 50% 
p-dioxane and in water. A large difference is observed in the acid 
side compared to that noted in the base area. For ampicillin, the 
titration curve in these solvents was similar. 


The addition of 10 and 20% of formaldehyde (HCHO) to  an 
aqueous solution of ampicillin caused essentially no change of the 
titration curve (or pH) on the acid side, but a considerably different 
type of curve resulted in the course of neutralization by base, as 
shown in Fig. 5. It is reasonable to assume that formzldehyde must 
strongly interact with the amino group of ampicillin to form meth- 
ylol derivatives. Such interaction is common in the amino acids. In 
such an instance the titration by base no longer involves a neutraliza- 
tion of the charged amino group. 


The dissociation constants for salts of monobasic penidlins 
(nafcillin and dicloxacillin) were also determined. They were ob- 
tained by titrations with HCl in water-ethanol mixtures at 25" and 
calculating the corresponding-pKl vaiua in water by extrapolating 
in the usual manner to zero alcohol concentration (25). The respec- 
tive values for nafcillin and dicloxacillin were 2.65 and 2.67 (Table 
1). 


Effect of Temperature on the pK Values of Ampicillin-The data 
on the pK1 and pK, values of ampicillin in water at several tempera- 
tures are listed in Table V. Within the experimental temperature 
range of 5 to 45" the pK1 was virtually temperature-insensitive but a 
significant temperature coefficient was observed for the pK2. The 
apparent heat of reaction, AH", calculated from Eq. 5 


the range of heats of reaction of amino acids. Also, from the above 
data, the formation of ampicillin zwitterions from uncharged 
species3 is an exothermic reaction and the net heat of reaction is 
approximately 10.7 kcal./mole. 


Physicochemical Properties and Biological Activity of Ampicillin 
and Wy-4508-The high m.p. (with decomposition) of ampicillin 
(202-203') and Wy-4508 (182-183"), along with the previously dis- 
cussed solubility behavior, dissociation (ionization) reaction, and 
the heat of dissociation of ampicillin, indicate the close relation of 
these drugs to the aliphatic amino acids (26). Regardless of the 
penicillin nucleus and the side chain group, ampicillin, Wy-4508 and 
possibly other similar types of amino penicillins exist essentially as 
zwitterions at neutral pH. Recently, James and Hall (28) reported 
that ampicillin exists as a zwitterion even in the crystalline state. 
The observed biological activity of ampicillin and Wy-4508 ac- 
cordingly is no doubt directly related to their zwitterionic nature. 


The mode of action of the penicillins is by no means simple. 
Knox (29) hypothesized that the Gram-n-gative bacteria have a 
receptive surface which is attacked on& when in close contact with 
one of the active sites ef the pniciIlin side chain (presumably the 
NH2 group in ampicillin), while the Gram-positive bacteria are 
attacked only by the carboxyl group. According to this "close con- 
tact" hypothesis, the Gram-negative activity of all the amino pen- 
icillins may depend on the attachment of susceptible sites in the 
organisms to charged amino groups, while the Gram-positive 
activity of monobasic and amphoteric penicillins may depend sim- 
ilarly on attachment to the p-lsctam and ionic carboxyl groups. This 


1 1  l2 L -- I 


9 -  was -0.8 & 0.04 kcal./mole for the carboxyl group and +11.5 f 
0.05 kcal./mole for the charged amino group. For amino acids and 
peptides the appment heat of dissociation reactions is reported 
from - 1300 to +1800 cal. for reaction RCOO- + H+ = RCOOH 
and from loo00 to 12800 cal. for reaction RNH3+ = RNH, + H+ 
(26). Accordingly, the values obtained for ampicillin were within 


8 -  


, 


side chain group @H-co- < 


H,N+ 
PK, 7.24 


(ampicillin) 


7.50 7.60 
(Wy-4508) ( w y-7953) 


Scheme I1 


AMPICILLIN IN WATER 


/-- 


8 6 4 2 0 2 4 6 8  
HCI TITRANT (mi.) KOH 


Figure 5-Titration curves of ampicillin at 25" in water (solid line), 
IO% formaldehyde (dotted line), and 20 % formaldehyde (dashed 
h e ) .  


7.65 
(Wy-8542) 8 Normally amino acids zwitterions are in equilibrium with their 


uncharged species in solution at a neutral pH. A rigorous treatment of 
this matter is given by EdsaH and BlanclIard (27). 
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Table V- -Effect of Temperature of pKI and pK, 
Values of Ampicillin in Watera 


Temperature, 
“C PKI PKL 


5 
10 
15 
20 
25 


30 
35 


45 
35 (u = 0.5) 


2.62 =!= 0.04 


2.63 1 0 . 0 3  


2.66 f 0.03 
2.61 f 0.05 
2.67 rt 0.03 
2.68 =k 0.04 
2.69 =k 0.05 
2.73 f 0.05 
2.60 3z 0.02 


-- - 


- 
7.67 -1 .  0.04 


._ 


7.39 + 0.03 
7.24 =k 0 .02  
7.25 =k 0.03 


._ 
6.96 f 0.04 


6.72 -rt 0.05 
7.05 + 0.01 


5 The original ampicillin concentration used for these runs was 
8.00 X M. The titrants were 0.2088 N HCI and 0.2060 N KOH. 


type of drug-bacteria interaction presumably leads to a drug-suh- 
strate complex formation which destroys the normal metabolic 
function of the bacteria. The stereospecificity and electron density 
of the side chain group, as well as the mutagenic activity of a partic- 
ular drug, are also important factors for overall penicillin activity. 


Irr any case, the broad antimicrobial activity of the amphoteric 
penicillins is probably due in a large degree to the zwitterionic nature 
of these compounds. Rolinson and Stevens (7) demonstrated that 
ampicillin is about 10 times more active in a pH 5.5 than in a pH 8 
buffer toward strains of Escherichiu coli and Streptococcus fueculis, 
suggesting that the zwitterion is the most active molecular species. 
Although Wy-4508 has rekatively high in vitro MIC values, the high 
solubility and lower serum binding result in an eficient in vivo per- 
formance (30, 31). Rosenman et ul. (10) found that after a single 
oral dose, Wy-4508 gave about four times higher mean blood serum 
concentrations than ampicillin at 30 min. and about five times higher 
after 1 hr. This rapid attainment of a higher blood level, probably 
related to the solubility of the drug, may be an important thcra- 
peutic advantage in cico. 
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Potential Anticancer Agents V: The Synthesis and Biochemical 
Studies of 5-Fluorinated Pyrimidine-6-carboxaldehydes 
and Derivatives 


CLAUDE PIANTADOSI*, CHUNG SOOK KIMt, and J. LOGAN IRVIN 


Abstract 0 A series of 5-fluoropyrimidine-6-carboxaldehydes with 
varying 2-substituents was prepared from which a number of 6- 
substituted 5-fluoropyrimidines were derived. Several compounds 
in this series were found to inhibit growth of the Ehrlich ascites 
carcinoma only slightly less effectively than 5-fluorouracil and the 
strongest inhibition of the series was 2-ethylthio-5-fluoropy- 
rimidine-6-carboxaldehyde, 1-8. The replacement of the formyl 
group by other substituents tended to decrease or to abolish the 
inhibitory activity. The various compounds in this series inhibit 
respiration and glycolysis of Ehrlich ascites carcinoma cells, but 
these inhibitory effects were obtained only at concentrations which 
were several fold higher than those required for inhibition of nucleic 
acid synthesis as reported previously. 


Keyphrases 0 5-Fluorinated pyrimidine-6-carboxaIdehydes, de- 
rivatives-synthesis [7 Anticancer screening-5-fluorinated pyrim- 
idine-6-carboxaldehydes 0 Nucleic acid biosynthesis-inhibition 


Cell suspensions-respiration, glycolysis determinations 


As a part of a continuing program (1-7) of research 
on potential anticancer agents, synthetic and biochem- 
ical mechanistic studies have been made on a series of 
fluorinated pyrimidine aldehydes and related derivatives. 
In the search for useful antimetabolites or for enhancing 
biological activities the substitution of a fluorine atom 
for hydrogen atom has been reported for many classes 
of medicinal agents (8-10). Notable examples among 
the anticancer agents are the 5-fluoro analogs of natu- 
rally occurring pyrimidines and pyrimidine nucleosides 


The introduction of a fluorine atom into the 5-  
position of 2,4-dihydroxy-pyrimidine-6-carboxalde- 
hyde was thought to be of interest because the resulting 
5-fluoro-6-formyluracil would be structurally analogous 
to orotic acid, a precursor of pyrimidine nucleotide 
biosynthesis. The chemical reactivity of the formyl 
group might also play a significant role by interacting 
with macromolecules. It could form a covalent bond 
with nucleophilic enzyme groups such as NH2 and 
SH, hopefully in or near the active site of the enzyme. 
The sulfhydryl group, especially, has been implicated 
as participating in the catalytic mechanisms of a variety 
of enzymes and it is one of the most reactive groups 
with regard to the formation of covalent bonds. Thus, 
it was hoped that this pyrimidine derivative might 
act as an analog as well as sulfhydryl reagent (13). 
The substitution of the hydroxyl group at the 2-posi- 
tion of 1-11 by an isosteric thiol group or by alkyl or 
aralkylthio groups was also considered of interest. 
Since hydrazones, Schiff bases, thiosemicarbazones, 
and azlactones of certain heterocyclic aldehydes (14- 
16) have been shown to inhibit the growth of neoplasms, 
it was thought to be worthwhile to prepare such 


(11, 12). 


derivatives of the pyrimidine aldehydes for biological 
studies. Various procedures were used to provide the 
desired compounds (see Scheme I), and the data are 
recorded in Table I. 


IIETHODS .4ND MATERIALS 


The 2-mercapto-6-(dimethoxymethyl)-5-fluoro-4pyrimidol (6) 
was prepared by the condensation of the potassium salt of ethyl (Y- 


fluoro-y,y-dimethoxyacetoacetate (a) ,  prepared by an adaption of 
the method of Heidelberger et al. (17), with thiourea. 2-Alkylthio-6- 
(dimethoxymethyl)-5-fluoro-4-pyrimidol (c) was obtained by 
either condensation of a with S-alkyl substituted thiourea or treat- 
ing b with alkylbromide in 1 N NaOH solution at room tempera- 
ture. The 2,4dihydroxy-5-fluoropyrimidine-6-carboxaldehyde ( g )  
was obtained by treating b in sodium hydroxide solution with 30% 
HZOZ and subsequent treatment with acid. The acetals, 6 and d, were 
hydrolyzed with dilute HCl and c with 50% acetic acid to give the 
corresponding aldehydes. 2-Ethylthio-6-hydroxymethyl-5-fluoro-4- 
pyrimidol (h) was prepared by treating f with excess formaldehyde 
in the presence of potassium hydroxide. The treatment of c with 
excess POCl, gave 2-alkylthio-4-chloro-5-fluoropyrimidine-6-car- 
boxaldehyde (i). Aldol condensation o f f  with acetone or acetal- 
dehyde resulted in the introduction of an a, fi-unsaturated ketone or 
aldehyde moiety ( j ) ,  respectively. Schiff bases, hydrazones, and 
azlactones were prepared in the usual manner. 


Screening Tests-The compounds were tested uersus the Ehrlich 
ascites carcinoma in Swiss-Webster white mice by a slight modifica- 
tion of procedures described previously (18). Each mouse (initial 
weight approximately 30 g.) received an intraperitoneal injection 
of 0.1 ml. of pooled ascitic fluid, collected from donor mice which 
had borne the ascites carcinoma for 7-8 days and diluted with saline 
to a cell concentration of 10% by volume (average of 5.5 X 1 0 6  cells/ 
0.1 ml.). For each assay the mice were divided into a control group 
of eight mice and several experimental groups of eight mice each. 
Twenty-four hours after the inoculation which was given on Day 
1 of the study, each control mouse received an intraperitoneal in- 
jection of 0.2 ml. of 0.9% NaCl and each experimental mouse re- 
ceived 0.2 ml. of a solution or suspension of the test compound in 
0.9% NaCl. The intraperitoneal injections for control and experi- 
mental mice were given twice daily (9 a.m. and 5 p.m.) on Days 2-6 
and once on Day 7 of the study (total of 11 injections). On the 
seventh day all surviving mice in control and experimental groups 
were sacrificed. The volume of ascitic fluid was measured for each 
animal, and the percentage of cells by volume (ascitocrit) was deter- 
mined for each sample of ascitic fluid by centrifugation in hepa- 
rinized capillary tubes. The total packed-cell volume (TPCV) of 
tumor cells was calculated in each case together with average values 
and SD.  The results of tests of representative compounds are re- 
corded in Table 11. 


A marked decrease in the average total packed-cell volume 
(TPCV) of tumor cells of treated mice in comparison with corre- 
sponding controls is an index of the effectiveness of a compound 
against the growth of the Ehrlich ascites carcinoma. Of the com- 
pounds tested, the most active were those numbered 1-12, 1-8, 1-10, 
I-26,1-27,1-15, and 1-22 (Table 11). Compound 1-8 was the most ef- 
fective member of this series, and it was only slightly less active than 
5-fluorouracil against the Ehrlich ascites carcinoma. The dimethyl 
acetals had no activity at the dosages tested in contrast to the 
considerable activity exhibited by the free aldehydes at similar 
dosage. In general, the substituted aldehydes had less activity than 
the corresponding free aldehydes. The only exception to this was 
the cyclopropylamine Schiff base (Compound 1-15) which had 


Vol. 58, No. 7, July 1969 821 







0 0 
It I1 


(CH~IO)?CHCOCHj + FCHLCOCLHj 


k i ~ , ~ ~  
OK 0 I I1 


I 
(CH,O),CHC=C-COCLH, 


F 
U 


-1 
O H  


1 
?H 


HS 


HO RS CHO 
f 


RS 
i 


RS 
h 


HO 


RS 
j 


Scheme I 


Table I-5-Fluoropyrimidine-6-carboxaldehyde and Derivatives 


NO. Ri Rz 


C% H Z  FZ N% S% 
M.p., Yield, Calcd. Calcd. Calcd. Calcd. Calcd. 
"C. % Formula Found Found Found Found Found 


1 


2 


3 


4 


5 


6 


I 
8 


9 


10 


11 


201-202 


135-137 


105-106 


77-79 


132-134 


2 15-21 6 


220-222 


180-182 


129-1 3 1 


165-167 


262-263d 


15 


70 


64 


63 


6.5 


75 


89 


87 


70 


69 


75 


38.18 
38.14 
41.03 
41.41 
43.55 
44.02 
45.80 
46.25 
54.19 
54.38 
41.18 
41.61 
38.30 
38.71 
41.58 
41.61 
44.44 
44.29 
54.55 
53.99 
37.97 
38.06 


4.09 
4.12 
4.70 


5.57 
4.84 
4.75 
4.41 
4.66 
2.66 
2.26 
3.47 
3.63 
4.17 
4.33 
4.41 
4.46 
1.89 
I .84 


6.31 
9.31 
9.22 
10.10 
10.23 
9.45 
9.68 
8.79 
8.71 
7.20 
7.18 
12.03 
12.34 


12.72 
12.56 
11.97 
11.90 
12.90 
12.85 
10.69 
10.94 
9.03 
8.98 


10.24 
17.72 
17.66 


14.54 
14.47 
13.66 
13.63 
7.66 
7.84 
12.21 
12.12 
10.32 
10.16 
- 


17.21 
17.53 
15.84 
15.75 
14.81 
14.68 
12.12 
12.00 


-_ 
- 
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Table I (Continued) 


NO. Ri Rz 


C %  H Z  F Z  N Z  S Z  
M.p., Yield, Calcd. Calcd. Calcd. Calcd. Calcd. 
"C. z Formula Found Found Found Found Found 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


CHO 


CH=N-CsHaSOzNHz 


CH=N( CHz)zOH 


CH=C--c=O 
I \  


CH=C-C=O 


I 
&H> 


CH=NOH 


CH=NOH 


CH=NNHCSNHz 


CH=CHCOCH, 


CHzOH 


CH=CHCHO 


0 
CH="HC(-J I1 


0 
C H = N N H C ~ N  I1 


CH=NNHSO.Q 


CH=NNHSO,Q 


0 


>300d 


>350d 


224-225d 


164-1 65 


341-344d 


21 2-214d 


261-262d 


238-240 


260-262 


157-160 


136-138 


13G138 


253-255d 


350-352d 


172-174d 


199-202 


250 -25 1 


325-326d 


65 


99 


73 


90 


65 


45 


75 


76 


84 


75 


46 


41 


78 


75 


64 


66 


73 


77 


34.48 
34.24 
43.82 
43.45 
44.00 
43.67 


49.79 
49.77 
55.80 
55.66 


55.60 
55.83 


35.47 
35.67 
38.71 
38.69 
34.91 
34.98 
49.59 
49.56 
41.18 
41.45 
47.37 
47.82 


48.50 
48.13 


47.65 
47.28 


43.80 
43.99 


42.31 
42.78 


52.50 
52.38 


52.17 
52.25 


1.72 
2.02 
3.65 
3.96 
4.89 
4.89 


4.98 
5.08 
2.65 
2.60 


3.47 
4.06 


2.96 
3.02 
3.69 
4.22 
3.64 
3.92 
4.55 
4.69 
4.41 
4.86 
3.95 
4.04 


3.73 
4.01 


2.89 
3.63 


3.65 
3.76 


2.88 
3.20 


4.06 
4.52 


3.26 
3.52 


(0.92 
L0.34 
5.34 
5.43 
7.75 
7.81 


7.88 
8.05 
6.31 
6.40 


5 .50  
5.20 


9.34 
9.63 
8.76 
8.48 
6.91 
6.83 
7.85 
7.92 
9.31 
9.01 
8.33 
8.12 


5.91 
6.32 


6.85 
6.19 


5.33 
4.65 


6.09 
7.26 


5.94 
6.04 


6.88 
7.02 


16.09 
16.25 
15.73 
15.12 
17.14 
17.35 


17.43 
17.31 
13.95 
14.09 


12.17 
12.41 


20.69 
20.52 
19.35 
19.18 
25.45 
25.23 
11.57 
11.44 
13.73 
14.03 
12.28 
12.56 


21.80 
21.79 


25.27 
25.22 


15.73 
15.79 


17.95 
17.26 


17.50 
17.26 


20.29 
20.11 


18.39 
18.42 
17.98 
17.49 
13.06 
13.24 


13.28 
13.29 
- 
- 


9.21 
8.81 


15.76 
15.63 
14.75 
14.25 
23.27' 
23.04 
13.22 
13.29 
15.67 
15.87 
14.04 
14.51 


9.96 
10.56 


- 
- 


17.97 
17.71 


10.26 
9.81 


10.00 
9.81 


- 
- 


activity approximately equal to the free aldehyde (Compound 1-8). 
Substitution of a hydroxymethyl group for the aldehyde group at 
position 6 (compare data for Compound 1-22 with data for Com- 
pound 1-8) resulted in a considerable decrease in inhibitory activity 
uerms the Ehrlich carcinoma. 


Inhibition of Energy-Yielding Processes-Previous studies (5) in 
this laboratory have shown that representative members of the 
series of compounds in Table I1 strongly inhibit the incorporation 
of various precursors into ribonucleic acid (RNA), deoxyribonucleic 
acid (DNA), and proteins. It seemed worthwhile to extend these 
studies to an examination of the effects of these compounds upon 
respiration and glycolysis, particularly since other carcinostatic 
compounds have been found to inhibit energy-yielding processes 
(20-22). 


The experiments were performed in oitro with Ehrlich carcinoma 
cells which were incubated at 37" in Krebs-Ringer phosphate buffer 
for measurement of oxygen uptake and in Krebs-Ringer bicarbonate 
buffer for determination of glycolytic rate by measurement of the 
Con released by lactic acid production. Details of these experi- 


ments are presented in the Experimentd section of the paper, and 
the results are recorded in Table 111. 


The data of Table 111 show that the various 5-fluoropyrimidine-6- 
carboxaldehyde derivatives generally inhibit oxygen uptake more 
strongly than glycolysis, and the various members of this series of 
compounds exhibit considerable differences in degree of inhibition 
of respiration and glycolysis. Those compounds which are the most 
effective inhibitors of growth of the carcinoma cells, oiz.-Com- 
pounds 1-8, 1-12, 1-10, 1-26, 1-27, 1-15, 1-22, are also the most ef- 
fective inhibitors of oxygen uptake by these cells with a few excep- 
tions such as Compound 1-22, which is a moderately good inhibitor 
of growth of the carcinoma but is less effective as an inhibitor of 
oxygen uptake than some of the other compounds. In general, the 
inhibition of oxygen uptake in the absence of added glucose (QoJ 
was slightly greater than the inhibition of oxygen uptake in the 
presence of added glucose [QoP(G)], but the differences were small 
in most cases and nonexistent for some. 


Although the inhibition of oxygen uptake and glycolysis by these 
pyrimidine derivatives is of interest, it seems unlikely that these 
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Table 11-Results of Screening Tests c e r w  the Ehrlich Ascites Carcinoma" 


Av. Wt. Av. TPCV 
Dose Mortality Change SD T T as 


Compd. mg./kg./day C T  TIC, g. TIC ml. =t ml. % o f C  


I- 1 
1-2 
1-3 
1-6 
1-8 


1-10 
1-1 1 
1-12 
1-15 
1-16 
1-18 
1-22 


34.0 
34.6 
41.3 
33.8 
51 . O  
29.0 
49.0 
10.3 
28.6 
28.0 
27.1 
35.0 
49.1 


1-24 61.8  ~ ~. ~ 


1-25 52.9 
1-26 29.0 
1-27 50.0 
FUb 27.5 


318 118 
318 218 
ojs 018 
318 118 
0110 018 
0110 018 
0110 o p  ojs 018 
018 018 
OjlO 218 
3/8 018 
018 018 
318 018 
2j8 418 
218 018 
318 118 
0110 018 
018 018 


8.115.1 
9.117.7 


12,719.3 
11.515.1 
0.613.4 
2.413.6 
4.213.4 
8.716.1 
7.616.1 
1.113.4 
3.515.1 
3.613.6 
3.8112.2 


10.216.7 
8,316.7 
7.3112.2 
4.013.4 
0.315.3 


3.1312.90 
3,4913.59 
2.9612.93 
2.8 112.90 
0.1612.64 
0.61/2.30 
1 ,4012.64 
2.0612.72 
1.8112.72 
0.5012.64 
2.4812.90 
2.01/2.30 
1.5813.47 
2.2912.79 
2.4012.79 
2.2013.47 
1 .22/2.64 
0.1511.5 


0.63 
0.58 
0.69 
0.07 
0.39 
0.41 
0.64 
0.86 
0.30 
0.34 
0.77 
0.66 
1.14 
0.47 
1.40 
1.04 
0.56 
0.10 


100 
97 
98 
96 
6 


23 
53 
76 
69 
29 
85 
77 
45 
82 
86 
63 
46 
10 


Q T = treated group, C = control group, TPCV = total packed cell volume of tumor cells on final day of assay. S D  = standard deviation of TPCV of 
treated group. Compounds were dissolved or suspended in saline solution. The average S D  of the control group was =kO.32 ml. bFU = 5-fluorouracil. 


effects can account for the inhibition of growth of the carcinoma 
cells since the inhibition of oxygen uptake and glycolysis occurs 
only at relatively high concentration (1.95 moles) in contrast to the 
inhibition of orotic acid incorporation into RNA and DNA which 
is exhibited at concentrations of these compounds of 0.2-0.5 mmole 
(5) .  These pyrimidine derivatives also inhibit the incorporation of 
formate into DNA-thymine and RNA-purines ( 5 )  at concentrations 
which are one-third those required for inhibition of oxygen uptake 
by the carcinoma cells, and thus it is unlikely that the inhibition of 
respiration is responsible for the inhibition of nucleic acid syn- 
thesis by these compounds. On the other hand, it is quite possible 
that the inhibition of growth of the carcinoma cells by these com- 
pounds could be partly due to inhibition of respiration and gly- 
colysis. However, it seems probable that the inhibition of RNA 
synthesis also is involved in the inhibition of protein synthesis. 


EXPERIMENTAL 


The designation of a roman numeral followed by an arabic 
numeral indicates a specific compound number in the table in- 
dicated by the roman numeral (see Tables 1-111). 


Potassium Enolate of Ethyl a-Fluoro-y, r-dimethoxyacetoacetate- 
The method used was adapted from the procedure of Heidelberger 
e t a / .  (17). The freshly prepared potassium ethoxide was suspended 
in 600 ml. of absolute ether and cooled in an ice bath. To this sus- 
pension, a mixture of 53 g. (0.5 mole) of ethyl fluoroacetate and 
92.4 g. (0.7 mole) of methyl dimethoxyacetate was added dropwise, 
with stirring and cooling, over a period of 1.5 hr. After completing 
the addition, the mixture was stirred further for 3 hr. with cooling 
and then kept for 24 hr. at 20". The precipitate was collected on a 
Biichner funnel, washed several times with absolute ether, and 
dried in a vacuum desiccator over PzOs. It was then used immediately 
for the next step without purification. 
2-Mercepto-6-(dimethoxymethyl)-S-fluoro-4-pyriInidol (I-1)-A 


mixture of 123 g. (0.5 mole) of the freshly prepared potassium 
enolate of ethyl a-fluoro-y,y-dimethoxyacetoacetate, 21.6 g. (0.4 
mole) of sodium methoxide and 30.4 g. (0.4 mole) of thiourea was 
stirred in 1,000 ml. of absolute methanol at room temperature for 
24 hr. At the end of this time, the methanol was distilled off in 
uacuo (bath temperature: 50"). The residue was dissolved in 250 
ml. of water and filtered, if incomplete dissolution was observed. 
The water solution was cooled in an ice bath and acidified by adding 
concentrated hydrochloric acid dropwise. The material which 
crystallized from the acid solution was filtered off, washed with 
ice water several times, and dried, yielding 22 g. of crude product. 


1 Elemental analyses were performed by Alfred Bernhardt, Micro- 
analytical Laboratory, Mulheim, Hohenweg, West Germany, and 
Spang Microanalytical Laboratory, Ann Arbor, Mich. The melting 
points were determined with the Mel-Temp apparatus and have been 
corrected. 


The crude product was dissolved in about 400 ml. of boiling meth- 
anol and treated with activated charcoal. The filtrate was concen- 
trated to about 200 ml., cooled, and the analytical sample was 
recrystallized from 50 % ethanol. 
2-Methylthio-6-(dimethoxymethyl)-5-fluoro-4-pyrimidol (I-2)- 


Two and two-tenths grams (0.01 mole) of 1-1 was dissolved in 14 
ml. of 1 N NaOH solution. To this was added 4.2 g. (0.03 mole) 
of methyl iodide and the mixture was stirred at room temperature 
for 30 min. The reaction mixture was cooled in an ice bath and 
acidified with glacial acetic acid. Immediately, a crystalline mate- 
rial precipitated. The precipitate was collected, washed with cold 
water, and recrystallized from 50% ethanol. 
2-Ethylthio-6-(dimethoxymethyl)-5-fluoro-4-pyrimidol (I-S)-(a) 


Two and two-tenths grams (0.01 mole) of 1-1 in 14 ml. of 1 N 
NaOH was treated with 3.2 g. (0.03 mole) of ethylbromide at 
room temperature for 1 hr. The reaction mixture was cooled, then 
acidified with glacial acetic acid. The separated crystals were re- 
crystallized from 50% ethanol. 


(b) A mixture of 123 g. (0.5 mole) of freshly prepared potassium 
enolate of ethyl a-fluoro-y,y-dimetboxyacetoacetate, 74 g. (0.4 
mole) of S-ethylthiouronium bromide and 21.6 g. (0.4 mole) of 
sodium methoxide in 1,000 ml. of absolute methanol was stirred 
at room temperature for 1 day. The methanol was distilled off in 
uacuo. The residue was dissolved in 250 ml. of water and acidified 
with concentrated HCI, while the mixture was cooling. The mate- 
rial which precipitated from the acid solution was filtered off and 
washed with cold water. The crude product was dissolved in ab- 
solute ether and the ether insoluble impurities were removed. The 
evaporation of the ether gave 13.7g. (14%) of product, m.p. 87-104". 
Three recrystallizations from 50% ethanol gave a pure product, 
m.p. 105-106". 


2-n-Propylthio-6-(dimethoxymethyl)-S-fluoro-4-pyri~dol (1-4)- 
(a) Two and two-tenths grams (0.01 mole) of 1-1 was dissolved in 
14 ml. of 1 N NaOH solution and treated with 4.3 g. (0.003 mole) 
of n-propyl bromide at room temperature for 90 min. The reaction 
mixture was cooled in an ice bath and acidified with glacial acetic 
acid. The precipitate was filtered off, washed with cold water, and 
dried. Recrystallization from 50% ethanol gave a pure compound, 
1.65 g. (63z),  m.p. 77-79". 


(b) A mixture of 123 g. (0.5 mole) of freshly prepared potassium 
enolate of ethyl a-fluoro-y,y-dimethoxyacetoacetate, 21.6 g. (0.4 
mole) of sodium methoxide and 70.6 g. (0.4 mole) of S-n-propyl- 
thiourea hydrobromide in 1,OOO ml. of absolute methanol was 
stirred at room temperature for 24 hr. The reaction mixture was 
evaporated to dryness in uacuo at 50" in a water bath. The residue 
was dissolved in 250 ml. of water, cooled, and acidified with con- 
centrated HCI. The material which crystallized from the acid solu- 
tion was filtered off, and then washed with cold water. Recrystalliza- 
tion from 50% alcohol gave 7.4 g. (7.1 % of product, m.p. 77-79"). 


2 -Benzylthio - 6-(dimethoxymethyl) -5 -8uoro4pyrimidol (1-5)- 
This compound was prepared from the potassium enolate of ethyl 
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Table Ill-Effect of Various 5-Fluoropyrimidine-6-Carboxaldehyde Derivatives on 
Respiration and Glycolysis of Ehrlich Ascites Carcinoma Cells 


Concn. -- 
(final) 


Compd. ( m M )  Qo, 


Respiration -- -Glycolysis-- z of z of % of 
Control Qo, (GI Control Q% Control 


1-3 
1-7 
1-8 
1-9 
1-10 
1-11 
1-12 
1-13 
1-14 
1-1 5 
1-16 
1-17 
1-18 
1-19 
1-20 
1-21 
1-22 
1-23 
1-26 
1-28 


1.30 10.3 
1.95 3.3 
1.95 2.1 
1.95 4.0 


1.95 2.3 


1.95 3.6 
1.95 8.7 
1 .95  
1.95 
1.95 


712 
2.5 
5 .7  


72.5 3.1 59.6 10.9 
99.0 5 .1  98.1 
98.0 - - 


22.5 
57.8 


3.4 
3.8 


65.4 
73.1 


14.9 
17.1 


.- - - 80.4 
95.1 


100.9 
92.2 
35.3 1 . 9  36.5 16.8 
85.3 4 . 5  86.5 19.5 
70.6 3 .6  69.2 16.1 
24.5 3.5 67.3 14.8 
55.9 3.0 57.7 16.9 


- - - 
- - - 
- - - 


- 


61.7 
59.7 
80.1 
77.0 
60.7 
55.4 
- 
- 


76.0 
87.2 
.- 


- 
- 
- 


85.7 
99.5 
82.1 
75.5 
86.2 


For calculation of Q values, 2 ml. of 10% cell suspension was considered as equivalent to 32 mg. dry weight. 


a-fluoro-y,y-dimethoxyacetoacetate and S-benzylthiourea hy- 
drochloride in the same manner described for the preparation of 
1-3. The product was purified from water. 


2,4-Dihydroxy-6- (dimethoxymethyl) -5  -fluoropyrimidine (I -6)- 
One and one-tenths grams (0.005 mole) of 1-1 was dissolved in 
10 ml. of 1.5 N NaOH solution and cooled in an ice bath. To this 
was added 3.0 ml. of 3 0 z  hydrogen peroxide dropwise and the 
mixture was boiled gently for 1.5 hr. in a water bath. It was then 
concentrated in uucuo to a volume of 5 ml., cooled, and acidified 
with concentrated sulfuric acid. It was allowed to stand at room 
temperature for 1 hr. and then cooled in an ice bath. The crystal- 
lization took place spontaneously. It was then recrystallized from 
hot water. 


2 -Methylthio -5  -fluoropyrimidine -6 -carboxaldehyde (I - 7)-0ne 
gram of 1-2 was dissolved in 10 ml. of 50% glacial acetic acid. 
The solution was heated on a steam bath for 40 min. and evaporated 
to dryness. The residue was washed with cold water and recrystallized 
from 50% alcohol. 


The acetals of 2-ethylthio-(I-8), 2-n-propylthio-(I-9), and 2- 
benzylthio-(1-10) derivatives were hydrolyzed in an analogous 
manner. 


2,4-Dihydroxy-5-fluoropyrimidine-6-carboxaldehyde (I-ll)-One 
gram (0.005 mole) of 1-6 was dissolved in 12 ml. of 6 N HCI and 
boiled for 3 min. The solution was cooled in an ice bath. The mate- 
rial which crystallized from the solution was collected by filtration 
and washed with cold water. It was recrystallized from 50% alcohol. 
2-Mercapto-4-hydroxy-5-fluoropynmidine-6-carboxaldehyde 0- 


12)-Two and two-tenths grams (0.01 mole) of 1-1 was dissolved 
in 35 ml. of 6 N HCI with warming. The resulting yellow solution 
was heated to boiling for 5-7 min., and filtered. The filtrate was 
cooled in an ice bath. The yellow precipitate was filtered, washed 
with ice water thoroughly, and recrystallized from alcohol. The 
product did not melt and carbonized above 300". 
p-Aminosulfonyl-N-(2-ethylthio-4-hydroxy-5 -fluoro - 6 - pyrimidyl- 


methylidene) aniline ( I - 1 3 t A  solution of 0.5 g. (0.0025 mole) of 
1-8 and 0.43 g. (0.0025 mole) of p-aminobenzenesulfonamide in 
7 ml. of absolute ethanol was refluxed for 30 min. in a water bath. 
During this period, orange-colored crystals precipitated out. The 
crystals were collected by filtration and washed with a large amount 
of warm alcohol to remove any unreacted starting materials. The 
product did not melt and decomposed above 350". 


N- (2-Ethylthio-4-hydroxy -5  - fluoro - 6 - pyrimidylmethylidene) 
ethanolamine ( I - 1 4 t T o  a solution of 0.4 g. (0.002 mole) of 1-8 
in 3 ml. of absolute alcohol was added 0.13 g. (0.002 mole) of 
ethanolamine. The mixture was refluxed for 30 min. in a water bath 
and placed in a refrigerator overnight. The product was collected 
on a filter and recrystallized from ethanol. 


N-(2-Ethylthio-4-hydroxy-5-fluoro-6-pyrimidylmethy~dene) cy- 
clopropylamine (1-15tTo a solution of 0.6 g. (0.003 mole) of 1-8 


in 4 ml. of absolute ethanol was added 0.17 g. (0.003 mole) of 
cyclopropylamine. On shaking the mixture at room temperature for 
a few minutes, yellow crystals precipitated out. The crystals were 
collected, washed with cold alcohol, and recrystallized from a 
minimum amount of alcohol. 


2-Phenyl-4-(2,4-dihydroxy-5 -fluoro - 6 - pyrimidylmethylidene) -2 - 
oxazoline-5-one (1-16fiA mixture of 0.45 g. (0.0025 mole) of hip- 
puric acid and 0.1 g. of potassium bicarbonate in 2.5 ml. of acetic 
anhydride was stirred until a solution was obtained, and cooled 
in a cold water bath to maintain a temperature around 20'. To this 
solution was added 0.4 g. (0.0025 mole) of 1-6 and the mixture was 
stirred for 2 hr. The reaction mixture was poured into 10 ml. of 
distilled water. The precipitate was filtered, washed with distilled 
water, and after being triturated with ethanol several times, the 
product was obtained. The 2-phenyl-4-(2-ethylthio-4-hydroxy-5- 
fluoro-6-pyrimidylmethylidene)-2-oxazoline-5-one (1-17) was pre- 
pared in an analogous manner. 


2-Methylthio-4-hydroxy-S-fluoro-6-pyrimidinecarboxaldox~e (I- 
l S t T h e  hydrolysis of the acetal and the oxime formation were 
accomplished in a one-step reaction. A solution of 0.47 g. (0.002 
mole) of 1-2 and 0.28 g. (0.004 mole) of hydroxylamine hydro- 
chloride in 10 ml. of 50% ethanol was refluxed for 10 min. and then 
cooled in an ice bath. The crystalline solid was filtered, washed with 
cold water, and recrystallized from ethanol. 
2-Ethylthio-4-hydroxy-5-fluoro-6-pyrimidinecarboxaldoxime (1- 


1 9 t T h i s  compound was prepared in an analogous manner from 


Thiosemicarbazone of 2-Ethylthio-5-fluoropyrimidine-6-carbox- 
aldehyde (I-ZO)-To a solution of 0.5 g. (0.0025 mole) of 1-8 in 
5 ml. of ethanol was added 0.23 g. (0.0025 mole) of thiosemicar- 
bazide in 10 ml. of 80% ethanol and the solution was refluxed for 
20 min. The yellow crystalline product was collected by filtration, 
washed with cold water and alcohol, and recrystallized from ethanol. 
4-(2-Ethylthio-4-hydroxy-5-fluoro-6-pyrimidyl)-3-hutene-2-one (I- 


2 1 b T o  a mixture of 0.5 g. (0.0025 mole) of 1-8 and 0.58 g. (0.01 
mole) of acetone was added dropwise 3 ml. of 6% aqueous NaOH 
solution while the solution was stirred and cooled. The mixture 
was stirred for 2.5 hr. at room temperature. Dilute hydrochloric 
acid was added until the mixture was acid to litmus. Immediately 
a yellow precipitate formed. It was filtered off and washed with 
cold water to yield 0.45 g. (7573, m.p. 154-157". The crude mate- 
rial was dissolved in a minimum amount of warm ethanol. To this, 
water was added dropwise until the solution became cloudy and 
when cooled in an ice bath, a pure product precipitated. 
2-Ethylthio-6-hydroxymethyl-5 -fluoro-4-pyrimidol (I-22)-The 


method used was adapted from the procedure for the preparation 
of p-tolyl carbinol(23). Into a 100-ml. three-necked flask fitted with 
a dropping funnel, magnetic stirrer, and reflux condenser was intro- 
duced a solution of 2.5 g. of potassium hydroxide in 5 ml. of meth- 


1-3. 
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anol. The flask was surrounded by cold water while a solution of 
3.03 g. (0.015 mole) of 1-8 and 1.5 rnl. (37%) of formalin in 5 ml. 
of methanol was added at such a rate that the internal temperature 
remained at 60-70". The internal temperature was then maintained 
at 6Cb70" for 3 hr. At the end of this time methanol was distilled 
out. The residue was dissolved in a minimum amount of water and 
acidified with glacial acetic acid. The precipitate was collected by 
filtration and recrystallized from alcohol. 


3-(2-Ethylthio-4 -hydroxy -5 -fluoro - 6- pyrimidy1)-2 - propenal (I- 
23)-A solution of 0.8 g. (0.004 mole) of 1-8 and 1.2 g. (0.028 mole) 
of acetaldehyde in 10 ml. of 95% ethanol was cooled in an ice 
bath. To this was added dropwise 6 ml. of 1 N NaOH and the 
mixture was stirred for 1.5 hr. at 1620". It was then acidified with 
glacial acetic acid. Red crystals precipitated on standing and these 
were recrystallized from a minimum amount of ethanol. 


2-Eth ylthio-4-chloro-5-fluoro-6- dimethoxymeth ylp yrimidine-Two 
and one-half grams (0.01 mole) of 1-2 was suspended in 10 ml. of 
phosphorous oxychloride, stirred, and treated dropwise with 1.49 
g. (0.01 mole) of diethylanilme at 50-55". The mixture was stirred 
at 50-55" for 1.5 hr. and then cooled. The reaction mixture was 
poured into ice in a beaker and extracted with ether. The ether 
layer was washed with water and dried over sodium sulfate, filtered 
to remove salts, and the ether was evaporated The residue was 
distilled under reduced pressure and the fraction at 102-103"/0.2 
mm. Hg was collected. The yield was 0.96 g. (37 %). 


Anal.-Calcd. for CsHl2C1FN2OzS: C, 40.53; H, 4.50; CI, 13.30; 
F, 7.13; N, 10.51; S, 12.01. Found: C, 40.01; H, 3.92; CI, 13.97; 
F, 7.34; N, 10.94; S, 12.60. 


Hydrazones of the Pyrimidine Aldehydes (I-24-29tThe hy- 
drazones of the pyrimidine aldehydes were prepared by the interac- 
tion of the pyrimidine aldehydes with the appropriate hydrazides. 


To a solution of 0.0025 mole of the aldehyde in 5 ml. of 50% 
acetic acid was added 0.0025 mole of the hydrazide dissolved in 5 
rnl. of 50% acetic acid. The mixture was kept at 80" for 10 min. 
The crystalline precipitate was collected by filtration and recrystal- 
lized from ethanol. 


EXPERIMENTS ON ENERGY-GENERATING SYSTEM 


Preparation of Cell Suspension-The ascitic fluid, harvested from 
mice (Swiss-Webster) on the eighth day after inoculation of Ehrlich 
ascites cells, was centrifuged for 10 min. at 2,000 r.p.m.2 The 
supernatant was discarded. The residue was washed three times by 
suspending in Krebs-Ringer solution and centrifuging for 5-7 
min. at 700 r.p.m. to remove blood elements and soluble ascitic 
constituents. The cells were centrifuged for 15 min. at 2,300 r.p.m. 
to obtain the packed cells. The cells thus obtained were diluted to 
a 10% cell suspension with Krebs-Ringer phosphate buffer (pH 
7.2-7.3) fcr the measurement of respiration or with Krebs-Ringer 
bicarbonate buffer for the measurement of glycolysis. 


Measurement of Respiration-The rate of oxygen uptake by the 
cells was measured manometrically in a conventional Warburg 
apparatus. The main compartment of the flasks contained 2 ml. of 
10 % cell suspension in the Krebs-Ringer phosphate solution. 
Three-tenths milliliter of each of the solutions or suspensions of the 
compounds in phosphate buffer (pH 7.4) or in 0.1 M glucose was 
placed in the side-arm of the flasks. The center well contained 
0.2 ml. of 20% potassium hydroxide and a strip of filter paper for the 
absorption of carbon dioxide. The flasks were attached to the 
manometers, gassed for 5 min. with oxygen, and then placed in the 
constant-temperature bath (37"). The compounds were tipped into 
the main compartment of the flasks from the side-arm after 10 min. 
of equilibration. The readings were taken for 60 min. at 10-min. 
intervals after the introduction of the compounds under study. 


Qnz = pl. O2 taken up/mg. dry weight of cell/hr. Qn2 (G) = 
pl. O2 taken up/mg. dry weight of cell/hr. with added glucose. 


Measurement of Glycolysis-The rate of glycolysis was measured 
manometrically by measuring Cot  production resulting from the 


~~~ 


2 Refrigerated in the International Refrigerated Centrifuge model 
B-20. 


action of lactic acid on bicarbonate in the media. The main compart- 
ment of the flasks contained 2 ml. of 10% cell suspension in Krebs- 
Ringer bicarbonate. Three-tenths milliliter of the solution or 
suspension of the compounds in 0.1 A4 glucose solution was placed 
in the side-arm of the flasks. The flasks were attached to the ma- 
nometers and gassed for 10 min. with 95 % nitrogen and 5 % carbon 
dioxide. The compounds were tipped into the main compartment 
from the side-arm after 10 min. of equilibration in the constant- 
temperature bath (37"). The readings were taken for 60 min. at 
10-min. intervals. 


Q;:, = pl. C02 given off in an atmosphere of nitrogen/mg. 
dry weight of cells/hr. 
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Preparation of Some Mannich Bases of Bicyclic Furans 


J. SAM and J. R.  MOZINGO, JR." 


.abstract The Mannich bases of 6(4H)cyclopenta[b] furanone (V) 
and substituted 6,7-dihydro-4(5H) benzofuranones (VIII) were 
synthesized and subjected to general biological screening procedures. 
No significant activity was noted. 


Keyphrases 0 Mannich bases, bicyclic furans-synthesis 0 Phar- 
macological screening-bicyclic furan Mannich bases 0 GLC- 
structure IR spectrophotometry-structure 0 NMR spectros- 
copy-structure 


Previous investigators (1-4) have shown that the Man- 
nich bases of tetralone, thiaindanones, 4-keto-4,5,6,7- 
tetrahydrothionaphthene, and substituted indole-4(5H)- 
ones possess CNS depressant properties. In a continua- 
tion of interest in the chemistry and the development of 
biologically active compounds, several Mannich bases 
of 6(4H)cyclopenta[b]furanone (V) and substituted 6,7- 
dihydro4-(5H)benzofuranones (VIII) have been syn- 
thesized. 


I V u , R = H  
b'. R = CH, 


V 


VIa, R, = (CH,),N 
b. R, = C,H,NO 


The propionylfurans (11) were prepared by the treat- 
ment of an appropriate furan with propionic anhydride. 
Paraformaldehyde and dimethylamine hydrochloride 
when refluxed in ethanol with I1 offered excellent yields 
of the Mannich bases (IIIa and IIIb). The latter on 
steam distillation provided IVa and IVb, respectively. 
Furans are known to be susceptible to acid decomposi- 
tion ( 5 ) ;  nevertheless, attempts were made to cyclize 
IVa to  V using various mixtures (I  :4, 1 :3, 1 : 1) of 
sulfuric and fuming sulfuric acid as well as 100% fuming 
sulfuric acid and concentrated sulfuric acid. Only when 
conducting the cyclization with concentrated sulfuric 
acid within 3-4 min. was any appreciable product (14%) 
obtained. Shorter or longer reaction periods provided 


negligible yields of V. Utilizing the same conditions, 
IVb under went decomposition and polymerization; 
neither starting material nor cyclization product were 
isolated. 


The general procedure of von Stetter and Lauter- 
bach (6) was followed for the synthesis of substituted 
6,7-dihydro-4(5H)benzofuranones (VIII). 


n 


VII a, R2 = H VIIIa , R, = H 
b, R, = CH3 
C ,  R, =C*Hj 


b ,  &= CH3 
c. R2= C,H, 


IX 


Little difficulty was encountered in the preparation 
of the Mannich bases (VI and IX, Table 1) when freshly 
distilled V and VIII were used. The latter compounds 
when allowed to age, however, decompose, and then 
yield Mannich bases difficult to purify. 


I R  and NMR data of the Mannich bases are pre- 
sented in Table 11. 


PHARMACOLOGY 


The compounds were tested for CNS, cardiovascular, autonomic, 
endocrine, anti-inflammatory, antiallergic, and metabolic activities. 
In addition, most of the compounds described in this paper were 
screened for analgesic, hypoglycemic, hypocholesterolemic, diuretic 
reticuloendothelial, local anesthetic, antispasmotic, antithrombotic, 
anti-Parkinson, anorexic, antibacterial, antifungal, and antipro- 
tozoan properties. Most tests were carried out following oral 
administration of the test compound. 


The only compound showing any activity was IXc (Table I) which 
exhibited smooth muscle relaxant activity at 10 mcg./ml. in primary 
testing. However, the level of activity of this compound was in- 
sufficient to justify further investigation. 


EXPERIMENTALz 


The intermediates 2-propionylfuran (7), 5-methyl-2-propionyl- 
furan (7), 1-bromo-2-pentanone (S), 3-bromo-2-butanone (9), 3- 
bromo-2-pentanone (S), 2-(2-oxopropyl)cyclohexane-1,3-dione (6), 
2-( 1-methyl-2-oxopropyl)cyclohexane- 1,3-dione (6), 6,7-dihydro-2- 


'The authors are grateful to Dr. H. Leo Dickison of Bristol Lab- 
oratories, Syracuse, N. Y .  for the pharmacological data. 


2 All melting points were taken on a Thomas-Hoover melting point 
apparatus and are corrected. IR spectra were determined with a Perkin- 
Elmer 137B IR spectrophotometer using potassium bromide pellets 
and liquid films. NMR spectra were determined on a Varian A-60A 
spectrophotometer using tetramethylsilane and DzO as internal stan- 
dards. GLC were taken on an Aerograph Autoprep A-700 equipped 
with a thermal conductivity detector and containing a 0.62-cm. X 
4.9-m. (0.25-in. X 16-ft.) column packed with 20% Carbowax 1540 
on 60-80 mesh Chromasorb W. 
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Table I-Mannich Bases Derived from Benzofuranones (IX) and Cyclopenta[b]furanones (VI) 


Yield, Molecular -Anal., z- 7 


No. RI Rz % M.p., Ca Formulab Calcd. Found 


63 


74 


40 


70 


40 


31 


24 


8 


228-228.5(A) 


192-194(E) 


167-167.5(A) 


179-181(EE) 


186-1 89(A) 


21 3-215(A) 


197-197. ~ ( A c )  


172-172. ~ ( A c )  


C, 57.51 
H, 7.02 
N, 6.10 
c ,  57.46 
H, 6.68 
N, 5.15 
C, 59.14 
H, 7.44 
N, 5.75 
C, 58.84 
H,  7.06 
N, 4.90 
c ,  60.57 
H, 7.82 
N, 5.44 
C, 60.09 
H, 7.40 
N, 4.67 
C, 58.16 
H, 8.95 
C, N, 61.23 5.65 


H, 7.71 
N, 4.46 


C, 57.56 
H, 7.11 
N, 6.30 
C, 57.58 
H, 6.79 
N, 5.31 
C, 58.85 
H, 7.43 
N, 5.85 
C, 58.70 
H, 6.99 
N, 4.90 
c ,  60.21 
H, 7.92 
N, 5.58 
C, 58.60 
H, 7.32 
N, 4.97 
C, 61.04 
H, 8.15 
N, 4.69 
C, 61.05 
H, 7.75 
N, 4.37 


a Recrystallization solvent; A = acetonitrile, E = ethanol, EE = ethanol-ether, Ac = acetone. b Hydrochloride. c Morpholino. d Although good 
elemental analysis was not obtained, the IR and NMR spectra were consistent with the structure proposed. 


methyl-4(5H)benzofuranone (6),  and 6,7-dihydro-2,3-dimethyl- 
4(5H) benzofuranone (6) were prepared according to procedures 
described in the literature. 
N,N-Dimethyl-2-(2-furoyl)propylamine Hydrochloride (IIIab 


A mixture of 52.0 g. (0.42 mole) of 2-propionylfuran, 20.0 g. (0.60 
mole) of paraformaldehyde, 36.0 g. (0.44 mole) of dimethylamine 
hydrochloride, 1 ml. of hydrochloric acid, and 80 ml. of ethanol 
was refluxed for 4 hr. The solvent was distilled under reduced pres- 
sure; the solid residue was washed with 200 ml. of ether to remove 
the unchanged starting materials. The salt was recrystallized from 
acetonitrile to give 86.5 g. (9573 of white crystals, m.p. 168.5-169", 
X,,,. (KBr) 1,660 cm.-l; NMR (DzO), 1.39-1.55 6 (3H, doublet), 
3.00-3.05 (6H, singlet), 3.16-3.95 (3H, multiplet), 6.68-6.72 (lH, 
multiplet), 7.55-7.68 (lH, doublet), 7.82-7.89 ( lH,  doublet). 


Anal.-Calcd. for CloHl6C1NO2: C, 55.17; H, 7.41; C1, 16.29; 
N, 6.44. Found: C, 54.99; H,  7.40; C1,16.09; N, 6.52. 
N,N-Dimethyl-2(5-methyl-2-furoyl)propylamine Hydrochloride 


O I I b t T h e  procedure outlined for the preparation of IIIu was used. 
Beginning with 27.6 g. (0.2 mole) of 2-methyl-5-propionylfuran, 
9.0 g (0.3 mole) of paraformaldehyde, 17.1 g. (0.21 mole) of di- 
methylamine hydrochloride, 1 ml. concentrated hydrochloric acid 
and 60 ml. of ethanol, a yield of 39.8 g. (86%) of white crystals, 


Table 11-IR and NMR Spectra Data of the Mannich Bases of Table I 


m.p. 167-167.5" was obtained; Xmx. (KBr) 1,650 cm.-l; NMR 
(DzO), 1.16-1.38 (3H, doublet), 2.29-2.36 (3H, singlet), 2.78-2.87 
(6H, singlet), 3.00-3.74 (3H, multiplet), 6.20-6.33 (lH, doublet), 
7.37-7.48 ( lH,  doublet). 


Anal.-Calcd. for ClIHl8C1NO2: C, 57.01; H, 7.83; Cl; 15.30; 
N, 6.05. Found: C, 56.95; H, 7.96; C1, 15.29; N, 6.14. 


2-(~~-Methylacrylo)furan ( I V a h A  solution composed of 323.5 g. 
(1.49 moles) of N,N-dimethyl-2-(2-furoyl)propylamine hydro- 
chloride and a minimum amount of water was steam-distilled. The 
distillate was extracted with three 200-ml. portions of ether, com- 
bined and dried over anhydrous magnesium sulfate. The solvent 
was distilled under reduced pressure and the residue distilled to 
give 108 g. (53.5%:) of product, b.p. 39-44"/0.1 mm., ny 1.5169, 
Amax. (liquid film) 1,630 crn.?; NMR (CDCl,), 1.99-2.10 (3H, 
doublet), 5.72-6.00 (2H, multiplet), 6.42-6.57 (lH, multiplet), 
7.05-7.18 (lH, multiplet), 7.60-7.70 (lH, multiplet). Poor stability 
of the compound would not allow elemental analysis. Purity and 
structure were confirmed by GLC, NMR, and IR. 


2-(or-Methylacrylo)-5-methylfuran ( IVbbThe procedure outlined 
for the preparation of IVa was followed using 229.0 g. (0.99 mole) 
of N,N-dimethyl-2-(5-methyl-2-furoyl)propylamine hydrochloride, 
which provided a yield of 47.0 g. (31.4%) b.p. 104-105"/29 mm., 


NMR 
No. rnax. (KBr), cm.-l Solvent 


VIU 


VIb 


IXU 


IXb 


IXC 


IXd 


IXe 


IXf 


~~ ~ ~~ 


2510, 1690 D2O 
1580 


1.27-1.34 (3H, s), 2.79-2.86 (6H, s), 2.89-2.98 (2H, d), 
3.39-3.46 (2H, s), 6.61-6.68 (IH, d), 7.9fX.02 (lH, d) 


2500, 1680 DzO 
1590 


1.35-1.39 (3H, s), 2.95-3.10 (2H, d), 3.17-3 40 (4H, m), 
3.47-3.54 (2H, s), 3 8CL4.02 (4H, m), 6.57-6.65 (IH, d), 
7.90-7 97 (1H. d) 


2500, 1650 


2400, 1660 DzO 2.15-2.28(3H,s),2.78-3.56(10H,m), 3.74-4.08 
1580 
2600, 1650 D2O 1.93-2.14 (6H, d), 2.66-3.61 (13H, m) 
i wn 


CDCI, 2.21-2.35 (3H, sj, 2.71-3.25 (12H, m), 3.5G4.00 (IH, m), 
1580 6.15-6.25 (lH, S) 


(5H, m), 6.08-6.18 (lH, s) 


%%, 1650 DzO 1.86-2.14 (6H, d), 2.75-3.10 (4H, m), 3.12-3.48 
1580 (7H. m). 3.83-4.03 14H. m) 
2600, 1650 CDC13 0.93-1.26(3H, t), 2.15-2.'2613H, s), 
1580 2.40-4.10 (15H, m) 


1580 
2450, 1650 CDCla 0.87-1.21 (3H, t), 2.11-2.28 (3H, s), 


2.35-2.72 (6H, m), 2.78-3.52 (6H, m), 
3.58-3.90 (lH, m), 3.95-4.35 (4H, m) 


~ ~ 


a s = singlet, d = doublet, m = unresolvable multiplet, t = triplet. 
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ny 1.5280, A,,,. (liquid film) 1,645 cm.-’; NMR (CCI,), 1.95-2.05 
(3H, singlet), 2.35-2.43 (3H, singlet), 5.75-6.00 (2H, multiplet), 
6.20-6.33 ( lH,  multiplet), 7.05-7.15 ( lH,  multiplet), Poor stability 
would not allow elemental analysis. Purity and structure were 
determined by GLC, NMR and IR. 
5-Methyl-6(4H)cyclopenta[b]furanone (V)-To 250 ml. of con- 


centrated sulfuric acid, 72.0 g. (0.53 mole) of 2-(a-methylacrylo) 
furan was added dropwise and stirred for 3 min. The mixture was 
cooled and poured into 1,500 ml. of crushed ice, extracted with 
ether, and the extracts dried over magnesium sulfate. The solvent 
was distilled under reduced pressure and the residue distilled to 
give 9.8 g. (13.5%) of product, b.p. 56-56.5”/0.03 mm., ny 1.5283, 
A,,,, (liquid film) 1,690 ctn-l;  NMR (CDCI:J 1.21-1.40 (3H, 
doublet), 2.02-2.57 (2H, doublet), 2.80-3.37 (IH,  multiplet), 
6.52-6.60 ( l H ,  doublet), 7.81-7.90 ( I H  doublet). 


A 2,4-dinitrophenylhydrazone was prepared in the usual manner 
and recrystallized from ethanol-ethyl acetate, m.p. 229-230”. 


Anal.-Calcd. for CI4Hl2N4O5: C, 53.17; H, 3.82; N, 17.71. 
Found: C, 52.85; H, 3.84; N, 17.18. 
2-(l-Ethyl-2-oxopropyl)cyclohexane-1,3-dione (VI1c)-Following 


the procedure outlined by Schaeffer and Vince (lo), a solution of 
54.0 g. (1.0 mole) of sodium methoxide, 116 g. (1.04 mole) of 1,3- 
cyclohexanedione, and 183 g. (1.1 1 mole) of 3-bromo-2-pentanone 
in 580 ml. of ethanol was refluxed for 15 min. and then cooled. 
The sodium bromide formed during the reaction was removed by 
filtration and the filtrate concentrated under reduced pressure on a 
steam bath. The residual syrup was dissolved in 500 ml. of a 1: 1 
mixture of chloroform and 10% sodium hydroxide solution. The 
aqueous phase was separated and extracted with 250 ml. of chloro- 
form. After cooling the aqueous solution in an ice bath and acidify- 
ing with concentrated hydrochloric acid, the aqueous solution was 
extracted with three 250-ml. portions of chloroform. After drying 
the chloroform extract over anhydrous magnesium sulfate, the 
solvent was distilled under reduced pressure. All attempts to purify 
the residual oil failed; however, 196 g. (74.5 %) of the crude product 
was isolated. 
6,7-Dihydro-3-ethyl-2-methgl-4(5H)benzofuranone (VI I Ic tCon-  


centrated sulfuric acid (1,000 ml.) was treated dropwise with stirring 
with 150.0 g. (0.77 mole) of 2-( 1-ethyl-2-oxopropyl)cyclohexane-1, 
3-dione (VIIc). After 3 min., the mixture was poured over approxi- 
mately 3,000 ml. of crushed ice. After the cold aqueous solution was 
extracted with three 200-1111. portions of chloroform, the organic 
layers were combined and dried over anhydrous magnesium sulfate. 
The solvent was distilled under reduced pressure and the residue 
distilled to afford 27.8 g. (21 %) of product, b.p. 85-8S0/l.5 mm., 
n”,’ 1.5143, A,,,. (liquid film) 1,650 cm.-l; NMR (CDCI,), 0.90- 
1.27 6 (3H, singlet); 2.18-~2.23 (3H, singlet), 2.19-2.96 (SH, multi- 
plet). 


Mannich Bases (Tables I and 11)-A mixture of 0.Oj molc of the 
ketone, 0.05 mole of paraformaldehyde, 0.05 mole of the appropriate 
amine hydrochloride, 5 ml. of ethanol, and 1 drop of concentrated 
hydrochloric acid was refluxed for 8 hr. The alcohol was distilled 
under reduced pressure and the residual material was washed several 
times with ether. If a solid appeared, it was recrystallized from 
an appropriate solvent. If an  oil remained, it was treated with a 
10% sodium bicarbonate solution and extracted with ether. The 
ether solution was washed with water and then dried over magnesium 
sulfate. Dry hydrogen chloride was bubbled through the ether 
extract; the resulting crystals were removed by filtration and re- 
crystalhed from an appropriate solvent. 
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preliminary testing of potentially active compounds. In this case a 
twofold increase in absorption was observed by administering a 
polysorbate 80 solution rather than a tragacanth suspension of  
SK&F 33134-A. 
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SUMMARY 


The aqueous solubility of SK&F 33134-A is increased in the 
presence of sodium lauryl sulfate, cetyldirnethylbenzylammonium 
chloride, and polysorbate SO, the effect being proportional with 
concentration. 


Sodium chloride depresses the solubility of SK&F 331 34-A. 
However, when polysorbate 80 is present in solutions containing 
chloride ions the solubility of SK&F 33134-A increases. 


SK&F 33134-A is excreted mainly by the biliary route. 
Urinary excretion is very low and remains relatively constant 


regardless of the dosage form used. The data suggest that urinary 
excretion measurements should not be used to indicate the degree of 
absorption of this compound. 


The selection of the proper dosage form is essential during the 
evaluation of potentially active compounds. A twofold increase in 
availability was observed for SK&F 33134-A when the compound 
was administered in polysorbate 80 solution compared to a tra- 
gacanth suspension. 
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Effect of Colorants on the Solubility of Modified Cellulose Polymers 


ELLIOTT B. PRILLIG 


Abstract 0 The effect of colorants on the solubility characteristics 
of cellulose polymers was studied. The work was conducted because 
of earlier findings that FD & C Red No. 3 dye altered the solubility 
of hydroxypropyl methylcellulose to the extent that dried films 
were insoluble in media below approximately pH 5.5. A total of 28 
dyes was screened in combination with hydroxypropyl methyl- 
cellulose, hydroxypropyl cellulose, and sodium ethylcellulose 
sulfate. Free film solubility disclosed that six dyes significantly 
altered the solubility of the polymers tested. Coatings containing 
FD & C Red No. 3, FD & C Red No. 4, D & C Red No. 17, 
D & C Red No. 18, D & C Red No. 21, and D & C Red No. 22 
dyes were shown to have a retardation effect on tablet disintegration 
and riboflavin dissolution rate. Riboflavin urine excretion studies 
confirmed that these dyes may adversely affect in vivo product per- 
formance. The effects of the insoluble films on in uitro and in vivo 
product performance will depend upon the thickness and strength 
of the film as well as the disintegrating characteristics of the tablet. 


Keyphrases 0 Cellulose polymers, solubility-olorant effect 0 
Film coated tablets-olorant effect on dissolution 0 Colorant 
effect-tablet dissolution, absorption 0 Polymer film dissolution 
viscosity-colorant effect 


The use of modified cellulose polymers in pharmaceu- 
tical products is extensive. These materials are of con- 
siderable value in gels, suspensions, tablet core formula- 
tions, and tablet coatings. Within the last few years, 
particular attention has been focused on interaction 
studies of drug-adjuvant and adjuvant-adjuvant com- 
binations with concern for stability, toxicity, and in 


viuo performance of the dosage form. The literature 
cites numerous examples of interactions between cellu- 
lose polymers and drugs or adjuvants. Tillman and 
Kuramoto (1) concluded that methylcellulose forms 
complexes with a number of preservatives including 
methylparaben and related compounds, p-aminobenzoic 
acid and p-hydroxybenzoic acid. Other investigators (2) 
confirmed and established the extent of such inter- 
actions with regard to the effect on solubility of the 
preservatives in the presence of some cellulose deriva- 
tives. Deluca and Kostenbauder (3) established the 
degree of binding of several quaternary ammonium 
compounds by methylcellulose. Kabadi and Hammar- 
lund (4) recognized the interaction effects of phenols 
on the solubilizing and stabilizing properties of some 
nonionic hydrophilic polymers. Likewise, dyes have 
been implicated with interaction and stability problems 
( 5 ,  6). Bornstein et al. (7) discussed dye-adjuvant inter- 
actions as they apply to color fading. However, little 
data have been presented on dye-polymer combinations 
and the effects which some dyes have on the solubility 
characteristics of cellulose polymers. This study was 
conducted because of findings that FD & C Red No. 3 
dye altered the solubility of hydroxypropyl methyl- 
cellulose to the extent that dried films were insoluble in 
media below approximately pH 5.5. It was therefore 
desirable to establish if such effects could be expected 
with other cellulose derivatives and commonly used 
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Table I-Solubility of Sodium Ethylcellulose Sulfate Films" 


Simulated Simulated 
Gastric Fluid, intestinal Fluid, Deionized Water, 


Dye Classification pH 1.2b pH 7.4h pH 6 S b  


Control film S S S 
FD & C Red No. 1 Monoazo S S S 
FD & C Red No. 2 Monoazo S S S 
F D  & C Red No. 3 Xanthene I C  S S 
F D  & C Red No. 4 Monoazo S S S 
D & CRed No. 17 Disazo S S S 
D & C Red No. 18 Disazo Id  Id Id 
D & C Red No. 19 Xanthene I S S 
D & C Red No. 21 Fluoran I S S 
D & C Red No. 22 Xanthene I S S 
D & C Red No. 33 Monoazo S S S 
D & CRed No 36 Mono a z o S S S 
Ponceau 4 R Monoazo S S S 
F D  & C Yellow No. 5 Pyrazolone S S S 
FD & C Yellow No. 6 Monoazo S S S 
D & C Yellow No. 7 Fluoran S S S 
D & C Yellow No. 10 Quinoline S S S 
D & C Yellow No. 1 1  Quinoline ss ss ss 
FD & C Blue No. 1 Triphenylmet hane S S S 
F D  & C Blue No. 2 Indigoid S S S 
D & C Blue No. 6 Indigoid S S S 
D & C Blue No. 9 Anthraquinone S S S 
FD & C Green No. 1 Triphenylmethane S S S 
FD & C Green No. 2 Trip henylmethane S S S 
FD & C Green No. 3 Triphenylmethane S S S 
D & C Green No. 5 Anthraquinone S S S 
D & C Green No. 6 Anthraquinone ss ss ss 
D & C Green No. 8 Pyrene S S S 
FD & C Violet No. 1 Triphenylmethane S S S 


a Average film thickness: 0.10 mm. h S = soluble. Ss = slowlv soluble. I = insoluble. r Film disintegrates into large pieces. d Film disintegrates into 
small pieces. 


dyes. It was also of interest to determine if these effects 
influenced in vitro and in viuo product performance. 


EXPERIMENTAL 


Materials and Preparation--Tests were conducted on low vis- 
cosity grade hydroxypropyl methylcellulose NF X11, hydroxypropyl 
cellulose1 and sodium ethyl cellulose sulfate.2 These polymers 
were selected because of their application to tablet core formula- 
tions and tablet coatings. Free films were prepared by casting mix- 
tures of dye and polymer in solvent onto glass plates with an 
applicator.J The dried films were removed from the casting plates 
and cut to uniform size disks with a No. 15 (21-mm. id.) cork 
borer. The thickness of each disk was then measured with a mi- 
crometer prior to testing. 


A total of 28 dyes was screened in this study. Although some are 
presently not approved for use in pharmaceutical dosage forms, they 
were included so that a wide selection of colorants within various 
chemical classes would be represented. These dyes were dissolved 
or dispersed in either aqueous or organic solvent systems along 
with the polymers reviewed. 


In vitro testing on both free films and coated tablets was per- 
formed in deionized water, simulated gastric fluid, and simulated 
intestinal fluid. The simulated test fluids were prepared according 
to USP XVII but without the enzymes. 


Tablet coating was accomplished in an air suspension coater (8) 
with a 15.24-cm. diameter coating column. Coating materials were 
applied from organic solvent mixtures with a pneumatic atomizing 
system. 


TESTING 


Film Solubility-The solubility of each film was established by 


Klucel 2LF, Hercules Powder, Co.,  Wilmington, Del. 
2 Distillation Products Industries, Div. of Eastman Kodak Co., 


3 Gardner Laboratory, Inc., Bethesda, Md. 
Rochester, N. Y. 


attempting to dissolve a disk in 150 ml. of test media at 37". A 
magnetic stirring device was used to provide gentle agitation. 
Slight agitation was found necessary to prevent the disk from 
sticking to the walls of the beaker or from curling into a wet 
globular mass. The test was repeated if the sticking or curling 
occurred or if the solubility of the film was affected by direct contact 
with the stirring bar. 


Tablet Coating Thickness-Tablet coating thickness was deter- 
mined by sectioning a representative sample and measuring the 
film on each tablet with a projector (Scherr Tumico Micro) at 20 X 
magnification. 


Tablet Disintegration and Dissolution Rate Studies-Tablet 
disintegration tests were performed in simulated gastric and in- 
testinal fluids using the USP XVII disintegration apparatus without 
plastic disks at 37". Dissolution rates were established in the same 
test fluids on multivitamin tablets by withdrawing liquid samples 
at 10-min. intervals during the disintegration test and assaying for 
riboflavin by measuring fluorescence. The riboflavin dissolution 
rates are reported as the time required for 50% of the drug to dis- 
solve in the test fluids. 


In Vivo Studies-In cico testing was conducted by establishing 
riboflavin urine excretion levels. Ten adult subjects on restricted diets 
were administered two multivitamin tablets containing 6 mg. each of 
riboflavin. Urine samples were collected and assayed over a 24-hr. 
period. Excretion levels for these subjects had previously been 
established after administration of a 10-mg. riboflavin tablet which 
had a rapid dissolution rate. 


Viscosity-The ieported viscosity for each mixture of dye and 
hydroxypropyl methylcellulose was determined at 25" with a viscom- 
eter (Brookfield) using a No. 1 spindle at 60 r.p.m. 


RESULTS <\YD DISCUSSION 


Sodium Ethylcellulose Sulfate-Results of solubility studies on 
free films of sodium ethylcellulose sulfate prepared from mixtures 
of 3% w/v polymer, 0.25% w/v dye in 30% v/v methanol, 20% 
vjv ethanol, and 50% v/v methylene chloride are summarized in 
Table I. 
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Table II-Solubility of Hydroxypropyl Cellulose Filmsu 


Dye 


Control film 
FD & C Red No. I 
FD & C Red No. 2 
FD & C Red No. 3 
FD & C Red No. 4 
D & C Red No. 17 
D & C Red No. 18 
D & C Red No. 19 
D & C Red No. 21 
D & C Red No. 22 
D & C Red No. 33 
D & C Red No. 36 
Ponceau 4 R 
F D & C Yellow No. 5 
F D & C Yellow No. 6 
D & C Yellow No. 7 
D & C Yellow No. 10 
D & C Yellow No. 11 
F D & C Blue No. 1 
F D & C Blue No. 2 
D & C Blue No. 6 
D & C Blue No. 9 
F D & C Green No. 1 
F D & C Green No. 2 
F D & C Green No. 3 
D & C Green No. 5 
D & C Green No. 6 
D & C Green No. 8 
F D & C Violet No. 1 


Simulated Simulated 
Gastric Fluid, Intestinal Fluid, Deionized Water, 


Classification pH 1.2* pH 7.4b pH 6 . 9  


Monoazo 
Monoazo 
Xanthene 
Monoazo 
Disazo 
Disazo 
Xanthene 
Fluoran 
Xan thene 
Monoazo 
Monoazo 
Monoazo 
Pyrazolone 
Monoazo 
Fluoran 
Quinoline 
Quinoline 
Triphenylmethane 
Indigoid 
Indigoid 
Anthraquinone 
Triphenylmethane 
Triphenylmethaiie 
Triphenylmethane 
Anthraquinone 
Anthraquinone 
Pyrene 
Trip henylmethane 


S 
S 
S 
I 
I 
E3 
S" 
S 
Id  
I 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 


S 
S 
S 
S 
S 
E3 
E3 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 


S 
S 
S 
S 
S 
S C  
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 


a Average film thickness: 0.06 mm. b S = soluble, I = insoluble. r Film disintegrates into fine pieces. d Film disintegrates into large pieces. 


Table 111-Solubility of Hydroxypropyl Methylcellulose Filmsa 


Simulated Simulated 
Gastric Fluid, Intestinal Fluid, Deionized Water, 


Classification pH 1.2b pH 7.4b pH 6.5b 


Control film S S S 
F D  & C Red No. 1 Monoazo S S S 
FD & C Red No. 2 Monoazo S S S 
FD & C Red No. 3 Xanthene I S S 
FD & C Red No. 4 Monoazo I S S 
D & C Red No. 17 Disazo S S S 
D & C Red No. 18 Disazo P P C  PC 
D & C Red No. 19 Xanthene S S S 
D & C Red No. 21 Fluoraii r S I 
D & C Red No. 22 Xanthene I S S 
D & C Red No. 33 Monoazo S S S 
D & C Red No. 36 Monoazo S S S 
Ponceau 4 R Monoazo S S s 
FD & C Yellow No. 5 Pyrazolone S S S 
FD & C Yellow No. 6 Monoazo S S S 
D & C Yellow No. 7 Fluoran S S S 
D & C Yellow No. 10 Quinoline S S S 
D & C Yellow No. 11 Quinoline F F P': 
FD & C Blue No. 1 Trip heny lmet hane S S S 
F D  & C Blue No. 2 Indigoid S S S 
D & C Blue No. 6 Indigoid S S S 
D & C Blue No. 9 Anthraquinone S S S 
F D  & C Green No. 1 Triphenylmethane S S S 
F D  & C Green No. 2 Triphenylmethane S S S 
FD & C Green No. 3 Trip henylmethane S S S 
D & C Green No. 5 Anthraquinone S S S 
D & C Green No. 6 Anthraquinone S S S 
D & C Green No. 8 Pyrene S S S 
FD & C Violet No. 1 Triphen ylmethane S S S 


0 Average fih thickness: 0.06 mm. h S = soluble, P = partially soluble, I = insoluble. c Film breaks intopieces. 
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Table IV-Viscosity of Hydroxypropyl Methyl- 
cellulose-Dye Mixturesa 


Table V-Disintegration Times for Multivitamin Tablets Coated 
with Hydroxypropyl Methylcellulose" 


Average 
Viscosity, cps. 


Control (no dye present) 
FD & C Red No. 1 
FD & C Red No. 2 
F D  & C Red No. 3 
F D  & C Red No. 4 
D & C Red No. 17 
D & C Red No. 18 
D & C Red No. 19 
D & C Red No. 21 
D & C Red No. 22 
D & C Red No. 33 
D & C Red No. 36 
Ponceau 4 R 
FD & C Yellow No. 5 
FD & C Yellow No. 6 
D & C Yellow No. 7 
D & C Yellow No. 10 
D & C Yellow No. 11 
FD & C Blue No. 1 
FD & C Blue No. 2 
D & C Blue No. 6 
D & C Blue No. 9 
F D  & C Green No. 1 
FD & C Green No. 2 
FD & C Green No. 3 
D & C Green No. 5 
D & C Green No. 6 
D & C Green No. 8 
FD & C Violet No. 1 


30 
46 
32 
50 
36 
46 
35 
30 
31 
72 
34 
35 
32 
33 
32 
30 
34 
32 
37 
30 
30 
36 
38 
32 
31 
31 
31 
31 
35 


4 Viscometer (Brookfield), 25", No. 1 spindle, 60 r.p.m. 


Those films containing D & C Red No. 19, D & C Red No. 21, 
and D & C Red No. 22 dyes remained intact in simulated gastric 
fluid. An insoluble film was found with FD & C Red No. 3 dye in 
simulated gastric fluid but it disintegrated into relatively large 
pieces. An insoluble film that also disintegrated into pieces occurred 
with D & C  Red No. 18 dye in all three test fluids. D & C Yellow 
No. 11 and D & C Green No. 6 dyes had an influence on the solu- 
bility of the film but to a much smaller degree than the afore- 
mentioned dyes. Films prepared with either of these two dyes be- 
came gummy when immersed in any of the three test fluids and dis- 
solved very slowly. Dissolution times were approximately 20 min. 
in contrast to the soluble films that dissolved in from 3-6 min. 


Hydroxypropyl Cellulose-Hydroxypropyl cellulose films were 
prepared as 5 % w/v polymer and 0.5 w/v dye in water. Free film 
solubility is summarized in Table 11. 


F D  & C Red No. 3, F D  & C Red No. 4, and D & C Red No. 22 
dyes produced insoluble films that remained intact in simulated 


n 100 SIMULATED GASTRIC FLUID , SIMULATED INTESTINAL FLUID 
w 


/--- 
/-- .. 


5 50 
40 c 2 30 


2 20 
g 10 z 
0 
0 0 30 60 90 120 150 180 0 30 60 90 120 150 180 


TIME, min. 


Figure 1-Riboflavin dissolution rate study on hydroxypropyl 
melhylcellulose coated tablets. USP XVl l  disintegration apparatus, 
37" (without plastic disks). Key: - - -, control; -, firm with FD & C 
Red No. 3 dye. 


J 


Average Disintegration Time 
Simulated Simulated 
Gastric Intestinal 
Fluid, Fluid, 


Dye pH 1.2 pH 7.2 


Uncoated 
Control (no dye present) 
F D  & C Red No. 1 
FD & C Red No. 2 
F D  & C Red No. 3 
F D  & C Red No. 4 
D & C Red No. 17 
D & C Red No. 18 
D & C Red No. 19 
D & C Red No. 21 
D & C Red No. 22 
D & C Red No. 33 
D & C Red No. 36 
Ponceau 4 R 
F D  & C Yellow No. 5 
FD & C Yellow No. 6 
D & C Yellow No. 7 
D & C Yellow No. 10 
D & C Yellow No. 11 
F D  & C Blue No. 1 
F D  & C Blue No. 2 
D & C Blue No. 6 
D & C Blue No. 9 
F D  & C Green No. 1 
F D  & C Green No. 2 
FD & C Green No. 3 
D & C Green No. 5 
D & C Green No. 6 
D & C Green No. 8 
F D  & C Violet No. 1 


14 min. 
18 
18 
18 
45b 
26b 
33c  
20" 
22 
456 
38b 
18 
13 
18 
18 
18 
18 
22 
1 8c 
18 
18 
18 
18 
21 
18 
18 
18 
25 
19 
18 


21 min. 
24 
24 
24 
27 
25 
40" 
2BC 
25 
2Bb 
26 
24 
27 
24 
24 
24 
35 
26 
26" 
25 
30 
24 
26 
28 
32 
24 
24 
35 
24 
24 


a USP XVII disintegration apparatus, 37" (without, plastic disks), 
average film thickness: 0.08 mm. 6 Insoluble film. = Coating flakes off. 


gastric fluid. D & C Red No. 21 dye also produced insoluble films 
in simulated gastric fluid but these films disintegrated into large 
pieces. Films prepared with D & C Red No. 18 dye, while soluble 
in 3-6 min., showed some fine pieces of film remaining at the end 
of the testing in all dissolution fluids. Similar results were obtained 
with D & C Red No. 17 dye but the films were completely soluble 
in deionized water. 


Hydroxypropyl Methylcellulose NF XII--The solubility of 
hydroxypropyl methylcellulose films is shown in Table 111. 


The films were prepared from mixtures of 3.0% w/v polymer and 
0.1 % w/v dye in a solvent system of 50% v/v ethanol and 50% v/v 
methylene chloride. F D  & C Red No. 3, F D  & C Red No. 4, and 
D & C Red No. 22 dyes produced films which were completely 
insoluble in simulated gastric fluid. D & C Red No. 21 dye pro- 
duced insoluble films in both simulated gastric fluid and deionized 
water. Films containing D & C Yellow No. 11 and D & C Red 
No. 18 dyes disintegrated into small pieces in all three test fluids 
and were considered only partially soluble after 20 min. All other 
soluble films dissolved in from 3-6 min. 


When cellulose polymers interact with some materials the result 
is often observed by a change in the viscosity of the mixture (9). 
Table IV summarizes observations on the viscosity of hydroxy- 
propyl methylcellulose-dye combinations in ethanol/methylene 
chloride. 


While the presence of some dyes did influence the viscosity of 
some polymer mixtures, there was no consistent relationship with 
respect to film solubility. FD & C Red No. 1 and D & C Red No. 17 
dyes significantly affected viscosity but did not alter the solubility 
of the films in the test fluids. F D  & C Red No. 4, D & C Red No. 
18, D & C Red No. 21, and D & C Yellow No. 11 dyes were re- 
sponsible for changes in the solubility of the films but had no in- 
fluence on the viscosity of the preparations. Only F D  & C Red 
No. 3 and D & C Red No. 22 dyes were shown to have an effect 
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Table VI-Riboflavin Dissolution Rate Studies on Multivitamin 
Tablets Coated with Hydroxylpropyl Methylcellulose~ 


~ ~ ~ ~ ~~~~~~~ 


-Average t-50 %--- 
Simulated Simulated 


Gastric Intestinal 
Fluid, Fluid, 


Dye pH 1.2 pH 7.4 


Uncoated 
Control (no dye present) 
FD & C Red No. 1 
FD & C Red No. 2 
F D  & C Red No. 3 
F D  & C Red No. 4 
D & C Red No. 17 
D & C Red No. 18 
D & C Red No. I9 
D & C Red No. 21 
D & C Red No. 22 
D & C Red No. 33 
D & C Red No. 36 
Ponceau 4R 
FD & C Yellow No. 5 
F D  & C Yellow No. 6 
D & C Yellow No. 7 
D & C Yellow No. 10 
D & C Yellow No. 11 
FD & C Blue No. 1 
FD & C Blue No. 2 
D & C Blue No. 6 
D & C Blue No. 9 
F D  & C Green No. 1 
FD & C Green No. 2 
F D  & C Green No. 3 
D & C Green No. 5 
D & C Green No. 6 
D & C Green No. 8 
FD & C Violet No. 1 


9.0  min. 
14.5 
13.0 
12.0 
23.0 
17.5 
19.5 
14.0 
10.5 
28.5 
27.0 
13.0 
12.5 
12.0 
12.5 
12.0 
13.5 
13.0 
14.0 
13.0 
13.0 
13.5 
12.0 
13.5 
13.0 
11.5 
11.0 
13.5 
13.5 
13.5 


16.5 min. 
19.5 
16.5 
17.5 
19.5 
21.0 
29.0 
19.5 
22.0 
24.5 
18.0 
19.0 
21.5 
19.0 
18.5 
18.5 
26.0 
18.5 
19.5 
18.5 
22.0 
18.0 
19.0 
20.0 
25.0 
18.0 
17.0 
27.5 
19.5 
19.5 


= USP XVII disintegration apparatus, 37” (without plastic disks) 
average film thickness: 0.08 mm. 


on both the solubility of the films and viscosity of the preparations 
tested. 


Table V indicates disintegration times for multivitamin tablets 
coated with hydroxypropyl methylcellulose films and each dye 
tested. 


In particular, FD & C Red No. 3, D & C Red No. 21, and D & C 
Red No. 22 dyes showed significant retardation effects on dis- 
integration time in gastric fluid. However, the other insoluble coat- 
ings did not have the adverse effect on disintegration time that 
would be expected from insoluble films. It was observed that at the 
film thickness level chosen, the test fluids were able to permeate 
through the films and cause the tablets to swell and rupture the 
coatings. 


Riboflavin dissolution rate studies are summarized in Table VI. 
Similar to the data obtained from disintegration studies, these 


results disclosed inconsistencies where insoluble films had little 
effect on dissolution rate. In all cases, the insoluble film either 
flaked off the tablets or ruptured when the tablets swelled permitting 
the riboflavin to dissolve in the test fluids. F D  & C Red No. 3, 
D & C Red No. 21, and D & C Red No. 22 dyes do show a definite 
retardation effect even at the film thickness of 0.08 mm. Films con- 
taining D & C Red No. 17 dye, while soluble in the test fluids, were 
responsible for prolonged dissolution rates in simulated gastric 
fluid. The effect of this dye on the viscosity of hydroxypropyl 
methylcellulose mixtures may be related to film permeability. It 
was observed that coatings containing this dye remained on the 
tablets in gel form for extended periods of time after immersion in 
the test fluids. This would explain the retardation effects observed 
on both tablet disintegration and dissolution rate. 


Additional studies were made on tablets coated with hydroxy- 
propyl methylcellulose and FD & C Red No. 3 dye at a film thick- 
ness of 0.2 mm. The in uitro dissolution rate results are summarized 
in Fig. 1.  It is readily apparent that at a thicker film level the in- 
soluble coating significantly affects the riboflavin dissolution rate. 


In addition, when in uiuo product performance tests were con- 
ducted in humans with these same tablets, similar retardation effects 
were observed. This was evidenced by riboflavin urine excretion 
levels of 63 % for tablets coated with hydroxypropyl methylcellulose 
and FD & C Red No. 3 dye. Similar tablets which were coated 
with only hydroxypropyl methylcellulose provided excretion levels 
of 96 %. 


CONCLUSION 


From the data presented, it has been established that some dyes do 
influence the solubility of the cellulose polymers tested. The effects 
of the dyes range from partial to complete insolubility of the poly- 
mers at various pH conditions. No attempts were made to define 
the mechanism by which these dyes alter the polymer characteris- 
tics. The effects observed are not specific for any one particular 
dye classification or grouping on the dye structure. However, all 
xanthene and disazo dyes tested did show some effect on the solu- 
bility of the films. Mixed findings were observed with the monoazo, 
fluoran, quinoline, and anthroquinone dyes. A number of in- 
vestigators have presented theories to explain similar results (3, 7, 
10, 11). Among those discussed are: (a) interactions between 
hydrocarbon portions of the adsorbate and the linear cellulose 
molecules ; (6) dipole-dipole interactions between hydroxyls of 
cellulose and polar groups of the dye molecule; (c) ionic binding to 
residual carboxyls or to acidic hydroxyls by ion exchange; and 
(d) ion-dipole interactions of cations with ethers or hydroxyls. 
However, present information suggests that individual studies are 
required on each dye-polymer combination to characterize the 
effects that were observed. 


The test fluids were found to permeate the thin insoluble films 
and cause the tablets to swell and rupture the coatings. When 
thicker coatings were tested, significant adverse effects were ob- 
served which were consistent with what can be expected from an 
insoluble film. Therefore, retardation of tablet disintegration, drug 
dissolution rate, and in viuo product performance will depend to a 
large extent on the strength, permeability, and thickness of the 
film as well as the disintegrating characteristics of the product. 
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In Vitro Dissolution Rates of Aminorex Dosage Forms and Their 
Correlation with in vivo Availability 


W. A. CRESSMAN, C. A. JANICKI, P. C. JOHNSON*, J. T. DOLUISIOt, and G .  A. BRAUN 


Abstract 0 The object of the study was to develop an oral dosage 
form of aminorex which would produce prolonged, stable plasma 
levels of total drug. Since no definite set of dissolution conditions 
exists for the evaluation of the in uiuo availability of a given drug, 
an arbitrary set of dissolution conditions was chosen. A priori 
it was assumed that a correlation existed between in uifro dissolu- 
tion and in uiuo availability. If this were true, changes in dosage 
form release characteristics could be evaluated in uirro before 
going to man. In viuo availability was determined in human sub- 
jects, by determination of total plasma radioactivity following 
administration of aminorex- W. Several of the subjects were 
crossed over from one dosage form to another. Good correlation 
was obtained between in citro dissolution and in uiuo absorption 
rates. In uioo absorption rates of intact drug were calculated from the 
plasma data for total radioactivity. A one-compartment open 
model was used to describe the system. Dosage forms which pro- 
duced prolonged blood levels of radioactivity were found to give 
prolonged clinical response. 


Keyphrases Sustained-release dosage f~rms-aminorex-~~C 0 
Aminorex-14C dosage forms-in vitro dissolution rates, correlation 
in uiuo availability 0 Kinetic analy~is-aminorex-~~C absorption, 
elimination 0 Model, one-compartment-drug absorption 0 
Scintillometry-analysis 


During the course of the development of a new non- 
amphetamine anorexigenic agent, aminorex, it was 
decided to  examine the possibility of once a day dosage. 


q - ; h K  


Since there is no definitive set of dissolution con- 
ditions one can use to  evaluate the in vivo availability 
of a given drug, an arbitrary set of dissolution con- 
ditions was chosen. A priori it was assumed that a 
correlation existed between in uitro dissolution and 
in vivo availability. If this were true, changes in dosage 
form release characteristics could first be evaluated 
in uitro. The in uitro results would be considered in 
light of observed in uivo plasma levels. Following initial 
studies in uivo with a dosage form having prolonged in vi- 
tro release characteristics, changes in release patterns 
would be monitored in the dissolution system before 
returning to man. Such a correlation would reduce the 
number of in uivo evaluations required to develop an 
acceptable prolonged-release dosage form. 


There have been several studies published (1-6) on 
the evaluation of sustained-release drugs. However, 
there are little data in the literature correlating blood 
levels and dissolution rates for developmental sus- 
tained release formulations. This paucity of data is 
particularly evident if one looks for correlations of 


- ~ ~~ 


' Apiquel (2-amino-5-phenyl-2-oxazoline) McNeil Laboratories, 
Inc. 


dissolution rate and plasma levels of compounds which 
are given in low doses. Low dose compounds present a 
special problem since it is difficult to determine the 
concentration of intact drug in the various tissues of 
the body. One approach used to demonstrate sustained 
release effects is multiple in vivo studies (1-4, 6)  with 
sustained-and nonsustained-release formulations. Simi- 
larity between the plasma levels of drug produced by 
the sustained-release dosage form and immediate-re- 
lease dosage forms administered three times daily is 
considered to be proof of a sustained-release effect. 
This method, however, usually assumes that one has an 
acceptable sustained-release formulation to  be eval- 
uated. A more quantitative correlation between disso- 
lution rate and plasma levels was desired in this in- 
stance. 


One of the easiest methods for evaluation of plasma 
levels of low dose material is the use of radioactively 
labeled compounds. A drawback of the method is that 
due to  the low levels of radioactivity sometimes ob- 
tained, one still cannot conveniently separate the total 
plasma radioactivity into that of intact drug and that 
attributable to  metabolite(s). Low plasma levels of 
radioactivity which could not be conveniently related 
to  intact drug were obtained for the metabolic fate 
of aminorex. 


Using data for total radioactivity per volume of 
plasma a pharmacokinetic model is proposed based on 
the work of Wagner and Nelson (7). This model has 
proven useful for correlating observed plasma levels 
with dissolution rates. It has been the authors' experi- 
ence with this compound and others that the basic re- 
quirement of the model of first-order loss of radio- 
activity from plasma is a rather general one. It is real- 
ized that the rate constant for disposition of radio- 
activity generated by this method has no physiologic 
meaning; however, it provides a useful tool for evalu- 


2 4 6 
HOURS 


Figure 1-Dissolution profiles of Dosage Forms B (o), C (o), D (P), 
E (m), F (Q), G (0) and H (0) obtained using the dissolution method 
described iI7 the text, 
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Table I-Various Formulations Used in this Study to Evaluate and Develop a Sustained-Release Dosage Form of Aminorex 


Formula Salt Form Used 


~~ ~~ 


Dosage Form 
Dose/Tablet 


As mg. Free Base 


H 


Aminorex fumarate 
Aminorex base 
Aminorex pamoate 
Aminorex pamoate 


Aminorex fumarate 


Aminorex fumarate 


Aminorex fumarate 


Aminorex fumarate 


Solution 
Nonsustained-release tablet 
Nonsustained-release tablet 
Sustained-release, nondis- 


Sustained-release, nondis- 


Sustained-release, nondis- 


Sustained-release, nondis- 


Sustained-release, nondis- 


integrating tablet 


integrating tablet 


integrating tablet 


integrating tablet 


integrating tablet 


7.5 
7.5 
7.5 


15 


15 


10 


15 


20 


ating the extent of absorption of a drug administered 
in various dosage forms and formulations. The basic 
assumption of the model, as with others similar to  it, is 
that the drug is absorbed intact and is not metabolized 
or degraded within the gastrointestinal tract. 


Using the proposed model, plasma level data may be 
presented in a fashion whkh permits one to  make a 
more quantitative estimate of the degree of correlation 
of absorption rate with dissolution rate. The data pre- 
sented demonstrate that it is difficult to  design a dis- 
solution system which is sensitive to all changes in for- 
mulation without using the hindsight technique, i.e., 
develop a system in uitro which parallels differences 
which have been observed in uiuo. Nevertheless, by 
using an arbitrary dissolution technique it was possible 
to distinguish between formulations of the drug having 
differing rates of in uiuo availability. 


EXPERIMENTAL 


In Vivo Experiments-The in oico experimental design consisted 
of four to six subjects per dosage form. For the evaluation of for- 
mulations of the aminorex pamoate salt only two subjects were used. 
Several of the subjects used in the above studies were crossed-over 
among several dosage regimens. The drug was administered before 
breakfast, following an overnight fast. No food was consumed for at 
least 2 hr. after dosing, water was permitted ad libitum. Food con- 
sumption 2 hr. after dosing was up to the subjects’ individual desires. 
Blood samples were withdrawn at time intervals dictated by the 
specific dosage form, usually at 0.0.5, I ,  1.5,2, 3, 4, 5 , 6 ,  7, 8,9, 12, 
and 24 hr. Total urinary output collections were made at 2,4,6,8,10, 
12, 24, 48, 72, and 96 hr. Plasma and urine samples were dissolved 
directly in scintillator and analyzed for total radioactivity using a 
Packard Tri-Carb2 liquid scintillation spectrometer and internal 


/- 
2 4 6 8 12 24 


H O U R S  


Figure 2-Auerage plasma leoels of radioactivity, expressed a s  
micrograms of aminorex, obtained fallowing oral administration of 
Dosage Forms A (+), B (O),  C (o), and D (0). A ,  B, and C contained 
7.5 mg. of aminorex and D contained 15 mg. of aminorex. 


* Series 3000, Packard Instrument Co., La Grange, Ill.  


standards. The amount of radioactivity present in each sample was 
expressed as mcg. of aminorex (base)/l. of plasma for plasma sam- 
ples and as percent of total radioactivity administered for urine 
samples. 


I n  Vitro Experiments-On the basis of preliminary experiments 
an in oitro dissolution method was arbitrarily chosen to determine 
differences in dissolution characteristics of the dosage forms to be 
studied. Correlation of in oico and in oitro results from preliminary 
formulations was then used as a guideline for the development of 
“acceptable” sustained-release formulations. A formulation which 
gave prolonged, stable plasma levels over a period of 8-12 hr. and 
100% availability was desired. 


The in citro procedure is a modification of the method of Levy 
and Hayes (8) and uses a 1000-ml., three-neckedround-bottom flask 
filled with 750 ml. of dissolution medium and operated at 37 f 1 ’. 
The solution is stirred at 50 r.p.m. with a Teflon paddle located 6 
cni. from the bottom of the flask. Dissolution media are USP (9) 
simulated gastric fluid (without pepsin) for the first hour then USP 
(9) simulated intestinal fluid (without pancreatin) for the balance of 
the experiment. The results are plotted as percent of drug in solution 
versus time. 


Following the development of a nondisintegrating tablet which 
was considered acceptable using the in oitro dissolution test, radio- 
active tablets were prepared using the same procedures on a much 
smaller scale. The in eitro dissolution rates of the radioactive 
tablets were determined and compared with the values obtained for 
the nonradioactive tablets. In all cases equivalent dissolution pro- 
files were obtained for the radioactive tablets to be used in the 
human studies and the nonradioactive clinical tablets. The radio- 
active tablets were submitted for in rho evaluation. 


The aminorex-14C used to prepare the various batches of tablets 
was diluted to the desired specific activity (approximately 50 pc./ 
dose) by recrystallization except in the case of the sustained-release 
15-mg. tablets of aminorex fumarate (Dosage Form G). For this 
batch aminorex-14C was physically mixed with aminorex to produce 
the desired specific activity. Aminorex- 14C was specifically labeled 
with 14C in the 2 position by cyclization of the amino alcohol with 
cyanogen-l*C bromide. 


2 4 6 8 12 24 
H O U R S  


Figure 3-Aoeruge plusniu lecels of rudioucticity, expressed as 
micrograms of uminorex, obtuined following orul administrution of 
Dosage Forms of E (w), F (Q), ti (O), and H (0). E and G contuined 
15 mg. of aminorex, F contuined I0 mg., and H contained 20 mg. of 
aminorex. 
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Table II--Cumulative Urinary Excretion of Radioactivity Following Oral Doses of Aminorex 
(Values Are Expressed as Percent of Administered Dose) 


7-- ___ ~~ Dosage Form -- 
Hours A B C D E F G H 


2 
4 
6 
8 


10 
12 


12 (3.7P 9 (1.6) 8 ( I  .3) 110.1) 4 (1.7) 4(2.2) 2 (0.4) 3 (0.8) 
25 (3.1j 22 (2.5j 22 (4.72 S (o.ij 15 (4.8j 15 (7.4j 8 ( i . 8 j  i i  (I .8j 
40 (3.1) 32 (3.7) 37 (2.6) 8 (0.8) 25 (6.7) 22(8.8) 18 (4.8) 25 (5.0) 
49 (6.2) 40(4.1) 48(3.9) 12 (1.4) 33 (5.9) 34 (9.4) 27 (4.8) 34 (4.9) 
60 (5.7) 47 (4.0) 55 (0.4) 14(1.8) 40(6.1) M(8.5) 34(5.3) 46(5.4) 
70 (5.4) 52 (4.1) 62 (0.8) 1611.6) 43 (6.5) M(7.6) 41 (5.71 54 (5.9) 


24 78 (5.9) 67 ( 2 . 9  79 h 9 j  25 (o.i j  55 (4.6j  56 (4.6j 61 ( 3 . 0 j  72 (6.0) 
48 80 (5.0) 74Q.9) SS(0.4) 33(3.5) 62(5.2) 65(3.7) 71(0.2) 82(4.1) 
72 81 (6.0) 75(4.1) 90(1.0) 38(4.9) 64(5.0) 67(3.8) 74(3.1) SS(1.5) 
96 - 76 (4.7) 91 (0.6) 39 (5.4) 65 (4.9) 67 (3.8) 74 (3.1) - 
No. of subjects 


studied 4 5 2 2 5 4 6 5 


a The values in parentheses are 1 SD for the data. The values are given for C and D only as a guide since two subjects were used in each instance. 


Dissolution studies of all radioactive tablets showed no significant 
difference between the rate of release of aminorex when determined 
by chemical and radiochemical methods. Table I summarizes the 
various formulations studied. 


RESULTS 


Details of the development of the various formulations tested and 
complete results of dissolution and stability studies on these dosage 
forms will be presented elsewhere. Only a summary of the results 
obtained is presented for comparison and correlation with the iu 
cico studies. Figure I presents the dissolution results obtained in the 
bt uitro system for representative batches of each formulation. It is 
apparent from the figures that the nonsustained-release tablets, 
Dosage Forms B and C ,  were more rapid in their release of the drug 
than the various proposed sustained-release dosage forms which 
were studied. 


The results obtained for plasma levels and urinary excretion of 
radioactivity are presented in Figs. 2 and 3 and Tables IT and 111. The 
plasma levels of radioactivity are plotted as their equivalent in mcg. of 
aminorex. It is probable that plasma radioactivity represents both 
intact drug and metabolite(s). For simplicity, however, it was 
decided to express the radioactive levels as mcg. of aminorex. 


It is quite apparent from Figs. 2 and 3 that a sustained-release 
erect for aminorex fumarate and aminorex pamoate has been pro- 
d u d  The data also idierrte -that the pamoate sustained-release 
tablet (Dosage Form D) is not completely absorbed. Based on data 
presented later only 40% of the dose is absorbed. The sustained-re- 
lease effect in the case of the fumarate salt is primarily a function of 
the tablet formulation since the fumarate salt is relatively water sol- 
uble (9.0 mg./ml.) and, is readily absorbed, Fig. 2. In the case of the 
pamoate salt it is more difficult to assign responsibility fur the sus- 
tained release effect. This effect is probably a function of the formu- 


lation and the relative insolubility (0.06 mg /ml.-pH 7.5) of the salt 
form used. It would appear from the data that Dosage Forms G and 
H would be the most likely candidates for clinical trial. Both dosage 
forms were evaluated clinically( 10)and found to have acceptablesus- 
tained release prorerties based on observed weight loss and pro- 
longed reduced food intake. 


A kinetic analysis of the plasma data was attempted in order to 
obtain a more quantitative comparison between the in uitro and in 
riuo studies. As indicated above, analogies can be drawn based on the 
blood levels observed in Figs. 2 and 3 and the dissolution rates 
obtained for various formulations. However, reduction of the 
plasma data to a form which was more readily comparable with the 
dissolution data was desired. If this could be done one might more 
readily evaluate the sensitivity of the dissolution system. 


First-order plots, Fig. 4, of loss of radioactivity, expressed as 
drug, from the plasma for the 7.5-mg. tablets (Dosage Form B) and 
the 7.5-mg. oral solution of the fumarate salt (Dosage Form A) were 
fairly linear with half-lives of 7.7 hr. These values were determined 
by linear regression analysis. The linearity of these plots for loss of 
radioactivity from the plasma implies that one can consider plasma 
loss of radioactivity to be essentially first-order. Therefore, for the 
purpose of evaluating the dosage forms, a one-compartment model 
of the type suggested by Wagner and Nelson (7) is proposed. The 
complete model, for this system, might be considered to be: 


c.p.m. in plasina 


where D, is the amount of unabsorbed drug in the gut, D, is the 
amount of intact drug in the plasma, Mp is the amount of metabo- 
lite(s) in the plasma and D, and Mu are the amounts of drug and 


Table nI-Average Plasma Levels of Radioactivity, Expressed as mcg. of Aminorex, Obtained Following Oral 
Administration of Various Dosage Forms of Aminorex [Values Expressed as mcg./l. (+ SO)] 


__ -Dosage Form __-__ 
Hours A B C D E F G H 


0 . 5  
I 
1.5 
2 ~ 


3 
4 
5 
6 
7 
8 
9 


10 
12 
No. of 


subjects 
studied 4 5 


- 


30 (16)" 


41 (6) 
46 (3) 
45 (14) 
43 (15) 
39 (13) 
35 ( I  I )  
32 (14) 
31 (13) 


26 (12) 


- 


- 


2 L 


- 


22 (14) 


57 (12) 
71 (17) 
82 (24) 
78 (22) 
70 (18) 
61 (16) 
59 (16) 
57 (18) 


44 (14) 


- 


- 


5 


- - 


13 (3)  - 18 (6) 


45 (22) 33 (12) 
57 (20) 44 (14) 
59 (14) 55 (16) 
39 (9) 61 (18) 
37 (6) 60 (15) 


60 (14) 
57 (12) 


31 (6) 
26 (5) 


56 (14) 
56 (13) 


18 (6) 55 (14) 


- 


23 ( 5 )  
- 


4 6 


- 
29 (5) - 
;: fib) 
89 (12) 


102 (18) 
104 (17) 
104 (20) 
99 (20) 
89 (20) 


67 (15) 
- 


5 


a The standard deviations are given for C and D only as guides since two subjects were used in each instance. 
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Figure 5-Relutice percent of the close ub.sorbed following oral ad- 
mhistration of omiizorex in Dosage Forms A (+), B (o), C(o), D (a), 
E (m), G (O), arid H (0). The perceiit ubsorbed was calculated using 
the method of Wagner and Nelsoii (7) a t i d  Wagner ( I I )  for a one- 


compartment open model. Dosuge Forin F is not given; see text for 
explanation. 


k 8 12 
HOURS 


Figure 4-First-order plot of the aceruge plasma lecels of radioac- 
iiuity, expressed as micrograms of uminorex, obtained following orul 
administration of Dosage Forms A (4) and B (0). A contained 7.5 
mg. of aminorex as the firmurate salt in water solutiori atid B con- 
tained 7.5 mg. of aniiiiorex as the free base in a iionsiistuined-release 
tublet formulatiori. 


which is defined as the apparent volume ef distsibution of the ad- 
ministered radioactivity. These data are presented in Table IV. 


Comparison of the A J V  values obtained, Table IV, after absorp- 
tion is complete would suggest that in all cases except the 10-mg. 
sustained-releaxtablet (Dosage Form F) and the pamoate sustained- 
release formulation (Dosage Form D) the fraction of drug absorbed 
is equivalent. Wagner (11) has published a method for estimating 
relative absorption of a drug in studies in which blood levels are 
measured after varying single and/or multiple doses. Modification 
of the method presented by Wagner ( I  1) gives: 


1: - - A@ 
V D  


MetabOlik(S) in the urine. The rate constants kl ,  kr, ka,  and kq, are 
the rate constants for absorption, metabolism, and excretion. If we 
assume a first-order loss of radioactivity from the plasma then the 
model reduces to: 


c.p.m. in plasma 
where D ,  is the amount of unabsorbed drug in the gut, D,’ is the 
amount of radioactivity in the plasma expressed as micrograms of 
intact drug and D,,’ is the amount of radioactivity which has been 
lost from the plasma by a first-order process. The rate constant k,, 
is a complex function of D,, Mp,  k2, kS ,  and k 4 ;  however, the rate 
constant k,  has not been altered by the modifications in the model. 
Tt is this rate constant or the values of D, at specific points in time 
(if zero or first-order kinetics for absorption do not hold) which are 
of interest in attempting to quantitate the evaluation of the various 
dosage forms of aminorex. 


Using the rate constant for plasma loss of radioactivity obtained 
by analysis of the data for the oral solution and the 7.5-mg. tablet 
(Dosage Forms A and B), and the method of Wagner and Nelson 
(7), At/V values were obtained for each dosage form. A t  is the 
amount of drug absorbed at time t ,  and V is a constant of the model, 


where F is the fraction of the administered dose D (in milligrams) 
which is absorbed. For different dose levels, if the volume of distri- 
bution among patients is considered to be constant, one can compare 
FW at infinite time, denoted as (FlV),  and obtain comparisons 
of the relative absorption efficiencies of various dosage forms. The 
relative fraction of a dose which has been absorbed at any given 
time, t ,  can be calculated from (F/V)t/(F/V), .  This was calculated 
for each dosage form studied and the results are shown in Fig. 5. 
In all cases except the 15-mg. pamoate sustained-release formulation 
(Dosage Form D) the value of ( F / V ) ,  for the specific dosage form 
was used to calculate the relative percent of the dose absorbed. 


Table IV-Values Obtained for At/V Using the Method of Wagner and Nelso:i (7) 
and the Model Proposed for Total Plasma Radioactivity. 


_____-___ Dosage Forms AJV in mcg./l. ~ _ _ _ _ _ _ _ _  Time, 
hr . A B C D E F G H 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
12 


34.3 
48.2 
51.2 
51.2 
52.0 
51.1 


50.6 
.- 


- 
- 


52.6 


28.1 
48.4 
51.5 
49.0 
49.3 
49.3 
48.8 
- 
- 
- 


50.4 


31.4 
45.4 
54.6 
57.6 
59.7 
59.6 
58.7 
58.9 
- 
- 


63.0 


5.2 23.0 
24.5 61.8 


18.9 
48.7 
65.6 
72.9 
57.0 
58.3 
55.4 
53.3 
- 
- 


53.1 


13.6 30.1 
35.6 56.9 
51.5 82.7 24.3 82.1 


36.6 99.6 
41.6 102.6 
41.4 101.7 
40.9 98.5 
41.6 101.4 
38.6 104.9 


43.9 105.4 


15 15 


2 5 
(Fi V L  
2 . 8  6 . 9  


_. - 


Dose, mg. base 


No. of Subjects 


65.2 107.2 
77.3  129.4 
81.7 I41 . 0  
87.1 148.7 
89.4 154.2 


98.7 153.0 
107.7 147.6 


- - 


7.5 7.5 7.5 10 15 20 


6 5 4 5 2 4 


6 . 9  6 .7  8 . 0  7. I 7.6 
~ 


* All data were obtained from the average plasma level curves of Figs. 2 and 3 using the half-life of 7.7 hr, obtained for dosage forms A and 
B. * No value for ( F / V ) m  was calculated due to the existence of a maximum in the A t / V  plot for this dosage form. See text for explanation. 
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MINUTES FOR DISSOLUTION 


Figure 6-Linear correlrrtioi? obtained for the times of 25 dissolu- 
tion versus 25% absorption (0) undfor the times ofSO% dissolution 
versus 50% absorption (B) for carious dosage forms of aminorex. 
The correlation coefficients were 1.00 and 0.99, respectiaely. 


In the case of the pamoate sustained-release tablet the weighted 
mean value for ( F / V ) ,  of 7 was used as representative of 100% 
absorption, values for percent absorbed were calculated from this 
average value. Data for the 10-mg. sustained-release tablet (Dosage 
Form F) are omitted from Fig. 5 because of the presence of a peak 
in the A t / V  data for this formulation. This peak is indicative of the 
fact that perhaps the model is too simple or, on the basis of the ob- 
served plasma levels, some error was made in the determination of 
plasma levels of radioactivity after the fourth hour. The latter 
possibility would appear more likely since the model held for all 
other cases and the maximum value of At/V obtained for Dosage 
Form F never exceeded the values expected for this dose level. 


The data of Fig. 5 correlate quite well with what one might pre- 
dict from the in vitro data, Fig. 1 .  It should be noted that the pamo- 
ate plasma level studies were obtained using only two subjects per 
formulation. However, for the comparative purposes of this report 
they are included as supportive data. Comparison of the data of 
Fig. 5 with the in Ljitro data would suggest that the dissolution sys- 
tem, although adequate to determine sustained release properties, 
may not be as sensitive as one might desire. To illustrate this, com- 
pare the dissolution data of Dosage Forms G and H with the percent 
absorbed values of Fig. 5. However, by using an arbitrary dissolu- 
tion system as a guideline it was possible to develop clinically ac- 
ceptable and effective (10) sustained-release formulations of ami- 
norex. Use of the proposed model for total radioactivity permitted 


reduction of the plasma data to a form more easily compared with 
dissolution rate data, without subsequent analysis for intact drug 
and/or metabolites. An estimate of the degree of correlation ob- 
tained between dissolution and absorption data is given in Fig. 6. 
In Fig. 6 the times for 25 and 50% dissolution are plotted uersus the 
times for 25 and 50% absorption. A good linear correlation was 
obtained with correlation coefficients of 1.00 and 0.99 for the 25 and 
50 % values, respectively. 


The mechanism by which the dosage form produces its sustained- 
release effect is considered to be due to the nondisintegrating prop- 
erties of the tablet. This phenomenon was observed in uitro. Proof of 
such a mechanism in vico has not been definitelyestablished; however, 
it is supported by the fact that the tablets do produce a sustained- 
release effect which is not attributable to the salt form used. 
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Kinetics of Salicyluric Acid Elimination in Man 


GERHARD LEVY, LEWIS P. AMSEL, and HOWARD C. ELLIOTT 


Abstract 0 The kinetics of salicyluric acid (SU) elimination were 
determined in healthy adult men from urinary excretion and (in 
one instance) plasma concentration data following intravenous 
injection of SU or oral administration of salicylate and subsequent 
blocking of further SU formation by benzoate. Similar results were 
obtained by the two methods. The elimination of SU is considerably 
more rapid than is suggested by urinary excretion data obtained 
after oral administration of SU in aqueous solution. The kinetics 
of SU formation from salicylate can be characterized adequately 
by considering the formation process as the rate-limiting step in the 
excretion of SU after salicylate administration. 


Keyphrases 0 Salicyluric acid-elimination kinetics 0 Benzoic 
acid inhibition-salicyluric acid formation 0 Excretion rates- 
salicyluric acid, as test drug, as metabolite Salicylate excre- 
tion-salicyluric acid formation rate effect 


Knowledge of the pharmacokinetics of salicyluric 
acid (SU), the major metabolite of salicylic acid, is 
desirable for a more complete understanding of the 
kinetics of salicylate elimination in man. The relatively 
unusual dose dependency in the elimination kinetics of 
salicylate is due to the limited capacity of man to form 
SU (1-4). Urinary excretion data have been used to 
describe the kinetics of SU formation since there was 
evidence (4, 5 )  that the appearance of SU in the urine 
is rate limited by its formation. The purpose of this 
study was to determine the kinetics of SU elimination. 
Since SU is almost completely excreted intact in the 
urine, its renal excretion rate constant is practically 
equivalent to  the overall elimination rate constant. 
Presented here are the results of experiments in which 
SU was administered orally and by intravenous injec- 
tion. Reported also are data obtained by administering 
salicylate and blocking SU formation after some time 
by administration of a competitive inhibitor. The 
blocking method is of special interest in that it may 
be useful for assessing the elimination kinetics of cer- 
tain other types of metabolites, such as glucuronides 
and sulfates, which are not readily available or cannot 
be administered as such for other reasons. 


EXPERIMENTAL 


The subjects were adult men in apparent good health. SU alone 
or with benzoic acid was administered orally in the morning on an 
empty stomach. In other experiments, salicylic acid (a direct 
precursor of SU in man) was given, and 3 hr. later the further 
formation of SU was blocked by administration of a large dose of 
benzoic acid. All drugs were given in solution as the sodium salt. 
SU was administered also by rapid intravenous injection of a solu- 
tion in pH 7.2 phosphate buffer. Urine collections were made at 
frequent intervals after drug administration. In one instance, 
several blood samples were also obtained. SU in the urine and 
plasma was determined by methods described elsewhere (6-8). 


RESULTS AND DISCUSSION 


The excretion rate of SU after oral administration of this metabo- 
lite decreMed exponentially with time and it was not or only 


slightly affected by concomitant administration of benzoic acid 
(Figs. 1 and 2 ;  Table I). “Apparent”’ elimination rate constants 
determined from the slopes of log excretion rate versus time plots 
ranged from 0.73 to 1.3 reciprocal hr., in good agreement with 
results reported from another laboratory (2). Ninety percent or 
more of an oral dose of SU was usually recovered unchanged in the 
urine and an additional 1 1 5 %  was excreted as an acid-labile con- 
jugate. The excretion rate of SU also declined exponentially with 
time after benzoate administration in experiments where the sub- 
jects were given salicylate as a source of SU. However, the elimina- 
tion rate constants thus obtained were considerably larger than the 
apparent constants derived from the experiments where SU was 
administered orally as such (Figs. 1 and 2; Table I). Benzoate 
served to block the formation of SU (9) rather than its excretion; 
it may be noted in the experiments with salicylate that there was no 
rebound or secondary rise in SU excretion after recovery from the 
effect of benzoate (inset in Figs. 1 and 2). An inhibition of excretory 
function would have caused accumulation of SU, resulting in 
higher excretion rates of this metabolite after elimination of the 
inhibitory agent than prior to its administration. 


Data obtained by intravenous injection of SU yielded essentially 
the same elimination rate constant as was obtained from the experi- 
ment with salicylate and benzoate in this subject (Fig. 3). The re- 
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Figure 1-Excretion rates of salicyluric acid as a function of time (a) 
after oral administration of 0.2 g.  salicyluric acid (0) and (6) after 
oral administration of 3.2 g. benzoic acid preceded by I g.  salicylic 
acid 3 hr. earlier (a). Inset: Time course of salicylurate excretion in 
experiment (b) starting from the time of salicylate administration. 
The heavy portion of the curve is identical to the curve shown on the 
main graph. B.A. = benzoic acid. Data from Subject A .  


1 In the context of this discussion, the term “apparent” refers to the 
assumption, subsequently shown to be erroneous, that the slope of the 
log excretion rate uersus time plot obtained after oral administration 
of SU can be used to calculate the elimination rate constant of this 
metabolite. 
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Table I-Elimination Kinetics of Salicyluric Acid (SU) When 
Administered Orally as Such and When Formed in vivo from 
Salicylic Acid (SA) 


- 


- 


- 


Apparent 
su su 


Elimina- Elimina- 
tion Rate tion Rate 


Subject or Constant, Constant, 
Reference Exptl. Conditions hr-l" hr.-lb 


- 
E 


0 . 2 5  


b 


0.14 


5 


E 


0 
0 
a 


0.055 
L 


A" 
A 


A 


A 


A 


Bf 
B 
B 


B 


Reference 2 
(2 subjects) 


0 .2  g. su 0.80 
0 . 2  g. SU and 5 g. 


BAd 
1 g. SA and 3.2 g. 


BA 3 hr. later 
As above, with 


glycinee 
1 . 5  g. SA and 5 g. 


BA 3 hr. later, 
with glycinee 


0.73 


0.1 g. su 1 .o 
0.5 E. SU 1.3 
0.15g. SU and 5 g. 0.78 


BA 


2.8 


2.8 


2.6 


1 g. SA and 5 g. 


0.5  g. SU -0.83 


4.3 
BA 3 hr. later 


Q When SU is given. 6 When SA is given. c 26 yr., 90 kg. d BA = 
benzoic acid. e 5 g. at - 1 hr. and 2 g. every hr. thereafter. Glycine has 
no effect on SU formation in man and was administered in order to de- 
termine its effect on BA elimination (9). f 40 yr., 81 kg. 


covery of intravenously administered SU was 96z of the dose 
and, contrary to what is observed following oral administration 
(lo), there was no evidence of an SU conjugate. The plasma con- 
centration data, though possibly not very precise due to an un- 
usually high blank (about 0.18 mg./100 ml.), agree well with the 
urinary excretion data. The similarity of the elimination rate con- 
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Figure 2-Excretion rates of salicyluric acid as afunction of time (a)  
after oral administration of 0.15 g. salicyluric acid followed 5 min. 
later by 5 g. benzoic acid (0) and (b) after oral administration of I g. 
salicylic acid followed 3 hr. later by 5 g. benzoic acid (e). A total of 
I I mg. salicyluric acid were excreted during the 2 hr. when the data 
pointsfrom experiment (b) are below the lower limit of the graph. 
Data from Subject B. 


, - 
0.5 1.0 


TIME, hrs. 


Figure 3-Excretion rates (0) and plasma concentrutions ( X )  of 
sulicyluric acid as a function of time afier rapid intrucenous injection 
of 97.5 mg. salicyluric acid, Subject A .  Shown also are the excrefion 
rates of salicyluric acid after oral administrafion of 3.2 g. beuzoic acid 
(at zero time) which was preceded 3 hr. earlier by 1 g. salicylic acid 
(0). 


stant for SU obtained by intravenous injection of SU and by 
administration of salicylate followed by benzoate indicates that the 
considerably lower apparent elimination rate constants obtained 
in experiments where SU was administered orally are most likely 
artifacts resulting from slow absorption of SU from the gastro- 
intestinal tract. Assuming that the slope of the line obtained by 
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Figure 4-Theoretical curw for  a one-compartment model, assuming 
first-order absorption and elinzination by excretion of orally admin- 
istered salicylurute. The rate constants f o r  absorption (0.8 hr.- l) and 
elimination (2.8 hr.-l) were calculated from the slopes of log excretion 
rate versus time data obtained after oral and intrauerrous udministra- 
tion of SU to Subject A. The experimental points are the same as in 
Fig. 1. 
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Table 11-Elimination Rate Constants for Salicyluric Acid after 
Intravenous Injection 


h 
t 
--_-,I , , 


TIME, I DIVISION = 20 min. 
0’05 t 


Figure 5-Excretion rates of salicyluric acid by four healthy men as 
a function of time after rapid intravenous injection of salicyluric acid 
The arrows indicate the time of injection and qiurntiries next to arrows 
represent the administered dose. 


plotting log excretion rate of SU as a function of time after oral 
administration of this metabolite actually reflects the absorption 
rate constant (slope = -kebs /2.3), and taking the slope of the 
excretion plot after inrrrrrenous administration to be a measure of 
the elimination rate constant, one obtains a theoretical curve which 
is in good agreement with the experimental data (Fig. 4). 


The results of additional experiments with intravenously adminis- 
tered SU are shown in Fig. 5. Thes- data were obtained as de- 
scribed by Elliott ( I l), but the present pharmacokinetic analysis 
was based on excretion rates and not, as in the cited paper, on plots 
of the difference between dose and the cumulative amount excreted 
at various times. The elimination rate constants for SU in the four 
subjects, calculated from the slopes of the log excretion rate uersus 
time plots, are similar to that for Subject A (Table 11). The largest 
value (3.5 hr.-’ in Subject D) was similar to the 4.3 hr.-l value ob- 
served in Subject B in the blocking experiment. The observed rate 
constants for SU elimination exceed by a factor of 10 or more the 
rate constant for salicylate elimination determined on the basis of a 
one-compartment model using data from small doses at which the 
kinetics are apparent first-order (12). 


The very high elimination rate constant of SU (half-life approxi- 
mately 0.3 hr.) found in this study is consistent with other evidence 
of rapid elimination of this metabolite, such as the existence of a 
linear relationship between salicylate concentrations in the serum 
or plasma and the amounts of salicylate in the body as determined 
from urinary excretion data (4, 5). The elimination (excretion) 
rate constant for SU is so much larger than the elimination rate 
constant of salicylate that theoretical considerations based on a 
one-compartment catenary chain model (13) indicate that SU 
excretion after salicylate administration is essentially formation 
rate-limited. This conclusion is even more justified in the case of 
capacity-limited formation kinetics and makes it possible to use 
urinary excretion data for the determination of salicylurate forma- 
tion rates and for establishing the relationship between these rates 
and the amount of salicylate in the body ( 5 ,  14). The use of the 
much smaller apparent elimination rate constant values (derived from 
experiments where SU was administered orally) for theoretical 
calculations leads to  conclusions (13) which are inconsistent with 
evidence for saturation effects in salicylate elimination (15). 


Elimination 
Rate 


Subject Yr. kg. mg. hr. -1 


Age, Wt., Dose, Constant, 


A 26 90 97.5 2 .9  
C 23 64 90.0 2 .0  
D 20 73 80.0 3.5 
E 26 87 73.0 1 . 9  
F 40 75 50.0 1 .9  


The synthesis blocking method used to determine the elimina- 
tion kinetics of SU can also be utilized in principle for certain other 
types of metabolites. For example, it is feasible to  block the forma- 
tion of salicylic glucuronide with salicylamide (6) and it may be 
possible also to block the formation of phenolic sulfates with 
salicylamide (16). This may be particularly useful when a drug 
metabolite cannot be obtained or synthesized readily, or when it is 
unstable or poorly absorbed from the gastrointestinal tract and 
intravenous injection is not feasible. However, the possibility of an 
effect of the blocking agent on the distribution and/or elimination 
of the metabolite must be taken into consideration. 
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Occurrence of Newly Synthesized Monoamine Oxidase in Subcellular 
Fractions of the Rat Liver 


V. GENE ERWIN and ROBERT J. SIMON* 


Abstract 0 The rates of return of monoamine oxidase activity in 
rat liver mitochondrial and microsomal fractions following in- 
hibition by pargyline or iproniazid were investigated. When these 
irreversible inhibitors were administered at dosages which produced 
100% inhibition, the rate of return of enzyme activity was found 
to be more rapid in the microsomal fractions than in the mito- 
chondrial fractions. In addition, it was observed that emetine or 
chloramphenicol inhibited the synthesis of monoamine oxidase 
but inhibition was not noted until 48 hr. after administration of 
these compounds. 


Keyphrases 0 Monoamine oxidase, newly synthesized-rat liver 0 
Inhibition, monoamine oxidase-activity return rate 0 Emetine 
effect-monoatnine oxidase synthesis 0 Chloramphenicol 
effect-monoamine oxidase synthesis UV spectrophotom- 
etry-analysis 0 Fluorometry-analysis 


The enzyme monoamine oxidase (MAO) which 
deaminates a variety of aromatic amines is localized 
primarily in the mitochondrial fractions of various 
mammalian tissues (1). This enzyme has been shown 
to be specifically associated with the outer membrane 
of the rat liver mitochondria (2) and has been used as a 
marker for mitochondrial studies. In order to study 
the rate of synthesis of mitochondria, Barondes (3) 
determined the rate of regeneration of M A 0  activity 
following administration of iproniazid, an irreversible 
inhibitor of the enzyme (4, 5) .  However, to date, evi- 
dence that M A 0  is synthesized in the mitochondria 
has not been obtained. It has been suggested that the 
small amount of DNA present in mitochondria may be 
responsible, in part, for the synthesis of mitochondrial 
proteins (6 ) ;  but studies have not shown this con- 
clusively and the origin of most mitochondrial proteins 
is unknown. The studies presented in this paper at- 
tempt to show a precursor-pool relationship between 
the return of M A 0  activity in microsomes and the 
return in mitochondria after initial inhibition by 
irreversible inhibitors of the enzyme. Also, the effects 
of inhibitors of protein synthesis on the regeneration 
of M A 0  activity are examined. 


EXPERIMENTAL 


Animals used for these studies were adult albino rats (Sprague- 
Dawley strain) of either sex. Mitochondria1 and microsomal frac- 
tions were obtained from the livers by the method of Schneider and 
Hogeboom (7). MA0 activity in mitochondrial fractions was 
determined by the method of Tabor et at. (8) and Erwin and Heller- 
man (9). The mitochondrial fractions were washed twice with 
0.25 Msucrose and the final mitochondrial pellets were resuspended 
in approximately 5 ml. of 0.25 M sucrose. Of each mitochondrial 
suspension 0.02 ml. was added to separate cells containing 0.1 ml. 
of 1 % emulsifier' and 2.0 ml. phosphate buffer (0.05 M KH2P04 
adjusted to pH 7.4 with NaOH). After incubation for 3 min. at 


1 Lubrol-wx, I.C.l./Organics/Inc., Providence, R. I. 


37", 0.05 ml. of 0.05 M benzylamine HCI, meta-methylbenzylamine 
HCI, or water was added and the appearance of benzaldehyde or 
rneta-methylbenzaldehyde was followed spectrophotometrically 
at 250 mp with a spectrophotometer2 equipped with a recorder.a 
Protein was determined by the biuret method with bovine serum as 
the standard. 


The MA0 activity in the microsomal fractions was measured by 
the method of Weissbach (10) as modified by Erwin and Dietrich 
(11). To each tube 0.5 ml. microsomal fraction, 0.1 ml. tryptamine 
(0.1 M), and 0.2 ml. aldehyde dehydrogenase [isolated from beef 
liver by the method of Dietrich, et at. (12)], and 0.1 ml. NAD 
(0.03 M) were added and the mixture was allowed to incubate for 
for 10 min. at 37". This system permitted the catalytic formation by 
monoamine oxidase of indoleacetaldehyde from tryptamine with 
the subsequent oxidation of this compound, by excess NAD and 
aldehyde dehydrogenase, to indole acetic acid (IAA). The reaction 
was stopped after 10 min. with 0.2 ml. of 10% zinc sulfate and 0.1 
ml. of 1 N NaOH. The reaction mixture was then washed with 
5 ml. of 1,2-dichloroethane to remove any unreacted tryptamine. 
One milliliter of the aqueous phase containing the salt (sodium 
indoleacetate) was then extracted into 15 ml. of 1,2-dichloroethane 
after reconverting the NaIAA to the free acid (IAA) with 0.1 ml of 
6 N HCI. Ten milliliters of this extract was reextracted with 3 ml. of 
0.5 M phosphate buffer, pH 7.4, to yield an aqueous solution of the 
potassium salt of IAA which was analyzed fl~orometrically~ with 
primary and secondary filters, 7.54 and 75, respectively. 


In order to determine the dose of MA0 inhibitors required to 
produce 100% inhibition of the enzyme activity, rats were injected 
intraperitoneally with 2.5, 5.0, or 10.0 mg./kg. iproniazid (Aldrich 
Chemical Co.) or with 5.0, 10.0, or 20.0 mg./kg. pargyline (Abbott 
Laboratories) in 0.9 % saline. Three rats were used for each dosage 
of the inhibitors and five control animals received an equal volume 
of 0.9 % saline. After 24 hr. the animals were sacrificed and the livers 
excised. Monoamine oxidase activity in the mitochondrial frac- 
tions was determined as above and the percent inhibition calculated 
for the various dosages. 


In the studies concerning the rate of return of MA0 activity in 
mitochondrial and microsomal fractions after administration of 
iproniazid or pargyline, each of twelve rats were given 10.0 mg./kg. 
iproniazid and a similar number of animals were injected with 
20.0 mg./kg. pargyline. Two animals from each group were 
sacrificed at 12-hr. intervals and the MA0 activity in the mito- 
chondrial and microsomal fractions was determined as described 
above. Control studies were performed with four animals which had 
received saline injections in place of the MA0 inhibitors. 


Inhibition of MA0 synthesis by emetine or chloramphenicol was 
determined by initially treating twelve animals with 20.0 mg./kg. 
pargyline. Then, one-half of these animals was given 3 mg./kg. 
of emetine HCI (City Chemical), and the other received 50 mg./kg. 
chloramphenicol (Parke-Davis and Co.). All injections were given 
intraperitoneally. After 12 hr. one rat from each group was sacri- 
ficed and the liver mitochondria analyzed for MA0 activity. The 
remaining animals received a similar dose of emetine or chlor- 
amphenicol every 24 hr.; thus, the dosage of these drugs was main- 
tained in the last rats for five days. Four control animals were 
injected with saline in place of the initial dose of pargyline. 


RESULTS 


As shown in Table 1, rat liver mitochondrial MA0 was in- 
hibited approximately 80 % by 2.5 mg./kg. iproniazid or 5.0 mg./kg. 


2 Beckman DB. 
3 Graphicorder 10. 
4 Turner, model 11 1. 
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Table I-Effect of Various Doses of Iproniazid or Pargyline on 
Rat Liver Mitochondria1 Monoamine Oxidase 


Dose, 
Drug mg./kg. % Inhibitiona 


Iproniazid 2.5 80 
Iproniazid 5 .0  92 
Iproniazid 10.0 100 
Pargyline 5 .0  75 
Pargyline 10.0 83 
Pargyline 20.0 100 


(1 Activity of monoamine oxidase in the mitochondrial fractions was 
determined as described in the text. Experimental procedures are as 
described in the text. 


pargyline. However, the dosages of iproniazid or pargyline found 
to give 100% inhibition of the enzyme were considerably higher, 
i.e., 10.0 mg./kg. and 20.0 mg./kg., respectively. Therefore, these 
dosages were employed in the following experiments. 


Data presented in Fig. 1 show that MA0 activity in mitochondria 
returned to 50% of the control value 3.5 days and 3.3 days after 
inhibition by iproniazid or pargyline, respectively. After total 
inhibition of monoamine oxidase activity by iproniazid or pargyline 
the rate of return in activity in mitochondria was gradual at first, 
reaching approximately 15 to 20% after 60 hr. However, in the 
next 60 hr. activity had increased to approximately 80% of the 
control value. 
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Figure 1-Return of rat liver mitochondria1 monoamine oxidase 
actioity after treatment with iproniazid (A- A), or pargyline ( 0- 0). 


As shown in Fig. 2, in iproniazid-treated animals the rate of 
return of MA0 activity in the microsomal fractions was rapid 
between 48 and 60 hr., reaching 77% at 60 hr., after which time 
activity decreased slightly. After inhibition by pargyline the MA0 
activity in the microsomal fractions rose to only 10% by 48 hr. 
followed by a rise in activity, to 28 %, between 48 and 72 hr., after 
which a gradual decrease to 23% at 120 hr. was observed. 


Since Grollman (1 3) demonstrated that emetine inhibited protein 
synthesis in mammalian tissues, the effects of this alkaloid on MA0 
synthesis was investigated. As shown in Fig. 3, during the first 
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Figure 2-Return of rat liver microsomal monoamine oxidase activity 
after treatment with iproniazid (A-A), orpargyline (0- 0). 
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Figure &Return of’ rat h e r  mitochondrial monoamine oxidase 
activity after treatment with pargyline (A- A), treatment with 
pargyline plus emetine ( - e). See text for  details. 


60 hr., the rate of return of MA0 activity in liver mitochondria 
isolated from rats receiving emetine every 24 hr. paralleled the 
rate of return of MA0 activity in animals not receiving emetine. 
However, after 60 hr., emetine produced a marked decrease in the 
rate of return of MA0 activity. These results indicate that emetine 
inhibits MA0 synthesis only after a lag period of approximately 
48 to 60 hr. 


Monoamine oxidase activity in livers of animals receiving chlor- 
amphenicol was comparable to that of saline treated animals with 
an average of 86% activity throughout the 5-day study. The data 
presented in Fig. 4. show that when chloramphenicol was adminis- 
tered to rats after treatment with pargyline, the return of MA0 
activity paralleled the return of MA0 activity in animals not 
receiving chloramphenicol for the first 48 hr. After this time, no 
substantial return was observed in the chloramphenicol-treated 
animals, indicating total inhibition of MA0 synthesis. The activity 
of the mitochondrial fractions remained between 32.5 and 33.5 % 
of the control value for the next 48 hr. after which time a slight 
increase to 36.5 was seen. However, the rate of return during this 
last period of the assay was markedly less than the control rate. 


DISCUSSION 


It was observed that the rates of return of MA0 activity in the 
mitochondrial and microsomal fractions from iproniazid-treated 
rats were parallel throughout the first 48 hr. At 48 hr., a plateau was 
reached in the rate of return of MA0 activity in the mitochondria1 
fractions while activity rapidly increased in the microsomal frac- 
tions. At the height of the increase in MA0 activity in the micro- 
soma1 fractions, i.e., 60 hr., the plateau seen in the rate of return of 
activity in the mitochondria ended and a rapid increase in activity 
ensued. The microsomal activity began decreasing slightly at this 
point. Results obtained with pargyline-treated rats were qualita- 
tively similar to those observed with iproniazid-treated animals. 
From these data, it may be postulated that a precursor-pool rela- 
tionship between the microsomal and mitochondrial MA0 levels 
exists, whereby MA0 originates in the microsomes and is trans- 
ferred to the mitochondria. 
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Figure &-Return of rat liver mitochondrial monoamine oxidase 
activity after treatment with pargyline (A- A) or treatment with 
pargyline and chloramphenicol (0-0). See text for details of 
procedure. 
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The marked decrease in the rate of return of monoamine oxidase 
activity approximately 48 hr. following inhibition with pargyline 
and treatment with emetine, may be the result of the partial in- 
hibition of monoamine oxidase synthesis by emetine. According to 
the mechanism proposed by Grollman (13), protein synthesis is 
inhibited by emetine at the site of peptide bond formation, a late 
step in the synthesis sequence. It seemed relevant to use an inhibitor 
of protein synthesis which acts early in the sequence, in order to 
possibly predict some properties of the m-RNA responsible for the 
direction of MA0 synthesis. Chloramphenicol was used for this 
purpose, since it is known from the work of Weisberger (14) that 
chloramphenicol inhibits protein synthesis at the site of the attach- 
ment of the m-RNA to the ribosomes. The results of this study 
showed a complete inhibition of monoamine oxidase synthesis after 
48 hr. There was a decrease in the rate of MA0 synthesis approxi- 
mately 48 hr. following teatment with either emetine or chlor- 
amphenicol suggesting a constant lag time for the inhibition of 
protein synthesis in the rat liver. Currently, further studies on the 
synthesis of MA0 and other mitochondria1 proteins are in progress. 
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Synthesis of 2-Ethyl-3-methyl-5-morpholinomethyl- 
4-keto-4,5,6,7-tetrahydrothionaphthene 


J. SAM and J. R.  MOZINGO, JR." 


Abstract 0 The title compound was prepared and evaluated for 
central nervous system, cardiovascular, autonomic. endocrine, 
anti-inflammator) . antiallergic, and metabolic activities. No signif- 
icant activity was noted. 


Keyphrases 0 2-Ethyl-3-methyl-5-morpholinomethyl-4-keto-4,5,6,7- 
tetrahydrothionaphthencsynthesis 0 GLC-analysis 0 IR 
spectrophotometrJ-structure 0 NMR spectroscopy-structure 


Previously reported work (1) indicated that the Man- 
nich bases of 4-keto-4,5,6,7-tetrahydrothionaphthene 
possessed some degree of biological activity. The marked 
activity ( 2 )  of molindone (1) led to the synthesis of the 
closely related bicyclic thiophene (TI). 


0 


I 


The preparation of IX was carried out according to 
procedures previously described in the literature 
(3). The separation of IV and V was accomplished on 
a 91.44-cm. (36-in.) stainless steel spinning band 
column and the purity of the fractions determined via 
GLC. Yields of IV-IX were comparable to those de- 
scribed in the literature. 


Compound I1 was screened for CNS, cardiovascular, 
autonomic, endocrine, anti-inflammatory, antiallergic, 
and metabolic activities, however, no significant activity 
was noted. 


1 0 
I1 
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Vol. 58, NO. 8,  ALrgust 1969 0 1035 












Comparative In Vitro Evaluation of Cryogenine, Cyproheptadine, 
and Diphenhydramine as Antagonists of Furtrethonium, 
Histamine, and Serotonin 


RALPH W. TROTTIER, Jr.* and MARVIN H. MALONE" 


Abstract Cryogenine was a noncompetitive inhibitor of fur- 
trethonium in isolated rat jejunum, while both diphenhydramine 
and cyproheptadine displayed mixed competitive-noncompetitive 
activity. All three compounds were relatively specific competitive 
antagonists of histamine in isolated guinea pig uterus, although each 
was capable of noncompetitive activity at high bath concentrations. 
Cryogenine and cyproheptadine had noncompetitive antihistaminic 
activity on guinea pig terminal ileum, while diphenhydramine ex- 
hibited mixed competitive-noncompetitive activity. Diphenhy- 
dramine appeared to be a fairly specific competitive antagonist of 
serotonin in rat uterus, while cryogenine was relatively noncom- 
petitive. Cyproheptadine displayed mixed competitive-noncompet- 
itive antiserotonin activit! in this same tissue. 


Keyphrases 0 Cryogenine, cyproheptadine, diphenhydramine- 
in uitro activity comparison Antimuscarinic activity, compara- 
tive-cryogenine, cyproheptadine, diphenhydramine Anti- 
histaminic activity, comparative-ryogenine, cyproheptadine, 
diphenhydramine 0 Antiserotonin activity, comparative-ryo- 
genine, cyproheptadine. diphenhydramine 


Cryogenine (vertine), an alkaloid isolated from 
Heimiu salicifolia Link and Otto by Blomster et al. (I), 
has been evaluated for anti-inflammatory activity by 
Kaplan et al. (2). Cryogenine appeared to be equipotent 
to phenylbutazone against both acute carrageenin- 
induced edema and chronic adjuvant-induced (Myco- 
bacterium butyricum) inflammation. Previous kinetic 
studies of cryogenine had shown this alkaloid to be a 
noncompetitive inhibitor of furtrethonium in isolated 
rat jejunum and a competitive-noncompetitive inhibitor 
of acetylcholine in the isolated frog rectus abdominis 
(3). In light of these studies and other pharmacodynamic 
investigations (4, 5) ,  it seemed desirable to determine the 
relative antimuscarinic, antihistaminic, and antisero- 
tonin activity of cryogenine along with selected reference 
agents. 


EXPERIMENTAL 


Solubilization of cryogeninel was effected by dissolving the base 
in glacial acetic acid and then adding sufficient distilled water to 
make a 10-mg./ml. stock solution in 4% acetic acid. This stock was 
diluted progressively with water to yield the indicated incubation 
concentrations. Diphenhydramine2 and ~yproheptadine~ were 
chosen as reference antagonists. 


Drug-receptor interactions were studied and evaluated according 
to the kinetic methods of Ariins (6) ,  van Rossum (7) et al. Furtre- 
thonium4 was used as the reference muscarine-like agonist on 


'Obtained from Dr. A. E. Schwarting, Div. of Pharmacognosy, 
Pharmacy Research Institute, The University of Connecticut, Storrs, 
Conn. 


2 Diphenhydramine HCI (control no. DA527) Parke. Davis & Co.. 
Detroct, Mich. 


peutic Research, West Point, Pa. 


Laboratories, Philadelphia, Pa. 


Cyproheptadine HCI (lot no. 18938), Merck Institute for Thera- 


4 Furtrethonium iodide (lot no. C8-170A), Smith Nine & French 


II 
0 


cryogenine 


isolated rat jejunum suspended in aerated (95% oxygen and 5 %  
carbon dioxide) Tyrode's perfusate (37"). Histamine diphosphates 
was the reference agonist on both isolated guinea pig terminal ileum 
(aereated Tyrode's, 37") and on isolated guinea pig uterus (aereated 
deJalon, Bayo, and deJalon's perfusate, 3&3 1 "). Serotonin creati- 
nine sulfatefi was used as an agonist on isolated rat uterus (aereated 
deJalon, Bayo, and ddalon's, 3&31"). All donor animals were 
fasted for 24 hr. prior to sacrifice, and those to be used for isolated 
uterus experiments were subcutaneously preinjected 24-48 hr. prior 
to tissue extraction with 1 mg./kg. of diethylstilbestrol ethyloleate in 
peanut oil (8). After being placed in the 50-1111. perfusion bath, 
each isolated tissue was attached to a lightly loaded isotonic frontal 
writing lever arranged for kymographic tracing and then allowed to 
equilibrate for 60 min. with frequent washings of fresh, warmed 
perfusate. Cumulative concentration-response curves for the 
agonist were then made until at least two consecutive, reproducible 
concentration-response curves had been obtained. A 12-15-min. 
wash period was established between each curve utilizing five 50-ml. 
washings of fresh perfusate. Antagonistic effects were determined by 
allowing the antagonist to incubate with the tissue for 10 min. prior 
to documenting the cumulative log-concentration curve for the 
agonist in its presence. 


RESULTS AND DISCUSSION 


Figure 1 represents the effects of diphenhydramine on the cumu- 
lative log-concentration curves of furtrethonium in isolated rat 
jejunum. Possible competitive antagonism is illustrated by the 
parallel shift of the concentration-response curves at the lower incu- 
bation concentrations of diphenhydramine. Definite noncompetitive 
antagonism is seen at higher antagonist concentrations (1 x 10-6 M )  
as evidenced by a 50 % depression of the curve maximum, although 
some specificity for the muscarinic receptor is still seen. The dashed 
line here and in the other figures represents the tissue recovery 
pattern after the highest concentration of the antagonist had been 
tested and after the tissue had been thoroughly washed with fresh 
perfusate. Cryogenine in the same system (Fig. 2) demonstrated pure 
noncompetitive antagonism at all concentrations, hence cryogenine 
does not occupy muscarinic receptors even though it has the ability 
to antagonize furtrethonium. A shallow, parallel displacement of 
the agonist concentration-response curve to the right with only 
low concentrations of the antagonist (Fig. 1) may indicate the 
presence of an agonist receptor reserve (6) rather than a true com- 
ponent of competitive antagonism. 


Diphenhydramine when tested in guinea pig ileum against hista- 


5 Nutritional Biochemicals Corp., Cleveland, Ohio (lot no. 2121) or 
California Corp. for Biochemical Research, Los Angeles, Calif. (lot 
no. 3783). 


6 Nutritional Biochemicals Corp., Cleveland, Ohio (lot no. 1573). 
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Figure 1-Cumirlatice log-concentration curfies ofji~rtretlioi~i~rm on 
rat jeju~rirm irr the presence of diphenhydramine. Key: 0, control; 
A, I X 10-7 M incubation concentration of dipheiihydrumine; C, 
I X M diplienhydramine; @, I X M. 
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mine displayed mixed competitive-noncompetitive antagonism 
(Fig. 3); however, when tested in isolated uterus (Fig. 4), diphenhy- 
dramine was dominantly competitive with a noncompetitive, partly 
specific activity at high concentrations. In the uterus preparation. 
complete tissue recovery was effected after the highest incubation 
concentration-this is generally a characteristic of reversible com- 
petitive antagonists. 


Cryogenine displayed a classic noncompetitive antihistaminic 
action in guinea pig ileum (Fig. 5); but in the isolated uterus prepa- 
ration, the qualitative action of cryogenine (Fig. 6) resembles that of 
diphenhydramine in the same tissue even to the extent that full tissue 
recovery could be achieved. In this tissue cryogenine may be said to 
react with a histaminic receptor. This qualitative difference in 
results between the two tissues may mean that the histaminic recep- 
tors in these tissues are structurally different, or that in the ileum 
cryogenine has a greater affinity for a receptor other than the hista- 
minic. 


In 1961, Rocha e Sjlva (9) proposed that a histidyl residue in a 
polypeptide chain might serve as a histaminic receptor site. After 
constructing Hirchfelder-La Pine molecular models of histamine 
and histidyl, it was seen that histamine could bind with the histidyl 
residue through hydrogen bonding between the imidazole nitrogen 
(histidyl) and the amine group (histamine) with a second anchorage 
point effected through hydrogen bonding between the carboxy 
oxygen of the adjacent amino acid moiety and the I-nitrogen of the 
imidazole ring of histamine. A molecular model of cryogenine indi- 
cates two reactive groups ; the quinidazole nitrogen and the phenolic 
hydroxyl bear the same spatial complimentarity (about 6 A apart) 
as do the proposed reactive groups in the interactions of the histidyl- 
histamine. Since cryogenine could attach through hydrogen bonding 
to the proposed receptor, this might explain its possible competitive 
antagonism toward histamine in the uterus. This receptor surface 
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Figure 2-Cirmulatice log-coricentration curces of f~irtre:lrairium on 
rat jej~inuni in the presence of cryogehre. Key: 0, cotztro/: A, 4.6 X 
10-6 M iiicubatiou conceiitrution of cryogenine; U, 14.5 X 10P M 
-ryogenine; a. 4.6 X M. 
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Figure 3-Cumulatice log-concenfruiiou riirres of histamine on 
guinea pig ileum in the presence of diphenhydramine. Key: 0, con- 
trol; A, I X M incubation concentrution of diphenhydramine; 
0, I X M diphenhydramine; @, 1 x lo-' M; m, I X 10-6 
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M; A, 1 x 10-5 M. 


would have to be readily available. since the cryogenine molecule is 
bulky and hindrance from surrounding chemical groups in the 
biophase could prevent receptor interaction. This in turn may 
account for the noncompetitive antihistaminic activity of cryogenine 
in the ileum. A molecular model study of diphenhydramine and 
histidyl relationships indicated that the carboxy group of the adja- 
cent amino acid residue does not seem destined to react with any 
group of the diphenhydramine molecule. However, with rotation of 
the carboxy-amino amide linkage a weak hydrogen bond could 
form between the amide nitrogen of the histidyl residue and the 
ether oxygen of diphenhydramine. A second anchorage point 
probably involves a hydrogen bond between the imidazole nitrogen 
of histidine and the tertiary amino group of diphenhydramine. 
Additional receptor parts could be involved in hydrophobic bonding 
with the benzene rings of diphenhydramine. 


In addition, cryogenine was tested for its antihistaminic activity 
using a modified version of the Castillo and DeBeer isolated guinea 
pig tracheal chain technique (aerated Krehs modification of Van 
Dyke-Hastings perfusate, 37 ") (10.11). Histamine was presented as a 
single challenge (1 X lop4 or 1 x 10-5 M depending upon the sen- 
sitivity of the tissue). From the data, affinity (pD't) values were 
calculated to be 6.20 and 3.88 for diphenhydramine and cryogenine, 
respectively. 


The antihistaminic activity of crlogenine and diphenhydramine 
was then compared with that of cyproheptadine, an effective sero- 
tonin antagonist (12). The cyproheptadine results indicated an 
antagonism qualitatively similar to that of cryogenine and diphen- 
hydramine in guinea pig uterus. Parallel displacement of the con- 
centration-response curves to the right was evident with all incu- 
bated concentrations (6.97-27.89 X lo-'" M ) ,  yet there was a 
tendency for a progressive lowering of the curve maxima as incuba- 
tion concentrations were increased (- 55 % for 27.89 X M ) .  
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Figure 4-Cumulative log-concentratioir c11rce6 of histamine on 
guinea pig uterus in the preseure of diphenhydrunzine. Key: 0, 
conrrol; A, 1 x 10-9 M incubution < o/icenfrution ojdiphenhydrumine: 
U, I X 10-8 M diphenhydrun7iire; 0, I X lo-' M; m, I X M; 
A, I x 10-5 M. 
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Table I-Calculated In Vitro Constants 


Affinity, 
Agonist PD2 System 


-Affinity-- Intrinsic 
Antagonist“ PA2 pD’z Activity 


Furtrethonium 6.16 Rat jejunum Diphenhydramine 6.27 5.00 O( - 1) 
Cyproheptadine 7.19 6.24 0(--1) 
Cryogenine - 5.15 -1 


Histamine 6.24 Guinea pig ileum Diphenhydramine 8.46 5.18 O(- 1) 
Cyproheptadine - 8.97 -1 
Cr yogenine - 4.27 -1 


Histamine 6.16 Guinea pig uterus Diphenhydramine 8.49 4.97 O(-1) 
Cyproheptadine 10.18 8.92 W - 1 )  
Cr yogenine 5.02 3.60 O(-1) 


Serotonin 7.07 Rat uterus Diphenhydramine 8.46 5.44 0 
Cyproheptadine 10.02 8.41 O(- 1) 
Cryogenine 6.09 4.39 -1 


Ten minutes incubation time. 
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HISTAMINE CONCN., M 
Figure 5-Cumulative log-concentration curves of histamine on 
guinea pig ileum in the presence of cryogenine. Key: 0, control; 
A, 4.6 X 10-6 M incubation concentration of cryogenine; Q 2 1 . 3  X 
10-6 M cryogenine; 0 , 4 . 6  X 10+ M. 


Cyproheptadine was clearly a noncompetitive histamine antagonist 
in guinea pig ileum. 


The antifurtrethonium activity of cyproheptadine in isolated rat 
jejunum qualitatively resembled that of diphenhydramine in that 
tissue. Calculated affinity values (7) are summarized in Table I for 
all experiments. 


Diphenhydramine appeared to be a more pure competitive in- 
hibitor of serotonin than cyproheptadine in rat uterus, although 
clearly much less potent. This was shown by parallel displacement 
of the response curves for concentrations of 1 X to 1 X 10- 
M of diphenhydramine with only a slight reduction of the curve 
maximum (- 17 %) noted with the incubation concentration of 
1 x M. Figure 7 represents the cumulative log-concentration 
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HISTAMINE CONCN., M 
Figure &Cumulative log-concentration curves of histamine on 
guinea pig uterus in the presence of cryogenine. Key: 0, control; 
A, 4.6 X 10-6 M incubation concentration of cryogenine; 0, 1.4 X 


M cryogenine; 0,4.6 X M; m, 14.5 X M. 
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SEROTONIN CONCN., M 
Figure 7-Cumulative log-concentration curves of serotonin on rat 
uterus in the presence of cryogenine. Key: 0, control; A, 4.6 X 
10-6 M incubation concentration of cryogenine; 0, 14.5 X 10-6 M 
cryogenine; 0 , 4 . 6  X I O P  M. 


curves of serotonin in the presence of cryogenine. While there was a 
trend for the curves to be shifted to the right along the log-concen- 
tration axis, there was a consistent dampening of the curve maximum 
with each incubation. When 8.18 X 10“ M of cryogenine was in- 
cubated, no contractions could be produced by serotonin even 
though the cumulative bath concentration was raised to 1 X lo-‘ 
M. The tissue recovery pattern after this incubation was drastically 
depressed (dashed line, Fig. 7). Cryogenine thus appears to be a 
much less potent and less specific serotonin antagonist than either 
cyproheptadine or diphenhydramine. 


In general, these in vitro tests indicated that cryogenine possesses 
less specificity (PA%) for the respective tissue receptors than do di- 
phenhydramine and cyproheptadine as well as less potency to act 
as an antagonist of furtrethonium, histamine, and serotonin (pA2 
and pD’, values). Cryogenine appears to have some true specificity 
for the histaminic receptor of the guinea pig uterus. 
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Interpretation of Percent Dissolved-Time Plots Derived from 
In Vitro Testing of Conventional Tablets and Capsules 


JOHN G .  WAGNER 


Abstract 0 It is shown that under sink conditions a percent dis- 
solved value at time t may simply be equivalent to the percent sur- 
face area generated to time t .  If this is so, then percent dissolved- 
time data may best be described by a distribution function and the 
parameters of the distribution employed to describe the data. 
Simulated percent dissolved-time data, generated by means of the 
logarithmic normal distribution function, are shown to yield ap- 
parent first-order plots. Hence, if the new concept is correct, ap- 
parent first-order kinetics, derived from in vitro dissolution tests 
on conventional tablets and capsules, may be an artifact in some 
cases. In the special case when surface area of drug available for 
dissolution decreases exponentially with time after some lag time, 
to, then first-order kinetics appear applicable to the dissolution data. 
Relationships between many of the constants in formerly derived 
dissolution rate equations and some equations derived in this re- 
port are shown. Dimensions of the constants are clarified. The new 
method of dissolution rate data examination is capable of providing 
characterizing parameters of greater potential utility than conven- 
tional treatments heretofore used. 


Keyphrases 0 Tablets, capsules-percent dissolved-time plots 
interpreted 0 First-order dissolution rate equation-sink condi- 
tions 0 Surface area effects-dissolution rates 0 Lag time-dis- 
solution rates 0 Distribution parameter, relation-dissolution 
data 


Although there is extensive literature on dissolution 
rate theory it is appropriate here to review some of the 
equations in order to show relationships between some 
of the constants and establish their dimensions. 


Quantitative Studies 


Conditions of Constant Surface Area-Noyes and Whitney (1) 
quantitatively studied dissolution by rotating cylinders of benzoic 
acid and lead chloride in water, then analyzing the solution at inter- 
vals of time. In their experiments the surface area of chemical avail- 
able for dissolution remained essentially constant. They showed that 
dissolution obeyed the equation 


(Eq. 1) 


where Cis the concentration of solute at time t ,  C. is the equilibrium 
solubility of the solute at the experimental temperature, and k is a 


dC/dt = k (C. - C )  


first-order rate constant with dimension l/time. In later experiments 
(2, 3) the surface area of solute available for dissolution, S, was 
incorporated into the equation to give 


(Eq. 2 


where kl is a constant with dimensions length2/time. It should be 
noted that k = k S  whence kl = k/S.  Brunner (4) used Fick's law of 
diffusion to establish a relationship between the constants k and kl in 
the above equations and other variables. These relationships were: 


dC/dt = ki S (Ce - C )  


k = DS/Vh (Eq. 3) 


0%. 4) kl = D/Vh 


where D is the diffusion coefficient of the solute in the dissolution 
medium, V is the volume of the dissolution medium, and h is the 
thickness of the diffusion layer. Equation 1 of Noyes and Whitney 
was written by Hixson and Crowell ( 5 )  as 


dWldt = KS(C, - C )  (Eq. 5 )  


where W is the amount of solute in solution at time i, dW/dt is the 
rate of appearance of solute in the solution at time t ,  and K is a 
constant with dimensions length/time. Equation 5 is obtained from 
from Eq. 2 by multiplying both sides by V and letting K = kl V.  By 
comparing terms we find: 


(Eq. 6) K = D/h 


Equation 5 may be written as 


dW/dt = KS/V(VC,  - W )  = k ( V C s  - W )  (Eq. 7) 


If a constant surface dosage form is studied under nonsink and non- 
reactive conditions then Eq. 7 should apply and the equation may 
be integrated to give 


W = VC, (1 - e--kt) (Eq. 8) 


Rearrangement of Eq. 8 and the taking of logarithms of both sides 
of the rearranged equation leads to: 


(Eq. 9) log (VC, - W )  = log vc, - ~ 
k t  2.303 


It should be noted that under conditions of constant surface area, 
nonsink, and nonreactive conditions, the asymptote is VC, and not 
WO (the initial amount of drug in the dosage form) or W" (the 
amount of drug ultimately dissolved at time infinity). 
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Surface and Micellar Properties of a Long-Chain Nonionic Surfactant 


HANS SCHOTT 


Abstract 0 In order to study the surface-chemical behavior of a 
highly polyoxyethylated surfactant without the masking influence 
of species of low degrees of polyoxyethylation, a dodecanol adduct 
with an average of 30 ethylene oxide molecules, CldEO)m, was 
stripped of low molecular weight species, up to C12(EO)6 or CI~(EO)IO, 
by molecular distillation. The components of highest molecular 
weight and polyethylene glycols were removed by ultrafiltration, 
leaving a product of rather narrow molecular weight distribution 
with the average composition C12(EO)zB. Surface tension-concentra- 
tion relationships, measured at 15, 25, 40, and 5 5 " ,  were used to 
derive values for the following parameters : critical micelle con- 
centration (CMC), plateau surface tension above the CMC, surface 
excess and limiting area per surfactant molecule adsorbed at the 
water/air interface, and free energy, enthalpy, and entropy changes 
of micellization. Reduced hydration of the polyoxyethylene portion 
of the surfactant with increasing temperature lowered its hydro- 
philic-lipophilic balance. This resulted in lower CMC and plateau 
surface tension values, smaller area per molecule at the water/air 
interface, and greater negative free energy of micelle formation. 
The heat and entropy change of micelle formation were constant 
and positive between 15 and 55". This indicates that the latter is 
responsible for the formation of micelles. The corresponding 
increase in randomness was attributed mainly to water surrounding 
the hydrocarbon chains of single surfactant molecules and trapped 
in their coiled polyoxyethylene chains, which loses its contact with 
the surfactant molecules and hence its structure when they ag- 
gregate into micelles. These properties were compared with those of 
a surfactant of nearly the same average degree of polyoxyethyla- 
tion but containing a fraction of low degree of polyoxyethylation. 


Keyphrases 0 Surfactants, long-chain, nonionic-surface, micellar 
properties 0 Surface tension-concentration relationship-sur- 
factants 0 Entropy, enthalpy, free energy-micelle formation 0 
CMC, plateau surface tension above CMC-surfactants 0 Area 
limit, surface excess-surfactant molecules 


The thermodynamics of micelle formation is con- 
veniently studied by measuring the temperature de- 
pendence of the critical micelle concentration (CMC). 
In the case of nonionic surfactants prepared by the 
addition of ethylene oxide (EO) to alcohols and phenols, 
there arises a complication owing to the fact that this 
reaction is a random process resulting in products which 
have a range of polyoxyethylene (POE) chain lengths 
and of molecular weights. The latter parameter fits ap- 
proximately a Poisson distribution. Micelle formation 
of such surfactants is very strongly influenced by the 
shortest-chain species because these are the most sur- 
face-active ones ( l ) ,  and are sometimes even insoluble in 
water. The CMC and its temperature dependence are not 
so much characteristic of the nominal or average de- 
gree of polyoxyethylation but depend largely on the 
amount of the least polyoxyethylated species. 


This difficulty has been circumvented by working 
with homogeneous surfactants prepared by synthetic 
methods rather than by the addition of EO (2-6). Be- 
cause such methods become increasingly laborious as 
the number of EO units increases, they have been ap- 
plied only to surfactants of very short POE chains. 
Another approach has been to narrow the molecular 


weight distribution of EO addition products by molec- 
ular distillation (7). However, this process too is only 
feasible for surfactants of relatively low molecular 
weight ; surfactants of high degrees of polyoxyethyla- 
tion undergo extensive decomposition while being mo- 
lecularly distilled owing to the high temperatures re- 
quired (see below). For instance, an EO adduct of 
n-dodecanol containing an average of 30 EO units, 
C12(E0)30, which had been molecularly distilled, was 
found to contain appreciable amounts (9 f 4 wt. %) 
of material with composition C12(EO),z where n 5 6 by 
TLC ( S ) ,  and some polyethylene glycol by ultrafiltration 
(9). Dodecanol-based surfactants of n 5 5 have cloud 
points below 15", i .e.,  they are practically insoluble in 
water over the entire temperature range studied, and are 
solubilized by the surfactant fractions of longer POE 
chains. Thus, the CMC data published for this highly 
polyoxyethylated surfactant (7, 9, 10) are not represen- 
tative of its high average degree of polyoxyethylation be- 
cause the product contains a low molecular weight 
fraction, which affects the CMC and thereby the thermo- 
dynamic parameters of micelle formation to a greater 
extent than the amount in which it is present (see 
References 1, 6). The purpose of this work was to 
study the micellization of a highly polyoxyethylated 
nonionic surfactant freed of the fractions of low degrees 
of polyoxyethylation. 


EXPERIMENTAL 


The present approach was to start with a Poisson-distribution sur- 
factant prepared by adding an average of 30 EO units to 12-dodec- 
anol, and to strip off unreacted dodecanol and the species of lowest 
molecular weight, up to about C1@0)6, in a molecular still.' By 
distilling only the most volatile components, the still temperature 
could be kept low enough to prevent significant degradation of the 
residual surfactant, which constitutes the main fraction. Polyethyl- 
ene glycols and the most highly polyoxyethylated surfactant frac- 
tion were separated by ultrafiltration (9). Additional material of low 
degree of polyoxyethylation was removed by foam fractionation of 
the surfactant in a more dilute solution, working with nitrogen at a 
high reflux ratio. The remaining solution was freeze-dried. The 
resultant surfactant exhibited no minimum in the surface tension-log 
concentration plots. The sharp break in these plots is an indication 
that the molecular weight distribution of the surfactant was fairly 
narrow. 


The absence of components with six or fewer EO groups was 
verified by TLC (8). The average composition was found to be 
Clz(EO)ea by a procedure based on its IR spectrum (9), which was 
free ofcarbonyl. 


This average composition is close to that of the Cle(EO)ao com- 
pound of broader molecular weight distribution, for which the 
micellar (7, 9) and surface properties (10) have been reported. This 
will permit one to evaluate the effect of molecular weight distribu- 
tion. in particular the presence of low molecular weight components, 
on these properties. 


For a small amount of the surfactant, the stripping by molecular 
distillation was carried somewhat further despite progressive de- 
composition, removing species up to about C~~(EO)IO. Purification 


1 Courtesy of General Aniline and Film Corp. 
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Figure 1-Surface tension-/og concentration plots of CIZ(EO)ZS at 
uarious temperatures. Solid circles refer to a more extensively 
stripped sample. 


by ultrafiltration and by foam fractionation was followed by a 
treatment with decolorizing carbon. With regard to the properties 
tested, namely, composition and surface tension-concentration 
relationships at 25 ', the second batch was practically indistinguish- 
able from the main lot. This provides another indication that the 
purified surfactant had a fairly narrow molecular weight distribu- 
tion. 


Distilled water redistilled from alkaline permanganate was used 
throughout. Surface tensions were measured with a Wilhelmy 
balance provided with sand-blasted platinum blade. The surfactant 
solutions were contained in 250-ml. short-neck boiling flasks with 
4 / 5 0  standard taper joints. These wide openings permitted insertion 
of the Wilhelmy plate. All solutions were stored overnight in a 
constant-temperature bath controlled to within d~0.05" prior to 
measuring surface tensions. 


TREATMENT OF DATA 


The sxface tension-log concentration plots a t  four temperatures 
are shown on Fig. 1. Concentrations c are expressed as mole/liter. 
Each pIot consists of two striught lines which intersect at the CMC. 
Above the CMC, the plots are horizontal within the precision of the 
measurements; the values of these constant surface tensions are 
listed in Table I in the column headed "plateau 7.'' 


The values of the slopes of the plots below the CMC are also 
listed in Table I,  as well as those of the surface excess I? (mole/cm.2). 
The latter were calculated by means of the Gibbs adsorption iso- 
therm 


The assumption inherent in Eq. 1, that the activity coefficient of the 
dissolved surfactant is unity, is probably justified by the low concen- 
trations. 


The areaoper surfactant molecule adsorbed at the water-air inter- 
face(A, inA2 units) wascalculated by 


A = 1016/rN ml. 2) 


where N is Avogadro's number. These values refer to bulk concen- 
trationsjust below or at the CMC. 


It is convenient to consider micelle formation (subscript m) as the 
change from a hypothetical initial standard state (superscript 0 )  
represented by the hydrated monomer at  unit mole fraction, to the 
hydrated micelle a t  unit mole fraction. The activity coefficient of the 
single molecules is unity, i.e., they behave as if they were at  infinite 
dilution (3, 11). This differs from the phase-separation model (6, 7, 
12), in which a mole of single surfactant molecules at the CMC forms 
micelles, and for which AGm = 0 and hence 


AS,,, = ARm/T 0%. 3) 


Treating micelle formation as a phase change has the advantage 
of simplicity but is difficult to reconcile with Gibbs' phase rule (14). 
The result (3) is 


AG,," = 2.303RTlog C 0%. 4) 


where C is the CMC expressed as mole fraction, Le., C E CMC/ 
55.34. 


The mass-action model (14) results in an equation which reduces 
to Eq. 4 for large micelles (3, 13). This condition is fulfilled by 
C18(E0)28r which has an aggregation number of 58 (1 5). 


Combining 


AG,,&" = AH,n" - TAS,,," (Eq. 5 )  


with Eq. 4 gives 


AHm O A S m  O log c = ___ - --- 
2.303RT 2.303R 


If AH," and AS,=' are independent of temperature, a plot of log C 
uersus the reciprocal of the absolute temperature is a straight line 
with the slope equal to AHm"/2.303R and the intercept (at 1/T = 0) 
of -ASm0/2.303R. A condition implicit inthis treatment is that the 
size of the micelles remain constant and independent of temperature 
(3,141. 


RESULTS AND DISCUSSION 


Surface Properties-As is seen from Table I, the plateau sur- 
face tension decreases with increasing temperature, because the 
surface excess increases. This is a consequence of the lower hydra- 
tion of the EO groups at the higher temperatures, which reduces 
the hydrophilic-lipophilic balance and thereby renders the surfac- 
tant molecules m a e  surface-active. The plateau surface tensions of 
Clz(EO)ro having a broader molecular weight distribution were (r3 
dynes/cm. lower at comparable temperatures (7, lo), owing to the 
presence of the low molecular weight fraction. Similar differences 
have been observed with polyoxyethylated octylphenols (1). The 
increase in surface excess with increasing temperature results in 
smaller limiting areas per surfactant molecule adsorbed at the 
water-air interface. The magnitude of the variation of these three 
parameters in Table 1 between 15 and 55" is about the same, 
namely, 1 5 %  of the value at  15" .  This is a larger variation than is 
commonly observed with polyoxyethylated surfactants (3, 5), be- 
cause the surfactant used here has a longer POE chain. 


As expected, the area per surfactant molecule a t  the water-air 
interface of the C12(E0)30 surfactant of broader molecular weight dis- 
tribution is nearly the same as that of the more highly fractionated 
C12(E0)28 (10). However, the latter value decreased more than three 
times as much with increasing temperature as the former. 


It is of interest to compare the limiting area per CI2(EO)2s mole- 
cule a t  the water-air interface with the cross-sectional area of a 
randomly coiled POE chain of 28 units in water. The underlying 
assumptions are that the POE moiety of the surfactant molecules in 
the adsorbed monolayer is randomly coiled and approximately 
spherical, and that the packing density of the monolayer is limited 
by the cross-section of those coils. 


The radius of gyration of a POE chain is estimated by a random 
walk calculation, using the restriction of tetrahedral bond angles 


(Eq. 7) 


(16),as 


R = 2LP'./?/6'/r = 11 . 2  A 


The average bond length 


1522 0 Journal of Pharmaceutical Sciences 







Table I-Solution Properties of C,2(EO)2B 


CMC, - (&)I Area per 


"C. x 10' dynelcm. dynelcm. mole/cm.Z X 10'0 A2 kcal./moIe 


15 1.24 45.5 7.74 1.404 118 -7.45 


Temperature, mole/liter Plateau 7,  (d  log c). r, Molecule, AGO, 


25 
40 
55 


0.79 
0.42 
0.24 


43.8 
41.1 
38.1 


8.66 
9.57 
10.22 


1.si8 
1.597 
1.627 


109 
104 
102 


-7.97 
-8.77 
-9.55 


and the number of bonds P = 28 X 3 - 1 = 83. The cross-sec- 
tional area ?rR2 = 391 A2. Even though this is a low estimate, it is 
considerably greater than the measured limiting area per Clz- 
(EO)28 molecule at the water-air interface, indicating considerable 
distortion or interpenetration of the POE moieties of the surfactant 
molecules (10,17). 


Thermodynamic Properties-As can be seen on Fig. 2, the plot 
oflsg Cuersus I/Tis a straight line, described by 


log C = - 11.55 + 1700/T (Eq. 8) 


From the slope, AH," = (1700)(2.303)(1.987) = 7780 cal./mole = 
7.78 kcal./mole. For l/T = 0, AS," = (2.303)(1.987)(11.55) = 
52.85 cal./degree mole. 


Micelle formation of nonionic surfactants is usually an endo- 
thermic process (3-7, 11-13, 19). The heat of micelle formation of 
the C12(E0)30 surfactant of broader molecular-weight distribution 
was 3.5 kcal./mole (7), i.e., less than one-half of the value found for 
the more highly fractionated C12(E0)28. At least part of the differ- 
ence in AH,,,' can be attributed to  the solubilization of the lowest 
molecular-weight, water-insoluble fraction of the former by micelles. 


The entropy and free energy changes of C12(E0)30 had to be re- 
calculated according to Eqs. 46, because in the original publica- 
tion (7) the former was calculated according to Eq. 3 and the latter 
was assumed to be zero. The AS,*" value obtained for C12(E0)30, 36 
cal./degree mole, is only two-thirds of that of C12(E0)28. The differ- 
ences in AG," of the two surfactants a t  corresponding tempera- 
tures are smaller, because the surfactant with the larger AS," value 
had also the larger AH,,," value. 


Linearity of log C versus 1/T plots is not always observed. For 
Cla(E0)4 and C10(E0)5, they were curved; for CIO(EO),, the points 
for all but the highest temperature (34") fell on a straight line (5). 
The lack of linearity may be a consequence of an increase in the 
micellar molecular weight (MMW) with increasing temperature 
(3), which has been observed for surfactants of low degrees of poly- 
oxyethylation (1 8). For somewhat more highly polyoxyethylated 
surfactants, only small increases in MMW with temperature were 


3.0 3.2 3.4 
103/1, OK 


Figure 2-Plot of the logarithm of the C M C  (expressed us mole 
f ruction) versus the reciprocal qf  the absoirrte temperuture. 


observed until a threshold temperature, about 25" below the cloud 
point, was reached (19). Possibly, the threshold temperature of 
Clo(E0)8 was exceeded at  34", hence its MMW at  that temperature 
was markedly greater than at  the lower temperatures, and for this 
reason the 34" point fell below the straight line of the log C versus 
1/T plot. 


Considering that the heat of micellization is positive, it is the 
positive entropy change which is responsible for the negative free 
energy change and for the formation of micelles. Positive entropy 
change indicates increased randomness. Most likely, this means 
diminished water structure. The currently held view (4, 12, 14) 
is that water surrounds the hydrocarbon chain of a single surfac- 
tant molecule like a cage and has an "iceberg" structure. Transfer 
of this hydrocarbon chain from the aqueous environment into the 
interior of a micelle destroys this structure. The hydrocarbon chain 
may also gain some conformational entropy in the process. 


However, this does not account for all of the 53 e.u., because 
homogeneous surfactants based on decanol and hexadecanol of low 
degrees of polyoxyethylation have AS," values of only 20 to 30 
e.u. (4,5, 14). The difference is probably due to the gain in entropy 
of the water trapped in the coiled POE chains of the single sur- 
factant molecules, which is squeezed out when micellization occurs. 
The maximum hydration of an ether linkage is 2 water molecules 
(20), but long POE molecules trap additional water in between their 
randomly coiled chains. When CI2(E0)28 molecules aggregate into 
micelles, the PO€ chains surrounding the spherical core formed by 
the hydrocarbon portion of the molecules become very crowded 
owing to the relatively small volume available compared to the 
length of the chains. Most of the water previously trapped in the 
POE chains is released: C12(E0)28 micelles hold an average of only 
2.35 water molecules per EO group. When the micellar hydrocar- 
bon core offers a larger surface and the P-QE chains are shorter, 
they are less densely packed and can trap large amounts of water. 
Micelles of C16(E0)21 hold 6 water molecules per €0 group (21). 
Since water trapFed in the coiled PO€ chains is more highly ordered 
than free water, the release of water during micelle formation of 
C12(E0)28 results in an entropy increase. Within this framework, the 
lower AS," value for C12(E0)30 could be due to the fraction of low 
POE content, which relieves the crowding of the PO€ chains in the 
micelle somewhat and thereby results in higher hydration. 


The decrease in CMC and in standard free energy of micellization 
with increasing temperature are consequences of the decrease in 
hydration of the POE part of the surfactant with increasing temper- 
ature. In view of the importance of entropic factors, reduction in 
water structure duelo rising temperature may well be a contributory 
cause. 
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Determination of Trace Amounts of Selenium in Pharmaceuticals 


HANNAH R. KLEIN, ROBERT H. KING, and WILLIAM J. MADER 


Abstract 0 A quantitative method for the determination of less 
than 30 p.p.m. selenium in organic sulfur-containing drugs has 
been developed. The procedure utilizes oxygen flask combustion 
for decomposition of the organic matter and colorimetric mea- 
surement of selenium after reacting with 2,3-diaminonaphthalene, 
a specific complexing agent for selenium. At the level of 30 p.p.m., 
better than 90% recovery is obtained. The method is rapid, spe- 
cific, and free from interferences. 


Keyphrases 0 Selenium determination-trace amounts 0 Oxygen 
flask combustion, organic material-selenium determination 0 
Colorimetric analysis-spectrophotometer 2,3-Diaminonaphtha- 
lene--color reagent 


The heavy demand for sulfur has resulted in a down- 
grading of the quality of the sulfur used with the result 
that some sulfur can contain up to  0.5 % selenium. Con- 
sequently, drugs which contain sulfur, or where sulfur- 
containing compounds are used in the manufacture, 
may be contaminated with selenium. In  addition some 
drugs require selenium or its compounds in the manu- 
facturing process. Selenium is a toxic element with the 
same order of toxicity as arsenic, however some in- 
vestigators (1, 2) suggest that it is essential for some 
animals under defined conditions. The necessity of con- 
trolling the quantity of selenium in drugs is evident. 


Many methods are reported in the literature for the 
determination of selenium in organic and biological 
materials (2). For compendia1 purposes it was necessary 
to  select a procedure that would have a wide range of 
applicability and which would not require unusual 
equipment. X-ray fluorescence ( 3 )  was considered to  be 
out of the realm of most laboratories at  the present, as 
is atomic absorption (4-6). It was therefore necessary 
to  select the best procedures for digestion of the sample 
and colorimetric measurement, and then to  apply the 
selected procedure to the determination of selenium in 
those compounds which will be official in USP XVIII 
and NF XI11 which might be contaminated with 
selenium. 


PROCEDURES 


Digestion-Wet ashing techniques have been widely used for de- 
struction of the organic material prior to trace element determina- 
tion. A study of wet digestion procedures prior to selenium analysis 
was carried out by Gorsuch (7) using isotope tracers to determine se- 
lenium recovery. The oxidation mixtures examined were (a) nitric and 
perchloric acids; (b) nitric, perchloric, and sulfuric acids; and(c) nitric 
and sulfuric acids. Wet digestion using nitric and perchloric acids was 
found to be most suitable to prevent losses of the element. Difficul- 
ties in the recovery of selenium after the destruction of organic 
material by wet ashing have been reported; Fogg and Wilkinson (8) 
reported losses using nitric and sulfuric acids but were able to obtain 
complete recovery using perchloric acid. Klein (9) recommended a 
partial oxidation with mercuric oxide present to “fix” the selenium. 
Grant (10). Cousins ( I  I ) ,  and Watkinson (12) have all reported the 
successful use of nitric-perchloric acid mixtures for digestions of 
various biological tissues. A mixture of nitric and perchloric acids, 
and hydrogen peroxide is used by the Food Chemicals Codex (FCC) 
(13) for the digestion of several organic and inorganic chemicals. 
However, in all work reported with acid hydrolysis of the sample, 
losses are prevented only if the conditions of the digestion are care- 
fully controlled and the sample is heated slowly without charring 
until all selenium has been converted to selenite. The recovery of 
selenium is low if the perchloric acid is concentrated to the stage 
when it becomes yellow through autodecomposition, which at this 
point is accelerated by even 0.5 mcg. of selenium. This is complicated 
by the fact that the yellow color of incompletely oxidized samples 
after removal of nitric acid can be confused with the yellow decom- 
position products of the acid. 


The difficultly oxidizable nature of the organic sulfur-containing 
drugs precludes the use of wet digestion techniques as the organic 
material cannot be completely removed until the temperature of 
digestion is raised to a point where excessive losses of selenium occur. 


PROCEDURES 


Combustion-Combustion in a closed system to eliminate volatili- 
zation losses of selenium was first reported by Gutenmann and Lisk 
( 14) who determined selenium in oats using oxygen flask combustion 
for destruction of the organic material. The oxygen flask technique 
has since been studied and/or improved by other workers. Dye ei al. 
(1 5) studied oxygen flask combustion for a variety of plant and ani- 
mal tissues, determining the selenium recovery by radiotracer 
techniques and using water, HCI, and NaOH as absorbing media. 
Allaway and Cary (16), Watkinson (17), Cukor et a/ .  (18), and Taus- 
sky el al. (19) have reported successfully on the use of the oxygen 
flask technique. 
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Synthesis and Pharmacological Properties of Some 
Substituted 1,5-Benzodiazocin-2-ones 


MARTIN STEINMAN and JOHN G. TOPLISS 


Abstract 0 Some substituted 8-chloro-3,4-dihydro-6-phenyl-1,5- 
benzodiazocin-2-ones, which are structurally related to the anti- 
anxiety agent diazepam, have been synthesized and their central 
nervous system properties evaluated. Activity was observed for 
compounds bearing a methyl substituent at position one which was 
of a lower order of magnitude than that shown by diazepam. 


R 
I 


c1 q- 
C,H, 


IIIa,b 
Keyphrases 0 1,5-Benzodiazocin-2-ones, substituted-ynthesis 0 
Pharmacological screening-l,5-benzodiazocin-2-ones 0 UV spec- 
trophotometry-identity 0 1R spectrophotometry-identity 0 
NMR spectroscopy-identity 


In view of the marked sedative, muscle relaxant, and 
anticonvulsant properties in animals of various com- 
pounds derived from the benzodiazepinone ring 
system (I), and the therapeutic utility of certain mem- 
bers of this class such as diazepam (I), it was of in- 
terest to determine the activities of structurally similar 
compounds in the benzodiazocine series. 


I 
C6H5 
I 


DISCUSSION 


At the completion of the present investigations only one mention 
of benzodiazocines related in structure to diazepam had appeared in 
the literature, a recent patent (2)  describing the synthesis of IIa 
and reporting that the compound exhibited marked CNS-depres- 
sant activity. The authors have prepared the N-methyl analog, 
IIb, for pharmacological evaluation using the same synthetic path- 
way (Scheme I). The methylaminobenzophenone (IIIb) was con- 
densed with the acid chloride of carbobenzoxy-P-alanine to form 
the amide IVb. The protective group was removed with hydrogen 
bromide in acetic acid and the resulting amine, V6, was cyclized 
in refluxing toluene, with azeotropic removal of water, to give 116. 


Use of the phthalimido instead of the carbobenzoxy protecting 
group in an equivalent reaction sequence did not yield the desired 
benzodiazocine end product. Cleavage of VIb with hydrazine in 
alcohol was accompanied by oxidation, cyclization, and reaction 
with solvent (alcohol) to give the quinolone VII. Reaction of VIa 
with hydrazine afforded 2-amino-5-chlorobenzophenone (IIIa) as 
the only isolable product. Removal of the protecting group by 
treatment of VIa with refluxing dilute aqueous-alcoholic sodium 
hydroxide followed by dilute aqueous hydrochloric acid under 
reflux gave the aminomethylquinolone VIIIa. The structure of 


After this manuscript was submittea for publication, M. E. Derieg, 
R. M. Schweininger, and R. I. Fryer, J .  Org. Chem., 34, 179(1969) 
and M. Denzer and H. Ott, ibid. 34, 183(1969) both reported that this 
compound is in fact a dimer of IIa. The synthesis of IIb was also re- 
ported in these papers but no pharmacological data were given. 


I I 
C6H5 C6HS 


IIa,b Vu,b 
u , R = H  
b,R=CH3 
Scheme I 


VIIIa was confirmed by acetylation of the primary amine function 
to give VIIIb. When a similar hydrolytic sequence was carried out on 
VIb, the corresponding aminomethylquinolone was not obtained. 


VIa, R = H 
VIb, R = CH3 


'VII 


VIIIa, R = H 
VIIIb, R'= COCH3 c1 


The 3,3-dimethyl analogs XIa,b of IIa,b were prepared by another 
route (Scheme 11) which utilized dimethylcyanoacetyl chloride to  
form the amides IXa,b. Upon reduction, X u  was obtained and was 
cyclized to XIa in refluxing toluene with azeotropic removal of 
water; on the other hand, X6 spontaneously cyclized to XIb. In an 
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c1 KO + 


C6H5 
IIIa.6 


R O  
I II 


CHj 
I 
I 


NC-C-COCI --+ 


CH3 


1 
R O  
I II 


C6H5 


XIa,b Xa,b 
a , R = H  
6, R = CH, 
Scheme I1 


attempt to synthesize IIa by this route only the quinolone XI1 was 
obtained. 


Pharmacology2-The benzodiazocines prepared in this investi- 
gation were tested in the mouse screen as described by Irwin (3) 
and the antipentylenetetrazole test (4). The N-methyl compound, 
116, caused weak CNS depression and XI6 as the maleate salt had 
slight antipentylenetetrazole activity at 30 mg./kg. Compound XIa 
did not show any significant activity. 


EXPERIMENTAL3 


2-(p-Carhobenzoxyalanyl-N-methylamido)-5-chlorobenzophenone 
(1Vb)-Phosphorus pentachloride (10.6 g., 0.05 mole) was added to 
a stirred mixture of carbobenzoxy-P-alanine (5) (9.1 g., 0.04 mole) 
in anhydrous ether (175 ml.) cooled in an ice bath. The mixture was 
stirred with cooling for 1.5 hr. and then decanted from the insoluble 
material into a solution of 5-chloro-2-methylaminobenzophenone 
(6) (9.3 g., 0.038 mole) in CHCI, (55 ml.) and stirred for 1 hr. The 
solution was washed with water and saturated aqueous NaHC03, 
dried (Na2S04), and the solvent evaporated to give a yellow oil 
(15 g., 90%) which was used directly in the next step; A::? 2.90 
(N-H), 5.80, 5.98, 6.05 (sh)p (amide, urethane, C=O). 


8-Chloro-3,4-dihydro-l-methyl-6-phenyl-l,5-benzodiazocin-2(lH)- 
one (IIb)-Compound IVb (5.4 g., 0.012 mole) was treated with 30% 
hydrogen bromide (13 ml.) in acetic acid for 1 hr. at room tempera- 
ture. Ether was added, but no material precipitated; concentrated 


2 The authors are indebted to Dr. Robert Taber, Biological Research 
Division, Schering Corp., for these data. 


3 Melting points were determined in a Thomas-Hoover capillary 
melting-point apparatus and are corrected. UV absorption spectra 
were determined in methanol solution and IR absorption spectra as 
mineral oil mulls (Nujol) except where indicated otherwise. The NMR 
spectra were recorded on a Varian Associates A-60 spectrometer at 
60 Mc.p.s. with Me& as internal standard. 


ammonia was added and the ether was evaporated. The mixture was 
extracted with toluene (65 ml.) and the resulting solution refluxed 
using a water separator for 2 days. The toluene was evaporated, the 
residue was dissolved in acetone, treated with charcoal, and upon 
addition of hexane, product (1.1 g., 30%) was obtained, m.p. 167- 
168"; A,,,. 243 mp ( E  17,300); A,,,, 6.01 (amide), 6.17 p (C==N); 
NMR (CDCl3), 6 = 3.13 (N-CH3, 3H, singlet), 2.60-4.50 (N- 
CH2-CH2, 4H, multiplets) p.p.m. 


And-Calcd. for C17HlsC1Nz0: C, 68.33; H, 5.06; N, 9.38. 
Found: C, 68.55; H, 4.95; N, 9.14. 


2-(N-Methyl-p-phthalimidopropionamido)-S-chlorohenzophenone 
(VIbep-Phthalimidopropionic acid (7) (9.2 g., 0.042 mole) in 
benzene (300 ml.) was treated with oxalyl chloride (5.9 g., 0.046 
mole). The mixture was stirred for 0.5 hr. at room temperature and 
then under reflux for 0.5 hr. After cooling 5-chloro-2-methylamino- 
benzophenone (6) (8.6 g., 0.035 mole) in benzene (130 ml.) was 
added and the mixture stirred for 0.5 hr. at room temperature and 
then for 2 hr. under reflux. The benzene was evaporated and the 
residue dissolved in CHC13; this solution was extracted twice with 
10% Na2C03, once with water, dried (Na2S04), and evaporated 
to an oil. Attempted crystallization from benzene-hexane led to  
recovery of IIIb (1.3 g.). The solvents were evaporated to yield 
a viscous oil (13.1 g.) which was used in subsequent experiments. 
The analytical sample was prepared by slow crystallization from 
acetone-ether, m.p. 159'; A,,,. 218 mp ( E  67,500); A,,,. 5.60, 5.73, 
5.80 (imide, amide), 5.98 p (C=O). 


And-Calcd. for C25H1gC1N204: C, 67.19; H, 4.28; N, 6.27. 
Found: C, 66.87; H, 4.32; N, 6.18. 


6-Chloro-3-ethoxy-l-methyl-4-phenyl-2(lH)-quinolone (VI1)-A 
solution of VIb (9.0 g., 0.02 mole) and hydrazine hydrate (3.0 g., 
0.06 mole) in 95% ethanol (400 ml.) was refluxed for 2.5 hr. and 
then concentrated to about half volume. On cooling a gelatinous 
precipitate formed. The mixture was acidified with 5% HCI, heated 
to 75", and cooled. A small amount of solid material was removed 
by filtration and the aqueous solution was extracted with 
CH2C12. The organic layer was washed with 5 % NaOH followed by 
water, dried (Na2S04), and the solvent evaporated to give an oil 
(3.6 g.). This oil was placed in a thimble and extracted for 20 hr. 
with hexane (500 ml.). Evaporation of the hexane left an oil (3.0 g.) 
which was chromatographed on silica gel4 (250 g.). The column 
was eluted with benzene (200-ml. fractions) and Fractions 5-14 
furnished product (1.1 9.) which was recrystallized from benzene- 
hexane (charcoal) to yield VII (0.7 g.) m.p. 87"; A,,,. 241, 302 mp 
( e  36,400, 15,100); A,,,. 5.80 (sh), 5.88 p (amide); NMR (CCI,), 
6 = 1.00 (C-CH3, 3H, triplet, J = 7 cps.), 4.03 (N-CHI, 3H, sin- 
glet), 4.09(0-CH,, quartet,J = 7cps.) p.p.m. 


Anal.-Calcd. for Cl8HI6C1NO2: C, 68.92; H, 5.14; CI, 11.30; 
N, 4.46. Found: C, 69.29; H, 5.28; C1, 11.38; N, 4.28. 


2-(p-Phthalimidopropionamido)-5-chlorohenzophenone (VIa)-A 
procedure analogous to that described for the preparation of V l b  
was employed. From IIIa (11.5 g., 0.05 mole) and 2-phthalimido- 
propionyl chloride (7) (12 g., 0.05 mole) there was obtained VIa 
(14.1 g., 65%) (crystallized from ethanol), m.p. 146-148". The 
analytical sample was prepared by recrystallizing again from 
ethanol, m.p. 149"; A,,,. 232 mp ( E  37,600); A,,,. 5.60, 5.78, 5.83 
(imide, amide), 6.10 p (C-0). 


Anal.-Calcd. for CZ4Hl7CIN2O4: C, 66.58; H, 3.96; C1, 8.19; 
N, 6.47. Found: C, 67.01; H, 3.87; CI, 8.47; N, 6.25. 


3-Aminomethyl-6-chloro-4-phenyl-Z(lH)-quinolone (VII1a)-A 
solution of VIa (5.0 g., 0.012 mole) in ethanol (500 ml.) and 1 N 
NaOH (25 ml.) was refluxed for 2 hr. The ethanol was evaporated, 
water (25 ml.) and 1 N HCI (50 ml.) were added and the resulting 
precipitate was collected, added to water (500 ml.) and 1 N HCI 
(25 ml.) and the mixture refluxed for 4 hr. After cooling, the solu- 
tion was filtered, the filtrate basified with 1 N NaOH and the re- 
sulting precipitate was collected and dried to give VIIIa (1.3 g., 
20%), m.p. 260". The analytical sample was obtained by recrystal- 
lizing twice from methanol-water, m.p. 240"; A,,,. 238 mp (e 
43,200); A,,,. 2.95, 3.02 (NHz), 6.06 p (amide). 


Anal.-Calcd. for Cl$-Il3CIN2O: C, 67.50; H, 4.60; C1, 12.46; 
N, 9.84. Found: C, 67.27; H, 4.70; Cl, 12.40; N, 9.54. 
3-Acetamidomethyl-6-chloro-4-phenyl-Z(lH)-q~nolone (VII1b)-A 


solution of VIIIa (0.3 g., 0.0011 mole) and acetic anhydride (0.13 g., 
0.0013 mole) in benzene (150 ml.) was refluxed for 5 hr., cooled and 


4 Grade 923, Davison Chemical, Baltimore, Md. 
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filtered to give VIIIb (0.3 g.), m.p. 276'; A,,,,, 239 mp (e 45,700); 
A,,,. 5.96,6.08 ,u (amide). 


Anat.-Calcd. for Cl8Hl6CINPOS: C ,  66.16; H, 4.63; N, 8.57. 
Found: C, 66.51; H, 4.68; N, 8.39. 
5-Chloro-2-dimethylcyanoacetamidobenzophenone (IXabDimeth- 


ylcyanoacetic acid (8) (5.0 g., 0.044 mole) and oxalyl chloride (5.6 
g., 0.044 mole) were stirred in benzene (125 ml.) at room temperature 
for 1 hr. The solution was then refluxed with stirring for 2 hr., 
cooled, and IIIa (9.9 g., 0.044 mole) in benzene (125 ml.) added with 
stirring. The mixture was then refluxed for 3 hr., filtered, and the 
filtrate evaporated to dryness. The residue was dissolved in CHCI, 
and the solution was washed twice with aqueous NaHC0, followed 
by water, dried (Na2S04), and the solvent evaporated affording 
IXa (11.4 g., 7973, m.p. 102-104". Recrystallization twice from 
methanol gave the analytical sample, m.p. 103", Am,. 238 mp 
(e 20,000), A,,,. 4.44 (CN), 5.80, 5.87 (amide), 6.09 p (C=O). 


And-Calcd. for Cl~16CIN20z:  C, 66.15; H, 4.64: N, 8.57. 
Found: C, 66.53; H, 4.73; N, 8.47. 


5-Chloro-2-(ol,ol-dimethyl-N-methylcyanoaceta~do)benzophenone 
@Lb)-From dimethylcyanoacetic acid (8) (5.0 g., 0.044 mole) and 
IJIb (6) (10.9 g., 0.044 mole) using the procedure described for the 
preparation of IXa, there was obtained IXb (7.5 g.), m.p. 86-87". 
The analytical sample was obtained by recrystallizing twice from 
methanol, m.p. 92-93"; A,,,. 253 mp ( E  14,800); A , , ,  4.44 (CN), 
5.97 (amide), 6.02 p (C==O). 


And-Calcd. for CI9Hl7C1N2O2: C, 66.95: H, 5.04; N, 8.22. 
Found: C, 66.55; H, 5.08; N, 8.17. 


S-Chloro-3,4-dihydro-3,3- dimethyl- 6 - phenyl - 1,5 - benzodiazocin- 
2(1H)-one (XIabCompound IXa (5.5 g., 0.017 mole) was dissolved 
in methanol (150 ml.) and hydrogenated at room temperature and a 
pressure of 3.5 kg./cm.* in the presence of an active nickel catalyst5 
for 48 hr. The oil remaining after filtering off the catalyst and evapo- 
rating the solvent was chromatographed on silica gel4 (100 g.) 
using benzene as eluant (three 900-ml. fractions) followed by in- 
creasing percentages of CHCI, in benzene and finally CHCI,. A 
total of 15 fractions was collected; the first 3 yielded 0.45 g. of 
starting material and the remainder were combined to yield X u  
(4.8 g.) as an oil. Compound X u  (2.0 8.) was dissolved in dilute 
HCI and mixed with aqueous picric acid solution. The resulting 
picrate was collected, dried, and recrystallized from ethanol-benzene 
to give the pure picrate 2.2 g., m.p. 202"; A,,,. 238,350 mp ( E  38,200, 
18,OOO); A,,,. 6.00 (amide), 6.10 p (C==O); NMR (dc-DMSO), 
6 = 1.02 (HaC-C-CH3, 6H, singlet), 2.78 (CHZ, 2H, singlet) p.p.m. 


Anat.-Calcd. for Cz4HzSClNjO9: C, 51.48; H, 3.96; N, 12.51. 
Found: C, 51.84; H, 3.95; N, 12.72. 


The picrate salt (0.5 g.) in ethanol was placed on a column of 30 
ml. of ion-exchange resin6 in ethanol and the column was eluted 
with ethanol. Upon evaporation of the solvent, the free base was 
obtained which set to a glass. The NMR spectrum unequivocally 
established the structure as Xu;  NMR (CDCIa), 6 = 1.02 (HK-C- 
CH3, 6H, singlet), 2.78 (CH2, 2H, singlet) p.p.m. 


The oil X u  (4.8 g.). obtained after chromatography of the re- 
duction product was dissolved in toluene (75 ml.) and the solution 
refluxed overnight with azeotropic removal of water. The solvent 
was evaporated and the product isolated as the hydrochloride salt 
which, after purification by treatment with charcoal in acetone 
amounted to 4.2 g., 83Y,, m.p. 92-94"; A,,,,, 240 mp (e 25,500); 
A,,,, 5.91 (amide), 6.08 p (C=N). 


Anal.-Calcd. for ClgHl7ClN20.HCI: C .  61.89; H, 5.20. Found: 
C, 62.36; H, 5.22. 
8-Chloro-3,4-dihydro-6-phenyl-l,3,3-trimethyl- 1,s - benzodiazocin- 


Z(lH)-one (X1bh-A solution of I X b  (5.5 g., 0.016 mole) in methanol 
(100 ml.) was hydrogenated at room temperature and a pressure of 
3.5 kg./cm.2 with active nickel catalyst5 for 8 hr. The catalysts was 
filtered off and the solvent evaporated affording a viscous oil 
(5.1 g., 97%). The NMR spectrum of this material was essentially 
identical to that of the analytical sample. 


6 Raney No. 28, W. R.  Grace Co., So. Pittsburg, Tenn. 
6 Amberlite IR-45, Mallinckrodt, St. Louis, Mo. 


The maleate salt was prepared by dissolving 0.9 g. of the oil 
in 8 ml. of ethyl acetate and adding to the hot solution maleic acid 
(0.4 g.) in ethyl acetate (10 ml.); 1.0 g. of salt was obtained, m.p. 
132". Recrystallization twice from ethyl acetate yielded the analyt- 
ical sample as a hydrate, m.p. 132"; A,,,. 246 mp ( E  16,700); 
A,,,. 5.95 (amide), 6.16 p (C==N). 


And-Calcd. for C23H23CIN~O5.H2O: C, 59.94; H, 5.47; N, 
6.08. Found: C, 59.99; H, 5.56; N, 6.07. 


The picrate salt (1.9 8.) was obtained by treatment of a solution 
of the free base (1.5 g.) in dilute HCI with aqueous picric acid 
solution. The analytical sample was obtained by recrystallizing 
twice from ethanol, m.p. 220", A,,,. 235, 355 mp ( e  29,900, 15,100); 
A,,,. 6.00 p (amide); NMR (ds-DMSO), 6 = 1.08, 1.44(H3C-C-CH, 
3H, 3H, 2 singlets), 3.10 (N-CH3, 3H, singlet) 3.16, 3.82 (N-CH,, 
lH,lH,2doublets,J= 12.2cps.)p.p.m. 


And-Calcd. for C2jH22ClNj08: C, 54.01; H, 3.99; CI, 6.38; 
N, 12.60. Found: C, 54.01; H, 4.04; CI, 6.62; N, 12.65. 


The picrate salt (0.4 g.) was placed on a column of alumina (12 g.) 
and eluted with benzene (100 ml., Fraction 1) and then CHCI, 
(400 ml., Fraction 2). After evaporation of solvents the free base 
was obtained from Fractions 1 and 2; 0.1 g., m.p. 125-126; A,,,. 
240 mp ( E  17,300); A,,,. 6.04 p (amide); NMR (CDCI,), 6 = 1.10, 
1.56 (HK-C-CH,, 3H, 3H, 2 singlets), 3.11 (N-CH3, 3H, singlet), 
3.02, 3.75 (N-CHZ, IH, IH, 2 doublets,J = 12.2cps.) p.p.m. 


And-Calcd. for C1gHIYCINPO: C, 69.81; H, 5.87; N, 8.57. 
Found: C, 69.44; H, 5.96; N, 8.46. 


6-Chloro-3-cyano-4-phenyl-2(lH)-quinolone (XIItCyanoacetic 
acid (4.4 g., 0.052 mole) in benzene (300 ml.) and oxalyl chloride 
(7.2 g., 0.057 mole) were stirred at room temperature for 1 hr. 
and the solution was then refluxed for 3 hr. Benzene (100 ml.) was 
distilled from the reaction mixture which was subsequently cooled 
and a solution of lIIa (10 g.) in benzene (150 ml.) was added. The 
reaction mixture was stirred for 3 hr., filtered, and the filtrate evapo- 
rated. The solid residue was dissolved in CHCI,, the solution washed 
with saturated NaHC03 followed by water, dried (NazSO1), and 
the solvent evaporated to give crude X1I (8.3 g., 69%). Recrystallira- 
tion from acetone-methanol afforded the analytical sample, m.p. 
358O; A,,,, 214, 243 mp ( E  39,200, 43,300); A,,,. 4.50 (CN); 6.02 p 
(amide). 


Am/.-Calcd. for C1&CINTO: C, 68.45; H, 3.23; CI, 12.63; 
N, 9.98. Found: C, 68.16; H, 3.37; CI, 12.45; N, 10.09. 
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The marked decrease in the rate of return of monoamine oxidase 
activity approximately 48 hr. following inhibition with pargyline 
and treatment with emetine, may be the result of the partial in- 
hibition of monoamine oxidase synthesis by emetine. According to 
the mechanism proposed by Grollman (13), protein synthesis is 
inhibited by emetine at the site of peptide bond formation, a late 
step in the synthesis sequence. It seemed relevant to use an inhibitor 
of protein synthesis which acts early in the sequence, in order to 
possibly predict some properties of the m-RNA responsible for the 
direction of MA0 synthesis. Chloramphenicol was used for this 
purpose, since it is known from the work of Weisberger (14) that 
chloramphenicol inhibits protein synthesis at the site of the attach- 
ment of the m-RNA to the ribosomes. The results of this study 
showed a complete inhibition of monoamine oxidase synthesis after 
48 hr. There was a decrease in the rate of MA0 synthesis approxi- 
mately 48 hr. following teatment with either emetine or chlor- 
amphenicol suggesting a constant lag time for the inhibition of 
protein synthesis in the rat liver. Currently, further studies on the 
synthesis of MA0 and other mitochondria1 proteins are in progress. 
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Synthesis of 2-Ethyl-3-methyl-5-morpholinomethyl- 
4-keto-4,5,6,7-tetrahydrothionaphthene 


J. SAM and J. R.  MOZINGO, JR." 


Abstract 0 The title compound was prepared and evaluated for 
central nervous system, cardiovascular, autonomic. endocrine, 
anti-inflammator) . antiallergic, and metabolic activities. No signif- 
icant activity was noted. 


Keyphrases 0 2-Ethyl-3-methyl-5-morpholinomethyl-4-keto-4,5,6,7- 
tetrahydrothionaphthencsynthesis 0 GLC-analysis 0 IR 
spectrophotometrJ-structure 0 NMR spectroscopy-structure 


Previously reported work (1) indicated that the Man- 
nich bases of 4-keto-4,5,6,7-tetrahydrothionaphthene 
possessed some degree of biological activity. The marked 
activity ( 2 )  of molindone (1) led to the synthesis of the 
closely related bicyclic thiophene (TI). 


0 


I 


The preparation of IX was carried out according to 
procedures previously described in the literature 
(3). The separation of IV and V was accomplished on 
a 91.44-cm. (36-in.) stainless steel spinning band 
column and the purity of the fractions determined via 
GLC. Yields of IV-IX were comparable to those de- 
scribed in the literature. 


Compound I1 was screened for CNS, cardiovascular, 
autonomic, endocrine, anti-inflammatory, antiallergic, 
and metabolic activities, however, no significant activity 
was noted. 


1 0 
I1 


I1 VIII IX 


Vol. 58, NO. 8,  ALrgust 1969 0 1035 







EXPERIMENTAL' REFERENCES 


2-Ethyl-3-methyl-5-morpholinomethyl-4-keto-4,5,6,7-tetrahydro- 
thionaphthene Hydrochloride (11)-A mixture of 3.0 g. (0.0155 
mole) of 2-ethyl-3-methyl-4-keto-4,5,6,7-tetrahydrothionaphthene 
(4), 0.47 g. (0.0155 mole) of paraformaldehyde, 1.92 g. (0.0155 mole) 
of morpholine hydrochloride, 1 drop of concentrated hydrochloric 
acid, and 20 ml. of ethanol was refluxed for 4 hr. A solid precip- 
itated upon cooling and was removed by filtration. After recryst- 
allizing three times from ethanol, 3.1 g. (61 %)of product, m.p. 223- 
223.5" (dec.) remained; A,,,. (KBr) 2,450 and 1, 660 cm.-I; NMR 
(D20), 1.01-1.40 (3H, t), 2.29-2.42 (3H, s), 2.55-2.98 (2H, m), 
3.05-3.38 (4H, m), 3.40-3.65 (6H, m), 4.00-4.30 (5H, m). 


Aizal.-Calcd. for C16H24CIN02S: C, 58.25; H, 7.33; C1, 10.78; 
N, 4.25; S, 9.72. Found: C, 57.96; H, 7.18; C1, 11.05; N,  4.40; S, 
9.78. 


1 All melting points were taken on a Thomas-Hoover me!ting point 
apparatus and are corrected. IR spectra were taken on a Perkin-Elmer 
137B IR spectrophotometer using potassium bromide pellets. The NMR 
spectra were determined on a Varian A-60A spectrophotometer using 
tetramethylsilane as an internal standard. Chemical shifts are recorded 
as 6 values (s = singlet, m = unrcsolvable multiplet, t = triplet). 
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8, 261(1967). 
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Quantitative Determination of Deoxyribonucleic 
Acid (DNA) in Normal and Abnormal Human Liver 


K.  G .  BHANSALI*, J. A. CLIFTON, and J. L. LACH 


Abstract 0 Normal and abnormal human livers from autopsy and 
biopsy specimens were analyzed for DNA content. It was found 
that the DNA content of young normal livers as well as cirrhotic 
livers was elevated above that obtained for normal adult livers. 


Keyphrases 0 Deoxyribonucleic acid (DNA) determination-nor- 
mal, abnormal human livers Age, cirrhosis-liver DNA contents 


The normal value of DNA content of human liver as 
well as animal liver is reported to  be relatively constant 
(1). However, Leslie (2) has shown an elevation in DNA 
content in young livers of rats and other animals. 
Therefore, it was of interest to perform the quantitative 
determination of DNA from normal and abnormal 
human livers. 


The determination of D N A  can be based on the 
analysis of one of the three components; namely, the 
phosphoric acid, the purine or pyrimidine bases, or the 
sugar. The reactivity of the functional carbonyl group of 
the pentose has been utilized as the method of choice 
(3). Moreover, in cytochemistry the carbonyl group of 
2-deoxyribose of DNA has been utilized in the feulgen 
staining reaction which is widely used in conjunction 
with microphotometric instrumentation to estimate the 
amount of DNA i n  nuclei (4). 


EXPERIMENTAL 


Human liver specimens were obtained from autopsy as well as 
biopsy from the State University of Iowa General Hospital and 
Veterans Administration Hospital of Iowa City, Iowa. 


Liver specimens were stored in the freezer as soon as they were re- 
moved from the cadavers and from the patients. and the specimens 
preserved in cold showed reproducible results. In general procedure, 
DNA of the whole tissue is extracted with trichloroacetic acid ( 3 )  
but in this study to isolate mitochondria, liver tissue was first 
homogenized in 0.88 M sucrose solution with a Teflon tissue ho- 
mogenizer (5) .  The nuclei of the liver cells were s:parated by cen- 
trifuging the liver homogecate at  600 X g for 20 min. at  4". The 
nuclear pellet was hydrolyzed in 20 ml. 5 trichloroacetic acid on a 
boiling-water bath for 30 min. using a sealed ampul bulb as a con- 
densor. The hydrolyzed nucleic acid solution was cooled and 
filtered into a 25-ml. volumetric flask. It was diluted to volume with 
5 % trichloroacetic acid. A 2-ml. aliquot of this solution containing 
about 150 mcg. DNA was assayed by the method of Webb and 
Levy (3), which is a colorimetric procedure based on the reaction of 
2-deoxypentose moiety of DNA with p-nitrophenylhydraziiie. The 
concentration of DNA was determined by using as a reference 
standard calf thymus DNA (Mann Research Co.). The results of 
the analysis are shown in Table I and Table IT. Statistical evaluation 
was by the Student t test. 


RESULTS AND DISCUSSION 


The data for 47 liver specimens are shown in Tables I and 11. 
Table 1 shows the data from the analysis of young normal livers 
and adult normal livers. The data from the cirrhotic abnormal livers 
and noncirrhotic abnormal livers, regardless of age factor are 
shown in Table 11. In reporting DNA content neither the sex (male 
or female) nor liver specimen (autopsy or biopsy) has been taken 
into consideration. Since any normal liver specimens between 2@30 
years of age were not available, it was decided to use this period of 
age as a dividing line between young and adult normal human liver. 
It is very difficult to state that a given specimen of biological ma- 
terial is normal. However, by common agreement, the histological 
appearance of biological material is used to establish normal and 
abnormal categories. In this study, the patients were divided into 
these two major groups on the basis of the histological appearance 
of the liver specimens. Those cases in which liver cells \\ere either 
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Interpretation of Percent Dissolved-Time Plots Derived from 
In Vitro Testing of Conventional Tablets and Capsules 


JOHN G .  WAGNER 


Abstract 0 It is shown that under sink conditions a percent dis- 
solved value at time t may simply be equivalent to the percent sur- 
face area generated to time t .  If this is so, then percent dissolved- 
time data may best be described by a distribution function and the 
parameters of the distribution employed to describe the data. 
Simulated percent dissolved-time data, generated by means of the 
logarithmic normal distribution function, are shown to yield ap- 
parent first-order plots. Hence, if the new concept is correct, ap- 
parent first-order kinetics, derived from in vitro dissolution tests 
on conventional tablets and capsules, may be an artifact in some 
cases. In the special case when surface area of drug available for 
dissolution decreases exponentially with time after some lag time, 
to, then first-order kinetics appear applicable to the dissolution data. 
Relationships between many of the constants in formerly derived 
dissolution rate equations and some equations derived in this re- 
port are shown. Dimensions of the constants are clarified. The new 
method of dissolution rate data examination is capable of providing 
characterizing parameters of greater potential utility than conven- 
tional treatments heretofore used. 


Keyphrases 0 Tablets, capsules-percent dissolved-time plots 
interpreted 0 First-order dissolution rate equation-sink condi- 
tions 0 Surface area effects-dissolution rates 0 Lag time-dis- 
solution rates 0 Distribution parameter, relation-dissolution 
data 


Although there is extensive literature on dissolution 
rate theory it is appropriate here to review some of the 
equations in order to show relationships between some 
of the constants and establish their dimensions. 


Quantitative Studies 


Conditions of Constant Surface Area-Noyes and Whitney (1) 
quantitatively studied dissolution by rotating cylinders of benzoic 
acid and lead chloride in water, then analyzing the solution at inter- 
vals of time. In their experiments the surface area of chemical avail- 
able for dissolution remained essentially constant. They showed that 
dissolution obeyed the equation 


(Eq. 1) 


where Cis the concentration of solute at time t ,  C. is the equilibrium 
solubility of the solute at the experimental temperature, and k is a 


dC/dt = k (C. - C )  


first-order rate constant with dimension l/time. In later experiments 
(2, 3) the surface area of solute available for dissolution, S, was 
incorporated into the equation to give 


(Eq. 2 


where kl is a constant with dimensions length2/time. It should be 
noted that k = k S  whence kl = k/S.  Brunner (4) used Fick's law of 
diffusion to establish a relationship between the constants k and kl in 
the above equations and other variables. These relationships were: 


dC/dt = ki S (Ce - C )  


k = DS/Vh (Eq. 3) 


0%. 4) kl = D/Vh 


where D is the diffusion coefficient of the solute in the dissolution 
medium, V is the volume of the dissolution medium, and h is the 
thickness of the diffusion layer. Equation 1 of Noyes and Whitney 
was written by Hixson and Crowell ( 5 )  as 


dWldt = KS(C, - C )  (Eq. 5 )  


where W is the amount of solute in solution at time i, dW/dt is the 
rate of appearance of solute in the solution at time t ,  and K is a 
constant with dimensions length/time. Equation 5 is obtained from 
from Eq. 2 by multiplying both sides by V and letting K = kl V.  By 
comparing terms we find: 


(Eq. 6) K = D/h 


Equation 5 may be written as 


dW/dt = KS/V(VC,  - W )  = k ( V C s  - W )  (Eq. 7) 


If a constant surface dosage form is studied under nonsink and non- 
reactive conditions then Eq. 7 should apply and the equation may 
be integrated to give 


W = VC, (1 - e--kt) (Eq. 8) 


Rearrangement of Eq. 8 and the taking of logarithms of both sides 
of the rearranged equation leads to: 


(Eq. 9) log (VC, - W )  = log vc, - ~ 
k t  2.303 


It should be noted that under conditions of constant surface area, 
nonsink, and nonreactive conditions, the asymptote is VC, and not 
WO (the initial amount of drug in the dosage form) or W" (the 
amount of drug ultimately dissolved at time infinity). 
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TIME, rnin. 


Figure 1-A siniulcited plot qf surface urea uuuilable ,for dissolutiorr 
versus time generated with the logarithmic normal distributiori ,futic- 
tion. See E.wmple nh. I iri Experimental section for details. 


Under sink conditions (i.e.,  C << C,, usually C 5 O.lOC,) Eq. 5 


dW/dt = KSC, (Eq. 10) 


Equation 10 indicates that if surface area is held constant under 
sink and nonreactive conditions then rate of dissolution is constant 
(i.e.: kinetics are zero-order). Equation 10 may be integrated to 
give: 


simplifies to: 


W = KSC, t (Eq. 11) 


Equation 11 indicates that under these conditions a plot of W uer- 
sus t will yield a straight line with slope equal to KSC,. 


After a study of drug release from nonconventional tableted wax 
matrices under sink conditions Schwartz et al. (6) showed that linear 
plots were obtained when the amount of drug released per unit 
surface area of the disk exposed to the solvent was plotted against 
the square root of time. This type of plot was based on the T. Hi- 
guchi equation (7) for release of drug from an insoluble, inert matrix. 
In the previous symbolism of this report this equation is: 


where E is the porosity and T is the tortuosity of the matrix, A is the 
concentration of solid drug in the matrix, and the other symbols 
have the same meanings as defined above. These authors also showed 
that when log ( W“ - W )  was plotted cersus t the terminal points 


appeared to fall on a straight line but the initial points (early time 
values) formed a curve above the line. 


Conditions of Variable Surface .4rea--Hixson and Crowell 
( 5 )  showed that if there is no change in shape of solid during dissolu- 
tion, the surface area can be related to weight of undissolved drug by 
means of shape-volume factors and they derived their well-known 
“cube root law.” The contributions of these amd many other in- 
vestigators to dissolution rate theory have been reviewed by several 
authors (8-1 1). 


In 1959, Wagner (12) showed that most sustained-action dosage 
forms, for which release-time data had been reported in the literature 
hithertofore, released their contained drug to fluids in the i~ uitro 
tests at pseudo- (or apparent-) first-order rates. This concept was 
extended to conventional tablets by Schroeter et a/. (13). Subse- 
quently, it has become rather common practice to plot data derived 
from dissolution rate studies on conventional tablets and capsules in 
conformity with first-order kinetics. Usually the percent drug notdis- 
solved (i,e.,  100% - dissolved) is plotted on the logarithmic scale of 
semilogarithmic graph paper against time in minutes on the abcissa. 
Frequently the data points are nonlinear in the early time period, 
but, at later times, a straight line usually may be fitted to the data 
points. Such apparent first-order plots are obtained under sink con- 
ditions, as has been pointed out by Gibaldi and Feldman (14). 
However, the dissolution of a quantity of drug, from a dosage form 
which releases drug in a quantity of solvent which is just sufficient to 
dissolve the total amount of drug in the dosage form, may obey 
apparent second-order kinetics (14, 15). 


THEORETICAL 


New Approach to Derivation of the First-Order Rate Equation- 
For the case when there are sink conditions and surface area varies 
with time one may assume that during the first-order phase of disso- 
lution the surface area available for dissolution decreases exponen- 
tially with time. That is, one may assume: 


s = Sor-ks(t-ia) 0%. 13) 


here So is the surface area available for dissolution at the time when 
the apparent first-order dissolution phase commences at the time to .  
Substitution for S in Eq. 10 from Eq. 13 yields 


dW/dt = KC,Soe-%(t-’o) for t > - 0  t (Eq. 14) 


Integration of Eq. 14 gives 


w = w t ,  + K c,so 11 - e--k,.(--tu)] = wt, 
ks + M[1 - e-”Jt--l0)] for t 2 t o  (Eq. 15) 


where Wl,  is the amount dissolved at time to  and M = (K/ks)C,So 
and has dimension of mass. Thus, W” = W,,  + M where W“ is 
the amount in solution at infinite time: rearrangement of Eq. 15 
and substitution of W“’ for W t ,  +M>ields: 


W“ - W = A ~ e - J ~ s ( ~ - ‘ o )  for t 2 to  (Eq. 16) 


Taking logarithms of both sides of Eq. 16 gives Eq. 17. 


k 
2.303 log (W” - W )  = log M - ( t  - fa) for t 2 to (Eq. 17) 


where W” - W is the amount not dissolved from the dosage form. 
Equation 17 provides a basis for the apparent first-order plots 
mentioned above. A similar equation to Eq. 17 was derived by 
Gibaldi and Feldman (14). In their derivation they assumed that the 
surface area was proportional to the weight of undissolved drug, 
i.e., S 0: ( W” - W ) .  A similai assumption was made by Raghuna- 
than and Becker (1 5 )  in their derivation of a second-order rate equa- 
tion. 


New Approach to Interpretation of Percent Dissolved-Time Plots- 
It is feasible that the apparent first-order plots obtained from in citro 
testing of conventional tablets and capsules are artifacts. The scheme 
usually written for the processes involved in such in uitro tests is as 
follows : 


drug in disintegration drug in small dissolution drug in 
.+ solution dosage form -+ particles 


Slieme 1 
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Such sequential schemes imply that dissolution does not occur until 
the drug is in fine particle form. A modification of the scheme of 
Aguiar et a/ .  (16) seems more appropriate and is shown as Scheme 
11. 


drug in disintegration drug in deaggregation drug in small 
1 % 


dosage form aggregates particles 


dissolution dissolution 


\ drug in ,/ 
solution 


Scheme I1 


For example, consider a conventional tablet being added to the 
dissolution medium. Scheme I1 indicates that dissolution of drug 
occurs not only from the small particles but also from the intact 
tablet and the aggregates or granules produced after disintegration. 
For such a scheme one would expect the surface area of drug avail- 
able for dissolution to be essentially zero at zero time (since the in- 
tact dosage form presents essentially no surface area compared with 
the surface area eventually generated), then the surface area would 
increase with increase in time, eventually reach a maximum, then fall 
off  progressively with time until S = 0 at t = m. 


Under sink and nonreactive conditions one would expect Eq. 10 
to hold for each instant of time during the entire process. One may 
then integrate Eq. 10 between limits t = 0 and t = T to yield: 


T 


W = KC, S(t)dt 0%. 18) 


where W is the amount of drug dissolved to some particular time T 
and the integral represents the cumulative surface area which has 
been made available for dissolution from time zero to the particular 
time T. By analogy, at infinite time we obtain: 


W" = KC, S(t)dt (Eq. 19) 


Hence, 


[ * S ( f ) d f  


J o  
surface area gen- 


erated to time i" of 
total surface gen- i (Eq. 20) 1 . erated 


Thus, one may interpret each ordinate value of a percent dissolved- 
time plot as equivalent to the ratio of the cumulative surface area 
which has been made available for dissolution up to that time to the 
total surface area which is made available during the entire test 
multiplied by 100. In the special case when: 


then first-order kinetics would be observed after the lag time to.  
However, in other cases when Eq. 21 does not hold one would not 
expect true first-order kinetics. How then may one explain the 
apparent first-order plots frequently obtained from in aitro data? It 
is feasible that the answer to this question is that such plots are 
artifacts and arise only because Eq. 13 is an approximation to the 
S(t), t values past the peak of the S(r). t plot, or, in other words, that 
Eq. 17, after conversion to percentage values, yields an approxi- 
mation to the percent dissolved time data. It is extrem-ly important, 
however, to realize that if this is true, then there is no fundamental 
first-order process involved as in chemical kinetics. Rather, Eq. 20 
indicates the fundamental principle generating the data. 


Assuming the validity of Eq. 20 one may then use the percent 
dissolved-time data directly to determine the distribution of surface 
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Figure %The data of Fig. 2 plotted in first-order kinetic fashion. 
See Eq. 26 and text nearby for interpretatioti. 


area available for dissolution during the in ritro test procedure. 
Scheme I1 and the text pertaining to it indicates one may expect a 
distribution of surface area with the following properties: (a)  the 
range of surface area would be expected to be closed at the lower 
end, for example by zero or significant surface area would appear 
after some lag time required for the capsule shell to break or dissolve 
or a tablet to start disintegrating; (b) the density function (deriva- 
tive) plot should rise steeply, reach a peak then fall off more slowly 
than the rise of the up part of the curve, i.e., an asymmetric distribu- 
tion; and (c )  effectively open at the upper end but with the cumula- 
tive plot reaching an asymptote. The most common types of dis- 
tributions having these properties are the logarithmic normal 
distribution and the logarithmic logistic distribution (17-22). How- 
ever, the distribution of surface area generated by such a process 
may well be described in some cases by other distribution laws or 
empirical equations (20), or, of course, the data may not adhere to 
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Figure &Four sirnuluted percent dissolved versus time plots gene- 
rated with the logarithmic normal distribution function. F e a i l s  
see Exumpfe No. 2 of Experimental section. In each case logmX = 
0.4771 (antilog is 3.00, corresponding to T:07). Key: 


__ 
Code 6 1 0  alolloglox 
A 0.04771 0 .10  
B 0.1193 0 . 2 5  
C 0,2386 0.50 
D 0.4771 1.00 
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Figure 5-The data of Curues A and D of Fig. 4 plotted in first- 
order kinetic jiuhion. See Eqs. 27, 28, and 29 and text nearby for 
interpretation. 


any known distribution function. Both logarithmic normal probabil- 
ity graph paper and logarithmic logistic ruling paper are available 
commercially (23). To test the theoretical Eq. 20 one would simply 
plot the cumulative percent dissolved values on the probability scale 
(ordinate) uersus the corresponding time values on the logarithmic 
scale (abscissa). If the data are described by the corresponding 
distribution function then the points should fall randomly about a 
straight line which could be drawn through the points. In the case of 
logarithmic normal graph paper an estimate of the median time may 
be obtained by reading the time corresponding to the 50 % point ; an 
estimate of the SD may be obtained from the 16,50, and 84% points 
by appropriate conversion of the time values to their logarithms 
then taking differences. Equations appropriate to the logarithmic 
normal distribution are given by several authors (17, 18, 20, 24). 
Equations appropriate to the logarithmic logistic distribution are 
given by Berkson (22). 


EXPERIMENTAL 


In order to test whether the logarithmic normal distribution may 
explain many of the observations made from percent dissolved-time 
plots generated from in uitro testing of conventional tablets and cap- 
sules some log-normal distributions were generated and the data 
plotted in several ways. Data were generated as follows. 


Let 


log XE, log XEl, and log XEZ represent abscissa values at the end 


log XM represent abscissa values at the mid points of intervals; 
l F X  represent the average of the logarithms of the X values ; 
ul0 represent the SD in log base 10 units; 
2 represent the number of SD's measured from the median of 


the standard normal distribution (usual range is - 3  to f3); 
NQ, A'(-%), and A'(&) be values of the areas under the standard 


normal distribution curve from - m to 2, Zl, and Ze,.re- 
spectively (see Table I, p. 392 of Reference 24 or other statistical 
textbooks); 


of intervals ; 


Y represent the value plotted on the ordinate scale. 
Then, 


__. 


XB = antilog [ulo 2 + log xl (Eq. 22) 


A set of X E  and YE values generated by means of Eqs. 22 and 
23 will yield a linear plot when plotted on logarithmic normal 
probability graph paper and a plot such as shown in Figs. 2 and 4 
when plotted on Cartesian coordinate graph paper. The plots illus- 
trated in this report were prepared by employing 14 values ofZrang- 
ing from -2.6 to +2.6 with increments of 0.4. 


To prepare density function (derivative) plots, as illustrated in 
Fig. 1 one uses the data generated by means of Eqs. 22 and 23 as 
follows: 


XM = antilog [ _ _ ~  2 ] (Eq. 24) 


(Eq. 25) 


where Zn is the total number of items and was taken as 58 for Fig. 1 
and as 100 in other cases. 


Example No. 1-log X was taken as 0.7102, ul0 was taken as 
0.1263, and Zn was made equal to 58. Eqs. 22-25 yielded the 
simulated data shown in Fig. 1. The YM values from eq. 25 are 
plotted as surface area available for dissolution on the ordinate and 
the XM values from Eq. 24 are plotted as time values on the ab- 
scissa. 


Applying Eq. 20, the curve shown in Fig. 2 was obtained. Here 
the YE values obtained with Eq. 23 are plotted as percent dissolved 
on the ordinate and the XE values obtained with Eq. 22 are plotted 
as time values on the abscissa. The striking similarity between this 
simulated curve and many real percent dissolved-time plots is at 
once apparent. 


Figure 3 is a plot of (100 % - dissolved) on the logarithmic scale of 
semilogarithmic graph paper uersus time in minutes. That is, Fig. 3 
is a plot of the same data as shown in Fig. 2. That portion of the data 
shown in Fig. 1 from the peak onward yielded an apparent straight 
line in Fig. 3. Least squares linear regression gave the equation: 


log (100% dissolved) = 3.5498 - 0.34671, (Eq. 26) 


for the terminal sixpoints. The coefficient of determination was 0.997 
indicating that 99.7 % of the variance of the ordinate values could be 
accounted for by differences in the abscissa values. The apparent 
fist-order rate constant is 0.798 min.-l. However, it is obvious that 
first-order kinetics are really not involved here at all. Figure 3 is 
really an artifact. 


Example No. 2-Four log-normal distributions were generated- 
all having the same median. In each case log X was 0.4771 with an 
antilog of 3 min. corresponding to the median. Values of u10 equal to 
0.04771,0.1193, 0.2386, and 0.4771 were used for the four distribu- 
tions such that the ratios ulo/log X were 0.10, 0.25, 0.50, and 1.00, 
respectively. The cumulative plots on Cartesian coordinate graph 
paper are shown in Fig. 4. As the SD increases from Curve A 
through Curve D the curves lean more and more and the apparent 
lag time decreases-but all four curves pass through the same point 
corresponding to 50% dissolved at 3 min. The latter value is com- 
parable to the TSo9. value of a real percent dissolved-time plot. 


Semilogarithmic plots of (100% - dissolved) uersus time for the 
data corresponding to Curves A and D are shown in Fig. 5. Curve 
A of Fig. 4 gave an apparent linear semilogarithmic plot in the range 
72.5 to 1.4% not dissolved. Least-squares linear regression gave the 
equation : 


log (10Oz dissolved) = 6.7716 - 1.69651, (Eq. 27) 


from the terminal eight points. The coefficient of determination was 
0.972 and the corresponding apparent first-order rate constant was 
3.91 min.-I. Data from Curve D of Fig. 4 appeared to yield two 
apparently linear segments in Fig. 5. The first segment (early time 
values) gave the equation : 


log XEZ - log xE1 


YM = Zn [N(Zz) - N(Zl)] 


__ 


~ 


__ 


log (100x - dissolved) = 2.0210 - 0.1031t, (Eq. 28) 


with a coefficient of determination of 0.996. The second (later time 
values) gave the equation: 


log (100% - dissolved) = 1.3677 - 0.036821 (Eq. 29) 


with a coefficient of determination of 0.998. The apparent first-order 
rate constants were 0.237 and 0.0848 min.-l, respectively. 
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The fact that real percent dissolved-time data sometimes yields 
two apparent first-order rates was discussed by Gibaldi (25). How- 
ever, if the interpretation suggested by Eq. 20 is correct, then the 
first-order rate constants in such a case are really artifacts. The data 
shown in Figs. I ,  2 and 4 are best described by the medians and the 
SD’s which are parameters of the log-normal distributions and not 
by the apparent first-order rate constants obtained by plotting the 
data as shown in Figs. 3 and 5. 


DISCUSSION 


Eqs. 18, 19, and 20 may not be exact in application to con- 
ventional tablet or capsule dissolution rates for at least two reasons. 
First, wetting phenomena may in large part be responsible for the 
initial “foot” observed in many percent dissolved-time plots. Many 
other factors are also involved initially when the dosage form disin- 
tegrates. Hence the equations cited and the laws of probability may 
not be strictly valid for the very early part of the dissolution curve. 
Secondly, Higuchi and Hiestand (26) and Goyan (27) have pointed 
out that the effective diffusion layer thickness, k, may change with 
particle size, hence Kin Eqs. 18 and 19 may not truly be a con- 
stant. However, one would expect the greatest change in K ,  if it 
occurred, to occur near the end of the dissolution process when the 
fine particles are very small in size. 


By a new method using thermal analysis Nogami et al. (28), 
Nakai and Kubo (29), and Nakai (30) have been able to obtain plots 
of surface area versus time during disintegration and dissolution of 
compressed tablets. In general their treatment and data support the 
applicability of Eq. 20 to conventional tablets and capsules. Also, 
their plots of surface are versus time obtained by the thermal analy- 
sis method have an asymmetrical shape analogous to Fig. 1 which 
suggests a possible linearization on logarithmic probability graph 
paper. 


Preliminary trials indicate that real percent dissolved-time data 
frequently yield linear plots on logarithmic normal graph paper. 
Examples are as follows. Wood (31) reported on the dissolution rate 
of aspirin from a commercial tablet (Bufferin) in 0.1 N HCI, 0.01 N. 
HCI and pH 7.5 buffer at both a slow stirring speed (30 r.p.m.) and 
a fast stirring speed (440 r.p.m.). Five of the six sets of data he re- 
ported give straight lines on logarithmic probability graph paper 
when the percent dissolved values are plotted on the probability scale 
and the time values on the logarithmic scale. The exception was the 
pH 7.5 buffer-440 r.p.m. data which gave a curved line on loga- 
rithmic probability paper but a single straight h e  when the data 
were plotted in first-order fashion. The dissolution of griseofulvin 
from capsules and tablets in simulated intestinal fluid provided data, 
reported by Katchen and Symchowicz (32), which gave linear plots 
on logarithmic-probability graph paper. Castello et al. (33) reported 
average percent dissolved-time data for dissolution of twenty indi- 
vidual potassium chloride tablets in pH 7.2 buffer when tested in a 
new multiple testing station apparatus. These average values gave a 
linear logarithmic-normal probability plot. 


The author is offering the distribution plot concept as another 
possible way of evaluating percent dissolved-time data derived from 
the testing of conventional tablets and capsules. If such data is lin- 
earized, for example, by plotting on logarithmic-probability graph 
paper then all the data derived from a given test may be described 
adequately by the parameters of the distribution such as the median 
and SD in the log-normal case. These parameters may then possibly 
be used to correlate with in vivo data. The importance of this con- 
cept with respect to establishment of official rate of dissolution 
standards and in vitro-in vivo correlations is, therefore, evident. For 
example, the Ts0% value above would provide an inadequate de- 
scription of each set of data shown in Fig. 4. However, if these data 
were plotted on logarithmic-probability graph paper, the estimated 
median (Tso,) and the SD of each distribution would provide 
adequate descriptions. Another advantage is that, if the data are 
linearized by logarithmic-probability graph paper, one may readily 
read off any desired value such as Tx0%, Tso%. Tw%, etc. 


The author does not intend to imply that first-order plots for 
tablet and capsule dissolution are “out.” If data provide single 
component first-order plots which go through the origin point 
(100% on logarithmic scale) or very near it then such plots provide 
an adequate description. Also such data would give a curved line on 


logarithmic-probability graph paper. However, there are many sets 
of percent dissolved-time data which yield very poor first-order plots 
and frequently there appears to be two first-order components; an 
example is the data of Wood (31) cited above. In these cases the trial 
of a distribution plot such as the use of logarithmic-normal prob- 
ability graph paper may be worthwhile. As pointed out, the true 
distribution will be complex, and generally indeterminate, but often 
approximated within fixed limits by such distributions as cited. The 
author wishes to caution against claims of absoluteness of a calcu- 
lated distribution shape (and differences) based upon fortuitous fits 
of data to a specific theoretical distribution. 
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Determination of Trace Amounts of Selenium in Pharmaceuticals 


HANNAH R. KLEIN, ROBERT H. KING, and WILLIAM J. MADER 


Abstract 0 A quantitative method for the determination of less 
than 30 p.p.m. selenium in organic sulfur-containing drugs has 
been developed. The procedure utilizes oxygen flask combustion 
for decomposition of the organic matter and colorimetric mea- 
surement of selenium after reacting with 2,3-diaminonaphthalene, 
a specific complexing agent for selenium. At the level of 30 p.p.m., 
better than 90% recovery is obtained. The method is rapid, spe- 
cific, and free from interferences. 


Keyphrases 0 Selenium determination-trace amounts 0 Oxygen 
flask combustion, organic material-selenium determination 0 
Colorimetric analysis-spectrophotometer 2,3-Diaminonaphtha- 
lene--color reagent 


The heavy demand for sulfur has resulted in a down- 
grading of the quality of the sulfur used with the result 
that some sulfur can contain up to  0.5 % selenium. Con- 
sequently, drugs which contain sulfur, or where sulfur- 
containing compounds are used in the manufacture, 
may be contaminated with selenium. In  addition some 
drugs require selenium or its compounds in the manu- 
facturing process. Selenium is a toxic element with the 
same order of toxicity as arsenic, however some in- 
vestigators (1, 2) suggest that it is essential for some 
animals under defined conditions. The necessity of con- 
trolling the quantity of selenium in drugs is evident. 


Many methods are reported in the literature for the 
determination of selenium in organic and biological 
materials (2). For compendia1 purposes it was necessary 
to  select a procedure that would have a wide range of 
applicability and which would not require unusual 
equipment. X-ray fluorescence ( 3 )  was considered to  be 
out of the realm of most laboratories at  the present, as 
is atomic absorption (4-6). It was therefore necessary 
to  select the best procedures for digestion of the sample 
and colorimetric measurement, and then to  apply the 
selected procedure to the determination of selenium in 
those compounds which will be official in USP XVIII 
and NF XI11 which might be contaminated with 
selenium. 


PROCEDURES 


Digestion-Wet ashing techniques have been widely used for de- 
struction of the organic material prior to trace element determina- 
tion. A study of wet digestion procedures prior to selenium analysis 
was carried out by Gorsuch (7) using isotope tracers to determine se- 
lenium recovery. The oxidation mixtures examined were (a) nitric and 
perchloric acids; (b) nitric, perchloric, and sulfuric acids; and(c) nitric 
and sulfuric acids. Wet digestion using nitric and perchloric acids was 
found to be most suitable to prevent losses of the element. Difficul- 
ties in the recovery of selenium after the destruction of organic 
material by wet ashing have been reported; Fogg and Wilkinson (8) 
reported losses using nitric and sulfuric acids but were able to obtain 
complete recovery using perchloric acid. Klein (9) recommended a 
partial oxidation with mercuric oxide present to “fix” the selenium. 
Grant (10). Cousins ( I  I ) ,  and Watkinson (12) have all reported the 
successful use of nitric-perchloric acid mixtures for digestions of 
various biological tissues. A mixture of nitric and perchloric acids, 
and hydrogen peroxide is used by the Food Chemicals Codex (FCC) 
(13) for the digestion of several organic and inorganic chemicals. 
However, in all work reported with acid hydrolysis of the sample, 
losses are prevented only if the conditions of the digestion are care- 
fully controlled and the sample is heated slowly without charring 
until all selenium has been converted to selenite. The recovery of 
selenium is low if the perchloric acid is concentrated to the stage 
when it becomes yellow through autodecomposition, which at this 
point is accelerated by even 0.5 mcg. of selenium. This is complicated 
by the fact that the yellow color of incompletely oxidized samples 
after removal of nitric acid can be confused with the yellow decom- 
position products of the acid. 


The difficultly oxidizable nature of the organic sulfur-containing 
drugs precludes the use of wet digestion techniques as the organic 
material cannot be completely removed until the temperature of 
digestion is raised to a point where excessive losses of selenium occur. 


PROCEDURES 


Combustion-Combustion in a closed system to eliminate volatili- 
zation losses of selenium was first reported by Gutenmann and Lisk 
( 14) who determined selenium in oats using oxygen flask combustion 
for destruction of the organic material. The oxygen flask technique 
has since been studied and/or improved by other workers. Dye ei al. 
(1 5) studied oxygen flask combustion for a variety of plant and ani- 
mal tissues, determining the selenium recovery by radiotracer 
techniques and using water, HCI, and NaOH as absorbing media. 
Allaway and Cary (16), Watkinson (17), Cukor et a/ .  (18), and Taus- 
sky el al. (19) have reported successfully on the use of the oxygen 
flask technique. 
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The advantages of oxygen flask combustion over the classical 
methods of wet digestion, particularly in the analysis of selenium, 
are clear. (a) A small sample, 100-200 mg., is oxidized in a 1-1. 
flask. This is much more convenient and rapid than the digestion of a 
large sample in acid media. (b) As mentioned above, complete oxida- 
tion without loss of selenium is impossible for many of the com- 
pounds under study by wet digestion methods. Every compound 
tested was completely oxidized in a matter of minutes by the oxygen 
flask technique. Those compounds which do not burn cleanly may be 
made to do so with the addition of magnesium oxide prior to com- 
bustion. (c) Interferences from contaminants or from the digestion 
mixture itself are removed easily and effectively with the oxygen 
flask technique. (d) The time of analysis is materially decreased. 


COLORIMETRIC METHODS FOR DETERMINATION 
OF SELENIUM 


Colorimetric methods of measuring selenium include the original 
method of Robinson (20) who estimated the red color of elemental 
selenium, which has been used by others after separation of the sele- 
nium and reduction to the elemental state, generally with ascorbic 
acid (21). The elemental selenium is estimated visually either colori- 
metrically or nephelometrically. 


The discovery of 3,3'-diaminobenzidine (DAB) by Hoste and 
Gillis (22) as a specific complexing agent for selenium has led to 
the sensitive spectrophotometric measurement of selenium traces. 
The analytical method developed by Cheng (23) using DAB for 
fluorometric measurement has been the most widely used technique 
for the determination of trace quantities of selenium, This reagent 
suffers from several disadvantages. (a) It contains two pairs of 
o-diamine groups only one of which reacts with selenium under the 
conditions of the test, so that the resulting piazselenol complex is 
basic and can only be extracted from aqueous solution into organic 
solvents by increasing the pH of the solution. This complicates the 
analytical procedure and necessitates the addition of a suitable com- 
plexing agent for the removal of interfering substances, especially 
metals whose hydroxides are precipitated in neutral or alkaline 
media. (b) The compound DAB has been reported to have carcino- 
genic properties (24) and its use should not be indiscriminate. 


Parker and Harvey (25) investigated the reaction of selenous acid 
with a number of aromatic o-diamines, and found 2,3-diamino- 
naphthalene (DAN) to form a piazselenol which exhibits a higher 
fluorescence efficiency and extinction coefficient than DAB. In 
addition DAN will react with selenium in acid solution and can be 
extracted from the acid solution into organic solvents with no diffi- 
culty. While the reaction time is increased with DAN rather than 
DAB, no manipulations are necessary after the reaction, and this, 
along with the increased sensitivity has led the authors to choose 
DAN for the determination. 


EXPERIMENTAL 


Standard Selenium Solution-Transfer 120.0 mg. of pow- 
dered metallic selenium to a 1000-ml. volumetric flask, add 100 
ml. of dilute nitric acid (1 in 2), warm gently on a steam bath to 
effect solution, and dilute to volume with distilled water. Dilute 
5.0 ml. of this solution to 200.0 ml. with distilled water, and mix. 
Each milliliter of this solution contains 3 mcg. of selenium. 


DAN Reagent-2,3-Diaminonaphthalene, 0.1 % (Aldrich Chem- 
ical Co.) in 0.1 N HCl containing 0.5% hydroxylamine hydro- 
chloride, without using heat to effect solution. This solution must 
be freshly prepared. Hydroxylamine hydrochloride is added to 
prevent the oxidation of 2,3-diaminonaphthalene. It may be safely 
used as it is not a strong enough reducing agent to reduce the 
selenium (26). 


Cyclohexane-Spectrograde cyclohexane is used without puri- 
fication. 


Apparatus-Schoniger flask, 1-1. capacity, Thomas-Ogg modifica- 
tion.' Rinsewith dilute nitric acid (1 : 1) followed by distilledwater be- 
fore use. Platinum sample carrier, black ignition papers, cellophane 
0.003-cm. (0.001-in.) thick for wrapping samples or a suitable pellet 
press, and a Thomas-Ogg remote Infrared Safety Igniter' (or other 
suitable ignition device). 


Spectrophotometric measurements were made using either a 
manual2 or recording3 spectrophotometer. 


Available from Arthur H. Thomas Co. 
Beckman DU. 


:' Cary model 14. 


Procedure-Using the sample size specified for the individual 
compound, either 200 or 100 mg., suitably wrap the sample and 
place on a paper fuse in the platinum basket. Place 25 ml. of 0.5 N 
HNOI in the combustion flask, and with the stopper and basket 
beside the flask, direct a rapid stream of oxygen into the flask while 
swirling gently to aid in the removal of all air. Quickly insert the 
stopper, with sample carrier, into the flask and seal with a few drops 
of distilled water placed on the rim of the flask, then clamp the 
stopper in place. Ignite the sample and when combustion is com- 
plete agitate the flask vigorously and intermittently until all com- 
bustion gases have been absorbed. Transfer the liquid to a 150-ml. 
beaker rinsing the flask with about 25 ml. of distilled water. Place the 
beaker on a hot plate and warm gently to the boiling point. Digest 
for 10 min., then remove from heat and allow the solution to cool to 
room temperature. 


Transfer 2.0 ml. of standard selenium solution to a 150-ml. 
beaker and dilute with 50 ml. of 0.25 N HNOI. 


Adjust the pH of the sample, standard, and of a reagent blank 
consisting of 50 ml. of 0.25 N HN03, to 2.0 & 0.2 with diluted am- 
monium hydroxide (1 in 2). Add 200 mg. hydroxylamine hydro- 
chloride to each beaker, swirl gently until dissolved, and then, with- 
out delay, add 5 ml. of DAN reagent to each beaker, mix well, 
cover the beaker with a watchglass, and allow to stand for 100 min. 
at room temperature. Transfer each solution to a separator, rinse 
each beaker with about 10 ml. of water, and add the rinsings to the 
separators. Add 5.0 ml. cyclohexane to each separator and extract 
with vigorous shaking for 2 min. Allow the layers to separate, dis- 
card the aqueous phase, transfer the cyclohexane extract to a glass- 
stoppered centrifuge tube, and centrifuge to remove all traces of 
water. Transfer the extract to a 1-cm. cell and determine the ab- 
sorbance at the peak of maximum absorbance at about 380 mp 
against a cyclohexaiie blank (see Fig. 1). 


RESULTS 


The drugs tested are listed in Table I with the conditions of com- 
bustion. No errors, due to interferences were found in any of the 
samples. In all cases less than 3 p.p.m. selenium were found. How- 
ever it must be pointed out that the samples analyzed were only 
from one manufacturer. and only one lot was tested so that the 
results obtained are not necessarily indicative of contamination 
levels. 


Calibration standards were run repeatedly over several months. 
The absorbance peak (see Fig. 1) was found to be linear with con- 
centration in the range of 1-12 mcg. selenium, as the piazselenol, in 
5.0 ml. ofcyclohexane. 


Recovery of Added Selenium-At the level of 30 p.p.m. better 
than 90% of added selenium is recovered. Prior to combustion 6 
mcg. of selenium were added to a few of the drugs, selected at ran- 
dom, and recoveries obtained were as follows: 


Compound 
Acetazolamide USP 
Calcium cyclamate NF 
Menadione sodium bisulfite NF 
Methapyrilene hydrochloride NF 
Methdilazine NF 
Sodium saccharin NF 
Sodium sulfoxone USP 
Sodium thiopental USP 
Sulfadiazine USP 


Recovery of 
Added 


Selenium, % 
99 


100 
97 
91 
98 


101 
100 
104 
92 


Precision-The accuracy of the method was tested on seven 
replicate analyses of a mixture of acetazolamide which had been 
spiked with 30 p.p.m. selenium. The average recovery obtained 
was 99.6% with a & 8 . 4 x  SD (=!=2.5 p.p.m.). Using a sample of 
methdilazine, combusted with magnesium oxide, to which 30 p.p.m. 
selenium were added, an average recovery of 99.7 with a ~ k 7 . 5  % 
SD (f2.3 p.p.m.) was obtained on seven replicate analyses. 


DISCUSSION 


For oxygen flask combustion in a 1-1. flask a sample size of 200 
mg. was chosen. While this was found suitable for most of the com- 
pounds, difficulty in obtaining complete combustion was encoun- 
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Table I-Conditions of Combustion for Drugs Tested 


Compound 


Amount 
Sample MgO if 
Size, Added, 
mg. mg. 


Acetazolamide USP 
Acetohexamide NF 
Acetylsulfisoxazole NF 
Amaranth USP 
Bendroflumethiazide NF 
Benzthiazide NF 
Calcium cyclamate NF 
Calcium saccharin NF 
Chlorothiazide NF 
Chlorpropamide USP 
Cyclothiazide NF 
Dapsone USP 
Dichlorphenamide USP 
Dimercaprol USPa 
Evans blue USP 
Hydrochlorothiazide USP 
Hydroflumethiazide NF 
Hydroxystilbamadine isethionate USP 
Menadione sodium bisulfite NF 
Mercaptopurine USP 
Methapyrilene HCI NF 
Methazolamide USP 
Methdilazine NF 
Methdilazine hydrochloride NF 
Methimazole USP 
Methionine NF 
Methotrimeprazine NF 
Methylthiouracil NF 
Phthalylsulfathiazole USP 
Polythiazide NF 
Potassium guaiacolsulfonate NF 
Probenecid USP 
Prochlorperazine edisylate USP 
Promazine hydrochloride NF 
Propylthiouracil USP 
Saccharin USP 
Sodum acetazolamide USP 
Sodium cyclamate NF 
Sodium glucosulfone injection U S P  
Sodium indigotindisulfonate USP 
Sodium methiodal NF 
Sodium saccharin NF 
Sod urn sulfacetamide USP 
Sodium sulfadiazine USP 
Sodium sulfamerazine NF 
Sodium sulfoxone USP 
Sodium suramin USP 
Sodium thiamylal NF 
Sodium thiopental USP 
Stibophen USP 
Succinylsulfathiazole USP 
Sulfacetamide, NF 
Sulfadiazine USP 
Sulfadimethoxine NF 
Sulfaethiodole NF 
Sulfamerazine USP 
Sulfarnethazine USP 
Sulfamethizole NF 
Sulfamethoxazole NF 
Sulfamethoxypyridazine USP 
Sulfapyridine USP 
Sulfisoxazole USP 
Thiethylperazine maleate NF 
Thioguanine NF 
Thiotepa USP 
Tolbutamide USP 
Trichlormethiazide NF 
Trimethaphan camsylate USP 
Trimethidinium methosulfate NF 


200 
100 
200 
200 
100 
100 
200 
200 
200 
200 
200 
100 
100 
100 
200 
200 
200 
200 
200 
100 
100 
200 
100 
100 
200 
200 
100 
200 
200 
200 
200 
100 
100 
100 
200 
100 
200 
200 
200 
100 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
100 
200 
200 
100 
200 
100 
200 


100 


100 
100 


100 
100 
100 


100 
180 


100 
100 


100 


100 
100 
200 


100 


100 


100 


100 


100 


a This sample is liquid and must be triturated with MgO to evenly 
distribute the sample. Capsule combustion cannot be used. b This 
sample, an injection, is not subjected to combustion but is run directly. 
No interferences are encountered. 


tered with some of the samples. In these cases the use of a 100-mg. 
sample mixed with magnesium oxide was found to produce a clean 
burn. Unfortunately, it cannot be predicted when magnesium 
oxide will be required. While the oxide could be used in all cases, it 


0.5 1 
i 0.4 


350 375 400 
WAVELENGTH, m p  


425 


Figure 1-Absorption spectrum of selenium standard: (a )  standard 
contuiiiing 6 mcg. selenium as the piuzselenol, in 5 mf. cyclohexane; 
(b)  reagent blunk. 


is not routinely recommended because it somewhat reduces the 
sensitivity of the method. Compounds which contain water of 
hydration or more than 1 moisture will often, depending on the 
crystalline structure, not burn smoothly and tend to spatter bits of 
unburned material on the sides of the flask. To obtain a smoother 
combustion these materials should be powdered and dried at 140" 
for 2 hr. to remove all moisture prior to combustion. With a limit of 
30 p.p.m. the standard for a 200-mg. sample produces an absorbance 
of about 0.350 at the peak. 


It must be stressed that a clean combustion is necessary in order 
to obtain complete recovery of selenium. Despite results obtained 
by Allaway and Cary ( 1  6)  which indicate that bits of unburned mate- 
rial do not retain selenium, presumably because the temperature of 
combustion is high enough to cause volatilization of selenium, the 
best recovery obtainable in these circumstances has been about 70 %. 


Previous workers using the oxygen flask technique have employed 
HCl as the absorbing liquid, and in this study this was tried at first. 
However recovery of added selenium was found to range from 1& 
50% with many of these drugs. It is probable that this is due to 
large amounts of sulfur dioxide formed in the combustion gases 
which may serve to reduce the selenium. As shown by the work of 
Cukor and Lott (26), in their study of the kinetics and mechanism 
of the reaction between selenium and the DNA reagent, the reaction 
takes place between the monoprotonated 2,3-diaminonaphthalene 
and selenous acid as : 


Q- 
I 


+ + HO-S+-OH -+ 


H 
I 


The nitric acid treatment is included to insure that all selenium 
present will be in the proper oxidation state to react and thus be 
detected. 


This was first shown when a selenium contaminated sample 
known to contain between 35&450 p.p.m. Se was run using HCl as 
the absorbing liquid. A recovery of 100 p.p.m. or about 25% was 
obtained. When nitric acid was used as the absorbing liquid 414 
p.p.m. were detected. However, the nitric acid media after absorp- 
tion of combustion gases possesses a strong oxidizing nature and 
may oxidize the DAN reagent, leading to a high background absorb- 
ance in combusted samples. In order to minimize the possibility of 
high blank readings hydroxylamine hydrochloride is added to the 
solution before the addition of the reagent. 


Commercially available DAN was suitable for use without further 
purification. Due to its sensitivity to light the precaution of prepar- 
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ing the solution freshly each day is observed. The decomposition 
which occurs after several hours exposure to light is observed as a 
yellowing of the solution and is due to the formation of a polymer 
of DAN. The formation of this polymer would decrease the con- 
centration of DAN available for reaction. In analytical work where 
the stoichiometric excess of DAN is large, such slight changes in 
concentration as would occur in 8 hr. do not affect the results. 
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Quantitative Determination of Furazolidone and 
Nifuroxime in a Water-Soluble Suppository Base 


RICHARD BOICE, MURRY SEIDMAN, and B. C. SOUTHWORTH* 


Abstract 0 A thin-layer chromatographic procedure has been 
developed for the analysis of furazolidone and nifuroxime in sup- 
positories. The sample is dissolved in a suitable solvent and chro- 
matographed. The separated nitrofurans are then compared to re- 
spective standards densitometrically. The coefficient variation is 
2.4% for furazolidone and 2.7% for nifuroxime. Evidence is 
presented to indicate that only the intact compounds are measured. 


Keyphrases 0 Furazolidone and nifuroxime suppositories-anal- 
ysis 0 TLC-separation 0 Spectrodensitometry-TLC spot 
analysis 0 1R spectrophotometry-identity 


The present official method (1) for the determination 
of furazolidone and nifuroxime in a suppository base 
Furazolidone and Nifuroxime Suppositories (NF’) is 


Tricofuron Vaginal Suppository, Eaton Laboratories, Division of 
The Norwich Pharmacal Co. 


hampered by the variability of the montmorillonite used 
for the chromatographic separation of the nitrofurans. 
As much as 20 % of the furazolidone may be irreversibly 
adsorbed onto the column packing. Although this 
adsorption may be compensated for by running stan- 
dards under identical conditions, results are somewhat 
variable. 


Both paper chromatography (2-6, 12) and TLC (2, 
7-1 1) have been used for the detection of furazolidone. 
Recently Zoni and Lauria (13) and Bortoletti and Perlotto 
(14) have reported the use of TLC for both the detection 
and the determination of furazolidone and nifuroxime in 
admixture. Following plate development the above 
authors eluted the nitrofurans from the silica gel and 
determined their concentrations spectrophotometrically. 
The relative ease with which nitrofuran derivatives may 
be isolated, and recent developments in instrumentation 
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Anthraquinone Drugs 11: Inadvertent Acetylation of Aloe-Emodin 


Aloe-emodin 0 monoacetate 0 0  


0 0 0 0 0 Emodin 


During Preparation of Aglycones from Crude Drugs-UV, IR, 
and NMR Spectra of the Products 


N. D. GYANCHANDANI* and I. C. NIGAMt 


Abstract 0 Hydrolysis of anthraquinone glycosides with acetic acid 
(Auterhoff's method) leads to a partial acetylation of aloe-emodin, 
one of the liberated aglycones. With the aid of UV, IR, and NMR 
spectra this hitherto unreported compound has been characterized 
as aloe-emodin monoacetate. The same compound is also formed 
when the simultaneous oxidation and hydrolysis of the glycosides 
is effected with FeCls in presence of HCl and the resultant aglycones 
extracted with ethyl acetate. 


Keyphrases 0 Anthraquinone glycosides-extraction 0 Acetic acid 
extraction-aloe-emodin acetylation 0 Aloe-emodin monoacetate 
-inadvertent formation 0 TLC-separation 0 UV spectro- 
photometry-identity, structure 0 1R spectrophotometry-iden- 
tity, structure c] NMR spectroscopy-identity, structure 0 Mass 
spectroscopy-molecular weight 


An important step in the analysis and structure 
elucidation of anthraquinone glycosides in vegetable 
laxatives is the conversion of these compounds into 
corresponding aglycones. For the hydrolysis of the 
glycosides and simultaneous extraction of the resulting 
aglycones, acetic acid has been used (AuterhofYs 
method) (1). In relatively older procedures hydrolysis 
of the glycosides is achieved with a mineral acid and 
the resultant aglycones are repeatedly extracted with 
lipophilic solvents (1). Glycosides containing a sugar 
moiety linked to the aglycone through a C-C bond 
require simultaneous oxidation and hydrolysis. Usually 
acidic ferric chloride solution is employed for the pur- 
pose (2, 3). 


In a study of cascara sagrada in this laboratory, it was 
observed that the procedures employing acetic acid 
yield products which, on thin-layer chromatography 
(TLC), show the presence of a new substance. The 
new compound appeared to be an artifact, probably 
formed by acetylation of an aglycone. The present 
communication describes the characterization of this 
substance as aloe-emodin monoacetate, a compound 
hitherto unreported in the literature. UV, IR, and 
NMR spectra of this derivative as well as of aloe- 
emodin triacetate, prepared in the course of this study, 
are also discussed. 


EXPERIMENTAL 


All melting points are uncorrected. U V  spectra were recorded on 
a spectrophotometerl (methanolic solutions) and IR spectra on a 
spectrophotometer.2 NMR spectra were measured in CDCI, 
solution employing TMS as internal reference using a spectrometer. 
Mass spectra were obtained with a single focusing mass spectrom- 
eter4 equipped with a direct evaporator sample inlet system (MG 
150). TLC was carried out on Silica Gel G (Merck) coated plates 


~~ ~ 


Beckman model DK2. 
2 Perkin-Elmer model 221. 
3 Varian A-60A. 
Hitachi-Perkin-Elmer RMU-6D. 


(0.30 mm.) in the solvent benzene-ethyl formate-formic acid 
( 1 5  :5:1) ( 5 ) .  The chromatogram was observed under long-wave 
UV lamp5 and finally sprayed with 10% methanolic potassium 
hydroxide. 


Preparation of Aglycones of Cascara Employing .Icetic Acid (I+ 
Moderately fine powder of cascara bark (Rhamnus prrrshiana DC) 
(50 g . )  was packed in a column (length, 45 cm.; i.d., 3.5 cm.) and 
percolated with 70z v/v methanol-water at room temperature. 
The eluate (2 1.) was evaporated to dryness under vacuum. To 1 g. 
of the dried extract was added acetic acid (10 ml.) and the mixture 
was refluxed on a boiling-water bath for J hr. After cooling, the 
solution was examined chromatographically (Fig. la). In a separate 
experiment, a mixture of the dried cascara extract ( 1  g.), acetic 
acid (10 ml.), and 25z aqueous ferric chloride solution (4 ml.) was 
refluxed as above. The reaction mixture, on cooling, was filtered 
through glass wool, concentrated under vacuum. and finally ex- 
amined chromatographically (Fig. lb ) .  


Preparation of Cascara Aglycones Employing HCl-To the 
extract of cascara (1 g.) obtained as above was added methanol 
(4 ml.), water (6 ml.), and concentrated HCI ( 6  ml.) and the mixture 
was heated on a boiling-water bath for 4 hr. On cooling, the reac- 
tion mixture was extracted three times with 10-ml. portions of 
chloroform. The chloroform layer, after concentration under 
vacuum, was examined chromatographically (Fig. l c ) .  


FRONT 


I 


OR :Gi i d  


a b c d 


Figure 1-Schematic thin-layer chromatogram of' cascara aglycones. 
Solvent system, benzeiie-ethyl formate-formic acid (15:5:1); spray 
reugent, 10% methanolic KOH. Key: a, aglycones of cascara pre- 
pared by employing acetic acid; b, aglycones of cascara prepared by  
employing FeC13 in presence of acetic acid; c, aglycones of cascara 
prepared by employing HCI, using chloroform as the extracting 
solvent; d, aglycones of cascara prepared by employing FeCI, in 
presence of HCI, using chloroform as the extracting solvent; e, 
aglycones of cascara prepared by  employiiig FeCI3 in presence of 
HCI, using ethyl acetate as the extracting solvent. 


5 Black Ray UVL-22. 
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Table I-UV Spectra of Anthraquinones 
~~ ~ ~~ ~ ~ ~ 


Assignment of Absorption Bands, mp 7 


Compd. Ar-C==O Quinonoid Group 


Anthraquinone 243, 252, 325 263, 272 405 
1,8-Dihydroxyanthraquinone 255, 325 274, 285 430 
Chrysophanol 225, 255 277.5, 287.5 430 
Aloe-emodin 225, 255 274, 285 430 
Quinizarin 250, 325 275 470 
Quinizarin diacetate 250 265 335 
Aloe-emodin monoacetate 
Aloe-emodin triacetate 


225 (e 24,453) 255 (t 12,226) 
255 (e 40,449) 322 (e 6191) 


274 (e 5705) 285 (t 5977) 
272 (e 14,446) 337 (e 7429) 


430 (e 6113) 


Preparation of Cascara Aglycones Employing Ferric Chloride and 
HCl (cf. 3, &-To the dried cascara extract (10 8.) obtained as 
above was added FeCI3.6HzO (65 g.), HC1 (200 ml.), and distilled 
water (250 ml.), and the mixture was heated on a boiling-water 
bath for 4 hr. It was finally evaporated to dryness in a porcelain dish. 
The residue was divided in two equal portions which were extracted 
separately in continuous extraction apparatus with chloroform and 
ethyl acetate, respectively. The two extracts so obtained were sepa- 
rately concentrated under vacuum and examined chromatographi- 
cally (Figs. Id  and l e ,  respectively). 


In a separate experiment, the above reaction mixture, before 
evaporating to dryness, was divided in two equal portions and each 
was separately shaken in a separator with chloroform and ethyl 
acetate, respectively. Each extract after the usual separation, 
washing, and drying, was concentrated under vacuum and was 
found to be chromatographically identical with the corresponding 
extract above. 


Preparation of Aloe-Emodin (cf. 3, 4)-A mixture of powdered 
curacao aloes (50 g.),6 methanol (100 ml.), FeC13.6Hz0 (63 g.), 
concentrated HCI (200 ml.), and water (250 ml.) was heated on a 
boiling-water bath for 6 hr. and the reaction mixture was evaporated 
to dryness in a porcelain dish. The residue was extracted for 24 hr. 
with chloroform in a continuous extraction apparatus and the 
extract was evaporated to dryness under vacuum. The product was 
fractionated on a column (200 g. silica gel powder'; length, 100 
cm. ; diameter, 2.3 cm.). Elution with benzene yielded chiefly chryso- 
phanol, subsequent elution with benzene-ethyl acetate (9 : 1) gave 
fractions which on keeping at room temperature yielded orange- 
colored crystals (800 mg.), identical with an authentic sample of 
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Figure 2--IR spectra of (A) aloe-emodin monoacetate and (B) aloe 
emodin triaretate mulled in mineral oil. 


Penick. 
Baker. 


aloe-emodin by TLC and UV spectrum; m.p. 223-224"; mixed 
m.p. showed no depression. 


Preparation of Aloe-Emodin Monoacetate-A mixture of aloe- 
emodin (200 mg.), ethyl acetate (10 ml.), and concentrated HCl 
(10 drops) was refluxed on a boiling-water bath for 4 hr. and allowed 
to cool overnight at room temperature. A thick deposit of orange 
crystals was observed. The supernatant liquid was decanted and 
after adding 5 drops of concentrated HC1 was refluxed for a further 
1.5 hr. After cooling, the reaction mixture was poured into ice 
water (75 ml.). The resultant orange precipitate was filtered and 
added to the crystals obtained above and washed several times with 
cold water. Repeated crystallization from ethanol and chloroform- 
ethanol (1 : 3) failed to remove the unreacted aloe-emodin completely 
(TLC). Further purification was achieved by chromatography on 
silica gel column (14 g. silica gel powder; length, 40 cm.; i.d. 1 cm.). 
Elution was done with benzene (thirty 40-ml. fractions). The first six 
fractions gave pure aloe-emodin monoacetate (TLC), which re- 
crystallized from benzene as fine needles, m.p. 189-190"; mol. wt. 
(mass spectrum), 312; A,,,. 225 mp ( E  24,453), A,,,. 255 mp 
( E  12,226), A,,,. 274 mp (e 5,705), A,,,. 285 mp (t 5,977), A,,,. 
430 mp (e 6,113); IR spectrum i s  shown in Fig. 2. 


Preparation of Aloe-Emodin Triacetate (cf. 6, 7)-A mixture of 
aloe-emodin (50 mg.), anhydrous pyridine (1.5 ml.), and acetic 
anhydride (1.5 ml.) was refluxed on a water bath (6Ck70") under 
anhydrous conditions (CaCl, trap) for 2 hr. The reaction mixture 
was allowed to stay overnight at room temperature and then it 
was poured into ice water (100 ml.) when a yellow precipitate sepa- 
rated. The precipitate was filtered, washed several times with cold 
water, and recrystallized once from ethanol (yield, -75 mg.). TLC 
examination of the sample showed the presence of several minor 
impurities. Chromatography on a silica gel column (20 g. silica gel; 
length, 24 cm.; i.d., 2 cm.) employing benzene and benzene-ethyl 
acetate (19:l) as eluants led to the isolation of the impurities and 
the pure fractions, respectively. The latter on recrystallization from 
benzene gave pure aloe-emodin triacetate m.p. 177-178 "; A,,,. 
255 mp (t 40,449), A,,,. 322 mp (e 6,191), A,,,. 272 mp ( e  14,446), 
A,,,. 337 mp ( E  7,429); IR spectrum is shown in Fig. 2. 


RESULTS AND DISCUSSION 


Since cascara contains both 0-glycosides and C-glycosides, the 
aglycones were prepared by treating the dried extract of the drug 
separately with acid as well as with acidic ferric chloride. Two sets 
of experiments were carried out, one using acetic acid and the other 
hydrochloric acid. The reaction mixture obtained with FeC& and 
HC1 was extracted separately with chloroform and ethyl acetate. 
Thus five samples of aglycone mixtures were obtained. Their thin- 
layer chromatograms are shown in Fig. 1. Chromatograms ( la  and 
16) of the products prepared in presence of acetic acid exhibited a 
characteristic spot at Rj 0.68 which was not seen in the chromato- 
grams (lc and Id) of the corresponding products obtained with 
HC1, using chloroform as the extracting solvent. Evidently, the 
substance at Rf 0.68 was either a compound unstable in presence of 
HC1 or an artifact produced by reaction of acetic acid with a product 
of hydrolysis. Chromatogram (le) of the ethyl acetate extract of the 
FeCI3/HC1 reaction product (or of the HC1 reaction product), 
in contrast to that of chloroform extract, showed an intense spot 
for the above substance. This observation strongly suggested the 
characterization of the substance at R f  0.68 as an artifact formed by 
interaction of an aglycone with ethyl acetate or with acetic acid 
formed on hydrolysis of ethyl acetate. When the chloroform ex- 
tract of FeCl3/HC1 reaction product was refluxed with acetic acid 
and a few drops of HCl, the intensity of aloe-emodin spot on the 
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thin-layer chromatogram of the product decreased and a new spot 
at Rf 0.68 was generated. Thus, the aglycone involved in the forma- 
tion of the artifact was shown to be aloe-emodin (I). 


For further characterization of the unknown substance, acetyla- 
tion of aloe-emodin was carried out under different experimental 
conditions. Reaction with acetic anhydride in presence of pyridine 
gave the triacetyl derivative (11) (6, 7) which proved to be different 
from the compound under investigation on TLC examination. 
When aloe-emodin was refluxed with acetic acid or ethyl acetate in 
presence of HCl, a derivative identical with the artifact in Rf value, 
UV, IR, and NMR spectral data was obtained. Mol. wt. of the 
substance, determined by mass spectrometry, agreed with that of 
an aloe-emodin monoacetate. Spectral data discussed below sug- 
gested that the -CH,OH group, as expected, was acetylated in 
preference to the phenolic OH groups, and the compound is, 
thertfore, the monoacetate derivative 111. 


I. R, = OH. R, = CHqOH VII. R = OH 
11, R; = OAC, R; = CH~OAC VIIIi R = OAc 


111, R1 = OH, RL = CHzOAc 
IV, R1 = H, 
V, R1 = OH, 


VI, Ri = OH, 


Rz = H 
Rz = H 
RP = CH3 


Spectra of Aloe-Emodin and Its Mono- and Triacetyl Derivatives- 
UV Spectra-The positions and intensities of UV absorption bands 
of these compounds are recorded in Table 1. The spectral data may 
be rationalized by application of the concept of partial contributing 
chromophores, which in the case of anthraquinones are Ar-C=O 
and the quinonoid moieties (8-10). The former gives rise to strong 
electron transfer (ET) bands at 246 mp or higher, depending on the 
nature of substituents (1 1) and a weak n - ?r* band near 320 mp, 
usually masked by more intense bands generated by further sub- 
stitution. The quinonoid chromophore shows ET bands of medium 
and weak intensity in the region 260-276 mp and one or more 
weak bands near 400 mp due to ET and/or n - a* transitions. 


The 400-mp band is affected by nuclear substitutions and shifts 
to longer wavelengths with increase in intensity when OH groups 
are introduced. Alkyl substituents affect only the Ar-C==O bands, 
to only a small extent (11). The table also presents spectral data of 
anthraquinone (IV), aloe-emodin (I), and some related compounds. 
As expected, the spectra of 1,8-dihydroxyanthraquinone (V), 
chrysophanol (VI), and aloe-emodin (I) are closely similar. This 
analytical approach was successfully applied to the interpretation 
of UV spectra of acetyl derivatives of aloe-emodin obtained in this 
study. Acetylation of the -CHzOH group should not affect the 
spectrum of aloe-emodin. Acetylation of the nuclear OH groups, 
on the other hand, would be expected to shift the 400 mp band to 
lower wavelengths-see, for example, spectral data for quinizarin 
(VII) and quinizarin diacetate (VIII) (12). The aloe-emodin mono- 
acetate, exhibited the same UV spectrum as aloe-emodin. Thus the 
OH group involved in acetylation is the -CHzOH group. The 
triacetyl derivative, as expected, shows a major hypsochromic shift 
of the 400 mp band to 337 mp. 


IR Spectra-The characteristic features of these spectra are the 
bands generated by quinonoid and acetoxyl carbonyl groups. 
In the spectrum of aloe-emodin two C=O stretching frequencies 
are observed at 1,674 and 1,626 cm.-l. These are assigned to the 


free and the bonded carbonyl groups respectively (13). Aloe- 
emodin monoacetate exhibits the two quinonoid carbonyl fre- 
quencies in essentially the same positions uiz., 1,670 and 1,620 
cm.-l (Fig. 2a). This shows that the bonded character of the C-9 
carbonyl group remained unchanged during acetylation. The acetyl 
group must, therefore, be located in the side chain at C-3. In the 
triacetate, chelation of the carbonyl is not possible, and the 1,620 
cm.-l band moves to a higher frequency-uiz., 1,600 cm.? (Fig. 
2b). The C=O stretching band of -CH,OAc in the mono- and the 
triacetate appears at 1,730 cm.-l, while the phenolic acetate groups 
at C-1 and C-8 in the triacetate absorb, as expected (14), at higher 
frequencies uiz.-1,760 and 1,770 cm.-1 


NMR Spectra-Characterization of the aloe-emodin mono- 
acetate was readily achieved by NMR. The two phenolic protons 
which give signals in the spectrum of aloe-emodin at 12.01 and 
11.96 6 are seen in that of the monoacetate at 12.08 and 12.05 6. 
In addition, the monoacetate shows the CH, protons of the ace- 
toxy-methyl group at 2.19 6. In the spectrum of the triacetate, the 
signals for the OH protons are absent and the corresponding ace- 
toxy protons generate a signal at 2.45 6, the CHI protons of the 
acetoxy methyl group being at 2.18 6. 
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ing the solution freshly each day is observed. The decomposition 
which occurs after several hours exposure to light is observed as a 
yellowing of the solution and is due to the formation of a polymer 
of DAN. The formation of this polymer would decrease the con- 
centration of DAN available for reaction. In analytical work where 
the stoichiometric excess of DAN is large, such slight changes in 
concentration as would occur in 8 hr. do not affect the results. 
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Quantitative Determination of Furazolidone and 
Nifuroxime in a Water-Soluble Suppository Base 


RICHARD BOICE, MURRY SEIDMAN, and B. C. SOUTHWORTH* 


Abstract 0 A thin-layer chromatographic procedure has been 
developed for the analysis of furazolidone and nifuroxime in sup- 
positories. The sample is dissolved in a suitable solvent and chro- 
matographed. The separated nitrofurans are then compared to re- 
spective standards densitometrically. The coefficient variation is 
2.4% for furazolidone and 2.7% for nifuroxime. Evidence is 
presented to indicate that only the intact compounds are measured. 


Keyphrases 0 Furazolidone and nifuroxime suppositories-anal- 
ysis 0 TLC-separation 0 Spectrodensitometry-TLC spot 
analysis 0 1R spectrophotometry-identity 


The present official method (1) for the determination 
of furazolidone and nifuroxime in a suppository base 
Furazolidone and Nifuroxime Suppositories (NF’) is 


Tricofuron Vaginal Suppository, Eaton Laboratories, Division of 
The Norwich Pharmacal Co. 


hampered by the variability of the montmorillonite used 
for the chromatographic separation of the nitrofurans. 
As much as 20 % of the furazolidone may be irreversibly 
adsorbed onto the column packing. Although this 
adsorption may be compensated for by running stan- 
dards under identical conditions, results are somewhat 
variable. 


Both paper chromatography (2-6, 12) and TLC (2, 
7-1 1) have been used for the detection of furazolidone. 
Recently Zoni and Lauria (13) and Bortoletti and Perlotto 
(14) have reported the use of TLC for both the detection 
and the determination of furazolidone and nifuroxime in 
admixture. Following plate development the above 
authors eluted the nitrofurans from the silica gel and 
determined their concentrations spectrophotometrically. 
The relative ease with which nitrofuran derivatives may 
be isolated, and recent developments in instrumentation 
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Table I-Linearity of Spot Density Versus Concentration 
~- ~ 


-Furazolidone - -Nifuroxime------ - 
Correlation Correlation Range 
Coefficient, SD Coefficient, SD Studied, 


Plate No. Regression Line Y LT Regression Line Y U mcg. 


1 
2 
30 


y = 26.7 + 2 7 8 ~  


y = 14.4 + 4 1 4 ~  
y = -2.7 + 4 3 8 ~  


0.9989 
0.9928 
0.9963 


4.47 
7.62 
6.41 


y = 21.4 + 2 9 5 ~  
y = 7.9 + 241x 
y = 15.7 + 385x 


0.9978 
0.9927 
0.9942 


6.61 
7.84 
6.91 


0.25-1.25 
0 . 4  -0.85 
0 .4  -0.85 


a One furazolidone spot was rejected as more than three times the standard deviation from the regression line. 


for direct plate scanning prompted the investigation of 
this technique for the assay of furazolidone and nifur- 
oxime suppositories. 


EXPERIMENTAL 


Apparatus-Schoeffel spectrodensitometer model SD 3000, 
equipped with Density Computer model SDC 300, and Esterline 
Angus Recorder model EllOlE coupled to a disk integrator. 


Developing Solvent-Benzene R.-acetone R.-glacial acetic acid 
R.  (76:20:4 byvol.). 


Preparation of Standard Solution-Prepare a standard solution in 
acetone containing 150 mcg./ml. of NF Reference Standard furazoli- 
done and 135 mcg./ml. of N F  Reference Standard nifuroxime. 
Protect this solution from light. 


Micropipet-Reservoir type, 5 pl. (A. H. Thomas, Cat. No. 


Chromatoplates-Silica Gel G plates (E. Merck No. 5763) scored 
a t  10-mm. intervals. 


Preparation of Developing Chamber-Line the walls of the de- 
veloping chamber (30 X 10 X 28 cm.) with filter paper. Add 150 
ml. of the developing solvent, close the chamber tightly, and allow 
at least 30 min. for saturation of the chamber atmosphere. Prepare 
this tank daily. 


Assay Procedureconduct  this procedure in subdued light. 
Melt (50” maximum) and mix together the suppositories to be 
assayed and weigh accurately sufficient sample to  contain about 15 
mg. of furazolidone and about 22.5 mg. of nifuroxime (this would 
normally be a sample size of 6.0 g.). 


Dissolve the sample in 2&30 nil. of acetone with the aid of gentle 
heat and transfer the solution to a 100-ml. volumetric flask. Cool the 
solution to room temperature, dilute it to the mark with acetone, 
and mix it well. Label this Solution A. Dilute 30.0 ml. of Solution A 
to 50 ml. with acetone. Label this Solution B. Apply 5-111. spots of 
these solutions and of the standard solution to a chromatoplate as 
indicated in Fig. 1. Transfer the plate to the developing chamber, 
develop until the solvent front has proceeded 120 mm. beyond the 
spotting line; remove the plate from the chamber, and air-dry for 30 
min. Measure the densities of the spots with the spectrodensitometer 
using the following parameters : wavelength, 340 mp; monochro- 
mator slit, 1 mm.; beam divider slit, 3 mm.; density computer 
function, ratio, log; recorder speed, 2 in./min. 


Determine the areas under the recorded curves from the integrator 
pen traces. 


Calculations- 


8206-MIO). 


Zarea of furazolidone in A 
Zarea of furazolidone in std. 1 ’ 5  = % furazolidone sample wt. (g.) 


Table 11-Recovery of Standard Furazolidone 


2.25 = nifuroxime Barea of nifuroxime in B 
Zarea of nifuroxime in std. sample wt. (8.) 


RESULTS 


Separation of the Actives from the Suppository B a s e T h e  R/ 
values for the components of this suppository are: polyethylene 
glycol, 0.06; polyoxyethylene palmitate, 0.08; lactic acid, 0.23; 
furazolidone, 0.28; nifuroxime, 0.55. 


In order to ascertain that the active ingredients are not degraded 
in the assay procedure and to further ascertain that separation is 
complete, the furazolidone and the nifuroxime were eluted from 
the silica gel (after spotting at  a heavier level than for quantitative 
analysis) and 1R spectra recorded. The spectra compared favorably 
with standard spectra. 


Interference from Degradation Products-Forced degradation of 
nifuroxime (in the suppository base via UV irradiation and/or 
thermal extremes) indicates products at Rf about 0.38 and about 
0.15. Furazolidone under the same conditions shows several prod- 
ucts at  Rf (M.15. These products would not interfere with the 
above procedure. IR spectra of the eluted material from spots with 
Rj = 0.28 and 0.55 compared favorably with standard spectra of 
furazolidone and nifuroxime, respectively. 


Linearity of Results-Acetone solutions containing 0.25-1.25 
mcg. of furazolidone and of nifuroxime per 5 ~ 1 .  of solution were 
prepared and treated according to the above procedure starting a t  
“Apply 5 ~ 1 . .  . . .” Results are given in Table I. 


The equation for calibration from the standard expected linear 
regression is of the form y = a + bx in which y is a measure of the 
spot density in terms of integrator count, a is a constant correspond- 
ing to the integrator count expected from a blank, b is the slope of 
the regression line, and x is the amount of standard in micrograms 
applied to the plate. 


Recovery of Furazolidone and Nifuroxime from a Suppository 
Mixture-A mixture of 0.250% furazolidone and 0.375z nifur- 
oxime in a water-soluble base of polyethylene glycol, polyoxy- 
ethylene palmitate, and lactic acid was prepared to simulate a 
commercial vaginal suppository. Portions of the mixture were 
treated as indicated in Experinicwfal. 


Results are given in Tables I1 and 111. Data are treated as pre- 
viously (15). The average recovery of furazolidone was 99.5% with 
a 2.4% SD. The average recovery of nifuroxime was 100.2% with 
a 2.7 SD. 


DISCUSSION 


The results obtained in this study indicate that densitometric 
analysis is sufficiently accurate and precise for routine pharmaceu- 


~~~~~~ ~ - - ~ -  


-Sample--- ---Standard--- _ _ ~ ~ -  Recovery---- 7 - Plate No. .u LTy2 Y U i Z  x V r z  V 


2 358.3 5.11 Rejected - - ~ 


1 338.3 14.78 339.0 91 .OO 99.8 9.21 3.03 


3 302.7 69.78 308.3 23.78 98.2 10.12 3.18 
4 303.0 3.00 308.3 29.11 98.3 3.39 1.84 
5 321.0 6.33 316.0 25.00 101.6 3.12 1.77 
6 326.3 15.44 328.7 48.78 99.3 5.96 2.44 
7 328.0 4.33 329.3 17.44 99.6 2.01 I .42 


Av. 99.5% 5.64 2.4 
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Table II-Recovery of Standard Nifuroxime 


Plate No. 
--Sample--- 


X U 2  


271.3 
291 .O 
259.3 


37.28 
20.33 
8.78 


238.0 2.33 
269.3 13.78 
262.0 46.33 
258.3 110.11 


----Standard--- - Y UY2 


275.3 14.11 
286.7 119.44 
257.3 18.77 
238.3 19.44 
265.7 34.78 
261 . O  27.00 
260.3 0.11 


----- Recovery-------- 
75 Vr  V 


98.5 6.93 2.54 
101.5 16.93 4.12 
100.8 4.14 2.03 
99.9 3.83 1.96 


101.4 6.82 2.61 
100.4 10.71 3.27 
99.2 16.51 4.06 


Av. lC0.2z  7.05 2 .7  


tical analysis. The coefficient of variation was found to be 2.4% for 
furazolidone and 2.7 % for nifuroxime. 


Some experimental factors were found to be critical in obtaining 
consistent and accurate results. To minimize errors due to the 
measurement of small volumes of solutions, a reservoir type micro- 
pipet was used. This technique, whereby the tip of the micropipet is 
touched to the hard surface of the chromatoplate and the liquid 
expelled, tended to avoid errors due to creep-back and capillation 
as reported by Fairbairn and Relph ( 1  6). To optimize quantitation by 
direct plate scanning, it is necessary to have small round spots, well 
isolated from interfering materials. To some degree this is dependent 
upon the size of the initial spot application, which should be as 
small and as uniform as possible (17). The particles to be measured 
in the spot must be sufficiently “dilute” so that all particles are il- 
luminated and have an opportunity to attenuate the light beam. 
As reported by Downing (18) use of vertical lanes on the chromato- 
plate helps to maintain proper spot characteristics for plate scan- 
ning. Good separations were achieved with benzene-acetone mix- 
tures and addition of acetic acid reduced tailing without affecting 
the separation. 


Maximum absorbance of furazolidone was found to be at 365 
mp. and of nifuroxime at 330 mp. However, 340 mp. was the wave- 
length of choice to simplify the method and save analysis time; 


\ \ 


Figure 1-Typiccrl chromatoplate. Key: S ,  staizdurd solution; - - -, 
solvent front; A ,  solution A; B, solution B; 0, nifuroxime; 0, furazo- 
lidone; -+, order in which spots are read. 


the spot density for furazolidone at 340 rnp. was about 98 % of that 
at 365 mp. and the spot density for nifuroxime at 340 mp. was about 
80% of that at 330 mp. A linear relationship was found to exist for 
furazolidone and nifuroxime at 340 mp., between the spot density 
and spot concentration, covering a range of 0.25-1.25 mg. Specificity 
is ensured by recording of the curves at the Rf’s for the drug con- 
stituents. Quantitative evaluation was achieved by use of a double 
beam scanning spectrodensitometer without elution of the drugs 
from the adsorbent. 


By use of multiple spots of sample and of standard and by averag- 
ing of results, a procedure is obtained which is sufficiently accurate 
for stability studies and sufficiently rapid and precise for routine 
control. 
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Quantitative Analysis of Sodium Sulfacetamide Solutions in the 
Presence of Hydrolysis Products, Sulfanilamide and Sodium Acetate 


E. SCHLEIDER, D. M. ENO, J. A. FELDMAN, and A. M. GALINSKY 


Abstract 0 The official assay for sodium sulfacetamide, the diazo- 
tization method, does not differentiate between sulfacetamide and 
its hydrolytic product, sulfanilamide. A spectrophotometr ic method 
involving the formation of ferric acethydroxamate was developed 
for utilization in studies of the rate of hydrolytic decomposition of 
30 buffered and unbuffered solutions of sodium sulfacetamide at 
several elevated temperatures. The method provided a relatively 
simple and rapid means by which sodium sulfacetamide is quantita- 
tively determined in the presence of its hydrolysis products, sul- 
fanilamide and sodium acetate. 


Keyphrases 0 Sulfacetamide solutions-analysis 0 Hydrolysis 
products, presence-sulfacetamide determination Colorimetric 
analysis-spectrophotometer 


Sodium sulfacetamide ophthalmic solution USP (1) 
is a sterile, 3 0 z  aqueous solution. On storage, aqueous 
solutions of sodium sulfacetamide undergo hydrolysis 
to sulfanilamide and sodium acetate (2). The low 
solubility of the sulfanilamide (0.75 g./100 ml. of water 
at 25 ") causes the deposition of needle-like crystals in 
an ophthalmic solution and could conceivably cause 
serious damage to eye tissue. 


The analytical procedure presently official in The 
United States Pharmacopeia is based on the diazotiza- 
tion of the primary amino group attached to the aro- 
matic ring. Since this functional group is present in 
both sulfanilamide and sulfacetamide, this method of 
analysis cannot be used to differentiate between the 
two sulfonamides. 


Sulfonamides have been analyzed volumetrically by 
diazotization (3), bromination (4), and nonaqueous 
titration with perchloric acid (5). The acidic hydrogen 
has been titrated argentimetrically (6) and acidimetri- 
cally (6) with alkali metal alkoxides in nonaqueous media. 
Colorimetric methods, particularly those based on 
diazotization and subsequent coupling (7), have also 
been developed. Analytical methods involving UV and 
IR spectrophotometry have also been reported. Several 
gravimetric and titrimetric methods based on the acidic 
properties of the sulfonainido group have been de- 
veloped for the quantitative determination of sulfon- 
amides. Neither the cited procedures nor the official 
method allow for the direct quantitative analysis of 
sulfacetamide in the presence of its principle degrada- 
tion product, sulfanilamide. 


Paper chromatographic techniques may be employed 
for the separation of sulfacetamide-sulfanilamide mix- 
tures. While these techniques are relatively simple and 


rapid when used qualitatively, they are very time con- 
suming quantitative methods. Gruber and Klein (8) 
reported the application of TLC to the separation of 
sulfacetamide from its hydrolysis product, sulfanil- 
amide. 


The most common method for the analysis of sul- 
fonamides is the colorimetric method of Bratton and 
Marshall (9). The procedure involves the diazotization 
of the sulfonamide with sodium nitrite in dilute acid, 
followed by decomposition of the excess nitrite with 
sulfamic acid and coupling of the diazo compound with 
N-( I-naphthy1)-ethylenediamine. The important dis- 
advantage of this method and other colorimetric meth- 
ods reported in the literature (10-14) is that the ab- 
sorption frequencies and molar absorbance coefficients 
produced with sulfanilamide and sulfacetamide are 
identical. Therefore, these methods are not differential. 


In an attempt to find a specific analysis that would be 
both quantitative and differential between the two sul- 
fonamides, a method introduced by Feigl et al. (15) 
was selected. By this method, carboxylic acid derivatives 
(acid anhydrides, acid halides, and esters) are converted 
to corresponding hydroxamic acid salts by allowing 
them to react with hydroxylamine hydrochloride in an 
alkaline media. The hydoxamic acid salt is then allowed 
to react with ferric chloride in the presence of dilute 
acids to produce a red-violet colored ferric hydroxamate. 


Soloway and Lipschitz (16) reported the conversion 
of amides to hydroxamic acid salts with hydroxylamine. 
However, the reaction proceeded more slowly than the 
reaction with acid chlorides, acid anhydrides, and esters. 
Bergman (17), using the procedures outlined by Hestrin 
(18), found that amides react more readily with hy- 
droxylamine hydrochloride if the reaction is allowed 
to occur at  an elevated temperature. He studied several 
amides and found that the optimum temperature and 
duration of heating differed with each compound 
studied. Bergman also noted that a linear relationship 


Table I-Effect of Temperature on Color Produced 


-Absorbance----. 
Sample At Room After 
Number Volume Temp. Heating 


1 & 2  0.00 ml. 0.OOO 0.000 
7 & 4  0.05 ml. 0 ,244 0.164 
5 & 6  0 10ml. 0 611 0 347 
7 & 8  0 15 ml. 0 928 0 444 
9 & 10 0 20 ml. 1 046 0 699 


1 1  & 12 0 25ml. 0 979 0 839 
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existed between the concentration of the amide and the 
“extinction” (absorbance) of color. 


Although sodium sulfacetamide was not mentioned 
in any of these studies, it is an amide and could con- 
ceivably react with hydroxylamine hydrochloride in 
alkaline medium to form an acethydroxamic acid salt 
as illustrated by the following equation: 


i SHOH.HCI + NaOH -+ 


6- 
h- - 


;I snL 
c=o 
CH 


1 


IiH. 
I 


(Eq. 1) 


The acethydroxamic acid salt produced could then react 
with ferric chloride in acid medium to produce the 
colored ferric hydroxamate according to  the equation : 


n 
I 


11 ,H HCI 
3 CH- --C -S i- FeC1, - 


‘OH 


EXPERIMENTAL 


Apparatus-Calorimeter-spectrophotometer (Spectronic 20, 
Bausch & Lomb, Inc.); 1 set (12) of standard, matched test tube 
cells. i.d. = 11.67 mm., (Fisher Scientific Co.); microsyringe, 10 
PI. (Hamilton Co.); unitized constant-temperature oil baths and 
an air oven (Fisher Scientific Co.). 


Reagents-Sodium sulfacetamide (Ruger and Co.; K & K 
Laboratories): sulfanilamide (Eastman Organic Chemicals); 
sodium acetate, sodium acid phosphate, and disodium phosphate 
(Fisher Scientific Co.); sodium hydroxide (Baker and Adamson); 
hydroxylamine hydrochloride, A.R. and ferric chloride (Mallin- 
ckrodt Chemical Works), and distilled water. 


Solutions-Hydroxylamine hydrochloride, 2 M ;  sodium hy- 
droxide, 3.5 M; hydrochloric acid solution, 3.9 M ;  ferric chloride 
sclution, 0.37 M in 0.1 M hydrochloric acid; sodium sulfacetamide 
solution, 30%. 


Studies of the proposed method of analysis as applied to solutions 
containing sodium sulfacetamide, sulfanilamide, and sodium ace- 
tate indicated that color was produced exclusively with sodium 
sulfacetamide. The effects of temperature, quantity of reagents, and 
reaction time on optimum color formation were determined. 


The adopted method entailed a modification of the procedure 
originally suggested by Feigl (15) and Lipschitz (16). Accordingly, 
solutions of known amounts (3.G6.6 mg.) of sodium sulfacetamide 
were allowed to react with hydroxylamine hydrochloride and sodium 
hydroxide at room temperature and at an elevated temperature 
(80”). The effect of heating time at the elevated temperature was also 


determined. The hydrogen ion concentration of each solution was 
adjusted to a pH of 1.2 with hydrochloric acid. Ferric chloride 
solution was then added followed by dilution to constant volumF 
(25 ml.). The absorbance of each solution was determined spectro- 
photometrically at a wavelength of 540 mp. The absorbance was 
then plotted as a function of the concentration of sodium sulfacet- 
amide. Straight line relationships were observed up to approxi- 
mately 450 mg. sodium sulfacetamide per aliquot indicating ad- 
herence to Beer’s law over the range of concentrations to this 
limit. 


DISCUSS I 0  N 


The initial reaction between sodium sulfacetamide and hydroxyl- 
amine hydrochloride (after subsequent acidification and addition 
of ferric chloride) produced optimal color formation when sub- 
jected to a temperature of 80” for a period of 45 min. Minimum 
amounts of reagents necessary for maximum color production in 
systems containing 6.6 mg., or less, of sodium sulfacetamide were 
determined. 


In the current investigation, sulfanilamide and sodium acetate 
were the only observable hydrolytic products. This fact was re- 
ported by Fletcher and Norton (2) and confirmed in this laboratory 
by separation and isolation of the hydrolytic products. The melting 
point of the isolated sulfanilamide was identical with the literature 
value and a mixed melting point determination with an authentic 
sample remained undepressed. Other products, if present, were in 
quantities too minute to be detected by the procedures employed. 


Sodium sulfacetamide USP, obtained from different sources, 
produced minor variations in the Beer-Lambert curves obtained in 
this study. Furthermore, lot to lot variation in sodium sulfacetamide 
powder received from the same source produced similar variations 
in the Beer-Lambert curves obtained. The reproducibility of each 
value on the several curves was excellent. These observations sug- 
gested that slight differences in the purity of the dry powder existed 
from lot to lot and supplier to supplier although each sample met 
the specifications of the USP. 


Effect of Temperature, Applied after the Addition of Hydroxyl- 
amine Hydrochloride, upon Absorbance-A series of duplicate test 
tubes containing 0.00, 0.05, 0.10, 0.15, 0.20, and 0.25 ml. of 3 0 z  
sodium sulfacetamide solution were prepared. To each sample, 
1.0 ml. of 2 M hydroxylamine hydrochloride and 1.0 ml. of 3.5 M 
sodium hydroxide were added. One set of tubes was allowed to 
remain at room temperature for 5 min. The other set of tubes was 
placed in a water bath at a temperature of 80 =t 1” for 5 min. 
Each sample was acidified to a pH of 1.2 & 0.2 with 1.0 ml. of 
hydrochloric acid solution (3.9 M).  One milliliter of 0.37 M ferric 
chloride solution was then added. After addition of 5.0 ml. of dis- 
tilled water to each sample, the samples were transferred to cells 
and the absorbance was determined (see Table I). 


Effect of Heat for Varying Lengths of Time after Addition of Hy- 
droxylamine upon Absorbance-A sample of 0.01 ml. of a 30% 
sodium sulfacetamide solution was placed into each of nine test 
tubes. Hydroxylamine hydrochloride and sodium hydroxide soh- 
tions were added as described above. All samples were then placed 
into a constant temperature bath. Each sample was allowed to react, 
at XO”, for 10, 20, 25, 30, 35, 40, 45, 50, and 60 min., respectively. 
As each sample was removed and cooled, hydrochloric acid and 
ferric chloride solutions were added as described and diluted with 
5.0 ml. of distilled water. Blanks, corresponding to each time inter- 
val were also prepared. The absorbances were then determined at a 
wavelength of 540 mp (see Table 11). 


Effect of Pooled Quantities of Reagents upon Absorbance-In 
order to facilitate the accurate determination of absorbance a 6.0- 
mg. sample was employed. One milliliter of a 30% solution of 
sodium sulfacetamide was placed into a 50-ml. volumetric flask, 
and the sample was diluted with sufficient distilled water to produce 
50 ml. of solution. One milliliter of this 1 : 50 dilution (containing 
6.0 mg. of sodium sulfacetamide) was placed into each of the five 
test tubes. Five other test tubes were prepared as blank samples. 
One sample and one blank were treated with 1.0, 2.0, 3.0, 4.0, 
and 5.0 ml., respectively, of each of the reagents. The analysis was 
performed as previously described. Prior to the determination of 
the absorbance, the samples were transferred to a 25-ml. volumetric 
flask and brought to volume with distilled water. The results are 
presented in Table 111. 
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Table 11-Effect of Reaction Time on Color Produced. Table 111-Effect of Reagent Quantities on Color Production 


Sample Time Heated, 
Number- min. Absorbance 


1 10 0.222 
20 
25 
30 
35 
40 
45 
50 
60 


0.328 
0.527 
0.530 
0.666 
0.692 
0.699 
0.692 
0.703 


A blank for each sample gave 0.000 absorbance. 


Effect of Various Concentrations of Sodium Sulfacetamide on 
Absorbance-Samples of 0.0, 12.0, 14.0, 16.0, 18.0, 20.0 PI. of a 
30% solution of sodium sulfacetamide, containing 0.0, 3.6, 4.2, 
4.8, 5.4, and 6.0 mg. of sodium sulfacetamide, respectively, were 
placed in six test tubes. Two milliliters each of sodium hydroxide 
(3.5 A4) and hydroxylamine hydrochloride (2 M) was added to the 
sample and the reaction was allowed to proceed in a constant tem- 
perature oil bath at 80” for 45 min. After cooling each sample to  
room temperature, 3.0 ml. of hydrochloric acid (4.12 M) was added 
to acidify the sample. Two milliliters of ferric chloride solution 
(0.37 M in 0.1 N HC1) was then added. The mixture was diluted 
to 25 ml., and the absorbance was determined at 540 mp. The 
absorbance was plotted as a function of the concentration each 
point representing the average of ten analyses. The resultant was a 
straight line passing through the origin and having a slope of 0.0886 
A/mg. Each analysis was performed on a freshly prepared 30% 
solution of sodium sulfacetamide produced from USP quality 
crystals, dried at 105” for 4 hr. prior to weighing. Reproducibility 
of individual values was within the limitation of the spectropho- 
tometer employed. 


This series of analyses was repeated upon a 30% solution of 
sodium sulfacetamide adjusted to a pH of 7.4 with a disodium phos- 
phate-sodium acid phosphate buffer (1.0 M total phosphate). 
Ten analyses were performed upon each of the above concentrations 
under identical conditions of time and temperature. The observa- 
tions were identical to those obtained with the unbuffered solutions. 


CONCLUSIONS 


The procedure necessary for optimum and reproducible color 
formation of the sodium sulfacetamide solutions employed in this 
study consisted of the addition of 2.0 ml. each of sodium hydroxide 
(3.5 M> and hydroxylamine hydrochloride (2.0 M) to each sample 
solution. Each reaction was allowed to proceed for 45 min. at 80 f 
0.5’. Subsequently, 3.0 ml. of hydrochloric acid (3.5 M) was added 
to acidify each sample to a pH of 1.2 f 0.02. Two milliliters of 
ferric chloride solution (0.37 M) was then added followed by suffi- 
cient distilled water to bring the total volume of solution to 25 ml. 
The absorbance of each sample was then determined at 540 mp. 
A straight-line relationship passing through the origin was observed 
in the plot of absorbance as a function of concentration over a 
range of 3.0-6.0 mg. of sodium sulfacetamide per 25 ml. of solution, 
indicating adherence to Beer’s law over this range. 


SUMMARY 


Known methods of analysis were examined and applied to the 
quantitative determination of sodium sulfacetamide in the presence 


Sample Volume of 
Numbera Reagents, ml. A bsorbancl 


1 
2 
3 
A 
5 


0.313 
0.420 
0.456 
0.435 
0.468 


A blank for each sample gave 0.000 absorbance. Average of dupli- 
cate experiments. 


of sulfanilamide. The official diazotization method does not differ- 
entiate between these two sulfonamides. Therefore, a spectrophoto- 
metric (colorimetric) method involving the formation of ferric 
acethydroxamate was developed and employed. The effects of 
temperature, heating time, quantity of reagents, and concentration 
upon the development of the color were examined. This method 
provides a relatively simple and rapid means by which the concen- 
tration of sodium sulfacetamide is quantitatively determined in the 
presence of its hydrolysis products. This method is being employed 
in this laboratory to follow the hydrolytic degradation of sodium 
sulfacetamide solutions. 
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EXPERIMENTAL' REFERENCES 


2-Ethyl-3-methyl-5-morpholinomethyl-4-keto-4,5,6,7-tetrahydro- 
thionaphthene Hydrochloride (11)-A mixture of 3.0 g. (0.0155 
mole) of 2-ethyl-3-methyl-4-keto-4,5,6,7-tetrahydrothionaphthene 
(4), 0.47 g. (0.0155 mole) of paraformaldehyde, 1.92 g. (0.0155 mole) 
of morpholine hydrochloride, 1 drop of concentrated hydrochloric 
acid, and 20 ml. of ethanol was refluxed for 4 hr. A solid precip- 
itated upon cooling and was removed by filtration. After recryst- 
allizing three times from ethanol, 3.1 g. (61 %)of product, m.p. 223- 
223.5" (dec.) remained; A,,,. (KBr) 2,450 and 1, 660 cm.-I; NMR 
(D20), 1.01-1.40 (3H, t), 2.29-2.42 (3H, s), 2.55-2.98 (2H, m), 
3.05-3.38 (4H, m), 3.40-3.65 (6H, m), 4.00-4.30 (5H, m). 


Aizal.-Calcd. for C16H24CIN02S: C, 58.25; H, 7.33; C1, 10.78; 
N, 4.25; S, 9.72. Found: C, 57.96; H, 7.18; C1, 11.05; N,  4.40; S, 
9.78. 


1 All melting points were taken on a Thomas-Hoover me!ting point 
apparatus and are corrected. IR spectra were taken on a Perkin-Elmer 
137B IR spectrophotometer using potassium bromide pellets. The NMR 
spectra were determined on a Varian A-60A spectrophotometer using 
tetramethylsilane as an internal standard. Chemical shifts are recorded 
as 6 values (s = singlet, m = unrcsolvable multiplet, t = triplet). 


( I )  J. Sam and G. G .  Advani, J.  Pharni. Sci., 54, 753(1965). 
(2) A. A. Suguman and J .  Herrmann, Cliii. Pharmacol. Therap., 
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8, 261(1967). 
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Quantitative Determination of Deoxyribonucleic 
Acid (DNA) in Normal and Abnormal Human Liver 


K.  G .  BHANSALI*, J. A. CLIFTON, and J. L. LACH 


Abstract 0 Normal and abnormal human livers from autopsy and 
biopsy specimens were analyzed for DNA content. It was found 
that the DNA content of young normal livers as well as cirrhotic 
livers was elevated above that obtained for normal adult livers. 


Keyphrases 0 Deoxyribonucleic acid (DNA) determination-nor- 
mal, abnormal human livers Age, cirrhosis-liver DNA contents 


The normal value of DNA content of human liver as 
well as animal liver is reported to  be relatively constant 
(1). However, Leslie (2) has shown an elevation in DNA 
content in young livers of rats and other animals. 
Therefore, it was of interest to perform the quantitative 
determination of DNA from normal and abnormal 
human livers. 


The determination of D N A  can be based on the 
analysis of one of the three components; namely, the 
phosphoric acid, the purine or pyrimidine bases, or the 
sugar. The reactivity of the functional carbonyl group of 
the pentose has been utilized as the method of choice 
(3). Moreover, in cytochemistry the carbonyl group of 
2-deoxyribose of DNA has been utilized in the feulgen 
staining reaction which is widely used in conjunction 
with microphotometric instrumentation to estimate the 
amount of DNA i n  nuclei (4). 


EXPERIMENTAL 


Human liver specimens were obtained from autopsy as well as 
biopsy from the State University of Iowa General Hospital and 
Veterans Administration Hospital of Iowa City, Iowa. 


Liver specimens were stored in the freezer as soon as they were re- 
moved from the cadavers and from the patients. and the specimens 
preserved in cold showed reproducible results. In general procedure, 
DNA of the whole tissue is extracted with trichloroacetic acid ( 3 )  
but in this study to isolate mitochondria, liver tissue was first 
homogenized in 0.88 M sucrose solution with a Teflon tissue ho- 
mogenizer (5) .  The nuclei of the liver cells were s:parated by cen- 
trifuging the liver homogecate at  600 X g for 20 min. at  4". The 
nuclear pellet was hydrolyzed in 20 ml. 5 trichloroacetic acid on a 
boiling-water bath for 30 min. using a sealed ampul bulb as a con- 
densor. The hydrolyzed nucleic acid solution was cooled and 
filtered into a 25-ml. volumetric flask. It was diluted to volume with 
5 % trichloroacetic acid. A 2-ml. aliquot of this solution containing 
about 150 mcg. DNA was assayed by the method of Webb and 
Levy (3), which is a colorimetric procedure based on the reaction of 
2-deoxypentose moiety of DNA with p-nitrophenylhydraziiie. The 
concentration of DNA was determined by using as a reference 
standard calf thymus DNA (Mann Research Co.). The results of 
the analysis are shown in Table I and Table IT. Statistical evaluation 
was by the Student t test. 


RESULTS AND DISCUSSION 


The data for 47 liver specimens are shown in Tables I and 11. 
Table 1 shows the data from the analysis of young normal livers 
and adult normal livers. The data from the cirrhotic abnormal livers 
and noncirrhotic abnormal livers, regardless of age factor are 
shown in Table 11. In reporting DNA content neither the sex (male 
or female) nor liver specimen (autopsy or biopsy) has been taken 
into consideration. Since any normal liver specimens between 2@30 
years of age were not available, it was decided to use this period of 
age as a dividing line between young and adult normal human liver. 
It is very difficult to state that a given specimen of biological ma- 
terial is normal. However, by common agreement, the histological 
appearance of biological material is used to establish normal and 
abnormal categories. In this study, the patients were divided into 
these two major groups on the basis of the histological appearance 
of the liver specimens. Those cases in which liver cells \\ere either 
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Table I-Normal Human Livers Table 11-Abnormal Human Livers 


DNA, Liver 
mcg./g. Speci- 


N Subject Age Sex“ Liver men’ 


Liver 
mcg./g. Speci- 


N Subject Age Sex“ Liver men’ 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


R.D. 
S.Mc. 
D.C. 
s.\ . 
L.J 
J.U. 
L.H. 
C.H. 


T.B. 
A.T. 
Z1.G. 
R1.B. 
h1.k. 
C.J. 
O.\l. 
R.D. 
N.P. 
R1.S. 
S.R. 
B CJ. 
R.S. 
c \I . 
s \1. 
C.B. 
E.B. 
A.\lc. 
L.B. 
ti .T. 
h1.S. 
C.T. 
C D. 
E \lc. 
h1.T. 
P.E. 


Young Human Livers 
28 days M 
2 . 5  years F 
4 years F 
5 . 5  years M 
8 years F 


15 years F 
18 years M 
19 years M 


Adult Human Livers 
31 years M 
41 years M 
46 years F 
47 years M 
47 years F 
48 years M 
49 years M 
49 years M 
57 years M 
58 year? M 
59 years F 
59 years M 
60 years M 
63 years M 
64 years M 
65 years M 
66 years M 
68 years F 
69 years M 
70 years M 
75 years F 
76 years M 
78 years M 
84 years M 
86 years M 
94 years M 


1966 
1829 
2170 
3355 
3098 
3064 
3967 
3048 
Mean, 2700 
S D :  k565  


1560 
1468 
1480 
2318 
2019 
1745 
2326 
1630 
1924 
1869 
21 54 
2238 
1640 
1320 
2026 
1540 
2448 
2543 
1780 
2512 
1962 
1887 
1975 
1792 
2328 
1529 
Mean, 1923 
S D ,  5332  
p < 0.05 


a 
a 
a 
a 
a 
a 
b 
a 


a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
b 
a 
a 
a 
a 
a 
a 
a 
b 
a 
b 
a 
a 
b 
a 
a 


a M = hlnle, F = Female. ’ a = autopsy, b = biopsy. 


not damaged or not damaged severely were called “normal.” Thus, 
cases with mild congestion of the liver from red blood cells, white 
blood cells infiltration, and mild fatty degeneration were included. 
Those cases with cirrhosis and severe liver cell damage from any 
cause were classified “abnormal.” 


The normal value of DNA content of liver is reported to  be 2,100 
mcg./g. (1). The DNA content of young normal liver is elevated by 
40% up to 19 years of age in humans when compared to adult 
livers. Since the DNA content per cell remains constant, the in- 
creased DNA content might be a direct function of the larger num- 
ber of cells per gram of liver in normal liver. This may reflect the 
growth period in which cellular activity is greater. Even though the 
experimental procedure was carefully rechecked and n o  error de- 
tected, it seems prudent t o  hold in abeyance any conclusions re- 
garding this finding until additional samples in this age group can 
be analyzed. Hepatic DNA content remains relatively constant 
after age 31. However, a wide variation of DNA content from nor- 
mal value has been observed. This might be due to  subtle bio- 
chemical changes which might have occurred in some of these 
specimens as a result of primary diseases from which the patient 
died. The DNA content of the noncirrhotic abnormal livers, falls 
within normal \slues. However, cirrhotic livers have a large num- 


1 
2 
3 
4 
5 


1 
2 
3 
4 
5 
6 
7“ 
8” 


Cirrhotic Human Livers 
D.B. 9 years F 2870 
D.V. 14 years M 2900 
R.B. 26 years F 3400 
E.O. 54years M 5135 
E.H. 62 years F 2722 


Mean, 3405 
SD, f 8 9 5  


Noncirrhotic Abnormal Human Livers 
C.W. 32years M 1578 
F.Z. 44years M 1860 
J.D. 63 years M 2193 
L.C. 64 years M 1384 
G.W. 65 years M 2230 
P.W. 77 years M 2095 
C.B. 62 years F 1282 
P.P. 31 years M 1275 


Mean, 1890 
SS, 31317 
p < 0.05 


b 
a 
b 
b 
b 


a 
a 
a 
a 
a 
a 
a 
a 


a Excessive amount of bile cysts were observed in liver specimen and 
are excluded in calculating the mean value. 


ber of white blood cells (WBC) and these of course have DNA- 
containing nuclei (6). Regeneration of liver cells may be progressing 
at  a rapid pace in the cirrhotic livers possibly as a defense mech- 
anism. Moreover, the number of hepatic cells might also have been 
increased. The relative contribution of these two fractions to the 
total liver DNA is unknown, i.e., WBC versus hepatic cells. 


This study shows that the DNA content of young normal liver 
and adult cirrhotic livers is elevated over that of the adult liver. In 
the case of young normal liver, this may be due to the increased 
metabolic demands of growth, while the increased DNA content 
of cirrhotic livers may be due to regeneration of liver cells or to in- 
creased WBC infiltration. 


REFERENCES 


(1) I. Leslie, in “The Nucleic Acids,” vol. 2, E. Chargaff and 
J. N. Davidson, Eds. Academic Press, New York, N. Y., 1955, p. 
LLt. 


(2) ihid., p. 16. 
(3) J. M. Webb and H. B. Levy, J. Biol. Chem., 213,107(1955). 
(4) 1. Leslie, in “The Nucleic Acids,” vol. 2, E. Chargaff and 


J. N. Davidson, Eds. Academic Press, New York, N. Y., 1955, p. 
65. 


(5) G. H. Hogeboom, W. C. Schneider, and G. E. Pallade, J.  
Biol. Chem., 172, 619(1948). 


(6) “Liver, Structure and Function,” Popper and Schaffner, 
Eds., McGraw-Hill, New York, N. Y. ,  1957, p. 282. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received May 15, 1968 from the Department of Internal Mecli- 
cine, College of Medicine, University of Iowa, Iowa City,  ZA 52240 


Accepted for publication April 16, 1969. 
Presented to the Pharmacology and Biochemistry Section, APhA 


Academy of Pharmaceutical Sciences, Miami Beach meeting, May 
1968. 


This investigation was supported by Public Health Service Re- 
search grant, AM-0234-09, from National Institutes of Health, 
Bethesda, Md. 


* Present address: School of Pharmacy, Texas Southern Uni- 
versity, Houston, TX 77004 


Vol. 58, No. 8, August 1969 1037 












Antimicrobial Activity of Dimethyl Sulfoxide Against 
Escherichia coli, Pseudomonas aeruginosa, and Bacillus megaterium 


HOWARD C. ANSEL, WILLIAM P. NORRED*, and IVAN L. ROTHI 


Abstract 0 A study has been made of the antimicrobial activity of 
dimethyl sulfoxide (DMSO) against three organisms, Escherichia 
coli, Pseudomonas aeruginosa, and Bacillus megaterium. Growth was 
inhibited by increasing DMSO levels and was virtually eliminated 
for each of the species at approximately 15% DMSO. P. aeruginosa 
demonstrated the least resistance to DMSO inhibition, with over 
90% inhibition occurring in the presence of 8% DMSO. The 
growth rates of each of the microorganisms were shown to be de- 
creased with increasing concentrations of DMSO. Electron micros- 
copy revealed increased cytological alterations with increased 
concentrations of DMSO. 


Keyphrases 0 Dimethyl sulfoxide-antimicrobial activity 0 Anti- 
microbial activity-DMSO solutions Electron microscopy- 
cells exposed to DMSO 0 Turbidimetric analysis-bacterial 
suspensions 


Dimethyl sulfoxide (DMSO) has in recent years been 
the subject of numerous studies by pharmaceutical 
researchers and manufacturers, and several review 
papers on its activity have been published (1-5). In- 
cluded in these publications are reports of the value of 
DMSO as a local analgesic, diuretic, anti-inflammatory 
adjunct, tranquilizer, and bacteriostatic agent. DMSO 
has been the center of a controversy ignited by con- 
flicting reports of its ability to  hasten or potentiate the 
action of drug substances by increasing penetration 
across biologic membranes (6-1 1). Claims of DMSO's 
ability to greatly enhance drug penetration (6-8, 10 
have been challenged by reports indicating penetrating 
properties similar to those of more common vehicles 
(9, 11). DMSO has found other uses, including that of an 
endocellular cryophylactic agent for the preservation 
of blood and other cells (12-14), and as a solvent for cer- 
tain biochemical procedures (8, 15). 


In this laboratory the hemolytic activity of anti- 
bacterial preservatives commonly employed in the 
preservation of pharmaceutical products has been 
investigated (16-21). It was found in the majority of 
cases that the concentration of a preservative required 
to induce the total hemolysis of erythrocytes was similar 
to the concentration required for antibacterial preserva- 
tion. It was also determined that even though DMSO 
freely penetrates the erythrocyte membrane, and at 
concentrations of 40% causes irreversible damage to 
the cell, low concentrations tend to protect the red 
blood cell from hemolysis induced by the preservatives 
(16, 21). It is believed that this interference is cellular- 
based, rather than the result of an interaction between 
the preservative and DMSO (21). 


The purpose of the present investigation was to 
study the effects of DMSO against certain common 
Gram-negative and Gram-positive microorganisms. 
This type of information would be essential to the effec- 
tive preservation of future pharmaceutical products 


employing DMSO as a primary pharmacologic agent 
or pharmaceutical adjunct. I t  was hoped that this initial 
study would provide valuable basic information on the 
ability of DMSO to act as a preservative itself, and that 
later studies would relate this activity to preservative- 
DMSO combinations. 


The scope of the present study was to determine the 
bacteriostatic and bactericidal concentrations of DMSO, 
to study the effect on the growth curve during the log 
phase, and to examine by means of electron microscopy 
any structural changes occurring with the microorga- 
nisms. 


EXPERIMENTAL 


Materials--The DMSO used for this study was experimental 
drug grade (Crown Zellerbach Corp., Camas, Wash.). The sterile 
growth medium employed was nutrient broth (Difco Corp., 
Detroit, Mich.). The cultures of Escherichia coli, Pseudomonas 
aeruginosa, and Bacillus rnegareriurn were laboratory stock strains 
obtained from the Department of Microbiology, University of 
Georgia. 


Inhibition of Growth by DMSO-An iiioculum was prepared by 
introducing a loopful of bacteria into a test tube containing 10 ml. 
of 1.6% nutrient broth. This mixture was incubated at 37" for 
24 hr., after which time 1.0 ml. of the suspension was pipeted into 
99.0 ml. of the nutrient broth. The 1 : 100 dilution thus formed was 
used as the inoculum for the experimental tubes. 


Duplicate pairs of tubes, each containing 2.5 ml. of a combination 
of DMSO and distilled water were prepared such that the final 
volume (after the addition of inoculum) contained DMSO con- 
centrations ranging from 0 to 20%, at 1.0% increments. The tubes 
were plugged with cotton and autoclaved at 15 p.s.i. for 15 min. 
After cooling, each of the experimental tubes was inoculated with 
2.5 ml. of the prepared inoculum. Tubes containing sterile media 
and the various percentages of DMSO were concurrently run with 
the inoculated tubes and served as experimental blanks. Inoculated 
tubes containing growth media but no DMSO served as experi- 
mental controls. All tubes were incubated for 24 hr. at 37". 


After incubation the tubes were agitated to insure a uniform 
bacterial suspension. The turbidity of each tube was measured 
using a colorimeterl with a blue filter which allowed light of a 
wavelength of approximately 540 mp to pass through the bacterial 
suspensions (22). 


For each set of duplicate pairs of tubes, the colorimetric reading 
of the optical density of the blank tube was subtracted from the 
average reading of the inoculated tubes. The value thus obtained for 
the control tubes (containing 0% DMSO) was assumed to represent 
100% growth of the bacteria. The ratio of the average value of each 
of the other duplicate pairs of tubes to the value for the control 
tubes was used to calculate percentage growth. From this the percent 
inhibition attributable to the presence of DMSO was determined. 


Growth Curves-An inoculum was prepared by introducing one 
loopful of bacteria into 10 ml. of nutrient broth, and incubating 
24 hr. at 37". 


Immediately, and at various intervals (usually every 2 hr. during a 
6-hr. period), 1.0-ml. portions of the inoculated broth were with- 
drawn. Appropriate dilutions (from 1 : 100 to 1 : 10,000,000) were 
made using sterile distilled water, and the organisms plated on 
100 X 15-mm. Petri plates containing nutrient broth with 1.5% 
agar. The plates were incubated 24 hr. at 37", after which time the 


1 Klett-Summerson Photoelectric colorimeter. 
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colonies were counted. The number of colonies on each plate 
were multiplied by the dilution factor to obtain the number of 
viable bacteria per milliliter. 


Determination of Bactericidal Concentration of DMSO-An 
inoculum was prepared by introducing one loopful of bacteria into 
10 ml. of nutrient broth, and incubating 24 hr. at 37". Sterile solu- 
tions of various concentrations of DMSO and distilled water were 
prepared. Small volumes of the inoculum (0.5 ml.) were pipeted into 
10-ml. tubes containing the various DMSO solutions, and the tubes 
agitated thoroughly in order to insure complete exposure of the 
bacterial cells to the DMSO solutions. The tubes were then in- 
cubated for 20 min. at 37". 


At the end of the incubation period the tubes were centrifuged 
for 5 min. at about 2,500 X g ,  the supernatant liquid removed, and 
the cells washed twice with 10-ml. portions of sterile saline solution. 
Finally the cells were resuspended in 1.0 ml. of saline solution and 
plated in Petri dishes containing nutrient agar. The plates were 
incubated for 24 hr., and examined for the presence of growth. 


Electron Microscopy-Cultures of E. coli grown in or exposed to 
various concentrations of DMSO were prepared for electron 
microscopy according to the Kellenberger method (23). Thirty 
milliliters of a suspension of the bacteria was mixed with 3 ml. of 
Kellenberger fixative, which contains 1 .O% osmium tetroxide in a 
veronal-acetate buffer.2 The mixture was centrifuged at once for 5 
min. at 1,800 X g. The pellet produced was then suspended in 1.0 ml. 
of Kellenberger fixative containing 0.1 ml. of 1.0% tryptone medium, 
and allowed to remain overnight at room temperature. The sus- 
pension was then diluted with 8.0 ml. of Kellenberger b ~ f f e r , ~  and 
centrifuged 5 min. at 1800 x g. The pellet was resuspended in 1 or 
2 drops of warm 2.0% agar, and the drop quickly poured onto a 
glass slide. After the drop hardened, the agar containing the fixed 
bacteria was cut into l-mm.3 blocks, and washed for 2 hr. in a solu- 
tion containing 0.5 % uranyl acetate in Kellenberger buffer. 


The blocks of agar were next dehydrated by exposure to baths 
of increasing concentrations of alcohol. After final dehydration by 
exposure to absolute alcohol, the blocks were treated with pro- 
pylene oxide, infiltrated with a 50-50 mixture of propylene oxide 
and a condensation resin,4 and finally embedded in the resin with 
polymerization carried out at 60" for 48 hr. 


The hardened blocks were sectioned with an ultramicrotome 
(LKB 4801-A), and sections mounted on copper grids. An electron 
microscope (JEOL 6C) was used for examination of sections. 
Pictures were photographically enlarged as noted in the figures. 


RESULTS AND DISCUSSION 


Bacteriostatic Activity of DMSO-Table 1 shows the inhibition of 
growth of three species of bacteria by various concentrations of 
DMSO. Inhibition increased sharply as percent DMSO was in- 
creased. Thirteen percent DMSO virtually eliminated growth of 
each of the bacterial species, and for Pseudomorius ueruginosa, 
about 92% inhibition occurred at a DMSO concentration as low as 
8 %. 


Jacob et a/. (6) claimed that DMSO is bacteriostatic in a 20% 
concentration against several species of organisms. However, the 
methods used and the data obtained in these experiments were not 
published and were not made available upon request. A more recent 
study by Seibert et ul. (24) showed DMSO to be bacteriostatic 
in 25% concentration in vitro against a variety of unidentified acid- 
fast bacteria isolated from leukemic and cancer patients. Pottz et al. 
(25) investigated the effect of DMSO on the antibiotic sensitivity 
of various microorganisms, including E. coli, P .  aeruginosu, Staphy- 
lococcus mireus, and others. The bacteriostatic concentrations of 
DMSO against these organisms were determined by the standard 
tube dilution method, using brain-heart infusion broth, and found 
to range from 5 to 10%. It was also found that DMSO does not 
affect the susceptibility of the microorganisms to various anti- 
biotics, altering neither sensitivity nor resistance of the bacteria. 


2 Each 100 ml. of buffer solution contains 2.94 g. of sodium veronal, 
1.94 g. of sodium acetate, and 3.40 g. of sodium chloride in distilled 
water. 


3 Each 100 ml. .of buffer solution contains 20 ml. of veronal-acetate 
buffer, 28 ml. of 0.1 N HCI, and 1.0 ml. of 1 M calcium chloride in 
distilled water. 


4 "Epon 812," Shell Chemical Co., New York, N. Y. 


Table I-Inhibition of Three Species of Bacteria by Various 
Concentrations of DMSO After 24 hr. at 37" 


Average Inhibitionb x P. B. 
DMSOa E.  coli aeruginosu nieguteriuni 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
20 


7.63 
18.70 
15.63 
17.25 
23.35 
39.45 
52.70 
68.00 
77.10 
87.15 
87.45 
90.77 
98.16 
99.50 
98.30 
98.50 


7.50 
6.70 


26.80 
35.40 
66.90 
71.60 
89.90 
92.17 
92.26 
96.38 
98.07 
98.41 
97.81 
97.53 
97.61 
96.57 


14.40 
16.00 
18.70 
25.00 
31.60 
38.17 
43.70 
56.90 
56.90 
81.32 
79.90 
83.07 
90.62 
93.97 
98.30 


100.00 


a In the presence of 1.6% nutrient broth. bEach figure represents the 
average of two to five experiments. 


Ansel and Leake (1 6), in their study of the hemolytic activity of 
DMSO, concluded that DMSO freely penetrates the erythrocyte 
membrane and causes osmotic hemolysis unless the cells are pro- 
tected by an extracellular material such as sodium chloride. Even 
then the red blood cells lyse as the DMSO concentration approxi- 
mates 25 %. 


In comparing the responses to DMSO of red blood cells and of the 
bacteria studied in the present report, it can be said that both types 
of cells are sensitive and can be destroyed by DMSO. 


While an explanation of the mechanism of the bacteriostatic 
activity of DMSO is beyond thescope of this investigation, it appears 
from the above findings, and from the unique solvent character- 
istics of dimethyl sulfoxide, that DMSO is capable of penetrating 
cells, and in some manner altering the bacterial cell so that division 
of the cells is greatly reduced. 


Effect on the Growth Curve of Bacteria-The effect of DMSO on 
the growth curve of E. coli is shown in Fig. 1. Comparable results 
were obtained using P. uerugifiosa and B. meguterium. At 5 % DMSO, 
only a slight reduction in growth rate was observed over a 6-hr. 
period. At 10% DMSO, however, the growth rate was substantially 
decreased, and in fact the number of viable bacteria decreased to a 
slight extent over a 6-hr. period. 


Fowler and Zabin (26), in their investigation of the effects of 
DMSO on the lactose operon in E. coli, found that growth rate and 
P-galactosidase formation were inhibited to the same extent by 
DMSO. These results were interpreted as indicating that the differ- 
ential rate of synthesis of the enzyme remained the same when the 
cell was exposed to varying low concentrations of DMSO. The 
activity of another enzyme, thiogalactoside transacetylase, was 
also unaltered by low concentrations of DMSO. The authors 
concluded that while the permeability barrier of the bacterial cell 
is reduced by low concentrations of DMSO, it is probable that ir- 
reversible effects on other components of the cell do not occur. 


Bactericidal Activity of DMSO-Table I1 shows that high con- 
centrations of DMSO (70-75 %) are required to prevent regenera- 
tion of E. coli and P. neruginosa exposed to DMSO for 20 min. 
Buci//us meguferium cultures remained viable even after 20-min. 
exposure to 100% DMSO. Since BuciNus species are known to form 
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E. coli. Key: A, 0% 
DMSO (control); B, 5 
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Table 11-Minimum Bacteriostatic Concentrations of DMSO for 
Three Species of Bacteria After 20-min. Exposure at  37” 


DMSO 
in Distilled Water 


Escherichia coli 
Pseudomonas aeruginosa 
Bacillus rneguterium 


70 
75 
- 


spores which are generally resistant to heat and chemical action, 
it is likely that B. megaterium is protected from the effects of DMSO 
by its ability to form spores. 


Electron Microscopy-In order to further investigate the actions 
of DMSO on bacteria, cultures of E. coli were exposed to several 
concentrations of DMSO for various periods of time. Figure 2 
shows thin sections of E. coli grown in nutrient broth for 24 hr. in 
the absence of DMSO. The cell wall and plasma membrane are 
evident, and nuclear material appears as light areas within the cells. 


Figure 3 shows a longitudinal and a transverse section of two 
bacteria which were grown in the presence of 5 %  DMSO during 
a 24-hr. period. The extracellular material surrounding the bacteria 
is believed to be a precipitate resulting from a reaction between 
DMSO and the fixative used, osmium tetroxide, as noted from the 


Figure 2-E. coli grown in 
absence of DMSO during u 
24-hr. period. 122,400X. Key: 
CW, cell wall: PM, plusma 
membrane: N, nncleoplastii. 


appearance of a black precipitate when the two reagents were mixed. 
The most noticeable difference in the appearance of these cells when 
compai ed to those in Fig. 2 is increased electron density of the cell 
wall. Montes el a/.  (27) in investigating ultrastructural changes 
occurring in the horny layer of guinea pig skin following treatment 
with DMSO, suggested that osmium binding during fixation might 
be influenced by DMSO, in that good fixation of the granular layer 
results with osmium after DMSO application. From Fig. 3 it 
would seem, then, that dimethyl sulfoxide becomes associated with 
the cell wall, and that when osmium is added an electron-dense cell 
wall material-DMSO-osmium complex is formed. 


Figure 4 shows the effects of 10% DMSO on E. coli after an 
exposure period of 24 hr. Note that the cell wall is intact, but 
the differential staining of the wall is not apparent, as it is in Fig. 3. 
DMSO has been reported to be capable of crossing biologic mem- 
branes and causing morphological changes in tissues ( 1 ,  27). The 
cytoplasm of the bacteria in Fig. 4 appears to have been altered. 
Nucleoplasm is not as apparent as in the control cells, and empty 
spaces appear where either the cytoplasm has separated from the 


Figure 3-E. coli grown in the 
presence of 5% DMSO for 24 
hr. 92,400X. Key: CW, cell 
wall; N, nucleoplasm. 


Figure 4-E. coli exposed to 
10% DMSO for 24 hr. 
72,OOOX. Key: CW, cell wall; 
N, nucleoplasm. 


plasma membrane, or the membrane has separated from the cell 
wall. 


Finally, Fig. 5 shows the effects of the bactericidal concentration 
of DMSO, 75%, on E. coli following an exposure period of 20 min. 
The upper portion of the cells is partially destroyed, probably as a 
result of the angle of the cell to the sectioning knife of the ultra- 
microtome. Again the cell wall appears intact, but the cytoplasm 
has taken on a granular appearance, and nuclear material is barely 
discernible. 


In conclusion, this study has shown that DMSO possesses 
antimicrobial activity, and that it is capable of causing ultrastructural 
changes in bacteria. It is hoped that this information will be useful, 
not only in the future use of DMSO as a medicinal agent, but 
also in its ever increasing use as an adjunct in the study of bacteria 
and other cells. 


Figure 5-E. coli exposed to 
75% DMSO .for 20 min. 
122,500X. Key: CW, cell wull. 
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Plant Antitumor Agents 111: A Convenient Separation of 
Tannins from Other Plant Constituents 


MONROE E. WALL, HAROLD TAYLOR, LINDA AMBROSIO, and KENNETH DAVIS 


Abstract 0 Several methods were tested for the nondestructive 
separation of tannins from other plant constituents which might 
have antitumor activity. A comparison was made of precipitation 
of tannins by caffeine or lead acetate and chromatography on poly- 
amide. The caffeine procedure was preferred over lead acetate; 
both tannins and nontannins were effectively separated and the 
caffeine conveniently removed. Polyamide was an effective tannin 
remover ; nontannins were easily collected but tannins were ir- 
reversibly adsorbed. The application of the caffeine procedure to a 
variety of plants is described. 


Keyphrases Tannin separation-antitumor plant constituents 
Caffeine-tannin precipitation Lead acetate, caffeine precipita- 
tion, chromatography-tannin separation comparison 


Tannins are a ubiquitous plant constituent (1) and are 
quite soluble in ethanol, aqueous 5 0 z  ethanol, or water. 
For some years the Walker 256-carcinosarcoma tumor 
has been used by groups fractionating plants for anti- 
tumor agents under the Cancer Chemotherapy National 
Service Center program.’ A variety of alcohol and 
water-soluble substances inhibit growth of this tumor in 
rats, including tannins, saponins, and certain cardiac 
glycosides, and other less well-defined substances. In 
some cases the initial activity may be due to  mixtures of 
the above substances. Accordingly, a convenient, spe- 
cific, and nondestructive method which would separate 
tannins from other constituents would be useful and is 
the subject of this report. 


1 The procedure for this assay is described in Cancer Chernofherapji 
Rept., 25, l(1962). 


EXPERIMENTAL 


Seven kilograms of air-dried whole plantZ (root, stem, leaf, and 
flowers) was continuously evtracted with 95% ethanol in a con- 
tinuous, pilot-plant scale extractor (continuous hot-percolation 
type) for 48 hr. After concentration of the alcohol in vacuo to a 
syrup, the latter product was partitioned between chloroform and 
water (4 1. water extracted three times with 2 1. chloroform contain- 
ing 10% ethanol). The aqueous fraction was freeze dried; the 
chloroform fraction was evaporated to a syrup in cacuo. Figure 1 
gives the extraction data and 5WM activities of the various fractions. 


Countercurrent Concentration-Two-hundred and fifty grams of 
the aqueous fraction (Fig. 1 )  was partitioned in a system consisting 
of ethyl acetate-methanol-water, 2: 1 :2; the phases were mutually 
saturated and equal volumes of upper and lower phase used in a 
10-tube countercurrent distribution instrument. A bank of ten, 4-1. 
separators set up containing 1,800 ml. of upper and lower phase, 
respectively. The freeze-dried water-soluble fraction from Fig. 1 was 
dissolved in the lower phase of this system, shaken, and after separa- 
tion transferred to the next tube containing 1,800 ml. of lower phase. 
A similar quantity of upper phase was added to the first funnel and 
the partition continued for a total of 10 tubes. Volatile solvent was 
removed from upper and lower phases in Ljaciio at 40”; the residual 
upper-phase material in each tube was added to the corresponding 
lower phase and water removed by freeze drying. The results are 
shown in Table I. Fractions 6-9, Table I, all gave strong qualitative 
tannin tests [ferric chloride, salt-gelatin, method of Wall et a/. (l)]. 
Fraction 7 was arbitrarily chosen for comparison of the various 
tannin-removal procedures. 


Lead Acetate Precipitation-Ten grams of Fraction 7 in 100 ml. 
of water was treated with 30 ml. of neutral lead acetate aqueous 
solution (23 %). The precipitate was centrifuged and suspended in 
methanol. The suspension was treated with a large excess of H,S 
gas and the lead sulfide centrifuged. The residual solution was 
evaporated in vacuo and the residue taken up in water and freeze 


* The authors wish to thank Dr. Robert E. Perdue, Jr., New Crops 
Research,Branch, ARS, USDA, Beltsville, Md., for all the plant mate- 
rial described in this paper. 


3 Craig CCD, H. 0. Post Scientific Instruments Co. 
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Colorimetric Determination of Some Sulfonamides with 9-Chloroacridine 


J. T.  STEWART, A. B. RAY, and W. B. FACKLER 


Abstract 0 A colorimetric procedure based on the reaction between 
9-chloroacridine and primary aromatic amines has been applied 
to some sulfonamides and sulfonamide mixtures. It has been found 
to be comparable in sensitivity to other sulfonamide determinations, 
particularly the popular diazotization-coupling procedures. Quanti- 
tative data from several systems reveal that use of this procedure 
permits the determination of sulfonamides in the presence of an azo 
dye, tetracycline hydrochloride, sodium penicillin G, hexamethyl- 
eneamine, and other sulfonamides. Comparative analyses were per- 
formed with the method of Bratton and Marshall on sulfamerazine, 
sulfamethoxypyridazine, and succinylsulfathiazole tablets. 


Keyphrases Sulfonamides, sulfonamide mixtures-analysis 0 
9-Chloroacridine-chromogenic reagent 0 Colorimetric analysis- 
spectrophotometer 


The objective of this investigation was to  evaluate a 
colorimetric method of analysis for sulfonamides based 
on the reaction between organic amines and 9-chloro- 
acridines to yield highly-colored aminoacridine hydro- 
chlorides. The assay procedure applied to primary 
aromatic amines has been reported previously by this 
laboratory (1). 


In this paper, the method has been applied to the 
analysis of several sulfonamides and sulfonamide mix- 
tures. A comparative study of this technique was made 
with the procedure of Bratton and Marshall (2). 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were made 
with spectrophotometers.’. Matched cells with a I-cm. optical 
path were used. 


Reagents and Chemicals-9-Chloroacridinea was used as the 
chromogenic reagent. Powdered samples of sulfamethi~ole,~ sul- 
fisoxazole,s sulfamethoxypyridazine,6 succinylsulfathiazole,? sulfa- 
merazine? and s~lfathiazole~ were used in the analytical procedure 
for preparation of standard curves. Sulfamethoxypyridazine, lo 


succinylsulfathiazole, l1 and sulfarnerazine12 tablets were used in the 
comparative study with the Bratton-Marshall procedure. 2,6- 
Diamino-3-phenylazopyridine hydrochloride,13 sodium penicillin 
G,14 tetracycline hydrochloride, l6 and hexamethyleneamine USPIG 
were also used in the analysis. All other chemicals used were the 
highest grade of the commercially available materials. 


Solutions (10-6  mole ml.-1) were prepared by dissolving weighed 
amounts of the sulfonamides and hexamethylenearnine in ethanol 
and weighed amounts of 2,6-diamino-3-phenylazopyridine hydro- 


1 Perkin-Elmer, model 202. 
2 Beckman, model DU. 
3 Eastman Organic Chemicals. 
4 Ayerst Laboratories, New York. 
5 Hoffmann-LaRoche, Inc., Nutley, N. J.  
6 Parke-Davis and Co., Detroit, Mich. 
7 Merck Sharp and Dohme, West Point, Pa. 
8 American Pharmaceutical Company, New York. 
9 City Chemical Corporation, New York. 


Marketed as Midicel by Parke-Davis and Co. 
11 Marketed as Sulfasuxldine by Merck Sharp and Dohme; 
I2 Marketed as Sulfamerazin N. F. by Eli Lilly and Co. 
l a  K and K Laboratories, New York. 
1 4  Eli Lilly and Co., Indianapolis, Ind. 
16 Chas. Pfizer and Co., Inc., New York. 
16 Fisher Scientific Co. 


chloride, sodium penicillin G, and tetracycline hydrochloride in 
water. Solutions of 9-chloroacridine (l0-l2 mole ml.-1) were 
prepared immediately before use by dissolving weighed amounts in 
ethanol. 


Procedure-One milliliter of an ethanolic solution of sulfa drug 
mole mI.-l) was placed in a 10-ml. volumetric flask. The pH 


of the drug solution was adjusted to pH 6-7 by the addition of 
either 10% v/v hydrochloric acid or sodium hydroxide solution. 
To this was added 2 ml. of an ethanolic solution of 9-chloroacridine 
(10-l2 mole mI.-l). Then the pH was adjusted to approximately 
4 with 10% v/v aqueous hydrochloric acid. The solution was shaken 
and allowed to sit for 5 min. at room temperature followed by the 
addition of ethanol to  volume and absorbance measured at 435 
mp. Absorbance measurements were corrected for reagent blanks 
in the procedure. 


RESULTS AND DISCUSSION 


The results of this investigation indicate that the reaction between 
sulfonamides containing a primary aromatic amino group and 9- 
chloroacridine to yield highly-colored aminoacridine hydrochlorides 
can be utilized as a suitable assay procedure for sulfonamides. The 
absorption curve in the visible spectrum for a typical sample of 
sulfisoxazole shows an absorption maximum at 435 mp. Reagent 
blank readings at this wavelength are very low. 


In comparing absorption curves of the colored solutions obtained 
with equimolar concentrations of the various sulfonamides con- 
taining primary aromatic amino groups, it was noted that the 
curves were almost identical. Compounds such as sulfamethizole, 
sulfamethoxypyridazine, sulfamerazine, and sulfathiazole all 
produce color which absorbs at the same wavelength maximum 
and with essentially the same intensity as does sulfisoxazole. Struc- 
turally all of these compounds have a primary aromatic amino 
group in the position para to the sulfonamido linkage. 


Succinylsulfathiazole gives no color formation with this proce- 
dure. However, saponification with base yields sulfathiazole, which 
does react with 9-chloroacridine to produce the desired color for 
the analytical procedure. 


Standard curves can be prepared by plotting observed absorbance 
readings uersus the volumes taken of equimolar concentrations of 
various sulfonamides. In all cases, Beer’s law holds for this system. 


Quantitative data from several systems shown in Table I reveal 
that use of this procedure permits the determination of sulfon- 


Table I-Analysis of Known Sulfonamide Mixtures for Sulfonamide 


--Sulfonamide-- 
Found, 


Components, Concn. of mole ml.-l Z of 
Mixture 2.500 x mole m k l  X Theory 


1 Sulfamethizole 2.500 100.0 


2 Sulfamethizole 2.480 99.2 
Hexamethyleneamine 


2,6-Diamino-3-p henylazo- 
pyridine hydrochloride 


Tetracycline hydrochloride 


2,6-Diamino-3-phenylazo- 
pyridine hydrochloride 


3 Sulfamethoxypyridazine 2.500 100.0 


4a Sulfisoxazole 2.500 100.0 


5 Sulfisoxazole 2.490 99.6 
Succinylsulfathiazole 


Sodium penicillin G 
~~ 


a Mixture analyzed for sulfisoxazole content. 
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Table 11--Determination of Sulfamera7ine, SulfamethoxypyTidazinc, 
and Succinylsulfathiazole in Tablcts by the 9-Chloroacridine Method 
and the Method of Bratton and Marshall 


9-Chloroacridine Brat tun- Mars hall -- Method- -- - .-- - Method ---. 
w a n  Mean 
”:, of SL) of I)(; of SII  of 


Labeled Mean. Labeled Mean, 
Amount “; Amount “; 


Sulfamerazine tablets 99.00 0.45 98.75 0.25 
Sulfamethoxypyridazine 99.52 0.27 100.63 0.55 


Succinylsulfathiazole tab- 
tablets 


lets 99.43 0.40 99.20 0.46 


amides containing a primary aromatic amino group in the presence 
of other sulfa derivatives, such as succinylsulfathiazole, and in the 
presence of 2,6-diamino-3-phenylazopyridine hydrochloride, tetra- 
cycline hydrochloride, sodium penicillin G, and hexamethylene- 
amine. The latter compounds are found in various combinations 
with sulfonamides in commercially available dosage forms. It was 
shown from earlier studies that primary, secondary, and tertiary 
aliphatic amines, secondary and tertiary aromatic amines, hetero- 
cycles, and carbonyl-containing compounds also do not interfere 
with this method (1). 


The analytical method is essentially a micro procedure, and 
sensitivity is in the range of lO-’-IO-* mole ml.-I of sulfonamide, 
which makes it comparable to other sulfa determinations, par- 
ticularly the popular diazotization-coupling procedures. 


A favorable characteristic of the analysis is that the absorbance 
of the product formed is stable and does not fade over a 24-hr. 
period. This is an advantage over the colorimetric method of Brat- 
ton and Marshall. In the latter method, absorbance readings must 
be made within 15 min. after color development, due to precipita- 
tion of the azo dyes in the method (3). The 9-chloroacridine 
method does not involve diazotization. Thus, it eliminates the need 
for freshly prepared sodium nitrite and ammonium sulfamate 
solutions required with the Bratton-Marshall technique. Control 
of pH is required in both methods. 


The method of analysis for sulfonamides by the 9-chloroacridine 
approach was carried out for various sulfonamides. and com- 
parative analyses were performed using the colorimetric procedure 
of Bratton and Marshall. Assays were performed on sulfamerazine, 
sulfamethoxypyridazine, and succinylsulfathiazole in tablets. With 
succinylsulfathiazole, saponification with sodium hydroxide as 
outlined in N F  XI was required to form the primary amine (4). 
The commercially available sulfamethoxypyridazine tablets used 
were colored with a yellow dye; but it was found that for the dilu- 
tions used, the absorbance from the color was not sufficient to 
interfere with the assays by either method. 


The procedure outlined by Connors was used for the analysis by 
the Bratton-Marshall method (5). 


Four determinations by each method were performed for each 
sulfonamide. The mean percent of labeled amount and the percent 
standard deviation of the mean for each sulfonamide are shown in 
Table I1 for both methods (6). 
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Inclusion Compounds in Pharmaceutical Analysis I: 
Determination of Dienestrol in Dienestrol Cream 


BARBARA J. FORMAN and LEE T. GRADY 


Abstract 0 Large ratios of monostearin to dienestrol in cream 
formulations complicate the development of an assay for dienes- 
trol. Monostearin was removed easily in a test-tube procedure by 
channel-type inclusion in urea. Dienestrol recovery was complete 
and reproducible analyses were obtained by polarography of the 
nitrosophenol derivative. Urea inclusion may offer a general 
approach to analytical methodology where long-chain compounds 
need be separated from active ingredients. 


Keyphrases 0 Dienestrol creams-analysis 0 Monostearin re- 
moval, dienestrol creams-urea inclusion compound 0 Column 
chromatography-separation 0 Polarography, organic-analysis 


Isolation of dienestrol and related compounds from 
formulations containing surfactants or hydrocarbons 
has required troublesome steps such as column chroma- 


trography. Gottlieb (1) separated diethylstilbestrol from 
creams and ointments using toluene at reflux to break 
emulsions and subsequently isolated the drug on an 
alumina column. Nevertheless, he reported poor re- 
covery in the presence of monostearin. A more recent 
illustration (2) was the determination of diethylstil- 
bestrol in a water-dispersibile suppository using an 
alumina column step prior to quantitative TLC. 


In  developing an assay for dienestrol i n  dienestrol 
cream,’ the authors separated the drug from at least a 
thousand-fold excess of monostearin. An existing 
polarographic method was used for the determinative 
step. Monostearin interfered with this step by causing 
gross distortion of the polarograms. 


1 To be official in NF XIII. 
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Polarographic Determination of Oxazepam 


F. RAYMOND FAZZARI and OSCAR H. RIGGLEMAN 


Abstract Oxazepam was extracted from dosage form and polaro- 
graphed in a methanol-methylene chloride solvent system. Well 
defined cathodic waves were obtained at the dropping mercury 
electrode and the diffusion current was shown to be proportional 
to the concentration. The method is rapid and reasonably specific. 
Recoveries ranged from 97.&104.0z with an average of 99.9 %. 


Keyphrases 0 Oxazepam dosage form-analysis Methanol- 
methylene C1 solvent-oxazepam determination Polarography- 
analysis 


Oxazepam, 7-chloro-l,3-dihydro-3-hydroxy-5-phenyl- 
2H- 1,4-benzodiazepin-2-one, belongs to  the chemical 
class referred to as the benzodiazepines. 


/ /  


i 


General Structure Oxazepam 


Senkowski et al. (1) have reported a large amount of 
data concerning the polarographic behavior of the 
benzodiazepines. These authors used 0.1 N HCI in 20 
methyl alcohol as the solvent, and included in their 
report the results of the polarography of diazepam, the 
compound-most closely related to oxazepam. 


EXPERIMENTAL 


b” 
Diazepam 


In addition, Oelschlager (2), using aqueous Britton- 
Robinson buffers as solvents, compiled data on the re- 
lated compound chlordiazepoxide hydrochloride. 


Because the applicability of polarographic techniques 
for the analysis of benzodiazepines is thus wellestablished, 
and because of the need for a rapid, accurate analytical 
method for oxazepam, the authors have applied polar- 
ography to this compound. The entire procedure, in- 
cluding extraction and the recording of the polarogram, 
is very rapid and simple. An electrochemical read-out is 
applied directly to the sample extract without additional 
manipulation except for dilutions; this is more suitable 
than extracting with solvents that must be removed be- 
fore the determinative step. Because oxazepam is ex- 
tracted from the dosage form, polarographed in a well- 
controlled solvent system, and quantitated at its char- 
acteristic half-wave potential, the method is adequately 


Figure 1-Illustrotion of reduction wave and calculation of the 
limiting current. A, blank; B, ID = 1.72 pamp.; C ,  Eli2 = -1.02 U.  


specific. Similar compounds that would interfere in the 
analysis would not be expected to be present in the same 
dosage form. 


Well-defined cathodic waves (see Fig. 1) were obtained 
at the dropping mercury electrode in a mixture of 
methylene chloride-methyl alcohol solvent. The diffu- 
sion current was found to be linear at a limiting current 
of 0-3.4 pamp. over the range of interest (Fig. 2), thus 
permitting quantitative results. With the recommended 
instrument operating parameters, the sensitivity of the 
method is 0.5 mg./50 ml. of solvent. 


Apparatus-A recording polarographl was used to obtain the 
curves for the analysis of polarographic waves. An electrolysis 
vessel with a capacity of approximately 20 ml. and a silver/silver 
chloride wire reference electrode were used. The electrode capillary 
delivered the mercury at 1.85 mg./sec. at a column height of 50 cm. 
The drop time was 4.5 sec. and the capillary constant, m2/3t‘/8, was 
1.90 mg./sec. The constants were obtained at ambient temperature 
with the mercury dropping into the solvent system. The sensitivity 
of the instrument was 2 X lO-gA/mm. (0.02 mamp./mm.), the volt- 
age span -0.5 to -2.0 v., the damping 5.0, and the bucking current 
0. 


Reagents and Standard-Extraction So lcen t4 .1  N HCI and 
methylene chloride. 


Polurographic Soluent-Prepare the following stock solutions : 
0.2 M acetic acid in methyl alcohol; and 0.2 M sodium acetate 
(27.199 g. of the trihydrate per liter) in methyl alcohol. Mix 5.9 ml. 
of the 0.2 Macetic acid with 14.1 ml. of the 0.2 Msodium acetate. 


Suppressor-A 0.1 solution of alkyl polyethoxy ethanol2 in the 
polarographic solvent. 


Supporting Elec tro ly te4 .  1 M tetraethylammonium bromide in 
the polarographic solvent. 


Oxazepam Standard Solution-Dissolve 25 mg. of standard 
oxazepam in 50 ml. of methylene chloride. 


1 Metrohm Polarecord E-261 with E-354 polarographic cell assembly. 
2 Triton X-100, Rohm & Haas, Philadelphia, Pa. 
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Table I---Recovery of Added Oxaxpam 


Added, mg. Found, mg. Recovery, 


3.4 


2.6 
m 


+- z -  
a a 


c 


w 


3 


d z 
1.8 


- 
c z -  
-I 


1.0 


24.33 
25.66 
30.52 
26.65 
27.60 
28.90 


- 


- 


- 


- 


- 


- 


- 


26.32 
25.41 
27.80 
24.71 
24.66 
26.85 
Average 
SD 


Analyst 1 
24.00 
25.03 
29.40 
26.75 
27.80 
29.20 


Analyst I1 
27.48 
25.63 
28.16 
24.92 
24.00 
26.65 


99.0 
97.7 
98.0 


100.2 
100.5 
101 .o 


104.0 
100.9 
101.3 
101 . 0  
97.0 
99.3 
99.9 


+2.64 


Procedure-Ex-traction-Quantitatively transfer a representative 
portion of sample, equivalent to approximately 25 mg. of oxazepam, 
to a 125-ml. separator with small portions of methylene chloride. 
Add methylene chloride to a total volume of 25 ml. and shake the 
separator to dissolve the oxazepam (about 1 min.). To in- 
crease the solubility of the oxazepam and to remove the excipients, 
add 25 ml. of 0.1 N HC1 to the separator and shake the mixture. 
gently for about 30 40 sec. Drain the organic phase into a 50-ml. 
volumetric flask and re-extract the acid phase with successive 15- 
and 10-ml. portions of methylene chloride, combining each portion 
in the volumetric flask. Dilute to volume with methylene chloride. 


Filter the methylene chloride through a fast filtering filter paper, 
discarding the first 10-15 ml. Quantitatively transfer a 5-ml. aliquot 
of the filtrate to a 50-ml. volumetric flask. Using Mohr pipets, add 
5 ml. of supporting electrolyte and 5 ml. of suppressor; then dilute to 
volume with the polarographic solvent. 


Polarography- -Place approximately 15 ml. of the sample solution 
in the polarographic cell equipped with the silver/silver chloride 
reference and the dropping mercury electrodes. Use a gentle stream 


1.0 2.0 3.0 4.0 5.0 6.0 
OXAZEPAM, rng./50 ml. SOLVENT 


Figure 2-Pfot of oxazepam concentrotion versus limiting current. 


TaMe I1 -Analyses of Oxazepam Capsules 


Sample Weight, 
Mg./Capsule :< Declared 


Analyst I 


mg." 


184.19 
187.29 
185.98 
178.94 
171.73 
187.25 


181.75 
181.70 
178.76 
184.19 
181.40 


184.90 
174.10 
179.70 
185.70 


182.10 
181.20 
181.50 
183.20 
179.70 
Average 
SD 


29.6 
29.1 
29.5 
29.3 
29.2 
29.2 


Analyst I1 
29.5 
29.5 
29.5 
29.6 
28.3 


Analyst 111 
29.8 
30.4 
30.2 
29.2 


Analyst IV 
29.3 
28.8 
29.9 
30.0 
29.8 
29.4 


+ 0.45 


98.6 
97.5 
98.5 
98.0 
97.3 
97.3 


98.2 
98.3 
97.3 
98.7 
94.2 


99.4 
101.3 
100.7 
97.2 


97.6 
96.0 
99.7 


100.0 
99.4 


a Equivalent to approximately 30 mg. of oxazepam. 


of nitrogen, bubbled through a solvent scrubber and then through 
the cell, to deaerate the solution. After 5 min., record the polaro- 
gram, using the prescribed instrument parameters, while continuing 
to gently sweep the cell with nitrogen. 


Determine the limiting current at the half-wave potential (about 
-1.02 v.). Refer to the sample polarogram, Fig. 1, to calculate the 
limiting current; compare to the limiting current of a standard pre- 
pared by taking a 5-ml. aliquot of the standard oxazepam solution 
and treating it in the same manner as the sample. 


RESULTS AND DISCUSSION 


Recovery data, ranging from 97.0 to 104.0z at the 25-mg. level, 
are presented in Table I. 


Table I1 shows the results of actual sample analyses performed by 
four different analysts. All data are based on a product declared to 
have 30 mg. of oxazepam per capsule. Assay weights were taken 
from a prepared composite. Results ranged from 28.3 to 30.4 mg. 
found per capsule, reflecting an average value of 29.5 mg. and a 
standard deviation of f0 .45  mg. 


A sample weight equivalent to 25 mg. of oxazepam was selected 
since it resulted in a limiting current reflecting the midpoint of the 
linearity plot. Ho-wever, a much smaller amount can be used. Be- 
cause the sensitivity of the method is at least 0.5 mg./50 ml. of sol- 
vent, a sample equivalent to 10 mg., the lowest dosage form cw- 
rently available, can be accurately analyzed. Therefore the method 
is applicable to the dosage forms of 10,15. and 30 mg., not only for 
composite analysis but also for individual dose analysis. 
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Synthetic Approaches to the Pyrrolo [3,4-d] Imidazole Nucleus 


HENRY C. WORMSER 


~ 


Abstract [7 A synthetic scheme for the preparation of compounds 
containing the pyrrolo [3,4-d] imidazole ring system has been de- 
veloped. cis-Hexahydropyrrolo [3,4-4 imidazole-2-one has been 
prepared and its stereochemistry confirmed. 


Key phrases [7 cis-Hexahydropyrrolo [3,4-4 imidazole-2-one-syn- 
thesis [7 TLC-separation 0 UV spectrophotometry-structure 0 
IR spectrophotometry-structure [7 Mass spectroscopy-structure 


The pyrrolo [3,4-d] imidazole ring system has been the 
subject of limited study, and since it is closely related to 
the thieno [3,4-d] imidazole nucleus, the ring system of 
biotin (I), the preparation of certain representatives of 
this class of compounds was desirable. 


0 


I 


This report describes a convenient procedure for the 
synthesis of cis-hexahydropyrrolo [3,4-d] imidazole-2- 
one (XIa) which should be applicable to  the preparation 
of a variety of 4-substituted derivatives. 


1,3-Dicarbethoxy-4-pyrrolidone (V) provided a suit- 
able moiety on which to build the imidazolone system. 
The pyrrolidone was obtained by a Dieckmann cycliza- 
tion carried out as described previously (1) and as out- 
lined in Scheme I. From the tracer study of Rapoport 
and Willson (2) it is now certain that the ring closure 
affords the desired 0-ketoester V rather than the iso- 
meric 1,2-dicarbethoxy-3-pyrrolidone. Pyrrolidone V 
was then converted to the ureido-3-pyrroline VI  in 66 Z 
yield, by condensation with urea under acid-catalyzed 
conditions. The ureidopyrroline, unlike the pyrrolidone, 
is a relatively stable substance which can be kept for 
extended periods of time without undergoing decompo- 
sition. The reduction of the 3-pyrroline was attempted 
with platinum oxide in ethanol. The reaction was found 
to be very slow and incomplete. Work-up afforded two 
closely related compounds with similar Rf values. These 
two compounds were characterized as isomeric 1,3,4- 
trisubstituted pyrrolidines (cis V I I a  and trans VIIb) by 
elemental analysis and additional reactions as shown in 
Scheme I. Reduction of Compound VI using freshly 
prepared W-2 Raney nickel (3) afforded exclusively 
V I I a  in 90% yield, providing additional support for the 


'The only additional work thus far recorded in the literature on 
compounds having this ring system concerns a derivative of hexahydro- 
pyrrolo [3,4-4 imidazole mentioned in a communication by J. Sicher, 
M. Rajsner, J. Rudinger, M. Eckstein, and F. Sorm, Collection Czech. 
Chem. Commurz., 24, 3719(1959). This compound is 3-benzoyl-hexahy- 
dropyrrolo [3,4-4 imidazole-2,4-dione. 


assigned stereochemistry. Compound V I I a  was con- 
verted to the hydrazide V I I I  which in turn gave an acyl 
azide upon treatment with nitrous acid. Curtius rear- 
rangement of this intermediate afforded two pyrrolo- 
imidazolidones (IX and X). Barium hydroxide hydroly- 
sis of either IX or X afforded the desired product XIa in 
8 1 and 69 Z yields, respectively. 


The structure of product XIa was established by the 
following reactions: 


BatOH),, 140" * 
4 


COCi?, 0" N H z ~ N H z  I 
H 


XIIu sulfate salt 
XI1 b t r  isulfonamide 


derivative 


Drastic hydrolysis in a sealed tube with barium 
hydroxide opened the imidazolone ring with the forma- 
tion of cis-3,4-diaminopyrrolidine which was char- 
acterized as the crystalline sulfate XIIa and the tris-p- 
toluenesulfonamide XIIb. Treatment of a cold sodium 
bicarbonate solution of XIIa with phosgene reintro- 
duced the carbonyl group into the molecule and the 
resulting bicyclic derivative was found to be identical to 
XIa. 


EXPERIMENTAL 


1,3-Dicarbethoxy-4-ureido-3-pyrroline (V1)-A solution of 11.4 g. 
(50 mmoles) of 1,3-dicarbethoxy-3-pyrrolidone (V) (l), 3.5 g. 
(57 mmoles) of urea, and 0.5 g. (2.6 mmoles) of p-toluenesulfonic 
acid monohydrate in 400 ml. of absolute ethanol and 200 ml. of 
benzene was heated under reflux for 56 hr. in a continuous extrac- 
tion apparatus containing anhydrous sodium sulfate in the thimble. 
The solution was concentrated, cooled, and the crystalline product 
collected by filtration to yield 9.1 g., ( 6 6 7 3 ,  m.p. 182-187". Several 
recrystallizations from 95 ethanol gave colorless crystals of VI, 
m.p. 208-209". UV spectrum showed 273 mp (e 22,790). IR 
spectrum (mineral oil) showed bands at 2.81, 3.00, 3.15. 5.84, 5.97, 
and 6.131. 


Anal.-Calcd. for CIIH,,N3O5: C, 48.70; H, 6.32; N, 15.49. 
Found: C, 48.71; H. 6.32; N, 15.39. 
1,3-Dicarbethoxy-4-ueido-pyrrolidine (VIIa and VIIb)-Merhod 


A-A solution of VI (1.0 g., 3.7 mmoles) in 100 ml. of absolute 
ethanol was hydrogenated in a Parr shaker over 0.2 g. (84.7%) 
of platinum oxide at 3 atm. for 5 days. Evaporation of the filtered 
solution in uucuo gave a thick, colorless, oily residue which showed 
three spots o n  TLC. The mixture was separated by preparative 
TLC on Silica Gel HF?:>4T366 (12% methanol in chloroform). The 


2 Melting points were determined on  a Fisher-Johns melting point 
stage and a Thomas-Hoover melting point apparatus which had been 
calibrated with standard samples. UV absorption spectra were deter- 
mined in 95 % ethanol on a Beckman (model DK2A) recording spectro- 
photometer. IR absorption spectra were recorded in chloroform (unless 
otherwise specified) on a Beckman (model 8) recording spectropho- 
tometer. Microanalyses were carried out by Spang Microanalytical 
Laboratory, Ann Arbor, Mich. Mass spectra were determined on an 
Atlas CH-4 mass spectrometer with TO-4 ion source. T L C  was carried 
out with Silica Gel G and Silica Gel HF154+360 (Brinkmann Instruments). 
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higher Rf band gave 0.35 g. of starting material VI, m.p. 208-209"; 
mixed m.p. 208-209". The intermediate R, band gave 0.24 g. of 
product VIIa which after recrystallization from chloroform-diethyl 
ether had m.p. 137-139". IR spectrum (mineral oil) showed bands 
at 2.94, 2.98, 3.16, 5.81, 6.00, and 6.16~.  


Anal.-Calcd. for CllHI9N3O5: C, 48.34; H,  7.01; N, 15.37. 
Found: C, 48.39; H, 6.95; N, 15.42. 


The lower Rf band gave 0.17 g. of product VIM which crystal- 
lized from chloroform-diethyl ether as colorless plates having m.p. 
152-154". IR spectrum (mineral oil) showed bands at  2.92, 2.99, 
3.05, 5.80 and 6.01~.  


Am/.-Calcd. for CllHI9N3O5: C ,  48.34; H ,  7.01; N, 15.37. 
Found: C, 48.40; H, 6.95; N, 15.42. 


Method B-A solution of 2.0 g. (7.4 mmoles) of VI in 150 ml. of 
absolute ethanol was hydrogenated over freshly prepared W-2 
Raney nickel. The reaction was run under 3 atm. for 24 hr. Evapora- 
tion of the filtered solution gave a thick, colorless oil which showed 
a single spot on TLC. Crystallization from chloroform-diethyl 
ether afforded 1.82 g. (90z )  of colorless microcrystals, m.p. 
137-139". The IR spectrum (mineral oil) and TLC mobility were 


0 


2. A 


I 
H c=o 


I XIa, free base 
"1 [I, HCl salt OEt 


I I 
I 
c=o 
OEt 
IX x 


Scheme Z 


identical with those of VlIa (Method A), mixed m.p. 137-138". The 
cis configuration was assigned to this product. 
l-Carhethoxy-3-hydrazino-4-ureido-pyrrolidine (VIL1)-A solu- 


tion of 1.0 g. (3.7 mmoles) of VIIa in 10 ml. of absolute ethanol was 
treated with 1.5 ml. of hydrazine hydrate and the mixture gently 
refluxed for 4 hr. Evaporation of the solvent afforded 0.98 g. of 
crystalline product. m.p. 181-185". Recrystallization from ethanol 
gave 0.74 g. (78:',) of colorless crystals. The analytical sample had 
m.p. 19e191 . 


Aml.-Calcd. for C<,HliN504; C, 41.70: H, 6.61; N, 27.01. 
Found: C, 41.79; H, 6.56; N, 27.07. 


3-Carbamoyl-5-carhethox y-hexahydropyrrolo [3,4-d] imidazole-2- 
one (IX) and 5-carhethoxy-hexahydropyrrolo [3,4-d] imidazole-2-one 
( X e T h r e e  grams (11.6 mmoles) of hydrazide VIIl dissolved in 
15 ml. of 2 N hydrochloric acid and cooled to -2', was treated 
dropwise Bith a cold solution of 1.5 g. (21.7 mmoles) of sodium 
nitrite in 9 ml. of water. The oily, yellow azide was extracted with 
several portions of cold ethyl acetate and the combined extracts 
dried over anhydrous sodium sulfate. The filtrate was refluxed over 
a steam bath for 3 hr. and the solvent evaporated b z  oacuo. Upon 
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standing, the yellow oil afforded 0.33 g. of colorless crystals, m.p. 
217-220'. Recrystallization from absolute ethanol gave IX, m.p. 
221-222". IR spectrum (mineral oil) showed bands at 3.01, 3.10, 
5.89, and 6.00 p. Mass spectrum (70eV) gave a molecular ion at 
m/e 199. 


Aim/.-Calcd. for C R H ~ ~ N ~ O S :  C, 48.20; H,  6.43; N, 21.10. 
Found: C, 48.08; H, 6.56; N, 20.93. 


Upon treatment with an equal volume of anhydrous ether, the 
original mother liquor afforded a second crystalline product (X): 
0.28 g.; m.p. 182-187". This substance was recrystallized several 
times from absolute ethanol, m.p. 195-197". IR spectrum (mineral 
oil) showed bands at 2.96, 3.10, 5.79, and 5.99~.  Mass spectrum 
(7OeV) gave a molecular ion at mje 242. 


Aid-Calcd. for C9HI4N4O4: C, 44.63; H, 5.83; N, 23.13. 
Found: C, 44.43; H, 5.98; N, 23.06. 


Preparative TLC of the remaining mother liquor on Silica Gel 
HF2:4+366 gave additional quantities of IX (lower Ry band, 0.39 g., 
m.p. 219-221") and X (higher Rf band, 0.44 g., m.p. 195-196") for 
an overall yield of 36.4 and 25.6%, respectively. 


cis-Hexahydropyrrolo [3,4-d] imidazole-2-one (X1a)-Method A- 
A mixture of 0.53 g. (2.63 mmoles) of 1X and 3.0 g. (9.51 mmoles) 
of barium hydroxide octahydrate in 50% aqueous methanol was 
refluxed for 15 hr. The white suspension was dried in UUCUO and 
the powdered mixture chromatographed over 25 g. of basic alumina 
eluting successively with chloroform, 5, 10, 20, 30, 40, and 50% 
methanol in chloroform. Evaporation of the eluate (800 ml.) gave 
0.21 g. (81%) of a colorless crystalline product, m.p. 211-214". 
Recrystallization from ethanol afforded an analytical sample, m.p. 
213-215". 1R spectrum (mineral oil) showed bands at 3.04,3.12, and 
5.92~. Mass spectrum (70eV) gave a molecular ion at m/e 127. 


And-Calcd. for C5HSN30: C, 47.24; H, 7.14; N, 33.06. Found: 
C, 47.23; H, 7.17; N, 32.93. 


The hydrochloride salt XIb, prepared in the usual way, was re- 
crystallized three times from absolute ethanol to give colorless 
needles, m.p. 275-290" dec. 


Merliod B-Compound X (0.50 g., 2.07 mmoles) was treated 
under identical conditions as Compound IX and the reaction worked 
up in a similar manner. A colorless crystalline product was obtained 
(0.23 g., 69%). m.p. 213-215". The IR and TLC mobility of this 
product were identical to those obtained for the product of Method 
A. 


cis3,4-Diaminopyrrolidine Sulfate (XLIa).-Compound XIa 
(0.31 g., 2.41 mmoles), barium hydroxide octahydrate (2.7 g., 
8.56 mmoles). and water (7.5 ml.) were placed in a sealed tube and 
heated at 13&135" for 16 hr. in an oil bath. The resulting suspen- 
sion was removed from the tube, brought to a boil, and carbon di- 
oxide was passed into the hot solution for 15 min. The barium 
carbonate was removed by filtration through diatomaceous earth,3 
the clear filtrate was concentrated to a small volume in uucuo and 
acidified to Congo red with 10% sulfuric acid. The barium sulfate 
was filtered. most of the water removed in Dacuo, and absolute 


Cclitc. Johns-Manville, New York, N. Y .  


ethanol added to precipitate a white crystalline product (0.49 g., 
39%, m.p. 275-282" dec.). 


Anal.-Calcd. for C8H28N60~2S3.H20: C, 18.63; H, 5.87; N, 
16.33. Found: C, 18.66; H, 5.85; N, 16.05. 


cis-N,N',N"- tris (p-toluenesulfonyl) 3,4-diaminopyrrolidine 
(XI1b)-A solution of 0.10 g. (0.19 mmole) of the cis-diamino- 
pyrrolidine sulfate salt XIIa in 3.0 ml. of 10% sodium hydroxide 
was treated with 0.2 g. (1.05 mmoles) of p-toluenesulfonyl chloride. 
The mixture was heated on a water bath for 20 min., cooled and 
acidified to Congo red with concentrated hydrochloric acid. The 
white precipitate was filtered and dried (0.059 g., m.p. 200-203"). 
Recrystallization from ethanol afforded a colorless crystalline 
product, m.p. 205-207". UV spectrum showed XzzH 229 mp 
( E  42,450). IR spectrum (chloroform) showed bands at 3.05, 6.25, 
7.41, and 8 . 6 ~ .  Mass spectrum (7OeV) gave no molecular ion peak 
at m/e 563, but gave m/e 408 for M-155 or M-CHS-C~H&O~. 


Anal.-Calcd. for C2sH29N306S3: C, 53.27; H, 5.19; N, 7.46. 
Found: C, 53.38; H, 5.08; N, 7.43. 


cis-Hexahydropyrrolo [3,4-d] imidazole-2-one (XIa).-By Phos- 
geize Treatment of Xl1a.-A solution of 0.10 g. (0.19 mmole) of 
compound XIIa in 2.0 ml. of 10% sodium bicarbonate was cooled 
in an ice bath and treated dropwise with 8.0 ml. of a 12.5% solu- 
tion of phosgene in benzene. The reaction was stirred at 0" for 12 hr. 
The aqueous layer was found distinctly acid to Congo red. The 
mixture was evaporated to dryness in ~ u c u o  and the crystalline 
residue extracted with hot 95 % ethanol. The alcoholic extract fol- 
lowing concentration afforded a colorless crystalline material: 
m.p. 272-288"; mixed m.p. with XIb undepressed. The 1R and TLC 
mobility were identical to those of Xlb. The free base XIa was ob- 
tained by dissolving the hydrochloride salt in 1 .O ml. of a 5 % sodium 
bicarbonate solution, evaporating to dryness and extracting the 
residue with hot 95% ethanol. Concentration of the extract afforded 
colorless needles: m.p. 213-214"; mixed m.p. undepressed by ad- 
mixture with Compound Xla obtained previously. 
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Plant Antitumor Agents 111: A Convenient Separation of 
Tannins from Other Plant Constituents 


MONROE E. WALL, HAROLD TAYLOR, LINDA AMBROSIO, and KENNETH DAVIS 


Abstract 0 Several methods were tested for the nondestructive 
separation of tannins from other plant constituents which might 
have antitumor activity. A comparison was made of precipitation 
of tannins by caffeine or lead acetate and chromatography on poly- 
amide. The caffeine procedure was preferred over lead acetate; 
both tannins and nontannins were effectively separated and the 
caffeine conveniently removed. Polyamide was an effective tannin 
remover ; nontannins were easily collected but tannins were ir- 
reversibly adsorbed. The application of the caffeine procedure to a 
variety of plants is described. 


Keyphrases Tannin separation-antitumor plant constituents 
Caffeine-tannin precipitation Lead acetate, caffeine precipita- 
tion, chromatography-tannin separation comparison 


Tannins are a ubiquitous plant constituent (1) and are 
quite soluble in ethanol, aqueous 5 0 z  ethanol, or water. 
For some years the Walker 256-carcinosarcoma tumor 
has been used by groups fractionating plants for anti- 
tumor agents under the Cancer Chemotherapy National 
Service Center program.’ A variety of alcohol and 
water-soluble substances inhibit growth of this tumor in 
rats, including tannins, saponins, and certain cardiac 
glycosides, and other less well-defined substances. In 
some cases the initial activity may be due to  mixtures of 
the above substances. Accordingly, a convenient, spe- 
cific, and nondestructive method which would separate 
tannins from other constituents would be useful and is 
the subject of this report. 


1 The procedure for this assay is described in Cancer Chernofherapji 
Rept., 25, l(1962). 


EXPERIMENTAL 


Seven kilograms of air-dried whole plantZ (root, stem, leaf, and 
flowers) was continuously evtracted with 95% ethanol in a con- 
tinuous, pilot-plant scale extractor (continuous hot-percolation 
type) for 48 hr. After concentration of the alcohol in vacuo to a 
syrup, the latter product was partitioned between chloroform and 
water (4 1. water extracted three times with 2 1. chloroform contain- 
ing 10% ethanol). The aqueous fraction was freeze dried; the 
chloroform fraction was evaporated to a syrup in cacuo. Figure 1 
gives the extraction data and 5WM activities of the various fractions. 


Countercurrent Concentration-Two-hundred and fifty grams of 
the aqueous fraction (Fig. 1 )  was partitioned in a system consisting 
of ethyl acetate-methanol-water, 2: 1 :2; the phases were mutually 
saturated and equal volumes of upper and lower phase used in a 
10-tube countercurrent distribution instrument. A bank of ten, 4-1. 
separators set up containing 1,800 ml. of upper and lower phase, 
respectively. The freeze-dried water-soluble fraction from Fig. 1 was 
dissolved in the lower phase of this system, shaken, and after separa- 
tion transferred to the next tube containing 1,800 ml. of lower phase. 
A similar quantity of upper phase was added to the first funnel and 
the partition continued for a total of 10 tubes. Volatile solvent was 
removed from upper and lower phases in Ljaciio at 40”; the residual 
upper-phase material in each tube was added to the corresponding 
lower phase and water removed by freeze drying. The results are 
shown in Table I. Fractions 6-9, Table I, all gave strong qualitative 
tannin tests [ferric chloride, salt-gelatin, method of Wall et a/. (l)]. 
Fraction 7 was arbitrarily chosen for comparison of the various 
tannin-removal procedures. 


Lead Acetate Precipitation-Ten grams of Fraction 7 in 100 ml. 
of water was treated with 30 ml. of neutral lead acetate aqueous 
solution (23 %). The precipitate was centrifuged and suspended in 
methanol. The suspension was treated with a large excess of H,S 
gas and the lead sulfide centrifuged. The residual solution was 
evaporated in vacuo and the residue taken up in water and freeze 


* The authors wish to thank Dr. Robert E. Perdue, Jr., New Crops 
Research,Branch, ARS, USDA, Beltsville, Md., for all the plant mate- 
rial described in this paper. 


3 Craig CCD, H. 0. Post Scientific Instruments Co. 
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Table I-10-Tube CCD of Crude Aqueous Fraction" 


Weight 
Fraction, 


Tube No. g. T/C-SWM 


0 4.8 >SO% at 75-400 mg./kg. 
1 5 .9  >SO% at 75-400 mg./kg. 
2 10.5 >SO% at 75-400 mg./kg. 
3 13.1 >50Z at 75-300 mdkn.  
4 12.5 >SO% at 75-450 mg.jkg. 
5 13.0 42% at 450 mg./kg. 
6 21 .o 21 Y at 350 m d k s .  
7 
8 
9 


56.6 
77.1 
46.4 


5 2 at 350 mi.jki. 
7% at 350 mg./kg. 


26% at 200 mg./kg. 


Table 11-Effect of Lead Tetraacetate, Caffeine, and 
Polyamide on Removal of Tannin From Plant Extracts" 


Procedure Dose, mg./kg. T/C (WM) 


Lead Acetate 
Precipitate, 3.3 g. 


Filtrate. 3.8 g. 


Polyamide 


Caffeine 


Eluate, 6.2 8.  


Precipitate, 2.4 g. 


0 System ethyl acetate-methanol-water, 2 : 1 : 2. 


Filtrate, 4.9 g. 
dried. The aqueous filtrate from the lead tannin precipitate was 
treated with HzS in a similar manner, the lead sulfide removed, and 
the residual aqueous solution freeze dried. By this procedure 3.3 
g. of material giving a strong tannin test was obtained from the lead 
precipitate, and 3.8 g. from the unprecipitated fraction. Some losses 
in total recovery were probably due to trapping of some products in 
the lead sulfide. 


Caffeine Procedure-To 10 g. of Fraction 7 in 100 ml. of water 
was slowly added a 1.5% caffeine monohydrate aqueous solution 
until no further precipitation was noted. Often it was necessary to 
centrifuge and add additional caffeine solution to the residual 
centrifugate. The gummy caffeine precipitate was dissolved in a 
minimal quantity of methanol, diluted to 250 ml. with water, and 
extracted three times with equal volumes of chloroform. The resid- 
ual aqueous solution was then placed in a liquid-liquid extractor 
and continuously extracted with chloroform for 20 hr. The aqueous 
layer was freeze dried. The filtrate from the caffeine precipitate was 
freed from excess caffeine by extraction three times with equal 
volumes of chloroform, and the aqueous layer freeze dried. In this 
example 2.4 g. was found in the caffeine precipitate and 4.9 g. in the 
caffeine filtrate fractions. 


Polyamide-A column 66-mm. diameter was packed with 500 
g. of polyamide powder' which had been allowed to soak in water 
overnight. Ten grams of Fraction 7 was dissolved in a minimum 
quantity of water. A gradient-elution system consisting of 2 1. HzO, 
2 1. 50% methanol, and 2 1. absolute methanol was set up and 
allowed to pass through the column. After this volume had passed 
through, the column was washed with an additional 2 I .  of methanol, 
and then 2.1 1. of 5% acetic acid was run through the column. 
Finally the column was extruded and washed with 1,500 ml. of 0.1 
N NaOH. The alkaline solution was acidified to pH 5.6. This latter 
alkaline extracted and acid-neutralized product was the only frac- 
tion which gave tannin tests. The treatment destroyed all biological 
activity, c -  Table 11. All of the earlier fractions were also inactive. 


Polygonella aniericana, NSC B604122 I 
7.0 kg. 


I 
95% alcohol extraction 


plant residue ' alcohol TIC 33 % at 400 mg./kg. 


evaporated to syrup 
partition CHC13-Hz0 


I 


T/C i 4 %  at 
300 mg./kg. 


HLO T/C 20% at 300 mg./kg. 


271 g. (freeze-dried product) 


Figure I-Flowsheet fo r  extraction of tannins from plants. 


4 Ultramidpulver, Badische Analin und Soda Fabrik A. G. 


200 34 
100 45 
350 103 
250 84 
100 86 


Inactive all concentrations 
25C100 mg./kg. 


350 0/4 survival 
250 
150 
50 62 


350 84 


x4 
250 89 
150 86 


a Protocol 10 g. of Fraction 7, Table I, was used for all tests. 


RESULTS AND DISCUSSION 


The studies of the various tannin-separation procedures were con- 
ducted initially with an extract prepared from Polygonellu ameri- 
cana, NSC B604122 (whole plant: root, stem, leaves). The plant 
originally gave a strongly positive qualitative test for tannins by the 
methods presented by Wall and co-workers (1). An ethanol extract 
was fractionated by the method shown in Fig. 1. As can be seen from 
this figure, growth of the WM-256 tumor in rats was strongly 
inhibited by the aqueous fraction. This fraction also gave a strong 
tannin test. A 10-tube countercurrent distribution of the above 
aqueous fraction was carried out as shown in Table I (cf. Experi- 
mental). A major fraction from this CCD extract (No. 7) was 
selected as a stock preparation which was used to compare the vari- 
ous tannin-purification methods. Three methods were tested: (a) 
precipitation of tannins with lead acetate; (6)  precipitation of tannins 
with caffeine; and (c) removal of tannins by passage through poly- 
amide columns. The use of lead acetate for clarification of sugar 
solutions dates prior to the 20th century. A recent example of its use 
in an antitumor saponin purification is given by Kupchan et al. (2) 
and the procedure used in this study is almost identical. The caffeine 
procedure has been described by Bell et ul. ( 3 ,  4) and was modified 
somewhat in the present study. Polyamide has been recommended 
as a selective adsorbent for phenols, and to the authors' knowledge 
the present communication represents the first attempt to use it as a 
tannin remover. The results of the comparison of three methods are 
shown in Table 11. In the lead procedure (Method I), tannins, and 
other compounds such as proteins, phenols, and certain acids are 
precipitated as the insoluble lead salt. Both the precipitate and fil- 
trate are "deleaded" by treatment with hydrogen sulfide, after which 
both fractions are centrifuged to remove PbS. and the lead-free fil- 
trate freeze dried and submitted to bioassay in the 5WM system with 
results as shown in Table 11. Caffeine precipitates tannins from 
water solution quite specifically giving a water-insoluble precipitate. 
After centrifugation or filtration, the tannin-free filtrate is extracted 
with chloroform to remove excess caffeine (it will be noted that 
chloroform-soluble plant substances had already been removed, cf. 
Fig. 1). The water layer, after removal of the chloroform, is freeze 
dried. The caffeine precipitate is suspended in water and is freed 
from caffeine by continuous chloroform extraction; the tannins thus 
liberated go into aqueous solution, and after removal of the chloro- 
form and any residual solids, the aqueous tannin solution is freeze 
dried. Both filtrate and precipitate fractions were tested in 5WM. 
In the polyamide method, the aqueous tannin solution was perco- 
lated through a column of polyamide using a gradient-elution 
system of water with increasing methanol content, followed by pure 
methanol and methanol-acetic acid. Fractions were removed and 
checked for tannin. No tannin was removed from the column, 
although about 62% of the total weight was recovered. Finally, 
material giving a tannin test could be extracted from the extruded 
column with 0.1 N NaOH, followed by acidification. Although this 
latter material gave a positive tannin test, it was totally inactive. 
Comparing the three procedures in Table 11, it is apparent that the 
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Table 111-Antitumor Activity of Caffeine Precipitates From Various Plants 


Inhibition of WM25--. 
%b 


Filtrate 
T p  


NSC No. Plant Caffeine ppt. 


B611369 Polygonum paronychia 49 at 60 Inactive 500 -+ 200 
B611500 Cedrus atlantica Toxic at 100; 47 at 50 
B612961 Salix exigua 6 at 90 Inactive 240 -+ 30 
B631069 Combretum molle 12 at 135 Inactive 525 + 200 
B633585 Oenothera clauaeformis Toxic at 50; inactive at 25 
B634475 Amelanchier stolonifera Toxic at 200; 38 at 100 
B652261 Krameria triandra Toxic at 200; inactive at 135 Inactive 500 -+ 200 
B604115 Ludwigiu alternifolia 37 at 200 Inactive at 200 
B604122 Polygonella americana 15 at 150 Inactive 350 -+ 50 
B604199 Cornus racemosa 42 at 135 Inactive 500 -+ 200 
B604269 Cyrilla parvifolia Toxic at 100; inactive at 50 
B604461 Tamarix gallica 26 at 90 Inactive 500 -+ 200 
B654556 Ulmus americana Toxic at 100; inactive at 50 
B605373 Cocus nucifera Toxic at 100; inactive at 50 
B605669 Carpodiptera ameliae Toxic at 100; inactive at 50 
B605860 Rosa abyssinica 32 at 100 Inactive 300 + 100 
B655855 Rumex neruosus Toxic at 100; inactive at 50 
B655984 Alectryon subcnereum 38 at 100 Inactive 330 -+ 100 
B6203 7 1 Pitius lanibertiana Toxic at 100; inactive at 50 Inactive 400 -+ 200 
B620851 Quercus kelloggii 2 at 100 
B670051 Cornus nutallii Toxic at 75 Inactive 400 -+ 250 
B670064 Cornus stolonifera Toxic at 100; inactive at 50 Inactive 300 -+ 50 
B670156 Fagus grandifolia Toxic at 150; inactive at 100 Inactive 200 -+ 50 


T/C of 42 or less is considered significant inhibition. b All doses expressed in mg./kg. 


lead acetate and caffeine procedures give results which, considering 
the variability of the biological test system, are virtually identical. 
Both the lead precipitate and caffeine-precipitate fractions contain 
all the antitumor activity. Furthermore, the material is significantly 
concentrated, i.e., lower doses are required to give activity (activity 
must be a T/C of 4 2 z  or less). The filtrate fractions from each of the 
two procedures were totally inactive. The polyamide column per- 
mitted separation of nonphenolic and simpler phenolic substances 
but did not permit recovery of tannins which contained antitumor 
activity. In terms of evaluating the methods there is a clear-cut 
preference for the caffeine procedure over the lead acetate in the 
sense that the former method is more specific and convenient. In 
particular when it is necessary to process large samples, the use of 
sizable quantities of the obnoxious and toxic gas H2S is avoided. 
Moreover since the caffeine procedure is more specific, a purer 
tannin can be obtained in those instances in which isolation of the 
tannin constituent is desired. The caffeine can be recovered if 
desired and can be reused many times. In those cases in which the 
antitumor activity of a tannin-containing plant were due to a 
nontannin substance. the use of polyamide would offer many 
advantages, particularly if the compound were a nontannin phenol. 


Although the comparative tests were conducted on an aqueous 
fraction which had been further purified by a countercurrent distri- 
bution procedure, further experience with the caffeine procedure has 
indicated that crude aqueous samples prepared as in Fig. 1 may be 
used. The authors’ experience to date has shown that in every 
instance in which a strong qualitative tannin test was given by 
a chloroform extracted crude aqueous fraction, the Walker-256 
carcinosarcoma inhibition exhibited by such extracts was due to 
tannin and was always found in the caffeine-precipitate fraction. 
The present data on a number of plants are shown in Table 111. It 
will be seen that in every case tested, the caffeine filtrate was non- 
toxic and inactive. The caffeine precipitates were either active by 


accepted standards, i.e., T/C of 4 2 z  or less, or toxic at one concen- 
tration and then inactive at half this toxic dose. Thus there can be 
little doubt of the association of this activity with tannins. Saponins, 
another ubiquitous plant constituent, are apparently found in plants 
which are low in tannin content. Although the authors have isolated 
a number of saponins with activity against the Walker-256 carcino- 
sarcoma ( 5 )  such plants do not give a significant tannin test. 
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Detection of Contamination of Pharmaceutical Preparations 
with Foreign Active Ingredients 


UGO R. CIERI 


Abstract 0 General procedural notes are submitted of methods of 
detecting contamination of pharmaceutical products with unde- 
clared active ingredients. Several specific methods are also dis- 
cussed in detail. The suspected contaminant is extracted with a suit- 
able solvent and separated from other extracted ingredients, gen- 
erally by column chromatography. A portion of the concentrated 
purified extract is examined by TLC for the presence of the sus- 
pected contaminant. A control sample, containing a small quantity 
of added contaminant and similarly extracted and purified, is 
spotted along the unspiked sample for comparison purposes. 


Keyphrases 0 Pharmaceutical preparation contamination-de- 
termination Contamination determination, pharmaceutical 
preparation-methodology Column chromatography-separa- 
tion 0 TLC-separation, identification 


Finished pharmaceuticals are required by Good 
Manufacturing Practice Regulations under the Federal 
Food, Drug, and Cosmetic Act to possess the identity, 
strength, quality, and purity they purport to possess 
(Section 133.8). They should consequently be free of 
undeclared active ingredients. Section 133.8(c) in par- 
ticular indicates some precautions to prevent mixups or 
contaminations. Contamination with potent drugs, even 
at very low levels, constitutes an obvious hazard. Con- 
tamination with low potency (or high dosage) drugs does 
not generally present a health hazard but is indicative 
of manufacturing conditions, which are potentially 
hazardous. 


Food and Drug Administration laboratories occasion- 
ally test pharmaceuticals for foreign active contami- 
nants, especially when inspection of a firm has indi- 
cated poor manufacturing controls. Rogavitz (1) 
developed a method for detectingcontamination of drugs 
with corticosteroids. A portion of ground sample not ex- 
ceeding 300 mg. is mixed with 2 g. of diatomaceous earth' 
and transferred to a glass column already containing 
superimposed layers of diatomaceous earth-KoP04 
solution and diatomaceous earth-NaHCOo solution. 
Chloroform elutes any corticosteroids present in the 
sample together with other neutral substances. Organic 
acidic compounds are trapped on the column. An aliquot 
of the concentrated eluate is spotted on a paper chroma- 
togram. Development and detection of the cortico- 
steroids are the same as previously indicated by Kunze 
and Markham (2). 


Shevling (3) also employs paper chromatography for 
the detection of sulfonamides as contaminants of drug 
products. A 10-g. ground sample is shaken with CHCL 
and then extracted with a total of 20 ml. 0.1 N HCI. 
The aqueous extracts are mixed with 15 g. of diato- 
maceous earth and transferred to a glass column, from 
which sulfonamides, if present, are eluted with ether. 


* Celite, Johns-Manville Products Corp., New York, N. Y. 
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After development in CHCl,-tert-butyl alcohol (50 : I), 
the paper chromatogram is sprayed in succession with 
acidified NaN02 solution and N-( I-naphthy1)ethylene- 
diamine dihydrochloride solution, in accordance with 
Bratton-Marshall reaction (4). TLC development was 
also tried but was found less sensitive by the same author 


Several other methods for the detection of foreign 
active ingredients as contaminants of drug products 
were developed in this laboratory. Generally the sus- 
pected contaminant (or contaminants), extracted from 
the sample with a suitable solvent, is separated as far as 
possible from other extracted ingredients by column 
chromatography. The purified extract is concentrated to 
a small volume and examined by TLC for presence of 
contaminants. 


(3). 


EXPERIMENTAL 


Apparatus-Standard equipment for TLC including 10 X 20 
and 20 X 20-cm. glass plates; lOO-+l. micropipet or microsyringe; 
Chromato-Vue (Black Light Eastern Corp., New York, N. Y. ) ;  
chromatographic glass column (a),  about 2.2-cm. inner diameter, 25 
cm. long constrictedend plugged with glass wool orcotton beforeuse; 
chromatographic glass column (b),  same as (a)  but with a medium 
porosity fritted-glass disk fused above constricted end, and 2 and 
5-cm. microcells and holders (Pyrocell Manufacturing Co., West- 
wood, N. J.). 


Reagents and Solutions-Diatomaceous earth,l acid wash as 
described in USP XVTI, p. 822; silicic acid 100 mesh (Mallinckrodt 
Chemical Works); Silica Gel G [Brinkmann Instruments, West- 
bury, N. Y .  (or equivalent)]; phosphor for TLC (Research Specialties 
Co., Richmond, Calif.); iodoplatinate solution, dilute 3 ml. of 10% 
platinum chloride with 97 ml. of water and mix with 100 ml. of 6z 
aqueous potassium chloride ; 2,7-dichlorofluorescein solution, 0.2 % 
in methanol; silver acetate, 1 aqueous solution, warm on steam 
bath to dissolve; diphenylcarbazone solution, 0.1 in alcohol, 
freshly prepared; phosphoric acid, 40z solution in water; sulfuric 
acid, 10% solution (v/v); sodium bicarbonate, Sz solution (w/v), 
freshly prepared; tripotassium phosphate 20% solution (w/v), and 
chloramine-trichloroacetic acid: mix 20 ml. of freshly prepared 3 % 
aqueous chloramine with 80 ml. of 25 z alcoholic trichloroacetic 
acid. 


TLC-Slurry 30 g. of Silica Gel G with 60 ml. of water and coat 
five 20 X 20-cm. or ten 10 X 20-cm. plates to a thickness of 0.25 
mm. To prepare fluorescent plates add 100 mg. of phosphor to each 
30 g. of silica gel. If 10 X 20-cm. plates are used, spot along one of 
the shorter sides. Keep size of spots small by drying drops with a 
gentle air current between applications. Develop until the solvent 
front is near the top of the plate. Detect developed spots under short- 
wave UV light or visually after spraying with a suitable solution. 


General Procedural Notes-Weigh a portion of finely ground 
sample and transfer to a centrifuge tube or other container suitable 
for the extraction to be performed. Although larger samples can be 
occasionally taken, it is desirable that the sample weight does not 
exceed 5 g. Shake or macerate the sample with a solvent capable of 
extracting the suspected contaminant. Perform additional extrac- 
tions or cleanups to separate, as far as possible, the contaminant 
from other extracted ingredients, both active and inactive. This can 
be often done by trapping and later eluting the contaminant from a 
diatomaceous earth column. Alternately diatomaceous earth 







chromatography can be used to retain some sample ingredients 
while the contaminant is eluted. A silicic acid column, alone or in 
combination with a diatomaceous earth column, can also be used to 
retain a contaminant, which is then eluted with a methanolic chloro- 
form solution. Concentrate the purified extract to a small volume, 
transfer to 5-ml. conical graduated tube, evaporate to 1.0 ml. or less 
with a current of air, and record volume. Spot 100 gl. on a pre- 
pared silica gel plate. Prepare a control as follows. To an equal 
amount of sample add in solution a small quantity of the suspected 
contaminant and continue as described above. The quantity of con- 
taminant added to the control sample must be determined in each 
instance by the amount of sample taken for analysis, the desired 
lower limit of detection, and the percentage of the final solution 
spotted. The aliquot spotted should however contain at least 15-20 
mcg. of the contaminant since at lower levels detection might be 
difficult, especially if the cleanup was not too extensive or too satis- 
factory. If the sample submitted for contamination analysis is small, 
the control portion can be taken from another sample of similar 
composition. 


Spot the aliquot of the control sample alongside the aliquot of the 
unspiked sample. Also spot separately a quantity of contaminant 
equal to that contained in the spotted control solution. Develop, 
spray if necessary, and examine plate. Locate and mark the spots 
produced by the contaminant alone and in the chromatogram of the 
control solution. Compare these two with the chromatogram of the 
unspiked sample solution to determine whether the sample is con- 
taminated with the suspected compound. 


If the contaminant cannot be definitely located in the chroma- 
togram of the control aliquot, because of the presence of coloring 
substances or active ingredients that could not be adequately re- 
moved, it might be desirable to repeat analysis increasing detection 
limit of contaminant or varying extraction and cleanup processes. 


If, despite procedural changes introduced, the detection of the 
contaminant in the control chromatogram is still impossible or un- 
certain, the sample may not be suitable to be tested for the particu- 
lar type of contamination. The unsuitability of a sample for a cer- 
tain contamination analysis can be often determined in advance 
from a study of the extraction and TLC behavior of its active in- 
gredients, and the contaminant of interest. 


Specific Procedures for Different Contaminants-Suggested pro- 
cedures are described for the individual contamination tests. To 
avoid continuous repetitions, those procedural steps that are 
clearly implied by the preceding section are omitted. For diatoma- 
ceous earth column chromatography use water-washed solvents. 
Columns are generally prepared by mixing 2 g. of diatomaceous 
earth with 2 ml. of the indicated solution, but minor deviations from 
these quantities can be made. Indications are given when fluo- 
rescent thin-layer plates must be used. R, values are often related 
since, though not always reproducible, they give an indication of the 
order of succession of the spots in the chromatogram. 


Contaminants-Barbiturates-To sample in 100-ml. round- 
bottom centrifuge tube add 15 ml. of 0.1 N H2SO4 and 55 ml. 
CHC13. Stopper, shake well 1 min., and centrifuge. Quickly immerse 
a 50-ml. pipet into the tube, blow out any aqueous solution from the 
pipet, and withdraw 50 ml. of the CHCls layer. Repeat extraction 
with two additional 50-ml. portions of CHCI3. Trap the barbiturates 
on a diatomaceous earth-tripotassium phosphate column, as indi- 
cated by Heuermann and Levine ( 5 ) .  After pre-elution is completed, 
elute barbiturates with 5 ml. of 10% CH,COOH in CHCh followed 
by 100 ml. of 1 % CHKOOH in CHCl,. Develop chromatogram with 


Detect barbiturates by spraying plate with silver acetate followed 
by diphenylcarbazone (6, 7). Barbiturates can also be detected 
visually or under UV light after spraying with 2,7-dichlorofluorescein 
solution, but this detection is less specific. 


Contaminant-Diethylstilbestrol-Extract sample as under Bar- 
bitnrates but do not subject to column chromatographic cleanup. 
Develop chromatogram with CHCkether (95: 5). Examine de- 
veloped plates visually and circle yellow areas, if any. Irradiate plate 
under short-wave UV light for 10 min. After irradiation, the diethyl- 
stilbestrol forms a yellow spot. Be sure, however, that the diethyl- 
stilbestrol is not in an area that was colored yellow before irradi- 
ation. 


Contaminant-Reserpine-Extract sample as under Barbiturates. 
lf desired, 0.1 N NaOH can be substituted for 0.1 N HzS04. A 
NaHC03 solution wash of the chloroform extract might also be 
helpful (8). 


CHC13-CHaCOOH (96: 4). 


Pack a chromatographic column (b) with silicic acid to a height of 
3 cm. Pour extracts into column, elute, add 100 ml. CHClt, and 
discard all eluates. Change receiver and elute with 50 ml. of 20% 
CHIOH in CHCI,. Use fluorescent TLC plates. Develop chroma- 
togram with CHC1&H30H (98 : 2). Detect reserpine under short- 
wave UV light. 


Contaminants-Cardiac Glycosides-To sample in centrifuge tube, 
add about 15 ml. NaHC03 solution and extract with CHCL as 
described under Barbiturates. Cleanup in a silicic acid column as 
under Reserpine. Develop chromatogram with CHCl&H30H 
(90: 10). Spray develop plate evenly with chloramine-trichloroacetic 
acid solution, then heat in oven at 100" for 5 min. (9). 


Contaminants-Quinine or Tropane Alkaloids, Pyrilamine or 
Chlorpheniramine-Extract sample as under Barbiturate substituting 
0.1 N NaOH for the acid solution. Pass the extracts through a di- 
atomaceous earth-0.2 N HS04 column, as used by Levine and Roe 
(10) for the determination of atropine. After the extracts have 
eluted, add 100 ml. CHCl, and discard all eluates. Change receiver 
and elute with 1 ml. of ammonium hydroxide followed by 100 ml. of 


Use fluorescent plates; develop chromatogram with CHCl3- 
diethylamine (96: 4). Quinine and quinidine can be detected under 
UV light even at the 5-10-mcg. level. Atropine and scopolamine are 
not visible under UV light, except in relatively large amounts (100 
mcg. or more). All four compounds produce colored spots if plate 
is sprayed with iodoplatinate solution (1 1). They also produce yellow 
spots, detectable visually or better under UV light, if plate is sprayed 
with 2,7-dichlorfluoroescein. Note : if sample contains amphetamine, 
methamphetamine, ephedrine, phenylpropanolamine, or their salts, 
these compounds will be present in the spotted solutions. They also 
react with iodoplatinate and 2,7-dichlorfluoroescein solution. With 
the developing solvent of CHCl3-diethylamine (96: 4), they are all 
carried near the solvent front, where they form a wide band. They do 
not consequently interfere with the detection of quinine or tropane 
alkaloids. 


If a sample containing quinidine and no phenylethylamines is 
tested for atropine contamination (or vice versa) use the following 
developing solvent: CHC13-CH30H-CH3COOH (90: 10: 4). For 
detection of pyrilamine and chlorpheniramine, develop chroma- 
togram with CHClt-diethylamine (98: 2). These compounds can be 
located under short-wave UV light. They also react with iodoplati- 
nate and 2,7-dichlorffuoroescein solution. Difficulties may arise if 
sample contains alkaloids or phenylethylamines. 
Contaminants-Phenylethylamines-To sample in 100-ml. cen- 


trifuge tube, add 10 ml. 0.1 NH2SO4 and swirl well; then add 55 ml. 
CHCh and 5 ml. 1 N NaOH. Extract and cleanup as in preceding 
section. If the sample to be tested contains alkaloids, use a distilla- 
tion and extraction procedure similar to that used by McCullough 
(12) for the determination of amphetamine. Prepare a distillation 
apparatus consisting of a 500-ml. Kjeldahl flask, a bulb-type dis- 
tilling head, a connector, and a water condenser. Keep end of con- 
denser immersed in a beaker containing 25-ml. 1 N HzS04. Macerate 
sample in a beaker with two successive 25-ml.portions 1 N HzS04 and 
filter into Kjeldahl flask. Wash beaker with a total of 175 ml. of water 
in several portions and filter into flask. Quickly add 25 ml. 20% 
NaOH solution, connect to rest of distilling apparatus, heat with 
burner, and distill 150 ml. Control heating continuously to prevent 
foaming or back suction. Transfer distillate to 250-ml. separatory 
funnel, washing beaker with small portions of water. Add to separa- 
tor 50 ml. CHC13 and 25 ml. 20% NaOH solution. Shake well 1 
min. and filter CHCl, layer. Extract with two more 50-ml. portions 
of CHCL, filter, and combine with previous extract. Develop chro- 
matogram with CHC1+2H30H-CH3COOH (90: 10: 4). 


Spray develop plate with iodoplatinate or 2,7-dichlorofluorescein 
solution. Note: if sample contains quinine, quinidine, or their salts, 
small quantities of these compounds or decomposition products of 
them are distilled. They do not interfere with detection of the phenyl- 
ethylamines, since they are carried near solvent front. Pyrilamine 
and chlorpheniramine (or decomposition products of them) dis- 
till in greater amounts; presence of these compounds in a sample 
may make difficult or impossible the phenylethylamine contami- 
nation test. 


Contaminants-Steroids-Extract sample as under Barbiturates 
substituting water for 0.1 N H2S04 solution. Prepare a column suit- 
able to retain the declared active ingredients of the sample. For 
example; a diatomaceous earth-tripotassium phosphate column can 
be used to  retain weakly acidic compounds such as barbiturates (3, 


CHC13. 
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Table I-TLC Data of Some of the Drugs Tested for Contamination 


Drug Rf 


Phenobarbital 0.44 
Butabarbital 0.64 
Amobarbital 0.72 
Digoxin 0.39 
Gitoxin 0.46 
Digitoxin 0.63 


Quinidine 0.23 
Atropine 0.26 
Scopolamine 0.50 
Amphetamine, methamphetamine, 


ephedrine, phenylpropanolamine 0.71 
Atropine 0.32 
Ephedrine 0.36 
Amphetamine 0.48 
Phenylpropanolamine 0.54 
Methamphetamine 0.60 
Quinine-quinidine 0.96 
Scopolamine 0.99 
Testosterone 0.14 
Methyltestosterone 0.17 


Desoxycorticosterone 0.32 
Estrone 0.36 
Progesterone 0.41 
Prednisolone 0.13 
Hydrocortisone 0.17 
Prednisone 0.27 
Cortisone 0.30 
Prednisolone acetate 0.50 
Hydrocortisone acetate 0.56 
Cortisone acetate 0.62 
Methapyrilene 0.55 
Acetaminophen 0.75 


Quinine 0.11 


Ethinyl estradiol 0.20 


Developing Solvent 


Chloroform-Acetic Acid (96: 4) 
Chloroform-Acetic Acid (96: 4) 
Chloroform-Acetic Acid (96: 4) 
CHClr-CH30H (90: 10) 
CHC13-CH3OH (90: 10) 
CHC13-CH30H (90: 10) 
CHCi,-diethylamine (96: 4) 
CHCla-diethylamine (96: 4) 
CHCl,-diethylamine (96: 4) 
CHCl,-diethylamine (96: 4) 


CHC13-diethylamine (96: 4) 


CHCI,-CH-OH-CH,COOH 190: 10: 4) 
CHCla-CH30H-CHaCOOH (90: 10: 4) 
-~~~~ 
CHCI~-CH;OH-CH;COOH (90: io: 4j 
CHClr-CH30H-CH3COOH (90: 10: 4) 
CHC13-CHaOH-CH,COOH (90: 10: 4) 
CHCls-CHsOH-CHxCOOH (90: 10: 4) 
CHCI,-CH,OH-CH:~COOH (90: 10: 4) 
CHCI;-CH;OH 
CHCG-CHZOH 
CHCIS-CHnOH 
CHCIa-CHaOH 
CHCIrCHaOH 
CHCIi-CHiOH 
CHCL-CHzOH 
CHCG-CH~OH 
CHCIa-CH,OH 
CHCla-CH ,OH 
CHCIr-CH30H 
CHClr-CH,OH 
CHCI;-CH;OH 
CHCla-CH30H 
CHCI3-CHaOH 


(99-1) 
(99: 1) 
(99: 1) 
(99: 1) 
(99: 1) 
(99: I )  
(99: 5) 
(99 : 5) 
(99: 5) 
(99 : 5) 
(99: 5) 
(99: 5) 
(99: 5) 
(80: 20) 
(80: 20) 


a diatomaceous earth-pH 10.1 solution column to retain acetamino- 
phen (1 3), a diatomaceous earth-HzS04 column to retain alkaloids 
and phenylethylamines (lo), and a diatomaceous earth-NaHCOj 
solution column to retain aspirin (14). A multilayer column can 
also be used. 


Below the first column and receiving its eluates, place a chromato- 
graphic column (b), packed to a height of 3 cm. with silicic acid. 
Elute extracts through both columns, then add 100 ml. CHCl3. After 
all CHCL has eluted, remove top column, change receiver, add to 
column (b) 50 ml. of 20% methanol in CHCIa, and elute. Develop 
chromatogram with CHCla-CH30H (99: 1 or 99: 5) depending on 
which steroid is to be detected. See Table I in this respect. Spray 
develop plate with 4Oz HaP04, then heat in oven at 120" for 
about 30 min. (15). Brown, red, or dark spots form, according to 
compound. The method cannot be used when the sample's ingredi- 
ents cannot be trapped on a column. 


Contaminant-Methapyrilene or its Salts-Shake sample in 
100-ml. volumetric flask with 40 ml. CHCL, fill to mark with CHCl,, 
and mix. Prepare a diatomaceous earth-HzS04 solution column. 
Pipet 5 ml. of solution to beaker, mix with 20 ml. of ether, and trans- 
fer to column. After first portion has eluted, add five successive 5-ml. 
portions of ether and discard eluates. Change receiver and elute with 
1 ml. of ammonium hydroxide followed by 250 ml. CHCIZ. Use 
fluorescent plates. Develop with CHCI,-CHIOH (80: 20). Examine 
developed plate under short-wave UV light. Note: if sample contains 
acetaminophen, traces of this compound will be present in the 
spotted solution, but will not interfere with detection of metha- 
pyrilene. 


Contaminant-Acetaminophen-Shake sample in 100-ml. volu- 
metric flask with 4 ml. of methanol, add CHCla to volume, and 
mix. Prepare a column to retain declared active ingredients of 
sample, if possible. Pipet 5 ml. of solution to a beaker, mix with 20 
ml. of ether, and transfer to column. After first portion has eluted, 
add five successive 5-ml. portions of ether. 


Develop and examine plates as under Methapyrilene. Note: 
neutral compounds are similarly eluted. If sample contains metha- 
pyrilene and a diatomaceous earth-H2S04 solution column is used 
to trap it, traces of this compound will be eluted but will not inter- 
fere with identification of acetaminophen. 


Contaminant-Meprobamate-Macerate sample with three 50-ml. 


portions of CHCL and filter. Develop chromatogram with CHC13- 
CH,OH (90: 10). Detect meprobamate visually or under UV light 
after spraying plate with 2,7-dichlorfluoroescein. Generally this 
method is not applicable if sample contains compounds soluble in 
CHC13. 


RESULTS AND DlSCUSSION 


The column and thin-layer chromatographic conditions indicated 
in the specific methods are intended to serve as examples and can be 
modified to meet situations different from the ones considered. 
For additional column chromatography and TLC information con- 
sult the review article of Levine (16) and that of Comer and Comer 
(17). 


The interpretation of a chromatogram must be done very care- 
fully especially when sample compounds, that could not be com- 
pletely removed during the cleanup process, have a TLC behavior 
such that they could be mistaken for the contaminant of interest. 
Generally when a positive contamination test is obtained for a 
sample, it is desirable to perform additional analyses. If the con- 
taminant has sufficient U V  absorbance and the detection is done in a 
nondestructive manner, the spot can be scraped from the plate and 
extracted with a suitable solvent. The centrifuged extract, concen- 
trated to a small volume (1 : 3 ml.), can be read on a recording spec- 
trophotometer in 2- or 5-cm. microcells. Micro IR identification 
can also be attempted, if the laboratory has the necessary equip- 
ment. If UV or IR identification cannot be obtained, additional 
TLC tests could be performed changing the conditions and using 
the spray solution most specific for the given contaminant. 


If doubts remain, despite additional analysis, it is generally not 
advisable to report the suspected contamination. 
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Chromatographic Analysis of Chlorpheniramine, 
Pyrilamine, and Methapyrilene in Combination 


BOBBY R. RADER 


Abstract 0 A partition chromatographic method is presented for 
the separation and quantitation of chlorpheniramine, methapyri- 
lene, and pyrilamine in combination. A solution of p-toluenesul- 
fonic acid and potassium chloride on a column of diatomaceous 
earth is used to effect the separation. The isolated chlorpheniramine 
is determined by UV spectrophotometry. The methapyrilene and 
pyrilamine are separated and determined by GLC. 


Keyphrases Chlorpheniramine, pyrilamine, methapyrilene com- 
bination-analysis 0 Column chromatography-separation 0 UV 
spectrophotometry-analysis 0 GLC-analysis 


Pharmaceutical preparations containing chlorphenir- 
amine, methapyrilene, and pyrilamine in combination 
have been on the market for a number of years. How- 
ever, the literature does not cite a method for the analy- 
sis of this combination. GLC has been used successfully 
to separate and analyze a large number of antihistamines 
(1-4). However, with these chromatographic procedures 
the separation of methapyrilene and chlorpheniramine 
is not complete enough to permit their analysis. 


The separation and analysis of pharmaceutical 
amines based on ion-pair partition chromatography 
has been reported by Levine et al. (5-7). They have 
shown that p-toluenesulfonic acid (tosic acid) is effective 
in extracting a wide variety of these amines. 


In the present study, a tosic acid-potassium chloride 
partition column is used to separate chlorpheniramine 
from methapyrilene and pyrilamine. Chlorpheniramine 
is determined by UV spectrophotometry ; methapyrilene 
and pyrilamine are determined by GLC. 


EXPERIMENTAL 


GLC Column Preparation-The packing support was prepared 
and conditioned in the following manner (4): 200 mg. of cyclo- 


hexanedimethanol succinate' and 2.0 g. of methylphenyl silicone2 
were weighed into a 600-ml. beaker and dissolved in 350 ml. of 
benzenetoluene (1 : 2) by heating on the steam bath with mixing. 
To this solution, 20 g. of 80-100-mesh diatomaceous earth3 was 
added. The solvent was removed by evaporation on a steam bath 
with frequent stirring. The packing material was slowly added to a 
1.8-m. (6-ft.) X 4-mm. i.d. glass coiled column, using vacuum and 
tapping. The column was conditioned overnight at 250" with a 
50 ml./min. nitrogen flow. 


Apparatus-A gas chromatograph4 equipped with a flame ioniza- 
tion detector and a 1-mv. recorder was used. The operating condi- 
tions were: column temperature, 250" ; inlet temperature, 280" ; 
detector temperature, 250"; voltage, 250; carrier gas, nitrogen at 
100 ml./min.; sensitivity, 1 x 10-9 amp. full scale. 


A recording UV spectrophotometer was used with 1-cm. silica 
cells. 


Reagents-Tosic Acid-KCl Solution-Dissolve 10 g. of p-toluene- 
sulfonic acid and 11.2 g. of KCI in 35 ml. of distilled water with 
heating. Cool, dilute to  50 ml., and mix. 


Diatomaceous Earth5-Acid wash as outlined by USP XVII (8). 
Ether and Chloroform-Reagent Grade-Wash twice with equal 


volumes of water. 
Standard Solutiow-Pyrilamine maleate NF reference standard 


and methapyrilene HC1,6 1 mg./ml. in methanol; chlorpheniramine 
maleate USP reference standard, 0.02 mg./ml. in 0.1 N HzS04. 


Column Preparation-Column &Mix 2.0 g. of diatomaceous 
earth with 1.0 ml. of 1 N NaOH, transfer to a chromatographic 
column7 containing a pad of glass wool, and tamp. Weigh a portion 
of finely ground sample equivalent to 5 mg. of pyrilamine maleate 
into a 100-ml. beaker. Add 2.0 ml. of 1 N NaOH and 3.0 g. of 
diatomaceous earth. Mix until uniform; quantitatively transfer to 
column and tamp. Cover with a pad of glass wool. 


Column Zl-Mix 3.0 g. of diatomaceous earth and 2.0 ml. of I 
M NaHC03, transfer to a second column containing a pad of glass 


~~~ 


1 HI-EFF-SBP, Applied Science Laboratories, Inc., State College, 
2 SE-52, Analabs, Inc., Hamden, Conn. 
8 Gas Chrom Q, Applied Science Laboratories, Inc., State College, PA 


4 Packard model 76213, PackardInstrument Co., Douneis Grove, IL 


PA 16801 


16801 


A n C i T  vvI. - 
3 Celite 545, Johns-Manville Corp., New York, N. Y. 
6 I< & K Laboratories, Plainview, N. Y. 
7 Cat. No. 420300, 250 mm. x 22 mm. id., Kontes Glass Co., Vine- 


land, N. J. 
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Table 11--Determination of Sulfamera7ine, SulfamethoxypyTidazinc, 
and Succinylsulfathiazole in Tablcts by the 9-Chloroacridine Method 
and the Method of Bratton and Marshall 


9-Chloroacridine Brat tun- Mars hall -- Method- -- - .-- - Method ---. 
w a n  Mean 
”:, of SL) of I)(; of SII  of 


Labeled Mean. Labeled Mean, 
Amount “; Amount “; 


Sulfamerazine tablets 99.00 0.45 98.75 0.25 
Sulfamethoxypyridazine 99.52 0.27 100.63 0.55 


Succinylsulfathiazole tab- 
tablets 


lets 99.43 0.40 99.20 0.46 


amides containing a primary aromatic amino group in the presence 
of other sulfa derivatives, such as succinylsulfathiazole, and in the 
presence of 2,6-diamino-3-phenylazopyridine hydrochloride, tetra- 
cycline hydrochloride, sodium penicillin G, and hexamethylene- 
amine. The latter compounds are found in various combinations 
with sulfonamides in commercially available dosage forms. It was 
shown from earlier studies that primary, secondary, and tertiary 
aliphatic amines, secondary and tertiary aromatic amines, hetero- 
cycles, and carbonyl-containing compounds also do not interfere 
with this method (1). 


The analytical method is essentially a micro procedure, and 
sensitivity is in the range of lO-’-IO-* mole ml.-I of sulfonamide, 
which makes it comparable to other sulfa determinations, par- 
ticularly the popular diazotization-coupling procedures. 


A favorable characteristic of the analysis is that the absorbance 
of the product formed is stable and does not fade over a 24-hr. 
period. This is an advantage over the colorimetric method of Brat- 
ton and Marshall. In the latter method, absorbance readings must 
be made within 15 min. after color development, due to precipita- 
tion of the azo dyes in the method (3). The 9-chloroacridine 
method does not involve diazotization. Thus, it eliminates the need 
for freshly prepared sodium nitrite and ammonium sulfamate 
solutions required with the Bratton-Marshall technique. Control 
of pH is required in both methods. 


The method of analysis for sulfonamides by the 9-chloroacridine 
approach was carried out for various sulfonamides. and com- 
parative analyses were performed using the colorimetric procedure 
of Bratton and Marshall. Assays were performed on sulfamerazine, 
sulfamethoxypyridazine, and succinylsulfathiazole in tablets. With 
succinylsulfathiazole, saponification with sodium hydroxide as 
outlined in N F  XI was required to form the primary amine (4). 
The commercially available sulfamethoxypyridazine tablets used 
were colored with a yellow dye; but it was found that for the dilu- 
tions used, the absorbance from the color was not sufficient to 
interfere with the assays by either method. 


The procedure outlined by Connors was used for the analysis by 
the Bratton-Marshall method (5). 


Four determinations by each method were performed for each 
sulfonamide. The mean percent of labeled amount and the percent 
standard deviation of the mean for each sulfonamide are shown in 
Table I1 for both methods (6). 
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Inclusion Compounds in Pharmaceutical Analysis I: 
Determination of Dienestrol in Dienestrol Cream 


BARBARA J. FORMAN and LEE T. GRADY 


Abstract 0 Large ratios of monostearin to dienestrol in cream 
formulations complicate the development of an assay for dienes- 
trol. Monostearin was removed easily in a test-tube procedure by 
channel-type inclusion in urea. Dienestrol recovery was complete 
and reproducible analyses were obtained by polarography of the 
nitrosophenol derivative. Urea inclusion may offer a general 
approach to analytical methodology where long-chain compounds 
need be separated from active ingredients. 


Keyphrases 0 Dienestrol creams-analysis 0 Monostearin re- 
moval, dienestrol creams-urea inclusion compound 0 Column 
chromatography-separation 0 Polarography, organic-analysis 


Isolation of dienestrol and related compounds from 
formulations containing surfactants or hydrocarbons 
has required troublesome steps such as column chroma- 


trography. Gottlieb (1) separated diethylstilbestrol from 
creams and ointments using toluene at reflux to break 
emulsions and subsequently isolated the drug on an 
alumina column. Nevertheless, he reported poor re- 
covery in the presence of monostearin. A more recent 
illustration (2) was the determination of diethylstil- 
bestrol in a water-dispersibile suppository using an 
alumina column step prior to quantitative TLC. 


In  developing an assay for dienestrol i n  dienestrol 
cream,’ the authors separated the drug from at least a 
thousand-fold excess of monostearin. An existing 
polarographic method was used for the determinative 
step. Monostearin interfered with this step by causing 
gross distortion of the polarograms. 


1 To be official in NF XIII. 
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Aylward and Wood (3,4) converted monostearin into 
the urea inclusion compound and identified the adduct 
as a channel-type inclusion. Formation of such com- 
pounds between urea and straight-chain hydrocarbons 
has been known many years but has been applied 
extensively only in petroleum and fat chemistry. 
Schlenk (5) prepared an early review of fatty acid 
inclusion compounds, and Swern gave an excellent 
(6) review of inclusion compounds in general. In 
essence, urea includes straight-chain rather than 
branched and saturated rather than unsaturated com- 
pounds-chains of 6-7 carbon atoms are required 
and cyclic compounds are not included. Of pharma- 
ceutical interest is the preparation cf liquid lanolin 
from USP semisolid by removing the solid wax frac- 
tion. 6-8 %, as urea-inclusion compounds (7). 


The application of urea inclusion to an analytical 
problem presented by a cream formulation is reported 
here. 


PPT 


MATERIALS AND METHODS 


All chemicals were reagent grade. Ether-hexane solvent was 
prepared by mixing equal volumes of these solvents. The electrolyte 
solution was made by dissolving 54 g. ammonium chloride in 450 
ml. 28 aqueous ammonia and diluting to 1 1. with distilled water. 
Samples of commercial creamsz and silica gel, 60-80 mesh, chroma- 
tographic grade, were used. All concentrative steps were performed 
at reduced pre~sure,~ with mixing, at temperatures below 35". 
Polarograms were uncompensated, d.c. runs at room temperature 
using a silver-saturated potassium chloride reference electrode. 
Mercury drop-times of 0.24 sec. were obtained with a forced-drop 
electrode.5 Nitrogen sparging was used. 


Standard Preparation-Dissolve a suitable quantity, accurately 
weighed, of dienestrol NF Reference Standard in methanol and 
dilute, quantitatively and stepwise, to obtain a solution containing 
about 50 mcg./ml. Pipet 2.0 ml. of this solution into a glass-stoppered 
test tube and evaporate to dryness at reduced pressure. Continue 
as directed under Procedure beginning with "Dissolve the residue 
in 5.0 ml. 80% acetic acid . . ." 


Silica Gel Column-Pack a pledget of glass wool in the base of a 
1.5-cm. 0.d. chromatograph column. Fill the column nearly to the 
top with ether-hexane. Slowly pour 5.0 g. silica gel as a slurry with 
10 ml. ether-hexane into the column, open the stopcock, allow 
the gel to settle by gravity. and tamp to achieve a uniform bed. 
Allow a 5-ml. head of solvent to remain above the bed until ready 
for use. then allow the meniscus to descend to the top of the bed. 
'The slurry should be prepared the day before use to ensure uni- 
formity. 


Procedure-See Fig. 1. Weigh accurately about 1 g. of the com- 
mercial cream into a 30-ml. glass-stoppered test tube. Add 5.0 ml. 
0.025 M pH 6.5 phosphate buffer and 15 ml. ether to each tube. 
Shake gently 2 min., centrifuge, and transfer the ether layer to 
another tube. Repeat the extraction with two 10-ml. portions of 
ether. and evaporate the combined extracts to dryness at reduced 
pressure. 


Add 10 ml. absolute ethanol to each tube, stopper loosely, and 
heat in a water bath at 80" until a clear solution is obtained. Add 
1.3 g. urea and continue heating with occasional shaking until 
dissolved. Let stand at room temperature 2 hr.,6 add 5 ml. ether- 
hexane. and keep at 0-4" for 30 min. Centrifuge, decant the clear 
supernatant into a 30-ml. stoppered test tube, shake the residue 
fwice with 5.0-ml. portions of ether-hexane, centrifuge, and combine 
the supernatants. Concentrate to about 1 ml. at reduced pressure.6 


Apply this concentrate to the top of a silica gel column, open the 
stopcock, and allow the sample to enter the column bed. Wash the 


sup$ nate 


2 Purchased locally. 
3 Matheson Coleman & Bell. 
4 Rotary Evapo-Mix, Buchler Instruments, Fort Lee, N. J. 
5 Metrohm Herisau, Brinkmann Instruments, Polarecord E-261 with 


E-354 electrode. 
6 Samples may be maintained overnight at these points. 


etherlbuffer 


organic 
dienestrol, monostearin, 
peanut oil, benzoic acid 


I 
urealethanol 


aqueous 
water, glycerin, 
glutamic acid 


silica gel/ether- 
hexane 


eliate coiumn 
dienestrol, urea, traces 
peanut oil inclusion 
benzoic acid compound 


nitrosation 


Figure I-Flow diagram for assay of Dienestrol Cream. Dienestrol 
0.01 x, monostearin, glycerin, )carer, glutamic acid, peanut oil, 
benzoic acid. 


sample test tube with 5 ml. ether-hexane. add the wash to the 
column, wash the wall of the chromatographic tube with 5 ml. 
ether-hexane, and allow the washings to enter the bed. Elute the 
column with 75 ml. ether-hexane and evaporate the eluate under 
reduced pressure until dry. 


Dissolve the residue in 5.0 ml. 80% acetic acid and mix until a 
clear solution is obtained. Transfer 4.0 ml. by pipet to a 25-ml. 
volumetric flask, add 3 drops concentrated sulfuric acid and 5 drops 
freshly prepared saturated aqueous sodium nitrite. Allow to stand 
30 min. to complete the nitrosation, immerse in an ice bath, and 
add slowly 20 ml. of the electrolyte solution. When the fuming 
subsides, remove the flask from the bath and make to volume with 
electrolyte solution, mixing well. Allow this solution to stand 30 
min., but not longer than 2 hr., at I oom temperature before proceed- 
ing. Filter a portion of the solution through a small pledget of 
cotton into the polarographic cell and sparge 10 min. Record the 
polarogram between about -0.25 and - 1.25 v. Measure the diffu- 
sion current between -0.45 and -0.95 v., corrected for solvent 
blank, against a saturated calomel reference electrode. Determine 
the amount of dienestrol in the sample by the formula: 


RESULTS . W D  DISCUSSION 


Analysis for dienestrol in the commercially available cream' was 
complicated by the presence of a large ratio of monostearin to drug, 
possibly 2000:l. The exact ratio was unknown as the manufacturer 
will not supply formulation details. Loss on drying of samples 
placed an upper limit of about 21 on nonvolatiles. Because the 
method chosen would likely constitute the official assay for dienes- 
trol cream in the next revision of the NF, a procedure was sought 
which would allow some variation in cream formulations while 
preserving specificity and sensitivity for dienestrol. A ratio of mono- 
stearin to urea of 4000: 1 was decided upon. 


It was not possible either to nitrosate or polarograph dienestrol 
in the presence of such a mass of material. so a complete separation 
was essential. Attempts to separate dienestrol from monostearin 
or from the commercial formulation by partition between ether and 
dilute alkali or alkaline buffers resulted only in the formation of 
stable gels. Column chromatography can be unreliable for routine 
analytical methods, especially with such a mass-ratio, so an alter- 
nate approach was sought. 


7 Dienestrol cream, Ortho Pharmaceutical Corp., Raritan, N. J., 
0.01 active ingredient; see Fig. 1 for remaining declared ingredients. 
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Table I-Assay of Dienestrol Cream and Synthetic Mixturesa 


Sample % Recovered 


Mixtures 


Av. = 1 0 0 . 1 %  
cv = 5.3% 


Creams 


Av. = 95.0% 
C V  = 5.6% 


96.7 
100.0 
95.6 
95.2 


105.0 
107.9 


99.5 
92.3 


103.8 
87.2 
96.9 
90.0 
90.5 
93.6 


a Mixtures run at various times; cream samples all from one lot; 
results read from standard curve. 


The application of inclusion chemistry to the removal of un- 
wanted compounds in pharmaceutical analysis has not been re- 
ported previously. The authors suggest that this may constitute 
one general approach to the analysis of ointments, creams, lotions, 
suppositories, and certain cosmetics. Further work is in progress to 
estimate the limits of this technique. 


Commercial creams and synthetic mixtures containing 0.1 mg. 
dienestrol, 400 mg. monostearin, 0.1 ml. peanut oil, and 0.2 ml. 
glycerin were carried through the final procedure (see Table I). 
The commercial cream assayed with no evidence of interference. 
Variability was caused equally by the separative and determinative 
steps. 


Isolation of Dienestrol-An extraction step was used to remove 
water-soluble constituents (see Fig. 1). No emulsions were encoun- 
tered with 0.025-0.1 M pH 6.5 phosphate buffers with either mix- 
tures or commercial cream. Lower dienestrol recoveries (88-96 %) 
were found with 0.025 M pH 7.2 buffer and synthetic mixtures of 
monostearin and drug. For this reason, the dilute pH 6.5 buffer 
was included in the procedure to extend the method to any neutral 
formulation. Due largely to the glutamic acid in the commercial 
samples, pH 4.45 was observed in the aqueous phase after extrac- 
tion. Formulations for intravaginal application usually are acid- 
buffered. 


Aylward and Wood (3, 4) prepared the monostearin inclusion 
compound with urea by precipitation from methanol, the most 
common solvent for the preparation of urea adducts. Monostearin 
solubility in methanol, however, was low and would have required 
larger volumes in the procedure, so ethanol was tried and found 
suitable. The inclusion compound, precipitated from ethanol, 
melted at 132-133” as is common for these adducts; the IR spec- 
trum confirmed it as the channel-inclusion compound by comparison 
to the spectrum of a mixture of urea and monostearin in the 17.4:l 
mole ratio that was reported as maximal by Aylward. Swern (6) 
has noted that a 3:1 w/w ratio of urea to included compound ap- 
pears to apply for a variety of examples. The procedure developed 
in this study was designed to remove included long-chain com- 
pounds representing up to 40% of formulation weight. All of the 
synthetic mixtures used in these experiments contained 400 mg. 
monostearin, i.e., a 4000 : 1 w/w ratio to dienestrol. 


To test the yield of adduct, inclusion compounds were made from 
0.28- and 0.4-g. samples of monostearin by the usual ethanol-urea 
step, the supernatants separated and evaporated to dryness; water 
was added to the residues to dissolve urea, and the insoluble mono- 
stearin collected in ether and weighed after evaporation: <3  % of the 
0.28-8. samples had escaped inclusion, as opposed to 10-20% 
of the larger samples. Washing the precipitate with ethanol instead 
of ether-hexane led to lower recoveries of the inclusion compound 
(89%, for samples averaged). 


Recovery of dienestrol separated through the formation of the 
urea-monostearin inclusion compound was 106 f 3%. The addi- 


tion of the silica gel column to the sequence improved the recovery 
data to 100 f 2%. Excess urea and any remaining inclusions were 
retained on the column and no residue was obtained from eluates 
of synthetic mixtures of drug and monostearin. The column step 
is not strictly necessary and can be eliminated for samples contain- 
ing low ratios of monostearin. 


The commercial cream also contains benzoic acid. Separate 
experiments determined that the benzoic acid passes through the 
entire procedure into the final eluate. Separation from dienestrol 
could be achieved by extraction at this stage or by neutralizing the 
solution used to charge the column. However, because benzoic 
acid was not nitrosated and was polarographically inactive under 
the conditions of this procedure, no effort was made to remove it. 


Peanut oil is an ingredient in the commercial cream, and is not 
removed by the present procedure. Initial experiments with a 
longer, lag. ,  silica gel bed allowed peanut oil to be eluted preferen- 
tially by hexane. Synthetic mixtures containing up to 0.1 ml., 
or 10% of the sample, of peanut oil were carried through the proce- 
dure with no attempt to preferentially elute oil and drug-no loss 
of dienestrol recovery was observed and slight warming of the 
nitrosation medium kept the oil in solution. Any formulation con- 
taining larger proportions of triglycerides would require a longer 
column or preliminary hydrolysis. The behavior of triglycerides on 
silica gel columns is well known and standard procedures are 
available (8,9). 


Determinative S t e p T h e  NF XI1 assay for dienestrol in tablets 
uses the polarographic procedure reported by Summa and Graham 
(10). Dienestrol is nitrosated in a diluted acetic acid and the nitroso- 
phenol subsequently rearranged in ammoniacal buffer to the 
quinone form which is reduced at the dropping mercury electrode. 
Gottlieb (1 1) previously applied this reaction sequence to the 
spectrophotometric determination of dienestrol, hexestrol, diethyl- 
stilbestrol, and related estrogens. Lykken (12) originated the se- 
quence in order to determine total phenols in hydrocarbons and 
organic solvents by extraction into alkali and he found that it applied 
to phenols in general. Lykken’s 80% acetic acid-lSZ potassium 
hydroxide nitrosation solvent was retained in the later methods 
even though the alkali was superfluous. 


In this laboratory, this determination gave coefficients of varia- 
tion of 1.5% at 16 mcg./ml. and 1.8% at 5 mcg./ml. using NF refer- 
ence standard dienestrol. Diffusion current was linear with respect 
to dienestrol samples in the range of interest, 1.5-6.0 mcg./ml. in the 
final solution. Summa and Graham (10) reported linearity at 8-90 
mcg./ml. and 1 % precision. As sample size was not limiting in this 
study, the procedure was not adjusted either to smaller volumes or 
to fewer manipulations. 


SUMMARY 


Formulations of drugs such as creams, lotions, ointments, and 
suppositories contain long-chain hydrocarbons, esters, alcohols, 
fatty acids and monoglycerides. Drugs such as synthetic estrogens, 
not extractable into water at neutral or acid conditions, present 
difficult assay problems. For the particular case of dienestrol in 
the presence of monostearin, urea inclusion has been successfully 
applied to a test-tube separation of these compounds. As urea 
includes a variety of long-chain compounds, this may constitute a 
general approach to the analytical methodology of these formula- 
tions. 
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In Vitro Assessment of Dissolution Kinetics: 
Description and Evaluation of a Column-type Method 


F. LANGENBUCHER 


Abstract A new method is described for the assessment of the 
dissolution behavior of solid dosage forms. The method, which is 
based on the mass transfer between solid and liquid phase in an 
exchange column, is shown to avoid some disadvantages of the 
commonly used beaker methods employing fixed liquid volumes. 
Its usefulness is demonstrated by results obtained with nondis- 
integrating and uniform granules of benzoic acid in water. The 
influence of various external parameters, such as liquid flow rate, 
cell cross-sectional area, amount of material, and particle diameter, 
is found to agree with theory and literature data. Because of its 
reproducibility and the absence of arbitrary external parameters, 
the method seems to be useful for a meaningful study of dissolution 
kinetics. 


Keyphrases 0 Dissolution method-column-type apparatus 0 
Diagram, dissolution apparatus-column-type Kinetics, dis- 
solution-nondisintegrating granules Parameters affecting- 
dissolution kinetics 


Most in vitro studies reported in the literature on the 
subject of the dissolution behavior of solid drugs in- 
volve modifications of the beaker or stirred-tank model, 
where the drug is dissolved in a fixed volume of solvent 
liquid, the agitation being accomplished by means of a 
stirrer or some rocking or shaking action. These 
methods in general suffer from several important dis- 
advantages. 


1. The flow conditions in the liquid medium depend 
on a great number of external parameters such as 
diameter and height of the vessel, liquid volume, speed, 
position, and form of the stirrer, etc. Some of these are 


difficult to standardize and to reproduce in different 
laboratories. In addition, the influence of these param- 
eters on the dissolution kinetics is difficult to interpret. 


2. The liquid volume must be fixed a priori, since it 
essentially determines the dissolution kinetics. It should 
be chosen as a standard and in accordance with the 
in vivo conditions. Nevertheless, depending on the 
solubility and dosage of the drug, variable volumes have 
been used by different authors: whereas Levy (1) 
originally proposed 300 ml. as standard, volumes as low 
as 100 ml. (2, 3) and as large as 2 1. (4, 5) or 20 1. (6) 
have been used. 


3. In all beaker methods the drug concentration in 
the liquid increases from zero up to either the satura- 
tion limit or the concentration which corresponds to the 
completely dissolved drug amount. This concentration 
buildup is different from the in vivo process in which the 
dissolved material is removed continuously from the 
liquid by absorption. Gibaldi andFeldman(7)pointed out 
that dissolution-limited absorption phenomena must be 
studied by methods in which the liquid acts as a perfect 
sink, i.e., the concentration never exeeds 10 to 2 0 z  of 
the saturation. To obtain this, the authors use a suffi- 
ciently large reservoir of a water-immiscible organic 
liquid, which permits the dissolved drug to be removed 
from the aqueous phase. Other authors attempted to 
achieve the same objective by means of specificadsorbents 
in the dissolving liquid (8). Although these modifications 
reduce the critical role of the aqueous volume, they 
introduce other arbitrary parameters such as volume 
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C O M M U N I C A T I O N S  


Fluorescent TLC Analysis of 
Traces of Penicillin 


Keyphrases 0 Penicillin, trace amounts-analysis 0 9-Isothiocy- 
anatoacridine-fluorescent labeling 0 TLC-analysis 0 Fluorom- 
etry-analysis, TLC plates 


Sir : 


We would like to report a specific and sensitive 
(nanogram range) quantitative chemical determination 
of penicillins which should have application to  bio- 
logical materials and for monitoring penicillin contam- 
ination in pharmaceutical manufacturing procedures. 
This method was developed as part of our program in 
the synthesis and applications of fluorescent labeling 
agents. The general approach in this determination is 
to  hydrolyze trace amounts of penicillin with either 
base or more specifically with B-lactamase and to react 
the secondary amino function of the resulting penicilloic 
acid with a fluorescent isothiocyanate to form the cor- 
responding fluorescent thiourea. 


The commercially available amine labeling agents, 
fluorescein isothiocyanate and 1 -dimethylaminonaph- 
thalene-5-sulfonyl chloride, were applied initially for 
fluorescent labeling but they proved unsatisfactory. 
That is, a suitable separation of the labeled penicilloic 
acid from excess acidic reagent and by-products was 
not developed. Separation of excess labeling agent 
from product was simplified by employing a nonacidic 
fluorescent labeling reagent, 9-isothiocyanatoacridine. 
This reagent was synthesized essentially by the pro- 
cedure reported by Kristian (1) from the reaction of 
9-chloroacridine with silver thiocyanate. 


The procedure for analysis of benzylpenicillin was 
carried out as follows: to each of a series of 5-ml. 
glass-stoppered pear-shaped boiling flasks was added 
50 pl. of a 0.50 mg./ml. buffered' aqueous solution of 
penicillinase (Calbiochem) and 20 to 400 p1. of a 
15 mcg./ml. buffered solution of benzylpenicillin 
(sterile potassium penicillin G, USP, Lilly). Hydrolysis 
was allowed to occur for 30 min. and then 50 pl. of a 
0.18 mg./ml. absolute alcohol solution of 9-isothio- 
cyanatoacridine was added to each flask. Corresponding 
controls containing equal amounts of penicillin but 
without enzyme were prepared, as well as a blank con- 
taining only the reagent and enzyme. The solutions were 
shaken in a water bath at  60 * 1" for 2 hr. and then 
lyophilized. The residue was redissolved in 100 pl. 
of a 1 : l  v/v mixture of absolute alcohol and pH 7 
buffer, ' and I-pl. aliquots of each sample and its control 
were spotted in alternate 0.5-cm. scored channels of 


'The buffer solution employed was 0.1 M KzHP04 adjusted with 
5 % Hap04 to p H  7.0. 


Silica Gel G thin-layer plates (250-nip thick). Develop- 
ment was for a distance of 13 cm. with a DMF-CHC1,- 
28% NH40H (10:5:4) solvent system. Plates were 
dried at 106" for 15 min. and the fluorescent spot at  
R, 0.50 was examined with a scanner (Aminco No. 
4-8221A) with the silica surface of the TLC plates placed 
toward the activation light. The scanner was connected 
to a spectrophotofluorometer (Aminco-Bowman) and 
recorder (Heath No. EU 20B) equipped with expanded 
range attenuation. An activation wavelength setting 
of 410 mp and a fluorescence setting of 510 mp were 
employed. 


Phenoxymethylpenicillin was determined in a similar 
manner with the spot at R, 0.88 being scanned at an 
activation setting of 260 mp and a fluorescence setting 
of 460 mp. Penicillinase-resistant methicillin was hydro- 
lyzed with 50 pl. of 0.1 N NaOH before a similar deter- 
mination. Its fluorescent spot at R, 0.73 was activated 
at  350 mp and fluorescence measured at 480 mp. 


While a blank of 9-isothiocyanatoacridine reagent 
and penicillinase was routinely employed, it was not 
critical as all fluorescent material moved with the solvent 
front. However, a control of penicillin and reagent is 
essential. A contribution at  the same Rf  value as great 
as a third, in some instances, was subtracted from the 
corresponding sample determined after hydrolysis. 
The contribution was assigned to the amount of hydro- 
lyzed penicillin and amines in the sample originally as 
well as that produced in the control reaction process 
per se. 


The difference in fluorescence between reacted hy- 
drolyzed samples of benzylpenicillin and their corre- 
sponding controls increased in a linear manner when 
compared to an increase in original sample concen- 
tration in the range from 3-30 ng. There is an expected 
loss in linearity at higher concentrations probably due 
to a quenching effect. 


An indication of the sensitivity3 of the procedure is 
given by the ability to detect 3.0 ng. of benzylpenicillin, 
0.76 ng. of phenoxymethylpenicillin, and 0.82 ng. of 
methicillin. Of particular interest is the fact that this 
sensitivity exceeds that needed to meet the Food and 
Drug Administration's requirement of less than 0.05 
unit (30 ng.) of penicillin cross-contamination per max- 
imum single dose for parenteral drugs. 


As applications of this procedure to cross-contanii- 
nation problems may vary with dosage forms and be 
dependent upon preliminary separation methods, peni- 
cillin recovery studies should be included with each 
material examined. The sensitivity of the method, to- 
gether with specificity presented by use of penicillinase 
hydrolysis and TLC R ,  values, is suggested as being 


The expanded range attenuator was specially manufactured by 
Johnson Instrumentation Specialties, Ann Arbor, Mich. utilizing circuit 
No. 3 (shifting zero circuit) from Manual of Beckman model 76 Ex- 
panded Scale pH Meter, p. 36, catalog No. 80694, Beckman Instru- 
ments, Inc., Fullerton, Calif. 


3 Sensitivity is based upon the weights of buffered conimcrcial pcni- 
cillin samples. 
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potentially advantageous in the determination of trace 
amounts of penicillin. 


(1) P. Kristian, Chem. Zwsti, 15, 641(1961). 
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Rapid Peptide Synthesis : Synthesis 
Heptapeptide A@-A71 of Abnormal 
Human a-Hemoglobin 


of the 


Keyphrases 0 Peptide synthesis 0 Heptapeptide Ass-A;, syn- 
thesis-abnormal a-hemoglobin component 0 IR spectropho- 
tometry-reaction monitoring 


Sir: 


Recently the N-carbobenzoxy and N-t-butyloxycar- 
bonyl-L-amino acid pentachlorophenyl esters have been 
described.'s2 We wish to report the utility of these inter- 
mediates for extremely rapid peptide synthesis. For this 
purpose the synthesis of the heptapeptide, L-alanyl-L- 
leucyl-L-threonyl-L-lysyl-L-alanyl-L-valyl-L-alanine cor- 
responding to the sequence A65-A71 of a-hemoglobin 
having a point motation at position 6 S 3 - 6  is described. 
The synthesis is shown in Scheme I, its rapidity being 
due to the minimal necessity to purify the intermediate 
peptides which is a result of the ease of purification of 
the starting amino acid pentachlorophenyl esters and 
their high activity toward aminolysis. 


The N-1-butyloxycarbonyl protecting group was 
removed from the Dipeptide I using HC1 in methanol. 
Evaporation of the solvent gave the Dipeptide Hydro- 
chloride 11, which was coupled to N-t-butyloxycarbonyl- 
L-alanine pentachlorophenyl ester in methylene chloride 
containing one equivalent of triethylamine. By follow- 
ing the IR absorption spectrum of the pentachloro- 
phenyl ester peak at 1775 cm.-' it was observed that the 
coupling reaction was essentially over after 4 hr. at  
room temperature. Removal of the solvent gave the 
crude Tripeptide 111. The Tetrapeptide IV was ob- 
tained by repeating the cycle of deprotection and cou- 
pling with N-carbobenzoxy-C;-N-t-butyloxycarbonyl-L- 
lysine pentachlorophenyl ester. 


The N-carbobenzoxy protecting group was removed 
from the Tetrapeptide IV by catalytic hydrogenolysis in 


HCl-MeOH 
tBoc-Val-Ala-OMe -+ HCI . H-Val-Ala-OMe 


I I1 
TEA 


I1 + tBoc-Ala-OPCP tBoc-Ala-Val- Ala-OMe 
111 


1) HCl-MeOH 2) TEA 
111 r 2-Lys-Ala-Val-Ala-OMe 


3) z-Lys-OPCP I I pBoc 
.$ tBoc 


IV 1) Hz I Pd 
-+ 2-Thr-Lys-Ala-Val-Ala-OMe 


2) Z-Thr-OPCP/TEA I 
OBut 1 


ftBoc 
I 
OBut 


V 
V 1) HzI Pd 


-+ 2-Leu-Thr-Lys-Ala-Val-Ala-OMe 


f tBoc 
VI 


2) Z-Leu-OPCP/TEA I 
OBut I 


VI 1) HP 1 Pd 
-+ tBoc-Ala-Leu-Thr-Lys-Ala-Val-Ala-OMe 


2) tBoc-Ala- I 
OPCP/TEA OBut 1 


[ tBoc 
VII 


VII 1) NaOH-MeOH/H20 
-+ 2HC1. 


2) HCI-AcOH H-Ala-Leu-Thr-Lys- Ala-Val- Ala-HO 
VIII 


TEA = triethylamine OPCP = O-C6C15 
Scheme I 


dimethylformamide until no further evolution of carbon 
dioxide was observed. Addition of N-carbobenzoxy-L- 
threonine pentachlorophenyl ester and triethylamine 
yielded the Pentapeptide V in solution. This cycle of 
hydrogenolysis and coupling was continued until the 
protected Heptapeptide VII was obtained. The methyl 
ester was hydrolysed from VII by use of 1 N NaOH in 
methanol and the remaining protecting groups were 
removed by HCI in glacial acetic acid, to give the crude 
free Heptapeptide VIII. Purification of this material 
was obtained by passage through a column of syn- 
thetic polysaccharide (Sephadex G-25) (100 X 2.5 cm.) 
using water as eluent at a flow rate of 8 ml./hr. The pure 
heptapeptide - 34.0" (c 2.2 in water) was eluted 
as the first major fraction (30% overall yield) as shown 
by amino acid analysis: Ala, 3.01; Leu, 1.02; Lys, 
0.98; Thr, 0.95; Val, 1.01. 


(1) J. Kovacs, M. Q. Ceprini, C .  A. Dupraz, and G. N. Schmit. 


(2) B. J. Johnson and E. G. Trask, ibid., 33,4521(1968). 
J.  Org. Chem., 32, 3696(1967). 


( 3 )  C. Baglioni and V. M. Ingram, Biochim. Biophys. A d a ,  48, 
253(1961). 


(4) N.'Dance, E. R. Huchns, and E. M .  Shooter, ibid., 86, 144 


( 5 )  B. H. Bowman, D. R. Barnett, K. T. Hodgkinson, and R. G.  


(6) C. Baglioni and V .  M. Ingram, ibid., 189,465(1961). 
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Schneider, Nature, 211, 1305(1966). 
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Sorption of Benzalkonium Chloride by an Insoluble Polyamide 


D. POWELL, J. NEMATOLLAHL, W. L. GUESS, and J. AUTIAN 


Abstract 0 Sorption of an ingredient from solution by an insoluble 
polymeric material will reduce the concentration of the product 
and may lead to alterations in the properties of the material. 
Since cationic surface-active agents are used for a number of medical 
and paramedical applications, it was felt desirable to study their 
sorption characteristics by a specific insoluble polymeric material 
(a polyamide, Nylon 6,6). Results of the equilibrium sorption 
experiments revealed that maximum sorption occurred in the re- 
gion of the critical micelle concentration of the surface-active agent. 
It was theorized that the hydrophobic moiety of the cation inter- 
acted with the nonspecific sites in the hydrocarbon units of the 
polyamide. As the agent was bound, a chloride ion followed giving 
electrical neutrality. With solutions having high concentrations of 
benzalkonium chloride, the associated molecules and micelles are 
also interacted to the nonspecific sites along the hydrocarbon sec- 
tion of the polyamide. Permeation experiments revealed the im- 
portance of the original concentration on the rates of diffusion and 
permeation. 


Keyphrases 0 Benzalkonium chloride-sorption by insoluble poly- 
amide 0 Diffusion coefficient-benzalkonium CI-polyamide sys- 
tem 0 Permeability constant-benzalkonium CI-polyamide sys- 
tem 0 CMC effect-benzalkonium CI sorption UV sprctro- 
photometry-analysis 


When a compound is sorbed from a solution by an 
insoluble polymeric material, two major consequences 
can occur: (a) loss of potency of a product in contact 
with the polymeric material and (b)  alteration in the 
physical-chemical-mechanical properties of the con- 
tainer or device having contact with the solution. The 
increasing use of insoluble polymeric materials (plastics) 
as containers, administration assemblies, collection 
devices, and a host of prosthetic devices helps to focus 
attention on the sorptive potential of these new man- 
made materials and the possible problems they may 
present in medical and paramedical applications. 


Sorption studies of compounds by selective poly- 
meric materials, besides having immense practical value, 
also permit theoretical consideration as to the behavior 
of the compound (or compounds) in the matrix of the 
polymeric materials. This paper reports on the study 
of the sorption of a cationic surface-active agent (benzal- 
konium chloride) by a specific polyamide (Nylon 6,6). 


EXPERIMENTAL 


Equilibrium Sorption Studies-Benzalkonium chloride' was 
diluted with freshly prepared distilled water to prepare solutions of 
the followingconcentrations: 0.05,0.08,0.1,0.2,0.5,0.8, and 1.0%. 
Exactly 100.0 ml. of each solution was pipeted directly into glass 
sorption tubes. Each of the tubes was then sealed with suitable 
ground-glass stoppers. The tubes were placed in a water bath of the 
desired temperature and when the solution temperature had reached 
the temperature of the water bath, the stoppers were removed 


1 Benzalkonium chloride, aqueous, 10 (Roccal 10 %), Winthrop 
Laboratories. New York. N. Y. 


2 Nylon-6,6 or poly(hexamethy1ene adipamide) (Polypenco 101), 
film of 5-mil thickness, Polymer Corp. of Pennsylvania, Reading, Pa. 


and polyamide samples2 [2.54 X 10.2 cm. (1 X 4 in.)] weighing a 
total of approximately 10 g. were added to the tubes and the tubes 
were resealed. These experiments were conducted at 40, 50, 60, 
and 70 f 0.02". Control solutions (no polyamide) were run side- 
by-side with the test solutions. 


Previous sorption experiments demonstrated that an equilibrium 
state or, more correctly, a pseudo-equilibrium state was attained 
within a 120-hr. period. For this reason, all of the experiments were 
continued to 120 hr., at which time the solutions were assayed3 
for remaining benzalkonium chloride content. The difference 
between the original solutions and the quantity remaining in the 
solution at the conclusion of the experiment was considered as 
having been sorbed by the polyamide. 


Results of equilibrium sorption experiments are illustrated in 
Fig. 1. Each curve, except the 60" curve, shows a region of maxi- 
mum sorption. 


Permeation and Diffusion Studies-Permeation studies were 
conducted using a permeation cell as described by Gonzales et al. 
which contains two glass chambers separated by the test plastic 
under study (1). Exactly 500 ml. of benzalkonium chloride of a 
specific original concentration was preheated to the temperature 
of the water bath and then added to the left chamber of the cell. 
To the right chamber, freshly prepared distilled water was added. 
In these studies, stirring in both chambers was accomplished by the 
use of immersible magnetic stirrers4 which had certain advantages 
over the previous method by which stirring rods attached to an 
external source of power were used. At times, the older method 
would lead to the locking of the stirring rod as it pas-:ed into the 
chamber and generally disrupted the experiment. 


Experiments were conducted using benzalkonium chloride solu- 
tions prepared at concentrations of 0.1, 0.2, 0.5, and 1 .O at four 
different temperatures (40,50,60, and 70"). At various time periods, 
aliquots of solution from the "no-drug" side were removed and 
assayed for benzalkonium chloride. Plots of the data as concentra- 
tion of benzalkonium chloride appearing on the no-drug side 
versus time permitted the evaluation of both the diffusion coefficient 
and the permeability constant. 


The diffusion coefficient (D) was calculated by the use of Barrer's 
expression (2): 


D = L2/6r (Eq. 1) 


where L is thickness of the polyamide film in centimeters and T 


is the time-lag obtained from the previously mentioned plots. 
Actual time-lag values were calculated by the method of least 
squares. 


From the slopes of each of the lines (evaluated by the method of 
least squares), it was possible to calculate the permeability constant 
(P)  using the following expression: 


P = c/t .LV/CA (Eq. 2) 


where cjt is the slope of the linear portion of the permeation plot. 
L is the thickness of the film, V the total volume of solution, C 
the original concentration of the solution, and A the surface area 
of the film exposed to the solution. Table I includes both the D 
andP values for each of the experiments. 


By knowing D and P, it is possible to calculate the solubility 
coefficient (S) since P = SD,  but in the case of the benzalkonium 
chloride-polyamide system, it was deemed inappropriate since the S 
values would have little meaning because of the very large ineuence 
which concentration of the agent has upon the diffusion process. 


~~ 


3 Quantitative determination of benzalkonium chloride was con- 
ducted by a spectrophotometric method at 263 mp, using base-line 
technique. Distilled water was used as the reference solution. Recording 
spectrophotometer, model DK, Beckman Instruments, Inc., Fullerton, 
Calif. 


Model MS-7, Tri-R Instruments, Inc., Jamaica, N. Y. 
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Figure I-Equilibrium sorption isotherms of benzalkonium chloride 
in polyamide. Key: CL, concentration of solute in liquid phase (120 
hr.); CS, concentration of solute in solidphase (120 hr.). 


Since the permeation experiments were conducted at several 
temperatures, the activation energies of diffusion (A&) and permea- 
tion (AEp) were evaluated by the use of the Arrhenius relationship 
in a manner similar to that reported in a previous paper. These 
values are listed in Table I1 for each of the original concentrations. 


DISCUSSION 


Equilibrium Sorption Studies--When the concentration of benz- 
alkonium chloride in the polyamide was plotted, as shown in Fig. 1, 
a pronounced curvature of each of the isotherms resulted, conveying 
that within the concentration range studied maxima sorption oc- 
curred. In 1944 Aicken first reported this type of unusual sorption 
pattern with surface-active agents and solid substrates (3). In this 
case, the author was studying the sorption of sodium alkyl sulfates 
by cotton and wool. Since then, other investigators have reported 
similar observations with surface-active agents and solid sub- 
strates (4-13). In general, the sorption pattern was as follows. 
Below the critical micelle concentration (CMC) there was a pro- 
portional increase in sorption with an increase in concentration 
of the agent. In the vicinity of the CMC, an inflection occurred in 
the curve, denoting a relatively large increase in sorption. Above 
the CMC, a maximum in sorption occurred and with further in- 
crease in the concentration of the surface-active agent a decrease in 
sorption took place, generally leveling off as the concentration of 
the agent was furthei increased. 


The results of the present study with benzalkonium chloride 
(Fig. 1) show a rapid uptake in the early phases reaching maxima 
in the region of 400 mg./100 ml. This concentration range is above 
the CMC of benzalkonium chloride which has been estimated to 
be approximately 80 mg./100 ml., following the general pattern 
of maxima as noted by previous workers.5 


The results in Fig. I suggest as a very first approximation that 
below the CMC benzalkonium chloride is sorbed as single ions. 
With an increase in concentration toward the CMC, dimers and 
aggregates are forming and these in turn are being sorbed. Above 
the CMC, micelles are being sorbed, leading to the maxima. Further 
increase in concentration of the benzalkonium chloride solution 
releases single molecules, aggregates, and micelles to the solution. 
It also seems probable that as penetrating molecules enter the matrix 
of the polyamide they may alter in some manner the steric and 
spatial arrangements of the polymer chains, increasing or decreasing 
the sites for interaction. 


The sorption isotherms (Fig. 1) also demonstrated the effect of 
temperature upon the uptake of benzalkonium chloride. Generally 
there was an increase in sorption with an increase in temperature. 
The 60" sorption experiment did not follow this trend, however, 
and even after the same type of experiment was repeated several 
times there was no indication of the reason this curve did not 
fall between the 70 and 50" curves. 


- ____ 


6 Information supplied through Winthrop Laboratories, New York, 
N. Y .  


Table I-Diffusion Coefficients and Permeability and Solubility 
Constants for Benzalkonium Chloride at Four Temperatures and 
Four Concentrations in Nylon 6,6 (5  mil) Film 


Diffusion 
Original Coefficient Permeability 
Concn., Temp., (D X Constant Solubility 
mg./cm. 3 "C. cm.2/sec.) (P X 1O-s)a Coefficient 


10.14 70 2.06 0.715 
60 0.673 0.475 
50 0.578 0.202 
40 0.569 0.068 


fin n 831 n s in 
5.145 70 4.59 1.14 


.. . . .. . 


50 0.609 0.313 
40 0.503 0.153 


2.035 70 0.678 1.490 
60 0.444 0.850 
50 0.279 0.517 
40 0.143 0.159 


0.9900 70 0.903 2.600 
60 0 725 1.080 
50 0.207 0 577 
40 0.101 0.474 


3.47 
7.06 
3.49 
1.19 
2.49 
6.86 
5.14 
3.04 


22.0 
19.1 
18.5 
11.3 
28.8 
14.9 
27.9 
46.9 


White et al. did note a slight decrease in equilibrium sorption 
with a cationic agent and a cellulosic material as the temperature 
was increased (10). However, others have demonstrated that, 
depending upon the specific solute and specific substrate, there may 
be an increase in sorption with an increase in temperature (5) .  
The increase of sorption with temperature raises the question as to 
the possibility that true equilibrium was not reached or that deg- 
radation or alteration of the polyamide might have occurred. 


Diffusion Coefficient-Table I includes the apparent diffusion 
coefficients for each of the original concentrations of benzalkonium 
chloride at each of the temperatures studied. As would be expected, 
the D values increased with temperature for each of the original 
concentrations. The effect of concentration on D becomes very 
evident, demonstrating quite vividly how D can be influenced by 
the original concentration. 


A comparison of patterns of diffusion as a function of original 
concentration at each of the temperatures shows that for the 40 
and 50" conditions diffusion increases with an increase in concen- 
tration, reaching a maxima at the 0.5 % and then dropping slightly 
at the 1.0% concentration. The D values for the 50 and 60" con- 
ditions reveal a higher D at the 0.1 % concentration, then a drop 
in the D value at the 0.2%, followed by an increase in D at the 
0.5 and finally, another drop in D at the highest original concen- 
tration. The unusual patterns illustrated in Fig. 2 can best be 
explained by the properties of the surface-active agent, benzal- 
konium chloride, and upon its propensity to form micellzs. 


At the 0.1 % concentration, the benzalkonium chloride in the 
solution will exist primarily as single molecules in equilibrium 
with dimers. These particles will enter and diffuse in the polyamide 
matrix as monomers and dimers and their rate of transport in the 
substrate will be a direct function of temperature. As the original 
concentration of the solution is increased to 0.2%;, the benzal- 
konium chloride at the two lower temperatures is primarily in the 
monomer and dimer configurations and enters the substrate and 
diffuses in the same manner as in the lower concentration situations. 
A slight increase in D might be expected since a higher concen- 
tration gradient is probably operating in the 0.2% solution than 
in the 0.1 % solution. At the 60 and 70" situation, a greater degree 
of association of molecules appears to take place, preventing or 


Table II-Activation Energies of Diffusion and Permeation for 
Benzalkonium Chloride in Nylon 6,6 Film 


Original AED AEr 
Concn., % (kcal./mole) (kcal./mole) 


1 . o  
0 .5  
0 . 2  
0.1 


2.75 
5.80 


13.0 
16.1 


14.0 
13.8 
12.2 
12.1 
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Figure 2-The effect of original concentration on the diffiitsiori coef- 
ficient of beiizalkonium chloride in polyamide. 


hindering thz benzalkonium chloride from entering areas of the 
substrate for oinding which was available at the 0.1 % concentration. 
This is speculative. of course, but appears to be reasonable in light 
of a cluster formation of particles in plastics. Further increase in 
concentration to 0.5 % produces a solution with an increased num- 
ber of associated molecules and micelles. The slight increase in D 
values at the 40, 50, and 60" conditions and the extremely large 
increase in D at 70" may not be consistent with what has been said 
previously, since larger particle sizes could be expected to travel 
through a matrix at a slower rate. Therefore, the increase in D 
for all of the temperatures at the 0.5 concentration must be ex- 
plained by the plasticizing effect the benzalkonium chloride has on 
the polyamide. This effect becomes much more operative for the 
70" diffusion. As the associated molecules and micelles travel 
through the polymer matrix, they push the polymer chain apart 
revealing new sites for binding. At the highest concentration studied 
(1.0%) there are even more micelles present, and even though plas- 
ticizing action may still be taking place, this has less of an effect 
on diffusion. The larger number of aggregates attracts individual 
benzalkonium chloride molecules and/or prevents other molecules 
from being bound to the polyamide. 
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Figure 3-The effecr of' original concentration on the penneabi'ity 
constant of benzalkonium chloride in polvamide. 


Permeability Constant-As would be anticipated, P values in- 
creased with an increase in temperature. The influence of concen- 
tration may also be noted by referring to Fig. 3. At all of the tem- 
peratures studied the permeability constant decreased with an 
increase in concentration. Since permeability is composed of two 
factors (diffusion and solubility) either factor or both factors could 
account for the results. In general, it is believed that the solubility 
factor was the more yredominant in influencing the values obtained 
for the permeability constants. 


Activation Energies of Diffusion and Permeation-The activation 
energies of diffusion in polyamide are shown in Table I1 and reveal 
that the energy requirement increases from 2.75 kcal./mole for the 
1.0% solution, reaching a value of 16.1 kcal./mole for the 0.1 % 
solution. These values would indicate that more energy is needed 
for "pushing" the diffusing molecule (or micelles) through the 
polymer matrix at the lowest concentration than for the higher 
concentrations. Other investigators have also noted the influence 
of the original solution concentration on the activation energy 
of diffusion. 


In a study of the dyeing of wool, Alexander and Hudson found 
that a low dye concentration gave an activation energy of approxi- 
mately 5.0 kcal./mole which increased to 13.0 kcal/mole when 
the dye concentration was high (14). These authors concluded that 
at the very low dye concentration a film of stagnant solution was 
present and that diffusion through this liquid film would be very 
slow and even be the rate-determining step in dyeing. As the con- 
centration of the solution increases, however, the film becomes thin- 
ner and, in essence, will have a negligible effect on the overall dyeing. 
In the diffusion experiments reported in this paper, sufficient stirring 
took place to minimize the stagnant layer adjacent to the plastic. 


Rodell et al. in their studies of the sorption of sorbic acid by 
polyamide, noted that when the original concentration of the sorbic 
acid was increased the activation energy of diffusion decreased 
from 26.2 kcal./mole to a low of 3.07 kcal./mole for the highest 
original solution concentration (I  5) .  The benzalkonium chloride 
activation energies were similar to those of Rodell even though 
the magnitude was much smaller. It should be pointed out that the 
apparent diffusion coefficients for the sorbic acid decreased with an 
increase in the original concentration. This pattern of diffusion for 
the benzalkonium chloride was essentially the same. 


The activation energy of permeation for each of the original 
concentrations of benzalkonium chloride are included in Table I1 
and it is interesting to note that the AEp values fell into a rather 
narrow range (12 to 14 kcal./mole). Theoretical implications of the 
activation energy of permeation are vague. It must be remembered 
that the permeation process actually involves both diffusion and 
solubility, thus the activation energy of permeation is the sum of the 
activation energy of diffusion (A ED) and the heat of solution ( A H ) .  


Mechanism of Binding-The hydrogen-ion concentration of the 
benzalkonium chloride solutions used in this study was in the range 
of 6.0. Mathieson et a / .  have reported that the polyamide (Nylon 
6,6) has an isoelectric point occurring at a pH of 6.20 (16). It would 
seem unlikely that the cationic moiety of benzalkonium chloride 
could interact with the polyamide through an ion-ion interaction 
since no negative ionic charge is present in the polyamide at pH 
6.0. It is possible, of course, that even in the pH range used in these 
studies, some ionized groups of the carboxyl moiety of the poly- 
amide exist, but if this is the case, the number would be extremely 
small and could not account for all of the sorption. Cation ion- 
exchange with hydrogen in the carboxyl groups in polyamide also 
appears to be ruled out for the most part since this could not ac- 
count for the large amount of sorption. The most possible mecha- 
nism for the interaction must come through the attraction of 
the rather large hydrophobic moiety of the cation to nonspecific 
sites in the polyamide, these being the hydrocarbon sections in the 
polyamide. As the agent is bound, a chloride ion follows, giving 
electrical neutrality. With solutions having high concmtrations of 
benzalkonium chloride, the associated molecules and micelles also 
interact to the nonspecific sites along the hydrocarbon section of 
the nylon polymer. Admittedly, the micelle interaction is most 
likely more complex than depicted here, but further rationalization 
cannot be given until detailed investigations lead to the exact mecha- 
nism of interaction. 


SUMMARY 


Sorption experiments were conducted using benzalkonium 
chloride as the solute and a polyamide (Nylon 6,6) as.the insoluble 
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polymeric material. Results of the experiments revealed that maxi- 
mum sorption values occurred above the region of the critical micelle 
concentration for three of the four temperatures studied. Permea- 
tion experiments led to the evaluation of diffusion coefficients 
and permeability constants at several original concentrations of the 
cationic agent at four different temperatures. It was theorized that 
the binding of the benzalkonium chloride to the polyamide most 
likely occurred between the hydrophobic portions of the cation 
and the hydrocarbon regions of the nylon. The unusual sorption 
characteristics and the effect of original concentrations on the 
diffusion and permeation were attributed to the propensity of the 
benzalkonium chloride to form aggregates and micelles in aqueous 
mediums. 
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Comparative Pharmacokinetics of Coumarin Anticoagulants V: 
Kinetics of Warfarin Elimination in the Rat, Dog, 
and Rhesus Monkey Compared to Man 


RENPEI NAGASHIMA and GERHARD LEVY * 


.4bstract Small (1-4 mg./kg.) and large (10-12.5 mg./kg.) doses 
of sodium warfarin were administered intravenously to rats 
(Sprague-Dawley, male), dogs (mongrel, male), and monkeys 
(rhesus, male). Warfarin concentrations in the plasma declined 
exponentially with time in each species. The plasma half-life of 
warfarin was independent of dose in the dog, appears to de- 
cline slightly with increasing dose in the rat, and increases mark- 
edly with increasing dose in the monkey. Apparent volumes of dis- 
tribution (dose/CPo) increased slightly with increasing dose in most 
of the animals. The half-life of warfarin, as observed in this study, 
increases in the order: rat < monkey < dog < man. It is shown 
that the dose-dependent elimination kinetics of bishydroxycou- 
marin, known to occur in man and monkeys, can be observed also 
with the other widely used coumarin anticoagulant, warfarin, when 
sufficiently high doses of the latter are administered. This effect is 


not seen clinically perhop; because the therapeutic dose range of 
warfarin is much lower than that of bishydroxycoumarin. Con- 
comitant administration of a large dose (210 mg.,'kg.) of bishy- 
droxycoumarin with sodium warfarin (2 mg./kg.) to monkeys 
tended to increase the half-life of warfarin. These observations are 
consistent with other indications suggesting that the two coumarin 
anticoagulants are sub-iect to the same major biotransformation 
pathway(s). 


Keyphrases 0 Coumarin anticoagulants, elimination-pharmaco- 
kinetics 0 Warfarin elimination-pharmacokinetics 0 
Pharmacokinetics comparison-warfarin elimination. rat, dog, 
monkey, man C UV spectrophotometry-analysis 0 Fluorom- 
etr y-analysis 


The pharmacokinetics of the coumarin anticoagu- 
lants have been the subject of considerable interest 
and study (reviewed in Reference 1). The kinetics of 
bishydroxycoumarin (BHC) elimination have been 
investigated in the rat, guinea pig, dog, and rhesus 
monkey (2), and a detailed multicompartmental analysis 
of BHC elimination has been attempted in man (3). 


More recent studies have resulted in the elucidation of 
the kinetics of the prothrombinopenic effect of the 
coumarin anticoagulants in inan (4, 5). The present 
report is concerned with the pharmacokinetics of 
warfarin (3-cr-phenyl-/3-acetylethyl-4-hydroxycoumarin) 
elimination in the rat, dog, and rhesus monkey, as 
compared to man. 
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In Vitro Assessment of Dissolution Kinetics: 
Description and Evaluation of a Column-type Method 


F. LANGENBUCHER 


Abstract A new method is described for the assessment of the 
dissolution behavior of solid dosage forms. The method, which is 
based on the mass transfer between solid and liquid phase in an 
exchange column, is shown to avoid some disadvantages of the 
commonly used beaker methods employing fixed liquid volumes. 
Its usefulness is demonstrated by results obtained with nondis- 
integrating and uniform granules of benzoic acid in water. The 
influence of various external parameters, such as liquid flow rate, 
cell cross-sectional area, amount of material, and particle diameter, 
is found to agree with theory and literature data. Because of its 
reproducibility and the absence of arbitrary external parameters, 
the method seems to be useful for a meaningful study of dissolution 
kinetics. 


Keyphrases 0 Dissolution method-column-type apparatus 0 
Diagram, dissolution apparatus-column-type Kinetics, dis- 
solution-nondisintegrating granules Parameters affecting- 
dissolution kinetics 


Most in vitro studies reported in the literature on the 
subject of the dissolution behavior of solid drugs in- 
volve modifications of the beaker or stirred-tank model, 
where the drug is dissolved in a fixed volume of solvent 
liquid, the agitation being accomplished by means of a 
stirrer or some rocking or shaking action. These 
methods in general suffer from several important dis- 
advantages. 


1. The flow conditions in the liquid medium depend 
on a great number of external parameters such as 
diameter and height of the vessel, liquid volume, speed, 
position, and form of the stirrer, etc. Some of these are 


difficult to standardize and to reproduce in different 
laboratories. In addition, the influence of these param- 
eters on the dissolution kinetics is difficult to interpret. 


2. The liquid volume must be fixed a priori, since it 
essentially determines the dissolution kinetics. It should 
be chosen as a standard and in accordance with the 
in vivo conditions. Nevertheless, depending on the 
solubility and dosage of the drug, variable volumes have 
been used by different authors: whereas Levy (1) 
originally proposed 300 ml. as standard, volumes as low 
as 100 ml. (2, 3) and as large as 2 1. (4, 5) or 20 1. (6) 
have been used. 


3. In all beaker methods the drug concentration in 
the liquid increases from zero up to either the satura- 
tion limit or the concentration which corresponds to the 
completely dissolved drug amount. This concentration 
buildup is different from the in vivo process in which the 
dissolved material is removed continuously from the 
liquid by absorption. Gibaldi andFeldman(7)pointed out 
that dissolution-limited absorption phenomena must be 
studied by methods in which the liquid acts as a perfect 
sink, i.e., the concentration never exeeds 10 to 2 0 z  of 
the saturation. To obtain this, the authors use a suffi- 
ciently large reservoir of a water-immiscible organic 
liquid, which permits the dissolved drug to be removed 
from the aqueous phase. Other authors attempted to 
achieve the same objective by means of specificadsorbents 
in the dissolving liquid (8). Although these modifications 
reduce the critical role of the aqueous volume, they 
introduce other arbitrary parameters such as volume 
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Figure 1-Sketch of the column dissolution appurutus (schematic). 
Key: B, particle bed: C, cell; FI, Fs, screens; H, heat exchanger; 
h, height of cell; PI, Pn, colunietric pumps; R, liquid resercoir: x, 
circulatim factor: Q, xQ, (I-x) Q, c.olumetricJlow rutes. 


of organic phase, amount of adsorbent, miscibility of 
aqueous and organic phase, and solubility of the drug 
in the two saturated phases. 


In this paper another approach is presented, one 
which is easier to  standardize with laboratory equip- 
ment and which involves no arbitrary and material- 
dependent parameters. It is based on the mass transfer 
in a fixed bed of drug material traversed by a continuous 
flow of solvent liquid in a vertical-exchange column. 
Processes of this type have been extensively studied in 
the field of chemical engineering (9-12). In a recent 
paper (13), Pernarowski et al. also described a con- 
tinuous-flow apparatus, but in their model agitation 
again is accomplished by a basket-stirrer assembly which 
is open to the above-mentioned 1imitations.l 


DESCRIPTION OF THE METHOD 


Basic Design-The design of the apparatus is shown in Fig. 1. 
The material to be investigated (tablet, capsule, granules) is placed 
in the vertically mounted dissolution cell C,  on a screen Fl which 
permits fresh solvent to enter from the bottom. Fl is so constructed 
as to guarantee an equally distributed laminar flow over the whole 
cell cross section. At some height h above FI the cell is closed by a 
second screen F1 which filters the liquid and prevents the removal 
of undissolved particles. The liquid (water, gastric, or intestinal 
juice) is pumped through the cell by means of a metering pump PI 
from a reservoir R, after having passed the heat exchanger H 
for temperature control. The eluate leaving the cell is analyzed for 
drug content, either continuously or at fixed intervals. 


In this model the following external parameters determine the 
dissolution kinetics: volumetric flow rate, Q(cm. aimin.); cross-sec- 
tional cell area, A (cm.2); initial drug amount, ma(g.). Since the 
drug amount is given by the dosage form itself, there remain only 
two apparatus parameters which are best presented as mass- 
specific quantities: liquid velocity, QA = Q / A  (cm./min.); drug 


1 Recently, Baun and Walkqr [J. Pharm. Sci., 58, 611(1969)] described 
a dissolution apparatus very similar to the one proposed in thls paper. 
However, these authors use a fixed liquid volume instead of the con- 
tinuous flom- employed in our method. 


amount per unit cell area, m.(, = m~/A(g./cm.~). These two to- 
gether determine the degree of agitation in the liquid as well as the 
elimination of the dissolved drug from the system. 


One particular feature should be pointed out; different drug 
amounts are dissolved under identical conditions whenever the 
parameters QA and m A . 0  are equal. This means that the dissolution 
of N tablets, studied simultaneously in a cell with cross section N . A 
and with a volumetric flow rate of N . Q is the same as the average 
of N runs of single tablets in a cell with cross section A and volu- 
metric flow rate Q. 


Modifications--The cell and the outlet tubes represent a hold-up 
volume v h  for the dissolved drug. which corresponds to a lag time 


to = ViJQ (Eq. 1) 


between the dissolution of the drug and the removal of the solute 
from the system. This hold-up volume can be chosen freely by 
means of the cell height h between Fl and F?. 


In this model there is no hindrance to the elimination of the 
dissolved drug from the system, whereas in biological absorption 
the absorbing membranes may represent a drug-specific resistance 
to the removal of the material from the site of dissolution. If 
desired, this resistance can be simulated in the following way: 
a fraction x of the liquid flow Q through the cell is recirculated by 
means of a second metering pump P2 (see Fig. I). This simulates 
the membrane resistance in a quantitative manner: x = 0 means no 
resistance, and x = 1 represents complete hindrance of absorption. 
Thus, any drug-specific permeability of the membranes can be 
simulated in very convenient way. 


It is to be noted that the fixed-volume method appears to be a 
borderline case of this generalized model. With a circulation factor 
x = 1 and a large hold-up volume vh the dissolution kinetics of this 
model should correspond completely to those obtained in a stirred 
beaker. 


DISSOLUTION KINETICS 


Two types of material must be considered separately, the bed 
of nondisintegrating granules (e.g.; a drug powder or a loosely 
filled capsule) and the disinteg~ating tablet. Different dissolution 
kinetics are likely for these two cases because of the different time 
variation of the effective exchanging surface area during the dis- 
solution process. In the first case, the initial surface area SO is 
determined by the number. size, and shape of the particles. Since 
volume and surface area are geometrically correlated, the further 
variation of S is governed by general laws, and the dissolution 
rate follows a general pattern. 


In tablets, on the other hand, the variation of S with time is 
more complicated. In the first moment of dissolution, S is in the 
order of a few square centimeters, corresponding to the outer 
geometrical surface area of the tablet. Owing to the liquid agitation 


GRANULES TABLETS 


TIME 


Figure 2-Time variation of surfuce urea S, dissolution rate (dm/dt), 
and amount of undissolued drug m, f o r  grunules and disintegrating 
tablets (schematically). 
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Table I-Size Parameters of the Benzoic Acid Granules; Fractions 
0.26, 0.41, and 0.75 mm. 
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Figure &Cube-root dissoliifioii curce of' nondisintegrating piirticles 
(schematically). Key: mu, itriticrl drug amount; mt, undissolved amount 
at lime t: T, dissolution time; ti,. lag time. 


and to the action of disintegration adjuvants, the tablet breaks 
down into fractions, thus resulting in an increase of the total surface 
area. At the same time the surface of the fractions becomes smaller 
as a consequence of the dissolution. Consequently, the variation 
of surface area and dissolution rate is represented by a bell-shaped 
function, as is shown schematically in Fig. 2. The integral curve, 
i.e., the amount of undissolved material a t  time t ,  will be S-shaped, 
the steepest slope being coincident with the maximum in the S(t) 
curve. 


Although the dissolution kinetics of nondisintegrating granules 
is of minor importance from a practical point of view, it is of great 
value for the evaluation of the method itself, since the material- 
inherent variability is very low and the kinetics can be expressed in 
general terms. 


Kinetics of Nondisintegrating Granules-As was first deduced by 
Noyes and Whitney (14), the dissolution rate-(dmldt) is related to 
the effective surface area S of the particles and to the driving force 
gradient Ac by the mass-transfer coefficient 


k = -(dtn/dt)/(S.Ac) (Eq. 2) 


Here, Ac represents the difference between the saturation concen- 
tration c* and some average concentration in the liquid surrounding 
the particles. For column-type flow, l c  can be expressed in terms 
of the effluent concentration ce: 


AC = C* - ce/2 (Eq. 3) 


In the special case of nondisintegrating granules of uniform size 
and shape, the amount of undissolved material mt varies with time t 
according to 


(mt/'mcJ' : = 1 - r/T (Eq. 4) 


which means that a straight line is obtained when the cube root 
of the relative undissolved mass is plotted uersus time (Fig. 3). 
This dissolution line starts with (ml/mo)"3 = 1 for t = 0, has a 
slope of - ( l /T ) ,  and intersects the time axis a t  t = T. Thus, the 
entire dissolution kinetics is represented by one single constant, 
the dissolution time T. which is the time necessary to dissolve the 
material completely. 


The concentration cI  of the eluate of the cell varies with time in 
accordance with 


c,.! = (3~o/TQ)(1 - f/T)' (Eq. 5 )  


which means that a plot of the square root of ce uersus t results 
in a straight line. The highest concentration is found a t  the start: 


* A list of the notations used and the derivation of the equations is 
given in the Appendix. 


7- Sieve Screen Limits, mm.--. 
0.75-1.2 0.4-0.75 0.2-0.4 


Mean spherical particle 


Equivalent spherical di- 


Mass-specific surface area, 


volume, Vp(10-3 ~ m . ~ ) .  0.81 0.13 0.013 


ameter, Dp(mm.)b 0.75 0.41 0.26 


S,(cm. 2/g.)c 63 115 181 
~ ~~ 


a Determined by counting a weighed sample of approx. 1000 par- 
ticles. & Calculated as D p  = (7rVP/6)'/3. c Calculated as S ,  = 6'(p,Dp).  


Ce.0 = 3mo/(TQ) (Eq. 6) 


Dependence of T on External Parameters-The dissolution time 
T is related to the material and apparatus parameters by the equa- 
tion 


T = (Dp,opP)/(2kAc) (Eq. 7) 


Thus, the particle diameter, the amount of material. and the liquid 
velocity are likely to have an influence on T. To express this correla- 
tion, two dimensionless quantities are introduced (9, 1 I ,  15), 
the Reynolds number 


Re = (QaDp) /v  0%. 8) 


which describes the degree of agitation in the liquid, and the mass- 
transfer factor 


j d  a k/QA (Eq. 9) 


which defines the dissolution rate in a dimensionless way.3 
The correlation is then of the form 


j ,  a (Re)-" (Eq. 10) 


where the exponent n is found to  vary between 0.5 and 0.8 for 
Reynolds numbers between 0.1 and 1 (11, 15). Equation 10 can be 
rearranged into the form (see Appendix) 


T a (Qa)-0.2-O 5 . ( 0  PSO )1 .5-1.8 (Eq. 11) 


which shows the correlation to  the experimental parameters QA 


and DP,o. 


DISSOLUTION OF BENZOIC ACID GRANULES 


Experimental 


Material-Granules of benzoic acid were chosen for the basic 
experiments, since their preparation and assay are very easy and 
since many data on their dissolution kinetics are available in the 
literature (7, 9, 11, 16-19). The granules were prepared by the 
method of Evans and Gerald (9). The reagent grade material was 
melted and chilled on a flat metal pan. After grinding the granules 
were screened into three size fractions, the size parameters of which 
are listed in Table I. To remove fine dust from the particles, they 
were suspended in distilled water for some hours and, after filtering, 
dried to constant weight. 


Apparatus-The dissolution apparatus was used without liquid 
recirculation (x = 0). The dissolution was conducted in deionized 
water of 25" ,  which was pumped from a reservoir by means of a 
metering pump4 operating at  128 strokes/min. The rate of the 
pulsating flow was set by means of the stroke amplitude. A Graham 
condensor connected to a constant-temperature bath was used for 
temperature control. Two different cells were employed with cross- 
sectional areas of 2 and 4 cm.2. All other dimensions being exactly 


3 The bed porosity and the Schmidt number, which are also included 
in the definition of id. are not taken into consideration since they were 
constant in these experiments. 


many; 8-mm. diameter ceramic pumping head. 
LEWA model KH meteqing pump, LEWA, Leonberg, West Ger- 
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Table 11-Dissolution Time T,  Obtained for Various Combinations of Particle Diameter D,, Liquid Velocity QA, and Initial Mass Load mA,O 


Particle Diameter D ,  (mm.) --. 
Initial Mass 0.26 -. -.41 . ------------0.75 -- 
Load, mA,o -QA (cm./min.)- -QA (cm./min.)--- Q A  (cm./min.) \ 


(mg./cm. 2 4 8 16 2 4 8 16 2 4 8 16 


31.25 47 
49 


62.5 45 


125.0 57" 
57 


250.0 [81Ib 


Reynolds number, 
Re 0.10 


33 
36 
36 
37a 
39 
45a 


[53a]b 
P 8 1 b  


Dissolution Time T (min.) 
30 30 99 74 74 52 300 227 159 112 
31 34 100 88 93 70 305 230 192 130 
30 27 102 80 59 51 244 167 132 109 


35 28 114 82 65 54 244 172 143 111 
37O 29" 86 


41 30 137 100 74 58 264 182 145 115 


82 154 142 


34 9oa 


208 


0.19 0.39 0.77 0.15 0.31 0.61 1.22 0.28 0.56 1.12 2.23 


a These values were obtained with the 2-cm.2 cell, all others with the 4-cm.2 one. b Values obtained from nonlinear dissolution curves. 


equal, the 4-cm.2 cell is shown in Fig. 4. Glass beads 1 mm. in 
diameter were used as inlet filter R ,  on top of which the granules 
were placed. The upper filter Fz was also a bed of glass beads, held in 
place by means of a 40-US-mesh stainless steel sieve mounted on a 
Teflon ring. The hold-up volume of the two cells was 8.8 and 17.6 
cm.a, respectively 


In order to achieve complete wetting of the granules, 1 cm.3 of 
a 1% sodium laurylsulfate solution was added per each 0.1 g. of 
benzoic acid just at the moment when the water reached the gran- 
ules. After this the cell was closed immediately. 


Assay-The solution leaving the cell was collected over fixed 
time intervals (3, 5,  7.5, 10, 15. . .min.) and titrated with 0.1 or 0.04 
N NaOH to a phenolphthalein end point. After completion of each 
run (30 to 90 min.) the cell was dismantled and rinsed with methanol, 
the residue of the benzoic acid being titrated for control. 


Results and Discussion 


The whole experiment was conducted in the form of a 3 X 4 X 4- 
factorial design, the three factors being at equal or nearly equal 
distance from one another on a logarithmic scale: particle diameter, 
&.o: 0.26,0.41,0.75 mm.; liquidvelocity, Q A :  2, 4, 8, 16cm./min.; 
initial mass load, mA,o: 0.031, 0.063, 0.125, 0.250 g./cm.2. The re- 
sults, i.e., the dissolution time T obtained for the various combina- 
tions of the three factors, are given in Table ZI(see also Fig. 7). 


Shape of the Dissolution Curves-In almost all experiments a 
straight line was obtained for the plot of (mt/mo)'/3 versus time, in 
accordance with the cube root law (Eq. 4). Typical curves are 
shown in Fig. 5. A lag time between 0.28 and 2.2 min. is seen at the 
beginning, according to Eq. 1. In general, the points follow the 
straight line from the start down to ordinate values between 0.5 
and 0.6, corresponding to at least 80 to 90% of dissolution. 
Thus, it is justified to extrapolate the linear part to the time axis to 
obtain the dissolution time T. The upward curved "tail" is due to 
changes in the geometrical form of the particles and to enlarged 
bed porosity (floating), which occurs when most of the material 
has been dissolved. 


In a few experiments involving large amounts of the finest (0.26 
mm.) particles under low liquid velocities, the dissolution curves 
do not follow the cube root law. Examples are shown in Fig. 6. 
This is due to saturation of the liquid, and is discussed in more 
detail below. In Table 11, the T values obtained from nonlinear 
curves are enclosed in brackets. 


Reproducibility of the Method-For statistical analysis, the 
data of Table 11 are used as logarithms, since Eq. 11 suggests that 
in this form the effects of the factors are additive and linear. From 
the 21 duplicate and 2 triplicate determinations, a joint estimate of 
the method variance can be obtained on the assumption of equal 
variance for all parameter combinations. The common standard 
deviation is calculated as 4~0.037 for log T,  corresponding to &9% 
in T. This includes the variability due to the two different cells. 


Cell Cross Section-The seven determinations shown in Table 
11, in which both cells with A = 2 and 4 cm.z are employed, demon- 


strate the fact that the cell cross section has no influence on the 
dissolution time, when QA and mA.0 are kept constant. Statistical 
analysis of the paired differences between both cells shows the T 
values of the small cell to be only 2% higher, on the average, which 
is not significant at all. 


, sample 
compartment 


F1 


v i n l e t  
Figure &Speci$cations for the 4 - ~ m . ~  dissolution cell (drawn to 
scale). Inner cell diameter 22.6 mm. Height of sample compartment 
40 mm. Fl: stainless steel sieve with 30-mm. bed of glass beads I mm. 
in diameter. Fz: 40 (US) mesh stainless steel sieve with glass beads. 
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Figure 5-Cube root dissolution curves obtained with benzoic acid 
granules in water at various liquid velocities QA (cm/min). Particle 
diameter, D, = 0.41 mm. ; initial mass load, mA.0 = 125 mg./cm. '. 


Influence of D,, QA, and mA,o on the Dissolution Time T-The 
influence of these parameters was treated in a quantitative manner 
by calculating the multiple regression of the logarithms on log T, 
including the linear, quadratic, and mixed second-order terms! 
The following regression equation is obtained 


T = -7.70 + 5.676 + 0.547 + 0 . 1 6 ~  
- 0.616' + 0.11~ '  + 0.29~ '  
- 0.3087 - 0.137~ - 0.44~6 


(Eq. 12) 


where r ,  6, 7, and p denote the logarithm of T, D,, QA, and mA.0, 


respectively. This model leads to a residual standard deviation 
of f0.039 for 7,  which agrees with the value obtained from the 
replicate determinations alone. 


In Fig. 7 the curves are drawn according to a simpler regression 
model which was obtained by means of a stepwise calculation. 
This model accounts only for the most significant parameters, 
namely 6, 6', y2, and 87,  and results in a residual standard deviation 
of ~0.052(-zk13~;) .  


In order to compare these results with Eq. 11, the partial deriva- 
tives are calculated from Eq. 12. These are 


for the grand average of all observations, i.e., D ,  = 0.43 mm., QA 
= 5.67 cm./min., andmA.0 = 0.088 g./crn.'. This is equivalent to the 
equation 


T a (QA)~.~~.(~,,~)~~'~ (Eq. 14) 


and is in good agreement with Eq 11. 
According to the nonlinear t e r m  in Eq. 12 the exponents in 


Eq. 14 are different for different combinations of the three param- 
eters. The most important factors contributing to this variation 
are : 


'The calculation was done on a Univac I11 digital computer by 
means of a standard program for multiple regression analysis. 


1. Whereas the 0.75-mm. granules have a cubic form which 
corresponds to a form factor K = 6, the two finer size fractions have 
more elongated granules for which a larger form factor should be 
used. 


2. For higher liquid velocities the granule bed is gradually ex- 
panded, i.e., the porosity increases. This reflects the transition from 
fixed to fluidized bed conditions and results in the flattening of the 
~ ( 7 )  curves at high flow rates (see Fig. 7). 


3. With low initial amounts (mA.0 = 31.3 mg./crn.') the cell 
cross section cannot be covered uniformly, especially in the case of 
coarse particles. There are "holes" in the granule layer, through 
which the liquid flows preferably, thus leaving the granules in a 
dead zone of flow. As a result, the dissolution time T is, in general, 
enhanced for these low amounts. 


4. For high mass loads, in connection with small granules and 
low liquid velocities, the liquid becomes more concentrated, and 
the driving force gradient Ac is smaller than the value corresponding 
to the cube root law (see the discussion in the Appendix). Devia- 
tions from linearity are observed in this case (see Fig. 6), and the 
dissolution time is enhanced. 


Influence of Wetting Agent-As mentioned above, sodium lauryl- 
sulfate (NaLS) was added to the liquid at the beginning of the dis- 
solution, in order to improve the wettability of the granules. The 
influence of a lowered surface tension is of some practical impor- 
tance, since the surface tension of human gastric juice is known 
to be of the order of 35 to 50 dyne/cm. (20), a value reached by most 
aqueous surfactant solutions at and above the critical micelle con- 
centration (CMC). Some experiments involving various single 
NaLS doses at the start or NaLS solutions of various concentration 
as solvent liquid, are shown in Table 111. It is seen that the initial 
addition of 1 mg. NaLS per 250 mg. benzoic acid brings the dis- 
solution time to the reproducible and typical value of 37 min., 
which is not further affected by doses up to 50 mg. Also, use of a 
0.01 or 0.1 NaLS solution as solvent does not affect the dissolu- 
tion time. Only with the 1 % solution is T significantly reduced by 
approximately 20z.  


This is consistent with results reported by Parrott and Sharma 
(19), who found that the solubility of benzoic acid in 1 %  NaLS 
solution is higher than in pure water by approximately 1 5 % ,  owing 


01 I I I\ 1 ', I \  I ! o  
0 20 40 60 


TIME rnin. 


Figure 6-Deviations from cube root law observed with high par- 
ticle surface area. Particle diameter, D, = 0.26 mm.; initial mass 
load, mA,O = 250 mg./cm.'; liquid velocity, QA from 2 to 16cm.lmin. 


Vol. 58, No. 10, October 1969 0 1269 







Table 111-Effect of Sodium Laurylsulfate Addition on the 
Dissolution Timea 


2 5 10 20 


Q A ,  crn./min. 


Figure 7-Log-log plot of the correlation between liquid velociiy QA 
und dissolution timp T for  carious particle diamerers D, and initial 
muss loads mA,o. Key: 0, 31.3; 3, 62.5; A, 125; 0, 250 mg./cm.2. 
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Figure 8-DiJsolutioir of lzydrocliloroihiazide tableis iii ariihciul 
gustric juice ui 37'. Linecir (upper purt) and cube root plot (lower 
purt). Two tablets of 25 mg. employed iiz each run. Cell area, A = 
4 liquid celociiy. QA = 4 cm./min.; iniiial mass load, mA.0 = 


12.5 mg./cm.2. 


Single 
Surface NaLS 


NaLS Tension,b Dose, Dissolution 
in Liquid dynes/cm. mg. Time T,  min. 


0 
1 
2 


72 5 
10 
20 
50 


71 1 
68 1 
52 1 


2:0 
38 0 
36 6 
34 9 
36 4 
34 6 
36 0 
35 3 
3s 1 
27 0 


a Experimental conditions: A = 4 cm.2, D, = 0.26 mm., Q.4 = 4 
cm./rnin., ~ A , O  = 0.063 g./crn.2.* Lit. (21). 


to micellar solubilization. It also agrees with the value of the CMC 
which is 8 X 0.23% w/w, at 25" (21). It should be 
noted that with suitable nonionic surfactants lower concentrations 
would be sufficient to reduce the surface tension: with poljsorbate 
80, the CMC of which is 0.001 (22), a 0.05% solution would 
exhibit the same surface tension as natural gastric juice (20). 


mole/l. 


EXAMPLE OF A DISINTEGRATING T.4BLET 


As work on actual tablet formulations is in progress, only one 
example will be presented in Fig. 8: the dissolution of 25-mg. 
hydrochlorothiazide tablets, conducted in artificial gastric juice 
(0.292% HCI, 0.20% NaCI) of 37" without addition of wetting 
agent, is given in the cube root form as well as in the usual form 
of mt cersus time. The invalidity of the cube root law in this case is 
seen immediately. No dissolution time T being defined, the dissolu- 
tion kinetics are best characterized by the i ; o ,  i.e., the time necessary 
for 50% dissolution (higher time intervals, e.g., ire, are too much 
affected by dosage variability and thus give no real picture of the 
dissolution). An average of 25.4 min. is obtained, with a standard 
deviation of f5.2 min. (+20%). This shows that, in this special 
case, the variation between tablets is of the same order of magnitude 
as the method variation. 


CONCLUSIONS 


Theoretical considerations, together with the results obtained 
from the dissolution of benzoic acid granules, demonstrate the 
usefulness of the column method for the investigation of dissolu- 
tion kinetics. The main features may be summarized as follows: 


1. Only two apparatus parameters are essential to the dissolution 
process: the liquid velocity and the mass-specific cell area. These 
are defined by the volumetric flow rate and the cell diameter, which 
are both easy to standardize. 


2. The method reproducibility is good, as is demonstrated by the 
=t9% standard deviation in case of homogeneous granules. 


3 .  Arbitrary parameters such as liquid volume, nature of organic 
solvents or adsorbents, which have to be defined separately for each 
new drug or dosage, are completely avoided. 


4. Scaling-up according to different tablet numbers or dosages is 
achieved correctly by keeping mA.0 and QA constant. This was 
checked by means of two different cells. 


5. For uniform-size granules, the theoretically derived cube root 
was confirmed, and the influence of particle diameter, liquid velocity, 
and initial mass load was found to agree well with literature data. 
It is therefore likely that correct and meaningful dissolution data 
will also be obtained in the case of disintegrating tablets. This will 
mainly be due to the fact that no concentration buildup occurs in 
the liquid. 


6. Change of the solvent medium, e.g., from gastric to intestinal 
juice is achieved without difficulty. Also, assay automatization is 
easily accomplished. 


The column-type method thus offers certain advantages over the 
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various beaker methods with regard to simplicity and reproduc- 
i bility. 


Table IV-Driving-Force Concentration Gradient, as Calculated 
in Various Approximationsc 


APPENDIX 


Nofatiorr Used-Values enclosed in brackets refer to the system 
benzoic acid-water. 


A = cell cross-sectional area, cm.2 
ce = drug concentration in the effluent liquid, gJcm.3 
c* = saturation concentration [0.0034], g./cm. 
Ac = driving-force concentration gradient, gJcm.3 
D, = equivalent spherical particle diameter, cm. 
j ,  = mass-transfer factor 
k = mass-transfer coefficient, cm./min. 
K = geometrical form factor 
m = mass of material in the granule bed, g. 
mA = m/A,  mass of material per unit cell area, g./cm.2 
me = dissolved amount of material, g. 
m, = mass of single particle, g. 
n = exponent of Reynolds number 
v = kinematic liquid viscosity [0.538], cm. 2/min. 
Q = volumetric flow rate of liquid, cm. 3/min. 
Q.4 = Q / A ,  liquid velocity, cm./min. 
p = liquid density [l.Ooo], g./cm.3 
pj ,  = particle density r1.2661, g . / ~ m . ~  
S = effective surface area of particle bed, cm. * 
S, = effective surface area per unit mass, cm. "g. 
t = time, min. 


= lag time, min. 
T = dissolution time from cube root law, min. 
V = liquid volume, cm. a 
Vi, = cell hold-up volume, cm.8 
V, = mean spherical particle volume, cm. 
Re = Reynolds number 


Subscripts: 


0 
I 
Derivation of Eq. 2-The driving-force concentration gradient 


Ac is defined as the difference between the saturation concentration 
c* and some average concentration actually present in the liquid 
passing through the particle bed. For column flow conditions Ac 
is given as ( 1 1 1 5 )  


= initial value for time zero 
= value at time t 


where ce denotes the concentration in the liquid leaving the top 
of the cell. This can be expanded into a power series 


AC = c*[I - c, /~c* + . . . I  (Eq. 16) 


This corresponds to 


Ac = c* (Eq. 17) 


and 


AC = C* - ~ , / 2  (Eq. 2) 


in the zero and first approximation. 
In Table IV. the two approximations are compared with the 


exact values. It is seen that Eq. 17 can be used for low effluent 
concentrations c,/c* < 0.2, whereas Eq. 2 extends up to approxi- 
mately 7 0 z  of saturation, the error introduced being less than 10%. 


Derivation of Eqs. 3 and +With particles of uniform size and 
shape, the surface area S of the particle bed and its mass m are 
related by the geometrical form factor 


K - Dppp(S/m) (Eq. 18) 


At any time of the dissolution process, particle diameter, surface 
area, and mass are correlated through the equations 


St/So = Dp,t2/Dp,02 (Eq. 19) 


mt/mo = D,,t3/D,,03 (Eq. 20) 


~~~~ 


Zeroth First 
Approx. Approx. Exact 


C J C *  (Eq. 17) (Eq. 2) 0%. 15) 


0.01 
0.02 
0.05 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1 .OO 


1 .Ooo 
1 .Ooo 
1 .Ooo 
1.Ooo 
1.OOO 
1 .Ooo 
1 .Ooo 
1.Ooo 
1.OOO 
1 .Ooo 
1 .Ooo 
1 .Ooo 
1 .Ooo 


0.995 
0.990 
0.975 
0.950 
0.900 
0.850 
0.800 
0.750 
0.700 
0.650 
0.600 
0.550 
0.500 


0.996 
0.991 
0.976 
0.950 
0.897 
0.842 
0.783 
0.722 
0.655 
0.582 
0.498 
0.391 
0.OOO 


Q c* assumed to be 1.000. 


By substitution of Eqs. 18-20 into the fundamental dissolution 
Eq. 2 one obtains the following expression for the dissolution rate 
at time t 


(Eq. 21) - (dm/dt) t = (k~mo '/am t2//3)/(ppDp, 0) 


The time-independent quantities can be collected into 


T = (~D,,OP,)/(~KAC) (Eq. 22) 


In the case of cubic or spherical particles, where K = 6 this reduces 
to 


T = (D, ,oP , ) / (~~A~)  (Eq. 4) 


With this abbreviation, Eq. 21 is written as 


-(dm/d& = 3mo'/3mt2/a/T (Eq. 23) 


This can be integrated with respect to dm and dt, which gives 


mt1/3 = -(ma1/3/T)t + C (Eq. 24) 


The integration constant C is determined by the initial condition 
mt = mo for f = 0. Hence 


(Eq. 3) (mt/mO)'/? = 1 - t/T 


The integration requires that all parameters included in the dis- 
solution time T are constant throughout the dissolution process. 
For Ac, this is true only for sufficiently low effluent concentrations, 
as long as the approximation Eq. 17 is valid (see Table IV). When- 
ever the effective surface area of the particle bed is too large, the 
effluent concentration in the beginning will be more than 10 or 2 0 z  
of saturation, and deviations from the cube root law are likely. 


Derivation of Eqs. 5 and 6-The effluent concentration ce is 
related to the dissolution rate by 


ce = -(dm/dt)/Q (Eq. 25) 


Differentiation of Eq. 3 with respect to t gives 


(dm/dt)t = -(3m0/T)(l - t/T12 (Eq. 26) 


If this is substituted into Eq. 25, one immediately obtains Eq. 5 
and, for t = 0, Eq. 6 


Deviation of Eq. 11-From Eq. 7 it follows that 


7 ' ~  (Dp.n)/(k) (Eq. 27) 


Stepwise substitution of Eqs. 9, 10, and 8 results in 


a (Dp.o)/(idQA) 


a (Dpd(Re)"/(Qa) 


a ( D ~ . o ) ~ +  '(QAP-' 
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Insertion of the literature value 0.5 to 0.8 for n gives the form of 
Eq. 11. 
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Identification of Monomeric and Polymeric 
5,7,3’,4’-tetrahydroxyflavan-3,4-diol from Tannin Extract of 
Wild Cherry Bark USP, Prunus serotina Erhart, Family Rosaceae 


LEONARD BUCHALTER 


Abstract 0 A phytochemical investigation of the tannin content of 
wild cherry bark USP showed the presence of nonhydrolyzable 
flavanoidal-type tannins, consisting of monomeric and polymeric 
leucocyanidin units. Identification was accomplished by paper 
chromatography, visible and IR spectrophotometry, with com- 
mercial samples, and fragmentation by potassium fusion. 


Keyphrases 0 Prunus serotinu-tannin extract 5,7,3’,4‘-Tetra- 
hydroxyflavan-3,4-diol, monomeric, polymeric-extraction, identi- 
fication 0 Paper chromatography-separation, identification 0 
IR, visible spectrophotometry-identity 


Many extracts of drugs from plant sources have a 
reported tannin content. The word tannin is one that 
may be applied to several distinct chemical entities. 
Tannins may consist of the hydrolyzable types which 
are readily hydrolyzed by acids or enzymes and are 
therefore classified as gallotannins or ellagotannins. 


Tannins may also consist of monomeric and polymeric 
flavan 3,4-diol or 3-01 units. This type of tannin is the 
nonhydrolyzable or condensed tannin. In many cases 
the exact chemical nature of the reported tannins has 
not been evaluated. The purpose of this experiment was 
to  evaluate phytochemically the reported tannin content 
of wild cherry bark USP. 


EXPERIMENTAL 


Materials-Paper chromatography was carried out in glass 
tanks on Whatrnan No. 1 filter paper. Visible spectra were obtained 
from a spectrophotometer (Beckman DB). IR spectra were made 
on a spectrophotometer (Beckman IR 8). Commercial samples of 
cyanidin (K & K Labs, Plainview, N. Y. )  were used. Wild cherry 
bark USP (S. B. Penick Co., New York, N. Y.) was also used. 


Preparation of Extracts-Five hundred grams of coarse, dried 
wild cherry bark USP, Prunus serolinu Erhart, Family Rosaceae, 
was defatted with successive washings of petroleum ether and chloro- 
form. This defatted material was extracted with equal parts of 
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Chromatographic Analysis of Chlorpheniramine, 
Pyrilamine, and Methapyrilene in Combination 


BOBBY R. RADER 


Abstract 0 A partition chromatographic method is presented for 
the separation and quantitation of chlorpheniramine, methapyri- 
lene, and pyrilamine in combination. A solution of p-toluenesul- 
fonic acid and potassium chloride on a column of diatomaceous 
earth is used to effect the separation. The isolated chlorpheniramine 
is determined by UV spectrophotometry. The methapyrilene and 
pyrilamine are separated and determined by GLC. 


Keyphrases Chlorpheniramine, pyrilamine, methapyrilene com- 
bination-analysis 0 Column chromatography-separation 0 UV 
spectrophotometry-analysis 0 GLC-analysis 


Pharmaceutical preparations containing chlorphenir- 
amine, methapyrilene, and pyrilamine in combination 
have been on the market for a number of years. How- 
ever, the literature does not cite a method for the analy- 
sis of this combination. GLC has been used successfully 
to separate and analyze a large number of antihistamines 
(1-4). However, with these chromatographic procedures 
the separation of methapyrilene and chlorpheniramine 
is not complete enough to permit their analysis. 


The separation and analysis of pharmaceutical 
amines based on ion-pair partition chromatography 
has been reported by Levine et al. (5-7). They have 
shown that p-toluenesulfonic acid (tosic acid) is effective 
in extracting a wide variety of these amines. 


In the present study, a tosic acid-potassium chloride 
partition column is used to separate chlorpheniramine 
from methapyrilene and pyrilamine. Chlorpheniramine 
is determined by UV spectrophotometry ; methapyrilene 
and pyrilamine are determined by GLC. 


EXPERIMENTAL 


GLC Column Preparation-The packing support was prepared 
and conditioned in the following manner (4): 200 mg. of cyclo- 


hexanedimethanol succinate' and 2.0 g. of methylphenyl silicone2 
were weighed into a 600-ml. beaker and dissolved in 350 ml. of 
benzenetoluene (1 : 2) by heating on the steam bath with mixing. 
To this solution, 20 g. of 80-100-mesh diatomaceous earth3 was 
added. The solvent was removed by evaporation on a steam bath 
with frequent stirring. The packing material was slowly added to a 
1.8-m. (6-ft.) X 4-mm. i.d. glass coiled column, using vacuum and 
tapping. The column was conditioned overnight at 250" with a 
50 ml./min. nitrogen flow. 


Apparatus-A gas chromatograph4 equipped with a flame ioniza- 
tion detector and a 1-mv. recorder was used. The operating condi- 
tions were: column temperature, 250" ; inlet temperature, 280" ; 
detector temperature, 250"; voltage, 250; carrier gas, nitrogen at 
100 ml./min.; sensitivity, 1 x 10-9 amp. full scale. 


A recording UV spectrophotometer was used with 1-cm. silica 
cells. 


Reagents-Tosic Acid-KCl Solution-Dissolve 10 g. of p-toluene- 
sulfonic acid and 11.2 g. of KCI in 35 ml. of distilled water with 
heating. Cool, dilute to  50 ml., and mix. 


Diatomaceous Earth5-Acid wash as outlined by USP XVII (8). 
Ether and Chloroform-Reagent Grade-Wash twice with equal 


volumes of water. 
Standard Solutiow-Pyrilamine maleate NF reference standard 


and methapyrilene HC1,6 1 mg./ml. in methanol; chlorpheniramine 
maleate USP reference standard, 0.02 mg./ml. in 0.1 N HzS04. 


Column Preparation-Column &Mix 2.0 g. of diatomaceous 
earth with 1.0 ml. of 1 N NaOH, transfer to a chromatographic 
column7 containing a pad of glass wool, and tamp. Weigh a portion 
of finely ground sample equivalent to 5 mg. of pyrilamine maleate 
into a 100-ml. beaker. Add 2.0 ml. of 1 N NaOH and 3.0 g. of 
diatomaceous earth. Mix until uniform; quantitatively transfer to 
column and tamp. Cover with a pad of glass wool. 


Column Zl-Mix 3.0 g. of diatomaceous earth and 2.0 ml. of I 
M NaHC03, transfer to a second column containing a pad of glass 


~~~ 


1 HI-EFF-SBP, Applied Science Laboratories, Inc., State College, 
2 SE-52, Analabs, Inc., Hamden, Conn. 
8 Gas Chrom Q, Applied Science Laboratories, Inc., State College, PA 


4 Packard model 76213, PackardInstrument Co., Douneis Grove, IL 


PA 16801 


16801 


A n C i T  vvI. - 
3 Celite 545, Johns-Manville Corp., New York, N. Y. 
6 I< & K Laboratories, Plainview, N. Y. 
7 Cat. No. 420300, 250 mm. x 22 mm. id., Kontes Glass Co., Vine- 


land, N. J. 
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Table I-Analysis of Chlorpheniramine Maleate, Methapyrilene HCI, and Pyrilamine Maleate in Commercial and Synthetic Drug 
Preparations 


Chlorpheniramine Maleate, Methapyrilene HCI, Pyrilamine Maleate, _--_- mg./tablet------ - ----- mg./tablet------ --- __ mg./tablet 7 


Sample Declared Found z Declared Found z Found z Declared 
~~~~~~~~~~~~~ ~~~~~ 


1“ 2 1.98 99 12 12.0 100 12 12.7 106 
20 1 0 95 95 6 6 07 101 6 5.71 95 


~ .~ .~ _ . ~  


6 . 3 3  105 6 6.10 102 
- - 4.38 4.28 98 


3 1.25 1.22 98 
46 0.65 0.68 105 
5 1 0.98 98 7.5 7.83 104 10 10.3 103 
6“ 1 1.03 103 7 . 5  7.75 103 10 10.5 105 


6 
- 


Synthe- 


Synthe- 
tic 1 1 .4  1.44 103 6 6.04 101 6 5.97 99 


tic 2 0.99 0.95 96 7.56 7.54 100 9.97 10.1 101 


a Sample also contained, by label declaration, hesperidin, ascorbic acid, caffeine, phenylpropanolamine HCI, salicylamide, and aluminum aspirin. 
b Sample also contained, by label declaration, carbetapentane tannate, glyceryl guaiacolate, salicylamide, ephedrine sulfate, atropine sulfate, and caf- 
feine. c Sample also contained, by label declaration, calcium lactate and phenylpropanolamine HCl. 


wool, and tamp. Pipet 3.0 ml. of the tosic acid-KC1 solution into a 
beaker containing 4.0 g. of diatomaceous earth. Mix and transfer to 
the column in two equal portions. Tamp first portion before adding 
the second portion. Cover with a pad of glass wool. 


Procedure-Mount Column I over Column 11, and pass 100 ml. 
of ether through the columns, Discard Column I. Wash Column 
I1 with two 10-ml. portions of ether, discarding the eluate. Elute 
methapyrilene and pyrilamine from Column II with 12e-125 ml. of 
chloroform, collecting the eluate in a 250-ml. beaker. Evaporate to 
approximately 1 ml. on a steam bath, using a small current of air. 
(Do not evaporate to dryness.) Quantitatively transfer to a 5-ml. 
volumetric flask with methanol. Dilute to volume and mix (Sample 
Solution 1). Elute chlorpheniramine from Column I1 with 120 ml. 
of 1% acetic acid in chloroform into a 250-ml. glass-stoppered 
conical flask. Evaporate just to dryness on a steam bath, using a 
current of air. Dissolve residue in a known volume of 0.1 N H2S04 
to give an approximate concentration of 0.02 mg./ml. (Sample 
Solution 2). 


To quantitatively determine the methapyrilene and pyrilamine in 
Sample Solution 1, inject 5-6 pl. into the gas chromatograph (4). 
Compare the peak heights to those obtained with the respective 
standard solutions. 


For chlorpheniramine, record the UV spectrum of Sample Solu- 
tion 2 from 35C-240 mp, using 0.1 N HzS04 as the reference. De- 
termine the absorbance at 263 mp and calculate by comparison to a 
standard. 


If the UV spectrum of Sample Solution 2 shows interference, use 
the following clean-up procedure. 


Pipet 10 ml. of the sample solution into a 125-ml. separatory 
funnel, make the solution alkaline with 1 M NaHC03, and extract 
with five 20-ml. portions of chloroform. Transfer each chloroform 
phase to a second separatory funnel and shake with 25 ml. of 1 M 
NaHC03. Combine the chloroform phases in a third separatory 
funnel containing 10.0 mi. of 0.1 N H2S04 and shake vigorously for 
2 min. Determine the UV absorbance of the aqueous layer as above. 


RESULTS AND DISCUSSION 


It was found that increasing the concentration of tosic acid on the 
column improved the separation of chlorpheniramine from metha- 
pyrilene and pyrilamine when chloroform was used as the eluting 
solvent. A 1 M tosic acid column gave approximately 95 separa- 
tion. However, the higher concentrations produced excessive tail- 
ing, which prevented better separation of the antihistamines. The 
addition of KCI reduced this tailing and increased the retention of 
chlorpheniramine on the column, resulting in quantitative separa- 


tion from methapyrilene and pyrilamine. The mechanism involved 
in the effect of tosic acid and KCl concentration on the ion-pair is 
currently being investigated. 


No more than 6 mg. of methapyrilene HCl or pyrilamine should 
be added to the column; with larger amounts the elution bands be- 
come too broad to give adequate separation from chlorpheniramine. 
Chloroform alone eluted chlorpheniramine, but a greater elution 
volume was required than with 1 % acetic acid in chloroform. 


In the chlorpheniramine assay, an absorbance at 310 mp is due to 
a trace of methapyrilene which is not removed by the clean-up pro- 
cedure. However, this absorbance will give no interference if it does 
not exceed 0.050. 


The results of the analysis of six commercial samples and two 
synthetic samples are listed in Table I. Two of the commercial 
samples contained only the antihistamines ; the other samples con- 
tained additional ingredients. The synthetic samples were prepared 
by adding starch, calcium phosphate, talc, and magnesium stearate 
to the ingredients specified on the label of Sample 2 (Synthetic 1) 
and Sample 6 (Synthetic 2). Recoveries ranged from 955106% of 
declared for the commercial drug preparations and from 96-103 
for the synthetic preparations. 
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potentially advantageous in the determination of trace 
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Rapid Peptide Synthesis : Synthesis 
Heptapeptide A@-A71 of Abnormal 
Human a-Hemoglobin 


of the 


Keyphrases 0 Peptide synthesis 0 Heptapeptide Ass-A;, syn- 
thesis-abnormal a-hemoglobin component 0 IR spectropho- 
tometry-reaction monitoring 


Sir: 


Recently the N-carbobenzoxy and N-t-butyloxycar- 
bonyl-L-amino acid pentachlorophenyl esters have been 
described.'s2 We wish to report the utility of these inter- 
mediates for extremely rapid peptide synthesis. For this 
purpose the synthesis of the heptapeptide, L-alanyl-L- 
leucyl-L-threonyl-L-lysyl-L-alanyl-L-valyl-L-alanine cor- 
responding to the sequence A65-A71 of a-hemoglobin 
having a point motation at position 6 S 3 - 6  is described. 
The synthesis is shown in Scheme I, its rapidity being 
due to the minimal necessity to purify the intermediate 
peptides which is a result of the ease of purification of 
the starting amino acid pentachlorophenyl esters and 
their high activity toward aminolysis. 


The N-1-butyloxycarbonyl protecting group was 
removed from the Dipeptide I using HC1 in methanol. 
Evaporation of the solvent gave the Dipeptide Hydro- 
chloride 11, which was coupled to N-t-butyloxycarbonyl- 
L-alanine pentachlorophenyl ester in methylene chloride 
containing one equivalent of triethylamine. By follow- 
ing the IR absorption spectrum of the pentachloro- 
phenyl ester peak at 1775 cm.-' it was observed that the 
coupling reaction was essentially over after 4 hr. at  
room temperature. Removal of the solvent gave the 
crude Tripeptide 111. The Tetrapeptide IV was ob- 
tained by repeating the cycle of deprotection and cou- 
pling with N-carbobenzoxy-C;-N-t-butyloxycarbonyl-L- 
lysine pentachlorophenyl ester. 


The N-carbobenzoxy protecting group was removed 
from the Tetrapeptide IV by catalytic hydrogenolysis in 


HCl-MeOH 
tBoc-Val-Ala-OMe -+ HCI . H-Val-Ala-OMe 


I I1 
TEA 


I1 + tBoc-Ala-OPCP tBoc-Ala-Val- Ala-OMe 
111 


1) HCl-MeOH 2) TEA 
111 r 2-Lys-Ala-Val-Ala-OMe 


3) z-Lys-OPCP I I pBoc 
.$ tBoc 


IV 1) Hz I Pd 
-+ 2-Thr-Lys-Ala-Val-Ala-OMe 


2) Z-Thr-OPCP/TEA I 
OBut 1 


ftBoc 
I 
OBut 


V 
V 1) HzI Pd 


-+ 2-Leu-Thr-Lys-Ala-Val-Ala-OMe 


f tBoc 
VI 


2) Z-Leu-OPCP/TEA I 
OBut I 


VI 1) HP 1 Pd 
-+ tBoc-Ala-Leu-Thr-Lys-Ala-Val-Ala-OMe 


2) tBoc-Ala- I 
OPCP/TEA OBut 1 


[ tBoc 
VII 


VII 1) NaOH-MeOH/H20 
-+ 2HC1. 


2) HCI-AcOH H-Ala-Leu-Thr-Lys- Ala-Val- Ala-HO 
VIII 


TEA = triethylamine OPCP = O-C6C15 
Scheme I 


dimethylformamide until no further evolution of carbon 
dioxide was observed. Addition of N-carbobenzoxy-L- 
threonine pentachlorophenyl ester and triethylamine 
yielded the Pentapeptide V in solution. This cycle of 
hydrogenolysis and coupling was continued until the 
protected Heptapeptide VII was obtained. The methyl 
ester was hydrolysed from VII by use of 1 N NaOH in 
methanol and the remaining protecting groups were 
removed by HCI in glacial acetic acid, to give the crude 
free Heptapeptide VIII. Purification of this material 
was obtained by passage through a column of syn- 
thetic polysaccharide (Sephadex G-25) (100 X 2.5 cm.) 
using water as eluent at a flow rate of 8 ml./hr. The pure 
heptapeptide - 34.0" (c 2.2 in water) was eluted 
as the first major fraction (30% overall yield) as shown 
by amino acid analysis: Ala, 3.01; Leu, 1.02; Lys, 
0.98; Thr, 0.95; Val, 1.01. 
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polymeric material. Results of the experiments revealed that maxi- 
mum sorption values occurred above the region of the critical micelle 
concentration for three of the four temperatures studied. Permea- 
tion experiments led to the evaluation of diffusion coefficients 
and permeability constants at several original concentrations of the 
cationic agent at four different temperatures. It was theorized that 
the binding of the benzalkonium chloride to the polyamide most 
likely occurred between the hydrophobic portions of the cation 
and the hydrocarbon regions of the nylon. The unusual sorption 
characteristics and the effect of original concentrations on the 
diffusion and permeation were attributed to the propensity of the 
benzalkonium chloride to form aggregates and micelles in aqueous 
mediums. 
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Comparative Pharmacokinetics of Coumarin Anticoagulants V: 
Kinetics of Warfarin Elimination in the Rat, Dog, 
and Rhesus Monkey Compared to Man 


RENPEI NAGASHIMA and GERHARD LEVY * 


.4bstract Small (1-4 mg./kg.) and large (10-12.5 mg./kg.) doses 
of sodium warfarin were administered intravenously to rats 
(Sprague-Dawley, male), dogs (mongrel, male), and monkeys 
(rhesus, male). Warfarin concentrations in the plasma declined 
exponentially with time in each species. The plasma half-life of 
warfarin was independent of dose in the dog, appears to de- 
cline slightly with increasing dose in the rat, and increases mark- 
edly with increasing dose in the monkey. Apparent volumes of dis- 
tribution (dose/CPo) increased slightly with increasing dose in most 
of the animals. The half-life of warfarin, as observed in this study, 
increases in the order: rat < monkey < dog < man. It is shown 
that the dose-dependent elimination kinetics of bishydroxycou- 
marin, known to occur in man and monkeys, can be observed also 
with the other widely used coumarin anticoagulant, warfarin, when 
sufficiently high doses of the latter are administered. This effect is 


not seen clinically perhop; because the therapeutic dose range of 
warfarin is much lower than that of bishydroxycoumarin. Con- 
comitant administration of a large dose (210 mg.,'kg.) of bishy- 
droxycoumarin with sodium warfarin (2 mg./kg.) to monkeys 
tended to increase the half-life of warfarin. These observations are 
consistent with other indications suggesting that the two coumarin 
anticoagulants are sub-iect to the same major biotransformation 
pathway(s). 


Keyphrases 0 Coumarin anticoagulants, elimination-pharmaco- 
kinetics 0 Warfarin elimination-pharmacokinetics 0 
Pharmacokinetics comparison-warfarin elimination. rat, dog, 
monkey, man C UV spectrophotometry-analysis 0 Fluorom- 
etr y-analysis 


The pharmacokinetics of the coumarin anticoagu- 
lants have been the subject of considerable interest 
and study (reviewed in Reference 1). The kinetics of 
bishydroxycoumarin (BHC) elimination have been 
investigated in the rat, guinea pig, dog, and rhesus 
monkey (2), and a detailed multicompartmental analysis 
of BHC elimination has been attempted in man (3). 


More recent studies have resulted in the elucidation of 
the kinetics of the prothrombinopenic effect of the 
coumarin anticoagulants in inan (4, 5). The present 
report is concerned with the pharmacokinetics of 
warfarin (3-cr-phenyl-/3-acetylethyl-4-hydroxycoumarin) 
elimination in the rat, dog, and rhesus monkey, as 
compared to man. 
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Table I-Comparison of Spectrophotometric and Fluorometric 
Methods for the Determination of Warfarin in Plasma 


*/ 6 
I 


10 20 30 
T I M  E , hours 


Figure 1-Plasma concentration of sodium warfarin as a jimction of 
time in a rat (No. 7 )  which receiued a high (12.5 mg./kg.) and a low 
(4  mg./kg.) intrauenous dose of the drug. 


EXPERIMENTAL 


Materials-Warfarin solution for injection was prepared by 
dissolving microcrystalline sodium warfarin' in a sufficient volume 
of freshly distilled water to yield a 0.2-2z (w/v) solution. When 
BHC was injected concomitantly with sodium warfarin, a sufficient 
amount of the latter was dissolved in a solution containing 0 .5z  
(w/v) bishydroxycoumarin. The BHC solutions were prepared as 
described previously (2). 


Animals-Rats, Sprague-Dawley, males, 350-450 g. ; dogs, mon- 
grel, males, 8-11 kg.; and monkeys, rhesus, males, 3-9 kg. were 
used. The animals had unrestricted access to food and water before 
and during the experiments. 


Drug Administration and Collection of Plasma Samples-The 
coumarin drugs were administered intravenously in the morning. 
In certain experiments with dogs and monkeys, vitamin K1,3 was 
also administered intravenously, intramuscularly, or orally. Blood 
samples were collected at appropriate intervals and were processed 
to yield heparinized plasma samples as described previously (2). 
The plasma samples were stored at - 15" until assayed. 


Assay Methods-Warfarin concentration in the plasma was 
determined either by the UV spectrophotometric method of 
O'Reilly et al. (6) which has been shown to be specific for unchanged 
drug under the experimental conditions, or by a minor modification 
of the fluorometric method of Corn and Berberich (7). This modifica- 


Figure 2-Plasma concentra- 
tion of sodium warfarin as  a 
function of time in a mongrel 
dog (No. 7 )  which received a 
high (10 mg /kg.) and a low (2  
mg./kg.) intravenous dose of 
the drug. Additional details in 
Table 11. 


I 
40 80 


T I  ME, hours 


1 Endo Laboratories Inc., Garden City, N. Y .  
2 Nutritional Biochemicals Co., Cleveland, Ohio. 
3AquaMephyton or Mephyton, Merck Sharp and Dohme, West 


Point, Pa. 


-Spectrophotometry- ---Fluorometry-- 


Plasma Recovery,a Blank,b Recovery,a Blank,b 
from Mean f S D  mcg./ml. Mean i S D  mcg./ml. 


Av. Av. 


Rat 91 =!= 3(10) 5 . 3  - - 


Dog - - 96 f 3 (13) 3.2 
Monkey 93 =!= 3(9) 0.7 95 f 3(10) <0.1 


a Number of samples in parentheses. Warfarin concentrations in 
plasma, 2-40 mcg./ml. (rat) and 2-150 mcg./ml. (monkey) by spectro- 
photometry; 1.25-100 mcg./ml. by fluorometry. 1, In terms of apparent 
sodium warfarin. 


tion involved the addition of one part by volume of 0.008 M phos- 
phate buffer (pH 7.45) to ten parts of plasma sample. The buffer was 
necessary to obtain reproducible standard curves with aqueous 
solutions of warfarin. BHC plasma concentrations up to 60 mcg./ml. 
do not interfere with the fluorometric assay for warfarin. When 
plasma samples contained higher concentrations of BHC, they 
were diluted with human plasma (not water). Without such dilu- 
tion, high concentrations of BHC cause some quenching of warfarin 
fluoresence. The recoveries of warfarin and blank values in terms 
of apparent sodium warfarin concentration (mcg./ml. plasma) 
from the plasma of the rat, dog, and monkey, as determined by the 
two assay methods, are listed in Table I. Possible metabolites of 
BHC and vitamin K1 do not interfere with the assay for warfarin 
by the fluorometric method. The vitamin is known not to interfere 
in the spectrophotometric assay (8); this has been confirmed in the 
present study. The lack of interference by BHC or vitamin KI 
metabolites was evident from analyses of plasma samples from 
monkeys that had received either BHC or the vitamin, and to which 
known amounts of warfarin had been added. 


The concentration of BHC in plasma was determined by a modi- 
fication (1) of the spectrophotometric method of Axelrod et al. 
(9). A calibration chart was constructed to correct for the absorb- 
ance due to warfarin (which is about one-fifth that of an equal 
concentration of BHC). Vitamin K1 and its possible metabolites 
do not interfere with the determination of BHC in plasma. All 
determinations were carried out at least in duplicate. 


of 
warfarin was determined graphically from a plot of log plasma 
concentration versus time. 


Determination of Plasma Half-Life-The plasma half-life 


RESULTS AND DISCUSSION 


Figure 1 shows the elimination of warfarin from the plasma of a 
rat after intravenous injection of a large and small dose of the drug. 
The plasma concentrations declined exponentially and there was 
only a slight (and possibly nonsignificant) increase in the apparent 
volume of distribution ( Vd)4 of warfarin with increasing dose. The 
half-life of warfarin appears to decrease slightly with increasing 
dose but the data are insufficient to establish a dose dependency 
with certainty. The elimination of large and small doses of warfarin 
in a dog is shown in Fig. 2. Plasma concentrations declined ex- 
ponentially with a t y ,  of approximately 21 hr. There was no pro- 
nounced change in the and Vd of warfarin with increasing dose 
in the dogs. The individual pharmacokinetic constants for warfarin 
elimination in the rats and dogs are listed in Table 11. 


The elimination of warfarin by the monkeys was dose-dependent 
(Figs. 3 and 4,and Table 111) in that the t i / 2  increased with increasing 
dose although the plasma concentration declined exponentially 
(disregarding minor fluctuations) at all dose levels. Marked apparent 
increases in Vd with increasing dose are evident in Monkeys 1 ,  2, 
and 3 (Table 111). However, this apparent dose-dependence in Vd 
may be an artifact and could be the result of an initial decrease with 
time in the elimination rate constant of warfarin following adminis- 
tration of the higher doses. Thus, it is possible that the initial curva- 
ture of the warfarin concentration Cersus time plot observed in 
Monkey 1 (Fig. 3) with the highest dose (10 mg./kg.) reflects not 


4 V d  = dose/CpO where Cpo is the apparent initial concentration of 
sodium warfarin in the plasma which is determined by extrapolatlng the 
terminal linear portion of a log concentration uersus time plot to zero 
time. 
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Table 11-Pharmacokinetic Constants for Warfarin Elimination 
from Plasma in Rats and Dogs loo F 
Animal Body 


No. wt., kg. 


6 0.39 
0.43 


7 0.37 
0.36 


6 10.0 
10.3 


7 8 . 4  
8 . 1  


Date Dose,a 
Dosed mg./kg. t i /?,  hr. 


Rat 
6/14 12.5 9.8 
6/21 4.0 11.0 
6/14 4.0 9 . 7  
6/21 12.5 9.0 


Dog 
11/21 lod 24 
12/12 2 d  22 
11/21 2 d  21 
12/12 10d 22 


Dose/ 
Cpob Assayc 


ml./kg. Method 


130 S 
115 S 
110 s 
120 s 


140 F 
140 F 
155 F 
175 F 


a Dose as sodium salt. The drug was administered intravenously. 
C,o is the apparent initial concentration of sodium warfarin in plasma 


estimated by back-extrapolation of the terminal linear portion of a log 
plasma concentration versus time plot. c S, spectrophotometry ; F, 
fluorometry. dDoses of vitamin KI (10 mg.) were administered orally 
on Days - 1, 0, and 2 following warfarin. 


(only) the so-called distribution phase but (also) a relatively more 
rapid initial elimination phase. The degree of reproducibility of 
warfarin-elimination kinetics is shown in Monkeys 4 and 5 follow- 
ing administration of 2 mg./kg. on two different occasions (Table 
111). Another point of interest in the data obtained with monkeys 
is the suggesiion of diurnal variation following administration of 
the higher doses (Figs. 3 and 4). As described in the subsequent 
paragraph, this cannot be attributed to assay problems. There was 
no indication of an effect of vitamin KI on warfarin elimination; 
this is consistent with similar observations in man (8). The phar- 
macokinetic data obtained by spectrophotometric assay are in 
reasonable agreement with those obtained by the fluorometric 
assay method (Table I l l ) ,  despite recent evidence that one of the 
four hydroxylated metabolites of warfarin may possibly interfere 
with the fluorometric assay for warfarin (22). 


The results of the study on the effect of concomitantly adminis- 
tered BHC on warfarin elimination in the monkeys are shown in 


' O O p  
60 


0.4 , , , , , , , 
20 40 60 


TIME, hours 


Figure 3-PIusina concetriraiiun of sodium warjarin us a ,function of' 
time in a rhesus monkey (No.  I )  wl7ich receiced a high, iirtermediaie, 
and low intrureirous dose of the drug. The dates isted in ihis and the 
other jigure legends refer to the time of warfarin sodium administru- 
tion. Key:  A .  12/28/66. I mg./kg.; @, 1/4/67, 4 mg./kg.; H, 1/17/67, 
10 mg./kg. Addiiional details in Table 111. 


4 


20 40 60 
T IME,  hours 


Figure 4-Plasma concentration of sodium warfarin as  a function of 
time in a rhesus monkey (No. 3) which received a high (10 mg./kg.) 
and a low (2 mg./kg.) iniravenous dose of the drug. Additional details 
in Table III. 


Fig. 5 and Table IV. The two animals (Nos. 4 and 5 )  received the 
drugs in opposite sequence at  an interval of 2 weeks (except for the 
first interval with Monkey 4 which was 9 weeks). It appears that 
BHC inhibited somewhat the elimination of warfarin. It is note- 
worthy that, in spite of some fluctuations, the overall plasma con- 
centration decline was exponential even when BHC was coadminis- 
tered (Fig. 5). The apparent inhibitory effect of BHC on warfarin 
elimination, coupled with the previously mentioned dose-depen- 
dence of the t i / ?  of warfarin similar to that found for BHC in man 
and monkeys (2, 10, 1 l ) ,  suggests that warfarin and BHC are subject 
to the same type of elimination process(es). 


When BHC was coadministered with warfarin, the plasma con- 
centrations of BHC were also determined. In Fig. 6, the concentra- 
tions of both BHC and warfarin in the plasma are shown as func- 
tions of time. These data were obtained on two different occasions 
in each of the two monkeys (Nos. 4 and 5). The encircled data 
points in Fig. 6 show the coincidence of peculiar fluctuations in the 
plasma concentration curves of both drugs. It should be pointed 


Table 111-Pharmacokinetic Constants for Warfarin Elimination 
from Plasma in Monkeys" 


Dose/ 
Animal Body Date Dose,h C,oc Assayd 


No. wt., kg. Dosed mg./kg. t i /? ,  hr. ml./kg. Method 


1 5.0 12/28 1 1 . 2  125 S 
5.0  4 9.5 105 S 
5.2 ;!?7 loe 14.0 205 S 
6 . 4  
8 . 6  
6 . 1  
6 . 1  
5 . 1  
5 .7  
5.9 
3.6 
3.4 


217 
4/25 


1 1/28 
12/12 
11/28 
12/12 


2/27h 


21130 
11308 


10' 
1 e  


10f 
2f 
2f 


1 Of 
2f 
2f 
2f 


9 .2  
7.9 


20.0 
13.6 
10.5 
14.5 
9 . 6  


10.5 
10.5 


215 
160 
140 
84 
98 


135 
120 
160 
130 


a Monkeys 1 and 2 are the same as used in a previous study on BHC 
elimination (2).  h Dose as sodium salt. The drug was administcred intra- 
venously. c For explanation of CpO, see Footnote b under Table 11. 
d S, spectrophotomctry; F, fluorometry. Vitamin KI (0.5 mg./kg.) 
was administered concomitantly intravenously. f Vitamin KI (2 mg./kg.) 
was administered concomitantly intravenously. 0 This experiment was 
preceded 2 weeks earlier by another in which the following drugs were 
administered: 2 mg. sodium warfarin/kg. i.v., 10 mg. BHC/kg. i.v., 
and 2 mg. vitamin IG/kg. i. m. A This experiment was preceded 2 weeks 
earlier by another in which the following drugs were administered: 
10 mg. BHC/kg. i.v. and 2 mg. vitamin Ki/kg. i.m. on Day - 1, and 2 mg. 
warfarin/kg. i.v., 10 mg. BHC/kg., i.v., and 2 mg. vitamin Kl/kg. i.m. 
on Day 0. 
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20 40 60 
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Figure 5-Plasma concentration of sodium warfarin as a function o f  
time in a rhesus monkey (No. 4)  which received four intravenous doses 
(2 mg./kg.) of sodium warfarin with and without intravenous co- 
administration of BHC. Key: n, 11/28/67, control without BHC; 
0,  1/30/66, with 10 mg. BHClkg.; W, 2/13/68, control without BHC; 
0,2127168, with 10 mg. BHClkg. 24 hr. before ar7d 5.4 mg. BHCIkg. 
at the time of sodium warjarin administration. Additional details in 
Table IV. 


out that the assay methods for the two drugs are completely differ- 
ent; spectrophotometry for BHC and fluorometry for war- 
farin. While the occurrence of such fluctuations in the plasma 
concentration curves of any one drug might be ascribed to assay 
variation, the consistent parallelism in the warfarin and BHC 
data rules out such a possibility. They may be due to certain changes 
in body distribution of the drugs (perhaps mediated by changes in 
plasma volume, or in protein binding due to variations in the 
fatty acid concentrations in the plasma), or they may reflect varia- 
tions in the kinetics of biotransformation. Regardless of the cause 
of these effects, it is significant that there seems to be a factor which 
simultaneously affects the plasma concentrations of both drugs. 


Comparative Aspects of the Pharmacokinetics of Warfarin and 
BHC-The results of the present study of the kinetics of warfarin 
elimination in rats, dogs, and rhesus monkeys, and the results 
obtained by others in man (8, 12), are summarized in Table V. 
In addition, there are listed the results of previous studies of BHC 
elimination in several animal species (2, 13) and in man (10, 11, 
14, 15). The table can therefore serve as a basis for comparing 
the pharmacokinetics of the two major coumarin anticoagulants in 
different animal species. Such a comparison must of course take 
into account the limited number of animals studied, the possibility 
of strain and sex differences, differences in experimental conditions, 
and the fact that the data do not permit a multicompartment 


Table IV-Effect of Concomitant Administration of Bishydroxy- 
coumarin (BHC) on Warfarin Elimination from Plasma in Monkey" 


co-  
adrninis- Dose/ 


Animal Body tration Date C P O ,  
No. wt., kg. of BHC Dosed t i /*,  hr. ml./kg. 


4 5.7 no 11/28 10.5 98 
5.9 vesb 1/30 13.7 110 


d ~~ 


5.9 no 2/13 9 6  1 20 - . -  ._. 


6.1 yesc 2/27 13.7 1 I0 
5 4.0 yesb 1/16 12.1 125 


3.6 no 1/30 10.5 160 
3 .6  yes" 2/13 11 .0 90 
3.4 no 212 7 10.5 130 


a Sodium warfarin dose: 2 mg./kg. i.v. Plasma warfarin concentra- 
tions were determined by fluorometry. b Coadministration of BHC 
10 mg./kg. i.v. and vitamin KI 2 mg./kg. i.m. c Coadministration of 
BHC 10 mg./kg. i.v. and vitamin KI 2 mg./kg. i.m. 24 hr. before, and 
BHC -6 mg./kg. i.v., and vitamin KI 2 mg./kg. i.m. at the time of 
warfarin administration. 
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ANIMAL NQ: M-4 M - 4  M-5 M-5 
DATE: 1-33 2 - 2 7  1-16 2-13 


TIME, I division; 10 hrr. 


Figure 6-PIasma concentrations of concomitantly administered 
BHC (B) and sodium warfarin (0) as functions of' time in two rhesus 
monkeys (No. 4 and No. 5 )  on two different occasions. Additional 
details in Table IV. The circles emphasize the similarities in the 
plasma concentration patterns of the two drugs. 


analysis. Several reports which appeared after the conclusion of the 
present study provide information which is pertinent to these con- 
siderations. Pyorala and Nevanlinna found an average warfarin 
half-life of 6 hr. in highly inbred strains of Sprague-Dawley and 
Wistar rats (16). These workers were also able to develop, by selec- 
tive inbreeding, two strains of Sprague-Dawley rats showing an 


Table V--Comparison of Average Pharmacokinetic Constants for 
Warfarin and Bishydroxycoumarin Elimination from Plasma in 
Different Animal Species 


--Warfarin- - --Bishydroxycoumarin-- 
Vd,' V d , b  


Dose," ml./ Dose," ml./ 
mg./kg. hr. kg. mg./kg. t i / > .  hr. kg. 


10.4 
9 .4  


22 
23 


7.6 
11.3 
14.4 


29 
37 
43 =t 10 


Rat 
113 2(2p 5.6 
125 5(3)d 6 . 4  


20(2p 4.8 
-60(3)" 3.7 


Dog 
148 l(3y 58 
158 8(3p 64 


Monkey 
143 l(2y 5.9 
113 
174 10(2p 9.0 


Man 
122 2, l ( l )J  10 
129 8.6(l)f 32 
- 2.0(56)h 23.6 i 5.8 


100 mg. total 22 i 6 
do& (5y  


dose (9% 
150 mg. total 32 * 7 


5 .0 (8 ) j  40( 18-190) 


89 
107 
98 


187 


1 I9 
121 


77 


81 


200 
130 
- 
- 


- 


-140 


a Number of animals or subjects in parentheses. 6 Apparent volume of 
distribution = dose/C,o.,For explanation of C,e, see Footnote b under 
Table 11. c From a previous study (2) .  d From a previous study (13). 
e Data on the same two subjects from O'Reilly et a!. (8) after intra- 
venous administration. J From O'Reilly et al. (1 l), after intravenous 
administration. B From O'Reilly and Aggeler (12), after oral adminis- 
tration. h From Motulsky (14), after oral administration. From Schro- 
gie and Solomon (15), after oral administration. i From Weiner et al. 
(lo), after intravenous administration. 







average warfarin half-life of 5 and 30 hr., respectively. Pyorala 
found a sex difference in the half-life of warfarin in random-bred 
Sprague-Dawley rats, with females showing a somewhat longer 
half-life than males (17). Ikeda e f  al. (18) reported data on plasma 
warfarin concentrations in young (50 8.) Sprague-Dawley rats 
which yield a half-life of about 9 hr. Hunninghake and Azarnoff 
(19) studied warfarin elimination in male and female mongrel 
dogs and observed an average half-life of about 29 hr. The results 
of Ikeda e f  at. (18) and those of Hunninghake and Azarnoff (19) 
agree well with the results of the present study. This is particularly 
significant because these workers used assay methods different 
from those used in this investigation. It should be noted that only 
in the present study was warfarin administered intravenously. 
This is of some significance with a poorly water-soluble drug such 
as warfarin. 


A review of the data summarized in Table V reveals certain 
similarities in the pharmacokinetics of warfarin and BHC. The rat 
and the monkey eliminate both drugs more rapidly than does the 
dog or man. The monkey shows a definite dose-dependence in the 
elimination of BHC and warfarin, with larger doses being elimi- 
nated more slowly. The same type of dose-dependence has been 
found in the elimination of BHC in man (11). However, no such 
dose-dependence has been observed in the elimination of warfarin 
in man. It seems that this may be due to the greater potency of 
warfarin, and the consequent use of much lower doses of this drug. 
In fact, re-evaluation of data on large doses (8, 20)6 suggests that the 
half-life of warfarin in man also increases with increasing dose 
(data on the same two subjects in Table V). This dose-dependence 
was demonstrated readily in monkeys given vitamin K,, since the 
vitamin protects the animals from warfarin-induced hemorrhages 
and therefore makes possible the administration of very high doses 
of the anticoagulant. 


It appears that the rhesus monkey is the most suitable (of the 
species studied) for further investigations of the pharmacokinetics 
of the coumarin anticoagulants since this animal and man are quite 
sensitive to the apparent inhibitory effect of the coumarin anti- 
coagulants on their own biotransformation (3). The rat, on the 
other hand, reflects primarily the effects of concentration-dependent 
changes in the distribution of a coumarin drug on the biotrans- 
formation kinetics (21) and is relatively resistant to the apparent 
self-inhibitory effect in the biotransformation of this class of drugs 
(13). 
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Insertion of the literature value 0.5 to 0.8 for n gives the form of 
Eq. 11. 
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Identification of Monomeric and Polymeric 
5,7,3’,4’-tetrahydroxyflavan-3,4-diol from Tannin Extract of 
Wild Cherry Bark USP, Prunus serotina Erhart, Family Rosaceae 


LEONARD BUCHALTER 


Abstract 0 A phytochemical investigation of the tannin content of 
wild cherry bark USP showed the presence of nonhydrolyzable 
flavanoidal-type tannins, consisting of monomeric and polymeric 
leucocyanidin units. Identification was accomplished by paper 
chromatography, visible and IR spectrophotometry, with com- 
mercial samples, and fragmentation by potassium fusion. 


Keyphrases 0 Prunus serotinu-tannin extract 5,7,3’,4‘-Tetra- 
hydroxyflavan-3,4-diol, monomeric, polymeric-extraction, identi- 
fication 0 Paper chromatography-separation, identification 0 
IR, visible spectrophotometry-identity 


Many extracts of drugs from plant sources have a 
reported tannin content. The word tannin is one that 
may be applied to several distinct chemical entities. 
Tannins may consist of the hydrolyzable types which 
are readily hydrolyzed by acids or enzymes and are 
therefore classified as gallotannins or ellagotannins. 


Tannins may also consist of monomeric and polymeric 
flavan 3,4-diol or 3-01 units. This type of tannin is the 
nonhydrolyzable or condensed tannin. In many cases 
the exact chemical nature of the reported tannins has 
not been evaluated. The purpose of this experiment was 
to  evaluate phytochemically the reported tannin content 
of wild cherry bark USP. 


EXPERIMENTAL 


Materials-Paper chromatography was carried out in glass 
tanks on Whatrnan No. 1 filter paper. Visible spectra were obtained 
from a spectrophotometer (Beckman DB). IR spectra were made 
on a spectrophotometer (Beckman IR 8). Commercial samples of 
cyanidin (K & K Labs, Plainview, N. Y. )  were used. Wild cherry 
bark USP (S. B. Penick Co., New York, N. Y.) was also used. 


Preparation of Extracts-Five hundred grams of coarse, dried 
wild cherry bark USP, Prunus serolinu Erhart, Family Rosaceae, 
was defatted with successive washings of petroleum ether and chloro- 
form. This defatted material was extracted with equal parts of 
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water and ethanol. The ethanol-water extract was evaporated in 
uacuo, and the brown amorphous residue was taken up in water. 
The water extract was washed several times with ether, and the 
ether fraction was discarded. Water was evaporated in vacuo, 
resulting in 10 g. of a light brown scaly-like amorphous residue. 


Tannin Tests-To verify the tannin content of the extract ob- 
tained, the following tests were carried out: gelatin precipitation 
test, alkaloidal precipitation test, and 5 % alcoholic ferric chloride 
solution. This extract was positive in all tests for tannins, giving a 
light blue-gray color with the ferric chloride reagent. A portion of 
the extract was subjected to hydrolytic procedures in both acidic 
and alkaline media for several hours. The extract was found 
to be of the nonhydrolyzable type tannins. Several tests were carried 
out to determine if the tannin had flavanoidal content. 


Leucoanthocyanidins-Five hundred milligrams of the extract 
was boiled in an aqueous solution containing 10 HCI for 15 min. 
A deep red color appeared (1). A spot of an aqueous solution of the 
tannin extract was placed on filter paper and a drop of 5 ethanolic 
vanillin HCI was added. The spot turned bright pink-red with this 
reagent. These tests were positive for flavanoidal leucoanthocyani- 
dins, or flavan 3,4-diols (2). 


The tannin extract was separated into two fractions. Monomeric 
leucoanthocyanidins may be extracted from aqueous solution by 
ethyl acetate, whereas polymers are nonextractable from aqueous 
solution by this reagent (3). An aqueous extract of the tannin was 
extracted several times wth ethyl acetate, and the ethyl acetate layer 
was separated from the aqueous layer. Ethyl acetate extractable 
material (Fraction 1) and aqueous, nonethyl acetate extractable 
material (Fraction 2) were then examined for leucoanthocyanidin 
content by paper chromatography. Five percent alcoholic FeC& and 5z ethanolic vanillin HCl were used as chromogenic sprays. Sol- 
vent systems used were: Solvent 1 (10% acetic acid); Solvent 2 
(water); Solvent 3 (n-butanol-acetic acid-water 4: 1 :5  organic 
phase); Solvent 4 (n-butanol-acetic acid-water 4: 1 :5  aqueous 
phase); Solvent 5 (amyl alcohol-acetic acid-water 4: 1 :5); 
Solvent 6 (n-butanol-acetic acid-water 8 :2 :2). Fraction 1 showed 
the presence of a monomeric leucoanthocyanidin in all solvent 
systems. It was colorless visibly and nonfluorescent when examined 
in UV light. Monomers were detected on spraying the developed 
papers with the ethanolic vanillin HCl reagent, and gave a bright 
pink-red spot at the Rf of the monomer, which persisted for several 
days. When sprayed with FeCI3 reagent, the spots gave a blue-gray 
color. 
Rj values were: Solvent 1, Rf 0.57; Solvent 2, Rf0.59; Solvent 


3, Rf 0.74; Solvent 4, Rf 0.75; Solvent 5, Rf0.53; Solvent 6, Rf0.78. 
Only one spot was present in all systems, which indicated the pres- 
ence of a single monomer in Fraction 1. Fraction 2 was examined 
in the same solvent systems, and in all cases, when sprayed with 
ethanolic vanillin HCI reagent, showed only a bright pink-red streak- 
ing from the origin, indicative of polymeric leucoanthocyanidins. 
Spraying with FeCI, reagent indicated the absence of gallic acid 
type phenolics, since no dark blue color developed. This reagent 
also indicated that the polymeric material consisted of a single type 
of phenolic, since the spray gave a consistent light gray reaction 
throughout. 


Anthocyanidins-Proof of structure of leucoanthocyanidins has 
been performed by converting them to their corresponding flavylium 
salts by boiling in mineral acid solution. A portion of Fraction 1, 
a straw-like yellow-colored amorphous material, was boiled for 15 
to 20 min. in 10% ethanol HCI. The solution which turned deep red 
was allowed to cool and was then extracted with amyl alcohol. 
Upon evaporation of the amyl alcohol, a dark pink-red crystalline 
material resulted. This material was exposed to several qualitative 
tests to determine its anthocyanidin content. An aqueous solution 
gave a blue precipitate with basic lead acetate solution. A spot of an 
alcoholic solution of the red material on filter paper turned deep 
blue when exposed to ammonia fumes, and returned to pink-red 
when exposed to concentrated HCI fumes. These tests were positive 
for anthocyanidins (4). 


Preparative paper chromatography of the red material was carried 
out on twenty sheets of Whatman No. 1 filter paper. A solvent 
system, consisting of water-acetic acid-concentrated HCl (10 : 


30:3), was used to develop the papers. Papers were streaked at the 
origin with an alcoholic solution of the pink-red extract. A pink-red 
pigment separated out at Rj 0.50. Only one red pigment was ap- 
parent. When the red streak was exposed to ammonia fumes, it 
turned dark blue. This material was carefully cut from the twenty 
papers and extracted for several days with a methanolic 10% HCI 
solution and filtered. The solvent was evaporated and a crystalline 
pink-red material resulted. The pink-red crystalline material was 
exposed to paper chromatography in three solvent systems : Solvent 
1 (acetic acid-concentrated HCI-water 5 :I :5 ) ;  Solvent 2 (water- 
acetic acid-concentrated HCI 10:30 :3); Solvent 3 (formic acid-3 
N HCl 1 :I). A red pigment appeared in all solvent systems at the 
following Rj values: Solvent 1 ,  R j  0.34; Solvent 2, Rj  0.50; Solvent 
3, Rf 0.22. These R j  values are identical with those shown in the 
literature for cyanidin chloride (5-7). 


Paper chromatography was rerun in all three solvent systems with 
a commercial sample of cyanidin chloride (K & K Labs, Plainview, 
N.Y.), and Rf values of the commercial sample and pigment were 
identical in all systems. An IR spectrum was made of the pigment, 
and was found to be superimposable with that of a commercial 
sample of cyanidin chloride. IR showed broad absorption at 2.9 
to 3.2 p, peaks at 6.27, 6.7, and 7.3 p. Visible spectra absorption 
in ethanol 0.1 % HCl was 545 mp and a bathochromic shift to 563 
mp upon addition of several drops of ethanolic aluminum chloride 
(8). 


Potassium Fusiow-The isolated pigment was then fused by a 
method of potassium fusion (9) and the phenolic portion yielded 
phloroglucinol, while the acidic portion yielded protocatechuic 
acid. These fragments were identified by TLC on silica gel layers 
(10). 


DISCUSSION 


The presence of tannins has been reported in wild cherry bark 
USP, but the exact chemical nature of the tannins had not been 
determined prior to this experiment. The tannin extract was shown 
to consist of monomeric and polymeric flavanoidal units consisting 
of monomeric and polymeric leucocyanidin. 


Based on the identification of (3,5,7,3‘,4‘-pentahydroxyflavyl- 
ium chloride) from Fraction 1, it was concluded that the monomeric 
leucoanthocyanidin (5,7,3 ’,4‘. tetrahydroxyflavan-3 :4-diol) was 
present in the original tannin extract. 


The water-soluble nonethyl acetate extractable material (Frac- 
tion 2) also yielded only cyanidin chloride upon boiling in con- 
centrated mineral acid. This showed that the polymeric material 
consisted of polymeric leucocyanidin. The polymers often accom- 
pany the monomers in tannin extracts. 
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T E C H N I C A L  ARTICLES 


An Automated Colorimetric Method for the Determination 
of Meprobamate and Other N-Unsubstituted Carbamates 
in Pharmaceutical Products 


L. F. CULLEN, L. J. HECKMAN, and G. J. PAPARIELLO 


Abstract 0 An automated colorimetric procedure, based on the 
adaptation of the cobalt complex method for N-unsubstituted carba- 
mates, has been developed for the analysis of meprobamate and other 
structurally related compounds in pharmaceutical products. The 
technique is capable of analyzing 15 samples per hour with a relative 
standard deviation of 0.9 % at the 400-mg. meprobamate level. Data 
collected on commercial formulations of a number of meprobamate 
combination products in addition to results on several trade pack- 
ages containing structurally related therapeutic components de- 
scribe the wide applicability of the method. Specificity of the pro- 
cedure with respect to the analysis of intact meprobamate in the 
presence of its photochemical, hydrolytic, and thermal degradation 
products was demonstrated by comparison to quantitative thin- 
layer chromatography values. 


Keyphrases 0 Meprobamate dosage forms-automated analysis 
Carbamates, N-unsubstituted, dosage forms-automated analysis 0 
Diagram, automated procedure-meprobamate, related com- 
pounds, analysis 0 Colorimetric analysis-automated spectro- 
photometric procedure 0 TLC-analysis confirmation 


Meprobamate, effectively and widely employed as a 
skeletal muscle relaxant and tranquilizing agent, is the 
essential therapeutic component of numerous phar- 
maceutical preparations. Requests for a large number 
of meprobamate assays in the pharmacy development 
and quality control areas necessitated the development 
of an automated method of analysis for tablet formula- 
tions. 


Several colorimetric methods (1-7) and a near-IR 
spectrophotometric method (8) have been reported for 
the quantitative determination of meprobamate. The 
methodology of the procedures, however, are not readily 
adaptable to  an automated system. 


Devaux et al. (9) described a sensitive and specific 
colorimetric method for the manual determination of 
meprobamate and structurally related, physiologically 
active compounds in pharmaceutical formulations. The 
procedure is based upon the formation of an alkaline 
cyanate resulting from the reaction of potassium 
hydroxide on the unsubstituted carbamate group, and 
subsequent spectrophotometric measurement of the 
blue cobalt-cyanate complex at 605 mp. This method has 
been adapted to an automatic analyzer system' follow- 
ing modifications, i.e., the use of different reagent 
concentrations, volume ratios of reagents, and reaction 


1 AutoAnalyzer, Technicon Corp., Tarrytown, N. Y. 


L 0 6  "y 
PAT,l Lthluili 1 k m  


Figure I-Automatedjlow diagram. Key: I ,  0.8 ml./min. air (Tygon); 
2,3, 2.76 ml.lmin. SDA No. 30 alcohol; 4 3 ,  2.03 ml./min. sample; 
6, 0.60 ml./min. discard (Tygon); 7 ,  0.42 ml./min. SDA No. 30 
alcohol (Tygon); 8, 2.03 ml./min. 0.2 cobalt chloride reagent; 9, 
1.44 ml./min. acetic acid reagent; 10, 2.50 ml./min. air (Tygon); 11, 
1.20 ml./min. 2.5N potassium hydroxide reagent (Tygon); 12, 2.76 
ml./min. sample; 13, 2.76 ml./niin. jiowowcell; 14, reservoir- SDA No. 
30 alcohol; 15, water-cooled mixing coil (No. 114-209); 16, decanta- 
tion trap; 17, heating bath with 2 X 40 fi. glass coils, 2.4 mm. i.d. 


conditions to  satisfy the essential flow dynamics of the 
automated technique. 


Details of the automated procedure and analytical 
data on a number of meprobamate products on the 
market in addition to results on trade packages of 
several structurally related active drugs are described. 
Specificity of the method for the analysis of mepro- 
bamate in the presence of common active and inactive 
product components and validation of the technique 
as a stability indicating procedure will also be discussed. 


EXPERIMENTAL 


Apparatus-A Technicon automatic analyzer system consisting 
of the following modules: (a) Solid-prep sampler, programmed at 15 
samples per hour; (b) proportioning pumps (two required); (c) con- 
tinuous filter, speed 3; (d) spectrophotometer2 equipped with two 
1 .O-cm. liquid micro-aperture flow cells 3 ;  (e )  linear-log potentio- 
metric recorder4; (f) heating bath with Variac attachment5; and 


Beckman model DB, Beckman Instruments, Inc., Fullerton, Calif. 


Beckman mqdel93506. 
3 Beckman catalog No. 97290. 


5 General Radio Co., West Concord, Mass. 
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Table I-Effect of Common Active and Inactive Components on 
Color Development 


Table 11-Comparison of Colorimetric and Quantitative TLC 
Analysis of Intentionally Degraded Meprobamate Samples 


Component: 
Meprobamate 


Component Ratio Interference 


Alginic acid 0.1:l Nil 
Amberlite 0.5:l  Nil 
Aspirin 3.0:l Nil 
Caffeine 0.5: l  Nil 
Calcium stearate 0.2:l Nil 
Codeine phosphate 0.5:1 Nil 
Ethoheptazine citrate 2.0:1 Nil 
Lactose 4.0:1 Nil 
Magnesium stearate 0.2:1 Nil 
Methocel 0.5:l Nil 
Phenacetin 2.0:l Nil 
Pentaerythritol 


tetranitrate 0.5:l Nil 
Starch 1.O:l Nil 
Stearic acid 0.5:l Nil 
Sterotex 0.1: l  Nil 
Talc 1 . O : l  Nil 


(g) transmission lines and proportioning tubes (in the flow dia- 
gram those which are not designated as Tygon are Acidflex). 


Reagents and Solutions+u) SDA No. 30 alcohol (ethanol- 
methanol 10: 1); (b) 2.5 N potassium hydroxide in 95 % ethanol in 
water (v/v)-on the automated manifold this reagent is aspirated 
from a closed polyethylene bottle with drying tube attachment 
containing anhydrous calcium sulfate; (c) glacial acetic acid in 95 
ethanol (2:l v/v); (4 0.2% cobalt chloride hexahydrate in 90% 
ethanol in water (v/v). The cobalt chloride is heated at 100" for 
12 hr. before placing in solution. On the automated manifold this 
reagent is aspirated from a closed polyethylene bottle with drying 
tube attachment containing anhydrous calcium sulfate; (e )  mepro- 
bamate analytical reference standard material.6 


Prior to the addition of the cobalt chloride reagent line, the man- 
ifold is conditioned by pumping all other reagents for 0.5 hr. This 
buffers the system at a pH of about 6.0, thus preventing precipitation 
of cobalt hydroxide which would occur in an alkaline medium. 


Automated Methodology-Figure 1 is the flow diagram indicating 
the automated equipment arrangement for this analytical procedure. 
In operation, three standards of the appropriate level of mepro- 
bamate reference material powder are placed on the sample plate, 
followed by samples of the intact or powdered tablets. Standardiza- 
tion is repeated at the end of a series of 15 samples in order to 
minimize the effects of reagent changes and instrumental variations. 
Samples are introduced into the Solid-prep sampler, programmed 
at 15 samples per hour, and homogenized in the denatured alcohol. 
During the period of homogenization the sample is diluted and dis- 
solution of meprobamate occurs. A small portion of the mixture 
is aspirated into the flow system and is automatically filtered to 
remove insolubles. To prevent mechanical obstruction from the 
insoluble excipient materials at the tubing connections, a decanta- 
tion trap is placed between the Solid-prep unit and the propor- 
tioning pump to remove the majority of the solid matter. The re- 
sidual insolubles are removed by the continuous filter module. After 
passage through the filter module, the filtrate is combined with a 
stream of 2.5 N potassium hydroxide solution, segmented with air, 
mixed, and then heated at 75". Following a heating period of ap- 
proximately 12 min., the sample stream is immediately cooled in 
water-jacketed coils and combined with a stream of ethanolic acetic 
acid. This stream is joined with the cobalt chloride reagent and passed 
through two double mixing coils, which permit a thorough mixing 
and act as time-delay coils for complete color development. The 
resultqnt blue complex is spectrophotometrically measured at a 
wavelength of 605 mp. Calculations are made using corresponding 
absorbances of standards and solid dosage formulation samples. 


TLC System-Silica Gel G F  precoated glass plates (10 X 20 cm. 
with a 250-p adsorbent layer)' were activated by heating at 105" 


~ 


6 NF reference standard, American Pharmaceutical Association, 


',Analtech, Inc., Wilmington, Del. 
Washington, D. C .  


-x of Initial- 
Colorimetric TLC 


Sample Treatment Method Method 


Meprobamate powder stored at 
120" for 2 months 76 78 


Meprobamate powder stored at 
220" for 6 hr. 69 68 


Meprobamate powder exposed to 
short-wave UV light for 4 
months 83 85 


Solution of the meprobamate in 
0.2 N NaOH stored at 60" for 
1 week 49 46 


Solution of the meprobamate in 
0.2 N HCI stored at 60" for 1 
week 63 59 


Meprobamate tablet formulation 
stored at 220" for 6 hr. 65 68 


Meprobamate tablet formulation 
exposed to short-wave UV light 
for 4 months 87 89 


for 0.5 hr. before use. The chromatogram was developed in a 
saturated chamber containing ethyl acetate. When the solvent front 
ascended approximately 15 cm. from the origin, the plate was 
removed and air-dried. Visualization was effected by spraying the 
plate with 5 % vanillin in concentrated sulfuric acid, and heating at 
approximately 1 15 for 15 min. 


RESULTS AND DISCUSSION 


Specificity-Initially, it was important to ascertain the specificity 
of the automated procedure by establishing the effect of common 
active and inactive components, which may be present in a mepro- 
bamate solid dosage formulation, on the color development. This 
phase of the experimental evaluation was carried out by adding 
each of the various components to  400 mg. of meprobamate. The 
values obtained from these mixtures were compared to those of 
reference standard meprobamate. In order to emphasize any inter- 
ference, the active or excipiedt materials were added at a level 
several-fold greater than the amounts usually found in meprobamate 
products. The remarkable selectivity of the reaction is illustrated 
in Table I. No interference was experienced from these materials 
at the indicated component :meprobamate ratios. 


Suitability as Stability Method-Specificity of the method for an- 
alysis of intact meprobamate in  the presence of its photochemical, 
hydrolytic, and thermal degradation products was demonstrated 
by comparing analytical values of intentionally degraded samples 
to those obtained by quantitative TLC. In the TLC procedure, the 
meprobamate was separated from its degradation products on a 
chromatographic plate. The intact meprobamate was removed 
from the plate, eluted then assayed to obtain a quantitative value. 
The data obtained are summarized in Table 11. Since there is good 
agreement between the values by the two techniques, it is concluded 
that the colorimetric procedure is stability indicating. 


Linearity-Figure 2 is a reproduction of an actual recording 
curve obtained by analyzing standards of meprobamate reference. 


Table 111-Comparative Data Obtained on Meprobamate Tablets by 
Automated Procedure and Manual NF XI1 Procedure 


Labeled 
Amount, ----z of Claima- 


Manufacture1 mg./Tablet Automated NF 


A 200 100 100 
400 99 99 


B 200 101 100 
400 99 100 


C 200 98 99 
400 101 101 


D 200 100 100 
400 99 100 


a Data from a single assay on a 10-tablet composite sample. 
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Table IV-Recovery of Meprobamate Added to Meprobamate 
Combination Products 


Table V-Results of Analysis of Pharmaceutical Products 
Containing an N-Unsubstituted Carbamate 


-Meprobamate, mg./Tablet- 
Total % 
Re- Re- 


Product Present Added covered covered 


Meprobamate with con- 
jugated estrogens 
Manufacturer A 


Manufacturer B 


hexethyl chloride 
Manufacture A 


Manufacturer B 


troamphetamine 


drochlorothiazide 


Meprobamate with tridi- 


Meprobamate with dex- 


Meprobamate with hy- 


Meprobamate with pen- 
taerythritol tetranitrate 


Meprobamate with aspi- 
rin and ethoheptazine 
citrate 


200 20 218 99 
200 50 245 98 


398 40 436 100 
398 100 503 101 


203 20 224 100 
203 50 25 1 99 


405 40 44 1 99 
405 100 507 100 


396 40 437 100 
396 100 501 102 


199 20 215 98 
199 50 252 101 


198 20 223 102 
198 50 247 100 


148 15 161 99 
148 40 189 100 


material in the 100 to 625-mg. range. This curve also contains a 
recording of the steady state, during which time a 625-mg. standard 
was continuously sampled, which further defines the excellent flow 
characteristics of the automated system. When the values for the 
standards in Fig. 2 are plotted, a linear relationship exists between 
absorbance and meprobamate concentration. 


were 
determined by performing 20 replicate assays on meprobamate 
reference material at the 200 and 400-mg. levels, respectively. A 
series of 20 replicate assays run on a composite sample of a tablet 
formulation at the 200-mg. meprobamate per tablet level produced 
a relative standard deviation of 1.3 %. 


Accuracy-In order to establish the accuracy of the proposed 
method for the analysis of meprobamate in marketed tablets, 
comparative results between the automated procedure and the offi- 
cial, manual NF XI1 titrimetric procedure (10) were collected (Table 
111). As indicated by the excellent correlation in values, it is evident 
that the automated technique provides an accurate means of evalu- 
ating this product. 


With respect to meprobamate combination products, the ac- 
curacy of the procedure was determined by adding known quan- 
tities of meprobamate in the 15-100-mg. range to several powdered 
commercial tablet formulations and measuring the percentages 
recovered. The results, summarized in Table IV, indicate that the 


Precision-Relative standard deviations of 1.3 and 0.9 


-mg./Dosage- 
Labeled z of 


Product Carbamate Amount Found“ Claim 


Carisoprodol 
Manufacturer A 
Manufacturer B 


Carisoprodol with 
prednisolone 


Carisoprodol with 
phenacetin and 
caffeine 


Carisoprodol with 
phenacetin, 
caffeine, and 
codeine phos- 
phate 


Mebutamate 
Mebutamate with 


hydrochlorothi- 
azide 


Tybamate capsules 
Manufacturer A 
Manufacturer B 


Carisoprodol 350 344 98 
Carisoprodol 350 352 100 


Carisoprodol 350 354 101 


Carisoprodol 200 204 102 


Carisoprodol 200 198 99 
Mebutamate 300 293 98 


Mebutamate 150 152 101 


Tybamate 350 346 99 
Tybamate 350 352 101 


a Average value from a duplicate assay on a 10-dosage unit com- 
posite sample. 


recovery for each sample was essentially complete and unaffected 
by the actives and the inactive excipient components in the products. 


Application to Other N-Unsubstituted Carbamatet-Devaux 
e f  a / .  (9) reported that the cobalt-cyanate complex reaction could 
be employed for other N-unsubstituted carbamates. There are on 
the market three dicarbamate compounds ; namely, carisoprodol, 
mebutamate, and tybamate, which have at least one N-unsubsti- 
tuted carbamate. It was of interest, therefore, to investigate the 
possible application of the automated technique to such related 
medicinals. Results obtained on commercial samples of the com- 
pounds were in good agreement with the declared values (see Table 
V). 
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Solubilization of Some Steroids in Aqueous Solutions 
of a Steroidal Nonionic Surfactant 


ARVIND L. THAKKAR and PAUL B. KUEHN* 


Abstract The solubility of testosterone, methyltestosterone, and 
testosterone propionate in aqueous solutions of unpurified and 
partially purified ethoxylated cholesterol was determined. The 
solubilizing capacities of both the surfactant samples were of the 
order: testosterone propionate > methyltestosterone > testosterone. 
The UV spectral characteristics of the three steroids in aqueous 
solutions of both the surfactant samples were similar to those in 
various polyethylene glycols. The spectral evidence suggests a 
mechanism of solubilization involving association of the steroid 
with the polyoxyethylene portion of the surfactant. 


Keyphrases 0 Steroid solubility-ethoxylated cholesterol 
Testosterone, methyltestosterone, testosterone propionate-solu- 
bility UV spectrophotometry-analysis 


The solubilization of steroid hormones by aqueous 
solutions of nonionic surfactants has not been exten- 
sively investigated. Most previous reports (1-4) in this 
area have dealt with polysorbates or polyoxyethylene 
sorbitan esters of fatty acids. A study by Guttman et al. 
(5) dealt with the solubilization of three anti-inflamma- 
tory steroids by an ethoxylated tertiary octylphenol 
formaldehyde polymer. Sjoblom (4) has recently 
reviewed the applications of micellar solubilization to 
pharmaceutical systems. 


The present report is concerned with the solubiliza- 
tion of three structurally related androgenic steroids, 
testosterone, testosterone propionate, and methyl- 
testosterone, by aqueous solutions of a steroidal non- 
ionic surfactant. This surfactant, described as ethoxyl- 
ated cholesterol, is prepared by ethoxylating a frac- 
tion of lanolin alcohols consisting principally of cho- 
lesterol. The structure of this surfactant may be sum- 
marized as R-0-R’, where R represents 24 poly- 
oxyethylene units and R’  the cholesterol and associated 
lanolin alcohols. Steroid solubilization by this nonionic 
surfactant appeared interesting in view of its principally 
steroidal nonpolar portion. The surfactant was used 
both in the form in which it is conimercially available 
and in a partially purified form. The partially purified 
sample did not contain any polyethylene glycols, the 
usual contaminants of commercial polyoxyethylene 
type surfactants. It was hoped that quantitative data 
on the solubilizing capacities of the two samples of the 
surfactant for the three steroids would provide some 
information about the effect of the steroid structure, 
and about the influence of small amounts of poly- 
ethylene glycols in the surfactant upon solubilization. 


The alterations in the electronic spectra of solubilized 
molecules have assisted in the interpretation of the 
mechanism of solubilization (3, 5-7). In the case of 


1 Marketed as Solulan C-24 by American Cholesterol Products, 
Inc., Edison, N. J. 
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steroids, it has been previously proposed that solubiliza- 
tion by ethoxylated surfactants probably takes place by 
association of the polar groups of the steroid with the 
hydrated polyoxyethylene chain of the surfactant (3). 
The present paper reports UV spectral studies which 
support the earlier proposal. 


EXPERIMENTAL 


Materials-Testosterone NF, methyltestosterone NF, testos- 
terone propionate USP, commercial grade ethylene glycol, and 
polyethylene glycols 200, 300, and 400 were used without further 
purification. Ethoxylated cholesterol was used as received (here- 
after referred to as the unpurified sample) and, also after partial 
purification by Weibull’s method (8). The absence of polyethylene 
glycols in the partially purified sample was ascertained by the thin 
layer chromatographic procedure of Thakkar et a/. (9). Distilled 
water and reagent grade solvents were used in the study. 


Solubility Determinations-To a series of vials each containing 
10 ml. of a surfactant solution of known concentration, sufficient 
steroid was added to ensure an excess at equilibrium. The vials 
were closed with aluminum foil-lined rubber stoppers, sealed, and 
were rotated in a water-bath shaker? at 30 =!= 0.25” for 5-1 days. 
Preliminary experiments showed that this time was more than 
sufficient to establish equilibrium. The contents of the vials were 
filtered through 0.45-fi filters (Millipore) and analyzed spectro- 
photometrically3 following appropriate dilution with reagent 
grade methanol and water such that the final methanol concentra- 
tion of all the solutions was 50% v:v. Matched rectangular silica 
cells of 10-mm. pathlength were used. The amount of surfactant 
remaining in solution following multifold dilution with methanol- 
water was so small that it did not affect either the wavelength of 
maximum absorbance (A,,, ) or the absorbance of the steroid 
solutions. The A,,,. and the molar absorptivity (6). respectively, of 
the steroids in 50% (v/v) aqueous methanol were as follows: 
testosterone, A,,,. = 245 mp, e = 16.2 X 10”; methyltestosterone, 
A,,, = 244 mp, E = 16.6 X lo3;  testosterone propionate, A,,,. = 
244 mp, E = 16.8 X lo3. The applicability of Beer’s law was con- 
firmed in all cases. 


Spectral Studies-Spectral recordings of the steroids in various 
concentrations of ethoxylated cholesterol were made with un- 
diluted, saturated aqueous solutions. The blanks used were the 
appropriate ethoxylated cholesterol solutions. Absorbance cells of 
various light path lengths, ranging from 0.1 to 50 mm., were used 
for this purpose. When recording the spectra in pure solvents, the 
steroid concentration was adjusted to give suitable spectra. All 
the spectra were recorded in duplicate on a spectr~photometer~ 
(Cary model 15) at room temperature. 


RESULTS AND DISCLSSIOS 


Solubility Determinations-Figures 1 and 2 show the solubiliza- 
tion of the three steroids in aqueous solutions of the unpurified 
and the partially purified surfactant. respectively. All the plots are 
linear, indicating a direct relationship between the quantity of 
steroid solubilized and the concentration of the surfactant. No 
attempt was made to determine the critical niicelle concentrations 
of the two samples. It may be seen from Figs. 1 and 2 that the 
solubilizing capacities of both the samples are of the order: tes- 
tosterone propionate > methyltestosterone > testosterone. The 


Model G77, New Brunswick Scientific Corg., New Brunswick, 


A Cary model 15 spectrophotometer. 
N. J.  
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Figure 1-Solubility of steroids in aqueous solutions of' uiipurified 
ethoxylated cholesterol; testosterone (0), merhyltestosterone ( O ) ,  
testosterone propionate (A). The intercept values are the result of 
extrapolation of' data points when the systems contain the surfactant. 
These values do not correspond to the water solubility values. 


numerical values of the solubilizing capacities, calculated from the 
linear plots, are summarized in Table I. 


The values of solubilizing capacities are not presented in molar 
terms in view of the heterogeneity of the surfactant. Although the 
molecular weights of the steroids increase in the order testosterone 
< methyltestosterone < testosterone propionate, the values of 
solubilizing capacities in terms of moles steroid per gram surfactant 
remain in the same order as the values in terms of milligrams 
steroid per gram surfactant. Guttman et al. (3, in their work on the 
solubilization of three anti-inflammatory steroids, observed that the 
greater the aqueous solubility of a steroid the greater its ability to 
become solubilized. In the present work, the aqueous solubilities of 
the steroids are in the order: methyltestosterone > testosterone > 
testosterone propionate, but their ability to become solubilized in 
both the samples of the surfactants are in the order: testosterone 
propionate > methyltestosterone > testosterone. Thus it appears 
that the observation of Guttman et al. may not be a general one. 
The results of the present work bear out, however, the generaliza- 
tion by Sjoblom (4) that, for androgenic steroids, the introduction 
of a methyl group at C-17 and esterification of the hydroxyl group 
at this position result in increased solubilization. 


Another observation that may be made from the numerical 
values of the solubilizing capacities is that the partially purified 
sample of the surfactant is a more efficient solubilizer than the 
unpurified sample which contains small amounts of polyethylene 
glycols. This observation may be explained as being due to the 
fact that removal of the polyethylene glycols results in a sample 


Table I-Solubilizing Capacity of Ethoxylated Cholesterol for 
Steroids at 30". 


Solubilizing Capacity of 
Ethoxylated Cholesterol, 


Solubility mg. steroid/g. surfactant 
in Water, Partially 


Steroid (mol. wt.) mg./100 ml. Unpurified Purified 


Testosterone (288.41) 2.56 14.80 16.19 
Methyltestosterone 


(302.44) 3.08 18.89 21.21 
Testosterone propionate 


(344.48) 0.21 23.45 25.62 
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Figure 2-Solubility of steroids in aqueous solutions of' partiully 
puriJed ethoxylated cho!esterol: testosterone (0), methyltestost erone 
(a), testosterone propionate (A). The intercept values are the result 
of extrapolation of data points when the systems contaitz the surjactatit. 
These values do not correspond to the water solubility values. 


richer in the more efficient ethoxylated cholesterol, the solubilizing 
surfactant. 


It is interesting to note also that the order of magnitude of the 
solubilizing capacities of this surfactant is comparable to those 
of other polyoxyethylene type surfactants (3, 4). Although the 
hydrocarbon portion of the surfactant under consideration consists 


Table 11-Wavelength of Maximum Absorbance of Steroids in 
Selected Solvents and in Aqueous Solutions of Ethoxylated Cho- 
lest erol . 


Wavelength of Maximum Absorbance, mM 
Methyl- Testosterone 


Solvent Testosterone testosterone Propionate 
~ ~~ 


Methanol 
50 z methanol (v/v) 
Ethylene glycol 
Polyethylene glycol 200 
Polyethylene glycol 300 
Polyethylene glycol 400 
Ethoxylated cholesterol 


(unpurified), % w/v 
0.25 
0.50 
1 0 0  
2.00 
3.00 
4.00 
5.00 


Ethoxylated cholesterol 
(partially purified), 
.z WIV 


0.25 
0.50 
1 .OO 
2.00 
3.00 
4.00 
5 .OO 


~ 


240 
245 
243 
239 
238 
238 


242 
241 
241 
239 
239 
239 
239 


243 
242 
240 
239 
239 ~~ ~ 


239 
239 


240 
244 
243 
238 
238 
238 


242 
241 
240 
239 
239 
239 
239 


242 
24 1 
241 
239 
239 
239 
239 


240 
244 
243 
238 
237 
238 


240 
240 
240 
239 
239 
239 
239 


239 
240 
240 
239 
239 
239 
239 
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principally of the steroid cholesterol, the solubility of the steroids 
examined is not of a magnitude that would lead one to propose a 
“like dissolves like” situation. From the solubilizing capacities 
which are comparable to those of other polyoxyethylene-type 
surfactants and from the spectral evidence, discussed in the follow- 
ing section, it seems likely that solubilization of the steroids takes 
place by association with the polyoxyethylene exterior of the 
surfactant micelles. 


Spectral Studies-The wavelengths of maximum absorbance 
(Amax.) of the three steroids in a few selected solvents and in various 
aqueous solutions of both unpurified and partially purified ethoxyl- 
ated cholesterol are presented in Table 11. 


It may be seen that with an increase in the surfactant concentra- 
tion up to 2% (w/v) there is a progressive shift toward lower wave- 
lengths. This is in good agreement with the results of a previous 
study dealing with testosterone and polysorbates (3). At surfactant 
concentrations above 2 % (w/v) the X,,,. becomes essentially con- 
stant. These constant values of A,,,. compare well with the hmax.’s 
of the three steroids in polyethylene glycols 200, 300, and 400. 
The fact that the surfactant solutions were aqueous might account 
for the difference of 1 mp. From these results it would thus appear 
that the polarity of the environment offered by aqueous ethoxylated 
cholesterol solutions to the A4-3-keto chromophore of the three 
steroids is similar to that offered by polyethylene glycols. This 
observation further substantiates the previous proposal that solu- 
bilization of steroids by nonionic ethoxylated surfactants involves 
association of the steroid with the polyoxyethylene portion of the 
surfactant. 
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Chemotherapy of Tuberculosis, Part IX: Synthesis and 
Screening of New Thiazolyl Thiocarbanilides 


B. S. KULKARNI, B. S. FERNANDEZ, M. R. PATEL, 
R. A. BELLARE, and C. V. DELIWALA* 


Abstract 0 Nearly eighty substituted thiocarbanilides-uiz., 
p-(2-thiazoly1)-, p-(4-thiazolyl)- and p-(5-thiazolyl)-palkoxy-thio- 
carbanilides, and p-p’-bis(4-thiazolyl)-thiocarbanilides, along with 
a few thiazolyl thiocarbanilides having halogens on the phenyl ring 
containing the p’-alkoxy group, have been synthesized and studied 
for in citro antitubercular activity. Also described are over 40 new 
substituted thiazoles prepared as intermediates. p-(4-Thiazolyl)-p’- 
alkoxy-thiocarbanilides in general showed the maximum iu uitro 
tuberculostatic activity in the present study. p-(2,5-Dimethyl-4- 
thiazoly1)-p’-n-propoxythiocarbanilide had the same in uitro tuber- 
culostatic activity as isonicotinic acid hydrazide (INH) (0.04 mcg./ 
ml.) but did not produce tuberculostatic serum concentration at 
the same oral dose level as INH. 


Keyphrases 0 Tuberculosis chromotherapeutic agents 0 Thia- 
zolyl thiocarbanilides-synthesis 0 Antitubercular activity- 
thiazolyl thiocarbanilides 


Since the discovery of antimycobacterial activity of 
thioureas (1) numerous publications have appeared 
showing the pronounced activity of thiocarbanilides 
both in vitro as well as in experimental animals coupled 
with only a low rate of development of resistance (2-5). 
Among the most potent compounds of this class are the 
thiocarbanilides bearing alkoxy groups in para positions 
(6-8). Some of these-uiz., 4,4’-diisoamyloxythio- 
carbanilide (9-1 1) (I), 4,4‘-diethoxythiocarbanilide 


(12-15) (11) and 4-butoxy-4’-dimethylaminothiocar- 
banilide (16, 17) (111), have been used clinically for the 
treatment of tuberculosis and leprosy. 


I, X = Y = isoamyloxy 
11, X = Y = ethoxy 


111, X = hutoxy and Y = N(CH,J, 
IV, X = 8-pyridyl and Y = isobutoxj 


Doub et al. (18) have extended the series of alkoxy- 
thiocarbanilides by incorporating a heterocyclic ring- 
uiz., pyridyl as the substituent, and observed potentiation 
of antimycobacterial activity. One of the compounds 
from their series called thiocarbanidine (IV) showed high 
degree of antitubercular action in mice and guinea pigs 
(19). However, in clinical trials it was not effective, pos- 
sibly due to poor absorption (20). 


METHODS 


Since thiazole and pyridine are isosteric and several thiazole 
derivatives are potent antibacterial agents, it seemed worthwhile to 
synthesize and study thiocarbanilides having thiazoles as substit- 
uents. Accordingly, the synthesis of p-(2-thiazolyl)-, p-(4thiazolyl)-, 
and p-(5-thiazolyl)-, p’-alkoxythiocarbanilides was undertaken. A 
few thiazolyl thiocarbanilides having halogens on the phenyl ring 
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physical properties of 2-benzoxazolinones (2) have 
appeared. The present article, although containing some 
material previously reviewed, primarily provides sup- 


Keyphrases a Benzoxazolinones-synthesis, properties Plants- 
2-benzoxazolinones, isolation 0 Physical properties, reactions- 
2-benzoxazolinones Pharmacological properties-2-benxoza- 
zolinones plemental information. 


2-Benzoxazolinone (I) is a heterocyclic compound 
comprised of a benzene ring which is fused to  a five- 
membered ring containing oxygen and nitrogen as the 
hetro atoms. The numbering of 2-benzoxazolinone is 
derived from the parent benzoxazole (11). Prior to 1936, 
Chemical Abstracts employed the numbering system 
shown in 111. Under this system, I was referred to as 
benzoxazolone rather than as 1-benzoxazolinone. 
Frequently in chemical literature which originated be- 
fore 1900, o-oxycarbanil and carbonyl-o-aminophenol 
were used to designate I. 


Benzoxazolinones have been investigated extensively 
primarily for their medicinal value as central nervous 
system (CNS) depressants which exhibit analgesic, 
antipyretic, anticonvulsant, hypnotic, and skeletal 
muscle relaxant activity. 


I I1 111 


One review article concerning the preparation and 
limited reactions of 2-benzoxazolinone (l), and another 
dealing with structure-activity relationships of 2-benzox- 
azolinones with minor emphasis on the preparation and 


SYNTHESIS OF 2-BENZOXAZOLINONFS 


Cornforth (1) has covered the literature amply prior 
to  1946 with regard to  the synthesis of I. Cain and 
Roszkowski (2) have presented additional methods. 
The methods presented by Cornforth for the formation 
of I are of classical interest only, due to  poor yields 
and extreme difficulties encountered in purification pro- 
cedures. The synthesis of I now is accomplished readily 
and practically through the reaction of urea or phos- 
gene with o-aminophenol under appropriate conditions. 


IV 


von Chelmicki (3) demonstrated that a solution of 
o-aminophenol in benzene or chloroform treated with 
phosgene gives I in low yields. Jacoby (4) showed that I 
could be obtained in 50% yield by shaking o-amino- 
phenol in benzene with phosgene. In 1915 von Meyer 
(5) obtained I in 82z yield by dissolving o-amino- 
phenol in pyridine, and then adding phosgene, also in 
pyridine, and warming the mixture slightly. Close et al. 
(6) increased the yield of I to  90 by conducting the re- 
action of phosgene with o-aminophenol in ethyl acetate 
in the presence of potassium acetate. 
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The fusion of urea with o-aminophenol hydrochloride 
was first described by Sandmeyer (7). This method re- 
mained unexploited because of the poor yield, until 
Bywater et al. (8) were able to obtain I in a 35z yield. 
Subsequent work by Williams (9), MacDonald and 
Chechak (lo), Takahashi and Yoneda (1 I), and Close 
et al. (6) showed that I could be obtained in yields of 
76-90z by moderating the temperature and time of 
reaction. 


The reaction of phosgene with o-aminophenols and 
the fusion of o-aminophenols with urea are the methods 
of choice for obtaining most 2-benzoxazolinones which 
have substituents other than the 6-position on the ben- 
zene ring. Close et a]. (6) advocated this procedure and 
obtained yields of 55-70z. Sam et al. (12, 13) also have 
used this procedure in obtaining yields of 60-90x. 


Substitution on the benzene moiety of 2-benzoxazoli- 
none is influenced by the hetero nitrogen atom, i.e., 
2-benzoxazolinones react to substitution as does 
N-acyl aniline. Thus halogenation of I results in a 
6-halo-2-benzoxazolinone (IV) (6, 12, 14). Jacoby (4) 
and Bender (15a) proposed that bromination of I 
yields 6-bromo-2-benzoxazolinone. Desai et al. (16) 
likewise postulated that bromination occurs in the 
6-position and later (14) demonstrated this uia acid 
hydrolysis of IV (X = Br) to 5-bromo-2-aminophenol. 


Similarly Close et al. (6) noted that chlorination of I 
in acetic acid using sulfuryl chloride gives 6-chloro-2- 
benzoxazolinone melting at 189-194". Earlier, Jacoby 
(4) had reported treating I with chlorine in acetic acid 
and obtaining a trichloro-2-benzoxazolinone melting 
at 184-186". The treatment of I with potassium chlorate 
and hydrochloric acid also was observed to produce 
either a monochloro or a trichloro derivative depend- 
ing upon the reaction conditions. Subsequent to the 
work of Jacoby (4), Bender (15b), and von Chelmicki 
(3) showed that the action of phosphorus pentachloride 
on I produced a monochloro derivative. Since adequate 
evidence was not provided, the chlorination product ob- 
tained by each of the groups of investigators above most 
likely is the same, i.e., 6-chloro-2-benzoxazolinone. 


The nitration of I gives 6-nitro-2-benzoxazolinone 
(XII) (15a, 17-22). The position of the nitro group was 
substantiated by an unequivocal synthesis (14) of the 
latter compound by the pyrolysis of N-(2-hydroxy-4- 
nitropheny1)urethane (VI, R = 4-N02). Moreover, 
Beech (19) demonstrated that the nitration occurs in 
the 6-position of related 2-benzoxazolinones uia the 
conversion of the latter to known substituted phenols. 
The chlorosulfonation (23) and sulfonation (19) of I are 
analogous to the reactions described above and also 
occur in the 6-position. 


The preparation of 6-substituted derivatives regard- 
less of other nuclear substituents is accomplished 
readily by either halogenation or nitration. The 6-nitro- 
2-benzoxazolinone thereafter can be reduced either 
chemically (14, 19) or catalytically (20, 24) to the cor- 
responding amino derivative which via the Sandmeyer 
reaction (19, 21) yields other 6-substituted derivatives. 
The Sandmeyer reaction performed on the appropriate 
5-amino-2-benzoxazolinone (1 3) likewise permits forma- 
tion of other 5-substituted derivatives not readily ac- 
cessible via a reaction of appropriate o-aminophenols 


with phosgene or urea. Various derivatives of the amino 
group at Position 5, 6 or 5 and 6 have been prepared 
(14, 20, 21, 25, 26). 


Harsanyi and Toffler (27) synthesized various 
2-benzoxazolinones by reacting appropriate N-(0- 
hydroxypheny1)urethans (VI) with various catalysts 
(NaOEt, Nay NaOH, or NaCN) in tetralin (1,2,3,4- 
tetrahydronaphthalene). Sam et al. (1 3) obtained 5-tri- 
fluoromethyl-2-benzoxazolinone (IX, R = 5-CFa) by 
treating 2-amino-5-trifluoromethylphenylethyl carbon- 
ate (V, R = 5-CF3) with hydrochloric acid. 2-Benzoxa- 
zolinones (IX) also can be obtained either by the action 
of acid upon 2-aminobenzoxazoles (VII) (12, 28) or 
warm water upon 2-chlorobenzoxazoles (VIII) (12, 
28). 


NH 
R 


/ I X \  


R - fg -YNH2 N R &fYC1 N 


VII VIII 


Balaban (29) has reported that oxidation of 6-nitro-2- 
hydroxy-4-methylquinoline (X) with hot neutral aque- 
ous potassium permanganate gives 6-nitro-2-benzoxa- 
zolinone (XII). The same condition on 2-hydroxy-4- 
methylquinoline (XI) reportedly provides 2-benzoxa- 
zolinone (I). Other substituted 2-benzoxazolinones also 
were prepared in this manner. Both I and XI1 were 
found to be identical with authentic samples prepared 
from the appropriate aminophenol and phosgene. In 
an attempt to repeat this work, Marais and Backeberg 
(30) found that no oxidation could be effected. Attempts 


XI 


also were unsuccessful when the nitro group was re- 
placed by a chloro group. A small yield of compound, 
believed to be 6-methyl-7-chloro-2-benzoxazolinone 
(XIV), was obtained by treating 2-hydroxy-4,6-dimethyl- 
5-chloroquinoline (XIII) with an aqueous pyridine 
solution containing potassium hydroxide and potassium 
permanganate. Unequivocal identification of XIV, 
however, was not provided. 
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CI CH, C1 


XI11 XIV 


The preparation of I by the rearrangement of either 
2,4-dihydroxy-2H- 1,4-benzoxazine-3-one (XV) or 4-hy- 
droxy- 1,4-benzoxazine-2,3-dione (XVI) by refluxing in 
water also has been reported (3 1). 


- I - 
0 a:x: I I 


6 H  
XV 


OH 
XVI 


Isolation of 2-Benzoxazolinones from Natural Sources- 
Virtanen and Hietala (32) first reported the isolation of 2- 
benzoxazolinone from “Oiva,” a variety of rye. The 
2-benzoxazolinone proved to be a resistance factor to  
the fungus Fusarium nivale which is responsible for the 
overwintering of rye in snow-covered fields. The isola- 
tion of I was accomplished first from crushed rye 
seedlings and later from crushed rye seeds (33). Further- 
more, Virtanen et al. (33) found that the amount of I 
present in the seedlings was dependent upon whether 
growth occurred in the light. The absence of light 
during the growth period of the seedlings inhibited the 
formation of I. 


A point of early perplexity for Virtanen et al. was the 
fact that I could be isolated only from crushed seeds or 
seedlings. This problem, however, was resolved when 
the percursors of I were isolated from intact seedlings 
(34-39). The primary precursor proved to be a glycoside 
(XVII) of 2,4-dihydroxy-2H-1,4-benzoxazine-3-one 
(XVIIIa) which through enzymatic hydrolysis formed 
a second precursor upon crushing the plant (36). The 
formation of I from the aglucone then occurred via 
chemical transformations. With this information 
Virtanen and Hietala (39) were able to  propose 
probable structures for the glycoside (XVIIa) and the 
aglucone (XVIIIa). Additional studies demonstrated 
that reduction of the aglucone gave a compound 
(XIX) which could not be converted to I. Later Honk- 
anen and Virtanen (40, 41) synthesized both the aglu- 
cone and its reduction product. Subsequently it was 
shown through labeling studies on the aglucone that 
the carbon in the 2-position was lost in the process of 
forming I (31). 


OH 
XVIIIa, R = H / b. R =CH30 


OH 
XVIIU. R = H  


b. R = CHSO 


/ lZn/HOA‘: 


XIX 


The isolation of a benzoxazolinone also was ac- 
complished from the roots of Coix Iachrymajobi and 
was called coixol (42). Subsequently coixol was identi- 
fied as 6-methoxy-2-benzoxazolinone (XX) (43). Shortly 
thereafter, Virtanen et al. (44) isolated XX from wheat 
and corn while Smissman et al. (45, 46) isolated and 


cH307gg-0  
xx 


synthesized XX showing their identical nature. The 
work of Smissman et al. was based on a finding by 
Loomis et al. (47) that extracts from corn were in- 
hibitory to  Pyrausta nubilalis (European corn borer). 
Hietala and Wahlroos (48) also had succeeded in syn- 
thesizing XX prior to  Smissman et al. although both 
groups used different synthetic pathways. Subsequently, 
Wahlroos and Virtanen (49, 50) isolated precursors of 
XX from maize seedlings. The precursors (XVIIb, 
XVIIIb) were shown to be identical to those isolated 
from rye seedlings save for the methoxy group (51). 
The isolation of XX was accomplished by several workers 
(52-54) from the fungus Ustilago maydis collected 
from infected corn plants and from Zea mays (field 
corn), and the causal organism of bacterial wilt, 
Xanthomonas stewartic, respectively. 


Beck and Smissman (55) prepared and tested fifty 
compounds against Pyrousta nubilalis and Penicillium 
chrysoyenium among which were several nuclear sub- 
stituted derivatives of 2-benzoxazolinone. The conclu- 
sion of this study was that the oxazole ring was im- 
portant for activity against Pyrousta nubilalis. 


Whether XX is an in vivo constituent of the corn or an 
artifact caused by chemical manipulations upon the 
corn tissue has been the subject of much discussion 
(51, 56, 57). A recent finding (58) ,  however, that XX is 
not a primary factor in chemical resistance to the corn 
borer lends credence to  the theory (51, 57) that XX is an 
artifact. 


Reaction and Physical Properties of 2-Benzoxazoli- 
nones-Jacoby (4) was the first to  show that I could be 
hydrolyzed to  the parent o-aminophenol using hydro- 
chloric acid under sealed tube conditions (160-170”). 
Graebe and Rostovzeff (59) confirmed Jacoby’s original 
observation. Desai et al. (14) showed that 6-bromo-2- 
benzoxazolinone could be hydrolyzed by refluxing in 
concentrated hydrochloric acid for 14 hr. Koyama (43) 
noted that 6-methoxy-2-benzoxazolinone is hydrolyzed in 
concentrated hydrochloric acid using stannous chloride. 
Less rigorous acid conditions do not cause hydrolysis 
(32, 60). Acid hydrolysis of 3-methyl-2-benzoxazolinone 
has been reported using concentrated hydrochloric 
acid under sealed tube conditions (61) and concen- 
trated hydrochloric acid under reflux conditions (16). 
Other attempts (62) to hydrolyze various 2-benzoxa- 
zolinones using dilute or concentrated acid conditions 
were unsuccessful. (Certain 3-substituents will make the 
oxazolinone portion of the hetero ring system more 
labile to acid hydrolysis as will be discussed in a follow- 
ing section.) Hewitt and King (17) likewise found acid 
hydrolysis of 6-nitro-2-benzoxazolinone to occur with 
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difficulty; an extremely low yield of 5-nitro-2-amino- 
phenol was obtained. 


Basic hydrolysis of various 2-benzoxazolinones (XXI) 
to  o-aminophenols (XXII) was reported to  occur readily 
in dilute aqueous base (14, 19, 59, 63-66). Close et al. 
(6) noted the cleavage of the oxazolinone ring of 
6-chloro-2-benzoxazolinone using sodium hydroxide 
but gave no solvent or conditions. The basic hydrolysis 
of 3-substituted-2-benzoxazolinones also was observed 
(62) to  occur in aqueous medium but the yields of the 
o-aminophenol were low. This was attributed to  the 
relative insolubility of the 3-substituted-2-benzoxazoli- 
nones in water. A more effective hydrolysis medium is 
ethyl cellosolve (2-ethoxyethanol) and a two to one 
ratio of base to  2-benzoxazolinone (62). 


Certain substituents in the 3-position will facilitate 
hydrolysis of the oxazolinone moiety. Takahashi and 
Yoneda (1 1) reported the hydrolysis of 3-benzyl-2- 
benzoxazolinone to  2-benzylaminophenol using an 
alcoholic potassium hydroxide solution. Eckstein and 
Zukowski (21) demonstrated that some 6-substituted-3- 
acetyl-2-benzoxazolinones are soluble in warm dilute 
sodium hydroxide. This fact was attributed to the loss 
of an acetyl group. Similar results were observed (62) 
when 3-benzoyl-2-benzoxazolinone is placed in cold 
dilute sodium hydroxide. 


From literature reports one encounters considerable 
difficulty in determining whether or not 2-benzoxazo- 
h o n e  forms typical carbonyl derivatives (e.g., phenylhy- 
drazones). Bender (1 5) reported that condensation of 
equal molar amounts of 2-benzoxazolinone and phenyl- 
hydrazine yields a compound with a melting point of 
208 O which was considered to be 2-phenylhydrazino- 
benzoxazole. Koshimura et al. (67) reported the prepara- 
tion of a 2-phenylhydrazinobenzoxazole with a melting 
point of 208' but gave no indication as to  the method 
utilized. Bayer et al. (68) noted the preparation of 
2-hydrazinobenzoxazole, m.p. 154-155 O ;  however, the 
report is not clear as to  whether the derivative was 
formed from 2-benzoxazolinone or 2-chlorobenzoxa- 
zole. Katz (69) prepared 2-hydrazinobenzoxazole, m.p. 
150-1 52 O, from 2-chlorobenzoxazole and hydrazine. 
Bower and Stephens (70) demonstrated that the action 
of hydrazine on 6-nitro-2-benzoxazolinone yields a 
hydrazine salt of 4-(2-hydroxy-CnitrophenyI) semi- 
carbazide which upon treatment with acetic acid gives 
4-(2-hydroxy-4-nitrophenyl)semicarbazide. Similar re- 
sults were obtained with 2-benzoxazolinone. The ac- 
tion of hydrazine on 3-methyl-6-nitro-2-benzoxazoli- 
none also was reported to  give 2-methylamino-5- 
nitrophenol. Seefelder and Reppe (7 1) reported that the 
action of hydrazine on the imine of 3-methyl-2-benzoxa- 
zolinone gives 3-methyl-2-hydrazinobenzoxazole. Work 
by Henry and Dehn (72) confirmed the original ob- 
servation of von Meyer (5) that 2-benzoxazolinone 
reacts with a phenylisocyanate. The product, however, 
was not identified conclusively. 


von Chelmicki ( 3 )  heated aniline and 2-benzoxazoli- 
none in a sealed tube at 200-210" and reported the forma- 
tion of 2-anilinobenzoxazole (XXIII). Later Young and 
Dunstan (73) demonstrated that the product obtained 
by von Chelmicki was N-phenyl-N'-(2-hydroxyphenyl)- 
urea (XXIV). 


I f  


XXIII 


Similar results were noted by using p-toluidine in place 
of aniline. Other primary and secondary amines (in- 
cluding heterocyclic compounds) (62) effect ring cleavage 
and form ureas. The formation of a urea was readily 
detected by the appearance of a 1650 cm.-I carbonyl 
band in the IR spectrum. 


The reaction of aminoacid esters (XXV, XXVII) 
with 2-benzoxazolinone follows a similar course with 
concomitant ring closure to quinazolidine-2,4-diones 
(XXVI) and imidazolidine-2,4-diones (XXIX), re- 
spectively. Esters such as methyl benzoate fail to react 
with the potassium salt of 2-benzoxazolinone. This 
evidence supports the course of reaction via intermediate 
XXVIII (62). Moreover, ureas containing an ap- 
propriate carbethoxy group are known to spontaneously 
form cyclic structures (74). 


xxv XX\Y 
I 


H2NCHRC02C2H, 
XXVII 


1 


XXVIII 


Sam and Richmond (75) reported that catalytic 
hydrogenation of 3-(2-nitrobenzoyl)-2-benzoxazolinone 
(XXX) in the presence of 5 % palladium on carbon and 
an equivalent amount of hydrochloric acid yields 
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I-hydroxy-3-(2 - hydroxypheny1)quinazoline - 2,4 - dione 
(XXXI). It was speculated that partial reduction of the 
nitro group to a hydroxylamino group occurs; the 


OH 


0 
XXX 


0 
xx XI 


latter then attacks the carbonyl group of the benzoxa- 
zolinone portion of the molecule, causing rearrangement 
to XXXI. 


Gaylord and Kay (76) showed that reduction of I 
with lithium aluminum hydride gives o-methylamino- 
phenol. Zinner and Herbig (77) used the same reagent 
to demonstrate that the Mannich bases were formed at 
the 3-position. Mustafa et al. (78) demonstrated that 
the action of phenylmagnesium bromide on I followed 
by hydrolysis gives N-benzoyl-o-aminophenol. 


2-Benzoxazolinone can be considered as a potential 
tautomeric substance whose corresponding tautomer 
is 2-benzoxazolol(2-hydroxybenzoxazole) (XXXII). Sei- 
del(79) was the first t o  propose that 2-benzoxazolinone 
could exist in either a lactam (I) or a lactim (XXXII) 
form. Similarly, von Meyer ( 5 )  was cognizant of this 
potential of 2-benzoxazolinone. Because of this possible 
tautomerism there has been a great deal of confusion 
in the literature with regards to  which form is produced 
upon synthesis from various materials. 


R R 


XXXII XXXJII 


Applegath and Franz (80) proposed that XXXII was 
formed by treating o-aminophenol with carbon monoxide 
in the presence of sulfur, at 80 p.s.i. and 100" for 2 hr. 
Caronna and Palazzo (81) reported the formation of 
XXXII by the action of sodium azide on o-hydroxy- 
benzoic acid (Schmidt reaction). In 1961, Harsanyi 
et al. (82) described the preparation of XXXII by 
alkali treatment of N-(2-hydroxyphenyl)urethan (VI, 
R = H) in tetralin. Nagano et al. (83) reported the 
synthesis of various 2-hydroxybenzoxazoles from urea 
and appropriate o-aminophenols. The syntheses of 
other 2-benzoxazolinones (Table I) have reportedly 
given the lactam form. From the chemical and spectral 
data presented later, it is unlikely that XXXII was ob- 
tained as the sole product in any of the reactions above. 


Hartley et al. (84) have shown through UV absorp- 
tion data that the lactam form predominates in solu- 
tion. Tautomeric forms were suspected since several 
different melting points had been observed for I (7, 
15,85). However, when I and 3-ethyl-2-benzoxazolinone 
(which can exist only in the lactam form) were prepared, 
similar UV absorption curves were noted, thus show- 
ing that only the lactam form existed. Furthermore, 
Hartley et a!. (84) observed no color change when I was 


placed in a ferric chloride solution. Lucas and Vantu 
(86) obtained the same spectral data as did Hartley 
et al. (84). 


Zinner et al. (63-65) utilized the reaction of diazo- 
methane with various 2-benzoxazolinones in an effort 
to determine the presence of either the lactam or lactim 
form. These workers demonstrated that when I or 
various nitro derivatives of 2-benzoxazolinone are 
treated with diazomethane only the N-methyl deriva- 
tives are formed. The presence of the lactim would 
have resulted in 0-methylation. Hydrolysis of the 
methylated benzoxazolinones yielded in each case only 
an N-methylaminophenol which reverted to the N- 
methyl-2-benzoxazolinonesupon reaction with phosgene. 
Zinner and Wigert (24) later showed that a number of 
amine and hydroxyl derivatives of 2-benzoxazolinone 
(Table I;  28-31, 40, 41) all give N-methyl derivatives 
with diazomethane except 4-amino-2-benzoxazolinone 
(Table I, 38) which gives 0-methylation. Prior to  the 
foregoing work Koyama et al. (87) demonstrated that 
various methoxy-2-benzoxazolinones (Table I, 18-22) 
when reacted with diazomethane give a six to four ratio 
of N-methyl to 0-methyl derivative. The 2,6-dime- 
thoxybenzoxazole was identified on the basis of an 
unequivocal synthesis from 2-chloro-6-methoxybenzox- 
azole and sodium methoxide. Furthermore, these in- 
vestigators demonstrated that the reaction of methyl 
iodide with the potassium salt of 6-methoxy-2-ben- 
zoxazolinone gives only the 3-methyl (N-substituted) 
derivative. 


Synthesis of N-Substituted-2-Benzoxazolinones (XXI, 
XXXII1)-Lespagnol and Cannesson (88) reported in 
1944 that N-substituted-2-benzoxazolinones possess 
greater anesthetic activity than dothe 2-benzoxazolinones 
which are unsubstituted on the nitrogen atom. This study 
stimulated other work in search of N-substituted-2- 
benzoxazolinone derivatives which might be of medic- 
inal value. 


Prior to 1944 few references are available which de- 
scribe the preparation of N-substituted-2-benzoxazoli- 
nones. The formation of 3-benzoyl-2-benzoxazolinone 
from I and benzoyl chloride in a pyridine solution was 
described by von Meyer (5 ) .  Raiford and Inman (89) 
used the same reaction parameters to prepare other 
3-substituted derivatives (XXXIII, R '  = OR") by the 
condensation of 5-methyl-7-bromo-2-benzoxazolinone 
with various alkyl chloroformates. 


Ransom (61) was the first to describe the preparation 
of N-alkyl derivatives of I by the use of an alkyl halide 
in methanolic potassium hydroxide. This method was 
used for the synthesis of 3-ethyl-2-benzoxazolinone by 
Lucas and Vantu (86). Similarly, Lespagnol (90) pre- 
pared a number of 3-substituted derivatives. The afore- 
mentioned method resulted in very poor yields. In 
1949, Close et al. (6) modified Ransom's original 
procedure by substituting the higher boiling ethyl cel- 
losolve for methanol, thus obtaining 80-95 yields. 
This remains the method of choice for preparing 
3-substituted derivatives. 


Sam et al. (13) prepared a number of 3-aminoalkyl-2- 
benzoxazolinones by in situ condensation of the potas- 
sium salt of various 2-benzoxazolinones with appropri- 
ate aminoalkyl halides in ethyl cellosolve. Similarly, 
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Table I-Literature References to Synthesis and  Pharmacology of Various 2-Benzoxazolinones 


Refs. to 
No. R Synthesis Pharmacol. Activity Refs. 


1 H  6-10, 80-82 Hypnotic, analgesic, 6,88,110, 
anticonvulsant, 11 1 ,  


113-116 


2 


3 


4 


5 
6 


7 
8 


9 
10 
11 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 


34 


35 
36 
37 
38 
39 
40 
41 
42 
43 


5-CI 


6-CI 


5.6-diCI 


4,5,7-tri CI 
4,5,6,7-tetra 


C1 
5-BC 
6-Br 


5.7-di Br 
4,5,7-tri Br 
5-CI-6-Br 


5-F 
6-F 
5-1 
6-T 
5-CFP 
5-F-6-CI 
4-OCHa 
5-OCHaa 
6-OCH3 
7-OCH3 
5-Cl-6-OH. 
5-Cl-6-OCH3a 
5-Br-6-0CH~ 


5-OCH3-6-Br 


5-OH 


5-OCHa-6-CI 


6-CN 
4-OH 


6-OH 
7-OH 
4-NOz 
5-NOz 


6-N02 


5,7-diN0~ 
7-Nor 


5,6-diNOz 
4-NHe 
5-NHn 
6-NHz 
7-NH2 
~-NHCOCH,J 
5-NHCONHz 


anesthetic, 
antibacterial, 
anthelmintic 


82,117 Fungicide, muscle 
relaxant 


3,4,6,12, Muscle relaxant, 


12,124,125,127 Fungicide, 
15(b),2t fungicide 


germicide 


118,127,128,129 Fungicide 
127,128 Fungicide 


12,13,89 Muscle relaxant 
4,14,15(a), Muscle relaxant, 


12.89.128.129 Muscle relaxant 
16.21 fungicide 


1 1 8  . . Fungicide 
12,93 Fungicide, 


13 
antifertility 


._ 
21 
13 
21 
13,91 
13 
87,131 
6,12,19,131 
42,46,87,131 
87,131 
108 
108 
132 
132 
132 
21 
24 
24 
24 
24 
63 
20,63,82,133 


14,15(a), 18, 
20,21,63 


63 
65 


Hypotensor 
Hypotensor 
Hypotensor 
Fungicide 


Fungicide 
Anticonvulsant, 


Anticonvulsant, 


Fungicide 


fungicide 


fungicide 


20 Anticonvulsant 
24 
12,20,24,133 Anticonvulsant 
14,20,21,24 Anticonvulsant 
24 
14.26 
20 Anticonvulsant 


2,12,118- 
123 


2,12,21 


2,12,60, 
118,124, 
126 


2,118,120 
118,126 


2,12 
2,12,21 


2.12 
118 
2,12,93, 


130 


91 


2,6,12 


2,108 
2,108 
132 
132 
132 
2 


63 
20,63 


20,21,63 


63 


20 


20 
2,12,20 


20 


Refs. to 
No. R Synthesis Pharmacol. Activity Refs. 


44 
45 
46 
47 
48 
49 
50 
51 


52 
53 
54 
55 
56 
57 


58 
59 
60 
61 
62 
63 
64 
65 
66 


67 


68 
69 
70 


73 
74 
75 
76 
77 
78 
79 
80 
81 


82 
83 


84 


85 


I ;; 


6-NHCONHz 
6-NzBFa 
5-COzH 
5-COLhHo 
5-t-butvl 
5-n-ocCy1 
6-NHCSNH2 
6-NHCON- 


(C6H5)I 
S,6-ureido 


5-n-GHd 
5,6-diCH3 
4,5.7-tri 


CI-6-Br 
5-t-butyl-7-Cl 
5-CH3-7-Br 


5-SOMe 
5-SMe 


5-CH3b 
5-n-C3H~b 


4-COCH3 
5-COzCHa 


5-AsOaHz 
6-As03Hz 
5-CH 3-6- 


ASOIHZ 
5-Cl-6- 


A~03Hz 
5-AsO~Hz-7-Cl 
5-As0 
6-As0 
7-CI-5-As0 
5-As0-6-CI 
5-AsO-6-CHa 
5-CH3-6-AsO 
5-CH3-6-NO2 
5-CHs-6-NHz 
5-CI-6-NOz 
5-CI-6-NHz 
4-NOz-5-CH3 
7-CI-6-CH3 
5-OCHa-6- 


SOiH 
S-CI-7-SOaH 
5-CI-6-N0z-7- 


5-CI-6-NHz-7- 
SOIH 


SOIH 
5,6-dlCI-7- 


SORH 


20,21,25 
21 
20,83 
83 
20 
20 
20 
20 


20 
6 
6 
6 
6 
127,128 


134 
89,135 
136 
137 
138 
138 
133,139 
140 
116,141 


116,141 


143 
142,143 
142,143 
143 
142 
143 
142,143 
116 
116 
116 
116 
29 
30 
19 


19 
19 


19 


19 


86 ~ - C H ; ~ ~ - N O Z -  19 


87 5-CH3-6-NHz- 19 


88 S-CH3-6-CC 19 


7-SOaH 


7-SOaH 


7-SOsH 


Anticonvulsant 


Anticonvulsant 


Anticonvulsant 
Anticonvulsant 
Anticonvulsant 
Anticonvulsant 


Anticonvulsant 
Analgesic 
Analgesic 
Analgesic 
Analgesic 


Antispirochetes 


Antispirochetes 
Antispirochetes 
Antispirochetes 
Antispirochetes 
Antispirochetes 
Antispirochetes 


20,25 


20 


20 
20 
20 
20 


20 
6 
6 
6 
6 


140 


142,143 
142,143 
143 
142,143 
142,143 
142,143 


a Only LDse data reported. 6 Tested for analgesic activity but showed little or no activity. 


Sam et al. (91) prepared a number of 3-alkyl-2-ben- 
zoxazolinones and 3-chloroalkyl-2-benzoxazolinones; 
the latter serve as intermediates in an alternate route 
to 3-aminoalkyl-2-benzoxazolinones. Toyoshima and 
Morishita (92-94) reported the preparation of a number 
of 3-substituted-2-benzoxazolinones by reacting an 
appropriate alkyl iodide with either 5-chloro-, 5,6- 
dichloro-, or 5-chloro-6-bromo-2-benzoxazolinone in a 
sodium ethoxide solution. The low yields reported by 
these authors are attributable (62) to the selection of 
solvent. Chemical Abstracts (92) erroneously reports 
the formation of 3-substituted-5-chloro-2-benzoxa- 
zolinones by reacting an alkyl iodide with 6-chloro- 
2H- 1,4-benzoxazine-3-one. 


Recently Advani and Sam (95)  reported the prepara- 
tion of a number of riboside derivatives (XXXIV) of 
2-benzoxazolinone for their evaluation as anticancer 
and antiviral agents. The riboside derivatives were pre- 
pared by reacting the sodium, chloromercuric, or silver 


salts of various 2-benzoxazolinones with tri-0-benzolyl- 
P-D-ribopyranosyl bromide. 


/ bCOCGHj 
OCOC,H, 


XXXIV 


2-Benzoxazolinones can be considered to be weak 
acids in  the Lowry-Bronsted sense, due to  their ability 
to  give up a proton. This acidic character facilitates 
formation of Mannich bases (XXXV) (63, 96-100). 


Atkinson and Rees (101) noted that amination of I 
with hydroxylamine-0-sulfonic acid readily produces 
3-amino-2-benzoxazolinone (XXXVI). Oxidation of the 
latter with lead tetraacetate produces a nitrene which 
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xxxv 
when reacted with various mono or dieneophiles pro- 
duces ethyleneimine derivatives (XXXVII). Two un- 
saturated derivatives (XXXVII) undergo thermal re- 


1 -  H NOSO H @Yo 
N- NH, 


XXXVI 


1 


R' 
XXXVIII XXXVIIU, R = CHCH,, R' = H 


b. R = C(CH,)CH,, R' = CH t 


arrangement (102) to the 3-pyrrolino compounds 
(XXXVIII, R' = H, CH,), whereas others produce 
3-unsaturated aliphatic [amino-2-benzoxazolinones 
(103). 


Spectral Properties of 2-Benzoxazolinones-As dis- 
cussed earlier, Hartley et al. (84) and Lucas and Vantu 
(86) investigated the UVabsorption of I. O'Sullivan (104) 
reported that I exhibits strong IR carbonyl absorption at  
1770 and 1725 cm.-' in potassium bromide disks. The 
observed doublet was attributed to dimer links between 
the C=O and N-H groups (XXXIX). Smissman e l  al. 


@fxo:--Js 
XXXIX 


(46) observed only a singlet carbonyl band for XX at 


5.7 p. Examination of IR spectra of various nuclear 
substituted 2-benzoxazolinones (62) likewise has shown 
that some 2-benzoxazolinones give doublet carbonyl 
bands whereas others give only singlet bands. More re- 
cently (91, 100) IR absorption data was reported for a 
number of 3-substituted-2-benzoxazolinones. Only a 
singlet carbonyl band in the region of 180&1730 cm.-' 
was noted in the compounds studied. According to  
Gompper (105) this is indicative of N-substitution, ex- 
clusively. 


NMR data was reported for 5-trifluoromethyl-2- 
benzoxazolinone (91). This compound like other 
mono- or di-nuclear substituted 2-benzoxazolinones 
gives multiplet aromatic absorptions (62). The N-H 
proton has no characteristic chemical shift associated 
with different aromatic substituents; in  some instances 
this shift is obscured by other absorption patterns. 


Pharmacological Properties of 2-Benzoxazolinones- 
The pharmacological properties of various 2-benzoxa- 
zolinones are noted briefly in Tables I and 11. Since the 
observation of Lespagnol and Cannesson (88) that 3-sub- 
stituted-2-benzoxazolinones possess anesthetic proper- 
ties, many reports containing accounts of other effects of 
2-benzoxazolinones have appeared. For the most part, 
these are reviewed by Cain and Roszkowski (2). One of 
the most notable compounds in this area is 5-chloro-2- 
benzoxazolinone which possesses useful muscle relaxant 
properties. Other 2-benzoxazolinones possess analgesic, 
antipyretic, hypnotic, anticonvulsant, antibacterial, 
anthelmintic, and antihistaminic properties when ad- 
ministered to experimental animals. 


Several groups of workers have demonstrated that 
2-benzoxazolinones are metabolized in part through 
hydroxylation of the aromatic ring (106-108) and that 
the ring essentially remains intact. 


Patane and Arcerito (109) recently demonstrated 
that sodium phenobarbital has the ability to produce 
induction into the enzyme which is responsible for 
metabolism of 5-chloro-2-benzoxazolinone. Presum- 
ably, this is the enzyme which is responsible for the 
6-hydroxylation of 2-benzoxazolinones. 


Table 11-Literature References to Synthesis and Pharmacology of 3-Substituted-2-Benzoxazolinone 
R ' a N - R ,  O Y O  


Refs. to Pharmacol. Refs. to Pharmacol. 
R2 Synthesis Activity Refs. No. Rl Rz Synthesis Activity Refs. No. Ri 


1 CH3 H 6,61,  Anticon- 110, 
64, vul- 113 ,  
113 sant, 114, 


an- 145 
thel- 
mintic, 
hvD- 
nbiic 


2 CH3 5-CI 12,28, Muscle 12 
92 re- 


laxant 
3 CHsa 6-CI 6 Analgesic 6 
4 CHe 5.6-diCI 93 Anti- 93 


5 CHa 


7 CH3 
8 CH, 


9 CHI 
10 CH3 
1 1  CHI 
12 CH3 
13 CH3 


63 
20.63, 


1 4 4  
63 
65 
24 
4 


20.24. 
144 


bac- 14 CHI 7-NHz 2 
terial. 15 CHn 4-NHCOCHs 24 
anti- 16 CH; 
fungal 17 CH.3 


5-CI-6-Br 93 Anti- 93 18 CH3 


5-NHCOCHa 24 
6-NHCOCHa 24 
7-NHCOCHa 24 


Fungicide 
Antimi- 


crobial 
Fungicide 


Anticon- 
vul- 
sant, 
anti- 
micro- 
bial 


63 
144 


63 


20,144 


bac- 19 CH3 6-N-CH- 144 Anti: 144 
terial. CIHS micro- ~. . 
anti- bial 
fungal 20 CHI. 5-(CHz)KH3 6 Analgesic 6 


6 CHs 4-NO2 63 Fungicide 63 21 CH3 4-OCH3 24 


(continued on next p a g e )  
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Refs. to Pharmacol. 
No. R1 Rz Synthesis Activity Refs. No. Ri 


Refs. to Pharmacol. 
RZ Synthesis Activity Refs. 


5-OCH3 24 
6-OCH3 24 
7-OCH3 24 
6-NHCONHz 20 


H 3,113 


5,6-diCH3 6 
5-CI 12,92 


78 COCHs 6-NHCOCH3 20,24 Anticon- 20 
vul- 
sant 


22 
23 
24 
25 


26 


27 
28 


29 


30 


31 
32 
33 


34 


35 
36 
37 


38 


39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


61 


62 


63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 


CH3 
CH3 
CH 3 


CH3 


CHzCH; 


CHzCH; 
CHzCHc 


CHzCH3 


CHzCHs 


(CH2)zCHa 
(CHz)zCHj 
(CHz)rCH3 


(CHz)zCHaa 


(CHz)nCHa 
CH(CH3)z 
CHzCHCHz 


CHzCHCHz 


Anticon- 20 
vulsant 


Anticon- 113 
vulsant 


Analgesic 6 
Muscle 12 


re- 


79 COCH, 
80 COCHI 
81 COCH3 
82 COCHi 
83 COCHa 
84 COCH3 
85 CONHz 
86 CON(CH3)z 


7-NHCOCH3 


4-0zCCHa 
5-0zCCH3 
6-0zCCH3 
7-0zCCH3 
H 
H 


5-CH3-7-Br 
24 
89 
24 
24 
24 
24 
91 
91 Muscle 91 


re- 
laxant 


laxant 
Anti- 93 5-CI-6-Br 93 


bac- 
terial, 
auti- 


87 
88 
89 
90 
91 
92 
93 


94 


95 
96 
97 


98 
99 


100 
101 
102 
103 
104 
105 
106 
107 


108 


1 09 


H 5 
5-CH3-7-Br 89 
6-OCH3 46 
H 64 
H 96 
H 96 
H 96 


H 96 


fungal 
Anti- 93 5,6- diCl 93 


bac- 
terial, 
anti- 
fungal 


H 91 
5-CI 92 
5,6-diC1 93 Anti- 93 


bac- 
terial, 
anti- 
fungal 


bac- 
terial, 
anti- 
fungal 


Anti- 93 


Analgesic 6 
Analgesic 6 
Anti- 110, 


con- 114, 
vul- 145 
sant, 
hyp- 
notic, 
an- 
thel- 


5-CI 28 
H 147 
6-NHCOCH- 20 


5-CH3-7-Br 89 
5-CH3-7-Br 89 
5-CH3-7-Br 89 
5-CH3-7-Br 89 
5-CHa-7-Br 89 
5-CH3-7-Br 89 
5-CH3-7-Br 89 
5-CH3-7-Br 89 
5-CH3-7-Br 89 
5-CH3-7-Br 89 


5-CH3-7-Br 89 


5-CH3-7-Br 89 


(C6Hs)z 
COzCH3 
COzCHzCHa 
COz(CHz)CH3 
COz(CHz)aCH3 
COzCsHs 
COz-O-CHiCsHa 
Coz-rn-cH~CsHa 
COz-P-CHaCsHa 
COz-2-NOzCsH4 
C0~-2,4-di- 


ClCsHs 
COz-2,4,6-tri- 


BrCsHz 


CH(CH:<b- 
C0z-3-CH3-6- 


5-CI-6-Br 93 


5-(CHz)nCHs 6 
6-C1 6 
H 6 


-,- 
C6d3 


110 C02-3-CH3-4- 5-CH3-7-Br 89 
CI-6-CH- 


mintic 
Muscle 12 5-C1 12 


re- 
laxant 


Hypnotic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 
Analgesic 


Aiialgesic 


Analgesic 


Analgesic 


Analgesic 


(CH3)zCsHs 


Br-6-CH- 
11 1 COZ-3-CH3-4- 5-CH3-7-Br 89 


CHzCHCHzb 
CHzCCH 
(CHz)3CH3n 
(CHz)iCH3 
(CH&CHa 
(CHz)aCH3" 
CHzCH(CH3)za 
CHKH(CH~)ZQ 
CHzCH(CH3)z 
CHzCH(CH3)z 
CHzCH(CH3)z 
(CHWH3 
(CHz)aCH3. 
(CHZ)~CHP 
(CHz)?CHi. 
(CHz)dCH3 
(CHz)zCH CH3)z 
(CHz)zCHfCH3)zo 
(CHz)zCH(CH3)z 
(CHZ)ZCH(CH~)ZQ 
(CHz)zCH(CH3)z 
CHzCH(CH3)- 


CHzCH3 
CHzCH(CH3)- 


CHICHI. 


5-Cl-6-Br 
H 
H 


91 
91 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


6 


6 


5,6,96 
21 
21 


21 
21 
146 
89,146 
65 
146 
146 
146 
6 
24 
24 


91 
91 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


6 


6 


6,112 


6 


(CH3)zC 6% 
112 COz-4-CsH4CsHs 5-CH3-7-Br 
113 COZ-CX-CIOH~~ 5-CH3-7-Br 
114 COZ-P-CIOH~ 5-CH3-7-Br 
115 SOzCH3 H 


117 SOzCHa 6-NO2 
116 SOzCH3 5-NOz 


118 SOzCHi 7-NOz 
H 119 SOzCsHs 


120 SOzCsHs 5-NOz 
6-NO2 121 SOzCsH5 


122 SOnCsHr 7-NOz 
123 SOzCsHs 5-CH3-7-Br 


126 SO,-P-NH- H 
COCH3CeH4 


127 SOrp-CHaCsHn H 
128 SO,-p-CHrCsHa 5-NOz 
129 SOz-p-CH3CeHa 6-NOz 
130 SOz-p-CHaCsH4 7-NOz 
131 CHzN(CH3)z H 


6-OCH3 124 SozcsH6 
125 SOz-p-NHzCsH4 H 


89 
89 
89 
64 
63 
63 
63 
64 
63 
63 
63 
89 
46 
64 
64 


64 
63 
63 
63 
96,100 Antimi- 100 


96 
96 


96 Antimi- 100 


63 
63 


cro- 
bial 


crobial 


_ _  
5-CH3 
5-(CHz)zCHa 
5,6-diCHa 
H 
5-CHa 
5-(CNz)zCH3 
S-(CHz)rCH3 
5-OCH3 
H 
5-CH1 


H 
5-CH3 
6-Cl 
5-(CHz)zCHa 
5,6-diCH3 
H 


5-CH3 


5-(CHz)z-CHs CHzCH(CH3)- 
CHzCH3" 


COCHP 
COCHi 
COCHi 
COCH; 
COCHi 
COCHi 
COCHi 
COCHi 
COCHi 
COCHI 
COCHs 
COCHs 
COCHi 
COCH3 
COCHB 


132 
133 


134 


135 
136 
137 


138 


139 


140 


CHzN(CHzCHs)z H 
CHzN[(CHz)a- H 


CHXlz 
H 
6-Cl 
6-F 
6-Br 
6-1 


5-Br 
5,7-diBr 
5,7-diN0~ 
5-CH3 
6-CH3 
7-CH3 
5-OCH3 
4-NHCOCH3 
5-NHCOCH3 


6-CN 


CHzCsHioNe H 


CHZC~H~ONB 5-NOz 


CHzC5HioNU 5-Cl 


CHz-2-CH3- H 


CHz-3-CH3- H 


CHz-3-CH3- 5-C1 


CH2CSHloNe 6-N02 


CsHioNc 


CsHioNe 


CsHioNv 


100 Antimi- 100 
crobial 


100 Antimi- 100 


100 Antimi- 100 


100 Antimi- 100 


crobial 


crobial 


crobial 


(continued on next page) 


1050 0 Journal of Pharmaceutical Sciences 







Table I1 (co/itinued) 


Refs. to Pharmacol. Refs. to Pharmacol. 
No. Ri RS Synthesis Activity Refs. No. Ri Rz Synthesis Activity Refs. 


141 


142 


143 


144 


145 


146 


147 


148 


149 


150 


151 


152 


153 


154 


155 


156 


157 


158 


159 


160 


161 
162 
163 


164 


165 


166 


167 


CHz-4-CH3- H 


CHz-4-CH3Cs- 5-Cl 


CHz-4- H 


CHz-4- 5-C1 


CsHioNg 


HioNg 


(CHz)3CsH4- 
CsHioNg 


(CHz)3CsH4 
CsHioNg 


CHz-4-CrHh- H 
~ CsHioNg 


CsHioNg 
CHz-4-CsHs- 5-Cl 


CHz-4-(CHz)3- H 
4’CsHioN- 1- 
(CH2)zOHCs- 
HioNg 


CHz-4-(CHz)3- 5-Cl 
4’-CsHioN-l’- 
(CHz)zOHCs- 
HiaNg 


CHzCsHsNA H 


CHzC4HsNh 5-C1 


CHaC4HsNOh H 


CHzCaHsNOi 5-CI 


CHzC4HsNOi 5-NOz 


CH2C4HsNOi &NO2 


CHzCaHsNOi 7-NOz 


CHzCsHizNi H 


CHzCsHlzNi 5-C1 


CHz-2,6-diCH3- H 


CHzCsHi4Nk H 
CaHsNOi 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


63 


63 


63 


100 


100 


100 


100 


CHzCsHiaNk 5-Cl 100 


H 


Antimi- 100 


Antimi- 100 


Antimi- 100 


Antimi- 100 


Antimi- 100 


crobial 


crobial 


crobial 


crobial 


crobial 


crobial 
Antimi- 100 


Antimi- 100 
crobial 


Antimi- 100 
crobial 


Antimi- 100 


Antimi- 100 


Antimi- 100 


Antimi- 100 


crobial 


crobial 


crobial 


crobial 
Antimi- 100 


Antimi- 100 


Antimi- 100 


Antimi- 100 


crobial 


crobial 


crobial 


crobial 
Antimi- 100 


crobial 


crobial 
Antimi- 100 


Antimi- 100 


182 CHzNH-p-NH- H 
C sH 4CHzC;- 
H4N0zC 


183 CH(NHCsH5)- H 


184 CHz(NHC6Hs)z- H 
CHzC;H4NOzc 


185 CH(C6Hs)CHz- H 
cocsH5 


186 CHzN(CHzCHz- H 


CSH5 


187 
188 
189 
190 
191 
192 


193 
194 


195 


196 


Cl)? 
CHzC;H4NOSm 
CHzCjHiom 
CHzOH 
CHzCCOCH3 
(CHz)zCzCCH3 
(CH2)zCzCCH- 


CsHi, 
(CHz)zOzC-p- 


NOzCsH4 
(CHz)zOzC-P- 


NHzCsHa 
(CHz)zOH 


( c  6H 5)Z 


H 
5-CI 
H 
H 
H 
H 


H 
H 


H 


H 


197 (CHz)30H H 
198 CHzCHOHCHz- H 


199 CHzCHO H 


OH 


I ‘co 
i /  


CHzO 
200 CHzCHOHCHz- H 


OCONHz 
201 (CHz)aOCONHz H 


202 (CH2)30CH3 5,6-diCl 


97 


97 


97 


97 


99 Anti- 99 
tumor 


77(b) 
92 
96 
96 
90,148 
90,148 


90,148 
90,148 


90,148 


90,113, Anti- 113 
148 con- 


vul- 
sant 


91 
91 Muscle 91 


re- 
laxant 


91 


91 


91 Muscle 91 
re- 
laxant 


91 CNS 91 
de- 


97 


97 


97 


97 


97 


97 


97 


97 


97 


97 


C..’. .-_-”_ 
CHzNH-04 


CHzNH-WZ- 
CH 3C sH4 


CH3CaHa 


C1CsHa 


ClCsHa 


ClCsHa 


OCH3C6Ha 


OCH 3CsH 4 
171 CHzNH-p-OCHz- H 


CHaCsH4 
172 CHzNH-m- H 


173 CHzNH-p- H 


174 CHzNH-p- H 
NHOCH3- 


175 CHzNH-3,4- H 97 


176 CHzNH-2,4,5- H 97 con- 
triCH3CsHz vul- 


177 CHsNH-2,4,6- H 97 sant, 
triCH3CsHz HYP- 


178 CHzNH-2- H 97 notic, 
CioH;f anti- 


179 CHzNH-2- H 97 hista- 
minic, 
local 
anes- 
thetic 


C6H4 


CHzNH-gr H 


CHzNH-0- H 


CHzNH-WZ- H 


168 CHzNH-p- H 


169 CHzNH-0- H 


170 CHzNH-p- H 


BrC& 


BrCsHn 


C6H4 


diCH3CsH3 Anti- 


CsHaNl 


diClCsHa 


C~H~CHZ-  
C7HaNOzc 


180 CHzNH-2,4- H 97 


181 CHzNH-0-NH- H 97 5-F 13 223 (CHz)zN- 
(CHzCH3)z 


208 


209 


210 


21 1 


212 
213 
214 


222 


. . 


(CHz)3-3- 


(CHZ)4-3- 


(CH2)5-3- 


(CHz)s-3- 


CHzCl 
(CHz)zCI 
(CHz)zCI 
(CHz)zCl 
(CH2)zCl 
(CHz)3C1 
(CHz)3C1 
(CHz)3Clb 
(CHz)aCl* 


C7HaNOzG 


C;HaNOzc 


C;HaNOzc 


C7HaNOzc 


H 


H 


H 


H 


H 
H 
5-C1 
5,6-diC1 
5-Cl-6-Br 
H 
5-CFa 
5,6-diCl 
5-Cl-6-Br 
H 
H 


96 


96 


96 


96 


96 
90,148 
92 
93 
93 
91 
91 
91 
91 


Analgesic 112 


149 
11,90, 


113, 
149, 
150 


113,150 


(continued on next page) 
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Table II (continued) 


Refs. to Pharmacol. Refs. to Pharmacol. 
Rl RZ Synthesis Activity Refs. No. R1 RZ Synthesis Activity Refs. No. 


224 


225 
226 
227 
228 
229 
230 
23 1 
232 
233 
234 
23 5 


236 


23 7 


238 


239 


240 


241 


242 


243 


244 


245 


246 


247 


248 
249 


CHzSP(S)- 
(OCHzCH3)z 


CHzSP(S)- 
(OCH3)Z 


CHzSP(S)- 
(OCHdz 


CHzS P(0) -  
(OCH3)Z 


H 


5-CF3 
5-F 
5-Cl 
H 
H 
5-CI 
5-F 
H 
5-CI-6-Br 
5,6-diC1 
H 


H 


6-Cl 


6-Br 


H 


H 


6-Br 


6-NOz 


5-C(CH3)3 


6-Cl 


5,7-diC1 


5.6- diCH 3 


5,7-diCHa 


7-CH3 
6-OCH3 


11 


91 
13 
13 
13 
13 
13 
13 
91 
91 
91 
151 


151 


151 


151 


151 


152,153 


152,153 


152,153 


152,153 


152,153 


152,153 


152 


152 


153 
153 


Insecti- 
cide, 
fungi- 
cide 


Insecti- 
cide, 
fungi- 
cide 


Insecti- 
cide, 
fungi- 
cide 


Insecti- 
cide,. 
fungi- 
cide 


Insecti- 
cide, 
fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


151 


151 


151 


151 


151 


152 


152 


152 


152 


152 


152 


152 


152 


250 
25 1 
252 
253 


254 


255 


256 


257 


258 


259 


260 


26 1 


262 


263 


264 


265 


266 


267 


268 
269 
270 
27 1 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 


SCfCl)3 6-F 
5-Br 
6-1 
H 


H 


6-CI 


H 


6-CI 


H 


6-CI 


H 


6-CI 


6-Br 


6-1 


H 


6-CI 


H 


6-Cl 


H 
H 
5,6-diN0~ 
5-Cl 
5-1 
5-NOz 
6-N02 
6-CI 
5,6-diC1 
5-NOz-7-CI 
5-Cl-6-Br 
5-F 
5-CFs 
H 


153 
153 
153 
153 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


11 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
150 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Fungi- 
cide 


Local 
anes- 
thetic 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


154 


150 


a Tested for analgesic activity but showed little or no activity. b Only LD50 data reported. c C7HaNOz = 2-benzoxazolinone. d C7HaCIN02 = 5- 
chloro-2-benzoxazolinone. c C4H30 = 2-furyl. f CIOHT = naphthyl. 0 CsHlaN = piperidino. h GHIN = pyrrolidino. i CtHlNO = morphohno. 
i C~HIZN = hexamethyleneimino. k CSHIIN = azabicyclo-[3.2.2]nonanyl. CsHaN = pyridyl. m CVHINOS = 2-benzoxazolthion-d-yl and 2-ben- 
zoxazolylmercapto. CsHlo = cyclopentyl. 0 CsHzNs0~ = xanthenyl. p GHIINZ = 4-methylpiperazino. q 4-(2-Hydroxyethyi)piperazine. (. Phthal- 
imido. Tri- 0-benzoyl-p-D-ribopyranoside. 
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NOTES 


Sodium Chloride Equivalents, Cryoscopic Properties, and Hemolytic 
Effects of Certain Medicinals in Aqueous Solution 11: 
Supplemental Values 


W. E. FASSETT*, T. S. FULLER”, and E. R. HAMMARLUNDI 


Abstract 0 A supplemental table of NaCl equivalents and freezing 
point depressions at various concentrations for 30 different me- 
dicinal substances in aqueous solution is presented. Also given in the 
table is the isosmotic concentration of each of the materials which 
can form a solution. The degree of hemolysis of human erythrocytes 
was determined in 63 different isosmotic solutions and the data are 
presented in a table to supplement the previously published values. 
Freezing point depression graphs for two substances-fluphenazine 
dihydrochloride and methotrimeprazine hydrochloride-are pre- 
sented because they showed discontinuities caused by some type of 
association or aggregation in their solutions. 


Keyphrases 0 Sodium chloride equivalents-drugs 0 Cryoscopic 
properties4rugs 0 Hemolytic effects-drugs 0 Colorimetric 
analysis-hemolysis determination 


The NaCl equivalents and freezing point depressions 
for many aqueous medicinal solutions have been deter- 
mined experimentally and reported (1-3). Furthermore, 
the degree of hemolysis of fresh human erythrocytes in 
certain aqueous isosmotic solutions has been deter- 
mined using the hemolytic method and reported pre- 
viously (3, 4). 


The objectives of the present investigation were to 
study a number of additional substances not included 
in the earlier cryoscopic and hemolytic investigations 
and to present the data in suitable tables to supplement 
the previous data-these earlier cryoscopic data for 
426 substances have been combined and published as a 
single table in the 8th edition of The Merck Index (5). 
In addition, since it has been reported by various work- 
ers (3, 6-8) that some amine salts tend to form aggre- 
gates in aqueous solution above a certain concentration, 
data are presented for two more substances which have 
been found to show this behavior. 


EXPERIMENTAL AND RESULTS 


Cryoscopic Measurements-The general method used for the 
measurements of the freezing points of the solutions was similar to 
that already reported in detail (1,  3). The main difference is that all 
data reported in this current study were obtained by employing a 
cryoscopic osmometer * to measure freezing point depressions rather 
than a differential thermometer (Beckman). 


The freezing point measurements were corrected for the amount 
of disengaged ice, and -0.52” was used as the comparative freezing 
point for aqueous 0.9% NaCl solution which is isotonic with blood 
and tears. The materials used were of official grade of purity or 


1 Advanced Instruments, Inc., Newton Highlands, Mass. 


better, and for those nonofficial substances, the grade of purity of 
each complied with the manufacturer’s specifications. The NaCl 
equivalents and isosmotic concentrations are reported to the nearest 
0.01. 


Table I lists the NaCl equivalents and freezing point depressions 
at various concentrations for all of the currently studied substances. 
To use these data one should employ the NaCl equivalent which 
represents the concentration nearest to the desired final concen- 
tration of medicinal substance used. Because of general interest in 
the colligative properties of medicinal solutions, the freezing point 
depressions and NaCl equivalents are included for several sub- 
stances which are not necessarily used as isotonic or isosmotic 
solutions. 


The term “isotonic solution” is used in its customary sense in this 
report-meaning that the solution freezes at the same temperature 
as normal saline solution, blood, and tears. However, the term is- 
osmotic is more proper when only colligative properties are being 
studied and no biological membrane is being considered. 


Hemolysis of Human Erythrocytes-The method made use of 
colorimetric hemoglobin determinations to indicate the degree of 
hemolysis. It was essentially the same as that employed by Husa 
et al. (9, 10) as modified by Hamrnarlund and Van Pevenage (3). 
The percent of hemolysis found for the 63 compounds studied is 
listed in Table I1 in addition to the isosmotic concentration used 
for each and the solution’s approximale pH. For those solutions 
which developed a color or cloudiness upon the addition of blood, 
the proportional decrease in volume of the packed, nonhemolyzed, 
centrifuged erythrocytes was estimated visually. Any change in 
appearance of the erythrocytes or the solution was referred to in the 
footnotes for Table IT. 


Cryoscopic Behavior of Certain Aggregate-Formers-When the 
freezing point depression data were plotted for the various sub- 
stances, it was noted that the characteristics of the graphs for two 
of them were considerably different. This observation suggested 
that there could be some type of association or aggregation of the 
solute or solvent taking place above a particular concentration of 
the solute at the freezing temperature of the solution. In order to 
ascertain the solute concentration above which aggregation took 
place, the freezing point depression was plotted versus the molar 
concentration of the solutions, thus yielding freezing point depres- 
sion graphs for the two substances. These are shown in Fig. 1 ,  and 
the concentrations of the substances at their apparent points of 
discontinuity in the figure were found to be approximately 0.04- 
0.05 M (2% w/v) for fluphenazine dihydrochloride and 0.029 M 
(1.05 % w/v) for methotrimeprazine hydrochloride. A comparison 
of the two slopes of the methotrimeprazine HC1 freezing point 
curve indicates that this substance has an apparent aggregation 
number of four above 0.029 Mconcentration. 


All of the fluphenazine dihydrochloride solutions required a much 
longer time than usual to freeze and for their temperatures to reach 
the normal “plateau” of the cryoscopic osmometer. The reasons 
for such prolonged freezi:ig times for this substance and whether 
unusual supercooling was involved remain to be investigated. 


DISCUSSION 


Isosmotic solutions of 36 substances prevented hemolysis of 
human erythrocytes and solutions of 27 other substances failed 
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TBble 1-Sodium Chloride Equivalents and Freezing Point Depressions, "C. 


Chemical 


~ ~~ ~~ 


7- Concn. of Solution, NaCI Equivalents P 


At lsotonicity 0 . 5 %  1% 2% 3% 5 %  


Acetrizoate methylglucamine 


Aminoacetic acid N F  


Calcium lactobionate 


Cephaloridine 


Congo red 


Diphenidol HCI 


Doxapram HCI 


Fluphenazine di-HC1 


Glycopyrrolate 


Hexamethylenamine sodium acetaminosalicylate 


Lyapolate sodium 


Magnesium sulfate, anhydrous 


Methotrimeprazine HC1 


Novobiocin sodium 


Oleandomycin phosphate NF 


Pentazocine lactate 


Phenylethyl alcohol NF 


Prilocaine HC1 


Proparacaine HCI 


Rose bengal 


Rose bengal B 


Sodium acetrizoate 


Sodium ampicillin 


Sodium diatrizoatc 


Sodium methiodal N F  


Sparteine sulfate 


Trisodium edetate (monohydrate) 


Tromethamine 


Trypan blue 


Uridine 


0.09 
0.024' 
0.42 
0.119" 
0.08 
0.022" 
0.09 
0.023' 
0.05 
0.015" 
0.16 
0.045" 
0.12 
0.035' 
0.14 
0.041" 
0.15 
0.042' 
0.18 
0.049' 
0.10 
0.025" 
0.34 
0.093' 
0.12 
0,034" 
0.10 
0.025" 
0.08 
0.017" 
0.15 
0.042" 
0.25 
0.070" 
0.22 
0.062" 
0.16 
0.044" 
0.08 
0.020" 
0.08 
0.022" 
0.10 
0.027" 
0.16 
0.045' 
0.10 
0.025" 
0.24 
0.068" 
0.10 
0.030" 
0.29 
0.079" 
0.26 
0.075" 
0.26 
0.075" 
0.12 
0.035" 


0.08 
0.047' 
0.41 
0.235" 
0.08 
0.043" 
0.07 
0.041" 
0.05 
0.030" 
0.16 
o.090° 
0.12 
0.070" 
0.14 
0.082" 
0.15 
0.084" 
0.18 
0.099' 
0.09 
0.051" 
0.32 
0.184" 
0.10 
0.060" 
0.08 
0.046" 
0.08 
0.038" 
0.15 
0.085" 
0.25 
0.141" 
0.22 
0.125" 
0.15 
0.086' 
0.07 
0.040" 
0.08 
0.044" 
0.10 
0.055" 
0.16 
0.090" 
0.09 
0.049" 
0.24 
0.136" 
0.10 
0.056" 
0.29 
0.158" 
0.26 
0.152" 
0.26 
0.150" 
0.12 
0,069" 


0.08 
0,093" 
0.41 
0.470" 
0.08 
0.085" 
0.06 
0.074' 
0.45 
0.059" 
0.16 
0.180" 
0.12 
0.140" 
0.12 
0.145' 
0.15 
0.166' 
0.17 
0.199' 
0.09 
0.103" 
0.30 
0.345' 
0.07 
0.077' 
0.08 
0.086" 
0.08 
0.084" 
0.15 
0.169' 
0.25 
0.283" 
0.22 
0.250' 
0.15 
0.169" 
0.07 
0.083" 
0.08 
0.087" 
0.10 
0.109' 
0.16 
0.181" 
0.09 
0.098" 
0.24 
0.274' 
0.10 
0.111" 
0.28 
0.316" 
0.26 
0.305' 
- 
- 


0.12 
0.138" 


0.08 
0.137" 
- 
- 


0.07 
0.126" 
0.06 
0.106' 
0.05 
0,092" 


0.12 
0.210" 
0.09 
0.155" 
0.14 
0.242' 
0.17 
0,297" 
0.09 
0.157" 
0.29 
0.495" 
0.06 
0.094" 
0.07 
0.122" 
0.08 
0.129" 
0.15 
0.253' 


0 .22 
0.375' 
0.14 
0.247" 
0.07 
0.124" 
0.08 
0.131' 
0.10 
0.163" 
0.16 
0.272" 
0.09 
0.149" 
0.24 
0.410" 
0.10 
0.167" 
0.27 
0.472" 
0.26 
0.458" 


- 
- 


- 
- 


- 
- 


0.12 
0.208" 


0.08 
0.222" 
- 
- 


0.07 
0.197" 
0.05 
0.145" 
0.05 
0.151' 
- 
- 
- 
- 
- 
- 


0.13 
0.381" 
0.16 
0.485" 
0.09 
0.263O 
- 
- 


0.04 
0.125" 
0.07 
0.190" 
0.08 
0.255" 
0.15 
0.420" 
- 
- 
- 
- 


0.13 
0.380" 
0.07 
0.198" 
0.08 
0.218" 
0.10 
0.273" 
0.16 
0.451" 
0.09 
0.248" 
- 
- 


0.10 
0.277" 
- 
- 
- 
- 
- 
- 


0.12 
0.333" 


0.07 
0.52" 
0.41 
0.52" 
- 
- 
- 
- 
~. 


-~ 
- 
- 
- 
- 
_. 


- 
0.12 
0.52" 
0.16 
0.52" 
0.09 
0.52' 
0.28 
0.52" 
- 
- 
-_ 
- 


0.08 
0.52" 
- 
- 
- 
- 


0.22 
0.52" 
0.12 
0.52" 
0.06 
0.52" 
- 
- 


0.09 
0.52" 
0.16 
0.52" 
0.09 
0.52' 
0.24 
0.52" 
0.10 
0.52" 
0.27 
0.52" 
0.26 
0.52" 
- 
- 


0.11 
0.52" 


12.12% 
12.12% 
2.20% 
2.20% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


7.22% 
7.22% 
5 48% 
5.48% 
9.96% 
9.96% 
3.18% 
3.18% 
- 
- 
- 
- 


10.82% 
10.82% 
- 
- 
- 
__ 


4.18% 
4 18% 
7.46% 
7.46% 


14.9% 
14.9% 
- 
- 


9.64% 
9.64% 
5.78% 
5.78% 


10.55% 
10.55% 
3.81% 
3.81% 
9.46% 
9.46% 
3.31% 
3.31% 
3.41% 
3.41% 


8.18% 
8.18% 


- 
- 


to prevent hemolysis, the degree of hemolysis varying from slight 
to complete. This type of result has been discussed previously in 
considerable detail (4, 11). 


Fluphenazine and methotrimeprazine both foam in solution and 
apparently undergo association or aggregation similar to that pre- 
viously found for dibucaine HC1, tetracaine HCI, pramoxine HCI, 
bromodiphenhydramine HCI, dexchlorpheniramine maleate, hy- 
droxyquine HCI, sodium nafcillin, and valethamate bromide (3, 6). 
Since fluphenazine and methotrimeprazine are both phenothiazines 
and are somewhat similar in structure, their aggregation in solution 
was not unexpected. However, the apparent difference in the shape 
of their cryoscopic graphs was surprising. Methotrimeprazine ex- 
hibited essentially a straight line graph with a sharp break in the 
curve at 0.029 M concentration; whereas the apparent aggregation 
of fluphenazine was much more gradual over a wider range in 
concentration in the vicinity of 0.04 to 0.05 M. Each of these sub- 


stances appeared to be completely soluble at the freezing tempera- 
tures of the most concentrated solutions tested. 


The size of the aggregates and the aggregation number of these 
drugs and the aforementioned substituted amines in solution vary 
somewhat, and with some of them the size has been found to de- 
pend upon temperature and the presence of NaCI, in addition to 
chemical structure and variations among the several analytical 
methods employed. For example, in 1956 Hammarlund and Peder- 
sen-Bjergaard (6) using a cryoscopic method reported an aggregation 
number of 10 for the phenothiazine, chlorpromazine HCI. In the 
present study methotrimeprazine was found to have an apparent 
aggregation number of only 4 while the aggregation of the similar 
compound, fluphenazine, appears to occur over too broad a range 
of concentration for accurate estimation. In 1956 FarhadiehT(12), 
employing a conductometric method, found that dibucaine HCI 
had an aggregation number of 8 at 25 ". Recently Johnson and Lud- 
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Table 11-Hemolysis of Erythrocytes in Isosmotic Solutions 


Isosmotic Hemoly- 
Concn., sis, Approx. 


Substance % wlv z PH 


26 


24 - 


22 - 
e.20 - 
3 
6 1 8  - 
2 
5 1 6  - 


Acetrizoate methylglucamine 
Adrenalone HCl 
Aminoacetic acid NF 
Amprotropine phosphate 
Antazoline phosphate NF 
Atropine methylnitrate 
Bismuth sodium tartrate 
Calcium aminosalicylate NF 
Calcium levulinate 
Carbachol USP 
Diphenhydramine HCl USP 
Ethylenediamine USP 
Ferric ammonium citrate, green 
D-Glucuronic acid 
Glycopyrrolate 
Hexamethylenamine sodium 


Hexvlcaine HCI NF 
acetaminosalicylate 


-. 


Histamine phosphate USP 
Histidine HCI 
4Homosulfanilamide HC1 
Hydromorphone HCI NF 
8-Hvdroxvauinoline sulfate 
Hy6scyamihe HBr 
Lidocaine HCl USP 
Lyapolate sodium 
Magnesium sulfate, anhydrous 
Menadiol sodium diphosphate 


Neostigmine bromide USP 
Neostigmine methylsulfate USP 
Oleandomycin phosphate NF 
Pentolinium tartrate 
Phenylephrine tartrate 
Pilocarpine nitrate USP 
Pioerocaine HCI 


USP 


~ _._.. ..~_ ~ ~ _ .  


Prilocaine HCl 
Procainamide HCl USP 
Propoxycaine HC1 N F  
Pyridoxine HCl USP 
Quinine di-HC1 
Scopolamine methylnitrate 
Sodium acetrizoate 
Sodium ampicillin 
Sodium bromide N F  
Sodium diatrizoate 
Sodium hypophosphite 
Sodium iodohippurate 
Sodium mercaptomerin USP 
Sodium methiodal NF 
Sodium penicillin G NF 
Sodium pentobarbital USP 
Sodium secobarbital USP 
Sodium sulfamerazine 
Sodium sulfapyridine 
Sodium sulfite, anhydrous 
Sodium thiopental USP 
Sparteine sulfate 
Stibophen USP 
Tetrahydrozoline HCl NF 
Tripelennamine HCl USP 
Trisodium edetate (monohydrate) 
Tromethamine 
Uridine 
Zinc phenolsulfonate 


12.12 
4.24 
2.20 
5.90 
6.05 
6.52 
8.91 
4.80 
3.58 
2.82 
5.70 
2.08 
6.83 
5.02 
7.22 


5.48 
4.30 
4.10 
3.45 
3.69 
6.39 
9.75 
6.53 
4.42 
9.96 
3.18 


4.36 
4.98 
5.22 


10.82 
5.95 
5.90 
4.60 
5.22 
4.18 
5.17 
6.40 
3.05 
5.07 
6.95 
9.64 
5.78 
1.60 


10.55 
1.60 
5.92 
5.30 
3.81 
5.90 
4.07 
3.90 
4.53 
4.55 
1.45 
3.50 
9.46 
6.18 
4.10 
5.50 
3.31  
3.41 
8.18 
5.40 


0 
68 


Oa 
0 


90 
0 
0 
0 
0 
0 


8 8 b  
1ooc 


0 
4Sd 
92c 


Oe 
100 


0 
40 
0 


64 
59d 
68 
85 
0 
0 


0 
0 
0 
0 


55c 
5Sd 
88 
65 
45 
88 
16 
3Id 


Trace” 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 8h  
0 


Trace 
0 
5 
0 


74 
19c,d 
0 


60i 
100 


0 
3 
OJ 
OJ 


7.1 
4.5 
6 . 2  
4.2 
4.0 
5.2 
6.1 
6.0 
1 . 2  
5 . 9  
5 .5  


11.4 
5.2 
1.6 
4.0 


4.0 
4.8 
4.6 
3.9 
4 .9  
5 .6  
2.5 
5.9 
4 . 3  
6.51 
7.0 


8 .2  
4.6 
5.9 
5 .0  
3.4 
5.4 
3.9 
5 .7  
4.6 
5 . 9  
5.3 
3.2 
2.5 
6 .0  
6.9f 
8 . 5  
6.1 
7 .9  
7.3 
7.3 
8 . 4  
5.9 
5 .2  
9.9 
9.8 
9.8 


10.4 
9.6 


10.3 
3 . 5  
6 . 3  
6.7 
6 .3  
8 .0  


10.3 
6 .1  
5 . 4  


a Cell volume increased, darkened, and clumped. Cells turned lighter 
red. Solution turned brown. Cells turned dark brown. Solution 
turned gray color. f pH Determined after addition of blood. g Cells 
turned black and increased in volume. * Solution turned red-tan color. 


Solution foams readily. 1 Cells clumped. 


lum (1 3), using a light-scattering photometer (Brice-Phoenix), 
found that dibucaine “micelles” contained 15 monomers in pure 
aqueous solution, and that they contained 35 monomers in an 
aqueous NaCl medium. 


The increasing evidence that interfacial phenomena play a role 
in drug action suggests that the aggregation of drug molecules 
may affect their biologic activity. Associations taking place in the 


27.4, 0 


I 
I Y 


0 0.04 0.08 0.12 0.16 0.20 


FREEZING POINT DEPRESSION, “C. 


Figure 1-Cryoscopic behavior of JIuphenazine and methotrime- 
prazine. Key: @, jli~phermzine dihydrochloride; 0, methotrime- 
prazine hydrochloride. 


complex biological medium will naturally affect the thermodynamic 
activity of a given drug at the molecular level and warrant increased 
study. 
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On the Biosynthesis of Cantharidin 


H. GUENTHER, E. RAMSTAD, and H. G. FLOSS 


Abstract 0 Feeding experiments have eliminated two obvious 
possible routes of cantharidin biosynthesis: the tail-to-tail con- 
densation of two isoprene units and the head-to-tail condensation 
of two isoprene units followed by a methyl shift. 


Keyphrases 0 Cantharidin-Mylubris biosynthesis 0 Mevalonate, 
acetate, radioactive-cantharidin biosynthesis 0 Isoprenoids- 
cantharidin biosynthesis 


Schlatter ef al. (1) recently reported results relating 
to the biosynthesis of cantharidin (I), the well-known 
active principle of “Spanish flies” (Lytta uesicatoria) and 
other cantharids. The authors wish to communicate 
some data which have been obtained in a similar study 
and which confirm the results of the Swiss group. 


METHODS 


In 1962, one of the authors (E.R.) had the opportunity to carry 
out a number of radioactive feeding experiments with “blistering 
flies” (Mylabris sp.) collected in Taiwan. For each experiment four 
insects were starved for 4 days and then fed the labeled precursor on 
small pieces of lettuce which were consumed. After 2 days, the flies 
were killed by exposure to chloroform vapors, dried in a vacuum 
over calcium oxide, ground to a powder, and extracted twice with 
chloroform with shaking for 24 hr. The residue from the filtered 
extract was washed repeatedly with petroleum ether and then dis- 
solved in chloroform and enough 1 N NaOH to  form a creamy 
mixture into which an excess of a 5 %  permanganate solution was 
stirred. After heating for 10 min. on a waterbath, the mixture was 
acidified with sulfuric acid, excess permanganate was destroyed with 
ferrous sulfate, and the cantharidin was extracted with chloroform 
and sublimed in a vacuum. Later, these samples of cantharidin were 
further purified to constant specific radioactivity by co-crystalliza- 
tion with carrier from chloroform/petroleum ether and from formic 
acid/water followed by another sublimation. Kuhn-Roth oxidation 
(2) gave acetic acid from carbon atoms 2, 3 ,  8, and 9, an aliquot of 
which was subjected to the Schmidt degradation (2) to give CO? 
(C-2 + C-3) and methylamine (C-8 + C-9). All samples and back- 
grounds were counted to at  least 2z statistical error in a liquid 
scintillation spectrometer (Beckman LS loo), and counting efficien- 
cies were determined using internal standards. 


RESULTS AND DISCUSSION 


The structure of cantharidin suggests an isoprenoid origin. Two 
possible modes of formation are immediately obvious (Fig. I). one 


involving the tail-to-tail condensation of two isoprene units (3) ( a )  
and the other the modification of a molecule of geranyl pyrophos- 
phate, including a 1,2 shift of a methyl group (b). Pathway a requires 
that a~e ta t e - l - ’~C gives rise to cantharidin carrying 50% of its 
radioactivity in carbon atoms 2 + 3, whereas according to Pathwaq 
b these carbon atoms should contain 25% of the radioactivity. 
Cantharidin obtained from feeding acetate-l-I4C (49 pc., 11.8 
pc./pm.) after dilution had a specific activity corresponding to an 
incorporation of at  least 0.007%. Upon Kuhn-Roth oxidation it 
gave acetic acid containing 68 % of the total radioactivity, which was 
shown to be labeled only in the carboxyl group (less than 1 % of 14C 
in methylamine). This result clearly rules out Pathway b, and is also 
not in agreement with Pathway a. If me~a lona te -2 -~~C is fed, carbon 
atoms 8 + 9 according to  Pathway a could carry 0, 50, or 100% of 
the total radioactivity. A feeding experiment with o,L-mevalonate- 
2-14C (40 pc.) gave 0.005% incorporation and the acetic acid repre- 
senting carbon atoms 2, 3,8, and 9 of the cantharidin contained 21 
of the radioactivity. 


w 
I1 


Figure 2.-Desmethylcantharidin, u compound obtained from seed5 
of Butea frondosa. 


The results of this study show that neither of the two hypotheses 
mentioned above can account for the biosynthesis of cantharidin.’ 
They suggest that cantharidin formation may be a more complicated 
process and seem to even cast some doubt on the mevalonoid 
origin of this compound. It may be of interest in this connection that 
a compound isolated from Butea frondosa seeds has recently been 
identified (Fig. 2) as desmethylcantharidin (IT) (4). 
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1 experiment -,ith methionine-methyl-14C gave no detectable in- 
corporation of 14C into cantharidin. 
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Biological Activity of Furanoses I: Tetrofuranosyl Adenines 


DANIEL H. MURRAY, JOHN PROKOP, and ALEXANDER BLOCH 


Abstract 0 A number of aldofuranosyl adenines, including all 
eight possible tetrofuranosyl adenines, were tested for biological 
activity with adenosine deaminase and with a strain of Strepto- 
coccus faeculis, ATCC 8043, in which adenosine deaminase activity 
is undetectable. Ten compounds were either substrates or in- 
hibitors of the adenosine deaminase, and, of these, nine showed 
significant capacity to inhibit the growth of the Streptococcus 
faeculis. Eleven compounds showed no capacity either to interact 
with adenosine deaminase or to inhibit the cells. In view of this 
parallelism of activity in 20 of 21 cases, it is suggested that adenosine 
deaminase may be a useful model for testing the likelihood that 
fraudulent adenine nucleosides may have growth-inhibitory capacity 
against whole cells. 


Keyphrases 0 Tetrofuranosyl adenines-biological activity 0 Anti- 
microbial activity-tetrofuranosyl adenines 0 Adenosine deaminase 
inhi bition-tetrofuranosyl adenines 


A limitation of the capacity of certain fraudulent 
adenine nucleosides to inhibit cell growth has been 
their ease of deamination by deaminases (1-3). Pro- 
tection against such deamination has been achieved 
through concurrent use of adenosine deaminase in- 
hibitors, for example, P-~-arabinofuranosyl-6-methyl- 
aminopurine (2). Recent studies have shown that the 
presence of a 5'-OH is of major importance for en- 
zymatic deamination of adenine nucleosides (4). 
These findings suggest that deletion of the 5'-OH 
group of an appropriate sugar moiety in such a com- 
pound should give rise to a nucleoside with limited 
or no substrate activity toward adenosine deaminase. 


The tetrosyl adenines are a group of compounds in 
which, since they lack a 5'-OH, deaminase substrate 
activity should be so minimized. Within this group, by 
analogy with the sugar moieties of the known inhibitory 
nucleosides, fi-D-xylofuranosyl adenine (3) and spongo- 
adenosine (l), a-L-threofuranosyl adenine and P-D- 
threofuranosyl adenine might be expected to be sig- 
nificant inhibitors of cell growth. Compounds of this 
type, lacking a C4'-hydroxymethyl group, are not 
amenable to 5'-nucleotide formation, and should not ex- 
ert an inhibitory activity as nucleosides. This is a par- 
ticularly interesting class of inhibitors to study, in view 
of the fact that the majority of known inhibitory nucleo 
sides, such as 6-mercaptopurine riboside, spongoadeno- 
sine, cordycepin, and xylofuranosyl adenine, are con- 
sidered to exert their inhibitory activity after conversion 
to the nucleotide. 


Interest in the tetrosyl adenines relates as well to a 
more general postulate, which takes cognizance of the 
structural features comnion to a number of metabolic 
intermediates of nucleic acid pathways. The fact that a 
variety of compounds containing adenine-furanose 
moieties are substrates, or inhibitors, of one or more 
enzymes of these pathways (9, and that there is reason- 
able indication, at least in some cases, that the carbo- 
hydrate moiety is an important participant in the inter- 


action of such compounds with such enzymes, suggests 
that the portions of the active sites of the enzymes which 
accommodate the sugar moiety resemble each other, at 
least partially. Hence, it would appear reasonable that a 
fraudulent adenine nucleoside whose sugar moiety is 
found to contribute significantly to the interaction with 
an isolated such enzyme might be capable of also inter- 
acting with, and, in some instances of inhibiting other 
enzymes in nucleic acid pathways. In intact cells, such 
inhibition might be detectable as a restriction of cell 
growth. 


With this possibility in mind, adenosine deaminase 
has been considered as a model enzyme for testing the 
likelihood that fraudulent adenine nucleosides may 
inhibit other enzymes whose substrates also contain 
adenine-furanose moieties. On this basis, one would 
anticipate that a fraudulent nucleoside which can inter- 
act with adenosine deaminase might also be capable 
of inhibiting the growth of a cell type, such as Strepto- 
coccus fuecdis (ATCC 8043), in which this enzyme 
activity is low or absent. Results of tests to date of this 
anticipated correlation are reported here. 


Table I-Activity of Some Pento- and Hexofuranosyl Adenines 
toward Adenosine Deaminase and Streptococcus fuecalis 


Inhibitory 
Activity 


Activity toward toward 
Adenosine Deaminase Streptococcus 


Substrate lnhibitor ,fueculis 
[Initial (ATTC 8043) 


Velocity [Molar 
Unit of Concn. 
Enzyme for 50% 


Carbohydrate Moiety of Relative to Inhibition 
Adenine Nucleoside Adenosine] [l/S],., of Growth] 


p-D-5 '-DeoxyxylofuranosyLa 
P-D-Arabiiiofuranos y l - ~  
a-o- Arabinofuranosy I-h 
a-L- Arabinofuranosyl-c 
P - D - ~  '-Amino-3 '-deoxy- 


P - D - ~  '-Deoxyribofuranosyl-a 
P-0-3 '-Deoxyarabino- 


p-D-Glucofuranosyl-e 
P - D - ~  '-Deoxyglucofuranosyl-f 
a - ~ - 3  '-Deoxymanno- 


,3-~-3 '-Deoxygalacto- 


P-o-2',3 '-Dideoxyribo- 


P-D-5 '-Amino-5 '-deoxyribo- 


furanosyl-a 


furanosyl-d 


furanosyl-g 


furanosyl-h 


furanosyl-" 


furanosyl-a 


0.04z 
0.2@ 
O i  
0 


0.45cz 
0 .  714 


0 
0 
0 


0 


0 


0.604 


0.004. 


3 . 2 ~  4 x 10-5 
5 x 10-8 


0 0 
0 0 


4 x 10-6 
2 x 10-5  


0 0 
0 0 
0 0 


0 0 


0 0 


8 X 


8 x 


a Reported in Reference 4. Reference 8. Reference 9.  Isolated by 
chromatography of the filtrate obtained in the preparation of 9-(3- 
deoxy-a-D-arabinofuranosyl) adenine, Reference 10. Reference 11. 
f Reference 12. Q Reference 10. Reference 13. Reported in Reference 6. 
i Designations of 0 in the several columiis of the above Table I and the 
following Table I1 signify respectively, no detectable substrate activity, 
[ ~ / S ] O . S  > 10, or inhibitory activity toward Streptococcus fuecalis 
>5  x 10-3 M .  
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Table II-Activity of Tetrofura nosyladenines toward Adenosine 
Deaminase and Streptococcus faeca[isa 


Inhibitory 
Activity 


Activity toward toward 
Adenosine Deaminase Streptococcus 
Substrate Inhibitor faecalis 


[Initial (ATTC 8043) 
Velocity/ [Molar 
Unit of Concn. 
Enzyme for 50% 


Carbohydrate Moiety Relative to Inhibition 
of Adenine Nucleoside Adenosine] [I/S],.s of Growth] 


fl-D-Erythrofuranosyl-b oc 7.8  5 x 10-4 
a-D-Erythrofuranosyl-b 0 >10 0 
fl-L-Erythrofuranosyl-b 0 1 0 f 2  0 
a-L-Erythrofuranosyl-b 0 0.15 0 
fl-D-Threofuranosyl-b 0 1 .8  3 x 10-5 
a-D-Threofuranosyl-b 0 6 . 8  0 
fl-L-Threofuranosyl-b 0 8 . 3  0 
a-L-Threofuranosyl-b 0.01d 1 .7  2 x 10-5 


a See footnote to Table I. Reference 14. See footnote i in Table I. 
d Reported in Reference 4. 


MATERIALS 


The sources of the nucleosides tested are listed in the footnotes 
in Tables I and 11. Furthermore a-D-arabinofuranosyl-, a - ~ -  
arabinofuranosyl-, 3 '-deoxy-B-D-arabinofuranosyl-, and 8-D-gluco- 
furanosyladenine were prepared in the authors' laboratory. 


EXPERIMENTAL 


Data on inhibitory or substrate activity of a number of adenine 
nucleosides were as reported in the literature, or were determined 
by procedures reported by Schaeffer (6) or Bloch (4), as referenced in 
Tables I and 11. 


Microbial Assay Procedure-All growth experiments were carried 
out in the basal medium of Flynn et a / .  (7), from which uracil and 
the purines had been omitted, and to which 1 mcg./ml. of folic acid 
was added. Portions (1 ml.) of this double-strength medium were 
placed into 13  x 100-mm. Pyrex culture tubes and 1 ml. of water 
or 1 ml. of the solution containing the test compound was then 
added to each tube. Sterilization of the medium was carried out 
by autoclaving for 6 min. at 116-121 '. The inocula were prepared 
from cultures of S. faecalis grown in 5 ml. of the basal medium 
for 20 hr. at 37". Following centrifugation and washing twice 
with isotonic saline, the cells were resuspended in enough saline to 
give an optical density of 0.30 as measured in a spectrophotometer 
(Beckman model B) at 470 mp. A 1-ml. portion of this suspension 
containing approximately 1.5 x 107 cells was diluted 1 : 10 in saline, 
and 1 drop of this final dilution was placed in each assay tube. 
Incubation proceeded for 20 hr. at 37", at which time the control 
culture is still in log phase. The extent of growth was determined by 
means of a photoelectric colorimeter (Klett-Summerson), using a 
red filter (640-700 mp). To determine their potency as inhibitors 
of growth, the adenine nucleosides were added to the basal medium 
in concentrations ranging from 10-3-10' M. 


RESULTS AND DISCUSSION 


The data on a number of available adenine nucleosides tested are 
given in Tables I and 11. Table I summarizes tests of the postulated 
correlation with a series of pento- and hexo-furanosyl adenines. All 
of the compounds which are significantly active as a substrate or 
inhibitor of adenosine deaminase are active also as inhibitors of 
the growth of the intact cells in which this enzyme activity is low or 
absent. Further, all of the compounds which are inactive toward 
the isolated enzyme are likewise inactive against these cells. 


Table I1 is a summary of the results of similar tests with eight 
tetrofuranosyl adenines. Analogy with the sugar moieties of p-D- 
xylofuranosyl adenine and spongoadenosine suggested a priori 
that a-L-threofuranosyl adenine and P-D-threofuranosyl adenine 
might have inhibitory activity toward both adenosine deaminase 
and Streptococcus faecalis. As shown, this prediction was borne 
out. Limited substrate activity for adenosine deaminase was ob- 
served with the a-L-compound as well, but not for the p-D. These 


findings are in accord with the apparent rather general requirement 
for substrate activity with this enzyme that there be a C4'-hydroxy- 
methyl group present (4), or a C,'-OH so positioned as feasibly 
to permit interaction with the same site as will normally accommo- 
date a C,'-OH (6). For example, 5'-deoxyxylofuranosyl adenine is a 
significant substrate for adenosine deaminase (4, 1 5),  but 5'-deoxy- 
arabinofuranosyl adenine and 5'-deoxyadenosine are not (4). 


Of the erythrosyl adenines, the P-D-compound showed limited in- 
hibitory activity toward both the isolated enzyme and the whole 
cell system, in further accord with the general hypothesis. Some- 
what surprisingly, a-L-erythrosyl adenine was a potent inhibitor 
of the deaminase but not detectably inhibitory to the whole cell 
system. The authors have no current explanation of this discrepancy, 
except to note that the hypothesis of partial resemblance of enzyme 
sugar-moiety binding sites does not exclude the probability of 
substantial specificity in some instances. 


The anomers of the foregoing four compounds were expected to 
show no significant inhibitory activity, because one anomer can 
occupy a site, customarily accommodating the other, only at the 
expense of a significant skewing of the molecule, which would usu- 
ally be expected to render it inactive. On occasion, however, an 
enzyme may accept both anomers. For example, nucleoside phos- 
phorylase is active on both a- and p-anomers of ~-2'-deoxyribosyl- 
6-mercaptopurine, and a-D-xylosyl adenine limitedly inhibits the 
deamination of 0-D-xylosyl adenine (16). Such observations of bio- 
logical activity by both a- and p-anomers are, however, rare. 


The foregoing considerations suggested that a-D-threofuranosyl 
adenine and P-L-threofuranosyl adenine would have little or no 
activity in the test systems employed in the present study, as found. 
They were inactive toward Streptococcus faecalis, and showed only 
a limited capacity to inhibit adenosine deaminase. Similarly, a-D- 
erythrofuranosyl adenine and /3-L-erythrofuranosyl adenine would 
be expected to be essentially inactive, as found. 


The composite data of Table I and I1 support the general hy- 
pothesis in 20 of the 21 cases. This correlation suggests the possibil- 
ity that studies with adenosine deaminase may allow a good measure 
of predictability of inhibitory action of adenine nucleosides against 
cell populations. Where such cells have themselves significant de- 
aminase activity, the active cellular inhibitor may be protected 
from deamination by a deaminase inhibitor, as has been reported (2). 
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principally of the steroid cholesterol, the solubility of the steroids 
examined is not of a magnitude that would lead one to propose a 
“like dissolves like” situation. From the solubilizing capacities 
which are comparable to those of other polyoxyethylene-type 
surfactants and from the spectral evidence, discussed in the follow- 
ing section, it seems likely that solubilization of the steroids takes 
place by association with the polyoxyethylene exterior of the 
surfactant micelles. 


Spectral Studies-The wavelengths of maximum absorbance 
(Amax.) of the three steroids in a few selected solvents and in various 
aqueous solutions of both unpurified and partially purified ethoxyl- 
ated cholesterol are presented in Table 11. 


It may be seen that with an increase in the surfactant concentra- 
tion up to 2% (w/v) there is a progressive shift toward lower wave- 
lengths. This is in good agreement with the results of a previous 
study dealing with testosterone and polysorbates (3). At surfactant 
concentrations above 2 % (w/v) the X,,,. becomes essentially con- 
stant. These constant values of A,,,. compare well with the hmax.’s 
of the three steroids in polyethylene glycols 200, 300, and 400. 
The fact that the surfactant solutions were aqueous might account 
for the difference of 1 mp. From these results it would thus appear 
that the polarity of the environment offered by aqueous ethoxylated 
cholesterol solutions to the A4-3-keto chromophore of the three 
steroids is similar to that offered by polyethylene glycols. This 
observation further substantiates the previous proposal that solu- 
bilization of steroids by nonionic ethoxylated surfactants involves 
association of the steroid with the polyoxyethylene portion of the 
surfactant. 
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Chemotherapy of Tuberculosis, Part IX: Synthesis and 
Screening of New Thiazolyl Thiocarbanilides 


B. S. KULKARNI, B. S. FERNANDEZ, M. R. PATEL, 
R. A. BELLARE, and C. V. DELIWALA* 


Abstract 0 Nearly eighty substituted thiocarbanilides-uiz., 
p-(2-thiazoly1)-, p-(4-thiazolyl)- and p-(5-thiazolyl)-palkoxy-thio- 
carbanilides, and p-p’-bis(4-thiazolyl)-thiocarbanilides, along with 
a few thiazolyl thiocarbanilides having halogens on the phenyl ring 
containing the p’-alkoxy group, have been synthesized and studied 
for in citro antitubercular activity. Also described are over 40 new 
substituted thiazoles prepared as intermediates. p-(4-Thiazolyl)-p’- 
alkoxy-thiocarbanilides in general showed the maximum iu uitro 
tuberculostatic activity in the present study. p-(2,5-Dimethyl-4- 
thiazoly1)-p’-n-propoxythiocarbanilide had the same in uitro tuber- 
culostatic activity as isonicotinic acid hydrazide (INH) (0.04 mcg./ 
ml.) but did not produce tuberculostatic serum concentration at 
the same oral dose level as INH. 


Keyphrases 0 Tuberculosis chromotherapeutic agents 0 Thia- 
zolyl thiocarbanilides-synthesis 0 Antitubercular activity- 
thiazolyl thiocarbanilides 


Since the discovery of antimycobacterial activity of 
thioureas (1) numerous publications have appeared 
showing the pronounced activity of thiocarbanilides 
both in vitro as well as in experimental animals coupled 
with only a low rate of development of resistance (2-5). 
Among the most potent compounds of this class are the 
thiocarbanilides bearing alkoxy groups in para positions 
(6-8). Some of these-uiz., 4,4’-diisoamyloxythio- 
carbanilide (9-1 1) (I), 4,4‘-diethoxythiocarbanilide 


(12-15) (11) and 4-butoxy-4’-dimethylaminothiocar- 
banilide (16, 17) (111), have been used clinically for the 
treatment of tuberculosis and leprosy. 


I, X = Y = isoamyloxy 
11, X = Y = ethoxy 


111, X = hutoxy and Y = N(CH,J, 
IV, X = 8-pyridyl and Y = isobutoxj 


Doub et al. (18) have extended the series of alkoxy- 
thiocarbanilides by incorporating a heterocyclic ring- 
uiz., pyridyl as the substituent, and observed potentiation 
of antimycobacterial activity. One of the compounds 
from their series called thiocarbanidine (IV) showed high 
degree of antitubercular action in mice and guinea pigs 
(19). However, in clinical trials it was not effective, pos- 
sibly due to poor absorption (20). 


METHODS 


Since thiazole and pyridine are isosteric and several thiazole 
derivatives are potent antibacterial agents, it seemed worthwhile to 
synthesize and study thiocarbanilides having thiazoles as substit- 
uents. Accordingly, the synthesis of p-(2-thiazolyl)-, p-(4thiazolyl)-, 
and p-(5-thiazolyl)-, p’-alkoxythiocarbanilides was undertaken. A 
few thiazolyl thiocarbanilides having halogens on the phenyl ring 
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Table I-Substituted Thiazoles 


Sr. 
No. RI 


---Nitrogen %-- 
R2 R3 M.p., "C. Mol. Formula Found Reqd. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


3-Pyridyl 
H 


CcHs H 
H 
H 
CH3 
CH, 
CH3 
CH:I 
CH3 
CHI 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
CHa 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CHa 
CH, 


98-99 
186-187 
223-224 
79-80 


125-1 27 
201-202 
2 17-21 8 
80-8 1 
75-76 


183-184 (31Y 
~I 


130-131 
isCriSi 
182-183 
204-205 
145-146 (32) 
123-124. ' 


136-137 
11 5-1 16 


138-139 
168-1 69 
91-92 


100-101 
99-100 (22) 


145-146 
138-140 
179-180 (33) 
168-169 (33) 
145-146 
116-118 
150-151 
104- 105 
128-130 
177-178 (33) 
245-247 


80-81 
243-244 
128-129 
197-198 
189-190 


198-200 
106107 


206207 
99-1cK) 


128-i29 
143- 144 
134-1 35 
123-124 (23) 
112-114 (23) 


5.19 
4.42 
8.65 
5.20 
3.67 
4.29 
5.28 
4.46 


10.93 


9.71 
9.46 
8.73 
7.88 


9.42 
8.45 
8.81 
8.50 


14.72 
12.69 
11.74 
17.14 
10.97 
10.31 
9.82 
8.8 


14.51 
10.41 
9.36 
9.72 
9.33 


16.30 
13.39 
14.68 
10.61 
9.86 
9.58 
8.49 


13.69 
5.72 
4.99 


12.78 
12.02 
14.36 
13.30 


5.24 
4.71 
8.77 
5.28 
3.86 
4.50 
5.42 
4.67 


11.11 


9.93 
9.46 
8.97 
8.18 


9.46 
8.47 
8.97 
8.58 


14.84 
12.72 
11.96 
17.25 
11.11 
10.52 
9.93 
9 .0  


14.73 
10.52 
9.31 
9.93 
9.46 


16.60 
13.43 
14.73 
10.52 
10 .OO 
9.46 
8.58 


13.72 
5.42 
5.18 


12.73 
11.96 
14.73 
13.23 


~~~~ -~ 


a And-Found: C, 56.19; H, 4.26; requires C, 56.35; H, 4.14%. * Numbers in parentheses refer to references. e And-Found: C, 67.89; H, 
4.12; requires C, 68.05; H, 4.25%. dAnal.-Found: C, 54.77; H, 4.89; requires C, 54.88; H, 4.98%. eAnaZ.-Found: C, 71.21; H, 4.59; requiresC, 
71.42; H, 4.76%. 


bearing the alkoxy group were synthesized since chloro analogs of 
(1) and (11) have shown enhanced antitubercular activity (21). 
p-p '-Bis(4-thiazolyl)thiocarbanilides were also synthesized. 


The synthesis of p-thiazolyl-p'-alkoxythiocarbanilides (Tables 11, 
111, and IV) reported in the present work was effected by the interac- 
tion of various 2-, 4-, and 5- (p-aminopheny1)thiazoles with appro- 
priate p-alkoxyisothiocyanates in boiling benzene or acetone. 


p-(Aminopheny1)thiazoles (Table I) required for this purpose were 
obtained by three different methods. w-Chloro-p-aminoacetophe- 
none or a-chloro-p-aminopropiophenone were prepared and con- 
densed with appropriate thioamides; however, the yields were poor. 
In an alternative route w-bromo-4-nitroacetophenone was con- 
densed with the thioamides and the resultant 4-(p-nitrophenyl)- 
thiazoles were reduced to the corresponding amino derivatives. This 
method gave excellent yields. The 4-(p-nitrophenyl)thiazoles were 
also obtained, along with the 2- and 5-(p-nitrophenyl)thiazoIes, by 
the nitration of the corresponding phenylthiazoles (except in thia- 
zoles having a second phenyl ring) with satisfactory yields and good 
purity when the nitration was carried out below 5". However higher 
temperatures resulted in the simultaneous formation of 2,4-di-nitro 
derivatives. The 4-(p-nitrophenyl)thiazoles prepared by either of 
these two methods were identical in all respects. 


2-Phenylthiazoles were prepared by reacting a-haloketones with 
thiobenzamide in alcohol (22, 23) while 4-phenylthiazoles were ob- 
tained by reacting various thioamides with a-bromoacetophenone or 
a-bromopropiophenone and 5-phenylthiazoles were prepared by the 
interaction of a-bromo-a-phenylacetone with different thioamides. 


The p-alkoxyphenylisothiocyanates were prepared by the de- 
composition of p-p'-dialkoxythiocarbanilides with acetic anhydride, 
the requisite p,p'-alkoxythiocarbanilides being obtained by the 
condensation of p-alkoxyanilines with carbon disulfide in the pres- 
ence of potassium hydroxide (24-26). 


The p-p'-bis(4-thiazolyl)thiocarbanilides (Table V) were similarly 
obtained from the 4-(p-aminophenyI)thiazoles and carbon disulfide. 


ANTITUBERCULAR TESTING 


The in uitro tuberculostatic activity was determined on cultures of 
Mycobarterium tuberculosis var. hominis (strain Ha7Rv) cultivated in 
Youmans medium containing 10% horse serum by a modified 
method of Doub and Youmans (27) previously described by the 
authors (28). The results are presented in the last columns of Tables 
11-V. A majority of the compounds showed antituberculac activity. 
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\ Table I1 -p-(ZThiazoly1)-3 ’,4’-Substituted Thiocarbanilides R, 


Min. Inhib. 
Concn. in uitro 


Sr . M.p. “C. Yield, --Nitrogen %-- Antitubercular 
no. Rq Ra R5 Ra (uncorr.) % Mol. Formula Found Reqd. Action meg./ml. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
CH3 
CH3 
CH3 
CHI 
H 
H 
H 
H 
H 
H 
CHI 
CHI 
CH3 


-0CH3 
-0CzHs 
n-OC3H7 
iso-OC3H7 
n-OCaH, 


n-OC3Hi 
iso-OC3H; 
n-OC4Hg 


OCzHs 
n - 0 C 3 H 7 
iso-OC3H; 
n-OC4Hg 
-0CH3 
-0CzHs 
c1 
-0CH3 
-0CzHj 
CI 
-0CH3 
-0CzHS 
CI 


-0CHp 
-0CzHs 


-Oc& 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Br 
Br 
CI 
Br 
Br 
CI 
Br 
Br 
CI 


165 
154 
165 


143-145 
160 
171 
159 
156 
139 
150 
156 
166 
158 
134 
160 


157 
174 
172 
152 
162 
171 
167 
165 


179-180 


78 
68 
60 
72 
79 
78 
72 
65 
67 
60 
91 
65 
72 
68 
81 
75 
63 
52 
50 
65 
71 
73 
56 
59 


12.05 
11.47 
11.34 
11.63 
10.85 
11.43 
11.78 
11.39 
10.92 
10.39 
11.79 
11.10 
10.97 
9.96 


10.31 
9.55 
9.98 


11.30 
9.65 
8.98 


11.23 
9.41 
9.54 


10.47 


12.31 
11.83 
11.39 
11.39 
10.96 
11.83 
11.39 
10.96 
10.96 
10.58 
11.39 
10.96 
10.58 
10.59 
10.22 
10.00 
9.68 


11.05 
9.68 
9.36 


10.67 
9.36 
9.09 


10.29 


200 
200 
Nil 
Nil 
40 
20 
20 
40 
20 
40 


100 
40 


100 
40 


200 
40 
20 
20 
40 
40 


100 
Nil 
Nil 
Nil 


aAnal.-Found: C, 60.21; H, 4.60; requires C, 59.8; H, 4.40%. bAnal.-Found: C, 61.25; H, 4.91; requires C, 60.80; H, 4.79%. c And-Found: 
C 64.61’H,5.83.requiresC, 64.24;H,6.08%.dAnal.-Found:C,49.42;H,3.38; requiresC,49.77;H,3.68%.’Anal.-Found:C,S0.98;H,3.10; 
&quires C, 50.53:H, 2.89%. fAnal.-Found: C, 51.32; H, 4.16; requires C, 50.89; H. 4.02%. 


Table III-p-(4-Thiazolyl)-p’-Alkoxy Thiocarbanilides 


Min. Inhib. 
Concn. in uitro 


Sr. M.p. “C. --Nitrogen %-- Antitubercular 
no. R Ri R3 (uncorr.) Mol. Formula Found Reqd. Action mcg./ml. 


25 CH3 H H 167- 169 C17HisN30Sz 12.52 12.31 200 
26 CvH c H H 183 12.13 12.83 10 


n-c3ir7 
iso-C3H, 
n-C4Hg 
iso-CaH, 
n-C5Hll 
CH, 


H 180-181 
157 


172-173 
178 


172-173 
159 


11.44 
11.71 
11.36 
10.64 
11.27 


11.38 
11.38 
10.97 
10.97 
10.58 


10 
10 


100 
10 
20 
10 
10 


28 
29 
30 


~~ 


H 
H 
H 
H 
H 


31 
32 12.03 


11.40 
11.83 
11.38 33 


34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


H 172 
168 


169 


140-141 
165 


145-147 


172-173 


155-157 
151-152 


11.12 
10.95 
10.96 
10.54 
10.21 
11.75 
11.50 
11.48 


10.97 
10.99 
10.58 
10.58 
10.22 
11.83 


20 
10 
10 
20 
10 


11.38 
10.97 
10.97 
10.58 


193-195 11.63 1 
168-1 69 


152-154 


142-143 


147 


1 70 


145 
162 


10.88 
11.09 
10.22 
12.05 
10.68 


1 
1 
1 


10 
10 
0. 04b 


_. ~. 


10.58 
10.22 
11.38 
10.97 


10.14 
11.11 
10.10 


10.58 
10.58 
10.22 


0 . 1  
0 . 1  CH; 161-163 


51 CH; CH; 155-157 10.17 10.22 2 
52 /~-CsHii CH3 CHI 152 Cz3Hz7N10Sz 10.07 9.88 4 


0 And-Found: C, 60.60; H, 4.82; requires C, 60.84; H, 4.79 %. * This compound was also tested against Altere strain of M .  tuberculosis which is 
resistant to streptomycin up to 1,000 mcg./ml. and was found active up to 0.1 mcg./ml. 
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Table IV-p-(S-Thiazolyl)-3 ',4 '-Substit uted Thiocarbanilides 'R: 
~ ~~ ~~~~ ~ 


Min. Inhib. 
Concn. in vitro 


Sr . M.p. "C. Yield, -Nitrogen %-- Antitubercular 
no. Rl  Rz R5 R4 (uncorr.) z Mol. Formula Found Reqd. Action mcg./ml. 


53 CH3 CH3 -0CH3 H 121-122 74 Ci9H1gN30Sza 11.77 11.39 
54 CH3 CH3 -0CzHs H 137 82 GOHZIN30% 10.69 10.96 
55 CH, CHI IZ-OCaH7 H 164 79 CziH,3N30Szb 11.11 10.58 
56 CHn CH, iso-OC?H, H 195 61 GiHzaN10Sz 10.45 10.58 
57 CH3 CHJ n-OC4Hg H 156 67 C ~ ~ H ; , N ~ O S ~  9 62 10 22 
58 H CH, --OCH, Br 105 65 C,sH7eBrN*OS9G 9.42 9 68 
59 H CH; OC2Hs" Br 132 72 C1~Hl&rN;OS, 9 72 9 36 
60 H CH3 CI c1 141 53 CI~HI~CIZNZSZ 10 89 10 67 
61 CHI CHj -0CH3 Br 126 50 ClsH18BrN30Szd 9 41 9 36 
62 CH, CH3 -OCzHs Br 161 68 CzoHzoBrN30S? 8 80 9 09 
63 CH3 CH3 C1 C1 158 70 Cid%CIzN3Sz 10 36 10.29 


20 
20 
20 
20 
20 


100 
40 
20 
20 
20 
20 


aAna1.-Found: C, 62.3; H, 5.13; requires C, 61.8; H, 5.15%. bAnd-Found: C, 63.78; H, 5.32; requires C, 63.48; H, 5.79. c Anal.-Found: 
C, 50.08; H, 3.96; requires C, 49.77; H, 3.69z. d And-Found: C, 50.39; H, 4.23; requires C, 50.89; H, 4.02%;. 


p-(4-Thiazolyl)-p'-alkoxythiocarbanilides were the most active 
compounds in the present work. One compound from these series- 
uiz., p-(2,5-dimethyl-4-thiazolyl)-p'-n-propoxythiocarbanilide, 48, 
showed in uitro activity comparable to isonicotinic acid hydrazide 
(TNH) (0.04 mcg./ml.). This compound was therefore, tested further 
against Altere strain of M. tuberculosis, which is a streptomycin- 
resistant strain withstanding a concentration of streptomycin up to 
1,000 mcg./ml. and was found to be active up to 0.1 mcg./ml. 


In order to determine whether adequate serum antitubercular 
activity of this compound could be maintained by oral administra- 
tion, it was mixed with the stock diet to give final concentrations of 
0.1 and 0.3 and the drugged diet so prepared was administered ad 
libitum to two groups of five guinea pigs, respectively. Additional 
control groups were also kept, one without any drug and another 
receiving diet mixed with 0.1 isonicotinic acid hydrazide (INH). 
On the 6th, 12th, 15th, and 20th day during the course of this drug- 
ged diet administration, blood samples were drawn (cardiac punc- 
ture) from each animal, samples of each group pooled and allowed 
to clot. The separated serum (0.5 ml.) from each group, after seitz 


Table V-Bis(4-Thiazo1yl)Thiocarbanilides 


filtration was added aseptically to 4.4 ml. of Youmans basal 
medium and seeded with 0.1 ml. of the inoculum of M. tuberculosis 
(H37Rv) and incubated for 21 days. Under these conditions the 
serums of the group of animals receiving INH-drugged diet were 
found to be completely tuberculostatic at all the different intervals of 
sampling, while serums from the group receiving 0.1 of Cmpd. 
48 showed no inhibition with 6-, 12-, and 15-days feeding and only 
partial inhibition with 20-days feeding. Even 0.3 % concentration of 
Cmpd. 48 produced only partial inhibition in 6- and 12-day blood 
samples and complete tuberculostatic effect could only be seen after 
15 and 20 days of feeding. Evidently the oral administration of 
Cmpd. 48 does not produce the same tuberculostatic serum 
concentration as INH although both have the same in uitro tuber- 
culostatic activity. 


Structure Activity Relationship-p-(4-Thiazolyl)-p'-alkoxythio- 
carbanilides were in general the most active compounds in the pres- 
ent work. Even in this series, compounds containing no substitution 
in the thiazole ring were less active. With the introduction of a 
methyl group in the ring the activity increased, the 5-methyl deriva- 


Sr. 
no. Ri 


Min. Inhib. 
Concn. in vifro 


M.p. "C. ---Nitrogen %-- Antitubercular 
R3 (uncorr.) Mol. Formula Found Reqd. Action mcg./ml. 


64 H H 205-207 Ci9Hi4N4Sa 14.19 14.21 200 
65 C6H5 H 214 CaiHzzNS3 10.08 10.25 200 
66 4-CHaC6Ha H 164 C33H~&"3~ 9.65 9.75 100 
67 4-OCH3CsH4 H 200-201 C ~ ~ H Z ~ N ~ O Z S ~  9.13 9.24 100 
68 3,4(OCH3)zCsH3 H 113 C3 sH3 oN4O 4S3 8.23 8.40 100 
69 CH 3 H 197 CziHmN4Sa 13.17 13.26 200 
70 CsHsCHz H 186-1 88 C&2E"S3 9.55 9.75 100 
71 4-CICtjHKHz H 190 C ~ ~ H Z ~ C I Z N ~ S ~  8.59 8.71 100 
72 CsHsOCHz H 202-203 C33Hz6N40& 9.23 9.24 200 
73 4-CH3CsH4OCHz H 210 C35HaoN40zS~ 9.64 8.83 200 
74 3-Pyridyl H 214-215 CzgHzoN6S3 15.29 15.33 200 
75 SH H 231 C19HiaN4Ss 12.01 12.22 200 
76 H CH3 204-205 CZIHI~N~SI 13.16 13.26 200 
77 CsHs CH, 197-198 CaaHz6N4S3 9.66 9.75 100 
78 4-CHsCsH4 CH3 200-202 C ~ ~ H ~ O N ~ S S  9.19 9.30 100 
79 4-CH3OC6H4 CH3 222 C ~ S H ~ O N ~ O Z S ~  8.70 8.83 200 
80 3,4(CH30hCsH3 CHI 267 C37Hd'J404S3b 7.98 8.06 100 
81 CH3 CHB 165-166 C Z ~ H ~ Z N ~ S ~  12.29 12.44 200 


a Anal.-Found: C, 68.81; H, 4.64; requires C, 68.99; H, 4.53%. b Anal.-Found: C, 63.71; H, 4.99; requires C, 63.98; H, 4.89%. 


Vol. 58, No. 7, July 1969 0 855 







tives as a class being more active than the corresponding 2-methyl. 
But the length of the alkoxy group in 4'-position did not have sig- 
nificant influence on the antitubercular activity. With the introduc- 
tion of a second methyl group in the thiazole ring to give 23-  
dimethylthiazole derivatives the activity increased still further but it 
was found that the activity of such thiocarbanilides was dependent 
on the nature of the 4'-alkoxy group. 


Among the p-(2-thiazolyl)-3 ',4'-substituted thiocarbanilides, the 
activity was found to be dependent on the substitution in the thiazole 
ring. Thus the unsubstituted thiazole derivatives gave very poor or 
no activity. Introduction of a methyl group in Position 4 of the 
thiazole ring improved the activity but an additional methyl group 
introduced in Position 5 reduced the activity. The activity was not 
much affected by the length of the alkoxy chain. In the p-(5-thia- 
zolyl)-3',4'-substituted thiocarbanilides however, the substituents 
either in the thiazole ring or the benzene ring did not significantly 
alter the activity. Bis-(4-thiazolyl)thiocarbanilides were the least 
active compounds in the present work. 


EXPERIMENTAL 


4-Phenyl-2,5-dimethylthiazole-To a solution of thioacetamide 
(2.47 g., 0.033 mole) in ethanol (20 ml.) was added a-bromopropio- 
phenone (6.39 g., 0.033 mole). The mixture was refluxed on a steam 
bath for 2.5 hr. and partially concentrated. On cooling and diluting 
with ether, the hydrobromide of the required thiazole precipitated. 
It was collected by filtration and crystallized from ethanol, m.p. 217- 
218"; weight, 5.8 g. 
4-(p-Nitrophenyl)-2,5-dimethylthiazole-T0 chilled concentrated 


sulfuric acid (20 ml.) was added 4-phenyl-2,5-dimethylthiazole 
hydrobromide (3.6 g., 0.013 mole) with stirring. The mixture was 
cooled to -5" and a nitrating mixture consisting of concentrated 
sulfuric acid (6 ml.) and fuming nitric acid (4 ml., sp. gr. 1.5) was 
slowly added maintaining the reaction temperature below 5 ". After 
further stirring for a few minutes, the mixture was poured over 20 % 
cold sodium hydroxide solution (about 150 ml.). The resulting 
precipitate was filtered, washed well with water, and crystallized 
from ethanol to give 2.5 g. (78%) of the desired compound m.p. 
100-101 '. (Found: N, 11.74; CllHl~NzOPS requires N, 11.96%). 
4-(p-Aminophenyl)-2,5-dimethylthiazole-A mixture of 44p- 


nitrophenyl)-2,5-dimethylthiazole (5.8 g., 0.025 mole), iron powder 
(10 g.), and reducing solution (70 ml.) [made by adding formic acid 
(1 ml.) to acetic acid (7 ml.) and diluting the mixture to 100 ml. with 
7 5 x  alcohol] was heated under reflux on a steam bath for 1 hr. and 
filtered while hot. The filtrate was treated with excess of solid sodium 
carbonate and again filtered. The sodium carbonate cake was re- 
peatedly washed with hot ethanol; the combined filtrate and wash- 
ings were concentrated on a steam bath and the residue was crystal- 
lized from alcohol to give 3.46 g. (68%) of the amine, m.p. 106-107". 
(Found: C, 54.77, H, 4.89; N, 13.69; CllNILNZS requires C, 54.88; 
H,4.98; N, 13.72%). 


a-Chloro-p-aminopropiophenone-To a well-stirred suspension 
of powdered acetanilide (27 g., 0.2 mole) and anhydrous aluminum 
chloride (80 g.) in carbondisulfide (200 ml.) was added 2-chloropro- 
pionylchloride (46 g., 0.36 mole) at such a rate that a gentle refluxing 
was maintained. After the addition, the reaction mixture was re- 
fluxed on a steam bath for 1 hr. and then allowed to stand for about 
20 min. The upper layer was removed by decantation and discarded. 
The residual slurry was decomposed by pouring over crushed ice 
containing a little hydrochloric acid. The p-acetamino-a-chloro- 
propiophenone so obtained was collected by filtration, washed 
well, and dried. It was crystallized from benzene as shining yellow 
flakes; yield 39.5 g. (80%) m.p. 118-1 19". (Found: N, 5.95; CIIHIP- 
CINOz requires N, 6.21 %). 


The above acetyl compound (24.6 8.) was added to 100 ml. of 
dilute hydrochloric acid (1 : 1) and the mixture boiled for about 10 
min. The clear red solution was chilled by adding some crushed ice, 
decolorized with carbon, and filtered. Neutralization with dilute 
ammonium hydroxide solution gave a-chloro-p-aminopropio- 
phenone. This was collected by filtration, washed, and pressed well. 
The moist solid was crystallized from benzene, yield 13.4 g. (65 %) 
m.p. 98". 


4-(p-Aminophenyl)-2,5-dimethylthiazol~Alternate Method)- 
A mixture of a-chloro-p-aminopropiophenone (9.17 g., 0.05 mole) 
and thioacetamide (4.13 g., 0.055 mole) in 25 ml. of alcohol was re- 
fluxed for 1 hr. and the solvent removed by evaporation. The residue 
was dissolved in water, treated with charcoal, and basified with am- 


monium hydroxide. The desired amine which separated was crystal- 
lized from hexane, m.p. 106-107"; mixed m.p. with a sample pre- 
pared by the earlier method was not depressed; yield 7.0 g. (68 %). 


All the other p-(aminopheny1)thiazoles were similarly prepared 
using the appropriate intermediates and are listed in Table I. The 
various intermediates required for the synthesis of these thiazoles 
were prepared according to the literature methods. 


3,3'-Dibromo-4,4'-diethoxythiocarbanilide-A mixture of 3- 
bromo-4-ethoxyaniline (29) (21.6 g., 0.1 mole), carbon disulfide (12.7 
ml., 0.02 mole) and alcohol (200 ml.) containing potassium hydrox- 
ide (0.05 8.) was refluxed on a water bath for 24 hr. The reaction mix- 
ture was cooled, the solid filtered, and crystallized from ethanol to 
give 35.6 g. (75%) of the desired thiocarbanilide m.p. 166-167'. 
(Found: C, 43.52; H, 3.81; N, 5.49; Cl7HI8Br2N2O2S requires C, 
43.03; H, 3.79; N, 5.91 %). 
3,3'-Dibromo-4,4'-dimethoxythiocarbanilide was similarly ob- 


tained in 65% yield, m.p. 180-181". (Found: C, 39.82; H, 3.15; N, 
6.4; ClaHl4BrzNZO2S requires C, 40.36; H, 3.14; N, 6.7%). 
3-Bromo-4-ethoxyphenylisothiocyanate-A mixture of 3,3'- 


dibromo-4,4'-diethoxythiocarbanilide (23.7 g., 0.05 mole) and 
acetic anhydride (20.4 g., 0.2 mole) was refluxed for 10 min. and the 
mixture cooled, diluted with water, and neutralized with sodium 
carbonate. The solid thus separated was extracted with hexane and 
the extract concentrated to get 10.6 g. (60%) of the desired isothio- 
cyanate. A small portion crystallized from dilute acetone m.p. 35". 
(Found: N, 5.60; C9H8BrNOS requires N, 5.42%). 


3-Bromo-4-methoxyphenyl isothiocyanate was similarly obtained 
in 50% yield m.p. 66-67". (Found: N, 6.10; C8H6BrNOSrequires N, 
5.73 %) 


Other alkoxyisothiocyanates were similarly prepared : p-methoxy- 
(26), pethoxy-(26), p-n-propoxy-(26), p-isopropoxy-( 18), p-n- 
butoxy-(26), p-isobutoxy-( 18), p-n-amyloxy-( 18), p-iso-amyloxy- 
(1 8), 3,4-dichlorophenylisothiocyanate-(30). 
p-(2,5-Dimethyl-4-thiazolyl)-p'-n-propoxythiocarbanilide-A sol- 


ution of 4-(p-aminophenyl)-2,5-dimethylthiazole (4.08 g. ; 0.02 mole) 
and p-n-propoxyphenylisothiocyanate (26) (3.54 g., 0.02 mole) in 
benzene (20 ml.) was refluxed for 1 hr. The solvent was removed 
and the syrupy residue was left overnight in contact with hexane. A 
granular solid thus obtained was filtered, washed with hexane, and 
crystallized from benzene. Yield, 5.0 g. (65 %); m.p. 145". 


Other compounds were similarly prepared and are listed in Tables 
11-IV. 
p,p'-Bis(2,5-dimethylthiazolyl)thiocarbanilide-T0 a solution 


of 2,5-dimethyl-4-(p-aminophenyl)thiazole (6.1 g., 0.03 mole) in 
ethyl alcohol (60 ml.) containing potassium hydroxide (0.015 g.) 
was added carbon disulfide (4.6 g.). The mixture was refluxed for 
about 30 hr. and then cooled. The solid formed was removed by 
filtration and washed with a little ethanol to get 2.7 g. (40% yield) of 
the required thiourea, crystallized from ethanol m.p. 165-166". 


Other compounds were similarly prepared in yields ranging from 
35 to 7 0 z .  These compounds were generally crystallized from 
ethanol or benzene and are listed in Table V. 
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Structure-Activity Relations in Organophosphorus-Inhibited 
Acetylcholinesterase Reactivators 11: Methiodides of 
Hydroxyimino Derivatives of I-Pyridyl-2-phenylethanes 


PALMARISA FRANCHETTI*, MARIO GRIFANTJNI, and SANTE MARTELLI 


Abstract 0 A series of methiodides from syrz-Zhydroxyimino- 1- 
pyridyl-2-phenylethanes, syn-1-hydroxyimino-1-pyridyl-Zphenyl- 
ethan-2-ones, syn- and anti-2-hydroxyimino-l-pyridyl-2-phenyl- 
ethan-1-ones, and syn-1,2-di(hydroxyimino)-l-pyridyl-2-phenyl- 
ethanes was prepared. The influence of the structure of these 
new compounds on the in uitro reactivation of acetylcholinesterase 
inhibited by TEPP or DFP was investigated. The results obtained 
confirmed that quaternary pyridine derivatives containing a hy- 
droxyimino group in the position of the side chain generally 
keep a reactivating ability, in whatever position the connection 
with the ring may be; in some cases this activity is higher than that 
of the isomer containing the same group in the a position. 


Keyphrases 0 Acetylcholinesterase reactivators-structure-activity 
relationships 0 Organophosphorus-inhibited cholinesterase 
reactivators 0 l-Pyridyl-2-phenylethanes, hydroxyimino methi- 
odides-synthesis 0 UV spectrophotometry-identity, struc- 
ture 


~ 


It is well known that some quaternary pyridyloximes 
are used to reactivate the enzymatic activity of organo- 
phosphorus-inhibited acetylcholinesterase (1, 2). The 
most active are those in which the hydroxyimino group is 
placed on side chains in the 2 or 4 position of the ring 
(1, 3). Concerning the structure-activity relations of 
these drugs, Wilson (4) presented the hypothesis that 
reactivation principally depends on three factors: (a) 
nucleophilic reactivity ; (b) stereochemistry ; (c) comple- 


mentarity of the molecule of the reactivator to enzymatic 
active sites. The anti-configurations in 2- and 4-formyl- 
N-methylpyridinium oxime iodides (2-PAM, 4-PAM) 
satisfy the stereochemical requirements so that the 
displacement of the organophosphorus group takes 
place. This assumption proved to be partly wrong when 
Poziomek et al. (5) succeeded in synthesizing the second 
isomer of 4-PAM, and were able to ascribe, unmis- 
takably, the steric structure to the two geometric 
isomers by comparing their NMR spectra. Reactivation 
measurements showed the syn-isomer to be 2.5 times 
more effective. 


In order to obtain more knowledge of structure-activ- 
ity relations, the authors have recently undertaken a study 
on the reactivating properties of quaternary derivatives 
of pyridine containing either two hydroxyimino groups 
close to each other in the side chain or of one such group 
in the position. In a preceding note (6)  the results ob- 
tained on a series of methiodides of isomeric mono- and 
bis-hydroxyimino-P-pyridyl-propioanilides were re- 
ported; they pointed out the effectiveness of the hydroxy- 
imino group situated one carbon atom distant from the 
ring. 


In order to confirm these results, a series of methi- 
odides of hydroxyimino derivatives of l-pyridyl-2- 
phenylethanes, whose geometric configurations would 
be identical to  those of the products reported previously 
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Complexation Between Hexylresorcinol and Polyvinylpyrrolidone 
and Its Microbiological Evaluation 


GERALD P. POLLI" and BETTINA M. FROSTt 


Abstract 0 An investigation of the role of polyvinylpyrrolidone 
(PVP) as a stabilizer for hexylresorcinol in a compressed tablet was 
conducted and the effect of PVP on the microbiological activity of 
hexylresorcinol was investigated. The presence of PVP in the tablet 
was shown to be responsible for the color stability of the hexyl- 
resorcinol. A molecular interaction between hexylresorcinol and 
PVP, of unusually strong complexing tendency, was identified by 
the solubility isotherm method and by IR spectroscopy. The stoi- 
chiometry of the complex was calculated to be one hexylresorcinol 
molecule per vinylpyrrolidone repeating unit. The antimicrobial 
activity of hexylresorcinol was evaluated by two methods using 
both Gram-positive and Gram-negative bacteria, and was found to 
be reduced in the presence of PVP. This reduction in activity was 
apparently due to the molecular interaction between hexylresorcinol 
and PVP and, therefore, indicates a need for the biological evalua- 
tion of complexes whenever their formation is suspected. 


Keyphrases 0 Hexylresorcinol-polyvinylpyrrolidone-complexa- 
tion 0 Stability, hexylresorcinol-PVP effect 0 Antimicrobial 
activity, hexylresorcinol-PVP complexation effect 


Hexylresorcinol, an afkyiated dihydroxybenzene, is 
subject to the oxidative decomposition characteristic of 
phenols, both as a solid and in aqueous solution. The 
observation that compressed tablets, which contained 
hexylresorcinol and polyvinylpyrrolidone (PVP), did 
not discolor after 19 weeks at 50" suggested an in- 
vestigation of the role of PVP as a stabilizer and also 
suggested an investigation of the effect of PVP on the 
microbiological activity of hexylresorcinol. 


EXPERIMENTAL 


Influence of Polyvinylpyrrolidone on Hexylresorcinol Stability in 
Compressed Tablets-The influence of PVP on hexylresorcinol 
stability in compressed tablets was investigated by observing the 
effect of heat on the physical stability of tablets containing hexyl- 
resorcinol made with and without PVP. Where present, the PVP was 
added as a 7.5% w/v alcoholic solution during granulation; the 
ratio of PVP to hexylresorcinol was 15 mg. to 5.25 mg. The tablets 
were packaged in amber glass bottles and stored at 50", 37" and 
room temperature. 


Complexing of Hexylresorcinol with Polyvinylpyrrolidone-The 
method of Klotz et al. was employed to determine the complexing 
of hexylresorcinol with PVP ( I ) .  It consisted of bringing two solu- 
tions, one containing hexylresorcinol and the other PVP, into 
equilibrium across a semipermeable membrane. The membrane was 
chosen to permit the hexylresorcinol molecules to pass freely through 
it and achieve the same concentration in both solution phases. 
At the same time, the membrane was impermeable toward the 
PVP macromolecules. Therefore, any increase in the hexylresorcinol 
concentration on the PVP side of the barrier was attributed to com- 
plex formation. 


Cellulose dialyzing bags' were filled with 10 ml. of varying con- 
centrations (0 to 0.3% w/v) of PVP solutions. The bags were im- 
mersed in 20 ml. of 0.025 % w/v hexylresorcinol solution. The glass 
jars containing these solutions were mechanically shaken overnight 
at room temperature (approximately 23 "). The following morn- 


1 Arthur H. Thomas Company, Philadelphia, Pa. 


ing, the bags were removed from the glass jars and the remaining 
external solutions were analyzed for hexylresorcinol by measuring 
the absorbance at the maximum near 279 mp using a Beckman 
model DU spectrophotometer. Six hours of mechanical shaking 
were adequate for attainment of hexylresorcinol equilibrium. 


Microbiological Evaluation-The PVP-free and PVP-containing 
tablets were evaluated for antimicrobial activity of hexylresorcinol 
by two methods, using Staphylococcus uurms, Strrproroccus pyo- 
genes, and Proteus outgaris. These organisms were selected be- 
cause each had a reported sensitivity to hexylresorcinol and be- 
cause they represented both Gram-positive and Gram-negative 
bacteria, - 


In Method I, aqueous suspensions of each test sample were pre- 
pared to contain the equivalent of 1.2 mg. of hexylresorcinol per 
ml. The test samples were: hexylresorcinol crysta's (the control), 
hexylresorcinol tablets without PVP, and hexylresoi cinol tablets 
with PVP. One-half milliliter of a 24-hr. culture2 of S.  
uureus FDA 209 ATCC 6538 in standard broth medium" was 
added to 5 ml. of each test sample. After 1 min. a 4-mm. loopful of 
inoculated test solution was transferred to a tube of standard broth 
medium. The inoculated broth was incubated at 37" for 48 hr., after 
which time the tubes were examined. Growth in the subculture in- 
dicated that the organism had not been killed; no growth in the 
subculture indicated the organism had been killed. 
In Method 11, a cup plate test, aqueous suspensions of each test 


sample were prepared to contain the equivalent of 1 and 0.25 mg. 
hexylresorcinol per ml. The test samples were the same as 
those listed above. Test cultures of S .  aureus Smith and P.  
uulguris 1810 were grown overnight at 37" in brain heart 
infusion broth,4 except for S.  pyogenes C-203 for which horse 
serum was added to the broth to a final concentration of 10%. 
The overnight cultures were diluted to a final concentration of 
in brain-heart infusion agar, again adding serum for S .  pyogenes 
C-203. Each plate received 10 ml. of seeded agar. Two cups were 
used for each of the dilutions tested. 


RESULTS AND DISCUSSION 


Influence of Polyvinylpyrrolidone on Hexylresorcinol Stability in 
Compressed Tablets-After 1 week at room temperature, 37 and 
50°, the tablets without PVP were darker in color than the tablets 
containing PVP. After 1 month under the same temperature con- 
ditions, the tablets without PVP appeared as mottled, brownish- 
pink tablets whereas the PVP-containing tablets remained white. 
Placebo tablets, containing neither hexylresorcinol nor PVP, did 
not discolor. These observations indicated that the discoloration of 
the hexylresorcinol in the compressed tablets was prevented through 
the addition of PVP and thus suggested that PVP acted as a stabilizer 
for hexylresorcinol, possibly through complex formation. 


Complexing of Hexylresorcinol with Polyvinylpyrrolidone- 
Figure 1 shows that hexylresorcinol complexes with PVP. The re- 
sults are expressed according to the method of Higuchi and Kura- 
mot0 (2). If hexylresorcinol had not complexed with PVP, the 
hexylresorcinol concentrations would be equal on each side of the 
membrane. The total hexylresorcinol concentration and the con- 
centration of unbound hexylresorcinol thus would be equal and K 
would be 1. However, if hexylresorcinol complexed with PVP, the 
hexylresorcinol concentrations would be unequal on each side of 
the membrane. The -oncentration of unbound hexylresorcinol 


2 This culture was standardized so that after 5 min. a 1 :75 phenol 
solution did inhibit growth whereas a 1 :SO phenol solution did not 
inhibit growth. 


3 Contains beef extract, peptone, sodium chloride, and distilled 
water. 


4 Baltimore Biological Laboratories, Inc., Baltimore, Maryland. 
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Table I-Microbiological Evaluation-Method I1 


Hexyl- 
resorcinol Average Inhibition Zone (mm.) 


Test Concn., S.  Strep. P .  
Sample mg./ml. aureus pyogenes vuigaris 


2 0  005 0 1  0 15 0 2  0 2 5  0 3  
PVP CONCENTRATION (Yo W / V )  


Figure I-Complexing between hexylresorcinol and PVP. 


would be less than the total hexylresorcinol concentration and K 
would be greater than 1. 


Complex formation between PVP and a number of pharma- 
ceutical substances was studied by Higuchi and Kuramoto (2, 3). 
The greatest K value reported by them was 1.2 for sulfathiazole 
at 0.05% PVP. Since the authors observed a K value of 3.0 for 
hexylresorcinol at 0.05 % PVP, it appears that hexylresorcinol 
showed an unusually strong complexing tendency with PVP. 


Two consecutive positive slopes are shown in Fig. 1. This multi- 
slope solubility isotherm indicates that a complex molecular inter- 
action has occurred, which can possibly be explained by a change of 
the spacial orientation of the PVP polymer as hexylresorcinol 
molecules attach to it. Lach and Pauli (4) have reported similar in- 
teractions between several pharmaceuticals and Schardinger dex- 
trins. 


The method of Klotz e t a / .  was used to determine the maximum 
number of bound hexylresorcinol molecules per PVP molecule and 
is illustrated in Fig. 2 (1). The reciprocal of the value of the intercept 
at the y-axis is the maximum number of bound hexylresorcinol 
molecules per PVP molecule and was calculated to be 417 hexyl- 
resorcinol molecules. Since there are 360 vinylpyrrolidone repeat- 
ing units per PVP molecule, the number of bound hexylresorcinol 
molecules was calculated to be 1.16 per vinylpyrrolidone repeating 


__-- ___-- -  I= 
0: 5 10 15 


I ~ M O L E S  F R E E  H E X Y L R E S O R C I N O L  i x i o - 4 ;  


Figure 2-Determination of the maximum number of bound hexyl- 
resorcinol molecules per PVP molecule. 


Crystals 1 .oo 21 16 14 
0.25 15 10 8 


Tablet 1 .oo 19 15 12 
without 0.25 13 9 8 
PVP 


Tablet 1 .oo 11 8 8 
with PVP 0.25 8 8 0 


unit. Presumably, 1 is the number of bound hexylresorcinol mole- 
cules per vinylpyrrolidone repeating unit. 


An examination of the IR spectrum of the hexylresorcinol-PVP 
complex, which was isolated as a white solid, revealed a shift in  
the frequency of the hydroxyl band from 3420 to near 3270 crn.-l. 
It is reasonable to expect the hydroxyl groups of the hexylresorcinol 
molecule to be involved in the complex formation, and so the ob- 
served shifts in the hydroxyl frequency is acceptable. 


Microbiological Evaluation-The results of the microbiological 
evaluation by Method I are summarized as follows. Growth was not 
observed in the subcultures containing test samples free of PVP, 
namely hexylresorcinol crystals and the hexylresorcinol tablet 
without PVP. However, growth was observed in the subcultures 
containing the test sample with PVP, namely the hexylresorcinol 
tablet with PVP. 


The results of the microbiological evaluation by Method I1 are 
summarized in Table I .  The crystalline hexylresorcinol test samples 
showed greater inhibition zones than either of the tablet test samples 
for all conditions except the PVP-free tablet with P .  culgaris 
at 0.25 mg./ml. The presence of insoluble tableting adjuvants in the 
tablet test samples probably hindered diffusion from the cup, which 
was reflected as smaller zones of inhibition. In all cases, the tablet 
test samples with PVP showed smaller inhibition zones than the 
tablet test samples without PVP. The inhibition zone was reduced 
from 1 I to 100 z, the average being 45 %. 


These results indicated that the antimicrobial activity of hexyl- 
resorcinol was reduced in the presence of PVP. This reduction in 
activity was apparently due to the molecular interaction between 
hexylresorcinol and PVP, and therefore indicates a need for the 
biological evaluation of complexes whenever their formation is 
suspected. 
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Prevention of Digitoxin Poisoning by Various Steroids 


HANS SELYE, JAN JELINEK, and MILOSLAV KRAJNY 


Abstract 0 Experiments on rats indicate that spironolactone as 
well as several anabolic androgens protect the rat against an other- 
wise fatal digitoxin poisoning, whereas numerous other hormonally 
active or inactive steroids are ineffective in this respect. Among those 
tested, all potent anabolic androgens possess antidigitoxin activity; 
however, male hormonal actions do not appear to be indispensable 
for this protective effect since spironolactone is devoid of anabolic 
and androgenic potency, yet highly active in antagonizing digitoxin. 


Keyphrases 0 Digitoxin poisoning-steroid effect 0 Androgenic 
steroids-antidigitoxin activity Spironolactone-antidigitoxin 
activity 0 Anabolic steroids-antidigitoxin activity 


The observation that overdosage with pure rnineralo- 
corticoids can produce hypertension, cardiac failure, 
and severe dropsy in the chick (1) and rat (2) was fol- 
lowed by clinical investigations showing increased uri- 
nary mineralocorticoid excretion in patients with certain 
types of hypertension, nephrosis, cardiac failure, or 
toxemia of pregnancy (3-5), and eventually, the re- 
sponsible factor could be isolated and identified as aldo- 
sterone (6 ,  7). Hence, an intensive search began for a 
compound that might block the actions of mineralo- 
corticoids and these investigations culminated in the 
discovery of spironolactone (8, 9), a hormonally in- 
active steroid which, according to current opinion, 
antagonizes both aldosterone and desoxycorticosterone 
by a selective competitive inhibition of the mineralo- 
corticoid effect at the level of the renal tubule. However, 
it soon became evident that the compound also possesses 
apparently quite unrelated activities. For example, it 
offers protection against the cardiovascular lesions pro- 
duced by dihydrotachysterol (DHT) overdosage (10) and 
the same is true of a closely related antimineralocorticoid 
“SC-11927” (1 1). More recent studies have shown 
that spironolactone also protects the rat against digi- 
toxin poisoning (12) as well as against the sedative and 
anesthetic effects of various steroid and nonsteroid 
compounds (13). 


Independently of these studies it had been noted that 
not only the body-weight loss but even the soft-tissue 
calcifications elicited by DHT overdosage are inhibited 
by simultaneous treatment with various anabolic 
steroids such as methyltestosterone (14-17) or 17-ethyl- 
19-nortestosterone (18). Extensive studies with a large 
number of androstane derivatives have subsequently 
shown that the anti-DHT effect is more closely related 
to the anabolic than to the androgenic potency; nor- 
bolethone, fluoxymesterone, and other predominantly 
anabolic compounds with comparatively weak andro- 
genic potency are the most potent antagonists of DHT 
( 19). 


Finally, it had been found that spironolactone also 
antagonizes the adrenal necrosis normally produced 
in rats by dimethylbenzanthracene (20). 


All these observations clearly indicated that contrary 
to current opinion not all actions of spironolactone are 
merely the consequences of a mineralocorticoid-block- 
ing effect. Its ability to protect against DHT, various 
anesthetics, and digitoxin is shared by predominantly 
anabolic androgens but does not seem to be inseparably 
linked to anabolic potency or any other known steroid- 
hormone action since spironolactone itself is virtually 
devoid of androgenic, anabolic, estrogenic, luteoid, 
corticoid, or anesthetic actions. The purpose of the 
experiments to be described here was to compare the 
possible protective effect of numerous hormonal and 
nonhormonal steroids, potassium-sparing agents, and 
potassium chloride in rats subjected to fatal acute 
digitoxin poisoning under standard conditions. 


MATERIALS AND METHODS 


Two-hundred and fifty female rats of the Holtzman Farms 
(Madison, Wis.) with a mean initial body weight of 100 g. (range 90- 
110 8.) were divided into 25 equal groups and treated as outlined 
in Table I. Digitoxin (1 mg./100 g. body weight) was administered 
in 1 ml. of water once daily by stomach tube to all rats. The animals 
of Group 1 acted as controls and received no other medication, 
whereas those of Groups 2-25 were pretreated with various poten- 
tially prophylactic agents. 


The steroids spironolactone, norethandrolone, oxandrolone, nor- 
ethynodrel (Searle), testosterone, methylandrostenediol, desoxy- 
corticosterone acetate, progesterone (Ciba), ethylestrenol, nandro- 
lone phenpropionate, nandrolone decanoate (Organon), fluoxy- 
mesterone (Upjohn), oxymetholone (Parke-Davis), ethisterone 
(Frosst), acetoxypregnenolone (Chemical Specialities), methyl- 
testosterone, estradiol, cortisol acetate, pregnanedione, pregneno- 
lone (Schering), and norbolethone (Wyeth), were all administered 
twice daily at the dose of 10 mg. in 1 ml. of water by stomach tube, 
beginning on the fifth day prior to the initiation of digitalization. 
This comparatively long pretreatment was given because preliminary 
experiments had shown that the antidigitoxin effect of the active 
steroids takes 2-5 days to reach its full development. 


The individual dose of KC1 was 1 mmole,, that of amiloride. HC1 
(Merck Sharp & Dohme) 300 mcg., and that of triamterene (Smith 
Kline & French) 2 mg., always in 1 ml. of water administered twice 
daily by stomach tube. In order to avoid complications owing to 
the hyperkalemia elicited by the last-mentioned three compounds 
and, because of their more rapid action, treatment with these non- 
steroidal agents was started 48 hr. before administration of digi- 
toxin. The doses of KCI and of the potassium-sparing agents were 
selected, on the basis of preliminary experiments, to produce the 
greatest potassium flooding of the tissues compatible with survival. 


Throughout the experiment, the rats were maintained exclusively 
on a special preparation (Purina Laboratory Chow, Ralston Purina 
Co. of Canada) and tap water. The convulsive motor disturbances 
typical of digitoxin poisoning were assessed in terms of an arbitrary 
scale in which 0 = no change, + = uncertain gait, ++ = spastic 
contractions of the skeletal muscles but the animal maintains up- 
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Table I-Prevention of Digitoxin Poisoning by Various Steroids 


Preputial 
Mort.. Final Bodv Gland Weight, 


Group I -Treatment (I - %  Weight, g.-* mg.b- 


1 


2 


5 


9 


10 


Control 


& --CH, 


/ 
0 


--CH, 


--CH, 


0 4 


11 KC1 


None 70 76 f 5 30 f 2 


Norbolethone: 0 130 f 2*** 130 =t 8*** 
dl-13-ethyl-17-hydroxy-18, 
19-dinor-17a-pregn-4-en- 
%one 


Fluoxymesterone : 0 130 i I*** 153 f 11*** 
17a-methyl-9a-fluoro-11~, 
17p-dihydroxy-androst-4- 
ene-3-one 


Oxandrolone : 0 121 f 3*** 117 f 13*** 
I7a-methyl-l7P-hydroxy-2- 
oxa-5a-androstan-3-one 


Spironolactone : 0 120 f 4*** 55 =!= 6 N.S. 
17-hydroxy-7-mercapto-3- 
0x0- 17a-pregn-4-ene-21- 
carboxylic acid y-lactone 


Norethandrolone : 10 116 f 4*** 105 i 5*** 
17a-ethyl- 170-hydroxy- 19- 
norandrost-4ene-3-one 


Methylandrostenediol : 0 111 f 2*** 170 i 13*** 
17a-methyl-3p, 178-dihy- 
droxy-androst-Sene 


Methyltestosterone : 10 108 f 4*** 137 i 12*** 
17a-methyl-l7@-hydroxy- 
androst-4-en-3-one 


0 101 f 3** 127 i 8*** Ethylestrenol : 
17a-ethyl-17p-hydroxy- 
estr-4ene 


40 95 f 3 N.S. 120 i 11*** Oxymetholone : 
17a-rnethyl-l7/3-hydroxy-2- 
(hydroxymethylene)-5a- 
androstan-3-one 


Potassium chloride 70 89 f 1 N.S. 33 + 4 N.S. 


(continued on next page) 
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Table I--(conrinued) 


Preputial 
Mort., Final Body Gland Weight, 


Group ----- --Treatmenta--- -- z Weight, g.* mg.* 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


CHS 
I 


Pregnanedione : 50 89 f 7 N.S. 71 f 8*** 
pregnane-3,20-dione 


Pregnenolone : 60 89 f 4 N.S. 71 f 7*** 
3p-hydroxy-pregn-5-ene-20- 
one 


Testosterone : 60 87 f 4 N.S. 71 f 4*** 
17~-hydroxy-androst-4ene- 
3-one 


CH2-cH,a Nandrolone phenpropionate: 60 84 f 1 N.S. 46 + 12 N.S. 
- 17p-hydroxyestr-4-en-3-one 


17-phenylpropionate 


FH,OAc 
I 


0 &=O CH,-OAc 


I 


HO 


NH 
Clx~xCONHCNH2 II 


H,N N’ NH, 


no & 


Nandrolone decanoate: 50 83 i IONS. 91 f 7*** 
17j3-hydroxyestr-4-en-3-one 
17-decanoate 


Triamterene : 
2,4,7-triamino-6-phenyl- 
pteridine 


100 82 i 6 N.S. 45 f 4 N.S. 


Desoxycorticosterone acetate: 60 82 f 2 N.S. 40 f 4 N.S. 
21-hydroxypregn-4-ene-3,- 
20-dione 21 acetate 


Acetoxypregnenolone : 
3&21-dihydroxy-pregn-5- 
ene-20-one 21 acetate 


80 80 f 3 N.S. 39 f 3 N.S. 


Amiloride: 100 78 f 2 N.S. 31 f 3 N.S. 
N-amidino-3,5-diamino-6- 
chlorop yrazinecarboxamide 


Estradiol: 
3&17,9-dihydroxy-estra- 
113,5-triene 


100 75 =k 1 N.S. 39 f 4 N.S. 


(continued on next page) 
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Table I-(conriruied) 


Preputial 
Mort., Final Body Gland Weight, 


Treatment" - z  Weight, g.b mg.b 


Progesterone : 30 74 f 3 N.S. 


Group ----- 
46 I 5 N.S. 


22 pi, pregn-4ene-3,20-dione 


23 CH,OAc 
I 


25 


Cortisol acetate: 
1 1&17a,21-trihydroxy- 
pregn-4ene-3,20-dione 


SO 64 & 2 N.S. 37 3 3 N.S. 


Ethisterone : 100 
17a-ethynyl- 17P-hydroxy-4- 
androsten-3-one 


Norethynodrel : 100 
17-hydroxy-19-nor-17a- 
pregn-5( 10)-en-20-yn-3-one 


- -80 x 2 N.S. 


35 = 3 N.S. 


~~~ ~ ~~~~ ~ 


a In addition to the compounds listed in this column the animals of all groups were gven &atoxin as described in the text. The significance of 
the difference between control values (Group 1) and the treated animals (Groups 2-25) is expressed as follows: * *  = p < 0.005, ***  = p < 0.001, 
N.S. = not significant. 


right position, and +++ = intense convulsions with the animal 
lying on its side. All animals were killed on the sixth day and the 
percentage mortality rate, listed in Table I, corresponds to the ani- 
mals that succumbed by that time. The first manifestations of motor 
disturbances became evident within 24 hrs. after initiation of digital- 
ization and became progressively worse in the rats that lost body 
weight. Thus, on the last day of the experiment, in the inadequately 
protected groups, even the survivors showed evidence of severe 
digitoxin poisoning. In order to permit comparisons between the 
anabolic (or anticatabolic), androgenic, and antidigitoxin effects, 
the final body weight and the preputial-gland weight was deter- 
mined in all animals that survived to within 24 hr. of terminating 
the experiment and the means of these determinations (with stan- 
dard errors) are also listed in the table. 


RESULTS 


In Table I the groups are arranged in the order of decreasing final 
body weights. It will be noted that, under the prevailing experimental 
conditions, digitoxin produced 70 % mortality and a considerable 
loss of body weight from the initial mean value of 100 g. in otherwise 
untreated controls (Group I) ;  all survivors were in continuous severe 
convulsions and evidently moribund at the end of the experiment. 


By contrast, the rats treated with spironolactone or the most 
strongly anabolic steroids (Groups 2-6) showed no mortality and 
no convulsions. These anabolic steroids also prevented the body- 
weight loss otherwise induced by heavy digitoxin poisoning, but this 
was true also of spironolactone which has no inherent anabolic 
activity; it presumably prevented loss of body weight only by 
counteracting the anorectic and catabolic effect of severe digitoxin 
poisoning. All these anabolic steroids also exerted androgenic 
effects as judged by the enlargement of the preputial glands but, as 
expected, spironolactone exhibited no virilizing potency. Less active 
anabolic steroids (Groups 7-10) also offered definite protection 
against digitoxin-induced mortality which was also associated with 
stimulation of the preputial glands. All remaining compounds 


(Groups 11-25) were virtually devoid of any significant protective 
effect against mortality or body-weight loss and, correspondingly, 
showed little or no preputial gland-stimulating potency. 


DISCUSSION 


Since spironolactone is a potent potassium-sparing agent, and 
digitalis intoxication in man is counteracted by potassium, it 
might have been suspected that the protective effect of the anti- 
mineralocorticoid is merely due to its potassium-retaining effect. 
However, here, even near toxic doses of KCI, or treatment with 
other highly potent potassium-sparing agents such as amiloride 
and triamterene, offered no protection against the large doses of 
digitoxin used. It is evident, furthermore, that several steroids 
other than spironolactone can protect the rat against fatal digitoxin 
intoxication irrespective of their effects upon electrolyte metabolism. 


On the other hand, there exists a striking parallelism between the 
antidigitoxin and the anticatabolic-androgenic effect as determined 
by earlier work in which these same steroids were comparatively 
assayed for their ability to prevent loss of body weight and stimu- 
late the preputial glands in rats chronically treated with dihydro- 
tachysterol(l9). In the present experiments, acute intoxication with 
digitoxin may have modified the anticatabolic effect and the re- 
sponse of the preputial glands. In addition, the period of steroid 
treatment was short. Hence, the results do not correspond in every 
detail to those of the earlier work just cited; yet, in general, the 
outcome is the same in that the most potent antidigitoxin com- 
pounds are also most powerful in preventing body-weight loss and 
(with the exception of spironolactone) in stimulating the preputial 
glands. 


Although in the table, the potentially protective compounds are 
listed in decreasing order of their anticatabolic action, the exact 
position of a compound in this order is largely accidental. Differ- 
ences of a few grams may depend upon the amount of food that 
happens to be in the gastrointestinal tract at the time of weighing. 
Still, the rats in Groups 2-9, which were undoubtedly best protected 
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against digitoxin-induced mortality, also showed the highest final 
body weights and (with the exception of spironolactone) the highest 
preputial-gland weights. 
In interpreting these data it must be remembered that, if a com- 


pound prevents digitoxin poisoning, it will naturally inhibit not 
only the mortality but also the loss of body weight. Hence, in them- 
selves, these experiments would not prove a causal relationship 
between anticatabolic and antidigitoxin actions but earlier obser- 
vations have shown these same compounds to possess anabolic 
potencies in other tests (19). Similarly, this experimental arrange- 
ment being chosen to demonstrate antidigitoxin activity, was not 
particularly suitable for the accurate assessment of androgenic 
potency (which is, in any event, not optimally reflected by the weight 
of the preputial glands). Again, previous experiments suggest that 
anabolic rather than androgenic activity may be most decisive 
in preventing digitoxin poisoning. Be this as it may, the steroids en- 
dowed with the greatest anabolic and androgenic activity are also 
most potent in protecting against digitoxin. 


At first sight it would seem improbable that this relationship 
should be merely coincidental; yet spironolactone, one of the most 
active digitoxin antagonists, possesses no anabolic or androgenic 
properties. Further research will be required to clarify the possible 
relationship between antidigitoxin and anabolic or androgenic 
activity. The possibility cannot be excluded that some steroids, 
for example, nandrolone phenpropionate and decanoate, would 
have been more potent anabolic androgenic and antidigitoxin 
agents had they been administered parenterally. The solvent, the 
number of medications per day, and many other factors may in- 
fluence the efficacy of these steroids. On the basis of received data 
it can be seen that all steroids exhibiting great anabolic potency 
under the experimental circumstances employed in this research, 
counteract digitoxin toxicity in the rat, whereas the reverse is not 
true in view of the high antidigitoxin potency of spironolactone. 
Hence, it may be concluded that whatever the mechanism of the 
antidigitoxin effect, it does not necessarily depend upon anabolic 
activity. 


Perusal of the earlier literature reveals several possibly pertinent 
data. Spayed female dogs, prophylactically treated with estrogens, 
are more resistant to the production of arrhythmia by a toxic intra- 
venous dose of digoxin than untreated castrate controls (21). Yet, 
estradiol possesses no anabolic potency (14, 19) nor did it protect 
the rats against fatal digitoxin intoxication in the present ex- 
periments. 


It has also been noted that anabolic steroids stimulate the produc- 
tion of hepatic microsomal enzymes which not only destroy digitalis 
compounds in vitro but also protect against the anesthetic effect of 
barbiturates (22,23). 


Furthermore, intact female and castrate male rats are more 
sensitive to the anesthetic action of progesterone than intact males, 
and the resistance of castrate males and females can be raised by 
methyltestosterone. Hence, the comparative resistance of the intact 
male was ascribed to a testicular compound, presumably an ana- 
bolic androgen (24). 


Finally, pretreatment with various anesthetic steroids increases 
the resistance of the rat not only to other anesthetic steroids (25) but 
also to metrazol(26) and picrotoxin (27). 


It would be premature to speculate upon the possible relationships 
between these earlier observations on the induction of resistance to 
various drugs by pretreatment with steroids and the present findings. 
However, there can be no doubt that spironolactone as well as 
several anabolic androgens can protect the rat against an otherwise 
fatal digitoxin poisoning. 


REFERENCES 


(1) H. Selqe. Canud. Med. Assoc. J . ,  47, 5 1 3  1942). 
(2) H. Selye and E. I. Pentz, ibid. 49,264(194?). 
(3) R. Gaunt, A. A. Remi, and J. J. Chart, J.  C1i)r. Endocrinol. 


Metab., 15,621(1955). 
(4) J. Genest, J. de Champlain, R. Veyrat, R. Boucher, G. Y. 


Tremblay, C. G. Strong, E. Koiw, and J. Marc-Aurele, Circulation 
Res., 17 (1965); Suppl. Hypertension, 13, 97. 


( 5 )  J. H. Largh, Am. J .  Med., 21, 423(1956). 
(6) J. A. Luetscher, Jr., A. Dowdy, J. Harvey. R. Neher, and A. 


Wettstein, J. Bid. Chem., 217, 505(1955). 
(7) J.  A. Luetscher, Jr., R. Neher, and A. Wettstein. Esyerientia, 


12,22(1956). 
(8) C. M. Kagawa, “Hormonal Steroids,” vol. 1, Academic 


Press, New York, N. Y. ,  London, England, 1964. p. 445. 
(9) C. M. Kagawa, In. F. M. Sturtevant, and C .  G. van Arman, 


J. Pharmacol. Exptl. Therap., 125,123(1959). 
(10) H. Selye, “The Pluricausal Cardiopathies.” Charles C 


Thomas, Springfield, Ill., 1961, p. 438. 
(11) H. Selye, S. Grasso, and N. Padmanabhan. Lancet, Dec. 17, 


1 3 51 (1 960). 
(12) H. Selye, M. Krajny, and L. Savoie, Science. 164, 842(1969). 
(13) H. Selye, I. Mks,  and L. Savoie, AnesthesioIogJ?, in press. 
(14) H. Selye, Acta Endocrinol., Kbh., 25, 83(1957). 
(15) H. Selye, R. Strebel, and L. Mikulaj, J.  Am. Geriut. Soc., 11, 


(16) H. Selye, B. Tuchweber, and G. Gabbiani. ibid., 12, 207 


(17) B. Tuchweber, G. Gabbiani, and H. Selye, Am. J. Clin. 


(18) H. Selye and S. Renaud, Am. J. Med. Sci., 235, l(1958). 
(19) H. Selye, B. Tuchweber, and M. Jacqmin, Acra Endocrinol. 


(20) K. Kov6cs and A. Somogyi, Proc. Soc. Esytl. Bid.  Med., in 


(21) E. H. Grinnell, J. R. Johnson, J. R. Rhone. A. Tillotson, 


(22) J. Booth and J. R. Gillette, J.  Pharmacol. Erptl. Therap., 


(23) G. P. Quinn, J. Axelrod, and B. B. Brodie, Biochrnr. Phar- 


(24) H. Winter, Endocrinology, 29, 790(1941). 
(25) H. Selye, J.  Zmmunol., 41, 259(1941). 
(26) H. Selye, J. Lab. C h .  Ned., 27, 1051(1942). 
(27) E. L. Clarke, Proc. Can. Physiol. SOC. Morrtebello .\feeting, 


1( 1963). 


(1964). 


Nutr., 13,238(1963). 


Kbh., 49,589(1965). 


press. 


J. Noffsinger, and M. N. Huffman, Nature, 190, 1117(1961). 


137,374(1962). 


macol., 1,152(1958). 


Oct. 24-25,1941. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 15, 1969 from Znstitute of Experime~zral Medicitre 


Accepted for publication June 3, 1969. 
This work was supported by the Ministhe de la SantP, QuCbec, 


and the Medical Research Council of Canada (Block Term Grant 


@The authors also wish to thank all the companies mentioned in the 
section Materiuls crnd Methods for their contribution of the drugs 
used. 


and Surgery, Uuiuersity of Montreal, Montreul, Canada 


MT- 1829). 


Val- 58, No. 9, September 1969 a 1059 












Biopharmaceutical Aspects of Aspirin-Induced Gastrointestinal 
Blood Loss in Man 


JACK R. LEONARDS and GERHARD LEVY 


Abstract 0 The extent of injury of the gastrointestinal mucosa due 
to contact with aspirin (ASA) particles is likely to be a function of 
contact area and duration of contact, among other factors. While 
the duration of contact between ASA particles and mucosa may 
be shortened by decreasing the particle size of the drug and thereby 
increasing its rate of dissolution, this results in an increased area 
of contact between the drug and the mucosa. It is impossible to 
decrease both duration and area of contact by particle size adjust- 
ment. One method by which contact time can be shortened, without 
simultaneously increasing the area of contact, is the addition of 
antacids (“buffers”) to ASA tablet formulations. Other formulation 
variables being the same, these additives should increase the rate 
of ASA dissolution and thereby decrease the time of contact be- 
tween the drug particles and the gastrointestinal mucosa. Average 
daily occult blood loss in the stool was determined in healthy human 
subjects who received different ASA tablet preparations. Two of 
these preparations were very similar in their in oivo absorption 
characteristics, but differed in that one contained relatively small 
particles of ASA and no antacids, while the other type contained 
larger ASA particles and antacids. The ASA-antacid tablets pro- 
duced significantly less bleeding than the ASA tablets which did not 
contain the additives. 


Keyphrases 0 Aspirin-induced gastrointestinal bleeding-biophar- 
maceutic aspects 0 Antacid effect-absorption rate, aspirin-in- 
duced bleeding 0 Particle size effect-absorption rate, aspirin- 
induced bleeding 


There is now considerable evidence that aspirin- 
induced gastric or gastrointestinal occult bleeding is 
usually a local effect resulting from contact of aspirin 
particles, or of the saturated solution of aspirin sur- 
rounding these particles, with the mucosa (1-4). The 
most direct support for this conclusion derives from 
the recent observation that repeated intravenous ad- 
ministration of aspirin to healthy human subjects 
caused no bleeding while similar doses given orally in 
tablets produced appreciable occult blood loss (3). 
This being the case, it was a reasonable assumption 
that the extent of mucosal injury and bleeding due to 


Table I-Physicochemical Properties of Aspirin Tablets Used in 
the Study of Gastrointestinal Bleeding 


Amount . .~.._ ..... 


pH of in S o h ,  “Paste 
Type of Tablets Dispersiono mg./30 ml.a P H ” ~  


Aspirin, tablets (E)d 2.7  128 (130)c 1 . 1  
Aspirin + antacid 
Commercial tablets ( F - p  5.2 915(938) 5.2 
Aspirin + antacid 
Experimental tablets (F-Il)f 6.9 898(953) 5 .4  


a Three tablets, each containing 0.32 g. aspirin, were dispersed in 3: 
ml. distilled water and the dispersion was agitated for 3 hr. at 27 z!= 1 . 
Data are averages of four experiments. ”he pH of a paste made of 
crushed tablets and 0.1 N HCl (5). The amount stated in parentheses 
includes free salicylic acid (in terms of aspirin), most ofwhich was formed 
during the 3-hr. agitation. These tablets are referred to in Tables IV 
and V as E-I and E-II merely to distinguish two groups of experiments. 
BAspirin 0.32 g., aluminum glycinate 0.05 g., magnesium carbonate 
0.1 g./tablet. f Aspirin 0.32 g., magnesium carbonate 0.32 g./tablet. 


Table 11-Gastrointestinal Bleeding Produced by Rapidly 
Absorbed Commercial Aspirin-Antacid Tablets (F-l) and by 
More Slowly Absorbed Regular Aspirin Tablets (E)  


Average Daily Blood 
7-- Loss, ml.---- 


Age, Body Con- Aspirin- 
Subject yr. Sex Weight, kg. trol Antacid Aspirin 


7 29 M 98 0.7 1.6 4 .3  
8 26 M 81 0.5 4.3 3.4 
9 32 M 77 1.1 1.3 1.7 


10 29 M 75 0.7 1.7 1.6 
11 29 M 100 0.5 0 .9  1 .5  
12 2 M 0.6 - 1.9 2.8 


Average 32 82 0 .7  2.0 2.6 
-_ 62 - 


aspirin might be modified by pharmaceutical dosage 
form factors. A series of studies was initiated therefore 
to determine the effect of dosage form on occult gastro- 
intestinal blood loss due to aspirin in man. One of these 
studies dealt with the effect of buffer capacity on the 
blood loss produced by aspirin solution (4) and another 
was concerned with the effect of particle size on the 
gastrointestinal bleeding resulting from aspirin tablets 
(2). The latter study yielded results consistent with the 
assumption that the degree of mucosal injury from as- 
pirin is a function of both the area and duration of 
contact of the drug particles with the mucosa (2). 


The duration of contact may be shortened by de- 
creasifig the particle size of aspirin and thereby increas- 
ing its rate of dissolution. However, this also causes an 
increase in the area of contact which apparently offsets 
the advantage gained by decreasing the contact time 
(2). One way to circumvent this reciprocal relationship 
is to increase the dissolution rate of aspirin by the addi- 
tion of antacids to the tablet formulation. Even rela- 
tively small amounts of such additives, though insuffi- 
cient to modify appreciably the pH of the gastric fluids, 
will raise the pH in the immediate “microenvironment” 
of the aspirin particles and thereby increase their rate 
of dissolution (5) .  All other factors being the same, it 
should therefore be possible to reduce aspirin-induced 


Table 11-Gastrointestinal Bleeding Produced by Rapidly 
Absorbed Experimental Aspirin-Antacid Tablets (F-II) and by 
More Slowly Absorbed Regular Aspirin Tablets (E)  


Average Daily Blood 
-Loss, Id.- 


Age, Body Con- Aspirin- 
Subject yr. Sex Weight, kg. trol Antacid Aspirin 


1 24 M 68 0.5 2 .7  3.5 
2 25 F 49 0.3 1 .2  4.3 
3 24 F 77 0.4 2.7 4.5 
4 18 F 61 0.4 1 .2  1 .7  ~~ -~ 
5 27 F 59 0.5 4.7 11.4 


0.3 4.1 1.9 
Average 23 64 0.4 2.8 4.6 


6 68 - - 21 M __ - 
~~~ ~ 
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Table IV-Summary of Three Studies on the Effect of Dosage Form on Aspirin-Induced Gastrointestmal Bleeding in Man 


--Gastrointestinal Bleeding--- 
Code -Absorption Characteristics- Total Daily Total Minus No. of 


Dosage Form Designation t6”%, min.“ No. of Subjects Blood Loss, ml. Control, ml. Subjects 


Control A 
Placebo tablets 
Aspirin, large particles B 


Aspirin, fine particles C 


Control D-I 
Aspirin, small particles E-I 


Aspirin, small particles F-I 


(experimental tablets) 


(experimental tablets) 


(commercial tablets) 


and antacid 
(commercial tablets) 


Control D-II __ 
Aspirin, small particles E-11 17.5 


Aspirin, small particles F-11 9.5J 
(commercial tablets) i 
and antacid 
(experimental tablets) 


0 .5  
0 . 6  
3.4 


4.7 
6* 


2.0 


0 . 1  1 
12b 


2.9 i 


i 


4 . 2  J 


1 . 9  1 6 


1 .3  J 


0 .4 (0 .4 )  
3 .2  (4.6) 2.8 (4.2) 1 5 (6Id 


2 . 4  (2.8) 2.0 (2.4)) 
6 


a Time for 50% absorption minus apparent lag time. * From Leonards and Levy (2). From Levy, Leonards, and Procknal (7). Bleeding data 
in parentheses represent average of six subjects; the data outside the parentheses exclude one unusually heavy bleeder (Subject 5 in Table 111). 


occult bleeding by the addition of antacids to  aspirin 
tablets. A test of this proposition is complicated by the 
fact that formulation variables other than the presence 
or absence of antacids can also modify appreciably the 
in uiuo dissolution characteristics of aspirin tablets. 
In the study to be described here it has been possible to  
compare the amount of gastrointestinal blood loss 
produced by two types of aspirin tablets which were 
absorbed at similar rates. One type contained rela- 
tively small (smaller than 80 mesh) particles of as- 
pirin and no antacid while the other contained larger 
particles of drug as well as antacid. The similarity in 
their in v i m  absorption characteristics may be attributed 
to  the fact that the rapid dissolution of aspirin in one 
tablet preparation was due to a larger specific surface 
area of the drug, while in the other tablet preparation 
it was the result of the higher microenvironmental pH 
due to the antacid. A comparison of the occult blood 
loss produced by these two preparations permits a direct 
assessment of the possibility of reducing aspirin-induced 
gastrointestinal bleeding by the addition of antacids to 
aspirin tablets. 


EXPERIMENTAL 


The test panels consisted of healthy men and women with no 
history of gastrointestinal disease and with normal hematocrit 
levels. Their red blood cells were labeled with CrS1 as described 
previously (2) and all stools were collected throughout the study. 
Gastrointestinal blood loss was determined from the radioactivity 
of the stool in relation to that of the blood (2). The absorption of 
aspirin from the various tablet preparations was calculated by the 
Wagner-Nelson method based on the concentrations of total sali- 
cylate in the plasma as a function of time (2, 6).  The “absorption 
t5,,%” is defined as the time for 50z absorption minus the apparent 
lag time. The experimental aspirin tablets and aspirin-antacid 
tablets each contained 0.32 g. aspirin.’ The subjects took three 
tablets of a given preparation four times a day for eight days, 
followed each time by about 120 ml. of water. The different tablet 
preparations were taken in random order, with eight-day rest 
periods between the eight-day aspirin periods. 


Provided by Bristol-Myers Products, Hillside, N. J .  
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RESULTS AND DISCUSSION 


The physicochemical characteristics of the regular aspirin and 
aspirin-antacid tablet preparations are summarized in Table I. The 
presence of antacid resulted in a considerably higher pH in the 
microenvironment of the aspirin particles, as reflected by the “paste 
p H ’  (9, when compared to that of regular aspirin tablets. The 
average daily blood losses (ADBL) during control periods and dur- 
ing periods o f  aspirin and aspirin-antacid administration, respec- 
tively, are shown in Tables TI and 111 for each subject. The average 
data, together with those of a previous study (2), are summarized in 
Table IV. Shown also in Table 1V are the results of the absorption 
study of the various preparations. A statistical analysis of the results 
of the bleeding studies is presented in Table V. Of the three regular 
aspirin tablet preparations tested ( B ,  C, and E in Table IV), only C 
was absorbed at a rate similar to those of the two aspirin-antacid 
tablet preparations. Since the latter were very similar in their 
physicochemical (Table I) and absorption (Table IV) properties, 
their bleeding data were combined. This permitted a comparison 
of the ADBL of twelve subjects taking regular aspirin tablets with 
the ADBL of another twelve subjects taking aspirin-antacid tablets. 
The ADBL of 2.4 ml. in the aspirin-antacid group is significantly 
less ( p  < 0.01) than the ADBL of 4.7 ml. in the regular aspirin 
group. These results support the supposition that the addition of 
antacids to aspirin tablets can reduce aspirin-induced gastro- 
intestinal bleeding by increasing the rate of dissolution of aspirin 
in uiuo and thereby reducing the contact time between aspirin 
particles and the gastrointestinal mucosa. Additional studies, using 


Table V-Significance of Differences in Gastrointestinal Bleeding 
Produced by Different Aspirin Tablet Preparations 
and During Control Periods 


No. of ‘Lt” Statistical 
ComparisonG Subjects Valueb Significancec 


E us. D 12 3.76* + ~~ ~.~ 


F-I US. D-I 6 2.38* - 
F-II U S .  D-11 6 4.09* + 
E-I CS. F-I 6 I .22* - 
E-II us. F-I1 6 1.47* - 


E us. F 
A us. D 
B US. E 
B us. F 
C us. E 
C us. F 


12 1.83* - 
0.43 - 12 


12 0.22 
12 1.71 
12 1.09 __ 
12 3.05 + 


- 
- 


a Code designations as  listed in Table IV. Comparisons based on total 
daily blood loss. F represents combined data for F-I and F-II. Asterisk 
indicates paired comparisons. + designates p <0.05. 







a cross-over design with a larger number of subjects and a single 
aspirin-antacid preparation, will be needed to permit more definitive 
cr)nclusions. It is significant however that the more rapidly ab- 
sorbed aspirin preparations F-I and F-11 definitely do not cause 
more bleeding than the more slowly absorbed Preparation E. 
It therefore appears feasible to design aspirin tablet preparations 
with rapid drug release characteristics and relatively low gastro- 
intestinal bleeding liability. 
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Comparative Study of Two Antidandruff Preparations 


NORMAN ORENTREICH*, EDMUND H. TAYLOR?, ROBERT A. BERGERf, and ROBERT AUERBACH! 


Abstract 0 The relative antidandruff efficacy of a commercially 
available 2% zinc pyrithione shampoo, a 2.5% selenium sulfide 
suspension, and an unmedicated control shampoo was measured 
using a well-tested visual technique. The zinc pyrithione shampoo 
and the selenium sulfide suspension were found to be equally 
effective, both being significantly more effective than the control 
shampoo. A supplemental evaluation of the effects of the test 
products on scalp oiliness is also reported. 


Keyphrases Antidandruff shampoos-effectiveness testing 
Zinc pyrithione, selenium sulfide-activity comparison 


The question of whether dandruff is a mild form of 
seborrheic dermatitis, and thus a potential medical 
problem, or is just a deviation from a normal process 
of desquamation and thus a strictly cosmetic problem, 
remains open, In any event, the interest in dandruff 
seems clear from the many papers on the subject that 
have been published over the years (1-8). 


A variety of agents have been used for the treatment 
of dandruff. Among these are sulfur, salicylic acid, 
hexachlorophene, tar, and quaternary ammonium 
compounds. One of the most popular remedies, in 
medical circles, has been a suspension of selenium 
sulfide (9). A relative newcomer, and a compound that 
has shown considerable promise, is zinc pyrithione. 


A clinical test of zinc pyrithione in a hairdressing 
vehicle has demonstrated that it is effective in the treat- 
ment of dandruff (lo), and its safety in a shampoo has 
been documented (1 1). There has not been heretofore, 
however, any published clinical evidence that zinc 
pyrithione is effective in a shampoo. 


This paper presents the results obtained in a con- 
trolled clinical study with the zinc pyrithione shampoo, 
using a visual grading method that has been developed 


1 Zinc 2-pyridinethiol-1-oxide. 


during considerable experience in such testing.. The 
purpose of the study was to determine whether the 
zinc pyrithione shampoo, offering some advantages 
in availability and convenience of use, provided dandruff 
control comparable to that offered by a selenium 
sulfide suspension. 


MATERIALS AND METHODS 


Three products were evaluated in the study: a commercially 
available zinc pyrithione shampoo with an approximate composi- 
tion shown in Formula I; a placebo shampoo, identical to the 
zinc pyrithione shampoo except for the omission of Linc pyrithione; 
a commercially available selenium sulfide suspension3 with an ap- 
proximate composition, as previously reported (12), shown in 
Formula 11. 


Formula I z 
Zinc pyrithione 2.0 
Surfactant 20.0 
Foam builder 4.0 
Thickeners 1 .2  
Perfume, color, stabilizer 2.0 
Water q.s. 100.0 


Formula I1 


Sclenium sulfide 2 . 5  
Surfactant 17.0 
Inert and stabilizing 5.2 


Water q.s. 100.0 


All three were packaged in identical containers. 
Label instructions for the first two products called for use as 


any regular shampoo. Label instructions for the selenium sulfide 
suspension called for washing the hair with bland soap, rinsing, 
massaging the suspension into the scalp, letting it remain there for 5 
min., and rinsing. 


% 


ingredients 


The testing procedure incorporated the following features: 
1. The products were tested on comparable groups to which 


2 Head & Shoulders Shampoo. 
Selsun. 
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Structure-Activity Relations in Organophosphorus-Inhibited 
Acetylcholinesterase Reactivators 11: Methiodides of 
Hydroxyimino Derivatives of I-Pyridyl-2-phenylethanes 


PALMARISA FRANCHETTI*, MARIO GRIFANTJNI, and SANTE MARTELLI 


Abstract 0 A series of methiodides from syrz-Zhydroxyimino- 1- 
pyridyl-2-phenylethanes, syn-1-hydroxyimino-1-pyridyl-Zphenyl- 
ethan-2-ones, syn- and anti-2-hydroxyimino-l-pyridyl-2-phenyl- 
ethan-1-ones, and syn-1,2-di(hydroxyimino)-l-pyridyl-2-phenyl- 
ethanes was prepared. The influence of the structure of these 
new compounds on the in uitro reactivation of acetylcholinesterase 
inhibited by TEPP or DFP was investigated. The results obtained 
confirmed that quaternary pyridine derivatives containing a hy- 
droxyimino group in the position of the side chain generally 
keep a reactivating ability, in whatever position the connection 
with the ring may be; in some cases this activity is higher than that 
of the isomer containing the same group in the a position. 


Keyphrases 0 Acetylcholinesterase reactivators-structure-activity 
relationships 0 Organophosphorus-inhibited cholinesterase 
reactivators 0 l-Pyridyl-2-phenylethanes, hydroxyimino methi- 
odides-synthesis 0 UV spectrophotometry-identity, struc- 
ture 


~ 


It is well known that some quaternary pyridyloximes 
are used to reactivate the enzymatic activity of organo- 
phosphorus-inhibited acetylcholinesterase (1, 2). The 
most active are those in which the hydroxyimino group is 
placed on side chains in the 2 or 4 position of the ring 
(1, 3). Concerning the structure-activity relations of 
these drugs, Wilson (4) presented the hypothesis that 
reactivation principally depends on three factors: (a) 
nucleophilic reactivity ; (b) stereochemistry ; (c) comple- 


mentarity of the molecule of the reactivator to enzymatic 
active sites. The anti-configurations in 2- and 4-formyl- 
N-methylpyridinium oxime iodides (2-PAM, 4-PAM) 
satisfy the stereochemical requirements so that the 
displacement of the organophosphorus group takes 
place. This assumption proved to be partly wrong when 
Poziomek et al. (5) succeeded in synthesizing the second 
isomer of 4-PAM, and were able to ascribe, unmis- 
takably, the steric structure to the two geometric 
isomers by comparing their NMR spectra. Reactivation 
measurements showed the syn-isomer to be 2.5 times 
more effective. 


In order to obtain more knowledge of structure-activ- 
ity relations, the authors have recently undertaken a study 
on the reactivating properties of quaternary derivatives 
of pyridine containing either two hydroxyimino groups 
close to each other in the side chain or of one such group 
in the position. In a preceding note (6)  the results ob- 
tained on a series of methiodides of isomeric mono- and 
bis-hydroxyimino-P-pyridyl-propioanilides were re- 
ported; they pointed out the effectiveness of the hydroxy- 
imino group situated one carbon atom distant from the 
ring. 


In order to confirm these results, a series of methi- 
odides of hydroxyimino derivatives of l-pyridyl-2- 
phenylethanes, whose geometric configurations would 
be identical to  those of the products reported previously 
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(6),  but whose conformations, because of the presence 
of the phenyl group instead of the amide one were 
probably different, were synthesized and subjected to 
in vitro assay. The products considered belong to the 
following five types: synl-2-hydroxyimino-1-pyridyl-2- 
phenylethanes (I), syn- 1 -hydroxyimino- l-pyridyl-2- 
phenylethan-2-ones (II), anti- (111), and syn-(IV) 2- 
hydroxyimino-1-pyridyl-2-phenylethan-1 -ones, and syn- 
1,2-di(hydroxyimino)- 1 -pyridyl-2-phenylethanes (V). 


N 
/ 


130 
Ia, b, c 


/ 
HO 


IVa, b, c 


'OH 'OH 
IIa, h, c IIIa, b. c 


Qf-f-Ph a=2-pyridyl 
h=3-pyridyl 


N , Y  c = 4-pyridyl 


Hb d H  
Va,  h, c 


EXPERIMENTALz 


Syn-2-Hydroxyimino-l-pyridyl-2-phenylethanes (Ia, b, c t  
Syn-2-Hydroxyimino-l-(2 '-pyridyl)-2-phenylethane (Ia) and syn-2- 
hydroxyimino-(4'-pyridyl)-2-phenylethane (Ic) were reported (7, 8); 
their configurations were ascertained by the Beckmann transposition 
(8, 9). The nicotinic derivative was synthesized too (lo), but its con- 
figuration was not investigated; by comparing UV spectral data 
it was possible to assign the syn-configuration also to this isomer. 
These three substances show an absorption maximum between 249 
and 252 mp ( c  = 1.1 X lo4) assignable to the chromophore -C-Ph 


II 
N 


HO 
i l  I ) .  
Syn-l-I-Iydroxyimino-l-pyridyl-2-phenylethan-2-ones (I1 a, b: c) 


--Syn- 1 -Hydroxyimino- 1-(2'-pyridyl)-2-phenylethan-2-one (IIa) was 
synthesized by Dornow and Bruncken (12) by nitrosation of 2- 
phenacylpyridine with NaN02 in HC1 2 N ;  the anti-pyridyl con- 
figuration was shown by the red-colored complex given with 
ferrous sulfate (13). In a similar manner the isonicotinic isomer 
(IIc) was obtained: 2 g. of 4-phenacylpyridine was dissolved in 40 
nil. of ethanol and HC12 N mixture. A solution of 1.4 g. of NaN02 
in 20 ml. of water was added dropwise with stirring in 10 min. 
and stirring was continued for 1 hr. During this time a white 
product precipitated. By adding a dilute solution of NaHCOa to 
neutrality a precipitate was formed, which was filtered, washed with 
water and dried. The crude compound was crystallized from ethanol, 
m.p. 194-196'. 


Anal. (C13Hl~N20,) C, H, N. 
Because of the difficulty in obtaining 3-phenacylpyridine (lo), 


the nicotinic isomer was prepared using a different procedure: a 
mixture of 1.8 g. of 1-(3'-pyridy1)-2-phenyl-l,2-ethandione (14) 
and 1.3 g. of hydroxylamine hydrochloride in 30 ml. of ethanol was 
refluxed for 1 hr. Then a dilute solution of NaHC03 was added up 
to alkalinity, and the mixture was extracted with ethyl acetate. 
After evaporation of the solvent, a residue was obtained which was 
chromatographed on a column of silica gel with a 50:50 ethyl 


1 The terms syn and anti refer to the aliphatic carbon atom. 
%A11 melting points are uncorrected. When no unusual spectral 


features were observed with the compounds described, no absorption 
peaks are listed. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for those elements were within 
f0.4 of the theoretical values. 


3 Since the same quaternary salt originates from both isomers IIIc 
and IVc, it was not possible to assign either configuration to the product 
obtained. However, as it gives, like the isomers IXa and IXb, a yellow 
color with nickel salts, it is probably an anti-configuration. 


acetate-benzene mixture. From the first two fractions two com- 
pounds were isolated, which melted at 168-170" and 195-197", 
respectively. The compound melting at 168-170" was identical 
with the syn-2-hydroxyimino-l-(3'-pyridyl)-2-phenylethan-l-one 
(IVb), whose preparation is described below. To the compound 
melting at 195-197", whose elemental analysis corresponds to a 
formula of Cl3HI0N2O2, was assigned the structure of syn-l-hy- 
droxyimino-l-(3 '-pyridyl)-2-phenylethan-2-one (IIb) since it gives 
no precipitate with nickel salts (15). The three isomers IIa, b, c 
have similar UV spectra with an absorption maximum between 
250 and 252 mp (t 'v 2 X lo4). 
Anti-2-Hydroxyimino-l-pyridyl-2-phenylethan-l-Ones (IIIa, b, c) 


-KuczyCski and Respond (16) have recently described the syn- 
thesis of three ring positional isomers of the 2-hydroxyimino-l- 
pyridyl-2-phenylethan-1-one without investigating the steric struc- 
ture of the products obtained. By repeating their synthesis it was 
possible to verify that the products obtained were anti-isomers, as 
they give yellow-green precipitates with nickel salts (15). 
Syn-2-Hydroxyimino-l-pyridyl-2-phenylethan-l-Ones (IVa, b, c) 


-The syn-2- hydroxyimino- 1 -(2'-pyridyl)-2-~henylethan- 1 -one 
(Nu) was obtained by heating 0.5 g. of antfderivative (IIIa) dis- 
solved in 5 ml. of concentrated HCI for 20 min. The solution was 
cooled, diluted with water, made basic with Na2C03, and extracted 
with ethyl acetate. After evaporation of the solvent, a residue was 
obtained which was chromatographed on a silica gel column with a 
50:50 ethyl acetate-benzene mixture. By evaporation of the first 
eluates a residue was obtained, which was chromatographed again 
with ethyl acetate-benzene (80:20). From the third fraction a residue 
was obtained, which was recrystallized from methanol and melted 
at 110-112". 


Anal. (C13H1~N202) C, H, N. 
The nicotinic isomer (IVb) was prepared in a similar way; from 


the first eluates of the chromatography (ethyl acetate-benzene 
50:50) a residue was obtained which was crystallized from methanol 
and melted at 168-170". 


Anal. (Ci3HioN202) C, H,  N. 
By subjecting the anti-2-hydroxyimino-1-(4'-pyridyl)-2-phenyl- 


ethan-1-one (Ilk) to the same type of isomerization, the syn-l- 
hydroxyimino-l-(4'-pyridyl)-2-phenylethan-2-one (IIc) was ob- 
tained. A hydrolytic reaction occurred, followed by the formation 
of the most stable hydroxyimino derivative. The desired syn-isomer 
(IVc) was obtained by subjecting Compound IIIc to controlled 
fusion. A melt of 0.4 g. of anti-isomer was kept at 175" for 2 min.; 
after cooling, the solid mass was chromatographed on silica gel 
with a 50:50 ethyl acetate-benzene mixture. From the first frac- 
tions a product was obtained which was crystallized from ethyl 
acetate-benzene and melted at 169-171 '. 


Anal. (CIIHION~OP) C, H, N. 
These products gave no precipitate with nickel salts. 
Syn-1,2-Di(hydroxyimino)-l-pyridyl-2-phenylethanes (Va,b,c)- 


The compound Va was obtained by refluxing the compound 1Ia 
with two equivalents of hydroxylamine hydrochloride in highly 
alkaline ethanol, for 5 hr. The acidified solution was concentrated 
and the precipitate was filtered, dried, and chromatographed on 
silica gel (50 : 50 ethyl acetate-benzene). From the second fraction 
a product was obtained which was crystallized from ethanol and 
melted at 235-236". 


Anal. (C13Hl1N30,) C, H, N. 
The isomer Vc was prepared from IIc in the same way: m.p. 


Anal. (C13H~N302) C, H, N. 
The isomer V b  was obtained by executing the same reaction on 


the compound IVb. After heating, 50 ml. of water was added to the 
neutralized solution, which was left to stand for 1 hr. During this 
period the original product, which had not reacted, precipitated; 
the filtered solution was extracted with ethyl acetate. By evaporation 
of the solvent a residue was obtained which was recrystallized from 
ethyl acetate-benzene and melted at 230-232". 


195-197". 


A d .  (Ci3HiiN302) C, H,  N. 
These isomers have a syn-structure since they gave no precipitate 


with nickel salts (17); moreover, the isomer Va gives a red color 
with ferrous sulfate, due to the anti-pyridyl position of the hydroxy- 
imino group adjacent to the ring. This configuration was con- 
firmed by UV spectra; the three isomers show an absorption maxi- 
mum at 247-252 mp ( 6  = 1.9 X lo4) (11). 


1-Methyl-pyridinium Iodides-The above products, by reaction 
with methyl iodide in anhydrous ethanol in sealed vessels at 60" 


858 0 Journal of Pharmaceutical Sciences 







Table I-Meth) lp) ridinium Iodides 


Anal. Form u 1 a No. Compd. Crystn. Solvent M.p., "C. 


VItr), 
VIb i 
VIcJ 


VI 10, 


VIIcJ 
VIIb J 


VIlItr , 
VIlIb f 


1xu; 
1Xb 
IXcJ 


XCi\ 
Xb 
XcJ 


MeOH 
HzO 
MezCO 


MeOH 
MeOH 
MeKO 


MeKO 
MeOH 


MeOH 
MeOH 
MeOH 


MeOH 
MeOH-EtnO 
MeOH 


190-192 


151-1 52 
1 12-1 14 


202-204 


191-193 
214-216 


183-185 
154-156 


198-200 


208-210 
24&242 


193-195 


224-226 
24&242 


for 72 hr., gave the quaternary salts reported in Table I. It was not 
possible to obtain the quaternary salt corresponding to the product 
I l k ,  as in the reaction an isomerization is produced which leads, 
to the formation of the quaternary salt of the unti-isomer.3 


All the compounds obtained were subjected to biological assay. 
The in aitro reactivating velocity of acetylcholinesterase inhibited 
by TEPP or DFP was measured according to the technique de- 
scribed by Ashani et ol. (18). Table I1 shows the results obtained. 


RESULTS AND DISCUSSION 


From hydrolysis velocity measures, the following conclusions 
can be drawn. 
Syn-2-Hydroxyimino-1-pyridyl-2-phenylethane Methiodides (VIa, 


b,c)-The only active product of this series in relation to the enzyme 
inhibited both by TEPP and DFP is the derivative with the chain in 
position 2. This result confirms the reactivating ability of the 
hydroxyimino group situated one carbon atom distant from the 
pyridine ring. Reduction of activity in comparison with that of 
2-PAM is evident if the enzyme has been inhibited by TEPP. This 
seems to be due to the low acidity of this hydroxyimino group, 


more than to lack of structural requirements. The nicotinic and 
isonicotinic isomers were inactive even though they have a slightly 
higher dissociation constant; evidently in this case the steric factor 
becomes more important. 
Syn-l-Hydroxyimino-l-pyridyl-2-phenylethan-2-one Methiodides 


(VIIa,b,c)-Comparison of the activities of the three isomers 
shows that, in relation to the enzyme inhibited by TEPP, the isomers 
VIIa and VIIb have the same activity. This result is in contrast with 
the theory of Wilson (4), according to which the nicotinic hydroxy- 
imino derivatives next to the ring do not have suitable structural 
requirements for reactivation. In the case of DFP inhibition, the 
nicotinic isomer is the least active. 
Syn- and Anti-2-Hydroxyimino-l-pyridyl-2-phenylethan-l-one 


Methiodides (VIIIa,b; IXa,b,c)-The products of this series keep a 
certain reactivating ability. The influence of the configuration 
varies according to the position in which the side chain is attached 
to the ring. In the case of the picolinic derivative, the isomer with 
an anti-configuration is about ten times more active than the syn- 
isomer in TEPP poisoning, while in DFP poisoning no difference in 
activity can be noticed. In the nicotinic series no reliable compari- 
son can be made, since the anti-derivative has a solubility lower than 
that of a useful experimental concentration. 


Table 11-Reactivation of Inhibited Bovine Erythrocytes Acetylcholinesterase by Means of Oximes VI-X (pH 7.4 and 25°C.)"~~ 


Inhibiting Group -~ ~~ 


Oximes --- Diethyl Phosphoryl--- -Diisopropyl Phosphonyl-- 
(iodides) Relative Rate Relative Rate 


Constant (5 x lo-") pKa' pKa" K o b s .  Constant K o b s .  


2-PAM 7.9  9 .3  x 10-3 1 1.8 x 10-3 1 
VIfl 10.1 1 . 3  x 10-4 1 .4  X 3.3 x 10-4 1.8 x 10-1 
Vfb 9 . 7  None - - None 
VIC 


VIIa 
VIIb 


9 . 6  
5 .4  
8 .1  


VIIC 7.1 
VIIIU 5.6 
VIIIb 8.75 


I X U  6.1  
IXbc 6.0 
IXC 6.9  


None - None - 


3.5 x 10-4 3.7 x 10-2 2.4 x 10-4 2.5 X 10-l 
3 .6  x 10-4 3.8 x 10-2 3.4 x 10-5 3 .6  x 
1.5  x 10-4 1 . 6  x 1.6 x 10-4 8 . 8  x 
1.4 x 10-4 1 . 5  X 10W 1.8  x 10-5 1 .0  x 10-2 
5.8 x 10-5 6.2 x 10-3 1.7 x 10-5 9.4 x 10-3 
1 . 2  x 10-3 1 . 3  x 10-1 1.0 x 10-5 5.5 x 10-3 
None - None - 
4.5 x 10-5 4.8 x 10-3 5 .1  x 10-5 2.8 x 


6.1 X 10-1 
Xb 7.2 9 .8  None - 6.8 X 3.7 x 10-2 
XC 7.3 9.9 7.8 x 10-5 8.4 x 10V 1.2 x 10-4 6 . 6  X 


Xu 7.8 10.0 8.4 x 10-4 9.0 x 1.1 x 10-3 


a &bs. is in min.-l pKa values were obtained by potentiometric titration and, for overlapping values, by application of the calculation 
method due to Noyes, a s  given by Albert and Serjeant (19). c This compound, because of its lower solubility, was assayed as a 2.5 X lO-3M solution. 
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Sy n-1,2-Di(hydroxyimino)-l-pyridyl-2-phenylethane Methiodides 
(Xa,b,c)-In this series the general effectiveness of the various 
isomers should be pointed out; in the case of DFP inhibition the 
picolinic and isonicotinic derivatives have an activity comparable 
with that of 2-PAM and 4-PAM respectively. The activity di- 
minishes in the case of TEPP inhibition; in this case the Xb isomer 
is inactive. 


In conclusion it is possible to affirm that, as it had already been 
found in the series reported in the preceding note (6), quaternary 
pyridine derivatives containing a hydroxyimino group in the f l  
position of the side chain generally retain a reactivating activity, 
in whatever position the attachment to the ring may be; in some 
case this activity is higher than that of the isomer containing the 
same group in the a-position. 


Since a phenyl group can shield the hydroxyimino group in rela- 
tion to the active site of enzyme, a series of P-hydroxyimino deriva- 
tives containing hydrogen instead of the phenyl group was syn- 
thesized; the activity of these products will be reported in a following 
note. 
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The Synthesis of Pyrrolidine-Substituted Nicotine Analogs 


NEAL CASTAGNOLI, Jr., ARMEN P. MELIKIAN, and VITTORIO ROSNATI* 


Abstract 0 As part of a program to synthesize nicotine homologs 
and analogs, the potentially versatile condensation of 3-pyridyl 
lithium with a 1-pyrroline-I-oxide (cyclic nitrone) has been studied. 
The product, an N-hydroxynornicotine derivative, was obtained 
in moderate yield and could be converted by way of the correspond- 
ing myosmine and nornicotine compounds to the desired gem- 
dimethylnicotine homolog. Spectral characteristics of these and 
certain side products are reported. 


Keyphrases 0 Nicotine analog, pyrrolidine substituted-synthesis 0 
UV spectrophotometry-structure 0 IR spectrophotometry- 
structure 0 NMR spectroscopy-structure 


Nicotine (I), the principal alkaloid found in most vari- 
eties of tobacco, has served as a valuable chemical probe 
in the investigation of peripheral cholinergic transmis- 
sion (1). More recently, increasing attention has been 
directed to nicotine’s central activity (2, 3) and has in- 
cluded psychopharmacological studies relating to ani- 
mal behavior (4, 5).  These interests have led to many 
attempts to define the structural parameters responsible 
for this compound’s cholinomimetic activity (6-8). 


Studies directly concerned with structural features of 
nicotine itself suggest that, for nonquaternary com- 
pounds capable of exerting effects within the CNS, the 
3-pyridylaminomethyl system, 11, is essential for high 
nicotinic activity (9-1 1). In order to explore the effects 
on central and peripheral activity of compounds closely 
related to nicotine, a program has been initiated to syn- 
thesize nicotine-like compounds in which the pyrrolidine 
ring is substituted. In this paper the authors report their 
studies on the synthesis of the gem-dimethylnicotine 
homolog, 111, by a reaction sequence that should be 
applicable to a large number of such derivatives. The 
methylnornicotine, IV, (12) and the carboxynicotine, V 
(1 3), both presumably as diastereoisomeric mixtures, 
were the only such nicotine analogs found in the litera- 
ture. 


THEORETICAL 


Nicotine has been prepared by several routes (14,15); however, on 
review, none of these appeared to offer the required versatility 
demanded by the present problem. The fact that l-pyrroline-l- 
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Determination of Dihydroseselins in Fruits and 
Extracts of Ammi visnaga L. 


M. S. KARAWYA*, A. SINA, and G .  NOUR 


Abstract 0 Three methods for the assay of dihydroseselins in the 
fruits and extracts of Ammi uisnaga are proposed. The first is based 
on measuring the absorption maximum of the dihydroseselins at 
323 mp, with a sensitivity range of 2-20 mcg./ml. The second and 
the third are colorimetric in which visnadin was cleaved by cold 
ethanolic sodium hydroxide and then either coupled with the diazol 
solution or reacted with 2,6-dibromoquinone chlorimide. The 
intensity of the resulting colors was then measured spectrophoto- 
metrically at 500 and 630 mp, respectively, with a sensitivity range of 
1-12 mcg./ml. in both methods. The dihydroseselins were separated 
from Ammi uisnuga by TLC, quantitatively eluted, and compara- 
tively assayed by the above methods. The results were concordant. 


Keyphrases 0 Dihydroseselins, assay Ammi uisnuga, fruits and 
extracts-assay of dihydroseselins 0 UV spectrophotometry- 
analysis 0 TLC-separation, identification 


Since the isolation of visnadin (11), samidin (HI), and 
dihydrosamidin (IV), which are derivatives of the 
parent coumarin dihydroseselin (I), from the fruits of 
Ammi uisnaga, considerable attention has been directed 
toward their pharmacological and therapeutic actions. 
The newly isolated coumarin compounds proved to  be 
more strongly vasodilatory than khellin and papaverine 
hydrochloride (1). Visnadin being 10 times as active as 
khellin, has been successfully employed as a vasodilator 
in the treatment of angina pectoris (2, 3). 


A 
I -dihydioseselin R = H  


CH, 


‘C,H, 
11 -visnadin R = OCOCH’ 


III -samidin 


IV -dihydrosamidin R = OCOCH,CH / C K  
‘CH, 


; R = H  


; R‘ = OCOCH,l 


; R = OCOCH, 


; R’ = OCOCH:, 


Survey of the literature failed to  show any reports 
concerning the quantitative determination of the di- 
hydroseslins content in the fruits and extracts of Ammi 
uisnaga. Hence, the present work was carried out in 
order to  establish suitable and simple methods for this 
determination. The proposed methods made use of UV 
spectrophotometry, Erlich’s diazo test (4), and Gibb’s 
test (5). The dihydroseselins, being closely related 
chemically and biologically, were represented in this 
communication by visnadin which is the most bio- 
logically active and which appears to  be the predominant 
dihydroseselin derivative present in Ammi visnaga (6). 


EXPERIMENTAL 


Reagents-Analytical grade reagents were used whenever 
necessary. Authentic samples of visnadin,’ samidin, and dihydro- 
samidin were supplied by external sources. 


Standard Visnnndin Solution-Ten milligrams of visnadin was 
dissolved in ethanol 95% and adjusted to 100 ml. with the same 
solvent . 


Sodium Hjtdroxide Solirfion-One percent solution of sodium 
hydroxide in C02-free water was prepared, filtered, and kept in a 
plastic bottle, 


Su/fanilic Acid Solution-Nine grams of sulfanilic acid was dis- 
solved in 9 ml. of hydrochloric acid and 200 ml. of water with the 
aid of heat. The warm solution was filtered into a 1-1. volumetric 
flask, diluted with 700 ml. of water, cooled to room temperature, 
and adjusted to 1 1. with water. 


Sodium Nitrite Solution-Five grams of sodium nitrite was dis- 
solved in 100 ml. of water. 


Diuzo/ Solutioiz-Five and one-half milliliters of sulfanilic acid 
solution was introduced into a 50-ml. volumetric flask and cooled in 
an ice bath. Ice-cooled sodium nitrite solution (0.5 ml.) was pipeted 
dropwise, while shaking, on the sulfanilic acid solution. The mix- 
ture was allowed to stand in an ice bath for 10 min., adjusted to 
volume with ice-cold water, well mixed, and kept in an ice chest. 
The solution is stable for 8 hr. 


Chlorimide Solution-Fifty milligrams of 2,6-dibromoquinone 
chlorimide was dissolved in 50 ml. of chloroform in a 100-ml. 
volumetric flask, adjusted to volume with chloroform, and kept in a 
brown bottle in a refrigerator. The color of the solution must be 
pale yellow. In case the color darkens, the solution must be rejected 
and a fresh one should be prepared. The solution is stable for at 
least 1 month. 


0.2 N Acetic Acid, (Approx.)-Eleven and one-half milliliters 
of glacial acetic acid was diluted to 1 1. with water. 


Sodium Acetufe Solution-Twenty percent aqueous solution of 
sodium acetate was prepared. 


Apparatus-A spectrophotometer (Beckman DU) was used for 
UV and colorimetric determinations. 


Spectrophotometric Method-Visnadin, samidin, and dihydros- 
amidin were found to have absorption maxima at 323-324 
mp and absorption minima at 264 mp in ethanol 9 5 z  (1). A 
standard curve was constructed by measuring the UV absorb- 
ance of visnadin solutions of variable concentrations (2-20 mcg./ml. 
of ethanol 9573, in I-cm. silica cells at 323 mp. The average u 
of visnadin at 323 mp was found to be 365. 


Diazo1 Colorimetric Method-The orange-red color resulting from 
coupling the cleaved visnadin with diazol solution, was investigated. 
It was found that the maximum absorption of the color produced 
occurred at 500 mp. The suitability of the color reaction for quanti- 
tative assay of visnadin was investigated along two main lines, 
namely, the quantitative hydrolysis of visnadin into the correspond- 
ing phenolic compound, and the formation of a measurable stable 
color of the azo-dye resulting from the coupling reaction. 


Quantitative Hydrolysis of Visnadin-The complete cleavage of 
the lactone ring of visnadin to the corresponding phenolic deriva- 
tive (0-hydroxycinnamic acid derivative), was detected by reaching 
a maximum and stable absorbance value of the formed color. 
Different factors which were expected to affect the hydrolysis of 
visnadin were studied. These were: the effect of concentration of 
visnadin, medium of hydrolysis, volume of solvent, concentration 
of alkali, temperature, and time. The optimum conditions of a 


1 Memphis Chemical Co.,  Cairo, U.A.R. 
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quantitative hydrolysis of visnadin, taking into consideration the 
above factors were as follows: visnadin (5Cr500 mcg.), dissolved in 
5 ml. of ethanol 95% was completely hydrolyzed by the action of 
1 ml. of 1 %  sodium hydroxide solution when kept at room tem- 
perature (20-30") for 60 min. 


Color Formatim-The factors that may affect the stability of 
color of the azo-dye were studied. These factors were: the effect of 
concentration of ethanol and of diazol solution, temperature, time 
of different steps of the color reaction, pH, and aging of the diazol 
solution. The optimum experimental conditions to obtain precise 
and reproducible results were as follows: the hydrolyzed visnadin 
solution was diluted with 15 ml. of 50% ethanol and the solution 
was cooled in an ice bath for 3 min. One milliliter of freshly prepared 
ice-cold diazol solution was added, the mixture was shaken, and 
allowed to stand at room temperature for an additional 10 min., 
diluted with water to 25 ml., mixed, and the absorbance of the color 
was measured against a blank at 500 rnp. The pH of the final solu- 
tion was 12.3 and the color remained stable for more than 24 hr. 
unaffected by light. 


Standard Curue-A standard curve was plotted using variable 
concentrations of visnadin. Taking into consideration the above 
precautions, the following method is recommended: introduce vari- 
able concentrations of visnadin (25-300 rncg.) into 25-ml. volu- 
metric flasks. Adjust the volume in each flask to 5 ml. by the addi- 
tion of 95% ethanol and mix well. To each flask add 1 ml. of 1 %  
sodium hydroxide solution and shake frequently during 60 min. 
Then add 15 ml. of 50% ethanol, mix well, and allow to stand in an 
ice bath for 3 min. Remove the, flasks from the ice bath, add to each 
flask 1 ml. of ice-cold, freshly prepared diazol solution, mix well, 
allow to stand for 10 min., adjust the volume to 25 ml. with water, 
and mix well. Measure the absorbance of the color at 500 mp 
against a blank sample. 


The amount of visnadin in solutions of unknown concentration 
can be deduced from the standard curve or more simply by adapta- 
tion of a Kfactor as follows: 


mcg. visnadin 
A = 36S3 K =  


mcg. visnadin/100 ml. solution = A x 36800/V, where A = 
absorbance value at 500 m p  and V = volume of visnadin solution. 


Application of this K value in analysis of solutions of unknown 
concentration of visnadin gave reproducible results. 


Chlorimide Colorimetric Method-The method is based on the 
color reaction between 2,6-dibromoquinone chlorimide and the 
phenolic derivative produced from hydrolysis of visnadin with 
sodium hydroxide. 


Color Formatio/z-The chloroformic solution of chlorimide 
reagent was more stable than that made with methanol, ethanol, 
or isopropanol. For a concentration range of 25-300 mcg. of vis- 
nadin, 1 nil. of 0.05 % chlorimide solution was found to be adequate. 
The color was best developed at pH 8.5 which was obtained by using 
acetic acid-sodium acetate buffer system. 


Under these conditions, the blue color was fully formed after 
about 2-3 min., remained stable for 2 hr., exhibited absorption 
maximum at 630 mp, and obeyed Beer's law in a visnadin concenlra- 
tion range of 25-300 mcg./25 ml. 


Standard Curve-Taking into consideration the above condi- 
tions, an absorbance/concentration curve was plotted using the 
following method : visnadin in vavying concentrations ranging 
between 25 and 300 mcg. was hydrolyzed in exactly the same way as 
described under the diazol method. After hydrolysis, add succes- 
sively 15 ml. of 50% ethanol, 1.25 ml. of 0.2 N acetic acid, 1 ml. of 
20 % sodium acetate solution, and 1 ml. of 0.05 chlorimide solu- 
tion, shaking the liquid after each addition. Allow to stand for 10 
min., make up the volume to 25 ml. with water, and mix well.* 
Measure the absorbance of the color at 630 mp in a I-cm. silica 
cell against a blank. Deduce the results from the standard curve or 
from the average K value of 455. 


Quantitative TLC Recovery of Dihydroseselim-After many 
chromatographic trials on a mixture of authentic constituents of 
Ammi uisnaga fruit extracts, a successfwl sepmmtkm of the dihydro- 
seselins from other constituents was achieved on Silica Gel G 


3 The mean of six different concentrations, each of six readings, 
4 Increasing the aqueous phase caused turbidity, ,and raislng the 


concentration of alcohol lowered the stability and sensitivity of the color. 


Table I-Recovery of Pure Visnadin from Silica Gel G Plates 


-Visnadin Recovered - 
Chlorimide 


Visnadin UV Method Diazo1 Method Method 
Applied, Rec., Rec.. Rec.. 


mcg. mcg. z mcg. ' % mcg. ' z 
50.0 49.6 99 2 48 3 96 6 48 ? 96 6 _ - . -  ~ .. - 


100.0 98.0 98.0 iOi:Fc 101.8 100.3 100.3 
150.0 142.5 95.0 153.0 102.0 148.4 98.9 
200.0 200.0 100.0 207.5 103.7 200.0 100.0 
250.0 243.5 97.4 244.9 97.9 248.4 99.4 
300.0 308.4 102.8 306.5 102.1 298.2 99.4 


plates, employing chloroform-ethanol (95.5 : 1.5) as the developer. 
The spot (Ry 0.66) of dihydroseselins fluoresced violet under UV 


(350 mp) and was located above that of khellin (R ,  0.43 and 
yellowish brown fluorescence) (see Fig. 1). As a result of this separa- 
tion quantitative TLC became possible. 


Silica Gel G plates5 (20 X 20-cm. and 0.25-mm. thick) were 
spotted with volumes of absolute alcoholic solution corresponding 
to amounts of visnadin ranging from 50 to 300 rncg., with an agla 
micrometer syringe. The plates were developed with chloroform- 
ethanol (98.5:l.j) until the solvent front had ascended 15 crn. The 
developed plates were allowed to dry spontaneously at room tem- 
perature, and the dried plates were examined under UV light. The 
violet fluorescing areas of visnadin were separately scraped with a 
thin spatula or removed quantitatively by m a n s  of a zone extractor, 
and eluted with 12 ml. of chloroform into a 25-ml. volumetric 
flask. At the same time blank areas having the same dimensions 
and at the level of visnadin were treated in the same way. The 
chloroform in each flask was evaporated to dryness on a water 
bath. The residues were then comparatively assayed by the three 
methods outlined above and the results are compiled in Table I. 


Determination of Dihgrdroseselins in the Fruits and Extracts of 
Ammi visnaga-The above TLC method was applied for the quanti- 
tative determination of the dihydroseselins content of the fruits 
and extracts of Ammi uisnaga. 


Two and one-half grams of powdered Ammi uisnaga fruits was 
transferred to the surface of 5 g. of acid alumina in the thimble 


P D i h y d m -  
Smidin 


mellal c @ 
W e l l o l  
GlycoSl 


Y i r t .  0 


1 to 7 


Figure 1-TLC of Ammi visnaga fruit extract and authentic refer- 
ence substances. Layer: Silica Gel G. Solvent: chloroform--ethanol 
(98.5:1.5). 


6 In case of the spectrophotometric assay, the Silica Gel G should be 
washed three times with 3 parts of boiling methanol, dried at 110" before 
spreading the layer in the usual manner. Negligible blank values were 
obtained by this treatment. 


1546 0 Journal of Pharmaceutical Sciences 







Table 11-Analysis of Commercial Samples of Ammi uisnaga Fruits 
~~~~~~ 


of Total Dihydroseselins Calculated as Visnadin 
Sample uv Diazol Chlorimide 


No. Method Method Method 


1 0.475 0.477 0.481 
2 0.471 0.475 0.479 
3 0.472 0.477 0.471 
4 0.490 0.486 0.483 
5 0.481 0.484 0.477 
6 0.509 0.517 0.513 


of a small continuous extraction apparatus and extracted with 
chloroform until exhaustion (about 4 hr.). This was detected by the 
disappearance of the dihydroseselins spot in the chromatogram 
of the extract. The chloroform extract was concentrated to 2 ml. 
and adjusted to 5 ml. with chloroform in a volumetric flask. Ali- 
quots of the chloroform solution, expected to contain from 1W200 
mcg. of the dihydroseselins (50 pl.) were applied in the form of a 
band (0.5 X 4 cm.) on a Silica Gel G plate. After development, the 
band area corresponding to dihydroseselins was removed by the 
zone extractor, and dihydroseselins were extracted as described in 
the preceeding section. The extracted dihydroseselins were then 
estimated by the three methods. 
In case of extract of Ammi visnaga, 50 pl. was applied directly 


on a Silica Gel G plate and the dihydroseselins content was esti- 
mated as described above. 


The blank values corresponding to the diazo1 and chlorimide 
methods were found to be too small so that they could be ne- 
glected. The results of the assays were then deduced from standard 
curves of reference sample of visnadin recovered from Silica Gel G 
plates and they are listed in Tables I1 and 111. 


RESULTS AND DISCUSSION 


The dihydroseselins, visnadin, samidin, and dihydrosainidin were 
successfully separated by TLC in the form of a single spot from 
other constituents of Ammi visnaga fruits. It was also found that 
samidin and dihydrosamidin reacted in the same way and gave 
colors having the same absorption maximum and color intensity 
as visnadin in the two proposed colorimetric assay mcthods. 


The diazol and chlorimide reagents were also utilized for the 
detection of dihydroseselins as well as other coumarins of Ammi 
uisnaga on TLC plates. This was done by spraying the dry chro- 
matogram with a 10% methanolic solution of potassium hydroxide, 
setting aside the plates for 30 min. or for about 5 min. under UV, 
then spraying with diazol or chlorimide solutions; the spots corre- 
sponding to coumarins were colored orange-red or blue, respec- 
tively. 


Table I shows that visnadin can be quantitatively recovered from 


Table 111-Analysis of Commercial Samples of Liquid Extract 
of Ammi visnaga 


% of Total Dihydroseselins Calculated as Visnadin 
Sample Diazol Chlorimide 


No. UV Method Method Method 


1 0.227 0.221 0.228 
2 0.230 0.231 0.229 
3 0.210 0.208 0.213 
4 0.209 0.203 0.210 
5 0.229 0.237 0.232 
6 0.306 0.300 0.297 


Silica Gel G plates and that the results obtained by the three 
proposed methods are comparable. In the light of the results shown 
in Tables 11 and 111, the three proposed methods-uiz., the UV 
absorption, the diazol and the chlorimide method can be used in 
the determination of the dihydroseselins in the fruits of Ammi 
risnaga and its extracts. The data also reveal that the dihydro- 
seselins, calculated as visnadin, occur in Amnii uisnaga fruits in 
considerable amounts ranging from 0.471-0.517%;. They are 
present in approximately half the above values in the liquid ex- 
tracts of Ammi fiisnuga prepared according to the Egyptian Phar- 
macopoeia 1963. Their dihydroseselins content ranged from 0.203- 
0.306 %. 
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Hydroxamic Acids I: Factors Affecting the Stability 
of the Hydroxamic Acid-Iron Complex 


ROBERT E. NOTARI and JAMES W. MUNSON* 


Abstract [7 The utility of hydroxamic acid formation and subse- 
quent iron complexation as an analytical tool for succinimide has 
been investigated. Several factors affecting the stability of the 
hydroxamic acid-ferric iron complex have been studied and critical 
factors in the stability of the complex have been established. Condi- 
tions for a stable complex are reported. An assay utilizing hydrox- 
amic acid formation from succinimide has been developed and 
shown to be completely reproducible. Two hydroxamic acids, 
acetohydroxamic acid and N-hydroxysuccinamide, are shown to 
give stable color complexes under the recommended conditions. 


Keyphrasea 0 Succinimide analysis-hydroxamic acid-iron com- 
plex Hydroxamic acid-iron complex-stability [7 Stability, hy- 
droxamic acid-iron complex-factors affecting 0 Colorimetric 
analysis-spectrop hotometer 


Hydroxamic acids form highly colored ferric hydrox- 
amates which can be conveniently detected by spec- 
trophotometric methods (Eq. 1). 


\ \ 
C=O\  


+ Fe++++ I Fe/n + H+ (Eq. 1)  
N 4 H  /N-O/ 


/ 
hydroxamic acid colored complex 


Hill (1) was the first to employ this property quantita- 
tively for the determination of esters which are capable 
of forming hydroxamic acids according to the reaction : 


R-COOR' + NHzOH -t R-CO-NHOH + R'OH (Eq. 2) 


Subsequently, Bergmann (2) adapted this same principle 
to a study of the formation of hydroxamic acids from 
amides (Eq. 3). 


R-CO-NH, + NH20H + R-CO-NHOH + NH, (Eq. 3) 


Goddu et al. (3) extended these studies to include the 
analysis of acid chlorides (Eq. 4) and anhydrides (Eq. 
5) .  


R-CO-Cl + NHzOH -t R-CO-NHOH + HCl 


(R-CO)eO + NH20H -t R-C-NHOH + R-COOH 


(Eq. 4) 


(Eq. 5 )  


The main disadvantage encountered throughout 
these studies was the instability of the color complex. 
Goldenberg and Spoerri (4) attempted to resolve this 
problem by making sequential readings and extrap- 
olating back to zero time for the initial absorbance. 
This method suffers the disadvantage of requiring 
several readings and a relatively inaccurate extrapola- 
tion technique. Hill (1) reported that 5 water in the 
final alcoholic solution was optimum for color stability. 
He also reported that the complex gained intensity for 
the first 20 min. and that the addition of sodium car- 


bonate would enhance the stability. In a later report, 
Hill (5) rationalized that the instability of the complex 
was due to the reduction of the ferric iron by free 
hydroxylamine. The addition of HzOz to the spectral 
sample was suggested to oxidize the excess hydroxyl- 
amine. No data were offered in support of this sug- 
gested technique. 


On the other hand, Goddu et al. (3) stated that the 
two important variables in the development of the 
color are (a )  the ferric-iron concentration and (b) the 
hydrogen-ion concentration in the final solution. They 
reported that the color complex was stable for several 
hours provided that (a) the iron concentration was in 
excess of the ester concentration and (b)  the acid 
concentration was adjusted to 0.1 M .  


Although several suggestions for stabilizing the 
complex have been presented, no systematic study 
evaluating all of the possible factors has been reported. 
A stable complex is a prerequisite for obtaining repro- 
ducible results. The present study was undertaken to 
examine the role of each of the potential factors 
affecting the stability of the complex. The results of 
experimentally controlling several factors affecting color 
stability are presented in this paper. Since there are a 
number of drugs which can be classified as cyclic imides 
or esters, succinimide and ethyl acetate were chosen as 
model compounds in these studies. This report is con- 
cerned with the optimum conditions for the formation 
and stability of the hydroxamic acid-iron complexes. 
The effect of reaction conditions upon the yields of 
hydroxamic acid is reported in subsequent papers (6) .  


EXPERIMENTAL 


Hydroxyaminolysis of Succinimide-Succinimide (Aldrich Chem- 
ical Co.) was recrystallized from 90% ethanol, m.p. 123'; literature 
value 126-127" (Chemical Rubber Handbook of Chemistry and 
Physics). 


In order to avoid hydroxylamine degradation, the reaction mix- 
ture was freshly prepared by addition of standard NH,OH.HCl 
solution to standard NaOH solution to give a solution of 0.395 N 
NH2OH and 0.36 N NaOH. An aliquot of an aqueous stock so- 
lution of succinimide was added to this reaction mixture previ- 
ously equilibrated in a constant temperature bath. The concentra- 
tion of succinimide in the reaction mixture was 0.0163 M. Samples 
of the reaction were then removed as a function of time and diluted 
with a given volume of ferric perchlorate reagent solution. Unless 
otherwise stated, this reagent contained 35.4 g. of ferric perchlorate 
(ferric perchlorate, nonyellow, G. Frederick Smith Chemical Co.), 
100 ml. of 13.3% aqueous perchloric acid and absolute ethanol 


Spectrophotometric Determinations-The wavelength of maximum 
absorbance was established using a spectrophotometer (model 15 
Cary Recording). This was found to be 515 mp in all experimental 
conditions reported in this study. The single wavelength readings at 
515 mp were done on a spectrophotometer (Beckman D.U.), slit 
width 0.18 mm. Readings of solutions were corrected by subtracting 


9.s. 11. 
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REACTION TIME (min.) 


Figure 1-Typical curve for the hydroxyaniinolysis of succinimide 
(0.0163 M) in aqueous 0.395 N NHzOH and 0.363 N NaOH at 40”. 
The reaction was followed by complexing the hydroxamic acid with 
iron and reading the resulting absorbance at 515 mp. 


the absorbance values of appropriate blanks. Results for a typical 
reaction and experimental conditions are shown in Fig. 1. 


Absorbance of Acetoh ydroxamic Acid-Acetohydroxamic acid 
(N-hydroxyacetamide) was synthesized from ethyl acetate by the 
method of Wise and Brandt (7). The molecular weight was deter- 
mined as 74.4 (calcd. 75) and the pKa 9.28, lit. 9.40 (7) by potentio- 
metric titration with NaOH using a titrator (Sargent Recording), 
m.p. 88-90”; 9(r9lo (8). One-milliliter aliquots of aqueous stock 
solutions of acetohydroxamic acid were added to 20 ml. of ferric 
perchlorate reagent solution containing 0.034 N NHzOH. The 515- 
mp absorbance of the resulting complex was determined within 24 
hr. after mixing and again after storage in the dark for 72 hr. 


Absorbance of N-HydroxysuccinamideN-Hydroxysuccinamide 
was synthesized from succinimide by the method of Wise and Brandt 
(7) and treated as described in the previous section, m.p. 118-120” 
(decomposed); mol. wt. 134, calcd. 132; pKa 8.6 (room tempera- 
ture). 


Effect of HzO Content on Yield and Stability of the Color Complex 
-Hydroxyaminolysis of succinimide was continued until a constant 
absorbance reading at 515 mp was attained (Fig. 1). One-milliliter 
aliquots were transferred to six foil-wrapped flasks to  give 21 ml. 
of solution containing 0.0055 M Fe(ClO&, 0.112 N HC104, alcohol, 
and varying amounts of HzO (1.1--41.1%). After mixing, the ab- 
sorbance at 51 5 mp of each solution was read as a function of time. 
Each sample was stored in the dark between readings. The final 
values compared to samples maintained in complete darkness to 
evaluate the effect of the spectrophotometer light source during 
readings. See  Fig. 2 for experimental conditions. 


Effect of Iron Concentration-Hydroxyaminolysis of succinimide 
was run to a constant absorbance as previously described. One- 
milliliter aliquots were transferred to six foil-wrapped flasks to  give 
21 ml. of solution containing 0.575 N HCI04, 5.4z water, alcohol, 
and varying amounts of Fe(C104)o, (3.1 X M to 62.0 X 


M). The absorbance at the wavelength maximum of 515 mp 
was read as a function of time for each solution. Samples were kept 
in the dark between readings. Experimental condltions and yields 
are given in Fig. 3. The yields here are defined as the highest ab- 
sorbance values or in this case, the 5-min. readings. 


Effect of Acid ConcentratiovThe hydroxyaminolysis of succini- 
mide was effected as previously described. One-milliliter aliquots of 
the reaction were placed in six foil-wrapped flasks to give 21 ml. of 
solution containing 3.1 X M Fe(C104)3, 14.2% water, alcohol, 
and varying amounts of HC104. The absorbance at 515 mp as a 
function of time was determined as described in previous sections. 
The HCI04 concentration in each solution was determined by 
potentiometric titration with a titrator (model D, Sargent Record- 
ing), which allowed differentiation between HCIO4 and NHzOH. 
HCI endpoints. 
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Figure 2-Decrease in the percent of maximum absorbance at 515 
mp as a function of time in Darying amounts of water. Absorbance is  
due to the ferric complex of the hydroxamic ncid.from succinimide. 
The percent of maximum absorbance is based on the highest reading, 
A+= 0.518. 


Effect of Hydroxylamine Concentration-Hydroxyaminolysis of 
succinimide was run as previously described. One-milliliter aliquots 
of the reaction were placed in six foil-wrapped flasks to give 21 ml. of 
solution containing 0.049 M Fe(CIO&, 0.141 N HC104, 10.9% 
water, alcohol, and varying amounts of NHzOH.HCI. The ab- 
sorbance at 515 mp was read as a function of time as described in 
previous sections. The concentrations of NHzOH.HCI in the final 
solutions were determined by differential analysis of NH,OH.HCI 
and HCIOa on a titrator (model D, Sargent Recording). 
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Figw<3--lncrease in yield of the ferric complex of the hydroxamie 
acid as a function of Fe(CIO& concentration. The yield is defined 
as the absorbance at 515 mp 5 min. after mixing the NHzOH-SUC- 
cinimide reaction aliquot with iron. 
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Analysis of Succinimide-Hydroxyaminolysis reactions with vary- 
ing amounts of succinimide were run as previously described. Equal 
aliquots were removed after 150 min. and placed in foil-wrapped 
flasks to  give solutions containing 0.056 M Fe(C104)3, 0.141 N 
HCIOa, 7.4% water, and alcohol. This system was shown to be the 
most stable in previous sections. The absorbance for each solution 
was read at 515 mp. The experiment was repeated the following 
day to determine the degree of reproducibility. A Beer's law plot 
for both sets of data is shown in Fig. 5. 


0 20 40 
TIME (hrs.) 


Figure 4--Stabl/cty of the ferric complex of the hydroxamic acid 
formed from succinimide. B was prepared according to the procedure 
recommended by the authors. A and C contain I and 2% HzOZ, 
respectir*ely. 


Comparison with Method of Hill-Hydroxyaminolysis of succini- 
mide was run as previously described. One-milliliter aliquots were 
transferred to three foil-wrapped flasks to give 21 ml. of solution 
containing 5.8 X M Fe(CIO&, 0.31 N HC104, 11.3z water, 
and alcohol. Sufficient HzOz was added to two of the solutions to 
make the concentration of HzOz, 1% and 2 z ,  respectively. According 
to Hill (9, 1% H,OZ increased the stability of the complex. The 
absorbance of each solution was read as a function of time after 
addition of H20z. See Fig. 4 for experimental conditions. 
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Figure 5-Assay of succinimide utilizing hydroxyaminolysis. Ab- 
sorbance at 51.5 mp due to the iron complex is plotted versus the 
weight of succinimide. 


RESULTS 


Spectrophotometric Determination of the Hydroxyaminolysis of 
Succinimide-Succinimide was shown to form a hydroxamic acid 
which reacts with ferric iron to form a color complex having a 
maximum absorbance of 515 mp. The rate of hydroxamic acid 
formation was followed by complexation of the acid with ferric iron 
and spectrophotometric determination of the absorbance at its 
maximum. Hydroxyaminolysis of succinimide in aqueous 0.395 N 
NH,OH and 0.363 MNaOH solution at 40" was found to approach 
a constant yield within 90 min. A typical reaction and the resulting 
data, absorbance at 515 mp uersus time, are given in Fig. 1. 


Effect of H20 Content on Yield and Stability of Color Complex- 
Minimum water concentrations were shown to be best for maximum 
stability and yield (Fig. 2). It was found that samples maintained in 
complete darkness were more stable than those exposed to the light 
source of the spectrophotometer (Beckman DU). 


Effect of Iron Concentration-Concentration of Fe(C104)3 was 
shown to be important in the yield and stability of the complex. It 
was demonstrated that a minimum concentration of 3 x 10-2 M 
Fe(CI04)3 is necessary for complete complex formation in this case 
(Fig. 3). It was also shown that solutions containing a large excess 
of Fe(C104)3 as compared to NHzOH.HCl were more stable than 
those with little or no excess. The effect of Fe(C10&/NH2OH is 
discussed in a later section. 


Effect of Acid Concentration-It was found that low acid con- 
centrations were most favorable for complex formation (Fig. 6). 
However, the complex is most unstable at low acid concentrations 
(Fig. 6). Little difference in stability was found for acid concentra- 
tions of 0.11 N ,  0.17 N ,  and 0.31 N (Fig. 7). 


Effect of Hydroxylamine Concentration-As previously men- 
tioned, solutions with a large excess of Fe(C104)3 as compared to 
NHzOH were found to be mote stable than those with little or no 
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Figure 6-Effect of HClO4 concentration on yield and stabi/ity of 
the iron complex of the hydroxamic acid formed from succinimide. 
Absorbance at 51.5 mp due to the iron complex is plotted versus the 
acid concentration. 
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excess. Data presented in Fig. 8 show that solutions with at least a 
fourfold excess of iron are most stable. 


Comparison with Method of Hill-Solutions containing H202 were 
shown to be unstable for 4 hr. before becoming stable for 2 days. 
The solution developed in this study was immediately stable and 
remained stable for at least 48 hr. Blanks prepared with H202 were 
found to give absorbance values of0.290 and 0.420 at 515 mp. 


Analysis of Succinimide, Acetohydroxamic Acid, and N-Hydroxy- 
succinamide-The assay for succinimide based upon conversion to 
the hydroxamic acid was shown to be completely reproducible on 
consecutive days without the use of a standard (Fig. 5). Furthermore, 
there was no problem of color instability in carrying out this assay. 


Beer's law plots for the color complexes of acetohydroxamic acid 
and N-hydroxysuccinamide were linear using the 515 mp absorbance 
values. The absorptivity of the acetohydroxamic acid complex is 
1180 and that of the complex from N-hydroxysuccinamide is 1430. 
Both complexes were stable under the conditions reported here. 
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The hydroxyaminolysis reaction has been successfully applied to 
the analysis of succinimide. Since the reaction was run in water, the 
method is of pharmaceutical utility as it can be applied to (a) the 
determination of drug concentration in body fluids; (b) release of 
drug from solid dosage forms; and (c )  analyses of drugs in phar- 
maceutical solutions. This assay is of special interest due to its 
potential application to the assay of therapeutic succinimide 
derivatives. Previous investigators have carried out this reaction in 
alcoholic systems. Their assays have thus been limited to analyses 
of either a powdered drug or its alcoholic solution. 


Satisfactory conditions for complex stability have not been pre- 
viously reported except under nearly anhydrous conditions. Sta- 
bility of the color complex over a reasonable length of time is 
imperative in order to obtain reproducible data. Conditions for a 
stable color complex in the analysis of succinimide, acetohydroxamic 
acid, and N-hydroxysuccinamide have been designed in this study. 
Several factors influencing stability have been evaluated and the 
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Figure 7-Comparison of the stability of the ferric complex of 
the hydroxamic acid from succinimide at various acid concentrations. 
Absorbance at 515 mp due to the iron complex is plotted as a furzc- 
tion of time. The concentrations of HCIO4 are 0.11 N, 0.17 N, and 
0.31 N for A, B, andC, respecthely. 
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Figure 8-Decrease in absorbance at 515 m,u of the ferric complex 
0s the hydroxamic acid from succinimide as a .function of time for 
ucrrious Fe(Cl04)3INH20H ratios. 


conditions necessary for stability are reported. Several ambiguities 
in the literature have been clarified. 


The most important factor for complex stability is the ratio of 
ferric iron to  NH20H. If the iron is in sufficient excess, the other 
factors may vary slightly without loss ofstability. Hill (1) previously 
reported that excess NH20H reduced the ferric iron and that HZOZ 
could be added to oxidize the excess NH20H. It was shown in the 
present study that addition of H202 is inferior to the method estab- 
lished herein (Fig. 4). It was also found that the oxidation products 
of NH20H form colored products with the iron. This additional 
absorbance decreases the sensitivity and accuracy of the assay by 
resulting in very large blank readings. Hill (1) also suggested that 
5% water was optimum for complex stability. It was found in the 
present study that complex stability is inversely proportional to the 
water concentration. However, water concentrations as high as 8 % 
(as in the presently suggested succinimide assay) will not affect 
stability provided there is sufficient iron. Hence, larger aliquots of 
aqueous hydroxyaminolysis reaction solutions can be used to 
increase the sensitivity without loss of stability due to increased 
water content. The acid concentration does not appear to be the 
prime critical factor as reported by Goddu et a / .  (3). For example, 
the acid concentration for optimum stability can be increased from 
0.14 (reported here) to 0.57 without loss of stability provided suffi- 
cient iron is present. 


Earlier imide analyses employing the hydroxyaminolysis reaction 
required the use of a reference standard to compensate for variable 
yields (4). The method reported here has been demonstrated to be 
completely reproducible without employing a reference standard 
(Fig. 5). 


Suggested Procedure for Assay of Succinimide-Prepare an 
aqueous solution of succinimide to contain approximately 8 mg./ml. 
Prepare a reaction mixture to contain 0.395 N NHeOH and 0.363 N 
NaOH. Transfer a 10-ml. aliquot of the succinimide solution to the 
reaction mixture and add sufficient water to make 100 ml. Place 
the reaction mixture in a constant temperature bath at 40". After 
150 min., remove 5 ml. of the reaction mixture and mix with 100 ml. 
of iron solution to give a final solution containing 0.056 M 
Fe(C104)r, 0.14 N HC104, 7.4% water, and alcohol. A blank is 
prepared in a similar manner. The absorbance of the final solution 
is read at 515 mp. The weight of succinimide can be determined 
from Fig. 5. 
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SUMMARY AND CONCLUSIONS 


Factors affecting the stability of the hydroxamic acid-iron complex 
have been studied. It has been shown that the iron concentration is 
the most important factor for complex stability. 


Conditions for a stable complex have been developed and found 
to be superior to  those utilizing HzOz. 


An assay for succinimide has been designed and found to be 
reproducible on consecutive days. 


The hydroxyaminolysis reaction has been successfully carried 
out in an aqueous medium. Therefore the assay is potentially useful 
for pharmaceutical systems. 
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Hydroxamic Acids 11: Kinetics and Mechanisms 
of Hydroxyaminolysis of Succinimide 


ROBERT E. NOTARI 


Abstract In alkaline pH at 40" succinimide simultaneously 
hydrolyzes to form succinamic acid and reacts with NHzOH to 
form N-hydroxysuccinamide which undergoes ring closure to form 
N-hydroxysuccinimide. At pH 9.5 N-hydroxysuccinimide is the 
major product from hydroxyaminolysis of succinimide at 40". 
At pH 12, N-hydroxysuccinimide undergoes further hydrolysis to 
form N-hydroxysuccinamic acid. Pseudo first-order rate con- 
stants for the loss of succinimide as a function of pH and NHtOH 
concentration were established by colorimetric determination of 
the hydroxamic acid-iron complex or UV spectrophotometric 
determination of the N-hydroxysuccinimide. Reaction conditions 
favoring N-hydroxysuccinimide formation were employed to 
develop a new UV assay for succinimide. This assay is six times 
more sensitive than the assay based on formation of the hydroxamic 
acid with subsequent colorimetric determination of its iron com- 
plex. 


Keyphrases 0 Succinimide-hydroxyaminolysis Hydroxy- 
aminolysis, succinimide-mechanism 0 Kinetics-hydroxamic 
acid formation, succinimide 0 TLC-separation, identity 0 
Colorimetric analysis-spectrophotometer 0 UV spectro- 
p hotometry-analysis 


Hydroxamic acids form highly colored ferric hydrox- 
amates which can be conveniently detected by spectro- 
photometric methods. A previous paper has reviewed 
the potential utility of the hydroxyaminolysis reaction 
in the quantitative determination of imides, amides, 
esters, anhydrides, and acid chlorides (1). That report 
was concerned primarily with the establishment of 
optimum conditions for the stability of the hydroxamic 
acid-iron complex. The effect of each variable upon the 
yield and stability of the complex was determined and 
conditions were described wherein the complex was 
stable for more than 48 hr. An assay method was de- 
veloped for succinimide based on these data. That 
method has been applied in this kinetic study. 


There are three general considerations in the de- 
velopment of optimum conditions for analysis by hy- 
droxamic acid formation. They may be briefly outlined 
as follows: (a) proper reaction conditions for maximum 
yield (or minimum side reactions such as hydrolysis); 
(b) reaction conditions which are sufficiently fast to 
achieve the A ,  reading in a convenient assay time 
(reaching the plateau of the A uersus t curve would 
provide high and constant readings; see Fig. 1); and 
(c) optimum complexing conditions for the most stable 
complex in highest possible yield. An additional con- 
sideration exists in the case of the assay of imides by 
this method. Since the hydrolysis of imides results in the 
formation of amides it is necessary to choose conditions 
which will selectively assay an imide in the presence of 
its hydrolysis product. The development of an assay 
which is both selective as well as sensitive requires a 
knowledge of the kinetics and mechanisms for the 
hydroxyaminolysis reaction. Since there are a number 
of drugs with cyclic imide structures, succinimide was 
chosen as a model compound for kinetic studies. This 
study serves as an excellent illustration of the validity 
of the above premise since the appropriate control of 
reaction conditions has resulted in a new assay with 
sixfold increase in sensitivity. 


EXPERIMENTAL 


Kinetics of Hydroxamic Acid Formation from Succinamide- 
Hydroxyaminolysis of succinimide was carried out under pseudo 
first-order conditions with pH and temperature maintained con- 
stant by use of a pH-stat (Sargent Recording) equipped with a 
jacketed beaker serviced by a constant temperature bath and 
circulating pump. The beaker was maintained closed to the atmo- 
sphere and samples were withdrawn by syringe through a rubber 
gasket. The NHzOH was maintained in sufficient excess of the 
succinimide concentration to remain essentially constant through- 
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Quantitative Determination of Acronine, an  Antitumor 
Alkaloid, by Gas Chromatography 


FRANK E. GAINER and WILLIAM A. ARNETT 


Abstract 0 A method for the direct quantitative determination 
of the alkaloid, acronine, by gas chromatography is described and 
evaluated. Results are presented which show that the method is 
reliable after separation of the acronine from various pharmaceu- 
tical excipients. Methodology concerning the use of fluorescence and 
UV spectroscopy is also presented. 


Keyphrases 0 Acronine dosage forms-analysis 0 GLC-separa- 
tion, identification Cholesterol-GLC internal standard 


Acronine' (I) is a naturally occurring alkaloid which 


I 


was obtained by extraction from the bark of the Aus- 
tralian plant Acroiiychiu Bower: Schott (1, 2) .  More 
recently Beck et al. (3) reported the synthesis of the 
alkaloid. Acronine shows significant antitumor activity 
in experimental animals (I), and it is being considered 
for evaluation as an antitumor agent in humans. A 
study of the UV absorption spectrum of acronine is 
reported in work done by Brown and Lahey (4) but 
no mention is made of the measurement of the UV 
absorbance to quantitatively determine the alkaloid. 
A quantitative assay procedure is necessary in order to 
evaluate clinical trial material and formulations. 


An extensive review of general and specific assay 
methods for alkaloids has been written by Theivagt 
et ul. (5). Brochmann-Hanssen and Svendsen (6) have 
demonstrated the adaptation of gas chromatography 
to the analysis of alkaloids and alkaloid extracts. They 
used GLC in developing a technique for direct analysis 
of alkaloidal salts with temperature programming 
and for phenolic alkaloids as the TMS ethers. More 
recently Takagi et al. (7.8) reported the quantitative assay 
of two alkaloids as their TMS ethers using a polyester 
stationary phase column. 


The method described here for acronine is direct 
and does not require derivative formation. In this study, 
gas chromatography was selected as the analytical 
method of choice because it was more readily adaptable 
to a stability assay method for acronine than either 
UV or fluorescence spectroscopy. 


Preliminary investigations indicated that acronine 
had an a, 1 % of 1045 at 297 mp (Fig. 1) and that de- 


Approved nonproprictary nitme (USAN); however, this compound 
is called acronycine it1 earlier publications. 


2 HI-EFF SB, Applied Science Laboratories, St i i t~  College, Pa. 
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Figure 1 -lJ V absorption spectrum of acromne in cliloroform. 


graded materials absorb in the same region. The UV 
absorbance in some cases was independent of the 
stability of the molecule. Dilute solutions of acronine 
in chloroform are yellow with a bright green fluores- 
cence. The fluorescence spectra of acronine in this 
solvent show excitation peaks at  305 and 394 mp and one 
emission peak at  455 mp (Fig. 2). When the molecule was 
degraded artificially, an apparent increase in fluorescent 
intensity was observed. This phenomenon precluded the 
use of fluorescence spectroscopy. Chloroform solutions 
of acronine are apparently sensitive to light and should 
be stored in the dark or in amber glassware. 


EXPERIMENTAL 


Apparatus-F and M model 402 equipped with dual hydrogen 
flame detectors. 


Column-A U-shaped glass column, 0.61 m. (2 ft.) X 3 mm. i.d. 
was used. The column was cleaned with chromic acid cleaning 
solution and silanized before packing. 


Liquid Phase-A silicone gum rubber. 
Inert Supporr-A diatomaceous earth (SO/l00 mesh) specially 


treated and ~ilanized.~ The gIass wool used to pIug the ends of the 
column was also silanized. 


Preparation of Column Packing-A 0.5% solution of the gum 
rubber in toluene was prepared by dissolving 1.0 g. of the rubber 
in 200 ml. of toluene with constant stirring on a steam bath. Forty 
grams of S0/100 mesh diatomaceous earth was added to the rubber 
solution in a 1.0-1. filter flask. Vacuum was applied to degas the 
solution and it was allowed to stand for 5 min. The support was 


3 OV-17, Applied Science Laboratories, Cat. No. 08240. 
4 Diatoport S, F and M Scientific Co. 
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Figure 2-Art i~ofion and emission spectra oi acronine. 


then separated from the solution by vacuum filtration. The support 
was spread and air dried for 24 hr. To remove the last traces of 
toluene, the support was heated at 100" for 1-2 hr. 


Column Conditioning-The column was "no flow" conditioned for 
1.0 hr. at 310". After cooling to room temperature, the carrier gas 
flow was started and the column was conditioned at 275" for 24 hr. 


Instrumental Parameters-The instrument was operated iso- 
thermally at a column temperature of 250" and the detector and 
flash heater temperatures at 290". Helium was used as the carrier 
gas with the flow rate at 60-70 ml./min. Oxygen was used for oper- 
ating the hydrogen flame detector. The range setting was at 10, and 
the attenuation at 16X. 


Preparation of Acronine Standard Solution-An accurately 
weighed and diluted solution of acronine reference standard in chlo- 
roform containing 0.25 mg./ml. was used as the standard solution. 


Internal Standard-A cholesterol (Mann Research Laboratories) 
solution of 0.125 mg./ml. in chloroform was used as the internal 
standard solution. 


Preparation of Standard Curve-Internal standard solution in 
the amount of 4.0 ml. was added to each of five 10-ml. flasks. 
A 4.0-ml. aliquot from each of five different standard dilutions 
was then added to the flasks to give a series of standard concentra- 
tions. Approximately 5X of each resulting solution was injected 
into the gas chromatography. The peak heights of cholesterol and 
acronine were measured from the top of the peak to the corrected 
baseline. The standard ratio of the acronine peak height to the 
cholesterol peak height was calculated and plotted graphically 
against the concentrations. 


General Extraction Procedure-In order to carry out preformula- 
tion studies it was necessary to extract the acronine from many 
of the commonly used pharmaceutical excipients. A sample con- 
taining approximately 25 mg. of acronine was weighed and trans- 
ferred to a 125-ml. separator containing 25 ml. of water. The mixture 
was then extracted with four 20-ml. portions of chlorofofm. The 
chloroform extracts were passed through anhydrous sodium sulfate 
and the combined extracts collected in a 100-ml. volumetric flask. 
The flask was diluted to volume and after mixing an aliquot of the 


Table I-Composite Assays of Hand-Mixed Samples 
of Acronine and Talc 


Capsule 
Content mg./ RSD, Accuracy, 
Wt., mg. capsule n X % % 


300 2.50 4 2.50 h 4 . 3 3  0.00 
380 5.00 5 4.90 3~4.21  -2.00 
380 10.00 5 9.71 zkl.40 -2.90 
380 25.00 5 25.00 h2.62 -0.02 


Acronine 
Recovered, Recovery, 


Excipient mg./g. % 


Talc 
Stearic acid 
Magnesium stearate 
Silica gel 


1 0 4 . 0  1 0 . 4  ~~. _. 


508.3 101.7 
500.6 100. 1 
521 .O 104.2 
499.8 100.0 


Tartaric acid 503.8 100.8 
Ascorbic acid 495.5 99.1 
Dipotassiurn phosphate 426.1 85.2 


sample with an appropriate amount of internal standard, the sample 
was submitted for analysis by gas chromatography. 


RESULTS AND DISCUSSION 


The selection of cholesterol for use as an internal standard was 
important to the success of the proposed GLC method for acronine. 
The peaks are we11 shaped with very little tailing for both acronine 
and cholesterol (Fig. 3). 


The quantitative determination of acronine is made by comparing 
the sample ratios of acronine to internal standard with the standard 
ratio of acronine to internal standard. Data for the calibration 
curve were obtained by assaying five concentrations of acronine 
standard solutions, including the normal working standard con- 
centration. Solution concentrations extended over a range of 3 ~ 5 0 %  
of the normal working standard concentration. The method proved 
to he linear in response throughout this concentration range. The 
acronine concentration was varied but the internal standard peak 
height was held constant for each sample. 


The reproducibility of measurement by this GLC technique was 
demonstrated by making six replicate injections of the same stan- 
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Table 111-Assay of Finished Capsules 


Acronine, Precision 
Content mg./ W D ) ,  
Wt., mg. Excipient Capsule N z 


1 70 Microcrystalline 24.9 5 +1.63 


290 Silica gel 23.0 5 4Zl. 17 
300 Mg. stearate and 23.7 4 4Z2.77 


300 Stearic acid and 24.8 5 j11.16 


300 Starch 25.3 5 f l . 7 4  
380 Talc 25.5 5 f1 .59  


cellulose 


starch 


starch 


dard solution. The peak height ratios were calculated and used to 
determine the precision of the method. These calculations gave a 
relative standard deviation of rt0.99 %. 


Accurately weighed amounts of acronine and talc were mixed 
in four different proportions and the simulated products were 
assayed for acronine by the described GLC method. The results 
of these assays are presented in Table 1. The applicability of the 
method was further tested by assaying admixtures of acronine and 
seven different potential excipients. All samples were hand-mixed in 
a 1 :I  ratio, and the results of these assays are shown in Table 11, 
along with a comparative lot of acronine raw material. The re- 
covery of acronine from all excipients except dipotassium phos- 
phate was excellent. The use of dipotassium phosphate as an ex- 
cipient resulted in consistently low assay results, indicating an 
apparent binding effect with the acronine. 


The final evaluation of the method was made on six lots of acro- 
nine capsules prepared in our pharmaceutical pilot plant. Each lot 
of capsules contained the same amount of acronine (25 mg.) with 
varying amounts of different excipients. The results are reported 
in Table IT1 and are based upon composite assays using 10 capsules. 


Acronine is an alkaloidal compound with newly discovered 
antitumor activity. A simple, rapid, accurate, and precise method 
of determining acronine has been described. The method is suitable 
for the determination of acronine either as the raw material or in 
admixtures of pharmaceutical excipients. In general, extractions 
are clean and simple, and the assay can be performed with a mini- 
mum of familiarization with the method. It is believed that this 
method will find use in the assay of final pharmaceutical formula- 
tions and in further studies involving acronine. 
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Studies with Ion-Exchange Resins on Cinchona Alkaloids 111: 
Exchange Rates 


S. S. KANHERE, A. H. VYAS, C. V. BHAT, B. R. KAMATH, R. S. SHAH, and S. L. BAFNA 


Abstract The exchange rates of four cinchona alkaloid sulfates 
with styrene divinylbenzene copolymer-based sulfonic acid cation- 
exchange resins of different degree of crosslinking and particle 
size have been studied and the results are discussed. 


Keyphrases 0 Cinchona alkaloids, exchange rates-sulfonic acid 
cation exchange resins 0 Sulfonic acid cation exchange resins- 
degree of crosslinking and particle size. 


Earlier (1) the effect of the ionic form of the sulfonic 
acid cation-exchange resins of different degree of cross- 
linking and of the added sulfuric acid on the equilibrium 
exchange of four cinchona alkaloid (quinine, quinidine, 
cinchonine, and cinchonidine) sulfates as well as the 
equilibrium uptake of the four cinchona alkaloid bases 
by the hydrogen form of the same resins from six 
aliphatic alcohols had been studied. This paper includes 
the study of the exchange rates of the four cinchona 


alkaloid sulfates with sulfonic acid cation-exchange 
resins of different degree of crosslinking and particle 
size at 35 and 45 '. 


EXPERIMENTAL 


Resins' (1-3)-Styrene divinylbenzene copolymer-based sulfonic 
acid cation-exchange resins of degree of crosslinking (percent nomi- 
nal divinylbenzene content), X = 1, 2, and 4 are referred to as Res- 
ins XI, X 2 ,  and X4. Each resin was washed, conditioned, regenerated 
into hydrogen form, air dried, sieved, and stored. A large number 
(h.50 to 60) of air-dry particles of each resin was measured for the 
particle diameter of each fraction of the air-dry resin using a 
microscope with a mechanical stage at room temperature ( ~ 3 0 " )  
and the values for the average particle diameter, a, thus obtained 
were; X1, 0.215 mm.; X2, 0.215 mm.; X4, 0.66 mm., 0.43 mm., 
and 0.21 5 mm. The moisture content and the capacity of the air-dry 
resins were estimated (1, 4). The percentage moisture and the 


1 Dowex SOW, Dow Chemical Co., Midland, Mich. 
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a cross-over design with a larger number of subjects and a single 
aspirin-antacid preparation, will be needed to permit more definitive 
cr)nclusions. It is significant however that the more rapidly ab- 
sorbed aspirin preparations F-I and F-11 definitely do not cause 
more bleeding than the more slowly absorbed Preparation E. 
It therefore appears feasible to design aspirin tablet preparations 
with rapid drug release characteristics and relatively low gastro- 
intestinal bleeding liability. 
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Comparative Study of Two Antidandruff Preparations 


NORMAN ORENTREICH*, EDMUND H. TAYLOR?, ROBERT A. BERGERf, and ROBERT AUERBACH! 


Abstract 0 The relative antidandruff efficacy of a commercially 
available 2% zinc pyrithione shampoo, a 2.5% selenium sulfide 
suspension, and an unmedicated control shampoo was measured 
using a well-tested visual technique. The zinc pyrithione shampoo 
and the selenium sulfide suspension were found to be equally 
effective, both being significantly more effective than the control 
shampoo. A supplemental evaluation of the effects of the test 
products on scalp oiliness is also reported. 


Keyphrases Antidandruff shampoos-effectiveness testing 
Zinc pyrithione, selenium sulfide-activity comparison 


The question of whether dandruff is a mild form of 
seborrheic dermatitis, and thus a potential medical 
problem, or is just a deviation from a normal process 
of desquamation and thus a strictly cosmetic problem, 
remains open, In any event, the interest in dandruff 
seems clear from the many papers on the subject that 
have been published over the years (1-8). 


A variety of agents have been used for the treatment 
of dandruff. Among these are sulfur, salicylic acid, 
hexachlorophene, tar, and quaternary ammonium 
compounds. One of the most popular remedies, in 
medical circles, has been a suspension of selenium 
sulfide (9). A relative newcomer, and a compound that 
has shown considerable promise, is zinc pyrithione. 


A clinical test of zinc pyrithione in a hairdressing 
vehicle has demonstrated that it is effective in the treat- 
ment of dandruff (lo), and its safety in a shampoo has 
been documented (1 1). There has not been heretofore, 
however, any published clinical evidence that zinc 
pyrithione is effective in a shampoo. 


This paper presents the results obtained in a con- 
trolled clinical study with the zinc pyrithione shampoo, 
using a visual grading method that has been developed 


1 Zinc 2-pyridinethiol-1-oxide. 


during considerable experience in such testing.. The 
purpose of the study was to determine whether the 
zinc pyrithione shampoo, offering some advantages 
in availability and convenience of use, provided dandruff 
control comparable to that offered by a selenium 
sulfide suspension. 


MATERIALS AND METHODS 


Three products were evaluated in the study: a commercially 
available zinc pyrithione shampoo with an approximate composi- 
tion shown in Formula I; a placebo shampoo, identical to the 
zinc pyrithione shampoo except for the omission of Linc pyrithione; 
a commercially available selenium sulfide suspension3 with an ap- 
proximate composition, as previously reported (12), shown in 
Formula 11. 


Formula I z 
Zinc pyrithione 2.0 
Surfactant 20.0 
Foam builder 4.0 
Thickeners 1 .2  
Perfume, color, stabilizer 2.0 
Water q.s. 100.0 


Formula I1 


Sclenium sulfide 2 . 5  
Surfactant 17.0 
Inert and stabilizing 5.2 


Water q.s. 100.0 


All three were packaged in identical containers. 
Label instructions for the first two products called for use as 


any regular shampoo. Label instructions for the selenium sulfide 
suspension called for washing the hair with bland soap, rinsing, 
massaging the suspension into the scalp, letting it remain there for 5 
min., and rinsing. 


% 


ingredients 


The testing procedure incorporated the following features: 
1. The products were tested on comparable groups to which 


2 Head & Shoulders Shampoo. 
Selsun. 
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Table I-Effect of Test Products on Dandruff 


Zinc Selenium 
Pyrithione Sulfide Control 
Shampoo Suspension Shampoo 


Number of Subjects 48 46 46 
Average starting grade 13.9 13.2 13.3 
Average final grade 5.9 6.0 13.0 
Average grade changea - 8.P - 7.2b - 0.3  
Standard deviation 6.4 4 .7  5.3 


a Negative numbers represent reduction in dandruff. b Significant 
product effect, a = 0.05 


subjects were assigned, in a balanced fashion, on the basis of 
dandruff severity. In this way each of the three groups included the 
same percentage of subjects with mild, moderate, and severe de- 
grees of dandruff. 


2. No one was allowed to be a subject if he had used an anti- 
dandruff preparation within the 4week period preceding the initial 
examination. 


3. Subjects were not allowed to use any other antidandruff 
preparation during the course of the study. Otherwise, they followed 
their normal habits of hair and scalp care. 


4. The severity of dandruff was evaluated before and after the 
period of use. The minimum period of use was 6 weeks. 


5. All grading was done approximately 1 week (7 f 2 days) 
following the most recent shampoo. In that way the ability of a 
product to slow the return of dandruff rather than its ability to 
clean the scalp was measured. 


6. The study was run as a double-blind test in all cases (except to 
the extent that the test products might have been unavoidably 
recognized by some subjects). 


The severity of the dandruff condition was determined visually, 
by imaginarily dividing the scalp into nine sections and assigning 
a grade to each section using a 0 (no significant dandruff) to 4 
(severe dandruff) scale. In borderline cases, intermediate grades, 
such as 2.5, were assigned. The sum of the grades for the nine sec- 
tions was recorded as the dandruff grade. 


As an attendant part of the study, the effect of the test products 
on scalp oiliness was also examined. A single grade from 0 (dry) to 
4 (very oily) was assigned according to the examiner’s assessment 
of the oiliness of the subject’s scalp. No attempt was made to 
balance the groups on the basis of initial oiliness grades. 


All grading was done by three physicians; however, one physician 
did the grading on any one subject. In addition, each grader saw ap- 
proximately the same number of subjects in each product group. 


RESULTS 


One hundred and forty complete clinical evaluations were made. 
Forty-eight subjects used the zinc pyrithione shampoo; forty- 
six, the selenium sulfide suspension; and forty-six, the placebo 
shampoo. 


Table 11-Relationship Between Initial Dandruff Grade and 
Change in Dandruff Grade 


---Average Grade Changea- 


Pyrithione Sulfide Control 
Starting Grade Shampoo Suspension Shampoo 


Zinc Selenium 


0-10.9 - 4.9 - 3.7 f 1 . 3  
1 1-20.9 - 7.8 - 8.4  -1.1 
Above 21 -14.2 -11.4 -2.0 


a Negative numbers represent reductions in dandruff. 


Table II-Effect of Test Products on Scalp Oiliness 


Zinc Selenium 
Pyrithione Sulfide Control 
Shampoo Suspension Shampoo 


Number of subjects 48 
Average starting grade 1 .3  
Average final grade 1 .3  
Average grade changeo 0.0 


43 43 
1.8 1 .3  
1.7 1.1 


- 0.1 - 0.2 
~~ ~ ~~ 


a Negative numbers reprcsent decreases in scalp oiliness. 


As the data in Table I show, the zinc pyrithione shampoo and 
the selenium sulfide shampoo are significantly more effective than 
the control shampoo and are not significantly different from each 
other. Both the zinc pyrithione shampoo and the selenium sulfide 
suspension produced greater effects on subjects with higher start- 
ing grades (Table 11), whereas the control product had no signi- 
ficant effect on any of the sub-groups. 


A few of the subjects in this study exhibited frank seborrheic 
dermatitis. The investigators believe, however, that these findings 
should not be extended to that medical condition without further 
investigation. 


The oiliness data (Table 111) indicate that none of the products 
had an appreciable effect on the greasiness of the scalp. In addition, 
the data show no apparent correlation between level of dandruff 
and oiliness of the scalp. 


CONCLUSIONS 


Both zinc pyrithione, at a level of 2.073 in a shampoo vehicle, 
and selenium sulfide, as a 2.5% suspension, are effective in the 
treatment of dandruff. The two products do not differ significantly 
in effectiveness. 
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SUMMARY AND CONCLUSIONS 


Factors affecting the stability of the hydroxamic acid-iron complex 
have been studied. It has been shown that the iron concentration is 
the most important factor for complex stability. 


Conditions for a stable complex have been developed and found 
to be superior to  those utilizing HzOz. 


An assay for succinimide has been designed and found to be 
reproducible on consecutive days. 


The hydroxyaminolysis reaction has been successfully carried 
out in an aqueous medium. Therefore the assay is potentially useful 
for pharmaceutical systems. 
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Hydroxamic Acids 11: Kinetics and Mechanisms 
of Hydroxyaminolysis of Succinimide 


ROBERT E. NOTARI 


Abstract In alkaline pH at 40" succinimide simultaneously 
hydrolyzes to form succinamic acid and reacts with NHzOH to 
form N-hydroxysuccinamide which undergoes ring closure to form 
N-hydroxysuccinimide. At pH 9.5 N-hydroxysuccinimide is the 
major product from hydroxyaminolysis of succinimide at 40". 
At pH 12, N-hydroxysuccinimide undergoes further hydrolysis to 
form N-hydroxysuccinamic acid. Pseudo first-order rate con- 
stants for the loss of succinimide as a function of pH and NHtOH 
concentration were established by colorimetric determination of 
the hydroxamic acid-iron complex or UV spectrophotometric 
determination of the N-hydroxysuccinimide. Reaction conditions 
favoring N-hydroxysuccinimide formation were employed to 
develop a new UV assay for succinimide. This assay is six times 
more sensitive than the assay based on formation of the hydroxamic 
acid with subsequent colorimetric determination of its iron com- 
plex. 


Keyphrases 0 Succinimide-hydroxyaminolysis Hydroxy- 
aminolysis, succinimide-mechanism 0 Kinetics-hydroxamic 
acid formation, succinimide 0 TLC-separation, identity 0 
Colorimetric analysis-spectrophotometer 0 UV spectro- 
p hotometry-analysis 


Hydroxamic acids form highly colored ferric hydrox- 
amates which can be conveniently detected by spectro- 
photometric methods. A previous paper has reviewed 
the potential utility of the hydroxyaminolysis reaction 
in the quantitative determination of imides, amides, 
esters, anhydrides, and acid chlorides (1). That report 
was concerned primarily with the establishment of 
optimum conditions for the stability of the hydroxamic 
acid-iron complex. The effect of each variable upon the 
yield and stability of the complex was determined and 
conditions were described wherein the complex was 
stable for more than 48 hr. An assay method was de- 
veloped for succinimide based on these data. That 
method has been applied in this kinetic study. 


There are three general considerations in the de- 
velopment of optimum conditions for analysis by hy- 
droxamic acid formation. They may be briefly outlined 
as follows: (a) proper reaction conditions for maximum 
yield (or minimum side reactions such as hydrolysis); 
(b) reaction conditions which are sufficiently fast to 
achieve the A ,  reading in a convenient assay time 
(reaching the plateau of the A uersus t curve would 
provide high and constant readings; see Fig. 1); and 
(c) optimum complexing conditions for the most stable 
complex in highest possible yield. An additional con- 
sideration exists in the case of the assay of imides by 
this method. Since the hydrolysis of imides results in the 
formation of amides it is necessary to choose conditions 
which will selectively assay an imide in the presence of 
its hydrolysis product. The development of an assay 
which is both selective as well as sensitive requires a 
knowledge of the kinetics and mechanisms for the 
hydroxyaminolysis reaction. Since there are a number 
of drugs with cyclic imide structures, succinimide was 
chosen as a model compound for kinetic studies. This 
study serves as an excellent illustration of the validity 
of the above premise since the appropriate control of 
reaction conditions has resulted in a new assay with 
sixfold increase in sensitivity. 


EXPERIMENTAL 


Kinetics of Hydroxamic Acid Formation from Succinamide- 
Hydroxyaminolysis of succinimide was carried out under pseudo 
first-order conditions with pH and temperature maintained con- 
stant by use of a pH-stat (Sargent Recording) equipped with a 
jacketed beaker serviced by a constant temperature bath and 
circulating pump. The beaker was maintained closed to the atmo- 
sphere and samples were withdrawn by syringe through a rubber 
gasket. The NHzOH was maintained in sufficient excess of the 
succinimide concentration to remain essentially constant through- 
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Table I-Experimental Conditions and Apparent First-Order 
Rate Constants for Hydroxyaminolysis of 0.01 6 M Succinimide 
at 40" 


~~ ---- Conditions -- -102 k l ,  min.-*--- 
[NHzOH] - Method ----- 


PH M Colorimetric" Ultravioletb 


9.50  0.00 - (0.434p - 
0.14 1.31 1.42 
0.28 2.43 2.31 
0.55 3.78 3.78 
0.82 5.45 5.12 
1.08 6.88 6.78 


10.50 0.14 2.16 __ 
0.28 2.61 ~- 
0.55 4.88 __ 
0.82 6.61 .-- 


1.09 8.37 - 
~~~~~~ 


a Iron complex absorption at 515 mp. N-Hydroxysuccinimide 
absorption at 260 mp. c Determinea by pH-stat. 


out a given reaction. The rate of formation of hydroxamic acid was 
determined by measuring the 515-mp absorption due to its iron 
complex using a spectrophotometer (Beckman DU). The complex 
was formed by addition of an aliquot of the reaction mixture to 
ferric perchlorate reagent solution in accordance with the procedure 
previously reported (1). Usually 0.5 ml. of the reaction mixture 
was added to 10 ml. of ferric perchlorate solution. The absorbance 
at  515 mp was determined 24 hr. after mixing the aliquot with the 
iron solution and again 48 to 72 hr. later to check on color stability. 
Typical curves showing the increase in the 515-mp absorbance as a 
function of reaction time are shown in Fig. 1 and experimental 
conditions are listed in Table I. 


Kinetics of Hydrolysis and Hydroxyaminolysis of Compounds in 
Table 11-The method described in the previous section was em- 
ployed in the determination of all rate constants involving reactions 
with NHzOH reported in this paper. All rate constants for hy- 
drolyses were calculated from the volume of standard NaOH 
delivered as a function of time by the pH-stat (Sargent Recording) 
a t  constant temperature in the absence of NH,OH. In the case of 
N-hydroxysuccinimide the rates of hydrolysis and hydroxyaminol- 
ysis were determined by following the loss of its 260-mp absorption 
maximum in addition to using the pH-stat method to measure 
hydrolysis. 


Kinetics of N-Hydroxysuccinimide Formation from Hydroxy- 
aminolysis of Succinimide-Succinimide 0.016 A4 was reacted with 
various concentrations of NHzOH under pseudo first-order condi- 
tions at pH 9.5,40", as previously described. Aliquots were removed 
as a function of time and diluted with aqueous NaOH at pH 9.5. 
The absorbance at 260 rnfl was determined immediately after 
dilution. Reaction conditions are listed in Table I. 


Determination of the Reaction Products from Hydroxyaminolysis 
of Succinimide-Hydroxyaminolysis of succinimide at pH 9.5, 
40", gives rise to three products during the time required to expend 
the-succinimide; they are succinamic acid, N-hydroxysuccinamide, 
and N-hydroxysuccinimide (see Scheme I). Succinamic acid and 
N-hydroxysuccinimide undergo further transformations at rates 
much slower than the reaction of succinimide (Table 11). 


U 
\ k,, I I  


0 


Scheme I 


The presence of N-hydroxysuccinamide and N-hydroxysuccini- 
mide was demonstrated by TLC on the reaction mixture using 


0.4 
2 


OI 


a 
m 


m a 
g 0.2 


0.0 
0 20 40 60 80 100 120 


TIME, min. 


Figure 1-Increase in absorbance at 515 mp as a function of re- 
action time due to the formation of the hydroxamic acid-iron com- 
plex formed by dilution of aliquots from reactions containing 0.016 M 
succinimide and [NH2OH] equal to: A, 1.09 M; B, 0.82; C, 0.55: 
D, 0.28; and E, 0.14 atpH 10.50,40.0". 


silica gel support and benzene-methanol-acetic acid (15:5:0.1) 
as the solvent. The spots were detected using a ferric perchlorate 
spray and the Rf values compared to standards. The hydroxamic 
acid appeared as a purple smear at Rj = 0.1 and the N-hydroxy- 
succinimide produced a brown spot at Rf = 0.33. N-Hydroxy- 
succinimide (Aldrich Chemical Co.) was used as a reference stan- 
dard and the preparation of N-hydroxysuccinamide is described 
in a previous paper (1). 


Additional evidence for the formation of N-hydroxysuccinimide 
from hydroxyaminolysis of succinimide was provided by a spectro- 
photometric titration. Succinimide was reacted with 1.1 N NHzOH 
at pH 9.5, 40°, for 2 hr. Aliquots were diluted with aqueous HCI 
or NaOH to adjust the pH and then diluted to a constant volume. 
The final pH and the absorbance at 260 mp were immediately 
determined. A similar procedure was applied to N-hydroxysuccini- 
mide. 


Comparison of the Succinimide Assay Method Based on Hydrox- 
amic Acid to that Based on N-HydroxysuccinimideThe applica- 
tion of the hydroxamic acid-iron complex formation to the quantita- 
tive analysis of succinimide has been described in an earlier paper 
(1). The following method was used to compare the sensitivity of 
the hydroxamic acid-iron complex method to a new method based 


Table 11-Comparison of Observed First-Order Rate Constants in 
Presence and in Absence of NHzOH at pH 9.5,40" 


lo* k, min.-l 
1 to 6 kl = k,v + k ~ ,  Succinimidea 


n 


0.43 


N.R. 


<<o .02 


0.023 


0.08 


Too fast 
To measure 


~~~ ~ ~ 


a See Table I for experimental conditions. 
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Table 111-Analysis of the Yields from the Hydroxyaminolysis 
of 0.016 MSuccinimide at pH 9.5,40" 


Yield, %-- -  7 


N-Hydroxy- 
N-Hydroxy- Succinamic succinamic 


NHnOH succinimide Acid Acid 
M obs.a calcd.b ca1c.c 


- - 0.00 0.0 
0.14 46.3 31.4 17.5 
0.28 66.5 18.2 9.7 
0.55 78.7 11.4 7.6 
0.82 82.5 8.1 12.3 
1.08 85.0 6.3 27.0 


0 Am/a at 260 mp. b Percent = I00 kH/kl .  c Based on total absorbance 
at 515 mp, ( A ,  - ~N-OH--SI]UN O H - ~ I  - [SA]aSA)/aN-OH-SA = [N- 
OH-SA]. 


upon the UV absorption of N-hydroxysuccinimide, which is the 
major product at pH 9.5,40" (Table 111). 


Five solutions containing different succinimide concentrations 
(0.0034 to 0.017 M )  and 0.6 N NH20H were adjusted to a pH of 
8.3 and allowed to react overnight at 40". One milliliter of 
each solution was added to 250 ml. of NaOH to give a final pH of 9 
and the absorbance was determined at 260 mp. The same reaction 
mixtures were also assayed by formation of the colored iron complex 
and determination of its 515 mp absorbance as previously described 
(1). A similar set of experiments was conducted using an initial 
pH of 11.7 instead of 8.3. 


RESULTS AND CALCULATIONS 


Kinetics of Hydroxyaminolysis of Succinimide-Reaction mix- 
tures containing succinimide and excess NH20H at constant pH 
and temperature were sampled as a function of time and aliquots 
were added to ferric perchlorate reagent solution. Typical plots 
illustrating the increase in absorbance at 515 mp, due to the hy- 
droxamic acid-iron complex, as a function of the reaction time are 
shown in Fig. 1. Pseudo first-order rate constants, k,, were cal- 
culated from the slopes of plots based on 


m. 1) 
where A is the absorbance at 515 mp. Typical plots are shown in 
Fig. 2 and the rate constants are given in Table I. 


Reactions at pH 9.5, 40", were also followed by diluting aliquots 
with NaOH solution and measuring the absorbance at the 260-mp 
maximum due to N-hydroxysuccinimide anion. Plots of In ( A ,  - 
A t )  versus t were linear after a short lag period and the rate con- 
stants calculated from the slopes were similar to those calculated 
from the colorimetric data (see Table I). 


The rate constants calculated from the pH-stat data for succini- 
mide were much smaller than those calculated from the corre- 
sponding absorption data. This is due to the fact that succinimide 
has a pKa of 9.40 at  40" (2). Under the present experimental 
conditions succinimide exists primarily as the anion and the forma- 
tion of the hydroxamate did not require a significant addition of 
titer by the pH-stat. Rate constants calculated by the pH-stat 
method must represent the formation of the dianion of N-hydroxy- 
succinamic acid (Scheme 11). 


In ( A ,  - A t )  = -klt + In ( A ,  - A,)  


n 


0 
Scheme II 


Kinetics of Hydrolysis and Hydroxyaminolysis of Compounds in 


ln(V, - V,) = - k ~ t  + ln(V, - Vo) Eq. (2) 


where V is the volume of standard NaOH solution added by the 


Table 11-Rate constants for hydrolysis were calculated from 


pH-stat. The rate constant for hydrolysis of N-liydroxysucciiiimide 
was also calculated by simultaneously measuring the decrease in the 
260-mp absorption band as a function of time. Results were the 
same with either method. The rate of loss of N-hydroxysuccinimide 
in the presence of NH,OH was also determined by following the 
loss of the 260-mp absorption band. 


In all other cases the reaction with NHzOH was studied by com- 
plexation with iron and applying Eq. 1. Results are found in Table 
I1 and in the Discusssion section. The rate of hydroxamic acid form- 
ation from succinamic acid was too slow to study with the pH-stat. 
The pseudo first-order rate constant calculated from absorbance 
data was kl = 2.15 X (rnin.-l) in the presence of 0.296 N 
NHzOH and 0.03 N NaOH at 40". 


Determination of Reaction Products from Hydrox yaminolysis 
of Succinimid-Hydroxyaminolysis of succinimide was found 
to give rise to a product(s) which produced a colored complex with 
iron (Fig. 1) and a product having an UV absorption maximum at 
260 mp. The 260-mp absorption band was attributed to N-hydroxy- 
succinimide. The presence of N-hydroxysuccinimide. in reactions at 
pH 9.5, 40°, was demonstrated in two ways. A spectrophotometric 
titration of the reaction mixture resulting from the hydroxyaminol- 
ysis of succinimide was compared with that of a known sample. 
The results, shown in Fig. 3, indicate that both the reaction product 
and N-hydroxysuccinimide possess a pKa of 5.9 and that the 
absorptions of the unprotonated forms are equal. Reaction mix- 
tures subjected to TLC also gave a spot corresponding to that of 
N-hydroxysuccinimide in both R, value and color with ferric 
perchlorate reagent. 


N-Hydroxysuccinamide was shown to give to N-hydroxysuccini- 
mide by performing TLC (previously described) on the hydroxamic 
acid before and after dissolution at pH 9.5. A prominent spot for 
N-hydroxysuccinimide could be visualized only after dissolution 
in alkaline pH. The reaction was too fast to calculate a rate con- 
stant at pH 9.5,40". At room temperature, pH 6, 21 is converted 
to N-Hydroxysuccinimide during the time required for dissolution. 
At pH 9.5, 40", 76% was converted in less than 10 min. It is appar- 
ent that N-hydroxysuccinimide arises from N-hydroxysuccinamide 
and that the rate is sufficiently fast for N-hydroxysuccinamide to be 
considered in the steady state at pH 9.5,40". 


N-Hydroxysuccinimide undergoes hydrolysis to yield a product 
having pKa values of 4.4 and 9.1 by potentiometric titration. This 
product does not move from the origin during the TLC procedure 
previously described and it does give a violet color with ferric 
perchlorate. It does not give rise to an absorption band at 260 mp 
under the conditions in this paper. 


N-Hydroxysuccinamic acid was prepared from succinic an- 
hydride by the method previously described (1). It does not appear 


I \ I\ \ I  I 


0 20 40 60 80 100 
TIME, min. 


Figure 2-First-order plots for the increase in absorbance at 515 
mp due to the hydroxamic acid-iron complex formed from allqriots 
of reactions containing 0.016 M succinimide and [NH2OH] equal to 
A, 1.09 M; B, 0.82; C, 9.55; D, 0.28; andE, O.14atpH 10.50,40". 


1066 Journal of Pharmaceutical Sciences 







to cyclize to form N-hydroxysuccinimide under the present condi- 
tions as indicated by the lack of 260-mp absorbance. 


Comparison of the Succinimide Assay Method Based on Hy- 
droxamic Acid to that Based on N-Hydroxysuccinimide-The 
conditions for obtaining the maximum yield and stability of the 
iron complex of the hydroxamic acid produced from succinimide 
are defined in a previous paper (1). This study compares the assay 
of succinimide under reaction and complexation conditions giving 
the highest yield of absorption at 515 mp with the assay giving the 
highest yield of 260-mp absorption. 
In order to determine reaction conditions for achieving high 


absorbance by the iron complex, the hydroxyaminolysis of succini- 
mide was carried out at fixed concentrations of reactants and 
varying pH. Optimum complexing conditions ( I )  were employed 
in each case and the final absorbance value was determined at each 
pH. Figure 4 shows that the highest color intensity is achieved 
between pH 11 and 12. A pH of 11.6 was chosen for the analysis of 
succinimide by formation of the hydroxamic acid-iron complex. 


Conversely, the yield of N-hydroxysuccinimide, as evidenced by 
the 260-mp absorption band, decreases as the reaction conditions 
are held constant and the pH is increased (Fig. 4). A pH of 8.3 was 
therefore chosen for the assay of succinimide by the formation of 
N-hydroxysuccinimide. Figure 5 illustrates the increase in yield of 
N-hydroxysuccinimide with increasing NHsOH at constant pH. 
The yield increases sharply from 0 to 0.6 N NHzOH but does not 
significantly increase from 0.6 to 1.1 N .  The reaction was carried 
out with 0.6 N NHzOH on this basis since NH,OH has been im- 
plicated in color instability (1). 


Figure 6 compares the result of assaying succinimide by the 
hydroxamic acid-iron complex method to that of the N-hydroxy- 
succinimide method. The absorbance due to the iron complex 
(515 mp) had to be corrected to correspond to the concentrations 
shown in Fig. 5 due to the difference in dilution between the two 
techniques (see E.\perimentan. A comparison of the slopes of the 
lines shows more than a sixfold increase in sensitivity using the 
UV absorption method instead of the colorimetric. 


DISCUSSION 


Hydroxyaminolysis of Succinimide-At pH 9.5, 40", succinimide 
simultaneously reacts with NH,OH to form the hydroxamic acid, 
A-hydroxysuccinamide. and undergoes hydrolysis to form suc- 
cinamic acid. N-Hydroxysuccinamide undergoes rapid ring closure 
to form N-hydroxqsuccinimide (see Scheme I). This ring closure is 
much more rapid than the hydroxyaminolysis reaction. Pseudo 
first-order rate constants calculated from the appearance of the 
260-mp absorption maximum of N-hydroxysuccinimide are in 
agreement with those calculated from the appearance of color 


1.0 - 
I 
I 


0 
In N 


0.6 - + 
Q I  


0.0 


2 4 6 8 10 12 
PH 


Figure 3-Absorbance at 260 mp as a function of pH,for  solutions 
containing N-hydroxysuccinimide (0) and solutions containing 
aliquotr of a 2-hr. reaction containing 0.016 succitiimide and 1.1 N 
NH: OH at p H  9.5,40". 
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Figure 4-the final absorbance values at 515 mp due to,formation of 
the hydroxamic acid-iron complex (0) and thefinal absorbance values 
at 260 mp due to formation of N-hydroxysuccinimide (0) .from 
reactions containing,fixed concentrations of succinimide and NH20H 
nndcaryingpHat 40". 


due to the iron complexes of the hydroxamic acid and N-hydroxy- 
succinimide (Table I). The rate constant, kl, represents the sum of 
the rate constants for hydrolysis, k H ,  and hydroxyaminolysis, k N .  
The bimolecular rate constant, kz ,  for the formation of the hydrox- 
amic acid can be calculated from the slope of kl  versus [NHzOH] 
where the intercept is kH (Fig. 5). The value of kz  is approximately 
the same at pH 9.5 and 10.5 as can be seen from the fact that the 
slopes are similar in Fig. 5. The increase in rate constant which 
accompanies this increase in pH is therefore due to the increase in 
hydrolysis rather than hydroxyaminolysis. Since more of the suc- 
cinimide would hydrolyze at the higher pH value, the yield of 
hydroxamic acid would be expected to decrease with increasing pH. 
One would expect from these data that the final absorbance due to 
the color complex would decrease at higher pH values due to the 
increased loss of succinimide through the competing hydrolysis 
reaction. 
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Figure 5-PseudoJirst-order rate constants, kl (left ordinate), as a func- 
tion of [NH2OKJ for 0.016 M succinimide at 40", pH 9.50 (0) andpH 
10.5 (0). Thepercent yield of N-hydroxysuccinimide (right ordinate, 0) 
asa functionof[NH20H]at 40",pH9.50. 
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Figure 6-Comparison of assay methods for succinimide by react- 
ing with NHzOH at 40", pH 8.3 and measuring the N-hydroxysuc- 
cinimide at 260 mp (0) or the hydroxamic acid-iron complex at 
515 mp (0) and at p H  11.7 measuring the iron complex at  515 m p  
(0). 


The succinamic acid formed by hydrolysis of succinimide was 
found to have an overall rate constant, kl, for hydroxyaminolysis 
plus hydrolysis, of only 1/100th the value of succinimide and would 
not therefore contribute significantly to the color formation. Figure 
4 shows the final absorbance at 515 mp for the color complex 
resulting from 0.016 M succinimide and 0.825 M NHzOH at 40" 
from pH 6 to 13. The absorbance is seen to increase between pH 8 
and 11 instead of decreasing as would be expected with increased 
succinimide hydrolysis. The reason for this increase is due to a 
change in the reaction scheme. Although the hydrolysis of succini- 
mide is increasing over this range, the hydrolysis of N-hydroxy- 
succinimide is also increasing. The rate constant (in min.-l) for 
N-hydroxysuccinimide hydrolysis at pH 9.5, 40", is 2.3 X lo-* 
and at 10.5 is 29.1 X low4. Thus, as the pH is increasing, the yield 
of N-hydroxysuccinamic acid is also increasing (see Scheme 11). 
A reaction carried out at pH 11.6 was found to give a high yield of 
absorbance at 515 mp without any significant absorbance at 260 
mp. 


The absorptivity of the color complex of N-hydroxysuccinimide 
is 528 under the conditions of this study. Figure 4 indicates an 
approximate increase in 515 mp absorbance of threefold in going 
frompH 6 to 12. This absorbance at pH 12 agrees with the estimated 
value for the N-hydroxysuccinamic acid complex which would be 
expected to be about 1400 as was determined for the hydroxamic 
acid prepared from succinimide (1). The major product at pH 9.5 
in the presence of 0.55 to 1.09 N NH20H, 40", is N-hydroxy- 
succinimide (Fig. 5 )  whereas the major product at pH 12 under the 
same conditions is N-hydroxysuccinamic acid (Fig. 4). 


It can be seen in Table I11 that there is very little increase in the 
percent yield of N-hydroxysuccinimide when the NHzOH concen- 
tration is increased from 0.55 to 1.08 M. The initial increase in 
yield in going from 0 to 0.55 M NH,OH is primarily due to in- 
creasing the fraction kN/kl by increasing the product kz[NH20H]. 
This is also reflected in the decrease in succinamic acid percent 
listed in Table 111. Thus, increasing the NH20H concentration has a 
significant effect on the yield as long as kE is significant as com- 
pared to kl. It can be seen from Table I11 that k H  is 31 of the 
overall rate constant at 0.14 M NHzOH but only 11, 8, and 6% 
at  0.55, 0.82, and 1.08 M NHzOH, respectively. In this case there 
is no great benefit in employing high NHzOH concentrations, such 
as 3 M as is commonly employed (3) in the analysis of amides and 
imides. In addition, there are two distinct disadvantages in using 


high NHzOH concentrations. It has previously been shown that 
the NHzOH is a key factor in both the decrease of color formation 
from the hydroxamic acid-iron complex as well as in the stability 
of the color (1). On that basis it is well to use the minimum NH2OH 
required to convert the imide to the hydroxamic acid. In addition, 
it has been found that the decomposition of NHzOH causes an 
acidic pH shift during the reaction. At modest NHzOH concentra- 
tions this does not affect the assay but at high concentrations it can 
cause a problem in reproducibility of yields (Fig. 4). 


It should be noted that the hydrolysis of an imide to an amide 
represents a potential source of error in the hydroxamic acid-iron 
complex method since both are capable of forming a hydroxamic 
acid. That is, the assay might lack selectivity. This is not the case for 
the assay of succinimide in the presence of its hydrolysis product, 
succinamic acid. At 40", pH 9.5 and 0.3 A4 NHzOH, the reaction of 
succinimide is 100 times faster than that of succinamic acid. At 
40", in the presence of 0.3 M NH20H and 0.03 N NaOH, succin- 
imide reacts to yield a 515-mp absorbance of 0.475 after 0.5 hr. 
by the hydroxamic acid-iron complex method. Under similar 
conditions succinamic acid gives no color at 0.5 hr. and after 21 hr. 
produces an absorbance value of only 0.060. 


Analysis of Succiniide by Reaction with Hydroxylamine-The 
kinetics of hydr oxyaminolysis of succinimide has been discussed 
in the previous section. This data has been used to develop an assay 
for succinimide which is sixfold more sensitive than the method 
employing complexation with iron. The principle involved is the 
control of reaction conditions so as to produce N-hydroxysuccini- 
mide rather than hydroxamic acid (see Schemes 1 and 11). N- 
Hydroxysuccinimide has an absorptivity of 8900 at 260 mp in alka- 
line pH. Under the conditions defined previously for optimum color 
production (1) the hydroxamic acids in Schemes I and I1 would have 
absorptivities of roughly 1400 at 515 mp. The absorptivity of N- 
hydroxysuccinimide is thus more than sixfold greater than that of 
the hydroxamic acid-iron complexes. A complete change in the 
reaction product from hydroxamic acid to N-hydroxysuccinimide 
would result in an increase in sensitivity of more than sixfold. 


Figure 6 illustrates the increased sensitivity observed in the 
assay of succinimide by measuring the N-hydroxysuccinimide 
produced upon reaction with NH20H. In order to plot these on the 
same concentration scale, the absorbance readings of the iron 
solutions were corrected for the difference in dilutions between the 
methods. The highest absorbance was obtained by measuring the 
hydroxysuccinimide resulting from the hydroxyaminolysis of 
succinimide at initial pH 8.28, 40°, in the presence of 0.6 NNH,OH. 
The same reaction at pH 12 produced no N-hydroxysuccinimide 
and therefore had the maximum yield of hydroxamic acid (Fig. 4). 
It can be seen that the resulting 515-mp absorbance plot has less 
than l /6  the slope of that for the N-hydroxysuccinimide absorbance 
at 260 mp. 


The method is of potential utilityin the assay of other cyclic imides. 
The author is currently investigating this reaction using several 
cyclic imide drugs and similar organic compounds. There are two 
considerations in developing an assay based on the formation of the 
cyclic N-hydroxyimide. Conditions must be found which favor the 
hydroxyaminolysis of the original cyclic imide. If this ring is too 
stable to open, the reaction with NH20H will be too slow. On the 
other hand, the conditions must favor the closure of the ring once 
the hydroxamic acid is formed. 
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Sy n-1,2-Di(hydroxyimino)-l-pyridyl-2-phenylethane Methiodides 
(Xa,b,c)-In this series the general effectiveness of the various 
isomers should be pointed out; in the case of DFP inhibition the 
picolinic and isonicotinic derivatives have an activity comparable 
with that of 2-PAM and 4-PAM respectively. The activity di- 
minishes in the case of TEPP inhibition; in this case the Xb isomer 
is inactive. 


In conclusion it is possible to affirm that, as it had already been 
found in the series reported in the preceding note (6), quaternary 
pyridine derivatives containing a hydroxyimino group in the f l  
position of the side chain generally retain a reactivating activity, 
in whatever position the attachment to the ring may be; in some 
case this activity is higher than that of the isomer containing the 
same group in the a-position. 


Since a phenyl group can shield the hydroxyimino group in rela- 
tion to the active site of enzyme, a series of P-hydroxyimino deriva- 
tives containing hydrogen instead of the phenyl group was syn- 
thesized; the activity of these products will be reported in a following 
note. 
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The Synthesis of Pyrrolidine-Substituted Nicotine Analogs 


NEAL CASTAGNOLI, Jr., ARMEN P. MELIKIAN, and VITTORIO ROSNATI* 


Abstract 0 As part of a program to synthesize nicotine homologs 
and analogs, the potentially versatile condensation of 3-pyridyl 
lithium with a 1-pyrroline-I-oxide (cyclic nitrone) has been studied. 
The product, an N-hydroxynornicotine derivative, was obtained 
in moderate yield and could be converted by way of the correspond- 
ing myosmine and nornicotine compounds to the desired gem- 
dimethylnicotine homolog. Spectral characteristics of these and 
certain side products are reported. 


Keyphrases 0 Nicotine analog, pyrrolidine substituted-synthesis 0 
UV spectrophotometry-structure 0 IR spectrophotometry- 
structure 0 NMR spectroscopy-structure 


Nicotine (I), the principal alkaloid found in most vari- 
eties of tobacco, has served as a valuable chemical probe 
in the investigation of peripheral cholinergic transmis- 
sion (1). More recently, increasing attention has been 
directed to nicotine’s central activity (2, 3) and has in- 
cluded psychopharmacological studies relating to ani- 
mal behavior (4, 5).  These interests have led to many 
attempts to define the structural parameters responsible 
for this compound’s cholinomimetic activity (6-8). 


Studies directly concerned with structural features of 
nicotine itself suggest that, for nonquaternary com- 
pounds capable of exerting effects within the CNS, the 
3-pyridylaminomethyl system, 11, is essential for high 
nicotinic activity (9-1 1). In order to explore the effects 
on central and peripheral activity of compounds closely 
related to nicotine, a program has been initiated to syn- 
thesize nicotine-like compounds in which the pyrrolidine 
ring is substituted. In this paper the authors report their 
studies on the synthesis of the gem-dimethylnicotine 
homolog, 111, by a reaction sequence that should be 
applicable to a large number of such derivatives. The 
methylnornicotine, IV, (12) and the carboxynicotine, V 
(1 3), both presumably as diastereoisomeric mixtures, 
were the only such nicotine analogs found in the litera- 
ture. 


THEORETICAL 


Nicotine has been prepared by several routes (14,15); however, on 
review, none of these appeared to offer the required versatility 
demanded by the present problem. The fact that l-pyrroline-l- 
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oxides (cyclic nitrones) undergo condensation with Grignard re- 
agents to yield the corresponding hydroxylamines (16) and the avail- 
ability of many such nitrones (16-18) suggested that these com- 
pounds might serve as useful intermediates for the substituted 
pyrrolidine moiety of our nicotine derivatives. Because of the in- 
stability of pyridyl Grignard reagents (19), 3-pyridyl lithium, readily 
prepared from 3-bromopyridine and n-butyl lithium in moderate 
yields (20, 21) was employed in the condensation reaction with the 
nitrone, 5,5-dimethyl-l-pyrroline- 1-oxide (VI). A crystalline product 
was isolated from the reaction which, on the basis of elemental 
analysis and spectral data, could be assigned the structure of the 
desired hydroxynornicotine, VII. The IR spectrum showed bands 
characteristic for free and bonded hydroxyl stretching (3,580 and 
3,125 cm-I). The NMR spectrum (Table I) was also in complete 
agreement with the proposed structure. The coupling pattern for the 
pyridine protons (not included in Table I) was nearly identical with 
that reported for nicotine (22) and other 3-substituted pyridines (23) 
thus eliminating the possibility of any unexpected rearrangements. 
Further support for Structure VII was obtained by oxidation of the 
hydroxylamine to the nitrone, VIII. As anticipated, the UV spec- 
trum of VIII showed a chromophore (A,,,,. 300 mp) characteristic of 
a conjugated nitrone (24) and the 4.0 p.p.m. multiplet assigned to the 
C6 methine proton of VII was no longer present (Table I). 


In addition to the hydroxylamine, VII, a second minor crystalline 
product was obtained which, according to its physical and spectral 
properties, could be identified as the known dimer, 1X. The m.p. and 
principal IR bands corresponded to reported values (25) and the 
NMR spectrum (see Experirnenta[) was in complete agreement with 
the proposed structure. Dimerization of cyclic nitrones under base 
catalysis is a well-documented reaction (25) and it would appear that 
in the present case butyl lithium and/or pyridyl lithium catalyzed the 
reaction. 


uLi +QCH3 % VII 


+ 
VI 


OH f 
0 


I, R, =CH,, R, = R, = H  I1 


VII R, =OH, R, = R, = CH, c,?r + 
XV, R, = OCOCH3, R, = R3 = CH, 


XVI, R, = H, R- = RJ = CH, 
0 


VIJI 


Subsequent conversion of the hydroxylamine to eventually yield 
the nicotine analog, 111, was first examined by attempted dehydra- 
tion of VII to the pyrroline, X, with acetic anhydride. Although the 
pyrroline was obtained in low yield, the principal product from this 
reaction proved to be a hygroscopic oil for which satisfactory 
data could not be obtained. In addition to the expected pyridine 
signals, the NMR spectrum (Table I) showed a one-proton triplet 
coupled (J  = 3 c.P.s.) to a two-proton doublet and a single band 
integrating for nine methyl protons. Based on the above data, this 
product has been assigned the N-acetyl-2-pyrroline structure, Xi, 
which presumably arose by acefylation of the intermediate l-pyrro- 
line, X. Analogous acylations of both cyclic (26, 27) and open-chain 
(28) imines were found in the literature. Further structure proof was 
obtained by partial hydrolysis of Compound XI which yielded the 
ketoamide, XII, similar to the reported (26) hydrolysis product, 
Compound XIII, of N-benzoylmyosmine (XIV). 


In order to avoid the complications arising from acetylation of the 
pyrroline, the N-acetoxy compound, XV, was prepared with acetyl 
chloride. Thermal deacetylation then gave the desired pyrroline in 
76 7, yield. As has been reported with related systems, the l-pyrro- 
line could be readily reduced to provide the nornicotine analog, 
XVI (12). 


A second, more direct route to XVI employing a zinc dust reduc- 
tion was also explored. With zinc and HCI, a mixture of products 
was obtained from which no pure substance could be characterized. 
The NMR spectrum of the crude isolate suggested that the pyridine 
ring had suffered reduction as well as the hydroxylamine. Under 
more mild conditions using acetic acid, Compound XVI could be 
obtained in 8 7 z  yield. Finally, methylation of the secondary amine 
with formic acid-formaldehyde gave the desired gem-dimethyl- 
nicotine derivative, 111, in 92% yield. Together with the moderate 
yield of the initial condensation product, the two subsequent high- 
yield steps establish a convenient route to pyrrolidine-substituted 
nicotine derivatives. The preparation of additional members of this 
series is currently under investigation. 


A XI, R1 = COCH,, R2 = CH, 
XIV, R1= COCsHS, R:, = H 


XII, R, = COCH3, R2 = CH, 
XIII, R1= COC6H5, R, = H 


EXPERIMENTAL 


Unless otherwise specified, all reactions were performed under a 
nitrogen atmosphere and solvents were concentrated in uacuo by 
means of a rotary evaporator. Melting points were determined 
(Hoover-Thomas apparatus) and are uncorrected. UV spectra were 
recorded in 95 % ethanol (Amax.) and 0.01 Nethanolic HC1 (A::=.) on 
a spectrophotometer (Cary model l l ) ,  IR spectra (vmax.) in 5-10% 
chloroform solution on a spectrophotometer (Perkin-Elmer model 
337), and NMR spectra (6) also on a spectrometer (model A-60 A, 
Varian Associates). Microanalyses were performed by the Micro- 
analytical Laboratories, University of California, Berkeley, and 
Istituto Superiore di Saniti, Rome, Italy. 
l-Hydroxy-2,2-dimethyl-5-3'-pyridylpyrrolidine (VIIFTo a 


solution of butyl lithium (57.2 g. of a 22.6% solution in hexane, 200 
mM) in 200 ml. anhydrous ether maintained at -70" was added 
3-bromopyridine (31.6 g., 200 mM) in 100 ml. anhydrous ether over 
a 30-min. period with rapid stirring. The nitrone, VI (16) (17.0 g., 
150 mM) in 125 ml. anhydrous ether was then added over a period of 
45 min. At the end of the addition plus 30 min. the cooling bath was 
removed and stirring continued for an additional 30 min. The reac- 
tion mixture was treated with ammonium chloride (25 g.) in 175 ml. 
water, the ether layer separated and the aqueous layer extracted with 
ether (5 X 200 ml.), and saved (see below). The combined organic 
extracts were dried (MgS04) and the solvent was removed. Crystal- 
lization of the residue from benzene followed by sublimation at 80" 
(0.01 mm.) gave the pure hydroxylamine, VII (10.0 g., 357,): m.p. 
127-128"; A,,,, 268 mp (e 1,950), 262 (2,660), 257 shoulder (2,400); 
A",,',, 260 mp ( E  4,640); v,,,. 3,580 cm.-' (free OH), 3,125 (bonded 
OH). 


Anal.-Calcd. for C11H16N20: C, 68.72; H, 8.39; N, 14.57. 
Found: C, 68.65; H, 8.65; N, 14.74. 


The dipicrate (from ethanol) melted at 149-151 ". 
Anal.-Calcd. for C23H22N801S: C, 42.44; H, 3.41; N, 17.25. 


Found:C,42.17;H,3.53;N,17.03. 
The above aqueous layer was further extracted with chloroform. 


After drying (MgS04) and concentrating, a crystalline solid was ob- 
tained which on recrystallization from chloroform-petroleum ether 
yielded pure 2-(1'-hydroxy-5',5'-dimethylpyrrolidine-2'-yl)-5,5-di- 
methyl-1-pyrroline-1-oxide (IX): m.p. 177-178" [lit. (25) 177"l; vmsx. 
3,190 and 1,610 cm.-' [lit. (25) 3,190and 1,611 crn.-']; 6 CDCh 1.08, 
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Table I-Proton Magnetic Resonance Spectra (60Mc.p.s.) of Nicotine Analogs and Related Compounds" 


~~~ 


Coupling 
Chemical Shift - Constant 


Compoundb No. A B C D E C.P.S. 


111 
VII xv 


XVI 


R = CHJ 
R = O H  
R = OCOCH, 
R = H  


0 


2.03 ( s ) ~  
7.05 (b)d 
1.85 (s) 
1.65 ( s ) ~  


- 


- 


1 .62 (s) 


1.92 (s) 


3.05 (t) 


2.96 (t) 


- 5.25 (t) 


5 . 7  (b)d 3.02(t) 


C and D 
-2.0 (m) 
-1.9 (m) 
-2.0 (m) 
-1.9 (m) 


0.98 (s), 1.22 (s)  JBC -5 
1.17 (s), 1 25 (s) JBC -6 
1.22 ( s ) ,  1.28 (5) JBC -8 
1.23 ( s )  JBC -7 


2.14(t) 1.47(s) Jcu -7 


1 .80 (t) 1 .27 ( s )  J C D  -8 


2.55 (d) 1.62 ( s )  J C D  -3 


2.16(t)  1.37(s) JCD -8 


a Spectra were taken in deuteriochloroform as solvent and are reported in p.p.m. relative to tetramethylsilane as internal standard (TMS = 0.0 
Ex- p.p.m.). 6 Py = 3-Pyridyl. 


changeable proton. 
Letters in parentheses indicate multiplicity: s = singlet, d = doublet, t = triplet, m = multiplet, and b = broad, 


1.20, 1.38, and 1.42 p.p.m. (s) CCH3, 2.75 (m) CHzCN, 4.30 (m) 
CHN, 6.00 (b) OH. 
2-3'-Pyridyl-5,5-dimethyl-l-pyrroline-l-oxide (VII1)-Filtered 


air was bubbled through a suspension of the hydroxylamine, VII 
(500 mg., 2.6 mM) in 50 ml. water containing 25 mg. of cupric 
sulfate pentahydrate and 5 ml. of concentratedammonium hydroxide 
for 4 hr. The resulting homogeneous solution was then exhaustively 
extracted with chloroform, the combined extracts dried (MgS04), 
and concentrated to dryness to give 490 mg. (98%) of a milky oil 
which solidified on standing overnight. Sublimation at 80" (0.5 
mm.) gave the pure nitrone, VITI: m.p. 65-66"; A,,, 300 mp (E 
11,240), 236 (4,950); 306 mp (E 9,050), 248 (7,850); vmax 3,6601 
and 3,3401 cm.-', 1,565 (C=N+O). 


Anal.-Calcd. for C1,H14NzO: C, 69.44; H ,  7.42; N, 14.73. 
Found: C, 69.48; H, 7.39; N, 14.84. 


The monopicrate was obtained from ethanol, m.p. 177-179". 
Anal.-Calcd. for CI7Hl7N50s: C, 48.69; H ,  4.09; N, 16.69. 


Found: C, 48.83; H, 4.09; N, 16.66. 
Reaction of l-Hydroxy-2,2-dimethyl-5-3'-pyridylpyrrolidine 


(VLI) with Acetic Anhydride-The hydroxylamine, Compound VII 
(10.5 g., 54.6 mM) was heated at  reflux for 3 hr. in 100 ml. acetic 
anhydride. The reaction mixture was concentrated and the residue 
dissolved in chloroform. After several aqueous bicarbonate washes, 
which were back-extracted with chloroform, the combined, dried 
(MgS04) chloroform layers were concentrated and the residual 
dark-brown oil vacuum-distilled to  give two fractions: Fraction A, 
1.0 g., b.p. 55-60' (0.1 mm.) and Fraction B, 6.4 g., b.p. 60-100" 
(0.1 mm.). Fraction A (1.0 g., approximately 5 mM) in 10 ml. hot 
95z ethanol was added to a hot ethanolic solution of picric acid 
(2.6 g., 12 mM). After standing overnight at  5" ,  2.0 g. (3.1 mM) of 
2-3'-pyridyl-5,5-dimethyl-l-pyrroline dipicrate was obtained. Re- 
crystallization from ethanol provided an analytical $ample. m.p. 
187-188". 


1 These bands, characteristic for free and bonded OH stretching, have 
been reported for other nitrones (16, 29) and can be best explained by 
assuming the nitrone exists in part in the enol form. 


And-Calcd. for CnaHzoNsOL4: C. 43.65; H. 3.18; N, 17.72 
Found: C, 43.43; H,  3.24; N, 17.49. 


The free base, X, was obtained in 96 % yield by chromatographing 
the dipicrate (700 mg.) on alumina (100 8.) in 2 % methanolic chloro- 
form. Short-path distillation at  90-100" (0.05mm.)gaveananalytical 
sample: A,,,. 265 mp shoulder ( E  3,825), 235 (11,190); A::x, 275 mp 
shoulder ( E  6,820), 250 (12,090); v,,,. 1,625 cm.-L(pyrroline C=N). 


And-Calcd. for CllH14N2: C, 75.82; H, 8.10: N. 16.08. Found: 
C, 75.90; H, 8.29; N, 15.95. 


Fraction B in ethanol was treated with picric acid to form a small 
amount of the above pyrroline dipicrate (m.p. 186-187"). The re- 
maining ethanol solution was added to chloroform and extracted 
with dilute phosphoric acid. After extracting with chloroform to 
remove any remaining picric acid, the combined aqueous extracts 
were made strongly basic and extracted several times with chloro- 
form. Short-path distillation at  85-100" (0.01 mm.) of the residue 
obtained after drying (MgS04) and concentrating the combined 
chloroform extract yielded 3.9 g. product analyzing as a partial 
hydrate of l-acetyl-2-3'-pyridyl-5,5-dimethyl-2-pyrroline (XI): 
vma,. 1,622 crn.-l (C=O). 


Anal.-Calcd. for CI3Hl6N20. 1/3H20: C, 70.3; H. 7.5; N, 12.6. 
Found: C, 70.3; H, 7.4; N, 12.7. 
3-Pyridyl-3-methyl-3-acetamidobutyl Ketone (X1I)-The N- 


acetylpyrroline, X (2.16 g., 10 mM) was heated at reflux for 2 hr. in 
50 ml. 6 N HCl. After concentrating to 10 ml., the concentrate was 
made strongly basic and exhaustively extracted with ether. The dried 
(MgS04) ether was removed and the oily residue crystallized from 
benzene to  give the pyridyl ketone, XI1 (0.9 g., 53 z). After sublima- 
tion the compound melted sharply at 135": A,,,. 273 mp shoulder 
( e  2,990), 266 (3,690), 264 shoulder (3,530), 229 (9,830); A::=. 270 
mp shoulder ( E  3,950), 265 (4,700), 262 shoulder (4,490), 225 (4,725); 


vz:.' 3,280 crn.-' (NH), 1,700 (ketone C=O), 1,650 (NCCH3). 
And-Calcd. for CI8Hl8N2O2: C, 66.64; H, 7.74; N, 11.96. 


Found: C, 66.87; H, 7.90; N, 11.89. 
l-Acetoxy-2,2-dimethyl-5-3'-pyridylpyrrolidine (XV)-The hy- 


droxylamine, VII (1.92 g., 10 mM) in 40 ml. anhydrous benzene was 


0 
II 
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treated with freshly distilled acetyl chloride (0.80 g., 10 mM) while 
stirring vigorously. The gummy mass which separated dissolved 
within 5 min. Stirring was continued at room temperature for 12 hr. 
during which time a fluffy white solid precipitated. This solid (2.1 8.) 
was dissolved in aqueous bicarbonate and the resulting solution 
extracted with chloroform. Work-up of the chloroform extract gave, 
after sublimation at 80” (0.05 mm.), the N-acetoxy compound, XV 
(1.6 g., 6973: m.p. 61-62”; A,,,. 299 mp (E 1,100) 268 (2,540), 262 
(3,0901, 256 (2,760); A”,:, 259 mp (E 5,300); vmax. 1,780 cm.-’, 1,760 
(C=O). 


And---Calcd. for C13HlsN20n: C, 49.25; H, 4.57; N, 15.11. 
Found: C, 49.25; H, 4.41; N, 14.96. 


The above acetoxy compound (5.1 g., 21.8 mM) was heated at 
100” neat for 60 hr, and then added to aqueous bicarbonate. Extrac- 
tion into chloroform followed by drying (MgS04), removal of the 
solvent and distillation at 74-76” (0.2 mm.) gave the 1-pyrroline, X, 
with IR and NMR spectra identical to the 1-pyrroline obtained from 
the treatment of the hydroxylamine, VII, with acetic anhydride. 
2,2-DimethyI-5-3’-pyridylpyrrolidine (XV1)-(a) The pyrroline, 


X (175 mg., 1.0 mM) was treated at room temperature with sodium 
borohydride (1.9 g., 50 mM) in 25 ml. water-methanol (3:l) for 4 
days. Five chloroform extracts, individually backwashed with water, 
were combined and dried (MgS04). The residue obtained after sol- 
vent removal was purified by short path distillation at 65-70” (0.05 
mm.) to yield the pyrrolidine, XVI (140 mg., 80%): A,,,. 268 mp 
shoulder (e 2,250), 260 (3,180), 258 shoulder ( e  2,625); At:=, 266 mp 
shoulder (4.050), 258 (4,850); YE::. 3,280 cm.-l (NH). 


And-Calcd. for CI1Hl6N2: C, 74.95; H, 9.25; N, 15.90. Found: 
C,74.81;H,9.25;N,15.83. 


The dipicrate (from ethanol) melted at 185--186”. The m.p. with 
the dipicrate of the hydroxylamine, VII (m.p. 187-188”) was de- 
pressed-174-1 85 ’. 


Anal.-Calcd. for C23H22N3014: C, 43.53; H,  3.50; N, 17.67. 
Found: C,43.31; H, 3.61; N, 17.83. 


(b) To a vigorously stirred solution of the hydroxylamine, VII  
(12.0 g., 63 mM) in 150 ml. 50z aqueous acetic acid maintained at 
60” was added all at once purified zinc dust (8.0 g., 0.123 g. Atm.). 
The temperature rose to 80” and stirring was continued for 1 hr. The 
cooled reaction mixture was filtered, the filtrate made strongly 
alkaline with NaOH, and exhaustively extracted with chloroform. 
After drying (MgS04) and removing the solvent, the residual oil was 
distilled to yield 9.5 g. (87%) of pure pyrrolidine, XVI, b.p. 89-90” 
(0.5 mm.), having identical spectral characteristics with the above 
pyrroline reduction product. 
1,2,2-Trimethyl-5,3’-pyridylpyrrolidine (III).-To the ice-cold 


nornicotine derivative, XVI (8.8 g., 50 mM) was added 90% formic 
acid (13 ml., 224 mM) and 36% formaldehyde (10.6 g . ,  126 mM). 
The resulting solution was heated at reflux under a slow nitrogen 
sweep for 9 hr. when C 0 2  evolution ceased (no BaC03 precipitate). 
The cooled solution was treated with concentrated HCI (40 ml.) and 
then concentrated to near dryness. The residue in 50 ml. water was 
made strongly alkaline with NaOH and extracted several times with 
chloroform. The solvent was dried (MgSOa), concentrated, and the 
residue distilled to yield 8.7 g. (92%) of the gem-dimethylnicotine 
derivative, 111: b.p. 75-76” (0.2 mm.); A,,,, 267 mp shoulder (t 
2,200), 262 (2,870), 257 (2,700); 260 (4,910); v,,, 2,795 em.-’ 


Anal.--Calcd. for Cl2Hl8N2: C, 75.75; H, 9.53; N, 14.72. Found: 


The dipicrate (from ethanol) melted at 225-226”. 
Anal.-Calcd. for C24H24NS014: C ,  44.45; H, 3.73; N, 17.28. 


(C-H of N-CH3). 


C, 75.79; H, 9.66; N, 14.82. 


Found: C,44.27; H, 3.99; N, 17.08. 
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Studies on Surface Films of Soybean Lecithin 111: The Effect 
of Lysolecithin on Lecithin Monolayers at the Air-Water Interface 


G. TOROSIAN* and A. P. LEMBERGER 


Abstract 0 The influence of lysolecithin on lecithin monolayers has 
been studied. Evidence that lysolecithin, when in the subsolution, 
appears to expand lecithin films to a greater extent than expected 
is presented. It has been postulated that the increased expansion 
over the amount expected is due to the enhancement of migration 
of the lysolecithin to the air-water interface in the presence of the 
lecithin film. Compression of such films results in what appears 
to be the loss of material from the lecithin-lysolecithin film. Studies 
in which the lysolecithin concentration in the subsolution was 
varied while the lecithin concentration layered at the surface was 
held constant indicate that an optimum lysolecithin concentration 
exists at which the initial film pressure generated reaches a maxi- 
mum. Time dependent behavior of compressed films at lysolecithin 
subsolution concentrations exceeding the critical concentration 
indicate that one, both, or possibly some combination of the two 
components may be leaving the interface. 


Keyphrases 0 Lecithin monolayers, air-water interface-lyso- 
lecithin effect Lysolecithin-lecithin film expansion 0 
Compression effect-lecithin-lysolecithin films 0 Time effect- 
compressed lecithin film, lysolecithin subsolution 


Most authors agree that at the present stage of knowl- 
edge, the cell wall is considered to be a lipid-protein- 
cholesterol complex. DeGier et al. (1) have found that 
of the total phospholipid content in erythrocytes 
lecithin comprised 36 % and phosphatidyl ethanolamine 
30 %. The remaining phospholipids consisted of lyso- 
lecithin 2%, and a mixture containing 32% sphingo- 
myelin and lysophosphatidyl ethanolamine. These 
figures indicate that the largest single component in the 
erythrocyte cell wall is lecithin ; therefore with some 
justification, investigators have used lecithin mono- 
layers in penetration studies involving various drugs 
(2-4) as a first approximation to what may be occurring 
at the cell wall with these same agents. However, since 
lysolecithin has been found to be a normal constituent 
of the erythrocyte cell wall, and because it is produced 
in separation and purification procedures while attempt- 
ing to isolate lecithin from natural sources, it would 
seem pertinent to investigate the effect of lysolecithin on 
lecithin monolayers. It is the results of such an in- 
vestigation that are reported here. 


EXPERIMENTAL 


Material-The lecithin used in this study was prepared by the 
method of Saunders and Perrin ( 5 ,  6) from a soybean concentrate 
(Azolectin, Associated Concentrates, Inc., Woodside, N. Y.). 
Lysolecithin was prepared from the isolated lecithin after the 
method of Saunders (7) using lyophilized viper venom. The homo- 
geneity of these materials was determined by TLC after the method 
of Skipski et al. (8). All phospholipid materials were found to be 
homogeneous. 


Apparatus and Experimental Procedure-The film balance em- 
ployed in these studies has been described by Poulsen and Lem- 
berger (9). 


The compression of lecithin films on subsolutions with varying 
concentrations of lysolecithin was performed in the following 


manner. The lysolecithin was dissolved in double distilled water 
and the solution was placed in the trough. A solution of lecithin in 
benzene was then layered on the surface of the lysolecithin solution 
and compressed manually. Readings were made at 1-min. intervals. 


The procedure varied slightly for the experiments in which the 
changes in film pressure with time were observed. Lecithin was 
layered from benzene solutions onto subsolutions with various 
concentrations of lysolecithin and the film was compressed to a 
predetermined constant trough area. The change in the film pressure 
was then followed for 1 hr. 


Temperature was held constant throughout a particular experi- 
ment and all runs were conducted at 25 f 0.5". 


RESULTS AND DISCUSSION 
, 


Expansion of Lecithin Films by Lysolecithit-The expansion 
of lecithin films, apparently due to the presence of lysolecithin from 
the subsolution in the film, is shown in Fig. 1. A lecithin film layered 
on a subsolution containing 1.7 X 10-7 g./ml. of lysolecithin is 
shown to expand to higher areas. A further increase in lysolecithin 
concentration in the subsolution to 3.3 X 10-7 g./ml., causes an 
even greater expansion of the lecithin film. In fact, the lower portion 
of the isotherm at this lysolecithin concentration is unobtainable 
since at these concentrations the available area is such as to cause 
the first film pressure reading to be in the vicinity of 16.3 dynes/cm. 
It can further be seen that compression of the film at this lysolecithin 
subsolution concentration failed to yield the usual compression 
isotherm. Failure to obtain a stable lecithin film on more highly 
concentrated lysolecithin subsolutions is further shown by the 
experiment in which the subsolution contained 3.3 X 10-6  g./ml. of 
lysolecithin. 


Change of Film Pressure with Time-A series of experiments was 
conducted in which a constant amount of lecithin was layered on 
subsolutions with various concentrations of lysolecithin. After the 
lecithin was layered on the subsolution, the trough area was re- 
duced to a predetermined value and the film pressure followed at 
this constant area for 1 hr. Figure 2 shows the change in film pres- 
sure with time for lecithin films layered on subsolutions containing 
different concentrations of lysolecithin up to 3.3 x g./ml. 
and compressed to a fixed, constant trough area. Comparison of 
the several plots shows the increase in lecithin film pressure ob- 
tained at constant trough area as the lysolecithin concentration 
was increased over this range. Figure 3 shows that with further 


44k  I 
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Figure I-Compression isotherms for  lecithin films layered on sub- 
solutions containing various Concentrations of lysolecithin. The 
arealmolecule axis is based on the total number of lecithin molecules. 
Key:  Lecithin on: 0, distilled water; @,1 .7  X 10-7g./ml. lysolecithin; 
0,3.3 x 10-7 g./rnl. lysolecithin: @, 3.3 X 10P g./ml. lysolecithin 
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Figure 2-The change with time of lecithin film pressure at constant 
trough area for films spread on subsolutions containing lysolecithin. 
Points represent the mean for two or more determinations. Key: 
Lecithin on: 0, distilled water; @, 6.6 X IFs g./ml. lysolecithin; 
8 ,  1.7 X g./ml. lysolecithin, 8 ,  3.3 X g./ml. lyso- 
lecithin. 


increases in lysolecithin concentration in the subsolution, initial 
film pressures at constant trough area are reduced. Table I sum- 
marizes the film pressures obtained with various lysolecithin 
concentrations. It can be seen that a concentration of 3.3 X 10-7 
g./ml. produces an initial film pressure of 32 dynes/cm., while at 
double this concentration the initial film pressure is only 19.9 
dynes/cm., indicating that a maximum initial film pressure is 
generated at an optimum lecithin-lysolecithin ratio. At a lysolecithin 
concentration of 3.3 X g./ml., the initial film pressure falls to 
an even lower value. 


DISCUSSION 


The Gibbs equation for the surface excess concentration, r2 = - 
(c/RT)(dy/dc), where r2 = surface excess concentration, c = con- 
centration, R = gas constant, T = absolute temperature, y = 
surface tension, predicts that a proportional amount of a surface- 
active substance will migrate to the interface. Thus, the expansion 
of the lecithin films shown in Fig. 1 may be explained on the basis 
that there are more molecules at the interface than simply those of 
lecithin. 


Robinson and Saunders (10) have reported on the surface activi- 
ties of lysolecithins. If the assumption is made that the Gibbs 
equation holds, that lysolecithin equilibrates throughout the air/- 


Table I-Film Pressures of Lecithin Films on Subsolutions Con- 
taining Lysolecithina 


Film Pressure Film Pressure 
Lysolecithin, Initially," after 1 hr. 


g./ml. dynes/cm. dyneslcm. 


6 . 6  x 9.64 10.7 
1 . 7  x 10-7 22.4 19.7 
3 . 3  x 10-7 31.9 26.8 
6 . 6  X 1 0 - 7  19.3 8 . 4  
3 . 3  x 10- 8 . 7  4 . 9  


a Trough area and lecithin content constant. b Averages of 2 or more 
values. 
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10 20 30 40 50  6( 
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Figure %The change with time of lecithin film pressure at constant 
trough area for  films spread on subsolutions containing lysolecithin. 
Points represent the mean for two or more determinations. Key: 
lecithin on: 8, 3.3 X 10' g./ml. lysolecithin; 9, 6.6 X IO' g./ml. 
lysolecithin; @, 3.3 X 1 0 - 6  g.lml. lysolecithin. 


water interface regardless of the barrier position and that the areas 
occupied by lecithin and lysolecithin molecules in the film are addi- 
tive, an approximate calculation for lysolecithin molecular areas 
at various surface pressures in our films is possible. Calculated 
lysolecithin molecular areas for subsolutions containing 1.7 X lo-' 
and 3.3 X g./ml. lysolecithin are given in Table 11. The value 
obtained for 1ysoleci;hin alone from the data of Robinson and 
Saunders (10) is 90A.2/molecule at zero surface pressure. This 
value and calculated values from this study at high film pressures 
are in good agreement offering some support to the tentative con- 
clusion that at very low concentrations of lysolecithin, stable 
mixed films are produced which demonstrate an additive behavior. 


Lysolecithin molecular areas calculated for the mixed film on the 
subsolution containing 3.3 X g./ml. of lysolecithin are larger 
initially but approach the same limiting value near the collapse 
point. This would indicate that either the lecithin and lysolecithin 
are so oriented in this film that they occupy a greater area per 
molecule or that more lysolecithin than is predicted by the Gibbs 
equation enters the mixed film from subsolutions of higher con- 
centration. This implies that lecithin may be enhancing the adsorp- 
tion of lysolecithin molecules at the interface possibly through some 
interaction between lecithin and lysolecithin. This migration of 
lysolecithin to the interface of a lecithin film can be seen to occur at 
low pressure values to a slight extent in Fig. 2 at a lysolecithin 


Table 11-Calculated Molecular Areas of Lysolecithin in Mixed 
Lecithin-Lysolecithin Film 


7- Molecular Areas, (A,%) 
Film Lysolecithin 


(dyne cm.-l Lecithins g./ml. g./ml. 
Pressure c = 1.7 x 10-7 c = 3.3 x 10-7, 


8 
16 
24 
32 
36 


70 97 
67 91 


- 
- 


188 
182 
155 
95 


a Obtained from Fig. 1 .  
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concentration of 6.6 X 10-8 g./ml. The increase of the film pressure 
with time may be the result of migration of lysolecithin into the 
lecithin monolayer. 


At higher lysolecithin concentrations, stable mixed films are 
formed but the initial film pressure developed in compressing the 
film to the predetermined trough area falls off to some lower value 
after a time. This characteristic behavior was observed to a minor 
degree in the systems containing lysolecithin at 1.7 X 10-7 g./ml. 
and to a much greater extent in the system containing 3.3 X 
g./ml. This behavior is thought to be due to the loss of one or more 
of the components from the interface under the influence of the 
higher film pressure which is developed in these systems. The in- 
ability of lecithin films to develop an initial film pressure over 20 
dynes/cm. at a lysolecithin concentration of 6.6 X lou7 g./ml. and 
the marked decrease in film pressure with time is shown in Fig. 3. 
At lysolecithin concentrations of 3.3 X g./ml., the initial film 
pressure is seen to be even lower than that produced with the 
previous lysolecithin concentration and after 1 hr. decreases to the 
pressure level of lecithin itself. This is consistent with the observa- 
tion of Fig. 1 showing a failure to form a stable film. 


SUMMARY AND CONCLUSIONS 


It is clear from these studies that small concentrations of lyso- 
lecithin as an impurity in lecithin may result in the distribution of 
lysolecithin between the bulk solution and the air-water interface. 
Small amounts of lysolecithin have been shown to cause the expan- 
sion of lecithin films. At higher concentrations of lysolecithin, the 
initial film pressures generated decrease with time, indicating that 
the molecules of lysolecithin, lecithin, and/or combinations of them 
leave the air-water interface for the bulk solution. 


These observations imply that small amounts of lysolecithin 
may lead to erroneous results concerning the determination of 
molecular cross-sectional areas for lecithin. More importantly, 
a change in the character of the isotherm occurs, indicating that the 
nature of the film has been altered and studies of the behavior of 
other compounds at this artificial lipid membrane may be misleading 
if traces of lysolecithin are present. 


Biological implications may also be drawn. According to deGier 
et al. (l) ,  lysolecithin is normally present at low concentrations 


in erythrocytes. The authors’ observations are consistent with the 
concept that membrane stability is maintained in the presence of low 
concentrations of lysolecithin, and they would also support the 
concept that at higher lysolecithin concentrations interfacial inter- 
actions between lecithin, lysolecithin, and perhaps other materials 
may occur in cell membranes altering their strength and/or perme- 
ability. 
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Hydroxamic Acids 111: Kinetics of Acetohydroxamic Acid 
Formation from Ethyl Acetate 


ROBERT E. NOTARI 


Abstract 0 At pH 9.5, 40", ethyl acetate simultaneously undergoes 
hydrolysis and hydroxyaminolysis to  yield acetic acid and aceto- 
hydroxamic acid (N-hydroxyacetamide), respectively. The pseudo 
first-order rate constants for the overall reaction have been cal- 
culated from data based on the colorimetric determination of the 
hydroxamic acid-iron complex and by the pH-stat method. Yields 
of both products have been determined. Both 0- and N-attack by 
NH,OH on ethyl acetate has been postulated to explain the ob- 
served reaction yields. In the case of the 0-attack the resulting 
0-acetylhydroxylamine is a reactive intermediate which undergoes 
further hydrolysis and hydroxyaminolysis to yield acetic acid and 
acetohydroxamic acid, respectively. 


Keyphrases 0 Acetohydroxamic acid formation--kinetics, mech- 
anism 0 Kinetics-acetohydroxamic acid formation, ethy- 
acetate 0 Ethyl acetate-hydrolysis, hydroxyaminolysis 0 
pH-stat method-rate constants 0 Colorim2tric analysis-- 
spectrophotometer 


~ - -  


Previous papers have reported on the stability of the 
hydroxamic acid-iron complex (1) and the hydroxy- 
aminolysis of succinimide (2). The reaction between 
NH,OH and succinimide was found to be unusual in 
that it produced N-hydroxysuccinimide at pH 9.5, 40", 
instead of the expected hydroxamic acid, N-hydroxy- 
succinamide. 


The current study was undertaken to examine the 
kinetics and mechanisms of hydroxyaminolysis of a 
simple ester, ethyl acetate, in order to  determine the 
factors involved in the production of the hydroxamic 
acid employed in the assay method for the ester. A 
method commonly used for esters is that of Goddu 
et al. (3) which employs 2 N NHzOH and an excess of 
1 N NaOH. Since esters undergo hydrolysis in competi- 
tion with hydroxyaminolysis it seemed likely that a large 
excess of hydroxide could decrease the yield of aceto- 
hydroxamic acid. In addition, there is evidence that one 
concentration of hydroxide may not be optimum for the 
analysis of all compounds. Jencks (4) found the optimum 


pH for hydroxyaminolysis of formamide to be about 
6.2. At that pH succinimide was found to be nearly 
unreactive (2). At pH 9.5 the reverse was found to be 
true; formamide is unreactive in comparison to suc- 
cinimide. Ethyl acetate is reported here to  react readily 
with NH20H at pH 9.5, 40". An analysis of the yield as 
a function of NH20H concentration indicates that 
0.75 M NHzOH is sufficient to  achieve a maximum 
yield. Since increasing the NHzOH concentration has 
been shown to decrease the absorbance of the iron 
complex (1) this reduction (compared to  2 N mentioned 
earlier) is a significant consideration. A kinetic scheme 
which accounts for the relative yields of acetic acid and 
acetohydroxamic acid is proposed involving the 
formation of 0-acetylhydroxylamine as an intermediate. 


EXPERIMENTAL 


Kinetics of N-Hydroxyacetamide Formation from Ethyl Acetat- 
Hydroxylaminolysis of ethyl acetate to form the hydroxamic acid 
was carried out at 40", pH 9.5, in an excess of NH,OH (Table I). 
Reactions were carried out in a constant temperature cell, sealed 
to the atmosphere, with the pH maintained constant by a pH-stat 
(Sargent Recording). Samples were removed by inserting the 
needle of a syringe through a self-sealing rubber gasket. Aliquots 
of the reaction mixtures were added to ferric perchlorate reagent 
(usually 1-20 ml.) according to the procedure previously outlined 
(1). Solutions were stored in the dark and the absorbance of the 
iron complex was determined at 515 mp within 24 hr. after mixing 
and redetermined within 48 to 72 hr. after mixing (Fig. 1). Ethyl 
acetate (Baker Analyzed reagent) was distilled before use and all 
reagents were treated in accordance with the procedure previously 
described (1). 


Kinetics of Total Acid Formation from Ethyl Acetat-Ethyl 
acetate at pH 9.4, 40", and in the presence of an excess of NHzOH, 
hydrolyzes to yield acetic acid and also reacts with NHzOH to yield 
N-hydroxyacetamide (acetohydroxamic acid). The rate of formation 
of total acid was followed by use of a pH-stat (Sargent Recording) 
with standard NaOH as the titer. The concentrations were controlled 
so that dilution by addition of titer was roughly 1 and did not 
require any volume correction factor in the calculation of the rate 
constants. The rate of hydrolysis was established using the pH-stat 


Table I-Experimental Conditions, Apparent First-Order Rate Constants, and Analysis of Yields for Hydroxyaminolysis of Ethyl 
Acetate 0.016 M, pH 9.5,40" 


7-- Yields, %--- - 
Ca1cd.b -. - 


Exp tl. '---- Unacct. NHzOH --- lo2 k , ,  min-l---- - ~ ~ .  


M Colorimetric pH-Stat H A Total A Total For 


0.50 1.46 1.44 
0.65 1.79 1.73 
0.75 2.23 2.19 
0.83 2.31 2.28 
1 .12  2.98 2.98 


75 
75 
80 
86 
84 


26 101 17 92 8 
25 100 14 89 11 
23 103 11 91 9 
20 106 11 97 3 
13 97 8 92 8 


a Hydroxamic acid ( H )  determined by 515 mp absorbance of iron complex. Acetic acid (A) determined from the total volume of NaOH 
added by the pH-stat and the volume required to neutralize H. 1, According to Scheme I, percent A = 100 kH/kl = 0.248/k1. 
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Figure 1-The absorbance due to the acetohydroxamic acid-iron 
complex 48 hr. (0) and 72 hr. (0) after addition of an aliquot of the 
reaction between 0.016 M ethyl acetate and 0.75 M NH2OH, 40", 
pH9.50. to ferricperchlorate as a fcrnction of reaction time. 


in the absence of NH20H. See Table I for experimental conditions 
and Fig. 2 for typical data. 


Determination of the Yield of Hydroxamic Acid-The final 
absorbance at 515 mp, A,, achieved in the reaction of ethyl acetate 
with NH20H, is seen to increase with increasing NH20H concentra- 
tion (Fig. 3). It has previously bzen reported that the color intensity 
due to the iron complex of N-hydroxysuccinamide decreases in the 
presence of excess NH,OH (1). Figure 4 shows that this is also the 
case for N-hydroxyacetamide. In order to calculate the final yields of 
hydroxamic acid from the various reactions containing different 
NHzOH concentrations it was necessary to adjust all of the final 
mixtures in ferric perchlorate reagent to the same set of conditions. 
A Beer's law plot for N-hydroxyacetamide in ferric perchlorate 
reagent containing 0.0357 M NH,OH was reported to have a slope 
of 1180 (1).  The reactions were allowed to progress until a constant 
A ,  was obtained and the final absorbance was redetermined under 
the conditions used for the Beer's law plot. The concentration of N- 
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Figure 2-The pH-stat curue showing volume of titrant versus time 
(left ordinate and solid line) for  the reaction between 0.016 M ethyl 
acetate and 0.75 M NHzOH, 40", p H  9.50. The Jirst-order plot re- 
sulting from the same pH-stat data (right ordinate and 0). 


hydroxyacetamide produced during the reaction was then calculated 
using the absorptivity of 1180. 


Determination of the Yield of Acetic Acid-The final volume of 
titer added by the pH-stat is a function of the relative amounts of 
acetic acid and the hydroxamic acid and their corresponding pKa 
values. Since the pKa of acetic acid is 4.76, it will consume NaOH 
on a 1 : 1 molar basis at pH 9.5. The pKa of N-hydroxyacetamide 
was determined by potentiometric titration in a constant-tempera- 
ture cell at 40" and p = 0.024 in order to simulate the reaction 
conditions. The synthesis of N-hydroxyacetamide has been pre- 
viously reported (1). Calculations based on these data are found 
under results. 


RESULTS 


Kinetics of Hydroxyaminolysis of Ethyl Acetate-At pH 9.5, 40", 
in sufficient excess of NHzOH, ethyl acetate simultaneously under- 
goes hydroxyaminolysis and hydrolysis to yield N-hydroxyacetamide 
(acetohydroxamic acid) and acetic acid, respectively (Scheme I). 


k,, J MeCONHOH 


'''I MeCOOH 
(4 


Scheme I 


Under the conditions of constant pH and NH20H concentration 
(see Table I) the overall reaction is pseudo first-order in ethyl 
acetate. The rate expressions for Scheme I, where E represents the 
ethyl acetate concentration, H the hydroxamic acid concentration, 
and A the concentration of acetic acid, are as follows: 


dE/dt = -(k.v + kH)E (Eq. 1) 


dH,Im = k,E,e-". + k ~ ) l  (Eq. 2) 


dA/dt = k I I E o e - ' k N  + k ~ ) l  (Eq. 3) 


Solving the differential equations within the limits of f = 0, m, 
yields in each case the expression 


111 ]A', - X 1 /  = In IX,  - X o  I - ( k . ~  + k H ) f  (Eq. 4) 


where X = E, H,  or A .  It can be seen from Eq. 4 that the pseudo- 
first-order rate constant, kl, calculated from data representing the 
concentration of any of the three species, is equal to the sum of 
k N  + k H  regardless of which of the three components, E, H, or A ,  
is considered. 


Pseudo first-order rate constants were determined by two meth- 
ods. The appearance of N-hydroxyacetamide was followed by com- 
plexing it with iron and measuring the resulting color spectro- 
photometrically (Fig. 1). The pseudo first-order rate constants, k,, 
were then calculated from plots according to Eq. 5, where X = 
absorbance at 515 mp. 


111 jx, - x ' I  = In IX, - Xol - klt (Eq. 5 )  


The appearance of acetic acid and acetohydroxamic acid was also 
followed as total acid titrated by the pH-stat method. Pseudo first- 
order rate constants were again calculated from plots in accordance 
with Eq. 5 where X = volume of standard NaOH solution delivered 
by the pH-stat system (Fig. 2). A comparison of the values obtained 
by the two methods can be made by examining Table I. 


The pseudo first-order rate constant, kl, may be further defined as 


ki = k,v $- k~ = ~ ~ [ N H z O H ]  +- k H  (Eq. 6 )  


where k e  represents the rate conqtant for hydrolysis at pH 9.5, 40", 
and k~ is observed rate constant for the formation of N-hydroxy- 
acetamide. A plot of kl uersus [NH20H] would then be linear with 
slope k2 and intercept kx. Figure 3 shows good agreement with this 
equation where the intercept value was determined experimentally. 


Determination of the Yield of Hydroxamic Acid-The final 
absorbance at 515 mp, due to the iron complex of N-hydroxy- 
acetamide (acetohydroxamic acid) formed from ethyl acetate, is 
seen to increase with increasing NH20H concentration (Fig. 3). 
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The concentration of hydroxamic acid present at the end of each 
reaction was calculated from the absorptivity of acetohydroxamic 
acid under identical complexing conditions. The results are given 
in Table I. 


Determination of the Yield of Acetic Acid-The yield of acetic 
acid was calculated from the final volume of NaOH added by the 
pH-stat. Since the hydroxamic acid was determined experimentally, 
it was assumed that the remainder of the ethyl acetate was con- 
verted to acetic acid. The final volume of titer added by the pH-stat 
should then be equal to that neutralized by the two components. 
The pKa of N-hydroxyacetamide was determined to be 9.18 at a”, 
f i  = 0.024. The total volume, VT,  of N normal NaOH is defined 


VT = (0.676 f x  -k fA)EoV/N (Eq. 7) 


where 0.676 is the fraction of N-hydroxyacetamide neutralized at 
pH 9.5, a”, fH = Hm/Eo, fA = 1 - jk, and V = reaction volume. 
The yield of acetic acid present at the end of the reaction can be 
calculated from 


%A = 1wNVT/V& - 0.676 (%H) (Eq. 8) 


which is derived from Eq. 7. The data for fH can be obtained from 
the percent yields (a listed in Table I which were calculated from 
the 515-mp absorbance of the iron complex as described in the 
previous section. The results of applying Eq. 8 to these data are also 
given in Table I. The total of the percent yields for two reaction 
components is, within the experimental error, equal to the theo- 
retical value of 100%. 


DISCUSSION 


Under first-order conditions of constant pH 9.5, 40” and an 
excess of NHzOH, ethyl acetate undergoes simultaneous reactions 
to form acetic acid and the hydroxamic acid, N-hydroxyacetamide. 
The simplest illustration of this process is shown in Scheme I. 
Figure 3, which shows good agreement between the observed rate 
constants and Eq. 6, gives no indication of the inadequacy of 
Scheme I. However, this scheme is not sufficient to describe the 
ethyl acetate-NHzOH reaction. This can be illustrated by considering 
the percent yields of N-hydroxyacetamide and acetic acid. It can be 
shown from Eqs. 3 and 6 that the yields of acetic acid, percent A ,  
can be calculated in accordance with Scheme I by the equation 


%A = 1 0 0 k ~ / k i  (Eq. 9) 


where the rate constant for hydrolysis of ethyl acetate is 0.248 (lo2 
kx in min.-l) and kl is the observed first-order rate constant in the 
presence of NHzOH. The results of such calculations are listed under 
the title of calculated yields in Table I. It can readily be seen that 
the percent yields of acetic acid, calculated in this manner, do not 
agree with the experimentally determined yields of acetic acid which 
are listed in the same table. 


It is instructive to examine the manner in which the percent 
yields of acetic acid, calculated according to Scheme I, differ from 
the experimental values. It is immediately obvious that the actual 
yields are always larger than the calculated yields under the same 
conditions. It is also evident that the largest discrepancy occurs at 
the lowest NHzOH concentrations. 


In the calculations based upon Scheme I it is assumed that the 
production of acetic acid occurs only by hydrolysis of ethyl acetate 
and that its rate constant, kH, is therefore independent of NHzOH 
concentration. While this appears to be very nearly true at 0.75 to 
1.12 M NHzOH, it is not the case at 0.15 to 0.25 M NH20H. This is 
illustrated by the fact that 27% of the initial concentration of ethyl 
acetate remains unaccounted for by Scheme I calculations whereas 
the experimental material balance is within 4% at 0.15 M NHzOH 
(Table I). It is therefore necessary to introduce a reaction scheme 
which will produce much more acetic acid at low NHzOH concen- 
tration (relative to Scheme I) and only slightly more than that 
expected from Scheme I at high NHzOH concentration. This cannot 
be explained by assuming general-base catalysis by NHzOH or 
general acid-base catalysis by N-hydroxyacetamide since the con- 
centrations of both of these components are increasing as the percent 
unaccounted for is decreasing. 


Several authors have reported on 0- uersus N-attack of NHzOH 
on esters and thioesters. An excellent review can be found in “Bio- 
organic Mechanisms” by Bruice and Benkovic (5). Jencks (6) 
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Figure 3-First-order rate constants, k,, for 0.016 M ethyl acetate 
at p H  9.50, 40”. as a function of NH?OHconcrnrration (left ordinate, 
0). Final absorbance values at 515 mp (Am) for rhe colored complex 
of the acetohydroxamic acid formed from 0.016 M ethyl ncetute 
at p H  9.50, 40^. as a fimction of NHzOH concentration (right or- 
dinate, A). 


obtained 0-ac? lhydroxylamines as intermediates in the hydroxy- 
aminolysis of several esters. He obtained 0-acetylhydroxylamine in 
solution from the reaction of p-nitrophenyl acetate (PNPA) with 
NHzOH at neutral pH. He was not able to crystallize the compound 
due to  its instability. The consideration of both 0- and .%attack 
by NHZOH on ethyl acetate leads to Scheme 11. O-Acetylhydroxyl- 
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Figure 4-Beer’s law plot made by diluting uliquols of the final 
reaction mixture from 0.016 M ethyl acetate and 0.75 M NHzOH 
at p H  9.50, 40”. and complexing each dilution with iron. The abscissa 
refers to the percent of the reaction in each aliquot and the 0 were 
diluted with 0.75 M NHzOH while the A were diluted with distilled 
water. 
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k y  MeCONHOH 


MeCOOH 
Scheme I1 


amine is shown as a reactive intermediate at pH 9.5, 40". This would 
be expected from Jencks' data. At room temperature O-acetyl- 
hydroxylamine is destroyed immediately by 0.01 N NaOH. It reacts 
with NHzOH to form the hydroxamic acid at 25", pH 6.5. It should 
be noted here that Jencks found no evidence for the formation of 
0-acetylhydroxylamine from ethyl acetate and NHzOH. This is due 
to the fact that ethyl acetate reacted more slowly with NH20H than 
did 0-acetylhydroxylamine. Thus the 0-acetylhydroxylamine was a 
reactive intermediate and did not accumulate in sufficient quantities 
for isolation or characterization in this case. This also prohibited 
the use of differential reaction rates between ester and intermediate 
as was done for the reactions of nitrophenyl esters with NHzOH. 
For example, in the case of PNPA the formation ofp-nitrophenolate 
ion occurred relatively fast and served as a means for calculating 
the amount of PNPA remaining. With no PNPA remaining, the 
subsequent slow appearance of the hydroxamic acid (as evidenced 
by the iron complex absorption) was a measure of the conversion 
of 0-acetylhydroxylamine to N-hydroxyacetamide. A comparison of 
the yield of hydroxamic acid formed when the PNPA was first 
consumed to that formed after the reaction had finished indicated 
the relative ease of 0- versus N-attack. In the case of ethyl acetate, 
where the 0-acetylhydroxylamine is more reactive than the ester 
itself, it is not possible to observe this two-stage reaction. The 
present report represents the first indication of both 0- and N- 
attack of NHzOH on ethyl acetate. 


Scheme I1 illustrates the mechanism proposing O-acetylhydroxyl- 
amine as a reactive intermediate. That such would be the case can 
be seen from its instability to NaOH (previously mentioned) as well 
as its reactivity to NHzOH. Jencks (7) has defined kN' at 25" as 


kN' = [NHzOH](0.7 f 6.0 [NHzOH] f 1.7 [NHaOH+]) (Eq. 10) 


which reduces to 


kN' = [NHzOH](O.7 + 6.0 [NHzOH]) (Eq. 11) 


at pH 9.50 since the pKa of NH30Hf is 6.0 (8). The values of b' 
calculated from Eq. 11 for the various NHzOH concentrations used 
in the current study are: 0.15 M ,  0.036; 0.25 M ,  0.138; 0.35 M, 
0.34; 0.50 M, 0.92; 0.65 M, 1.94; 0.75 M, 2.92; 0.83 M ,  3.99; 1.12 
M ,  9.30. These values are already from 7 to 300 times larger than 
the observed rate constants in Table I at 40". This factor would 
become even larger when comparing 0-acetylhydroxylamine rate 
constants at 40' since these would be expected to increase at the 
higher temperature. 


Since ( k ~ '  + k ~ ' )  >> ko, the pseudo-first-order rate constant, kl, 
would be defined in accordance with Scheme I1 as 


ki k H  + k.w + ko (Eq. 12) 


which can be rewritten 


ki = kH f kz'[NHzOH] (Eq. 13) 


where kz' is the sum of the individual bimolecular rate constants 
for N- and 0-attack. Thus Fig. 3 has a slope of kz' and an intercept 
of kx according to Eq. 13 and Scheme 11. 


The fraction of initial ethyl acetate concentration (Eo) converted 
to acetic acid would be defined as 


AT/Eo = (kH f kokH'/(kH' -I- kiv'))/ki (Eq. 14) 


where AT is total acetic acid concentration at tm and the fraction of 
N-hydroxyacetarnide formed would be defined as 


HTIEo = (kN f kokN'/(kiv' f kH'))/ki (Eq. 15) 


where HT is total hydroxamic acid concentration at t,. The fraction 
of acetic acid which is produced through 0-attack of NHzOH on 
ethyl acetate and the subsequent hydrolysis of O-acetylhydroxyl- 
amine, f~', is defined by 


fA' = (kokH'/(kw' f kH'))/ki (Eq. 16) 


Since ko is apparently linear with NHzOH concentration (Fig. 3) 
and one of the NHzOH concentration terms in kN' is raised to the 
second power (Eq. 11) the fraction, fa', would be expected to de- 
crease with increasing [NHzOH]. As fA' approaches zero the percent 
yield of acetic acid would approach that defined by Eq. 9 since 
Eq. 14 can be rewritten 


Z A  = (kH/ki +fa')lOo (Eq. 17) 


This is in agreement with the results shown in Table I where the 
calculated yields of acetic acid approach the experimental values at 
high [NH20HI. 


As illustrated in Scheme 11, both the NHzOH and OH- are 
competing for the intermediate, 0-acetylhydroxylamine. At low 
NHzOH concentrations the OH- competes favorably and converts 
additional ethyl acetate to acetic acid by hydrolyzing the O-acetyl- 
hydroxylamine. At higher NHzOH concentrations more of the 
0-acetylhydroxylamine is converted to the hydroxamic acid. At 
sufficiently high NHzOH concentration the formation of O-acetyl- 
hydroxylamine simply represents an indirect route for the hydrox- 
amic acid since OH- attack becomes insignificant. The production 
of acetic acid in this case would be due to hydrolysis of ethyl acetate 
which has a rate constant of kH (Table I). Under these conditions 
the kinetic scheme is equivalent to that in Scheme I. Thus the acetic 
acid yields calculated according to Scheme I (Table I) approach the 
experimentally determined values at the higher NHzOH concentra- 
tions. 


SUMMARY 


1 .  The kinetics of hydroxyaminolysis and hydrolysis of ethyl 
acetate have been studied under pseudo first-order rate conditions at 
pH 9.5, 40". 


2. Pseudo first-order rate constants, k,, were calculated by the 
pH-stat method which measures formation of both acetic acid and 
acetohydroxamic acid and from colorimetric data obtained by 
complexing the hydroxamic acid with iron. Both methods gave 
similar values for the rate constants. 


3. The acetohydroxamic acid yields were determined from the 
absorbance of the iron complex. The acetic acid yields were cal- 
culated from the final volume of standard NaOH solution added by 
the pH-stat and a knowledge of the volume neutralized by the 
hydroxamic acid. 


4. The percent yields of acetic acid determined in this manner 
were higher than the values calculated by assuming that hydrolysis 
of ethyl acetate represents the only reaction which produces acetic 
a .id. As the NHzOH concentration was increased this difference 
between experimental and calculated yields decreased. 


5. A mechanism which is consistent with the kinetic data and the 
relative yields of hydroxamic acid and acetic acid has been proposed. 
This mechanism includes both 0- and N-attack by NHzOH on 
ethyl acetate. The product of N-attack is acetohydroxamic acid. 
The product of O-attack is the reactive intermediate, O-acetyl- 
hydroxylamine. This intermediate does not accumulate but instead 
reacts immediately either with NHzOH to form acetohydroxamic 
acid or with hydroxide to form acetic acid. The relative yields of 
these two acids is therefore a function of the relative concentrations 
of NHzOH and OH-. 


6. The pseudo first-order rate constant, kl ,  is thus defined as 
kl = kN f ko f kH, where k N  and ko are the pseudo first-order rate 
constants for N- and O-attack by NHzOH and kH is the rate 
constant for hydrolysis in the absence of NHzOH. A plot of kl  versus 
NHzOH was found to  be linear with intercept equal to the experi- 
mentally determined value for kH and slope equal to the sum of the 
bimolecular rate constants for N- and 0-attack. 
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Quantitative Determination of Hyoscyamine and Scopolamine by 
Direct Photodensitometry of Thin-Layer Chromatograms 


B. L. WU CHU, E. S. MIKA, M. J. SOLOMON, and F. A. CRANE 


Abstract 0 A rapid and simple method for the quantitative evalua- 
tion of thin-layer chromatograms of hyoscyamine and scopol- 
amine by direct photodensitometry was investigated. Excellent 
separation with discrete spots for the two alkaloids was quickly 
obtained using absolute methanol-ammonia T.S. (2OO:l v/v) 
as the developing solvent. Spots were made visible by spraying 
with Munier and Macheboeuf‘s modification of Dragendorffs 
reagent. Linear standard curves were obtained for each alkaloid 
when the integrated function of the size and density of the spot was 
correlated with micrograms of alkaloid applied. The upper and 
lower limits of the standard curves were 4 to 65 mcg. for hyo- 
scyamine, and 7 to 60 mcg. for scopolamine. The optimal range for 
both alkaloids was approximately 20 to 30 mcg. Pure alkaloids and 
plant extracts were determined by photodensitometric and spectro- 
photometric methods, and results were compared. 


Keyphrases Hyoscyamine, scopolamine--separation, deter- 
mination 0 TLC-separation Dragendorffs reagent-color 
development Photodensitometry, direct-quantitative analysis 


The qualitative resolution of complex mixtures by 
thin-layer chromatography (TLC), introduced by Stahl 
(I)  in 1956, has been extensively investigated. The 
quantitation of these resolved compounds has been less 
extensively studied. Quantitative TLC is in essence based 
upon either elution of the compounds contained in the 
spot or measurement directly on the plate. 


The quantitative method of relating spot size to  the 
quantity of compound on thin-layer chromatograms was 
thoroughly investigated by Purdy and Truter ( 2 , 3 ) .  They 
explored three general methods of analysis based upon 
spot size and found a linear relationship between the 
square root of the area and the logarithm of the weight. 


Privett and Blank (4, 5 )  described a method for the 
quantitation of lipids separated by TLC by apply- 
ing direct densitometry to thin-layer chromatograms 
sprayed with a saturated solution of potassium di- 
chromate in 8Oz (by weight) sulfuric acid. The plate 
was subsequently heated at 180” for 25 min. in order 
to  char the spots. The area under the densitometer 
curves was directly proportional to the amount of 
sample in the spot. The direct scanning procedures for 
TLC plates have been evaluated critically by Klaus (6). 


Optical densitometry of charred spots has been exten, 
sively applied to determinations of lipids and glycerides- 
but does not appear to have been used widely before 
with the studies of alkaloids. Genest et al. (7,8) reported 
quantitative TLC data by direct densitometry on certain 
alkaloids of morning glory seeds and opium. Shellard 
and Alam (9) described a TLC densitometric method 
for the quantitation of some Mitragyna oxindole alka- 
loids. 


The present work was undertaken to develop the 
technique of direct densitometric measurement of indi- 
vidual TLC spots of hyoscyamine and scopolamine as free 
bases. This densitometric method of area measurement 
is simple to perform and compares favorably with 
spectrophotometric techniques. Furthermore, in using a 
photoelectric device, the process of measurement is 
rapid and convenient. 


EXPERIMENTAL 


Equipment-Chromoscan recording and integrating densitometer 
equipped with TLC attachment (Joyce, Loebl and Company, 
Ltd., Gateshead-on-Tyne, Great Britain), spectrophotometer 
(Beckman model DU), pH meter (Beckman zeromatic), centrifuge, 
flash evaporator, adjustable TLC applicator (model SII Desagal 
Brinkmann Instruments, Inc.), standard glass carrier plates (20 X 
20 cm.), glass developing tanks (Desaga) lined with solvent-satu- 
rated filter paper, lambda pipets. 


Materials-Hyoscyamus niger L., field-grown, oven-dried at 
50”, ground to 40 mesh, served as the standard plant powder. A11 
chemicals used were analytical reagent grade. Hyoscyamine (New 
York Quinine and Chemical Works, Inc.) and scopolamine (Aldrich 
Chemical Co.) were used. Each alkaloid standard produced only 
one spot on a chromatogram. 


Operating Conditions for Densitometer-Chromosan: filter 
490 mp, aperture 10 X 0.5 mm., cam A, gain 5, optical wedge 
04 .5  0.d.; thin-layer attachment: filter 490 mp, aperture 5 X 
0.5 mm., specimen expansion ratio 1 :2. Light source for both units 
was a 12 v., 100 w. standard tungsten projection lamp. Both units 
were operated by reflectance. 


Preparation of the Plates-Silica Gel G was purified by reflwing 
with anhydrous methanol for 8 hr. in a continuous extraction ap- 
paratus. Thirty-three grams of purified Silica Gel G was mixed 
with 67 ml. of distilled water and shaken vigorously for 45 sec. in 
a glass-stoppered conical flask. The slurry was spread on 20 X 20- 
cm. standard glass carrier plates to a thickness of 500~. The coated 
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On the Additivity of Molar Attraction Constants 


JAMES A. OSTRENGA" 


Abstract-A statistically significant test of the additivity of molar 
attraction constants on an increment or functional group basis 
indicates that there may be some limitations regarding its validity. 
An approximate additivity, however, may be operational and have 
some practical value. 


Keyphrases 0 Molar attraction constants-additivity 0 Additivity, 
incremental-molar attraction constants 


The molar attraction constant (F) ,  a physical constant 
associated with the solubility parameter (6) concept is 
thought to be an additive quantity (1) such that it can 
be calculated as a sum of empirically determined con- 
stants or increments for the individual functional groups 
comprising a given chemical structure. The relationship 
between 6 and F can be expressed as 


6 = (E/V)'/z = (EV)l/*/V = F/V = ZFJV (Eq. 1) 


where E is the cohesive energy, V the molar volume, F 
the molar attraction constant for an entire molecule, 
and Fi the value for each functional group comprising 
the molecule. Classically, these Fi values have been of 
practical importance in that they provide a simple 
means for calculating solubility parameters (2) and 
more recently they have been used to correlate bio- 
logical activity with chemical structure (3 ) .  A table of 
Fi values for some functional organic groups has been 
compiled (1). 


Although F can be shown to be additive on a molar 
basis (3) ,  its additivity on an incremental basis has not 
been validated. The objective then is to test this ad- 
ditivity in a statistically unobjectionable way. This is 
necessary because often the apparent additivity of 
a physical constant is misleading in that incremental 
contributions to such a constant are masked by a second 
additive quantity. Such a second quantity if exactly 
additive may camouflage less noticeable inaccuracies 
in the parent quantity. In particular, Exner (4-7) has 
shown that in the case of molar quantities such as 
molar volume, parachor, and molar refractivity, smaller 
changes of the measured values are over-shadowed by 
the influence of the molecular weight (M> and that M 
itself being strictly additive can cause an approximate 
additivity of the whole expression. He has suggested 
that the influence of such interfering quantities can be 
eliminated simply in a homologous series of the type 
X(CH2),H according to the following: 


F = F, + x F ~  (Eq. 2) 


d' = d'e + xd'h (Eq. 3) 


where F is the parent quantity, q5 the interfering additive 
quantity, x the number of homologous units, and where 
the subscripts c and h refer to the increments for the 
constant and homologous part of the molecule, re- 
spectively. 


Solving Eq. 3 for x,  substituting into Eq. 2, and rear- 


F/d' = Fh/d'h + ($8~ - &Fh)/d'h[l/@l (Eq. 4) 


In the case of molar attraction constants one needs 
to test the additivity of F without the influence of V 
or M as suggested by Eq. 1. This requires plots of 
FIV versus 1/V and FIM versus 1/M as suggested by Eq. 
4. Such plots for different series of the type X(CH,),H 
should give several straight lines having a common point 
of intersection (Fhl+J on the y-axis if the quantity F 
is exactly additive. 


ranging gives 


RESULTS AND DISCUSSION 


Linear correlations between F/V and 1jV and between F/M and 
1/M have been made using values of Fcalculated from experimental 
values of 6(F = 6V). The experimental values of 6 were taken from 
References 2 and 8, while values for V were calculated using densi- 
ties (p )  reported in Reference 9 (V = M/p) .  The resultant parameters 
pertinent to the correlations are tabulated in Tables I and I1 where 
r is the correlation coefficient and n is the number of members of a 
series used in the correlation. As seen in Tables I and 11, the 
intercepts in both types of plots are quite widespread which indicates 
some inaccuracies in the additivity of F and suggests that F is at 
best only approximately additive. Using a value of 16.58 for the 
molar volume of a methylene group (5)  gives a range of 127 to 177 
for F (FcH~ = intercept x VCH,) when analyzed from F/V versus 
1/V plots. Similarly, using a molecular weight of 14 for a methylene 
group gives a range of 95 to 126 for F (FcH~ = intercept x M c H ~ )  
when analyzed from F/M versus 1/M plots. These ranges are large, 
do not agree well, and are probably outside the variability attribut- 
able to experimental errors in 6 and V. 


From the slopes (Eq. 4) one is able to calculate the respective 
F, values or the contribution to F made by the constant part of the 
chemical structure (ester, alcohol, etc.). F, values so calculated, 
however, also contain the contribution made by one hydrogen if the 
functional group is terminal (e.g., alcohols) or two hydrogens if 
the functional group is central (e.g., ketones). Consequently, to 
obtain the Fi value for the descriptive functional group in each 
series, the proper correction has to be made. Such corrected group 
constants are also given in Tables I and I1 and correspond to the 
respective functional group given in parentheses. The correspond- 
ing values reported by Small (1) are also included for comparison. 
In general, the group constants calculated by Eq. 4 are in poor agree- 
ment with the previously reported values. These differences may in 
part be due to  the fact that only aliphatic straight-chain series 
have been used in the analysis whereas Small's values were de- 
termined for the general case. The inaccuracies or poor additivity 


Table I-Test of Additivity: FIM versus 1/M 


Inter- Group Constant 
Series cept Slope r n Eq. 4 Ref. 1 


Alkanes(H) 9.81 114 0.992 7 67 80-100 


Nitriles (CN) 10.26 205 0.986 5 415 410 
Ketones (CO) 7.69 288 0.980 9 384 275 


Alcohols (OH) 10.69 245 0.993 7 370 - 


Esters(CO0) 8.39 153 0.911 12 404 310 
Acids (COOH) 11.27 45 0.617 3 496 - 
Chlorides (Cl) 8.41 99 0,951 3 339 270 


Sulfones(OS0) 9.18 231 0.987 3 702 - 
Iodides (I) 8.44 -561 0.998 4 453 425 
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Table II-Test of Additivity: F!V versus 1/V 


Inter- Group Constant 
Series cept Slope r n Eq. 4 Ref. 1 


Alkanes (H) 8.73 -194 0.997 7 33 80-100 
Alcohols(0H) 8.95 218 0.998 7 452 - 
Nitriles (CN) 8.60 167 0.965 5 457 410 
Ketones (CO) 6.68 236 0.985 9 437 275 
Esters(CO0) 7.04 201 0.936 12 482 310 
Acids,(COOH) 9.12 201 0.978 3 452 - 
Chlorides (Cl) 6.99 149 0.949 3 381 270 
Iodides (I) 6.76 215 0.999 4 501 425 
Sulfones(OS0) 7.61 527 0,999 3 - - 


of F does not appear to be related to a variability in F, values since 
the described plots give excellent linear correlations with constant 
slopes. An attempt has been made to account for the variability in 
Fi values by considering the variation in chain length in a homol- 
ogous series (10). The observed variations and inconsistencies, how- 
ever, are most probably due to the poorly additive nature of F. 


Deviations from strict additivity do not necessarily discredit the 
practical use of F. One must decide what sort of inaccuracies can 
be tolerated for an intended purpose. The calculation of F from 
group constants which are only approximately additive may be 
valuable on an operational basis. For example, in diols such as 
ethylene glycol, diethylene glycol, and propylene glycol, calculated 
values for a single OH group are 273, 273, and 278, respectively, 
while in hetero-functional analogs such as carbitol, the values for 
an OH group cluster around 325. Such dependencies on compound 


type place even further limitations on the additivity of F. Nonethe- 
less, there is a practical usefulness for an apparent additivity of F 
on a constitutive basis when used within the limits of recognized 
restrictions. 
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Preparation of Some Substituted Imidazolidine-2,4-diones 


J. SAM, E. B. MCLAURIN”, and R. M. SHAFIKt 


Abstract 0 Heating 2-benzoxazolinone or 5-chloro-2-benzoxazo- 
b o n e  with aminoacid esters resulted in the formation of 3-(2- 
hydroxyphenyl) imidazolidine-2,4-dione derivatives. Results of 
preliminary pharmacological tests are reported. 


Keyphrases 0 Imidazolidine-2,4-diones-synthesis 0 Pharmaco- 
logical screening-imidazolidine-2,4-diones 0 IR spectropho- 
tometry-structure NMR spectroscopy-structure 


OH 


I II 


Heating of 2-benzoxazolinone with aniline (1) and 
hydrazine hydrate ( 2 )  was observed to yield a substituted 
urea and a semicarbazide derivative, respectively. A 
similar rearrangement was noted (3) when the hydro- 
genation of 3-(2-nitrobenzoyl)-2-benzoxazolinone (I) 
resulted in the formation of l-hydroxy-3-(2-hydroxy- 
phenyl) quinazoline-2,4-dione (11). More recently, 3-(2- 
hydroxyphenyl) - 5 - (4 - hydroxybenzy1)imidazolidine - 
2,4-dione (111) was produced when 2-benzoxazolinone 
was heated with ethyl tyrosinate (4). The latter observa- 
tion prompted a study to  determine whether the initial 
reaction in the rearrangement was an acylation at Posi- 
tion 3 of the benzoxazolinone ring or an attack of the 
carbonyl group by the amino moiety of the aminoacid 
ester. 


I11 


The acylation of 2-benzoxazolinone ( N u )  or the po- 
tassium salt of IVa with ethyl benzoate or ethyl butyrate 
at different temperatures failed to occur. On the other 
hand, refluxing IVa with benzylamine, pyrrolidine, and 
4-pipecoline in each case provided a urea derivative 
(VII) which was readily detected by the appearance of a 
1650-1630 cm.-I carbonyl band in the IR spectrum. 
These observations, together with the fact that ureas 
containing an appropriate carbethoxy group spontane- 
ously form cyclic derivatives (5, 6), indicate that the 
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Table 111-Assay of Finished Capsules 


Acronine, Precision 
Content mg./ W D ) ,  
Wt., mg. Excipient Capsule N z 


1 70 Microcrystalline 24.9 5 +1.63 


290 Silica gel 23.0 5 4Zl. 17 
300 Mg. stearate and 23.7 4 4Z2.77 


300 Stearic acid and 24.8 5 j11.16 


300 Starch 25.3 5 f l . 7 4  
380 Talc 25.5 5 f1 .59  


cellulose 


starch 


starch 


dard solution. The peak height ratios were calculated and used to 
determine the precision of the method. These calculations gave a 
relative standard deviation of rt0.99 %. 


Accurately weighed amounts of acronine and talc were mixed 
in four different proportions and the simulated products were 
assayed for acronine by the described GLC method. The results 
of these assays are presented in Table 1. The applicability of the 
method was further tested by assaying admixtures of acronine and 
seven different potential excipients. All samples were hand-mixed in 
a 1 :I  ratio, and the results of these assays are shown in Table 11, 
along with a comparative lot of acronine raw material. The re- 
covery of acronine from all excipients except dipotassium phos- 
phate was excellent. The use of dipotassium phosphate as an ex- 
cipient resulted in consistently low assay results, indicating an 
apparent binding effect with the acronine. 


The final evaluation of the method was made on six lots of acro- 
nine capsules prepared in our pharmaceutical pilot plant. Each lot 
of capsules contained the same amount of acronine (25 mg.) with 
varying amounts of different excipients. The results are reported 
in Table IT1 and are based upon composite assays using 10 capsules. 


Acronine is an alkaloidal compound with newly discovered 
antitumor activity. A simple, rapid, accurate, and precise method 
of determining acronine has been described. The method is suitable 
for the determination of acronine either as the raw material or in 
admixtures of pharmaceutical excipients. In general, extractions 
are clean and simple, and the assay can be performed with a mini- 
mum of familiarization with the method. It is believed that this 
method will find use in the assay of final pharmaceutical formula- 
tions and in further studies involving acronine. 
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Studies with Ion-Exchange Resins on Cinchona Alkaloids 111: 
Exchange Rates 


S. S. KANHERE, A. H. VYAS, C. V. BHAT, B. R. KAMATH, R. S. SHAH, and S. L. BAFNA 


Abstract The exchange rates of four cinchona alkaloid sulfates 
with styrene divinylbenzene copolymer-based sulfonic acid cation- 
exchange resins of different degree of crosslinking and particle 
size have been studied and the results are discussed. 


Keyphrases 0 Cinchona alkaloids, exchange rates-sulfonic acid 
cation exchange resins 0 Sulfonic acid cation exchange resins- 
degree of crosslinking and particle size. 


Earlier (1) the effect of the ionic form of the sulfonic 
acid cation-exchange resins of different degree of cross- 
linking and of the added sulfuric acid on the equilibrium 
exchange of four cinchona alkaloid (quinine, quinidine, 
cinchonine, and cinchonidine) sulfates as well as the 
equilibrium uptake of the four cinchona alkaloid bases 
by the hydrogen form of the same resins from six 
aliphatic alcohols had been studied. This paper includes 
the study of the exchange rates of the four cinchona 


alkaloid sulfates with sulfonic acid cation-exchange 
resins of different degree of crosslinking and particle 
size at 35 and 45 '. 


EXPERIMENTAL 


Resins' (1-3)-Styrene divinylbenzene copolymer-based sulfonic 
acid cation-exchange resins of degree of crosslinking (percent nomi- 
nal divinylbenzene content), X = 1, 2, and 4 are referred to as Res- 
ins XI, X 2 ,  and X4. Each resin was washed, conditioned, regenerated 
into hydrogen form, air dried, sieved, and stored. A large number 
(h.50 to 60) of air-dry particles of each resin was measured for the 
particle diameter of each fraction of the air-dry resin using a 
microscope with a mechanical stage at room temperature ( ~ 3 0 " )  
and the values for the average particle diameter, a, thus obtained 
were; X1, 0.215 mm.; X2, 0.215 mm.; X4, 0.66 mm., 0.43 mm., 
and 0.21 5 mm. The moisture content and the capacity of the air-dry 
resins were estimated (1, 4). The percentage moisture and the 


1 Dowex SOW, Dow Chemical Co., Midland, Mich. 
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capacity in milliequivalents per gram of the air-dry resins were: 
X I ,  20.3,4.18; X2, 20.4,4.14; X4,24.0, 3.89 (for each fraction). 


Styrene divinylbenzene copolymer based sulfonic acid cation- 
exchange resin of relative degree of crosslinking about 20,2 with 
a n  expanded structure was used. The resin was washed, conditioned, 
and regenerated into hydrogen form, air dried, sieved, and stored. 
The values for the average particle diameter, a,  determined as given 
above, were 0.37 mm., 0.58 mm., and 0.84 mm. The percentage 
moisture and capacity per gram of the air dried resin were esti- 
mated. The percentage moisture and the capacity in milliequivalents 
per gram of the air dried resin were 28.1 and 3.44 for each fraction, 
respectively. 


Chemicals and solutions (5tQuinine sulfate (Government 
Quinine Factory, Madras, India), quinidine sulfate (P. B. Howard, 
London, England), cinchonine sulfate (B. D. H., London, England), 
and cinchonidine sulfate (Fluka, A. G., Switzerland) were crys- 
tallized several times from hot water. 


The alkaloid sulfate (as Q2H2SOa.nH,0, where Q is the alkaloid 
base and therefore half of the molecular weight was taken as 
equivalent weight of the alkaloid sulfate) solutions were prepared 
by dissolving weighed amounts of the respective alkaloid sulfates 
in distilled water in volumetric flasks. The concentrations of the 
solutions were rechecked gravimetrically by sulfate estimation as 
barium sulfate and by UV absorption (5). 


Procedure-A procedure, involving application of the second 
order law, similar to that used by Nachod and Wood (6) was used 
to  obtain the relative values of the rate constants at 35 and 45 '. 


Earlier (2) the values of the equilibrium exchange for the hydro- 
gen form of the resins used here with the four cinchona alkaloid 
sulfates were given and the percentage of the resin capacity ex- 
changed at equilibrium was denoted by PR and average value of PR 
is denoted by PRA. If C denotes the capacity of the resin in milli- 
equivalents per gram of air dried resin, C.PRA/100 is termed as the 
effective exchange capacity of the resin and is denoted by C,J. 
If b denotes the concentration of the alkaloid sulfate in milli- 
equivalents per liter, and W, the weight in grams of the air-dry 
resin used per liter of the solution in a rate experiment, then W 
was always kept equal to b/C,,. This means that the concentration 
of the alkaloid sulfate in aqueous solution in milliequivalents per 
liter was always kept equal to the concentration of the resin in 
milliequivalents per liter of solution, the effective capacity being 
used instead of the actual air-dry capacity of the resin in the calcula- 
tion of the concentration of the resin in milliequivalents per liter. 
This condition was observed in all the rate experiments. 


Under these conditions the rate constant, k is given by 


. -  k = -  I 0 3  


b - t  b - , y  


where (b  - x) is the concentration in milliequivalents per liter at 
time r = t and b is the concentration in milliequivalents per liter 
when t = 0. Hence the plot of x/ (b  - x) against t should be linear, 
pass through the origin and the slope, S of the plot is given by 
b.k/lO3. Therefore, S multiplied by 103/b gives the value of k.  
If the time is measured in minutes, the units of k are min.-l (g. 
eq.)-l liter. 


The experimental procedure for an exchange rate run was carried 
out in the following manner. A known amount of air dried resin 
(concentration of the resin in milliequivalents per liter, on the basis 
of the effective capacity equal to the concentration of the aqueous 
alkaloid slilfate solution in rnilliequivalents per liter) was kept in a 
clean, dry, three-neck (ground glass) rolmd-bottom 500-ml. Pyrex 
flask, clamped in a constant-temperature bath (+0.02"). The 
central opening of the flask was fitted with a quickfit metallic piece 
with a Pyrex glass stirrer and the regulator of the stirrer controlled 
the speed. The other two openings of the flask were closed with 
ground glass stoppers. An aqueous alkaloid sulfate solution (450 
ml. previously brought to the temperature of the bath) of required 
concentration, was poured into the flask with the help of a clean, 
shortstem glass funnel, through the side opening and the stopper 
replaced. The stopwatch was started when about half of the solu- 
tion had been added. The stirrer was switched on as soon as the 
addition of the solution was complete (complete addition required 
about 20 sec.). After a definite time, the stirrer was switched off 
and 10 to 15 sec. (depending on the particle size of the resin) was 
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10 20 30 40 50 


t .  min. 


Figure I-lllustrutioiz oftlie plot of x/(b-x) uguinst time, t (irz miruites), 
for exchange of quinitie sulfute with scdjonic acid cation-exchuiige 
resin X 4  (averagepurticle diumprer, a. equal to 0.215 mm.) it? aqueous 
solution at 35"; b = I.I36meq./l. 


permitted to elapse in order to allow the resin to settle down. A 
suitable volume was quickly pipeted out (the pipet end just dipped 
in the solution to avoid the picking up of the resin particles) into 
well stoppered, clean, and dry test tubes, the stopper was replaced 
in the side opening of the reaction flask, and the stirrer restarted. 
Further samples were taken out similarly. In one run, not more 
than six samples of 5 ml. each or three samples of 10 ml. each 
(depending on the value of b) were withdrawn. To obtain more 
points, the run was repeated as many time as required. The con- 
tents of the test tubes were suitably diluted with distilled water and 
the absorbance, D L ,  was observed at the invariant wavelength 
(296.5 mp for quinine sulfate and quinidine sulfate and 294.5 mp 
for cinchonine sulfate and cinchonidine sulfate) with a spectro- 
photometer (Beckman model DU) using 10-mm. matched quartz 
cells. A sample of the alkaloid sulfate solution from which some was 
used in the run was also diluted to the same extent and the absorb- 
ance, DO, was also measured at the same wavelength. Then (DO - 
DJD1 gives the value of x/ (b  - x). 


Preliminary work was done with different stirring speeds (400 
to loo0 r.p.m.) and it was observed that if the rate of stirring was 
above 700 r.p.m. the rate of the reaction was practically indepen- 
dent of stirring rate. Hence, throughout the work, the rate of the 
stirring was kept about 80&900 r.p.m. The runs were always 
checked for reproducibility. 


Figure 1 gives an illustration of the type of results obtained when 
x/ (b  - x )  was plotted against time, from values obtained by 
required repetitions of the run. It was, in general, observed that the 
initial plot was linear, after which there was a gradual deviation 


Table I-Values of k" for the Exchange Rate of Quinine, Quinidine, 
Cinchonine, and Cinchonidine Sulfates with Sulfonic Acid Cation- 
exchange Resins 


-k- 
Resin u, mm. 35" 45" 


x 1  0.215 188 220 
x 2  0 215 135 158 
x 4  0.215 81 95 
x 4  0.215 81 95 
x4 0 43 40 47 
x4 0.66 26 31 
IR-200 0.37 72 94 
IR-200 0 58 47 61 
IR-200 0 84 32 42 


* Amberlite 200, IR-200, Rohm & Haas Co., Philadelphia, Pa. (1 I n  liters equivalents-' minutes-'. 
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from linearity, which may be attributed to the gradual decrease in 
the diffusion during the later part of the exchange reaction. From 
the initial slope of the plot, the value of k was calculated. 


RESULTS AND DISCUSSION 


The values of the rate constant, k ,  were calculated using the 
procedure given above over a range of values of b from about 1.1 
to 0.12 meq./l. It was observed that the value of k obtained was 
practically independent of the value of b. The value of k was also 
within about +5% for the four cinchona alkaloid sulfates studied 
for each resin used. The values of k thus obtained are given for 
resins X1, X2, and the three particle sizes of X4 in Table I at 35 
and 45". The value of the apparent energy of activation for each of 
these resins was evaluated according to the Arrhenius equation (7) 
and is almost the same, 3.06 kcals. 


Similarly, runs were carried out at 35 and 45" for the three par- 
ticle sizes of the resin (Amberlite-200) with four cinchona alkaloid 
sulfates and the same conclusions were obtained. The values of k 
are given in Table 1. The value of apparent energy of activation is 
higher, and is 5.19 kcals. The value of k is inversely proportional 
to the average particle diameter, a, as indicated by the values of k 
and u. 


The observation that the value of k is almost the same for the 
four cinchona alkaloid sulfates indicates that for the expanded 
structure resin, the rate of exchange is practically the same although 


the value of PK (which gives the value of equilibrium exchange) 
(2) is higher for cinchonine sulfate and cinchonidine sulfate than that 
for quinine sulfate and quinidine sulfate. 
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Polyamide-Kieselguhr Thin-Layer Chromatography of Antioxidants 


HUNG-CHEH CHIANG and REN-GUU TSENG 


Abstract 0 Eight fat antioxidants are identified on the polyamide- 
kieselguhr G (2: 1) mixed layer, which is firmly bonded and easy to 
handle. The sharp separation is achieved by use of both aqueous 
and nonaqueous solvent systems. 


Keyphrases 0 Antioxidants-identification 0 TLC-separation, 
identification UV light-TLC spot visualization 0 Iodine vapor 
-TLC spot visualization 


Thin-layer chromatography of fat antioxidants has 
been the subject of numerous investigations. The 
separation by TLC on alumina (l), silica gel ( 2 ,  3), 
silica gel-kieselguhr mix layer (4), acetylcellulose (9, 
polyamide (6), and polyamide-starch mix layer (7), has 
been reported, but the application of a mixed poly- 
amide-kieselguhr layer in the chromatographic separa- 
tion has not. In this note, the separation of eight fat anti- 
oxidants by this mixed layer procedure is described. 


EXPERIMENTAL 


Materials-The solvents and chemicals are reagent grade (Wako 
Pure Chemical Industries, Ltd., Osaka, Japan). 


Thin-Layer Plates-Twenty-two grams of polyamidel chip was 
dissolved in a mixture (80: 20) of 90% formic acid and distilled water. 


'Nylon 6, type 1022B of UBE Industrial Ltd., Osaka, Japan. 
U. S. supplier: American Enka Corp. 


Table I-Chromatographic Data 


I- Group - 
7 Solventa 7 


I I1 I11 IV v 
-Time, hr.*--- 


Substance 9 2 2 .5  2.5 3 


N A 


rz-Propyl gallate 
Isoamyl gallate 
Lauryl gallate 
Cetyl gallate 
Stearyl gallate 
Butylated Hydroxyanisole 
Butylated Hydroxytoluene 
Ethyl protocatecuate 


0.26 0.22 0.27 0.63 0.63 
0.36 0.31 0.33 0.61 0.52 
0.56 0.54 0.48 0.44 0.45 
0.64 0.65 0.53 0.21 0.19 
0.72 0.67 0.56 0.08 0.08 
0.69 0.87 0.74 0.70 0.54 
0.80 0.95 0.63 0.10 0.14 
0.42 0.38 0.37 0.55 0.64 


a I, isoamyl alcohol; 11, isoamyl acetate-acetone ( 5  :l).  111, isoamyl 
acetate-xyleneethanol (20: 1 : 1); IV, acetone-water (5 :3): V, dioxane- 
water-ethanol (10:7 : 5 ) .  b Required to ascend 10 cm. from origin. 


After obtaining a homogeneous solution with gentle warming and 
stirring, 10 g. of kieselguhr G (E. Merck) was added. Two hundred 
milliliters of the above solution was added to a dish (14.5 X 19.5 X 
2.5 cm.) and a glass plate (12 X 16 X 0.1 cm.) dipped into it. Both 
sides of the glass were covered evenly. The glass was placed over the 
dish for 2 min. to let the excess solution drain. It was then air-dried 
for 3 hr. and heated at 100" for 30 min. 


Chromatographic Procedure-A 0.5 % alcoholic solution of anti- 
oxidants was applied to the start line 1.5 cm. from the bottom of the 
layer and developed by ascending techniques. The chamber was 
equilibrated with the respective solvent for 30 min. before use. 


Visualization-The layers were sprayed with 0.07 % rhodamine B 
alcoholic solution and deep violet spots were observed under the 
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The Metabolic Fate of the Pteridine Diuretic, Wy-5256 


SAMUEL F. SISENWINE and SIDNEY S. WALKENSTEIN* 


Abstract 0 Utilizing labeled drug, the metabolic fate of 4-amino- 
N - (2 - methoxyethyl) - 7 - (2 - methoxyethylamino) - 2 - phenyl- 
6-pteridinecarboxarnide (Wy-5256) has been studied in the rat, 
dog, and squirrel monkey after a single pharmacologically active 
oral dose. All three investigated species were found to transform 
the drug by successive 0-demethylation of both aliphatic ether side 
chains to two isomeric mono-demethylated metabolites and the 
major metabolite, a bis-demethylated product. The drug was found 
to be rapidly absorbed in each species, and a distribution study in 
male rats revealed no tendency to accumulate in any tissue. The 
fecal route of excretion was found to predominate in all three 
species and biliary excretion studies revealed that this elimination 
pathway was due not to poor absorption but mainly to biliary 
excretion. 


Keyphrases 4-Amino-N-(2-methoxyethyl)-7-(2-methoxyethyl- 
amino)-2-phenyl-6-pteridinecarboxamide (Wy-5256)-metabolism 
Diuretic (Wy-5256), radioactive-absorption, excretion 0 Biliary ex- 
cretion-Wy-5256 Metabolites-isolated, identified 0 Scintil- 
lometry, liquid-analysis .Q TLC-separation, identity 0 IR 
spectrophotometry-identity 0 Mass spectroscopy-identity 


The pteridine, 4-amino-N-(2-methoxyethyl)-7-(2- 
methoxyethy1amino)-2 - phenyl- 6 - pteridinecarboxamide 
(Wy-5256) has been found to be an active diuretic agent 
having approximately the same oral activity and po- 
tency as hydrochlorothiazide (I). The compound pos- 
sesses a rapid onset of action and a short duration of 
activity in both the dog and rat, in which optimal effects 
may be noted at 2 hr. The pharmacology of this drug has 
been reported by Rosenthale and Osdene (1) and the 
chemistry by Osdene, et al. (2) .  A preliminary report (3) 
on the fate of the drug was given in 1967. The present 
report describes in detail the absorption, distribution, 
and excretion of the drug in rat, dog, and squirrel 
monkey, as well as the major metabolic transforma- 
tion, which takes place by the uncommon route of 0- 
deinethylation of aliphatic ether side chains. The investi- 
gation was facilitated by the use of labeled drug in which 
the tag was placed on the carbon at the six position of 
the pteridine nucleus. 


wy-5256 


METHODS .4ND MATERIALS 


The labeled drug, 6-14C-4-amino-N-(2-methoxyethyl)-7-(2-me- 
thoxyethylamino)-2-phenyl-6-pteridinecarboxamide (Wy-5256) (spe- 
cific activity, 1.4 mc./mmole) was used.' The radioactive drug was 
prepared from 4,6-diamino-5-nitroso-2-phenylpyrimidine and 2- lac- 
N,N'-bis-(2-methoxyethyl)malonamide (2). TLC and autoradiog- 


raphy on medical X-ray film (Cronex 11, du Pont) revealed only one 
radioactive spot. 


Absorption and Excretion Studies-Eighteen male rats (25l3 
300 g., Charles River) were given a single oral 4 mg./kg. dose of 
labeled drug in a 1 nonionic surfactant2 solution uia stomach in- 
tubation. The rats were fasted overnight prior to administration of 
the dose and maintained in stainless steel metabolism cages with free 
access to food and water. Three rats each were anesthetized with 
ether at 0.5, 1 ,  3, 6. 24, and 48 hr., and their chests opened. Blood 
was collected by cardiac puncture, placed in hepariniwd tubes, and 
immediately centrifuged. Plasma was separated and frozen at - 10" 
until assayed. The desired tissues and organs were removed for 
radioassay and urine and fecal samples were also collected and 
frozen at -10". 


Three pure-bred female beagels and six squirrel monkeys (3 male, 
3 female) each received a single oral 4-mg./kg. dose of labeled drug 
in a 12 nonionic surfactant solution. The animals were fasted over- 
night prior to oral administration and thereafter maintained in 
metabolism cages with free access to food and water. U~ine  and fecal 
samples were collected up to 48 hr. and stored at - 10". Blood was 
sampled from each animal at various intervals and prepared for 
radioassay. 


Biliary Excretion Studies-Rats (25Cb300 g.) were anesthetized 
with ether, and their bile ducts were cannulated (4) with a poly- 
ethylene cannula, which was connected to a tube mounted on the 
back of the animal. Two days later, the animals were dosed in an un- 
anesthetized state with labeled drug (4 mg./kg. p.0.) and kept un- 
restrained in metabolism cages with free access to food and water. 
Urine, feces, and bile were collected at 1, 3,6, 12,24, and 48 hr. and 
frozen at - 10" until radioassayed in order to determine the excre- 
tion values. TLC followed by autoradiography was performed in 
order to determine what radioactive products were present. 


Radioassay of Samples-Analyses of all radioactive samples 
were performed in a liquid scintillation spectrometer (Tri-Carb 
model 3000, Packard Instrument Co., Inc.) at 5" under conditions 
appropriate for counting "C. The external standardization tech- 
nique was employed. All samples were counted in low potassium 
vials containing either a dioxane scintillation solution (100 g. 
naphthalene. 10 g. PPO, 250 mg. dimethyl POPOP, and 1 I. dioxane) 
or a toluene scintillation solution ( 5  g. PPO, 100 mg. dimethyl 
POPOP, 1 1. toluene, and 200 ml. absolute ethanol). Urine and bile 
samples were assayed directly by pipeting aliquots (100 PI.) directly 
into 15 ml. of the dioxane scintillation solution. Fecal samples were 
homogenized in distilled water, and samplings were combusted in a 
combustion apparatus (Thomas-Ogg) in Schoeniger flasks which 
contained 10 ml. of 10% aqueous ethanolamine solution. Aliquots of 
this solution after combustion were taken and counted in the dioxane 
scintillation solution. Plasma (100-pl. aliquots) and 100-250- 
mg. samples of each tissue and organ were placed in the proper 
scintillation vials. One milliliter of NCS (Nuclear-Chicago) solu- 
bilizer solution was added along with 1 drop of water to each sample 
after which the vials were capped. Plasma samples were digested at 
room temperature 18-24 hr., while tissue and organ samples were 
incubated in a 50" oven for a minimum of 12 hr. or until no solid 
material was evident upon visual scanning. Toluene scintillation 
solution was then added to the vials and the samples were counted. 


Isolation of Metabolites-Ten dogs were given single 60-mg./kg. 
doses of unlabeled drug in gelatin capsules and were kept in metabo- 
lism cages for 24 hr. with free access to food and water. At the end of 
that period, all excreta were collected. Feces were homogenized with 
distilled water (1 :3) in a 1-gal. blender (Oster) whereupon the aque- 
ous homogenate was taken up in 10 volumes of acetone. The ace- 
tone-water mixture was then separated from the solids by centrifuga- 
tion. The extract was concentrated at room temperature under re- 


1 Tracerlab, Inc., Waltham, Mass. 2 Tween 80, Atlas Chemical Co., Wilmington, Del. 
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Table I-14C Tissue Levels” in Male Rats Following a Single Oral 4.0-mg./kg. Dose of ‘4GWY-5256 


Timejhr. - 
0.5 I 3 6 24 48 


~ ~~ ~ 


Plasmab 0.38 0.72 0.14 0.05 * c  - 
Liver 3.46 5.65 1.13 0.68 0.06 - 
Lung 0.83 1.33 0.23 0.08 0.11 - 
Spleen 0.62 1.16 0.16 0.04 - 


Stomach d 76.3 28.4 22.6 5.2 0 .1  * 
Gastrointestinal tractd 20.1 46.2 72.9 94.8 23.2 1.7 
Kidney 1.66 3.00 0.73 0.21 0.03 - 
Brain 0.19 0.26 - 0.07 0.09 - 
Heart 0.83 1.35 0.21 0.11 0.04 - 
Muscle 0.47 0.81 0.13 0.05 - 


Skin 0.51 0.99 0.19 0.23 0.11 * 
Fat 0.61 1.60 0.22 0.08 * * 
Bladder 0.73 1.74 0.66 0.18 0.04 - 
Testes 0.19 0.46 0.13 0.06 0.03 - 
Adrenals 1.58 3.40 0.50 0.17 - 


FecesC 0.04 0.10 1.84 64.5 103.0 
Urined 0.49 2.26 5.38 6.15 9.05 9.56 


a Each figure represents average value for three rats expressed as equivalent amounts of drug in mcg./g. tissue. * mcg./ml. c Trace. d Percent of dose. 


* 


* 


* 
* 


duced pressure until most of the acetone had been driven off, where- 
upon the remaining aqueous mixture was extracted with chloroform 
three times. The chloroform extracts were combined and dried over 
anhydrous magnesium sulfate and concentrated under reduced pres- 
sure to a small volume. The residue was chromatographed on a 
column of alumina (basic; M. Woelm, Eschwege, Germany) em- 
ploying a chloroform-methanol (1 : 1) solvent mixture as an eluant. 
A broad yellow band was eluted from the column until the eluate 
became colorless. The yellow solution was then concentrated to a 
small volume which was streaked onto 20 X 20-cm. plates coated 
with 750-p layers of alumina (DS-5, Camag) and developed in a n- 
butanol-dimethoxyethane-diethylamine (4 : 8 : 2) solvent system 
until the solvent front had traveled 7 cm. The plates weie dried and 
then chromatographed in a n-butanol-dimethoxyethane-pyridine 
(4:s :3) solvent system for maximum separation. The desired areas, 
which fluoresced under UV light, were scraped from the plate, and 
each metabolite was extracted from the adsorbent with methanol. 
After concentration of the methanolic solutions, each metabolite 
was subjected to various analytical methods, such as IR spectro- 
photometry, mass spectrometry, and cochromatography in order to 
determine the structure of each metabolite. 


Quantitation of the Urinary and Fecal Metabolites-Urine 
samples from each species were extracted with a chloroform- 
methanol (2:l) solvent mixture and aliquots of the organic and 
aqueous phases were radioassayed to determine the percentage of 
excreted dose in each phase. Both phases were then concentrated 
under reduced pressure at room temperature and the residues were 
chromatographed on 250-p layers of alumina. After development of 
the chromatograms, the plates were dried and analyzed by auto- 
radiQgraphy using medical X-Ray film (Cronex 11, du Pont). 


1 3  6 12 
TIME (hr) 


~ 


24 


Figure I-Plasma levels folIowing a single oral 4.0-mg./kg. dose of 
14C- Wy-5256 expressed as equivalent amounts of drug in mcg./ml. 


Quantitative evaluation of each metabolite was performed by scrap- 
ing each radioactive area from the plate and assaying it in dioxane 
scintillator solution. 


The fecal samples were homogenized with distilled water (1 : 3) in 
a blender (Osterizer) until a thin, pasty consistency was attained. 
The radioactive products were extracted from the homogenate with 
ten volumes of acetone. This extract was concentrated under reduced 
pressure until only water remained and then shaken with chloro- 
form. The organic extract was removed, and the aqueous phase 
washed twice with further portions of chloroform. The organic ex- 
tracts were combined, whereupon both the organic and aqueous 
phases were analyzed in the same manner as the urine extracts. 


Synthetic Procedures-Unlabeled drug (I) and 4-amino-N- 
(2-hydroxyethyl)-7-( 2-hydroxyethylamino)-2-phenyl-6 - pteridinecar- 
boxamide (IV), the bis-demethylated metabolite, were prepared by 
the method reported by Osdene e f  a/. (2). The mono-demethylated 
metabolites were prepared by the following route : 


Diethyl malonate (48 g., 0.3 mole) and 8-methoxyethylamine 
(22.5 g., 0.3 mole) were refluxed for 2 hr. The mixture was concen- 
trated and crystallized from benzenesyclohexane (1 :4). The crude 
product, which consisted of ethyl-N-(2-methoxyethyl)malonamate 
and N,N’-bis-(2-methoxyethyl)malonamide, was collected by filtra- 
tion, dried, and then added to 18.3 g. ethanolamine (0.3 mole). This 
mixture was refluxed for 1 hr. concentrated, and crystallized from 
diethyl ether. After recrystallization from ethanol-ether, N-(2- 
hydroxyethyl)-N’-(2-methoxyethyl)malonamide melted at 82-83 O : 
yield, 33%. 


Anal.--Calcd. for CsH16N204: C, 47.10; H, 7.84; N, 13.71. Found: 
C, 46.88; H, 7.88; N, 13.83. 
N-(2-Hydroxyethyl)-N’-(2-methoxyethyl)malonamide (6.2 g., 0.03 


mole) and 6.55 g. 4,6-diamino-5-nitroso-2-phenylpyrimidine (0.03 
mole) were added to a solution of 0.7 g. sodium in 300 ml. absolute 
ethanol. The mixture was refluxed for 1 hr. and cooled to room 
temperature. After filtering off the yellow precipitate which con- 
tained the sodium salts of 4-amino-7-hydroxy-N-(2-hydroxyethyl)-2- 
phenyl-6-pteridinecarboxamide and 4-amino-7-hydroxy-N-(2-me- 
thoxyethyl)-2-phenyl-6-pteridinecarboxamide, the filtrate was con- 
centrated under reduced pressure and the residue was chromato- 
graphed by preparative TLC on Silica Gel G (E. Merck Ag., Darm- 


Table 11-Excretion of Radioactive Products Following a 
Single Oral 4.0-mg./kg. Dose“ 


Time, hr.---- 
24 48 1 3 6 


Monkey Urine 0.03 0.06 0.07 0.3 0.75 
Feces - - 48.5 77.5 80.3 
Urine 0.Ogb 3.58* 5.Wb 5.84 6.07 


- - 55.5 75.7 
Dog 


Feces - 
Rat Urine 2.26 5.38 6.15 9.05 9.56 


Feces - 0.1 1.84 64.5 103.0 


a Values expressed as cumulative percent of dose. b Samples collected 
by catheterization. 
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Table 111-Excretion of Radioactive Products in Rats Possessing Externalized Biliary Fistulae-Dose 4 mg./kg., p.0." 


Time, hr. 7 


1 3 6 12 24 Total 


Rat A 


Rat B 


Rats without fistulae 


Urine 
Bile 
Feces 
Urine 
Bile 
F E W  
Urine 
Feces 


0.97 
8.59 


1.1 
6.14 


2.26 


- 


- 


- 


~ ~~ 


2.82 1.95 0.97 0.15 7.33 
20.36 14.46 6.46 0.45 50.32 
- 2.3 13.2 7.5 23.0 
3.7 3.6 0.9 0.4 9.7 
22.70 16.35 4.84 1.38 57.38 


- 5.0 14.1 19.1 
3.12 0.77 
0-1 1.84 


- 
b 2.90 9.05 
b 62.7 64.5 


a Values expressed as percent of dose. b No sample taken. 


stadt, Germany) using a n-butanol-diethylamine-dimethoxyethane 
(4:2:8) solvent system. The yellow band at Rf 0.77 was extracted 
from the adsorbent with methanol and after concentration of the 
methanolic solution yellow crystals appeared which were collected 
by suction filtration: 4-Amino-7-(2-hydroxyethylamino)-N-(2-me- 
thoxyethyl)-2-phenyI-6-pteridinecarboxamide (111) melted at 227- 
228". 


Anal.-Calcd. for C18H21N703: C, 56.39; H, 5.48; N, 25.58. 
Found: C, 56.26; H, 5.40; N, 25.27. 


A yellow band at Rf 0.64 was also extracted from the chromato- 
gram with methanol. After concentration of the methanolic solu- 
tion, Camino-N-(2-hydroxyethyl)-7-(2-methoxyethylamino)-2-phe- 
nyl-6-pteridinecarboxamide (11) crystallized and was collected by 
suction filtration, m.p. 217-219". Both isomers were analyzed by 
mass spectrometry in order to assign the proper structure for each. 


RESULTS 


Absorption-Upon administration of a pharmacologically 
active dose of 6- 4C-4-amino-N-(2-methoxyethyl)-7-(2-methoxy- 
ethylamino)-2-phenyl-6-pteridinecarboxamide (4 mg./kg., P.o.), 
evidence of rapid absorption of the drug was found in each species as 
illustrated by the plasma levels in Fig. 1 .  After 0.5 hr., the rat ex- 
hibited significant radioactive levels corresponding to 0.38 mcg./ml. 
of Wy-5256 and within 1 hr., a peak level was obtained correspond- 
ing to 0.72 mcg/ml. The peak occurred at the same time in the 
squirrel monkey, but a considerably lower value corresponding to 
0.20 mcg./ml. was noted. The dog achieved a peak level in plasma 
corresponding to 0.30 mcg./ml. after 3 hr. The half-life of the radio- 
active dose in the rat and monkey was estimated to be 2 hr., and 5 hr., 
in the dog. The variations in plasma levels and half lives observed 
among the species indicate differences in rates of metabolism and 
excretion and/or rapid uptake by tissues. Within 24 hr., negligible 
values were found in the plasma of the three species. 


Tissue Distribution-The distribution of the radioactive dose at 
various time intervals was investigated in male rats following a 
single oral dose of labeled drug (Table I). Concentrations were 
higher in most tissues than in plasma at all times, and remained 
fairly constant relative to plasma concentration throughout the 
experiment, Liver tissue, which exhibited the highest values, showed 
no tendency to accumulate any of the dose as indicated by the rapid 
decline after 1 hr. Peak levels were also attained in lung, kidney, 
spleen, and heart at 1 hr. and fairly rapid clearance occurred there- 
after. At 6 hr., the major part of the dose was present in the gastro- 
intestinal tract. By 48 hr., the drug and its metabolites were almost 
completely eliminated. 


Excretion-The urinary and fecal recoveries of radioactivity in 
the rat, dog, and squirrel monkey after a single oral dose (4 mg./kg.) 
are detailed in Table 11. The rat excreted 9.56% of the dose in the 
urine within 48 hr. Of this, more than half was excreted in the first 3 
hr. The rest of the radioactivity was found in feces. Similarly, the dog 
excreted about 12 times as much of the administered dose in feces as 
in urine. The difference was even more marked in the squirrel mon- 
key which excreted less than 1 % of the dose in urine. 


Although it was reasonable to expect a drug in this molecular 
weight range to be excreted chiefly in bile, the authors nevertheless 
investigated the possibility that the high fecal levels might have re- 
sulted from poor absorption. Rats with externalized biliary fistulae 
were dosed with labeled drug (4 mg./kg., p.0.) in an unanesthetized, 
unrestrained state, and the excretion values were compared with 
those of control rats (Table 111). The fecal excretion rates were 


markedly lower in the two cannulated rats than in the controls, 
whereas no significant difference was noted in the urinary excretion 
rates. The cannulated rats excreted approximately half of the dose in 
bile, and most of this occurred within the first 6 hr. Reabsorption of 
the drug and its metabolites from the intestine did not seem to be a 
major factor. Therefore, the results received from this biliary excre- 
tion study indicate that the low urinary levels, at least in this species, 
are not the result of poor absorption of this virtually insoluble drug, 
but rather of physico-chemical factors favoring biliary excretion. 


Nature of the Urinary and Fecal Metabolites-Examination 
of the excreta of each species revealed that all species qualitatively 
transformed the drug by the same pathway. The uncommon manner 
in which the drug was metabolized occurred by 0-demethylation of 
the aliphatic ether side chain in either the six or seven position of the 
molecule. This pathway led oiu the two minor intermediate mono- 
demethylated metabolites to the major bis-demethylated metabolite 
(Scheme I). These metabolites, along with unchanged drug and three 


/ 
0 y F : r N H C H 2 C H j J H  


m 


CNHCH2CH20H 
NH2 b\ 


Scheme 1 


unidentified water-soluble metabolites, made up the radioactive 
products found in both urine and feces of each species. This was 
initially determined by autoradiography of thin-layer chromato- 
grams containing excretory extracts. 


Rat plasma extracts were found to contain unchanged drug and 
the demethylated metabolites but very little polar material while bile 


Table IV-Distribution in Excreta of Radioactive Unchanged 
Drug and Metabolites" 


--Dog- -Rat-- -Monkey- 
Urine Feces Urine Feces Urine Feces 


Unchanged drug I 1.1 6.1 2.1 13.1 2.2 15.2 
Metabolite I1 4.0 3.2 12.9 20.1 2.3 3.8 
Metabolite 111 4.7 7.5 4.5 2.3 3.6 15.2 
Metabolite IV 67.6 45.1 33.9 22.9 45.9 33.6 
Polar metabolites 22.6 38.1 46.6 41.6 46.0 32.2 


a Within 24-hr. period percent of total 14C in sample. 
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Table V-R, Values of WY-5256 and Metabolites 


I I1 I11 IV 
- 


BuOH-DME"-DEAb(4:8:2) 0.84 0.39 0.75 0.18 


BuOH-BU~@-ACOH(~:~:~) 0.70 0.51 0.61 0.43 
BuOH-DME-pyridine (4:8:3) 0.75 0.34 0.63 0.15 


- 
Q DME = dimethoxyethane. b DEA = diethylamine. c BuzO = 


dibutyl ether. 


extracts contained mainly the bis-demethylated metabolite, IV, and 
the polar fraction. Negative results were obtained upon reaction of 
the polar fraction with P-glucuronidase, and no further attempts 
have been made to identify this fraction. 


Table IV details the distribution pattern of the metabolites in the 
excreta of each species. The parent drug I, was extensively trans- 
formed, and recovered in feces only to the extent of 15.2% in the 
monkey, 13.1 % in the rat, and 6.1 in the dog. The bis-demethyl- 
ated metabolite, IV, was found to be the major metabolite excreted 
by each species, and both mono-demethylated metabolites were 
present in minor amounts. 


Identification of the Metabolites and Parent Drug-After each 
product had been isolated by preparative TLC as described in 
Methods and Materials, the product with the highest R ,  value (see 
Table V) was compared with synthetic 4-amino-N-(2-methoxy- 
ethyl)-7-(2-methoxyethylamino)-2-phenyl- 6 - pteridinecarboxamide. 
The identity of the isolated material (I) was established by co- 
chromatography with synthetic Wy-5256, mass spectrometry, and 
IR spectroscopy (Table VI). 


The bis-demethylated metabolite, 4-amino-N-(2-hydroxyethyl)-7- 
(2-hydroxyethylamino)-2-phenyl-6-pteridinecarboxamide, IV, was 
characterized by comparison of its IR spectrum with that of au- 
thentic material, by mixed melting point, and cochromatography 
and the mass spectrum, which, although showing some impurities, 
gave mass peaks at m/e 369,338, and 325. The mass peak at  m/e 338 
arose from the rupture of the bond to the nitrogen atom of the 
amino group. 


,yNH- CH2CH2- OH 
M-31 
A 


YNH-CH1+ 


This cleavage would predominate over any cleavage of the amide 
group in the six position. 


With the identification of the bis-demethylated compound as 
Metabolite IV, the two mono-demethylated precursors were then 


postulated as primary metabolites and the authentic materials were 
synthesized as illustrated in Scheme 11. 


COOEt CONHCH2CH20H 
NH2CH2CH20H ' 


I f H 2  
CH21COOEt12 + NH2CH2CH20CHJ- kH2 


CONHCH2CHZG€H3 CONHCH2CH2LXHJ 


Scheme II 


The two isomers were assigned proper structures bq employing 
mass spectrometric analysis. Both compounds had the expected 
parent ion at m/e 383. Synthetic Compound 11, however, gave a frag- 
mentation pattern with mass peaks at mje 368, 338, and 325 and the 
pattern may be postulated as illustrated in Scheme 111. 


mle - 383 


\Ice: 


I +  ' NHCH2CH20H 


m/e - 325 


+ CHz=CH-OCH3 


i N H C H 2 C H 2 0 H  


mle - 368 


NH2 0 


+ C H j  


I I  
VH, NHCHZCH20H 


rnie - 338 


+.CI120CHJ 


Scheme I l l  


This pattern was similar to that of the parent drug, and was quite 
different from that of the bis-demethylated metabolite. The cleavage 
which gave rise to the M-58 ion has been reported frequently and has 
been discussed in detail (5, 6). Compound 111 had significant mass 
fragments at m/e 353 and 352 while peaks at m/e 338 and 325 were 


Table VI-Physical Constants of Isolated Metabolites and Standards 


M.P., "C. Rta IR ( P L )  Mass Spectra, mle 


Unchanged Drug (I) 231-233 0.83 6.02(~),6.19(s) 397(M+.),382(M-15) 


0.84 6.02(~),6.19(s) 397(M+. ),382(M- 15) 


Metabolite IT - 0.39 - 383(Mf.),368(M-15) 


6.3(m),6. ~ ( v s )  352(M-45),339(M-58) 
4-Amino-N-(2-methoxyethyl)-7-(2-methoxyethylamino)- 234 


2-phenyl-6-pteridinecar boxamideb 6,3O(m),6,50(vs) 352(M-45),339(M-58) 


338f M-45).325(M-58) 
383(~+.);368(M-i5)' 4-Amino-N-(2-hydroxyethyl)-7-(2-methoxyethylamino)- 217-219 0.39 6.02(s),6.18(~) 


Metabolite 111 
4-Amino-7-(2-hydroxyethylamino)-N-(2-methoxyethyl)- 227-228 0.75 6.0l(s),6.1O(S) 


Metabolite IV 249-252 0.18 6.Ol(m),6.12(s) 369(M+.),338(M-31),325(M-44), 


4-Amino-N-(2-hydroxyethyl)-7-(2-hydroxyethylamino)- 252 0.18 6.01(m),6.12(~) 369( M+ .),338(M-31),325( M-44) 


6.3(m),6.52(vs) 338(M-45),325(M-58) 
- 


2-phenyl-6-pteridine~arboxamide(II)~ 


2-phenyl-6-pteridinearboxamide( 6,3O(m),6,48(vs) 


0.75 - - 
383(M+.),353.352(M-31) 


6.28(m),6.55(vs) 103 


2-phenyl-6-p teridinecar bo~amide(1V)~ 6.28(m),6.55(vs) 103 


a AI-250 p BuOH-DME-DEA (4:8 ;Z). b Synthetic metabolites. 


870 0 Journal of' Phurrnuceuticul Sciences 







Table VII-Diuretic Testing of WY-5256 and its 
Metabolites in Rats 


Dose, 7- T/Ua- 
mgkg. Route Vol. Na 


Wy-5256 6 p.0. 2.43 2.25 
Metabolite 11 6 V.O. 1.27 1.23 
Metal 


25 i.p. 1.51 1.57 


a Ratios of urine volumes and urinary sodium levels in animals 
administered test drug or metabolite (T) to those administered cor- 
responding doses of urea (U). Ratios > 1.00 represent statistically 
significant differences in diuretic activity. 


negligible. This splitting out of 3 1 mass units could be expected for a 
P-hydroxyethylamino group in the seven position, as evidenced by 
the mass spectrum of the his-demethylated metabolite. This m/e 352 
fragment was negligible in the mass spectrum of Compound 11. 


With the establishment of structure for the two synthetic isomers, 
a comparison was made brtween the mass spectra of the synthetic 
Compounds I 1  and 111. and the isolated Metabolite IT. The frag- 
mentation pattern of the metabolite was similar to synthetic Com- 
pound I1 and cochromatography confirmed the structure of that 
metabolite as 4-amino-N-(2-hydroxyethyl)-7-(2-methoxyethylami- 
no)-2-phenyl-6-pteridinecarboxamide. Finally, drug Metabolite 111, 
although too small in quantity and highly impure, cochromato- 
graphed with authentic 4-amino-7-(2-hydroxyethylamino)-N-(2- 
methoxyethyl)-2-phenyI-6-pteridinecarboxamide, 111. 


Diuretic Activity of the Metabolites-The pharmacological 
activity of the metabolites was invejtigated and the structure- 
activity relationship is illustrated in Table VII. It appears that de- 
methylat ion of either chain 1 educes the diurectic activity. Demethyla- 
tion of both side chains appears to interfere with absorption of the 
drug, as indicated by the diuresis following intraperitoneal adminis- 
tration when compared with the lack of activity when the dose is 
given orally. 


DlSCUSSION 


The results reported herein demonstrate that the metabolite fate of 
the parent pteridine is quite similar in all three investigated species, 
although there is some difference in the absorption and excretion of 
the drug among the monkey, rat, and dog. The drug, which was 
labeled, thereby greatly facilitating the study, was given orally at the 
pharmacologically activz dose in order to provide some insight into 
the activity of the drug. These studies find that the rat absorbs the 
drug into plasma rapidly as does the monkey, but there is a 3.5-fold 
difference in the plasma levels between the two. The dog absorbs the 
drug slightly slower, and not to as great an extent as the rat. Both 
peak levels and half-life values, however, are found to correlate well 
with the length of diuretic activity in all three species. 


The short acting properties of the drug may be due to the rapid 
absorption and release from tissues, as observed in a tissue distribu- 
tion study in male rats. No accumulation was seen in any tissue, and 
negligible values were found in tissues, as had been found in plasma 
after 6 hr. As our results show a rapid absorption, they also show a 
rapid excretion of the dose. A biliary excretion study demonstrates 
that a major part of the dose is excreted rapidly through the bile into 
feces as deactivated metabolites. This was anticipated because of the 
drug’s high molecular weight. The biliary excretion is found to occur 
to a major extent within 6 hr., and the urinary excretion rate is also 
greatest in the first 6 hr. All of these data point to the fact that the 
drug does not remain in the body of any animal to any great extent 


after 6 hr., thereby probably creating the short duration of activity. 
But this rapid excretion is not the only property that has to be taken 
into account as the cause of the drug’s short activity. Metabolic 
transformation of the parent drug by 0-demethylation of both ali- 
phatic ether side chains also reduces the diuretic activity of the drug 
as shown by the structure-activity relationship, in which if only one 
methyl group is removed a slight lessening of activity occurs, but 
removal of both methyl groups to the major bisdemethylated metab- 
olite prevents activity of the drug. This metabolic transformation, 
though rare, occurs in all three species and does provide a method of 
deactivation. Therefore, although the data give no direct informa- 
tion on the diuretic properties of Wy-5256, they do provide some 
understanding of how the metabolic fate of the drug relates to the 
drug’s activity. 


SUMMARY 


The absorption, distribution, metabolism, and excretion of an 
orally active pteridine diuretic, 4-amino-N-(2-methoxyethyl)-7-(2- 
methoxyethylamino)-2-phenyl-6-pteridinecarboxamide, was studied 
with the aid of the 14C-labeled drug, in the rat, dog, and squirrel 
monkey. All three species metabolized the drug similarly by suc- 
cessive removal of the methyl ether groups of the two aliphatic side 
chains. Identification of three metabolites, two monodemethylated 
isomers, and the bis-demethylated compound, was made by co- 
chromatography, mass spectrometry, and IR spectrophotometry. 


The fecal route of excretion predominated in all three species with 
only 10% or less of an oral dose appearing in urine. That this was 
not due to poor absorption of drug was demonstrated by studies in 
bile fistula rats who excreted about half the dose in bile within 6 hr. 
There was rapid uptake in tissue, but no accumulation in any organ. 
The rapid metabolism and excretion of the drug are believed to con- 
tribute to its relatively short duration of activity. 
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Quantitative Determination of Hyoscyamine and Scopolamine by 
Direct Photodensitometry of Thin-Layer Chromatograms 


B. L. WU CHU, E. S. MIKA, M. J. SOLOMON, and F. A. CRANE 


Abstract 0 A rapid and simple method for the quantitative evalua- 
tion of thin-layer chromatograms of hyoscyamine and scopol- 
amine by direct photodensitometry was investigated. Excellent 
separation with discrete spots for the two alkaloids was quickly 
obtained using absolute methanol-ammonia T.S. (2OO:l v/v) 
as the developing solvent. Spots were made visible by spraying 
with Munier and Macheboeuf‘s modification of Dragendorffs 
reagent. Linear standard curves were obtained for each alkaloid 
when the integrated function of the size and density of the spot was 
correlated with micrograms of alkaloid applied. The upper and 
lower limits of the standard curves were 4 to 65 mcg. for hyo- 
scyamine, and 7 to 60 mcg. for scopolamine. The optimal range for 
both alkaloids was approximately 20 to 30 mcg. Pure alkaloids and 
plant extracts were determined by photodensitometric and spectro- 
photometric methods, and results were compared. 


Keyphrases Hyoscyamine, scopolamine--separation, deter- 
mination 0 TLC-separation Dragendorffs reagent-color 
development Photodensitometry, direct-quantitative analysis 


The qualitative resolution of complex mixtures by 
thin-layer chromatography (TLC), introduced by Stahl 
(I)  in 1956, has been extensively investigated. The 
quantitation of these resolved compounds has been less 
extensively studied. Quantitative TLC is in essence based 
upon either elution of the compounds contained in the 
spot or measurement directly on the plate. 


The quantitative method of relating spot size to  the 
quantity of compound on thin-layer chromatograms was 
thoroughly investigated by Purdy and Truter ( 2 , 3 ) .  They 
explored three general methods of analysis based upon 
spot size and found a linear relationship between the 
square root of the area and the logarithm of the weight. 


Privett and Blank (4, 5 )  described a method for the 
quantitation of lipids separated by TLC by apply- 
ing direct densitometry to thin-layer chromatograms 
sprayed with a saturated solution of potassium di- 
chromate in 8Oz (by weight) sulfuric acid. The plate 
was subsequently heated at 180” for 25 min. in order 
to  char the spots. The area under the densitometer 
curves was directly proportional to the amount of 
sample in the spot. The direct scanning procedures for 
TLC plates have been evaluated critically by Klaus (6). 


Optical densitometry of charred spots has been exten, 
sively applied to determinations of lipids and glycerides- 
but does not appear to have been used widely before 
with the studies of alkaloids. Genest et al. (7,8) reported 
quantitative TLC data by direct densitometry on certain 
alkaloids of morning glory seeds and opium. Shellard 
and Alam (9) described a TLC densitometric method 
for the quantitation of some Mitragyna oxindole alka- 
loids. 


The present work was undertaken to develop the 
technique of direct densitometric measurement of indi- 
vidual TLC spots of hyoscyamine and scopolamine as free 
bases. This densitometric method of area measurement 
is simple to perform and compares favorably with 
spectrophotometric techniques. Furthermore, in using a 
photoelectric device, the process of measurement is 
rapid and convenient. 


EXPERIMENTAL 


Equipment-Chromoscan recording and integrating densitometer 
equipped with TLC attachment (Joyce, Loebl and Company, 
Ltd., Gateshead-on-Tyne, Great Britain), spectrophotometer 
(Beckman model DU), pH meter (Beckman zeromatic), centrifuge, 
flash evaporator, adjustable TLC applicator (model SII Desagal 
Brinkmann Instruments, Inc.), standard glass carrier plates (20 X 
20 cm.), glass developing tanks (Desaga) lined with solvent-satu- 
rated filter paper, lambda pipets. 


Materials-Hyoscyamus niger L., field-grown, oven-dried at 
50”, ground to 40 mesh, served as the standard plant powder. A11 
chemicals used were analytical reagent grade. Hyoscyamine (New 
York Quinine and Chemical Works, Inc.) and scopolamine (Aldrich 
Chemical Co.) were used. Each alkaloid standard produced only 
one spot on a chromatogram. 


Operating Conditions for Densitometer-Chromosan: filter 
490 mp, aperture 10 X 0.5 mm., cam A, gain 5, optical wedge 
04 .5  0.d.; thin-layer attachment: filter 490 mp, aperture 5 X 
0.5 mm., specimen expansion ratio 1 :2. Light source for both units 
was a 12 v., 100 w. standard tungsten projection lamp. Both units 
were operated by reflectance. 


Preparation of the Plates-Silica Gel G was purified by reflwing 
with anhydrous methanol for 8 hr. in a continuous extraction ap- 
paratus. Thirty-three grams of purified Silica Gel G was mixed 
with 67 ml. of distilled water and shaken vigorously for 45 sec. in 
a glass-stoppered conical flask. The slurry was spread on 20 X 20- 
cm. standard glass carrier plates to a thickness of 500~. The coated 
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Figure l+a) Trncing of a chromatogram of hyoscyamine and scopol- 
amine; (b) tracing of densitogram of hyoscyamine and scopolamine. 


plates were air-dried at room temperature for about 15 min., 
followed by further drying at 105" for 30 min. The activated plates 
were stored in a desiccator which contained activated alumina. 


Developing Solvent-The developing solvent was absolute 
methanol-ammonia T.S. (200: 1 v/v). The advantage of this solvent 
system is that it gives discrete spots which are 6-7 cm. apart in 
55-60 min. with a 16-cm. solvent front. 


Spray Reagent-Munier and Macheboeuf's (M.M.) modification 
of Dragendorff's reagent (10) was used. 


Application of Samples and Development of Chromatogram- 
Samples were applied in chloroformic solution approximately 2.5 
cm. from the edge of the plate. Calibrated lambda pipets were used 
for initial application, and the resultant diameter of the spot ob- 
tained was approximately 5 mm. Plates were developed by ascend- 
ing chromatography through a distance of 16 cm., dried at room 
temperature, and sprayed with modified Dragendorff's reagent 
(10). Standard samples of hyoscyamine and scopolamine free bases 
were always applied and chromatographed on the same plate to 
serve as reference standards. 


Direct Photodensitometry-The developed chromatogram was 
scanned face-up in the same direction as the solvent flow. Each 
spot was scanned individually. The sample beam in each determina- 
tion covered the entire width of a given spot. Total absorbance of 
each spot which represented the total area under the density curve 
was converted quantitatively by the automatic digital integrator. 
Background correction was made according to the method of 
Bush (11). 


Spectrophotometry-Freeman's method (12) was employed 
except that the spectrophotometer was operated at 560 mp rather 
than 540 my and 0.7 ml. of 10% aqueous tetraethylammonium 
hydroxide was used instead of 0.3 ml. of a 25 % solution. 


Preparation of Standard Curves-Densitometry-Six separate 
chloroformic solutions of hyoscyamine and scopolamine were pre- 
pared. Linear standard curves were obtained for both hyoscy- 
amine and scopolamine when the integrated function of the size and 
density of the spot was correlated with micrograms of alkaloids 
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Figure 2-Cafibrutiorr curve for background correctioii in densitom- 
etry. 


applied. Blind unknowns containing weighed amounts of hyoscy- 
amine and scopolamine in chloroform were used to substantiate the 
reliability of the standard curves. 


Spectrophotometry-Linear standard curves were obtained for 
hyoscyamine, scopolamine, and the two as a 1:l mixture. Blind 
unknowns substantiated the reliability of the standard curves. 


Quantitation of the Alkaloids of a Plant Powder-Approximately 
4 g. of hyoscyamus powder was placed in a 50-ml. glass-stoppered 
centrifuge tube, followed by the addition of 2 ml. ethyl alcohol 
(95%) and 1.5 ml. of 10% ammonium hydroxide. The tube was 
shaken for approximately 5 min. and refrigerated for 1 hr. Ten 
milliliters of n-butanol-benzene solution (1 : 1) was then added. 
After shaking vigorously for 2 min., the material was centrifuged 
for 3 min. at 1500 r.p.m. The upper layer which contained the 
alkaloids was then introduced into a 125-ml. separator with a capil- 
lary pipet without disturbing the solid residue at the bottom of the 
centrifuge tube. This was repeated four times with 7.5 ml. of n- 
butanol-benzene. In each case the residue was resuspended in the 
solvent with a glass rod and vigorously shaken for 1 min. The com- 
bined extracts were washed with 7.5 ml. of 0.5 N sulfuric acid, the 
mixture was allowed to separate, and the lower acidic layer was 
retained. This procedure was repeated three times using 5 ml. of 
0.5 N sulfuric acid and finally 5 ml. of distilled water. 


The combined acidic aqueous phase was titrated with concen- 
trated ammonium hydroxide to a pH of 10.3 and was transferred 
into a 125-ml. separatory funnel containing 5 ml. chloroform. This 
extraction with chloroform was repeated five times or until 2-3 drops 
of the last extract gave a negative Vitali-Morin test (13). The com- 
bined chloroform extracts were washed with 5 ml. distilled water 
and the chloroform layer was placed in a dry 200-ml. round-bottom 
flask. The aqueous layer was agitated with 2 ml. chloroform and 
the chloroform added to the combined chloroform extract. This was 
evaporated to dryness on a flash evaporator. The dry residue was 
dissolved in chloroform and placed in a 10-ml. volumetric flask. 
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Figure %-Standard curves for hyoscyamine and scopolamine de- 
termined by densitometry. 
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Table ISimultaneous TLC-Densitometric Determination of Hyoscyamine and Scopolamine as a Mixture 


Hyosycamine Scopolamine - % 


Sample’ Actual, mg. Determined, mg. Recovery, Actual, mg. Determined, mg. Recovery, % 
~~ ~ _ _ _ _ _ _ _ _  ~ ~~ ~ 


1 19.26 16.25 84.38 13.13 13.17 100.30 
2 14.80 13.68 92.43 18.26 18.91 103.56 
3 19.61 16.25 82.87 20.29 20.92 103.10 
4 22.84 20.24 88.62 26.26 26.19 99.74 


a Each sample was weighed separately. 


Aliquots of the 10-ml. extract were quantitated by direct photo- 
densitometry and by spectrophotometry. 


RESULTS AND DISCUSSION 


Precision of the densitometer was estimated by scanning the same 
alkaloid spot 10 times successively within 30 min. after spraying. 
This was carried out throughout the entire investigation. The average 
percentage error was 6.06%, ranging from 2.11 to 8.11%, as deter- 
mined on various occasions. 


Figure l a  is a tracing of a finished chromatogram of two hyo- 
scyamine and scopolamine samples. Figure l b  is a tracing of the 
densitogram curves of the two spots made by the Chromoscan. 


The stepwise curve (Fig. 2) shows digital integrator values per 
centimeter length of the graph at different baseline levels. It was 
used for background correction of all density curves. Each value 
shown was the average of 10 determinations. 


Standard curves for hyoscyamine and scopolamine obtained by 
direct densitometrq are shown in Fig. 3. Since the measurements 
produced a straight standard curve, resort to logarithms and square 
roots of areas is not necessary. Each curve is the average of three 
independent determinations. Each of the six values was obtained 
from separate solutions using weighed quantities of alkaloids. The 
upper and lower limits of the standard curves were 4 and 65 mcg. 
for hyoscyamine. and 7 and 60 mcg. for scopolamine. The optimal 
range for both alkaloids was approximately 20 to 30 mcg. The 
slopes of the lines remained constant, 1.75 integrator counts per 
microgram for hyoscyamine while the corresponding value for 
scopolamine was 3.23 integrator counts per microgram. The small 
variation in the slopes obtained may be attributed to the intensity 
of stray light on the photomultiplier, the ambient temperature, 
spot shape, and variations in layer thickness. 


Hyoscyamine produced an ellipitcal spot on the resulting chro- 
matogram with Rf value of 0.097, whereas the scopolamine spot 
with Rlvalue of0.52 was isodiametric. The difference in slope values 
of the standard curves of the two alkaloids might be attributed, 
at least in part, to the marked difference in the spot shape. The 
R ,  value was the average from 10 chromatograms, each consisting 
of six spots. 


Although many methods of thin-layer and paper chromatography 
(14-16) have been applied to the separation of tropane alkaloids, 
few reports have described a rapid and simple method. In the 
course of the present study of the growth, development, and al- 
kaloid content of Hyoscyamus niger L., the new solvent system, 
absolute methanol-ammonia T.S. (200:l v/v), gives a quick 
simple method for obtaining an excellent separation with discrete 
spots of the two major tropane alkaloids, hyoscyamine and sco- 
polamine. A substance positive to Dragendorff’s reagent using the 
plant extract appeared and stayed at the origin. This did not con- 
taminate hyoscyamine, the nearest spot. The identity of this sub- 
stance was not ascertained. 


Chloroform was found to be the most satisfactory solvent. Uni- 
form spots with minimum dispersion of solutes were produced. 
Different developing solvent systems were tried in order to make 
the hyoscyamine spot isodiametric. The relatively low percentage 
recovery of hyoscyamine (Table I) might be due to the greater error 
introduced by the elliptical shape of its spot on the chromatogram. 
A possibility exists that the elliptical shape resulted from imperfect 
dehydration of hyoscyamine. However, highly purified hyoscy- 
amine dissolved in purified chloroform behaved in a similar manner, 
thus implicating the developing system. 


Spectrophotometric data using Freeman’s method (1 2) for the 
four mixed samples of hyoscyamine and scopolamine were com- 
pared with TLC-densitometric method (Table 11). Percentage 
recovery of total alkaloids by spectrophotometry in which standard 
alkaloids were used was 97 to 98 % while the TLC-densitometry 
recovery was from 91 to 99% when the hyoscyamine and scopol- 
amine determinations were combined. In Table 111, spectrophoto- 
metric determination of standard hyoscyamus powder is compared 
with TLC densitometric determination. If the spectrophotometric 
values obtained by use of standard hyoscyamus powder are used as 
reference standard, the percentage recovery of TLC-densitometric 
values would be 100 f- 5%. This suggests that the spectrophoto- 
metric determination of total alkaloids might well be used as the 
reference standard rather than the “actual amount of plant sample 
weighed” in which the alkaloid content may vary. 


The present study substantiates the importance of each of the 
following factors as reported by other authors (9, 17-24) in their 
discussion of TLC-densitometry : 


1. 


2. 


3. 
4. 


5. 
6. 
7. 
8. 
9. 


10. 
11. 


12. 


13. 
14. 


Type and quality of support, thus calling for a homogeneous 


Adsorbent layer thickness, requiring a very uniformly pre- 


Particle size and activity of the adsorbent. 
Uniform application of spots from solutions the concentra- 


tions of which are not very different. 
A very small initial spot size. 
Position of origin and distance of development. 
Use of a calibrated micropipet. 
Constant vapor saturation in the developing chamber. 
Solvents that give a sharp and distinct separation of the sub- 


Working temperature. 
Spray reagents that give maximum color contrast between 


spot and background. 
Sensitivity of the color reaction, time of color development, 


time of attainment of maximum color intensity, and stabil- 
ity of spot color. 


adsorbent. 


pared plate. 


stances being determined. 


Application of reagent in a uniform spray. 
Method of standardization and running the standard at the 


same time that the unknown is run. 


Table 11-Comparison of Spectrophotometric Determination with TLC-Densitometric Determination of Mixtures of Hyoscyamine 
and Scopolamine 


~ ~~ ~~ 


-Spectrophotometry-- TLC-Densitometry 7 


Total Hyoscyamine, Scopolamine, Total 
Alkaloids, mg. Recovery, % Sampler Actual, mg. Alkaloids, mg. Recovery, % mg. mg. 


1 32.39 31.8 98.18 16.25 13.17 29.42 90.83 
2 33.06 32.5 98.31 13.68 18.91 32.59 98.58 
3 39.90 39.2 98.25 16.25 20.92 37.17 93.16 
4 49.10 47.5 96.74 20.24 26.19 46.43 94.56 


5 Each sample was weighed separately. 


Vol. 58, No. 9, September 1969 1075 







Table 111-Comparison of Spectrophotometric Determination with TLC-Densitometric Determination of Standard Hyoscyamus Powder 


Recovery 
if Spectro- 


photometric 


1 3.73 0.658 0.018 0.385 0.303 0.688 0.018 104.5 
2 3.23 0.526 0.016 0.257 0.279 0.536 0.017 101.9 
3 3.15 0.488 0.015 0.274 0.241 0.515 0.016 105.5 
4 3.56 0.545 0.015 0.313 0.229 0.542 0.015 99.4 


15. A constant slope value of linear relationship between spot 
area and quantity of applied compound. 


This work has controlled the variables stated above and has 
reaffirmed the validity of the photodensitometric method as a simple 
and efficient technique for quantitative evaluation of thin-layer 
chromatographic results. 


SUMMARY 


A thin-layer Chromatographic technique using Silica Gel G as the 
adsorbent and absolute methanol-ammonia T.S. (200:l v/v) as the 
developing solvent has been devised for the separation of hyoscy- 
amine and scopolamine. Quantitative evaluation of thin-layer 
chromatograms was achieved without elution from the adsorbent 
by using a direct photodensitometric method. It was demonstrated 
that a linear relationship exists between the size and density of the 
spot and the amount of substance it contained. 


Total alkaloids were also determined by spectrophotometric 
methods, and the results were compared. 


Powdered samples of Hyoscyamus niger L. were assayed for 
hyoscyamine and scopolamine by this method. 
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Table II-Test of Additivity: F!V versus 1/V 


Inter- Group Constant 
Series cept Slope r n Eq. 4 Ref. 1 


Alkanes (H) 8.73 -194 0.997 7 33 80-100 
Alcohols(0H) 8.95 218 0.998 7 452 - 
Nitriles (CN) 8.60 167 0.965 5 457 410 
Ketones (CO) 6.68 236 0.985 9 437 275 
Esters(CO0) 7.04 201 0.936 12 482 310 
Acids,(COOH) 9.12 201 0.978 3 452 - 
Chlorides (Cl) 6.99 149 0.949 3 381 270 
Iodides (I) 6.76 215 0.999 4 501 425 
Sulfones(OS0) 7.61 527 0,999 3 - - 


of F does not appear to be related to a variability in F, values since 
the described plots give excellent linear correlations with constant 
slopes. An attempt has been made to account for the variability in 
Fi values by considering the variation in chain length in a homol- 
ogous series (10). The observed variations and inconsistencies, how- 
ever, are most probably due to the poorly additive nature of F. 


Deviations from strict additivity do not necessarily discredit the 
practical use of F. One must decide what sort of inaccuracies can 
be tolerated for an intended purpose. The calculation of F from 
group constants which are only approximately additive may be 
valuable on an operational basis. For example, in diols such as 
ethylene glycol, diethylene glycol, and propylene glycol, calculated 
values for a single OH group are 273, 273, and 278, respectively, 
while in hetero-functional analogs such as carbitol, the values for 
an OH group cluster around 325. Such dependencies on compound 


type place even further limitations on the additivity of F. Nonethe- 
less, there is a practical usefulness for an apparent additivity of F 
on a constitutive basis when used within the limits of recognized 
restrictions. 
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Preparation of Some Substituted Imidazolidine-2,4-diones 


J. SAM, E. B. MCLAURIN”, and R. M. SHAFIKt 


Abstract 0 Heating 2-benzoxazolinone or 5-chloro-2-benzoxazo- 
b o n e  with aminoacid esters resulted in the formation of 3-(2- 
hydroxyphenyl) imidazolidine-2,4-dione derivatives. Results of 
preliminary pharmacological tests are reported. 


Keyphrases 0 Imidazolidine-2,4-diones-synthesis 0 Pharmaco- 
logical screening-imidazolidine-2,4-diones 0 IR spectropho- 
tometry-structure NMR spectroscopy-structure 


OH 


I II 


Heating of 2-benzoxazolinone with aniline (1) and 
hydrazine hydrate ( 2 )  was observed to yield a substituted 
urea and a semicarbazide derivative, respectively. A 
similar rearrangement was noted (3) when the hydro- 
genation of 3-(2-nitrobenzoyl)-2-benzoxazolinone (I) 
resulted in the formation of l-hydroxy-3-(2-hydroxy- 
phenyl) quinazoline-2,4-dione (11). More recently, 3-(2- 
hydroxyphenyl) - 5 - (4 - hydroxybenzy1)imidazolidine - 
2,4-dione (111) was produced when 2-benzoxazolinone 
was heated with ethyl tyrosinate (4). The latter observa- 
tion prompted a study to  determine whether the initial 
reaction in the rearrangement was an acylation at Posi- 
tion 3 of the benzoxazolinone ring or an attack of the 
carbonyl group by the amino moiety of the aminoacid 
ester. 


I11 


The acylation of 2-benzoxazolinone ( N u )  or the po- 
tassium salt of IVa with ethyl benzoate or ethyl butyrate 
at different temperatures failed to occur. On the other 
hand, refluxing IVa with benzylamine, pyrrolidine, and 
4-pipecoline in each case provided a urea derivative 
(VII) which was readily detected by the appearance of a 
1650-1630 cm.-I carbonyl band in the IR spectrum. 
These observations, together with the fact that ureas 
containing an appropriate carbethoxy group spontane- 
ously form cyclic derivatives (5, 6), indicate that the 
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VII 


t 


R a x o  R’CO,C,H, v f t  R xx:R 
IVa, R = H  \ VI 


b ,R=CI  \ 


Scheme I 


reaction of 2-benzoxazolinones (IV) with aminoacid 
esters occurs cia Intermediate X (Scheme I). 


Other substituted 2-(2-hydroxyphenyl)imidazolidine- 
2,4-diones (VIII, XI) (Table I) were prepared by heating 
2-benzoxazolinone or its 5-chloro derivative with differ- 
ent 
was substantiated by elemental analysis, as well as IR 
and NMR spectral data. 
Table I-3-(2-H~droxyphenyl)Imidazolidine-2,4-diones 


PHARMACOLOGICAL RESULTS 


Nonfasted male mice were subjected to i.p. doses (250 and 500 
mg./kg. in 5 %  acacia) of the compounds described herein and ob- 
served for general activity. 


All compounds possess LDsa’s greater than 50 mg./kg. VIIa 
and XIc were inactive; VIIc, VIIIa, VIIIb, and Xld at doses of 500 
mg./kg. produce slight CNS depression and decreased motor ac- 
tivity. Both XTa and XIb at 500 mg./kg. produce CNS depression. 


esters’ The identity Of the 


M.p. “C. (recryst. Molecular -Anal., %-- 
No. R R’ Yield, solvent)& Formula Calcd. Found 


VIIIrr H - 64 223-225( M) CI 3H1 &O3 C, 63.4 C, 63.2 
H, 5.7 H, 5 .7  
N, 11.4 N, 11.4 


VIIIb CI - 80 252-254( M) CI tHitClNz0 3 C, 55.6 C, 55.8 
H, 4 .7  H, 4.7 
N, 10.0 N, 10.0 
C1,12.6 C1,12.5 


x Ia H CH(CH3)z 70 155-15qB) Ci zH1 4N203 C, 61.5 C, 61.7 
H, 6.0 H, 6 .1  
N, 12.0 N, 11.9 


c1, - c1, - 


CI, - c1, - 
XIb Cl CH(CH3)z 70 186-1 87(B) CizHi 3CNO 3 C, 53.6 c ,  53.7 


H, 5.0 H, 4 .9  
N, 10.4 N, C1,13.1 - 
C1,13.2 x Ic H CHzCH(CH& 40 145-147(B) CI 3H1 sNz0 3 C, 62.9 C, 62.8 
H, 6.5 H, 6.4 
N, 11.3 N, 10.8 
c1, - c1, - 


C, 57.8 XId c1 CHZC~HIOH 82 226228(W) CI &L3ClN20 4 C, 57.8 
H, 4 .0  H, 3 .9  


N, 8 .4  N, 8.2 
C1,10.7 C1,10. 5 


a M = methanol: B = benzene; W = water. 
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Table 11-IR and NMR Spectral Data 


No. IRa em.-' NMR; Chemical Shift ( 8 ) b  


VIIUC 


VIIbc 


VIICC 


XIa' 


XIbe 


XICS 


XIdc 


VIIIUC 


3500, 3300, 
1630, 1520 
3400. 3050. 
1650: 1530' 
34001 3000, 
1630, 1520 
3300, 1775, 
1710 
3250. 1775. 
1700' 
3300, 1775, 
1710 
3250, 3150, 
1770, 1700 
3150. 1775. 
1700' 


3.4d (lH, S), 4.1 (2H, S), 4.3d (lH, S), 6 . 4  (3H, M), 7 .3  (5H, S), 
7.5 (lH, S), 8.2d(lH, S) 
1.9(4H,Qn),3.4(4H,T),3.6-4.Od(lH,S),6.8(3H, M),7.5(1H, M), 
7.7dflH. S) 
0.9 (jHT'Dj, 1.4  ( 4 ~ ,  Qr), 2.8 (4, TI, 3.3-4.od (IH, s), 4.2 (IH, MI, 
6.8 (3H, M), 7.4 (lH, M), 8.0d (IH, S) 
1 . O  (3H, D), 1 .1  (3H, D), 2 . 3  (IH, M), 2.7-3.2d (IH, S), 4.1 (lH, D), 
7.1 (4H, M), 8.3-8.6d(lH, S) 
1 . O  (3H, D), 1 .1  (3H, D), 2.3 (lH, M), 2. 8-3.2d (IH, S), 4.2  (IH, D), 
7.2(3H, M), 8.3-8.6d(lH, S) 
1.0  (6H, D), 1 .6  (2H, T), 2.3 (lH, M), 2.9-3.3'(1H, S), 4.2 (lH, T), 
7.1 (4H, M), 8.2-8.5d(lH, S) 
3.0(2H,D),3.2-3.8d(2H,S),4.5(IH,T),7.0(7H, M), 8.3d(lH,  S) 


1.7 (XH, M), 4.05 (IH, T), 3.4d (IH, S), 7.1 (4H, M) 


VIIIbc 3100, 1775, 1 .7  (XH, M), 4.05 (IH, T), 3.3-3.7d (lH, S), 7.1 (3H, M) 
1690 


5 The compounds exhibited characteristic aromatic absorption bands in regions of 1600-1490, and 1000-695. * S = singlet, D = doublet, T = 
triplet, Qr = quartet, Qn = quintet, M = multiplet. c NMR determined in deuterated dimethylsulfoxide. d Exchanged with DzO. 8 NMR determined 
in deuterated acetone. 


ataxia, and decreased motor activity with an indication of possible 
tranquilizer and vasodilator activity. 


EXPERIMENTAL 


Commercially available DL-valine, m-leucine, and DL-tyrosine 
were esterified according to the Fischer method (7). 2-Carbethoxy- 
piperidine was prepared according to the procedure described by 
Reckhow and Tarbell (8). 
N-Benzyl-N'-(2-hydroxyphenyl)uea (VIIaGA mixture of 1 g. 


(0.0075 mole) of 2-benzoxazolinone and 1 ml. of benzylamine was 
refluxed in an oil bath, preheated to 180" for 15 min. The product 
was triturated with ether, removed by filtration, and recrystallized 
from ethanol to give 1.4 g. (78%) of product, m.p. 167-169'. 


Anal-Calcd. for Cl4Hl4N2O2: C, 69.4; H, 5.8; N, 11.6. Found: 
C, 69.7; H, 6.0; N, 11.8. 


2-Hydroxy-N-pyrrolidinocarbonylaniline (VIIb)-A mixture of 
1 g. (0.0075 mole) of 2-benzoxazolinone and 2 ml. of pyrrolidine 
was refluxed in an oil bath preheated at 140" for 30 min. The excess 
pyrrolidine was then removed under reduced pressure and the 
residual solid recrystallized from ethanol to yield 0.7 g. (4573 of 
product, m.p. 159-160". 


C, 63.9: H, 6.9: N. 13.6. 
Anal.-Calcd. for CI1Hl4N2Oz: C, 64.1; H, 6.8; N, 13.6. Found: 


'2-Hydroxy-N-(4~pipecolino)carbonylaniline (VI1c)-The pro- 
cedure utilized for the preparation of VIIb was applied to 2 g. 
(0.015 mole) of 2-benzoxazolinone and 4 ml. of 4-pipecoline. The 
product (1.4 g., 41%) was recrystallized from methanol; m.p. 


Anal.-Calcd. for Ci3Hi8NzO2: C, 66.6; H. 7.7; N, 12.0. Found: 
122-124'. 


1 All melting points were taken in open glass capillaries using 
a Thomas-Hoover melting point apparatus and are uncorrected. IR 
spectra were determined on a Perkin-Elmer model 137 infracord spectro- 
photometer using KBr pellets. NMR spectra were determined on a 
Varian A-60A spectrometer using tetramethylsilane as an internal 
standard. 


C, 66.7; H, 7.8; N, 11.8. 
Substituted 2-(2-Hydroxyphenyl)imidazolidine-2,4-diones (VIII 


XI) (Table I b T h e  procedure described for the preparation of 
VIIu was followed using 0.015 mole of 2-benzoxazolinone or 5- 
chloro-2-benzoxazolinone and 0.017 mole of the appropriate 
aminoacid ester. 
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from linearity, which may be attributed to the gradual decrease in 
the diffusion during the later part of the exchange reaction. From 
the initial slope of the plot, the value of k was calculated. 


RESULTS AND DISCUSSION 


The values of the rate constant, k ,  were calculated using the 
procedure given above over a range of values of b from about 1.1 
to 0.12 meq./l. It was observed that the value of k obtained was 
practically independent of the value of b. The value of k was also 
within about +5% for the four cinchona alkaloid sulfates studied 
for each resin used. The values of k thus obtained are given for 
resins X1, X2, and the three particle sizes of X4 in Table I at 35 
and 45". The value of the apparent energy of activation for each of 
these resins was evaluated according to the Arrhenius equation (7) 
and is almost the same, 3.06 kcals. 


Similarly, runs were carried out at 35 and 45" for the three par- 
ticle sizes of the resin (Amberlite-200) with four cinchona alkaloid 
sulfates and the same conclusions were obtained. The values of k 
are given in Table 1. The value of apparent energy of activation is 
higher, and is 5.19 kcals. The value of k is inversely proportional 
to the average particle diameter, a, as indicated by the values of k 
and u. 


The observation that the value of k is almost the same for the 
four cinchona alkaloid sulfates indicates that for the expanded 
structure resin, the rate of exchange is practically the same although 


the value of PK (which gives the value of equilibrium exchange) 
(2) is higher for cinchonine sulfate and cinchonidine sulfate than that 
for quinine sulfate and quinidine sulfate. 
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Polyamide-Kieselguhr Thin-Layer Chromatography of Antioxidants 


HUNG-CHEH CHIANG and REN-GUU TSENG 


Abstract 0 Eight fat antioxidants are identified on the polyamide- 
kieselguhr G (2: 1) mixed layer, which is firmly bonded and easy to 
handle. The sharp separation is achieved by use of both aqueous 
and nonaqueous solvent systems. 


Keyphrases 0 Antioxidants-identification 0 TLC-separation, 
identification UV light-TLC spot visualization 0 Iodine vapor 
-TLC spot visualization 


Thin-layer chromatography of fat antioxidants has 
been the subject of numerous investigations. The 
separation by TLC on alumina (l), silica gel ( 2 ,  3), 
silica gel-kieselguhr mix layer (4), acetylcellulose (9, 
polyamide (6), and polyamide-starch mix layer (7), has 
been reported, but the application of a mixed poly- 
amide-kieselguhr layer in the chromatographic separa- 
tion has not. In this note, the separation of eight fat anti- 
oxidants by this mixed layer procedure is described. 


EXPERIMENTAL 


Materials-The solvents and chemicals are reagent grade (Wako 
Pure Chemical Industries, Ltd., Osaka, Japan). 


Thin-Layer Plates-Twenty-two grams of polyamidel chip was 
dissolved in a mixture (80: 20) of 90% formic acid and distilled water. 


'Nylon 6, type 1022B of UBE Industrial Ltd., Osaka, Japan. 
U. S. supplier: American Enka Corp. 


Table I-Chromatographic Data 


I- Group - 
7 Solventa 7 


I I1 I11 IV v 
-Time, hr.*--- 


Substance 9 2 2 .5  2.5 3 


N A 


rz-Propyl gallate 
Isoamyl gallate 
Lauryl gallate 
Cetyl gallate 
Stearyl gallate 
Butylated Hydroxyanisole 
Butylated Hydroxytoluene 
Ethyl protocatecuate 


0.26 0.22 0.27 0.63 0.63 
0.36 0.31 0.33 0.61 0.52 
0.56 0.54 0.48 0.44 0.45 
0.64 0.65 0.53 0.21 0.19 
0.72 0.67 0.56 0.08 0.08 
0.69 0.87 0.74 0.70 0.54 
0.80 0.95 0.63 0.10 0.14 
0.42 0.38 0.37 0.55 0.64 


a I, isoamyl alcohol; 11, isoamyl acetate-acetone ( 5  :l).  111, isoamyl 
acetate-xyleneethanol (20: 1 : 1); IV, acetone-water (5 :3): V, dioxane- 
water-ethanol (10:7 : 5 ) .  b Required to ascend 10 cm. from origin. 


After obtaining a homogeneous solution with gentle warming and 
stirring, 10 g. of kieselguhr G (E. Merck) was added. Two hundred 
milliliters of the above solution was added to a dish (14.5 X 19.5 X 
2.5 cm.) and a glass plate (12 X 16 X 0.1 cm.) dipped into it. Both 
sides of the glass were covered evenly. The glass was placed over the 
dish for 2 min. to let the excess solution drain. It was then air-dried 
for 3 hr. and heated at 100" for 30 min. 


Chromatographic Procedure-A 0.5 % alcoholic solution of anti- 
oxidants was applied to the start line 1.5 cm. from the bottom of the 
layer and developed by ascending techniques. The chamber was 
equilibrated with the respective solvent for 30 min. before use. 


Visualization-The layers were sprayed with 0.07 % rhodamine B 
alcoholic solution and deep violet spots were observed under the 
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REFERENCES UV light. The spots were detected by exposing the plate to iodine 
vapor. 


RESULTS AND DISCUSSION 


R f  values obtained with the five solvent systems are given in Table 
I. It is very interesting to note that the R f  values of the gallic acid 
ester in the two solvent groups (Nand A )  are reversed. 


In a nonaqueous solvent system (Group N) ,  the Rf values of the 
gallic acid ester increase with an increase in length of the carbon 
chain. In this case, the separation is mainly based on the adsorption 
or partition between the kieselguhr and the ester. In aqueous solvent 
systems (Group A),  the R,  values decrease with an increase in length 
of the carbon chain. The separation mechanism may depend on the 
reversible formation of hydrogen bonds between the carbonyl- 
oxygen atom of polyamide and the hydrogen atom of phenolic 
group in the ester. 


The layer is firmly bonded, does not crack, and can be stored 
easily. Both sides of the glass are independent of each other and 
chromatography can be performed simultaneously on each side. 
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Fate of 2-Phenethylarnino-l-phenylethan01,2-'~C in Rats 


J.  N. WELLS and W. G .  ANDRUS, Jr.* 


Abstract 0 The fate of 2-phenethylamino-l-phenylethan01,2-~~C 
was determined following i.p. administration to rats. Little if any 
radioactivity was detected in tissue samples 2 days after dosage. 
The radioactivity was eliminated primarily in the urine. Recovery 
amounted to 91 % in the urine and 6.8 % in the feces after 3 days. 
The radioactivity in the urine was due to the administered com- 
pound. LDSO determination and in viuo MA0 inhibition are also 
reported. 


Keyphrases 0 2-Phenethylamino-1 -phenylethanol--toxicity, in uiuo 
inhibition and metabolic fate LD50 determination-2-phenethyl- 
amino-1-phenylethanol 


2-Phenethylamino- I-phenylethanol (I) has been re- 
ported (1) to be a good inhibitor of monoamine oxidase 
(MAO) in vitro. The purpose of this study was to deter- 
mine the toxicity, in vivo M A 0  inhibition, and metabolic 
fate of I. 


CoH5-CH--CH2-NH-CHz-CHz-CoH 5 


I 
OH 


I 


EXPERIMENTAL 


Methods and Materials-The LDjo of I was determined by the 
method of Horn (2). In uiuo MA0 inhibition was studied using the 
reserpine reversal technique (3). A liquid scintillation counter was 
used to measure radioactivity of all samples. The background 
count rate of the instrument was stable at 25 to 30 c.p.m. through- 
out the study. Two counting formulations were employed: XDC 
scintillator for counting water-soluble samples consisted of 1 part 


Table I-LD50 Determination of I'HCI in Mice" 


Groupb Dose, i.p., mg./kg. Deaths 


1 46 .4  5 
2 31.6 2 
3 21.5 0 
4 10.0 0 


a Male albino mice, 18-22 g. (Harland Industries). b Each group 
contained five mice. 


lene; TC scintillator for counting feces and tissue samples consisted 
of 1 part toluene, 1 part 2-ethoxyethanol, and 0.6% 2,j-diphenyl- 
oxazole. All counted samples were fortified with 14C-toluene 
internal standard (151 of 0.77 wc./ml.) and recounted to determine 
counting efficiency. All samples were counted in low-potassium 
counting vials.2 


Thin-layer chromatograms (250 1) spread with Silica Gel G3 
were activated at 110" for 0.5 hr. prior to use. Solvent systems used 
were ethanol-ammonium hydroxide (4: 1) ethanol-acetic acid 
(4:l)  and chloroform-methanol-water (75 :22 : 3). 


Labeled compounds were identified from autoradiograms using 
medical X-ray film.4 Exposure times were based on exposure to the 
film of lo8 disintegrations so that concentrations of 1 % could be 
detected. 


Reagent grade chemicals and 14C-styrene5 were used as received. 
2-Phenethylamino-l-phenylethanol,2-1~C--Perbenzoic acid (30 


ml. of a 15% solution in benzene) was placed in a 100-ml. three- 
necked flask equipped with stirrer and condenser. The flask was 
cooled to 0" and a solution of 1 mmole (104 mg.; 1 mc.) of 8-I4C 
styrene and 8.6 mmole (895.9 mg.) of styrene in 1.0 ml. of ether was 
added. After 24 hr. at 0" the solution was extracted with 3 X 30 
ml. of 10% NaOH. The organic phase was washed with 3 X 30 
ml. of water and then dried. Removal of the benzene i n  uacuo gave 
0.85 ml. of 8-14C-styrene oxide. 


xylene, 3 parts 2-ethoxyethano1, 1.0% 2,5-diphenyloxazole, 0.05 % 
1,4-bis-(4-methyl-5-phenyloxazolyl) benzene, and 8.0% naphtha- 


2 Packard Instrument Co., Inc., Downers Grove, Ill. 
3 Brinkman Instruments Inc., Westbury, N. Y .  
4 No Screen, Eastman Kodak Co., Rochester N. Y .  
5 International Chemical and Nuclear Corp., City of Industry, Calif. 1 Beckman LS-100, Beckman Instruments Inc., Fullerton, Calif. 
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Kinetics of Pharmacologic Response 11: Equation for Turnover 
Time of Goldfish as a Function of Concentration of Ethanol 
and a Theoretical Derivation Based on a Combination of 
Occupation and Rate Receptor Theories 


2.10 


1.80 


ANTHONY R. DISANTO and JOHN G. WAGNER 


\ ‘ \  
- \ \ 


\ \  


- \ \  
\ \  


Abstract Turnover time ( T )  of goldfish in 2-8% v/v ethanol- 
water ( C )  was determined in two crossover studies: (a) three body 
weight groups of six fish each, and (b) six larger fish. Each fish had a 
different treatment schedule. Analyses of variance of log T showed: 
(a) no residual effects of a treatment, and (b) no significant dif- 
ferences among fish. Log T was linearly related to log C and the 
variances were homogeneous. For individual fish: T = ( a / q b ,  
where a and b are apparently normally distributed with 9 5 z  C.I. 
of 9.31 f 3.8 and 2.28 f 1.17, respectively. For all 24 fish, a.b = 
D ,  where D is essentially a constant but has a narrow apparently 
normal distribution with a coefficient of variation of 11.5 %; helice, 
T = (D/bC)’. This equation was also derived by marrying occupa- 
tion and rate receptor theories. Basic assumptions are: &/T = 
-b(du/u) and v << Vm, where v is the overall reaction rate of the 
receptor-ethanol reaction and Vm is the maximum rate. Also note 
that du/u = dn/n, where n is the fraction of receptors occupied. 
Literature data are shown to obey the derived equations. Hence 
1/T C only in those rare instances when b = 1. The theory as- 
sumes only a partitioning across the absorbing membranes of the 
fish. It differs from a previous theory which assumes a first order 
rate constant for absorption is involved. 


Keyphrases 0 Pharmacologic response-kinetics 0 Ethanol 
effect-goldfish turnover time 0 Kinetic equations-goldfish 
response, ethanol 0 Partitioning theory-ethanol transport 0 
Theoretical equations-pharmacologic response 


When a goldfish is allowed to swim in an alcohol- 
water solution it will eventually turn on its side. The time 
interval between the time the fish was placed in the 
solution and the time of turnover has been called the 
turnover (or overturn) time. If the fish is taken out of 
the solution immediately after it turns over and is 
placed in freshly aerated water it will recover. However, 
if the fish is left in the solution after it turns over it will 
eventually die. The time interval between the time the 
fish was placed in the solution-and the time of death has 
been called the lethal (or survival) time. Over the past 70 
years there have been numerous reports (1-9) giving 
the turnover and/or lethal times of both goldfish and 
guppies exposed not only to different concentrations of 
alcohol but also to different concentrations of a wide 
variety of drugs and chemicals. These reports have not 
answered many obvious questions such as the following. 
(a)  What functional relationship exists between turnover 
or lethal time and the concentration of the drug? (b)  
How well does the appropriate equation apply to data 
collected on individual fish as well as averaged data? 
(c) Could the appropriate functional relationship be 
derived “from scratch” on the basis of theory alone? 
(4 How much was day-to-day variation influencing the 
results? (e) Are there any residual effects? That is, if a 
fish was exposed to a certain concentration of alcohol 


on Day I did this exposure affect the turnover time ob- 
served in a different concentration of alcohol on Day 2? 
(f) What is the quantitative effect of changing the size 
of the fish? This report provides answers to  most, if not 
all, of these questions. 


EXPERIMENTAL 


Goldfish, Carassius auratus, common variety, were used. Between 
tests the fish were maintained in a large aquarium which had a 
charcoal and glass-wool filter and was well aerated. For test runs 
0.05 M phosphate buffer, adjusted to pH 6.1, was used to prepare 
solutions containing 2, 3, 4, 5 ,  6, and 8% v/v ethanol. During the 
tests the solutions were maintained at 24 f 1 ’. 


Evaluation of Pharmacologic Respons+The determination of 
turnover time was carried out with individual fish in 200 ml. of 
ethanol solution contained in 800-ml. beakers. The turnover time 
was taken as the time required for the fish to lose the ability to 
maintain itself upright after immersion in the alcohol solution. 
When the first signs of turnover were observed the end point was 
tested by attempting to turn the fish on its side with a stirring rod. 


\ \  
\ \  


0 .2 .4 .6 .8 1 .o 
LOG % ETHANOL 


Figure 1-Representatiae plots of logarithm of turnover time against 
logarithm of alcohol concentration for  individual fish. Key: H, fish 
No. 6 of Group I ;  .,fish No. 8 of Group I I .  
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Table I-Treatment Schedules and Turnover Times in Minutes of Individual Fish Observed in the Two Crossover Studies 


Day 7 


Group Fish 1 2 3 4 5 6 Fish Av. 
~ 


Crossover Study No. 1 
I 1 (2) 13.54Q (3) 12.80 (4) 8.95 ( 5 )  7.43. (6) 2.00 (8) 1.15 7.64 


111 


2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


(3 j  24.25 
(4) 2.94 
(5) 3.32 
(6) 3.96 
(8) 0.95 
(3) 10.32 
(2) 48.29 
(4) 7.05 
(6) 2.46 
(8) 2.04 
(5) 10.3c 
(4) 13.09 


(8j 0.86 
(5) 3.56 
(6) 1.51 
(4) 6.57 
(2) 36.17 
(2) 32.00 
(4) 7.29 
(8) 1.58 
(3) 17.68 
(5) 4.91 
(6) 4.72 
(8) 0.78 


(2j 50.92 
(8) 2.41 
(3) 19.77 
(5) 4.39 
(6) 1.83 
(6) 2.65 
(8) 1.286 
(5) 10.86 
(4) 9.67 
(3) 10.21 
(2) 24.47 
(2) 59.00 


(4j 10.30 
(6) 4.90 
(2) 17.64 
(8) 1.18 
(3) 9.10 
( 5 )  2.85 
(3) 14.80 
(2) 41.85 
(8) 1.09 
(6) 1.67 
(4) 5.88 
(6) 1.33 


(5j 5.24 
(3) 7.29 
(8) 0.55 
(2) 27.25 
(4) 4.00 
(4) 2.73 
(6) 3.43 
(3) 14.36 
(5) 3.00 
(2) 27.05 
(8) 1.80 
( 5 )  1.54 


(6j 2.28 
(2) 25.82 
(4) 5.73 
(3) 10.71 
(5) 1.30 
(8) 1.20 
(5) 5.65 
(6) 2.50 
(2) 32.56 
(4) 2.98 
(5) 7.08 
(3) 11.23 


15 .65  
7.82 
8.09 
9.01 
8.89 
8.63 


13.46 
13.03 
11.08 
8.14 
9.04 


14.50 
is: 83 (3 j  16.03 (2j 70.12 (4j 4.00 (sj 1.05 (61) 0.83 (5j 3.07 14 
10.01 (6) 8.50 (5) 3.33 (3) 19.97 (2)25.17 (4) 2.22 (8) 0.86 15 


16 (8) 1.08 (4) 1.18 (6) 3.47 (5) 2.18 (3) 4.39 (2)23.00 5.88 
(2) 163.24 (6) 3.48 (5) 1.61 (3) 6.19 (8) 0.71 (4) 3.65 29.81 17 


18 ( 5 )  7.43 (3) 12.17 (8) 2.03 (4) 7.30 (2) 22.72 (6) 1.78 8.91 


Day averages 
~ __ - - __ ~- . ,  . .  . ,  . ,  , ,  


18.82 12.26 13.19 8.99 7.28 7.92 


7 


7 8 9 Day 10 11 12 
Crossover Study No. 2 


IV 19 (2) 32.33 (4) 7.25 (3) 10.45 (6) 2.50 (8) 2.43 (5) 2.32 9.55 
20 (3) 20.55 ( 5 )  6.18 (41 6.41 (8) 2.30 (2) 14.78 (6) 1.92 8.64 
21 (4j 14.06 i 6 j  3.16 i 5 j  2.29 i 2 j  25.4 (3 j  11.70 ( i j  i.35 9.66 
22 (5) 4.74 (8) 2.43 (6) 2.13 (3) 5.90 (4) 3.30 (2)23.38 6.98 
23 (6) 5.44 (2) 18.24 (8) 1 .4 (4) 3.70 (5) 4.72 (3) 6.10 6.60 
24 (8) 0.70 (3) 14.31 (2) 20.4 ( 5 )  3.46 (6) 3.12 (4) 3.96 7.66 __ - ~ __ __ ~ 


Day averages 12.92 8.60 7.18 7.21 6.68 6.51 


Q Bracketed numbers show the alcohol concentration (% v/v). b Fish looked ill and was replaced on Day 4. c Fish died and was replaced on Day 2. 


Unaffected fish will either not allow themselves to be placed on their 
side or will immediately right themselves. The end point was judged 
as the time when a fish placed on its side did not right itself im- 
mediately. This was the same procedure as used by Gibaldi and 
Nightingale (8). Time was measured with a clock reading to 0.01 
min. Immediately after the end point was reached the fish was re- 
moved from the alcohol solution and placed in a recovery tank 
containing about 5 gal. of distilled water. After recovery fish were 
placed in the large aquarium. 


Crossover Study 1-Three groups of six fish each were chosen 
on the basis of body weight. The group number, average body 
weight, and range of body weights were as follows: I, 6.2 g., 5-7 g.; 
IT, 8 g., all 8 g.; 111, 10.5 g., 10-12 g. Since there were six different 
treatments there were 6! or 720 possible different treatment sched- 
ules. Eighteen of these different possible treatment schedules were 
chosen by a random process and one of the schedules was assigned 
to each of the 18 fish. Each fish was exposed to a different concentra- 
tion of alcohol on each of six consecutive days. The experimental 
design is indicated by Table I. 


Crossover Study 2 S i x  fish with average body weight of 13.8 g. 
(range 11-17 9.) were used. Each fish had a different treatment 
schedule. In this study the design was balanced in that each treat- 
ment followed another treatment an equal number of times. The 
experimental design is indicated by Table I. 


RESULTS 


The individual turnover times, the fish averages, and the day 
averages are given in Table I. The treatment averages with their 
coefficients of variation are given in Table 11. Also given in Table 11 
are the averages of the logarithms (base 10) of the turnover times 
and their corresponding variances. Bartlett’s test indicated their 
variances were homogeneous. Hence all analyses of variance were 
performed on the logarithms of the turnover times. 


Table 111 is an analysis of variance table based on the data 
collected in Crossover Study 1. There were no significant differences 
among groups of fish or among fish per group. Most of the variance 
was associated with treatments (different alcohol concentrations) 


but the mean square for periods or days was highly significant (p < 
0.001). There was no evidence of residual effects of a treatment by 
inspection of the data collected in Study 1. 


Table IV is an analysis of variance table resulting from the usual 
analysis of variance for crossover design applied to the logarithms 
of the turnover times observed in Crossover Study 2. Again, there 
were no significant differences among fish. In this study there were 
no significant differences among periods or days. As before, most 
of the variance was associated with treatments. Table V is an 
analysis of variance table showing a test for residual effects in Cross- 
over Study 2. This was feasible because of the balanced design. 
There were no significant residual effects of one treatment on an- 
other treatment when the treatments were separated by 24 hr. 
Almost all the variance was associated with direct effects of a treat- 
ment. 


When the logarithm of turnover time was plotted against the 
logarithm of the alcohol concentration for individual fish in the 
concentration range studied (2-8 v/v alcohol) linear plots were 
obtained. Typical plots are shown in Fig. 1. The intercept (corre- 
sponding to C = 1) and the slope of the straight lines for each fish 
were calculated by the method of least squares and are shown in 
Table VI. The coefficients of determination listed in Table VI are a 
measure of the fit of the points to each line, if all the points were 
exactly on the line the coefficient of determination would equal 
unity. The coefficient of determination is equivalent to the fraction 
of the variance of the log T values which is accounted for by differ- 
ences in the log C values. If the intercept is log (ah) = b log a, where 
a and b are constants for each fish, then division of the intercept by 
the absolute value of the slope, b, will yield the parameter a. The 
values of a so calculated are listed in Table VI. Hence, for individual 
fish, the relationship between turnover time and ethanol concentra- 
tion is given by: 


[T = G)* 
The parameters a and b appeared to be normally distributed. The 
95% C.I. of a was 9.31 rt 3.8 for individual fish. The 95% C.I. of b 
was 2.28 f 1.17 for individual fish. The 95% C.l. of the average 
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Table 11-Average Turnover Times and Average of the Logarithms of Turnover Times with Measures of Dispersion 


Estimatedc 
Alcohol Av. 


Concentra- Logarithm of Turnover 
tion, -Turnover time, min.- 7- Turnover Time--  Time, Error, 
% v/v Av. cv %" Av. Varianceb mm. min. 


36.47 
13.51 
6.02 
4.40 
2.97 
1.38 


85.4 
42.4 
55 .5  
57.5 
55.9 
43.5 


1 ,4778 
1.0582 
0.7111 
0.5775 
0.4185 
0.1022 


0.05660 
0.03801 
0.6763 
0.06060 
0.04760 
0.03566 


33.3 
13.2 
6.88 
4.13 
2.73 
1.41 


-3.2 
-0.3 
+O. 86 
-0.27 
-0.24 
+0.03 


a CV (%) = Standard deviation/average X 100. 6 Bartlett's test (14) indicated that the variances were homogeneous since ~1 = 3.75 with 5 de- 
grees of freedom, which is not significant (0.7 > p > 0.5). c Estimated average turnover time = (9.31/C)2.28, where C is the alcohol concentration in 
'% v/v and the numbers 9.31 and 2.28 are the average values of a and b, respectively (see Table VI). d Error is the difference between the estimated 
and observed average turnover times. 


Table 111-Analysis of Variance Table Resulting from the Usual Analysis of Variance for Crossover Design. 
Data were Logarthms of Turnover Times for Fish of Groups I, I1 and 111 


Source of Variation df ss MS F 
Significance 


Level 


- - - Tntnl 1 07 29.4694 - __I_ 
Fish 


Groups 
Fish/Group 


Periods, days 
Treatments 
Residual 


i7  
2 


15 


-- . . . . . 


1.0064 
0.1742 
0.8322 


0.05920 
0.08712 
0.05548 


1.36 
2.00 
1.27 


N.S. (0.25 > p  > 0.10) 
N.S. (0.25 > p > 0.10) 
N.S. (D > 0.25) 


5 1.1753 0.2351 5.39 Sig. (d < 0.0001) 
4.7601 109 Sig. (p << 0.001) 5 23.8003 


- - 80 3.4875 0.04359 


values of a and b were 9.31 + 0.77 and 2.28 f 0.24, respectively. 
Empirically it was found that the parameters a and h for individual 


fish were related in that their product, a.b, was essentially a con- 
stant, D ,  for all fish. These values are also listed in Table VI. 
Values of D appeared to be normally distributed with a very narrow 
distribution. The coefficient of variation was only 1 1.5 and the 
95% C.T. of the individual D value was 20.3 f 4.8. Support for this 
relationship between the parameters a and h is given in Figs. 2 and 3. 
Figure 2 is a plot of the intercepts against the slopes of the linear 
regressions of log T on log C for the 24 individual fish studied. 
This plot illustrates that the intercepts of the log T uersus log C 
plots are a power function of the slopes, h; that is: intercept = log 
(ab) = b log a. The equation of the least-squares line drawn through 
the points in Fig. 2 is: 


b 1% a = 0.7147 + 0.6310 b (Eq. 2) 


whence 


u = antilog 1'9 + 0.63101 (Eq. 3) 


Using the average value of b, namely 2.276, for the 24 fish 
(see Table VI) to substitute into Eq. 3 one finds a = 8.804 which is 
very similar to the average value of a, namely 9.306, calculated 
from the 24 individual a values (see Table VI). Figure 3 is a plot of a 
uersus l / b  for the 24 individual fish. The line drawn through the 
points is a = 20.33/b where the slope of 20.33 is the average value 
of D (k., the average value of the products of u and b for the 24 
fish). One can see that the line represents the individual points very 
well with the possible exception of Fish No. 16 which is an outlier. 


Hence for all 24 fish one can write the equation: 


T = ($)' 
Literature Data-Previous authors have only reported average 


turnover times or just the slopes and intercepts of plots 1/T uersus C; 
hence much useful data concerning the relationship between T and 
C for individual fish is unavailable. Hall and Hayton (7) studied 
both goldfish and guppies in various concentrations of ethanol using 
both turnover time and lethal time end points. These authors kindly 
supplied the authors the average turnover times and corresponding 
alcohol concentrations which they used to calculate the intercepts 
and slopes of their 1/T uersus C plots. Gibaldi and Nightingale (8) 
reported two sets of average turnover times as a function of alcohol 
concentration. Log T was plotted uersus log C for all of these sets 
of data with the results shown in Table VII. Since average turnover 
or lethal times were employed we have included results obtained 
with our four groups of fish at the bottom of Table VII for compari- 
son purposes. Inspection of Table VII indicates that the log-log 
plot adequately describes all literature data including the data of 
Gibaldi and Nightingale (8) where the corresponding IjT uersus C 
plot was interpreted as three linear segments. When average turn- 
over times are employed the coefficients of determination of the 
regressions of log T on log C are all very high indicating little 
scatter of the points about the regression lines. When the end point 
was turnover time, the slopes (b) ranged from 1.722 to 2.256 for 
literature data and from 1.856 to 2.716 for data from this study. A 
plot of 1/T uersus C will be linear and pass through the origin only 
when b = 1 ; this accounts for the high negative intercepts reported 
by Hall and Hayton (7) and the S-shaped plot which was resolved as 
three linear components by Gibaldi and Nightingale (8). This sug- 
gests that a plot of l/Tuersus Cis an inappropriate functionfor these 


Table IV-Analysis of Variance Table Resulting from the Usual Analysis of Variance for Crossover Design." 


Significance 
Source of Variation df ss MS F Level 


Siqiences (fish) 
Periods, days 
Treatments 


5 
5 
5 


0.091 74 
0.3337 
4.963 


0.01835 
0.06673 
0.9926 


0.56 
2.02 


30.0 


N.S. ( p  > 0.25) 
N.S. (0.25 > p > 0.10) 
Sig. (D << 0.001) - .  Residual 20 0.6606 0.03303 - - 


a Data were logarithms of turnover times for fish of Group IV. 
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Table V-Analysis of Variance Table Showing Test for Residual Effects." 


Source of Variation df ss MS F 
Significance 


Level 


Sequences (fish) 5 0.091 74* 0.01835 0.49 N.S. (p > 0.25) 
Periods, days 5 0.3337* 0.06673 1.79 N.S. (0.25 > p > 0.10) 
Direct effects (unadj.) 5 17.71 3.541 
Residual effects (adj.) 5 0.1011 0.02023 0.54 N.S. (p > 0.25) 
Residual effects (unadj.) 5 0.1831* 0,03662 
Direct effects (adj.) 5 4.881* 0.9763 26.2 Sig. (p << 0.001) 
Error 15 0.5594b 0.03730 
Total 35 6.049 


0 Data were logarithms of turnover times for fish of Group IV. * The error sum of squares is the total sum of squares less the sums of squares marked 
with an asterisk. 


Table VI-Parameters Calculated from the Logarithms of Turnover Time ( r )  and the 
Logarithms of the Ethanol Concentrations (C)  for Individual Fish 


Weight, Intercept, 
Group Fish g. log (a)b 


Coefficient 
Slope of Deter- 


(b) mination0 U 


I 1 5 2.4697 
From Regression-of log T on log C ( % v/v) 


I1 


111 


6 7 2.2506 
7 8 2,0842 
8 8 2,4083 
9 8 2.2865 


10 8 2.3840 
11 8 1.9241 
126 8 1.7811 


2.618 0.891 8.778 
2.997 0,979 8.151 
1.501 0.746 12.93 
2.507 0.861 7.369 
2.076 0.963 9.900 
2.666 0,935 6.985 
2.285 0.921 8.168 
2.483 0,987 9.330 
2.268 0.801 10.19 
2.567 0,967 8.486 
1.969 0.853 9.488 
1.623 0.905 10.97 
3.249 0.917 . ~ .. . .. ~ 


3.286 0.937 
2.136 0.657 
1.822 0.651 
3.412 0.823 


6.905 
6.817 
9.393 
7.949 
6.766 


22.98 
24.43 
19.41 
18.47 
20.55 
18.62 
18.66 
23.17 
23.11 
21.78 
18.68 
17.80 
22.43 
22.40 
20.06 
14.48 
23.09 


IV 
18 10 1.9686 1.882 0.877 11.12 20.93 
19 14 2.0227 2.021 0,896 10.02 20.25 
20 16 1.8487 1.697 0.790 12.28 20.84 
21 12 2.1353 2.176 0.853 9.579 20.84 
22 13 1.6644 1.579 0.810 11.32 17.87 
23 17 1.6200 1.485 0.797 12.33 18.31 


8.117 18.87 24 11 2.1143 2.325 0.917 


Av. 2.1508 2.276 9.306 20.33 
SD 0.3659 0.563 1.834 2.33 
Coefficient of 


variation, % - 24.7 19.7 11.5 
95 C.I. of individual 


values 2.15 i= 0.76 2.28 I-t 1.17 9.31 + 3.8 20.3 =k 4.8 
95 % C.I. of average 2.15 f 0.15 2.28 + 0.24 9.31 =t 0.77 20.3 =k 1.0  


___ __ ~- ~ 


4 Coefficient of determination = (Z,,, 2 - & e v . 2 ) / ~ o b s . 2 .  It is equivalent to the fraction of variance of the log T values which is accounted for by 
differences in the log C values. b Parameters calculate0 from data collected with 2,3,4,6, and 8 % v/v alcohol on Days 2 through 6 of the study on a 
second fish since the first fish died on Day 1 after exposure to 5 % v/v alcohol. 


data. When the end point was lethal time, the slopes (b) ranged from 
1.006 to 1.918; hence these were generally lower (but still greater 
than unity) than those obtained with the turnover end point. The 
values of the parameters a and D were correspondingly higher when 
the end point was lethal time compared with the values when the 
end point was turnover time. 


Correlation of Parameters with Body Weight of Fish-The para- 
meters~  and b of Eq. 1 are not related to the body weight, and hence 
the size, of the fish. For the 24 goldfish employed in these studies the 
correlation coefficient for parameter a with body weight of fish was 
0.308 ( p  > 0.10). The correlation coefficient for parameter b with 
body weight of fish was -0.251 ( p  > 0.10). Also, as stated formerly, 
analysis of variance of log T in both crossover studies, indicated no 
significant differences among fish. These results strongly suggest 
that the constants relating turnover time of goldfish to concentra- 


Logarithmic transforms gave similarly low correlation coefficients 
implying lack of correlation of a and b with surface area of the fish. 
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tions of ethanol do not involve the surface area of the absorbing 
fish membrane(s). 


Value of Constant D if Alcohol Concentration is Expressed in 
Moles/Liter-When the alcohol concentration is expressed as 
v/v the average value of D for the 24 fish was 20.33. Since the den- 
sity of ethanol is 0.78522 g./ml. at 25" the corresponding average 
value of D would be 52.4 if the concentration of ethanol in the 
bath fluid was expressed in moles/liter. 


THEORETICAL 


A feasible approach to the empirical Eqs. 1 and 4 is by combining 
both occupation (10, 11) and rate (12) receptor theories. In occupa- 
tion theory the pharmacologic response is assumed to be related to 
the fraction of the receptors occupied or its equivalent, the rate of 
formation of products or overall reaction rate. In rate theory the 
pharmacologic response is assumed to be related to the rate of 
receptor combination. 
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Figure 2-Plot of the interceprs [log ab = b log a] corresponding to 
C = I against the slopes (b) for 24 individual goldfish. The inter- 
cepts and slopes were obtained by the method of least squares using 
the logarithm of the turnover time (min.) as ordinate and the logarithm 
of the alcohol concentration (%v/u )  as abscissa. The equation of the 
line drawn through thepoints is b log a = 0.7147 + 0.6310 b. 


/.\ 


Symbolism-Let : 


Ci 


Co 


K p  


nT 


n 
P 


(dP/dt) = k m  = u = overall reaction rate; 
T 


K 


Vm 


= the concentration of ethanol in the biophase next to the 


= the concentration of ethanol in the bath fluid in which 


= Ci/Co = the partition coefficient for ethanol across 


= the total number of receptors available for cornplexing 


= the number of receptors complexed with ethanol; 
= the concentration of products resulting from break- 


receptor inside the fish; 


the fish is swimming; 


the absorbing fish membrane(s); 


with ethanol; 


down of the alcohol-receptor complex; 


= turnover time of goldfish when the ethanol concentra- 


= (kz + k3) /k l ,  where K is analogous to the extended 


= k 3 n ~ ,  hence Vm corresponds to v when all receptors 


tion is Co; 


Michaelis constant; 


are occupied by ethanol. 


Scheme-Consider the following reaction scheme: 


ka ki 
d ethanol + receptor + drug-receptor complex + products 


(Ci) (nT - n) kz (n) (P) 
Scheme I 


Derivation-Based on Scheme I : 


dn 
= klCi(nr - n) - (k2 + k3)n 


(dP/dt) = ken = v (Eq. 6) 


At the steady state, dn/dt = 0, hence from Eq. 5 


whence, 


12 


10 


8 
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Figure 3-Plot of the parameter a versus the reciprocal of rhe para- 
meter b. The line drawn through the points has the equation: & = 
20.331b where the slope of 20.33 is the average value of the products, 
a.  b, for the 24 individual goldfish. 


Substituting for n in Eq. 6 from Eq. 8 yields 


Eq. 9 may be rearranged to yield the well-known result as follows: 


VmCi 
K + Ci 


v =  -- 


Substituting KpCo for Ci in Eq. 10 and taking the reciproca 
sides gives 


1 - K + KpCo 
v VmKpCo 
- - 


Assume that for any given individual fish, 


Eq. 10) 


of both 


Eq. 11) 


U 
(Eq. 12) 


do f l = - b -  - 
T 


or its equivalent, namely 


(Eq. 13) 
T - = - b -  dT 


du u 


where b is a dimensionless proportionality constant. Now, since 


(Eq. 14) du - = dn 
u n  


the assumption stated in Eq. 12 is also equivalent to 


dtz = -b - dr 
T I1 
__ 


From Eq. 12 we may obtain: 


d7. = -b 1: $ sT: 
Performing the integration : 


T 
T' In - = -b [In u - In vi]  = In (s)b (Eq. 17J 


(Eq. 16). 
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Substituting for 1/v from Eq. 19 into Eq. 11 : 
I 


4 t  


I I # I r I 


0 .I .2 .3 -4 .5 
1fC 


Figure 4-Plot ofTlib versus 1/C in conformity with Eq. 21. Average 
turnover times of 24fish were used for T and alcohol concentrations 
( z v / v )  for  C. The equation of the line drawn through the points is 
TlI2.6 = 0.137 + 8.107/C and represents an approximate but not a 
least-squaresfit, Using Eq. 21 one finds a, = 0.137and a, = 59.2. 


whence 


and 


t 
, 


1 .o 1 t 


1 2  10 50 
C ON LOG SCALE 


If GIVm = a1 and K/Kp = az, then Eq. 20 becomes 


Tl/b = al + 
c o  


An approximate fit, using the average turnover times of the 24 fish, 
in conformity with Eq. 21, is shown in Fig. 4. One could also fit 
turnover times, T, corresponding to different ethanol concentrations, 
Co, with Eq. 21 by an iterative method using a suitable nonlinear 
estimation program and a high speed digital computer. The three 
parameters, a1, a2, and b would be estimated. Such a process would 
require preliminary estimates of the parameters; although b may be 
guessed quite accurately, this is not the case with parameters a1 and 
a2. If this process were carried out for data derived from individual 
fish little would be gained since the parameters a1 and uz are ratios 
of two other fundamental constants of the hypothesized model. 


If the data are collected in a range where v << Vm then an 
approximation is feasible. Equation 11 leads to 


1 1  K 
v V m  KpCoVm 
_ _ _ = _ _ _  


When u << V m  Eq. 22 is approximated by Eq. 23. 


1 K 
u KpCoVm 
_ = -  


Substituting for l / v  in Eq. 23 from Eq. 19 and simplifying gives 


GK 
VmKpCo 


T l l b  = -___ 


If: 
GK 


VmKp 
a = -__ 


> 


10 


5 


0 10 20 30 40 50 
r 
L 


Figure 5-T versus C on log-log plot derived from synthetic data. Least-squares line based on solid points (corresponding to C = 2, 3, 4, 5 ,  6, 
and 8 )  is log T = 2.1846 - 2.100 log C .  The estimated values of the parameters b, a, and D are 2.100, 10.97 and 23.04, corresponding to the 
actual values of 2.276, 9.34, and 21.26, respectively. Insert: plot of v versus C based on the equation v = 50 C/(SO + C). Synthetic data was 
derived from latter equation and T = (9.34/v)2.276. Note that when there is marked curvature in the v versus C plot (corresponditzg to C > 8 
and v/Vm > 0.14) the points of the log T versus C plot deviate from the line established in the concentration range of 2 to 8 when v/Vm < 0.14. 
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Table VII-Parameters of the Equations T = ( ~ / b ) ~  and T = ( n / f ~ C ) ~  Calculated from Average Turnover Times and Average Lethal Times 
Reported in the Literature and a Comparison of the Slopes and Intercepts of Reciprocal Plots as Reported by the Original Authorsa 


-From Regression of-- 
log T on log C (% v/v) 


co-  From Recriprocal 


Code ____ 7 of Interpreted by 
Original This Intercept Slope Deter- Original Authors 


efficient Plot of 1/T os. C as 


Species Author Report log (a9 (b) mination a D =a.b Slope Intercept 


Data from Literature: end point was turnover of the fish, hence T is average turnover time (min.) 
1A 2.0216 1.829 0.983 12.75 23.32 7.65 -17.25 
2A 2.3630 1.933 0.976 16.69 32.26 4.82 -12.68 


Goldfish IF (7) 
Goldfish IF71 
Goldfish Table 111 and 


Goldfish Table IV and 8A 1.7304 1.889 0.978 8.654 16.35 Interpreted as three 


7A 2.0713 1.944 0.992 11.62 22.59 Not reported 
Fig. 2 (8) 


Fig. 3 (8) linear segments 
Guppie IIG (7) 4A 2.3309 1.908 0.985 16.65 31.77 5.74 -13.45 
Guppie IVG (7) 5A 2.1154 1.722 0.987 16.92 29.14 5.87 -14.70 
Guppie VIIG (7) 6A 2.4992 2.256 0.996 12.81 28.90 5.70 -15.07 


Data from Literature: end point was death of fish, hence T is average lethal time (min.) 
Goldfish IF (7) 1B 
Goldfish I F  (7) 2B 
Guppie IG (7) 3B 
Guppie IVG (7) 5B 
Guppie VIIG (7) 6B 


2.4170 1.346 0.971 62.47 84.08 0.89 - 0.93 
2.3160 1.006 0.998 20.05 20.17 0.48 - 0.36 
2.1829 1.365 0.990 39.74 54.25 1 .81  - 1.91 
2.1836 1.458 0.956 31.46 45.87 2.26 - 3.50 
2.5838 1.918 0.989 22.24 42.66 2.04 - 4.12 


Data from These Studies: end point was turnover of the fish and T is average turnover time (min.) 
Goldfish - Fish of 2.1895 2.285 0,993 9.082 20.75 


Goldfish - Fish of 2.1679 2.188 0.985 9.790 21.42 


Goldfish - Fish of 2.4716 2.716 0.961 9.590 26.05 


Goldfish - Fish of 1.9209 1.856 0.998 10.84 20.12 


Group I 


Group I1 


Group I11 


Group IV 


As an additional comparison, parameters for the author’s equation were also calculated from these average turnover times. 


then Eq. 24 becomes 


T = (&)b 


which is the same as Eq. 1. Taking logarithms of both sides of Eq. 
25 gives 


log T = log (ab) - b log c (Eq. 26) 


Hence a plot of log T versus log C should yield a straight line with 
slope equal to -b and intercept equal to log (h) or b log a. 


From the empirical relationship found, namely a.6  = 
D is essentially a constant for all fish, we obtain 


D 
b 


a = -  


Substitution of Eq. 27 into Eq. 25 gives 


= (ab 
which is the same as Eq. 4. 


Also, substituting Eq. 27 into the expression for a gives 


bGK 
VmKp 


D=- 


If it is assumed that the small variability in D from fish to fish is due 
to small variability in KIVmKp, then for D t c  remain essentially 
constant, b and G must be inversely proportional. This inverse 
relationship between b and G is evident from Eq. 19. When b in- 
creases, G must decrease, and conversely, when b decreases, G must 
increase proportionately when v and Tare fixed. 


It should be noted that, assuming the theory applies, the tangent 
to the u versus Ci line through the origin is the apparent first-order 
rate constant GblDKp. For an individual fish this tangent is simply 
GluKp which is equivalent to Vm/K. 


It should also be noted that Eqs. 24 through 29 are valid only for 
low concentrations when n << i f T  and u << Vm. The expectation of 


the theory is that when the concentration is raised higher (corre- 
sponding to v/Vm values greater than about 0.15) the points will be 
above the straight line established for log T versus log C at low 
concentrations. The lethal time data of Powers (2) and the synthetic 
example discussed later both show this type of deviation. 


DISCUSSION 


Literature-Powers (2) showed that plots of the reciprocal of 
survival (lethal) time versus concentration of various chemicals 
were not linear but only apparently linear in a certain concentration 
range in some cases. These cases coincide with b values near unity. 
Using Powers’ survival times of goldfish in ethanol solutions in the 
concentration range 1.6 to 6.25 v/v we obtained the least-squares 
regression line : 


(Eq. 30) log T = 2.1738 - 1.069 C 
and hence 


This b value of 1.069 agrees quite well with the b value of 1.006 
determined from one set of data of Hall and Hayton but does not 
agree with the b value of 1.346 obtained with the other set of data 
from Hall and Hayton (see Table VII under Lethal Time). 


When the end point is turnover (overturn) time the b values are 
much higher and averaged 2.28 in these studies and near this value 
when average turnover times were used from the literature (see 
Tables VI and VII). Hence the reciprocal plot (1/T versus C) is not 
the appropriate function with ethanol-water solutions when turn- 
over is the end point. This explains the plot of Gibaldi and Nightin- 
gale (8) shown as their Fig. 3. 


Ostwald (1) studied survival of fish in various salt solutions and 
claimed his data were fit by the equation: 


tCm = Ki (Eq. 32) 


If we let r = T, m = b and Kl = ab, then Ostwald’s equation becomes 
identical to Eq. 1. Powers (2) was critical of Ostwald‘s equation 
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Figure &Plot of T1'b versus l /C  based on the complete equution: 
TIIb = G/Vm + GKIVmKpC using the synthetic data. The method of 
least squaresgave the line TIIb = 0.187 + 9.31lC. The intercept agrees 
with the known value GIVm = 9.34150 = 0.187 and the slope agrees 
with the known value GK/VmKp = (9.34 X 50)jSO = 9.34. 


since he said Ostwald disregarded the extremes of his data, particu- 
larly survival times at high salt concentrations. The theoretical 
ssction of this report indicates why such deviations from the log-log 
will occur. 


The previously published theory of Levy et al. (4-6) assumes that 
the rate-limiting step in such goldfish experiments is absorption of 
the ethanol or other drug being studied. They assume that the slope 
of the 1/T versus C plot (when the line goes through the origin) is a 
function of an absorption rate constant. The theory of this report 
assumes that ethanol partitions across the absorbing membrane($ 
of the fish extremely rapidly, and that the concentration in the bio- 
phase, Ci, is related to the concentration in the bath fluid, Co, 
simply by the expression CijCo = Kp where Kp is the partition 
coefficient. Hence the bile salt potentiation reported by Gibaldi and 
Nightingale (9) may be explained by a change in Kp produced by 
the bile salt. The theory of this report indicates that the rate-limiting 
step is the ethanol-receptor reaction, and that both the overall 
reaction rate, u, and its differential, dv, or the number of receptors 
occupied, n, and its differential, dn, are involved and related to 
turnover time as in Eqs. 12 and 13. 


Synthetic Data-To illustrate the general applicability of Eq. 
21 and the range of applicability of Eqs. 25 and 26, a set of synthetic 
data was generated. These data were generated by assigning values of 
50,50, 9.34, 1, and 2.276 to Vm, K ,  G,  Kp, and b, respectively. The 
assignments made for the first four constants should not be con- 
strued as bearing any relation to the actual values in the goldfish- 
ethanol case since the actual values are unknown. Substitution of 
these values into Eqs. 10 and 18 gave Eqs. 33 and 34 from which 
the synthetic data were generated. 


50 C 
50 + C 


v = - -  (Eq. 33) 


(Eq. 34) 


The plot of log T versus log C for these synthetic data is shown in 
Fig. 5. The method of least squares applied to the solid circles 
(corresponding to alcohol concentrations of 2, 3, 4, 5,6, and 8 v/v 
as in the goldfish studies) gave the equation: 


log T = 2.1846 - 2.100 log C (Eq. 35) 


'The estimated values of the parameters b, a ,  and D were 2.100, 


10.97, and 23.04 corresponding to the actual values of 2.276, 9.34, 
and 21.26, respectively. The dotted line in Fig. 5 is an extrapolation 
of this least square line. It may be seen that the points progressively 
deviate from the line but are always above the extrapolated line. 
Insert in Fig. 5 is the plot of v versus C .  The linear portion of the 
log T versus log C plot ( 2 4 %  v/v) corresponds to the second 
through eighth points of the insert figure. When the u versus C plot 
becomes markedly curved (v/Vm > 0.15) the points on the log-log 
plot deviate from the line established at lower concentrations. 


Figure 6 is a plot of T1/2.276 versus 1/C for the synthetic data in 
conformity with Eq. 21. The plot is linear over the entire concen- 
tration range. The method of least squares gave the equation: 


0%. 36) 


The intercept agrees with the known value of P/Vm = 9.34150 = 
0.187 and the slope agrees with the known value of GKIVm = 
(9.34 X 50)/50 = 9.34. 


Other Applications-It seems reasonable to expect that the theory 
and equations discussed in this report may be applied to other drugs 
and chemicals as well as ethanol. For acidic and basic drugs one 
most probably would have to make appropriate changes involving 
the pKa and the pH. 


The theory may also explain the data of Morozowich et al. (13). 
These authors reported that the logarithm of the LTs0 (lethal time, 
50Z or time for 50% of the animals to die) of mice, administered 
lethal doses of benzphetamine and etryptamine orally by stomach 
tube in the form of various salts, was linearly related to the logarithm 
of the equivalent rate of dissolution of the salts measured in vitro 
at pH 7.2 and 37". Their trend line, based on all points, had a slope 
of -0.5. However, inspection of their plot suggested that the points 
corresponding to the benzphetamine hydrochloride and etryptamine 
acetate were markedly influencing the slope of the line. These 
compounds had the highest rates of dissolution of all the salts. 
Availability of the active free bases to the receptors in the mice 
from these two salts may not have been rate limited by rate of 
dissolution. Theory discussed in this report also suggests deviations 
at high concentrations and hence also at high rates of dissolution. 
The data of Morozowich et al. (13) were re-evaluated by omitting 
the points for these two salts. The remaining seven salts of benz- 
phetamine gave the least-squares regression line: 


9.31 
C 


TU2.276 = 0.187 + - 


log LTso = 1.6651 - 0.6054 log R (Eq. 37) 


where R represents the equivalent rate of dissolution measured 
in uifro. The remaining five etryptamine compounds gave the regres- 
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Figure I-Plot of the logarithm of the LTSO (min.) in mice against 
the logarithm of the equivalent rate of dissolution (mg. free basejcm.2/ 
hr.) determined in an in vitro test for various salts of benzphetamine 
and etryptamine. Key: 0, benzphetamine salts: A, etryptamine free 
base andfour of its salts. Data from Morozowich et al. (13). 
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sion line: 


log LTm = 1.6987 - 0.6493 log R (Eq. 38) 


A Student’s t test indicated the two slopes were not significantly 
different (t = 0.14, p > 0.25), hence the data for all twelve com- 
pounds were pooled and these yielded the regression line: 


log LTse = 1.6755 - 0.6276 log R (Eq. 39) 


The correlation coefficient was -0.848 ( p  < 0.001). The plot of 
these data with the line corresponding to Eq. 39 drawn through the 
points is shown in Fig. 7. If one assumes that R is a reflection of Ci 
the relevance these data have to the theory discussed and to the 
goldfish problem is evident. 


The relationship between the theoretical equations derived in this 
report and the equation relating intensity of pharmacologic response 
to drug concentration reported by Wagner (15) in the first paper of 
this series will be discussed in a future publication. 
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Effects of Some Enzymes, Surface-Active Agents, 
and Calcium Chloride on the Aqueous Extraction 
of Alkaloids from Belladonna Leaves 


JOSE HELMAN 


Abstract 0 Treatment of belladonna leaves with the enzymes 
described, prior to extraction with surface-active agents and cal- 
cium chloride, results in higher yields. This was observed in simple 
aqueous extraction and also when hydrochloric acid was added. 


Keyphrases 0 Alkaloid extraction-belladonna leaves Surfac- 
tant effect-alkaloid extraction 0 Enzymes effect-alkaloid ex- 
traction 0 Calcium chloride effect-alkaloid extraction 


Previous studies concerning the effect of various 
surface-active agents on the extraction of alkaloids have 
shown that the yield in aqueous medium varies accord- 
ing to the agent used. In general the yield decreases with 
anionic agents, is slightly increased with nonionic, and 
much more so with cationic agents. Nonionic agents 
such as polyoxyethylene sorbitan monolaurate and 
mono-oleate, sorbitan laurate ester, polyethylene glycols 
400 and 600, propylene glycol, and glycerol esters (1-3) 
have been assayed in the extraction from hyoscyamus, 
belladonna, ipecac, cinchona, hydrastis, etc. 


Experiments performed by Cad6rniga et al. (4, 5) 
with anionic agents proved that at low concentrations 
the yield decreases, but increases at high concentrations. 
Results considerably above controls were obtained with 
cationic agents, especially with quaternary ammonium 
compounds (6,7). 


Gupta and Sen Gupta treated powdered kurchi 
(Holarrhena antidysenterica), belladonna, nux vomica, 
and ipecac with diastase prior to extraction (8). White 
et al. (9), in a study directed to obtain proteins and 
other kinds of cellular material from leaves, subjected 
these to the action of Clostridium roseum cultures, 
exposing them to an anaerobic fermentation. 


The purpose of this work is to determine the yield of 
alkaloid extraction from belladonna, using aqueous 
media and with the aid of enzymes, surface-active 
agents, and calcium chloride. 


EXPERIMENTAL 


Materials-Powdered belladonna leaves (Atropa belkrdonna), 
40 mesh (0.19 mm. sieve opening), dried at 60” were used. 
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D R U G  S T A N D A R D S  


Selective Colorimetric Determination of Ethynodiol 
Diacetate in Oral Estrogen-Progestin Combination 


RODOLFO PASINI and GILBERT0 GAVAZZI 


Abstract 0 A colorimetric method has been developed for the rapid 
characterization and precise determination of ethynodiol diacetate 
in an estrogen-progestin combination using antimony trichloride as 
reagent. The results obtained demonstrate the specificity of this re- 
action for ethynodiol diacetate compared with other substances 
with progestinic action often used in these combinations. Further- 
more, the results prove the reliability and practicality of this reac- 
tion as well as the complete lack of interferences from the estrogen 
fraction present in these formulations. 


Keyphrases 0 Estrogen-progestin combination-analysis Ethy- 
nodiol diacetate-determination 0 Antimony trichloride-color 
reagent Colorimetric analysis-spectrophotometer 


Many analytical techniques such as gas chromatog- 
raphy (1-9,  thin-layer chromatography (TLC) (1-6), 
UV spectrophotometry (4-6), fluorometry (5,7,8), and 
colorimetry (5, 8-10) have been used for the determina- 
tion of the estrogen component (ethinylestradiol or 
mestranol) present in the estrogen-progestin tablets and 
the procedures are abundantly described in literature. 


On the other hand, there are few reports regarding 
the determination of the progestin component perhaps 
because of the ever-increasing numbers of hormones 
with a progestative function used in oral formulations. 
For some of these, chlormadinone acetate (6-1 I), 
lynestrenol (6), norethynodrel (6, 12, 13), norethister- 
one (6), allylestrenol (14), and megestrol acetate (6), 
the analytical problem has been solved utilizing par- 
ticular colorimetric reactions or, even better, UV ab- 
sorption. 


Determination of ethynodiol diacetate by means of 
UV readings after extraction from the tablets is not 
possible because the low maximum (203-205 mp) of 
the substance makes it almost impossible to eliminate 
the interference produced by the extraction products. 
Keay (6) suggested for the determination of ethynodiol 
diacetate, a method of separation by TLC with quanti- 
tative determination of the steroid in reference to a 
series of standards. A saturated solution of antimony 
trichloride in chloroform was used as the developer 
and the color intensity of the spots was read with a 
densitometer. 


This work served as the basis for the present study in 
which the developer for the TLC was used as the re- 
agent for the identification and quantitative colori- 
metric determination. 


EXPERIMENTAL 


Apparatus-Spectrophotometer with I-cm. cells (Zeiss model 
PMQ 11). 


Reagents-Chlorqform--Ethanol-free, analytical reagent grade, 
stored in a cool, dark place over anhydrous sodium sulfate. The 
ethanol, usually present as stabilizer, must be eliminated by reflux- 
ing the chloroform over sodium for about 4 hr. Then the chloroform 
should be distilled through a Vigreu column of 80-90 cm. to elimi- 
nate the initial fractions. 


Acetic Anhydride-Analytical reagent grade. 
Reagent-Antimony trichloride solution (25 z), in dry ethanol- 


free chloroform containing 1 % acetic anhydride. The standardiza- 
tion of the reagent preparation method i s  extremely important be- 
cause remarkable differences in results have been observed when 
the reagent is prepared in different ways. 


Twenty-five grams of antimony trichloride, perfectly dry, is 
placed in a 100-ml. glass-stoppered volumetric flask, containing 
60-70 ml. of ethanol-free chloroform. Shake continuously until the 
antimony trichloride is dissolved, and make to volume. During 
the solubilization process, warming must be avoided. The solution 
obtained should be filtered rapidly and 1 ml. of acetic anhydride 
added. The reagent must be kept in a dark cool place and stored on 
anhydrous sodium sulfate. 


I 
500 550 600 650 


WAVELENGTH, mp 


Figure 1-Change with time of the visible absorption spectrum of the 
reaction. 
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Reference Standards-Zdenriry Test-Twenty milligrams of refer- 
ence standard ethynodiol diacetate was dissolved in dry chloroform 
containing 1 % acetic anhydride and diluted to 50 ml. to obtain a 
solution containing about 200 mcg./ml. Solutions of chlormadinone 
acetate, norethynodrel, norethisterone, lynestrenol, ethisterone, 
medroxyprogesterone acetate, ethinylestradiol, and mestranol 
were prepared in  the same way. The purity of the substances was 
determined by TLC. 


Assay-Twenty-five milligrams of ethynodiol diacetate, accu- 
rately weighed, was dissolved in dry chloroform containing 1 
acetic anhydride, and diluted to 100 ml. Further dilutions of 3, 4, 
and 5 ml. to 50 ml. were made to obtain three solutions containing 
exactly 15, 20, and 25 mcg./ml. 


Identity Test-The identification of ethynodiol diacetate con- 
tained in tablets was made as follows: the equivalent of four ground 
tablets, corresponding to about 4 mg. of ethynodiol diacetate was 
placed into a 50-ml. glass-stoppered conical flask, 20 ml. of dry 
chloroform containing 1% acetic anhydride was added, and the 
mixture shaken for about 30 min. on a mechanical shaker, then 
rapidly filtered. Two milliliters of this solution, corresponding to 
about 400 mcg. of ethynodiol diacetate, was pipeted into a 10-ml. 
glass-stoppered test tube, and 3 ml. of reagent was added. An in- 
tense violet color, with a max. at 565 mp was produced after a few 
minutes. 


Assay Procedure for Formulated Ethynodiol Diacetate-Tablets 
containing I mg. of ethynodiol diacetate and 100 mcg. of mestranol 
were assayed by the following procedure. 


The average unit weight of no less than 20 units for composite 
sample assay was determined and the sample was reduced to a 
fine powder in a glass mortar. A quantity, exactly weighed, of the 
powder, equivalent to about two ground tablets was transferred in a 
100-ml. glass-stoppered volumetric flask. A 6@70-ml. quantity of 
dry chloroform containing 1 % acetic anhydride was added and the 
mixture was shaken for about 30 min. on a mechanical shaker. A 
quantity of solvent required for dilution to exactly 100 ml. was 
added and the solution containing theoretically 20 mcg./ml. of ethy- 
nodiol diacetate, was filtered rapidly. A 2-ml. portion of the solu- 
tion, corresponding to about 40 mcg. of ethynodiol diacetate was 
pipeted into a 10-ml. glass-stoppered test tube; a standard curve 
was prepared measuring 2 ml. of the standard solutions corre- 
sponding to 30, 40, and 50 mcg. of steroid into three 10-ml. glass- 
stoppered test tubes. After the addition of 3 ml. of reagent to each 
test tube, they were stoppered, shaken for a short time, and kept in 
a dark place at 25 + 0.5". Color development was allowed for 2 
hr. 40 min., and the contents of each stoppered test tube were 
transferred to  1-cm. glass cells. Absorbance values a t  565 rnp were 
measured immediately using, as a reference blank, dry chloroform 
containing 1 % acetic anhydride. The quantity of ethynodiol diace- 
tate in the reaction was determined by reading the concentration 
irom a Beer-Lambert plot. The percentage of ethynodiol diacetate 
contained in the tablets was calculated from this quantity. 


RESULTS AND DISCUSSION 


The concentration optimum of the reagent was determined using 
concentrations of 15, 20, 25, and 30% of antimony trichloride. 
The best results were obtained with the reagent at 25%. The exact 
concentration of the reagent is very important because any varia- 
tions may lead to considerable changes in the color intensity. 


0.9 


E 0.8 
s 0.7 ' 0.6 
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0.5 
6 m 0.4 
c% 2 0.3 


L r l  


2 0.2 
0.1 


8 8  


1 2  3 4 5 6 7 8 9 10 
TIME, hr. 


Figure %Plot of absorbance versus time for speci'c concentrations 
of ethynodiol diacetate. 


Therefore, the concentration may be checked by titration of the 
chlorides adding 1 ml. of reagent to about 100 ml. of 10% tartaric 
acid solution and titrating with a silver nitrate solution. The con- 
centration optimum of the solution is between 24.8 and 25.2%. 


The reaction time has been determined following the color de- 
velopment. The reaction reaches a peak after 2 hr. 20 min. and 
remains stable for several minutes. After 3 hr., the beginning of the 
degradation is observed and this degradation tends to modify the 
visible absorption spectrum until, after 10 hr., an inflection appears 
at a wavelength of 520 mp. 


After 20 hr. from the beginning of the reaction, there is a levelling 
of the visible absorption spectrum, while after 40 hr. the absorbance 
value o f  A,,, at 510 mp is higher than the absorbance value of 
A,,,. at 565 mp and the visible absorption spectrum shows a Xmin 


at wavelength 540 mp (Fig. 1). 
The interference of light in the development of the reaction has 


been shown. Contrasting extinction values have been observed in 
solutions exposed to light, while such anomalies have not occurred 
in solutions stored in dark places. Finally, the independence of the 
concentration from the reaction time has been studied. It has been 
found that the reaction time is similar at the different concentra- 
tions; this means that the maximum color intensity is reached at all 
concentrations after 2 hr. 40 min. (see Fig. 2). 


Specificity-The specificity of the reaction for ethynodiol diace- 
tate has been studied in comparison with other progestin and estro- 
gen molecules generally used in estrogen-progestin combinations. 
This research has shown the specificity of the ethynodiol diacetate 
reaction in comparison with the different substances tested. After 2 
hr. 40 min. of reaction, the extinction values of the solutions have 
been determined at theii A,,,. and at 565 mp. In this manner, it 
has been possible to determine the ratio between the reaction in- 
tensity of ethynodiol diacetate and the one of other substances. 
The results of this research are shown in Table I and Fig. 3. 


Repeatability-Six experiments have been performed at the same 
time on four different concentrations using the same standard solu- 
tion and dry reagent and working in a dry place at 25 f 0.5". 
The average deviation of the extinction values of ethynodiol diace- 
tate ranged from +0.50%. This limit can be lowered working with 
larger volumes; that is, using 10 ml. of solution and 15 ml. of re- 


Table I-Colorimetric Reaction with Time of Some Steroids Usually Present in Oral Estrogen-Progestin Combination 


Substance 
Initial After After After After 
Color 30 min. 1 hr. 120 min. 180 min. Max.' 


~~~ ~~ ~ 


Ethynodiol diacetate 
Chlormadinone acetate 
Norethynodrel 
Lynestrenol 
Ethisterone 
Medroxyprogesterone ac. 
Norethisterone 
Ethinylestradiol 
Mestranol 


Red-violet 
Colorless 
Slightly opal 
Colorless 
Colorless 
Colorless 
Colorless 
Pale green 
Colorless 


Violet (strong) 
Colorless 
Slightly opal 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 


Violet (strong) 
Colorless 
Slightly opal 
Pale pink 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 


Violet (strong) Violet (strong) 565* 
Colorless Colorless Noc 
Slightly opal Slightly opal No 
Pale pink Pink 530 
Colorless Colorless No 


No Colorless 
Colorless Colorless No 
Colorless Pale violet 565 
Colorless Pale blue 595 


Colorless 


a Blank = chloroform + 1 % acetic anhydride. b Spectrophotometric determination of ethynodiol diacetate solution was possible after dilution 
1 :50 with chloroform. c No = colorless solution. 
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Table 111-Recovery of Ethynodiol Diacetate from Various Quan- 
tities of Ethynodiol Diacetate Standard Added to Placebo Tablets" 
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Figure &Colorimetric reaction of some steroids usually present in 
oral estrogen-progestin combination. Ratio absorbance value at X = 
565 mp, 


agent instead of 2 nil. of solution and 3 ml. of reagent. The results 
are shown in Table 11. 


Interferences-It was found that none of the excipients (corn- 
starch, lactose, Mg stearate, talc. etc.), interfered in the determina- 
tion. It has been stated that the moisture sometimes present in the 
solutions or in the glassware interferes with the development of the 
reaction. Therefore the solution must be kept on dry sodium sulfate 
and the glassware dried before use. The preparation must be made 
quickly and during the reaction development the solution must be 
kept in a dry place and in glass-stoppered test tubes. 


Linearity-The linearity of the reaction has been investigated in 
a concentration range between 5 and 90 mcg. of ethynodiol diace- 
tate at a volume of 5 ml. or between 25 and 450 mcg. at a volume 
of 25 ml. The developed color gives absorbance at 565 mp which is 
linear with concentration in a range of 5-60 rncg. (or 25-300 mcg. 
for tests at the volume of 25 ml.), but with higher concentrations 
the relationship is not linear. 


Recovery of Ethynodiol Diacetate Added to Placebo Tablets- 
Essential quantitative recovery of added ethynodiol diacetate was 
obtained and has been demonstrated by experiments using 0.5, 1, 
2, and 5 mg. of ethynodiol diacetate and 100 mg. of excipients. 
These data are reported in Table 111. 


Assay of Ethynodiol Diacetate Tablets-The analytical method de- 
scribed here has been used for the analysis of ethynodiol diacetate 


Table 11-Reproducibility of Absorbance Values of Replicate 
Ethynodiol Diacetate Determinations 


--Ethynodiol Diacetate Standard (mcg. in Reaction)a--- 
Sample 1b Sample 26 Sample 3b Sample 4* 
(20 mcg.) (30 mcg.) (40 mcg.) (50 rncg.) 


0.283 0.426 0.576 0.718 
0.285 0.424 0.575 0.721 
0.283 0.428 0.571 0.720 
0.282 0.426 0.571 0.720 
0.282 0,427 0.574 0.723 
0.285 0.428 0.573 0.719 


2 = 0.283 0.427 0.573 0.720 
SD = 10.0014 1t0.0015 +0.0021 i0 .0017 
RSD = +0.50% 3=0.35% =t0.36% ~ t 0 . 2 4 z  


a Determinations at the volume of 5 ml. * All samples were aliquots 
of the same standard ethynodiol diacetate solution. 
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Ethynodiol Diacetate, mg. 
Added Found Recovery, % 


0 . 5  0.5065 101.3 
0.5 0.4970 99.4 
0 . 5  0.5015 100.3 
1 1.033 103.3 
1 1 .Ooo 100.0 
1 1.016 101.6 
2 2.032 101.6 
2 1.994 99.7 
2 2.000 100.0 
5 5.065 101.3 
5 4.985 99.7 
5 5.065 101.3 
3 = 1 0 0 . 8 z  
RSD = f l . l %  


a Average value of duplicate assay. 


contained in two commercial preparations. The assay has been 
performed on eight samples and the results obtained, which have 
been reported in Table IV, show the precision of the analytical 
technique. The relative standard deviation remains within the limit 
of f1 .03  and 1.74z. 


Table IV-Assay of Ethynodiol Diacetate Tablets 


-Declared (1000-mcg./Tablet)- 
Brand A, Brand B, z Found Found 


99.8 10.x 
100.8 
99.8 


101.8 
99.2 


102.0 
99.7 


100.0 
2 = 100.4% 
SD = +1.034 
RSD = f 1 , 0 3 %  


~~. 


98.1 
101 .o 
98.3 
98.2 


102.0 
98.1 


101.6 
99.76"; 


f l  735 
i1.74:; 
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Effect of Certain Nonionic Surfactants on the Absorption of 
Salicylic Acid from Solutions by the Frog, Rana pipiens 


CLYDE W. WHITWORTH and EARL R. CARTER* 


Abstract 0 Three concentrations each of polysorbate 20, poly- 
sorbate 40, polysorbate 60, and polysorbate 80 were added to 
dilute buffered solutions of salicylic acid and absorption of the 
drug by the frog studied by an immersion technique. The more 
dilute concentrations of polysorbate 20 and polysorbate 40 were 
almost as effective in increasing absorption as were the higher 
concentrations of polysorbate 60 and polysorbate 80. The ab- 
sorption process appears to be first-order, based on the concen- 
tration of drug remaining in solution. Statistical comparisons 
were made. Surface tensions of solutions were determined and 
dialysis methods were used to detect complexation. The surfactants 
used definitely influenced absorption. The effect appears to be due 
to complexation and possibly surface tension lowering. 


Keyphrases 0 Salicylic acid absorption-polysorbates 20, 40, 
60, 80 effects [7 Absorption, salicylic acid-frog [7 Dialysis- 
salicylic acid complexation measurement UV spectrophotom- 
etry-analysis 


Surface-active agents, especially the nonionic variety, 
have found wide use in pharmacy and in numerous 
other fields. Perhaps the most useful property of these 
substances is their ability to act as solubilizing agents. 
Certain of these surfactants have been shown to complex 
with other drugs such as preservatives (1) and thus to 
interfere with their effectiveness. An aspect of complex 
formation currently under investigation but not well 
understood is the part this phenomenon plays in drug 
absorption. Complexation in some instances is known 
to influence absorption (2,3). 


EXPERIMENTAL. 


An immersion technique using the frog, Rana pipiens, was em- 
ployed as in previous work (4, 5). Briefly this consists of placing 
the frog in 500 ml. of drug solution and assaying the solution every 
20 min. for loss of drug. The solutions were 2.5 X 10-4M in sali- 
cylic acid and concentrations were determined by reading ab- 
sorbance at 297 mp on a spectrophotometer (Beckman DU). 
Samples were returned to the solution immediately to maintain 
volume. The polysorbatesl which were used in concentrations of 
0.1, 0.005, and 0.001 % did not interfere with the assay of salicylic 
acid. Ten frogs were used in each determination. The buffer was 
0.05 M glycine adjusted to a pH of 4.0 with hydrochloric acid. The 
surface tension of each solution was measured with a surface 
tensiometer (Fisher). 


The degree of complexation of salicylic acid was determined by 
dialysis (1). Nylon bags2 were found to be impermeable to the sur- 
factants and the complex but permitted passage of salicylic acid 
molecules. Twenty milliliters of buffered salicylic acid solution were 
placed inside the bag which was immersed in 50 ml. of buffered 
solution of the polysorbate and covered to prevent evaporation. 
The containers were equilibrated for four days at 30" and concen- 
trations on both sides of the membranes checked. Since the com- 
plex absorbs at 297 mp as does the free salicylic acid which is present 
in equal concentration on both sides of the membrane, the percent 


1 Tweens 20, 40, 60, 80, ATlas Chemical Co. Wilmington, Del. 
2 Tomac, American Hospital Supply. 


~~~ 


20 40 60 80 100 120 
TIME, rnin. 


Figure I-Effect of polysorbate 20 on amount of salicylic acid re- 
maining in solution ouer 2-hr. period when I0 frogs each where placed 
in 500 ml. of aqueous buffered drug solution. Key: 0, salicylic acid, 
2.5 X M and salicylic acid 2.5 X M in presence of 
polysorbate 20 in concentrations of: A, 0.001%; 0, 0.005%; and 
A, 0.1 %. 


of salicylic acid complexed by each concentration of each poly- 
sorbate can be calculated by: 


where C, = concentration of complex + concentration of free 
salicylic acid outside the bag, and Ci = concentration of free sali- 
cylic acid on both sides of membrane. 


RESULTS 


As seen in Figs. 1-4 the data can be linearized satisfactorily by 
plotting the log of amount of drug remaining in solution against 
time. In some instances the relationship does not become linear 
until after the initial 20-min. period. 


The linear equation is: 


log C = - k/2.303t + log Co 


where C = concentration of salicylic acid remaining in solution 
in mg./500 ml. of solution, C, = initial concentration of salicylic 
acid in mg./500 ml. of solution, k = rate constant, and t = time in 
minutes. 


I 
20 40 60 80 100 120 


TIME, min. 


Figure 2-Effect of polysorbate 40 on amount of salicylic acid re- 
maining in solution over 2-hr. period when 10 frogs each were placed 
in 500 ml. of aqueous buffered drug solution. Key: 0, salicylic acid, 
2.5 X 10-4 M and salicylic acid 2.5 X M in presence of poly- 
sorbate 40 inconcentrations of: A, 0.001 %; 0, 0.005%: and& 0.1 %. 
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Table I Surfactant-Salicylic Acid rate constants 


Rate Surface 
% S.A. Constant Tension, 


Surfactant Complexed min.-' X lo5 dynes/cm. 


Polvsorbate 20 
0.00l z 
0.005% 
0.1 7; 


0.001 7 
Polysorbate 40 


0 .0052 
0.1 % 
0.001% 
0.0057 


Polysorbate 64 


0.1  2 
Polysorbate 80 


0.001% 
0.005% 
0.1 % 


Control 


12.9 
7.1 
8.0 


5.5 
4.1 
5 .4  


5.3 
5.4 
4.5 


5.9 
10.0 
11.2 
- 


274 50.7 
292 43.3 
283 40.2 


395 50.9 ~.~ 


292 
272 


.. . 


45.8 
42.1 


375 52.5 
344 48.0 
286 43.7 


299 53.0 
287 48.3 
315 44.3 
298 57.0 


The rate constants (Table I) may be calculated from the equation 
or from the slope of the line which is equal to -k/2.303. 


Figures 1-4 are a plot of the log of concentration of salicylic acid 
remaining in solution against time. Rate constants in Table I 
indicate the rate of disappearance of drug from solution. As pre- 
viously pointed out, in some instances the plots do not become linear 
until after the initial 20-min. period. Possibly the nonsteady state 
during this time interval is due to binding of salicylic acid to the 
biological membrane or to its accumulation in the membrane in 
addition to absorption of the drug. Since some of the plots represent 
a nonsteady state, statistical comparisons between control and 
treated solutions were made using both the rate constants which 
represent steady state only and the average milligrams of drug 
remaining in solution at the end of 2 hr. 


Polysorbate 20-As seen in Fig. 1, polysorbate 20 increased the 
absorption of salicylic acid when in a concentration of 0.001%. 
Statistical comparison using the Student t test and comparing the 
amount of drug remaining in solutioninthecontroland in the treated 
solutions showed 0.001 % polysorbate 20 to significantly increase 
absorption at slightly above the 90% confidence level. For the 
0.005 and 0.1 % concentrations the results were not significantly 
different from the control even though they appear to slightly 
decrease absorption. The rate constants do not differ significantly 
from that for the control for any of the three solutions of poly- 
sorbate 20. 


Table I shows the degree of complexation of polysorbate 20 with 
salicylic acid in the three concentrations used. It is seen that the 
most dilute solution of polysorbate 20 which appears to have a 
tendency to increase absorption showed the greatest degree of 
complexation with salicylic acid. This unusual result leads to specu- 
lation that micelle formation may be influencing both dialysis or 
complexation and absorption of salicylic although surface tensions 
shown in Table I do not indicate critical micelle formation. 


Polysorbate 40-Similar results were obtained with polysorbate 40 


20 40 60 80 100 12 
TIME, rnin. 


Figure 3-Effect of polysorbate 60 on amount of salicylic acid re- 
maining in solution over 2-hr. period when 10 frogs each were placed 
in 500 ml. of aqueous buffered drug solution. Key: 0, salicylic acid, 
2.5 x 10-4 M and salicylic acid 2.5 X 10-4 M in presence of poly- 
sorbate 60 in concentrations of: A, 0.001 %: 0,0.005%: and A,  0.1 %. 


20 40 60 80 100 120 
TIME, rnin. 


Figure &Effect of polysorbate 80 on umount of salicylic acid re- 
maining in solution over 2-hr. period when I0 frogs each were placed 
in 500 ml. of aqueous buffered drug solution. Key: 0, salicylic acid, 
2.5 X 10-4 M and salicylic acid 2.5 X IOW4 M in presence of poly- 
sorbate 80 in concentrations of: A, 0.001 %; 0,0.005%:; and A, 0. I %. 


(Fig. 2) to those obtained with polysorbate 20, i.e., the more 
dilute solution of surfactant, 0.001 Z, is more effective in enhancing 
absorption. Comparing amounts of drug remaining in solution the 
results with 0.001% polysorbate 40 differ significantly from the 
control at slightly above a 90% confidence level. The average rate 
constant of this solution differs significantly from that of the control 
at a 95% confidence level. None of the other results differ signifi- 
cantly from the control. Complexation and surface tension measure- 
ments for this surfactant do not show any unusual effect on drug 
absorption. 


In the case of both polysorbate 20 and 40 there appears to be a 
concentration above which absorption is inhibited and below 
which drug uptake is enhanced. 


Polysorbate 60-Figure 3 shows the results with polysorbate 60. 
The surfactant in concentration used here seems to have less 
tendency toward inhibiting absorption than the two lower poly- 
sorbates. Statistical comparisons show significant differences be- 
tween rate constants of the solution containing 0.001 % surfactant 
and control while a comparison of total drug remaining in solution 
shows the 0.1% concentration of polysorbate 60 to differ signifi- 
cantly from the control. Complexation and surface tension data are 
similar to those of polysorbate 40. 


Polysorbate SITResults with polysorbate 80 show some similar- 
ity to those obtained with polysorbate 60. The amount of salicylic 
acid absorbed at the two-hour limit was significantly increased by 
0.1 % polysorbate 80, whereas the results with the two lower con- 
centrations do not differ significantly from the control. The rate 
constants do not differ significantly from that of the control. The 
degree of complexation is greater with the 0.1 % polysorbate con- 
centration indicating a possible correlation to absorption. 


Surface-active agents in addition to influencing drug absorption 
by complexation and possibly by surface tension lowering or wetting 
action may also affect drug uptake by an action on the absorbing 
membrane. This was true in goldfish as shown by Levy and Anello 
(6) who immersed the fish first in a surfactant solution and sub- 
sequently noted an increase in drug absorption from a drug solu- 
tion without surfactant. 


Pre-immersion of the frog for 15 min. in solutions of the poly- 
sorbates used in this study failed to have any effect on the sub- 
sequent absorption of salicylic acid from aqueous buffered solutions. 


DISCUSSION 


Complexation may play a part in the absorption of salicylic acid 
by the frog. For two of the surfactants used, the increase in ab- 
sorption corresponded to an increase in complexation when con- 
sidered from the standpoint of total drug absorbed during the ex- 
periment. Surface tension lowering may play a part by permitting 
better wetting action of the solution on the skin of the frog but 
there is no direct or readily apparent correlation. 


In comparing the results with the different polysorbate it appears 
that more dilute concentrations of polysorbate 20 and polysorbate 
40 give similar effects to the more concentrated solutions of the two 
higher polysorbates . 


It is believed that a wider range of concentration of polysorbates 
might produce more apparent and significant differences in results. 
This would permit a consideration of the effect of critical micelle 
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concentration on absorption. Present research is proceeding along 
these lines. 


(6) G. Levy and J. A. Anello, ibid., 57, lOl(1968). 
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Calculations of Release Rates From Sustained-Release 
Dosage Forms Using the Wiley Method 


SANFORD BOLTON 


Abstract In the Wiley method for determining release rates from 
sustained-release formulations, typically, each hourly sample is 
assayed. If release specifications include intervals of more than 1 hr., 
a method is presented by which samples can be combined in a 
manner such that it is not necessary to assay each hourly sample. 
In cases where the assay is tedious or difficult, or in cases where 
multiple assays are necessary, this procedure may result in a sub- 
stantial saving of time. 


Keyphrases Release rates-sustained-release dosage forms 0 
Wiley method-release rate calculations 0 Sample combination- 
release rates 


Among the methods proposed and described in the 
literature for in vitro testing of release rates from sus- 
tained-release formulations are those which rely on 
hourly assay samples taken from a continuous extrac- 
tion solvent (1-6). One such procedure, in current use, 
was originally proposed by Wiley (1). The material to be 
assayed is packed in a specially designed column and 
100 ml. of simulated gastric fluid is circulated through 
the column by means of a pump. After each hour, 50 ml. 
of fluid is removed for assay and replaced with 50 ml. 
of simulated intestinal fluid. Thus, the ratio of intestinal 
to gastric fluid in the extracting solvent is increased 
with each succeeding hour. Since the calculation of total 
amount released during a given hourly interval is 
dependent on the assay of the previous hourly sample, 
(vide infru), release rates are generally calculated for 
each hour. This paper is concerned with a method by 
which release rates can be determined over intervals of 
more than 1 hr. without assaying each and every 
individual hourly sample. 


METHOD AND THEORY 


If the method, as described above is used, the calculation for drug 
released during hour (n - 1)  to ( n )  is Cn = A, - ' 1 2  A,-I, where 
A ,  = assay of total active ingredient per 100 ml. of solution after 
hour (n). 


1 Since only 50 of 100 ml. of solution are taken for assay, the total 
amount of active ingredient in the sample, A,, will be twice the amount 
found in the 50 ml. 


Example 1 : 


Hr. C n  A,  
1 c1 = 10 Ci = 10 = A1 
2 
3 


Cz = 31 
c3 = 12 


Cz + '/2 A1 = 36 = .42 


Cs + ' / z  A2 = 30 = A3 


e.g., C3 = AS - Az = 30 - 1 / 2  (36) = 12 
Suppose that one is not interested in the quantity released each 


and every hour, but, rather, between certain specified hours, e.g., 
between Hours 1 and 3. The question is: is it necessary to assay the 
samples obtained during the intermittent hours, e.g., Hour 2, in 
order to calculate the total amount released during, e.g., Hours 2 
and 3 ?  Remember that the fluid must still be changed every hour. 


If hourly samples are properly combined, it is not necessary to 
separately assay the samples from intermittent hours. Consider 
Example 1. If 25 ml. of the Hour 2 sample is combined with 50 ml. 
of the Hour 3 sample and assayed, the total calculated amount of 
active material released will be (C ,  + liZ A?) + ( l i 2  A?) = CI + CZ + 


Cl. Thus, with a knowledge of Cl, C3 + C2 may be calculated.2 
In general, the solution to the problem is not as simple as in the 


above example. Fortunately, there exists a rather straightforward 
solution to the problem of mixing samples and the calculation of 
the amount released between specified hours as follows : 


Indicate hours at which time release limits are specified, e.g., 
1 ,  3, 6, and 7 hr., i.e., one wishes to know the amount released after 
1 hr., amount released between 1 and 3 hr., between 4 and 6 hr., 
and 6 and 7 hr. These hours would be called (1, 3, 6, 7) assay 
hours for convenience. 


When hourly samples are combined, the samples collected at 
assay hours will never be combined with each other. Save all hourly 
samples (50 ml. in the present case) in numerical order and combine 
as follows : 


To each assay hour sample, first add one-half the quantity of the 
previous hourly samples until another assay hour sample is reached. 
Ignore this sample and then proceed to add one-fourth the quantity 
of the next prior hourly samples until another assay hour sample is 
reached. Then add one-eighth of the prior samples, erc. Note that 
the fraction of samples added decreases in integral powers of ( '12)  


and that if two successive assay hours are encountered, the addi- 
tion of the prior samples is decreased by one-half for each assay 
hour encountered. 


The following two examples should clarify the above procedure. 
H, refers to the solutions removed for assay after hour 01). 


2 For this and subsequent calculations, when samples are combined, 
the combined sample is treated as having a volume of 50 ml. Thus, to 
calculate the total amount in 100 ml., the amount found in the combined 
sample should be multiplied by 2. For example, if 24 mg. is found in a 
combined 75-ml. sample, 48 mg./100 ml. is calculated. 
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REFERENCES UV light. The spots were detected by exposing the plate to iodine 
vapor. 


RESULTS AND DISCUSSION 


R f  values obtained with the five solvent systems are given in Table 
I. It is very interesting to note that the R f  values of the gallic acid 
ester in the two solvent groups (Nand A )  are reversed. 


In a nonaqueous solvent system (Group N) ,  the Rf values of the 
gallic acid ester increase with an increase in length of the carbon 
chain. In this case, the separation is mainly based on the adsorption 
or partition between the kieselguhr and the ester. In aqueous solvent 
systems (Group A),  the R,  values decrease with an increase in length 
of the carbon chain. The separation mechanism may depend on the 
reversible formation of hydrogen bonds between the carbonyl- 
oxygen atom of polyamide and the hydrogen atom of phenolic 
group in the ester. 


The layer is firmly bonded, does not crack, and can be stored 
easily. Both sides of the glass are independent of each other and 
chromatography can be performed simultaneously on each side. 
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Fate of 2-Phenethylarnino-l-phenylethan01,2-'~C in Rats 


J.  N. WELLS and W. G .  ANDRUS, Jr.* 


Abstract 0 The fate of 2-phenethylamino-l-phenylethan01,2-~~C 
was determined following i.p. administration to rats. Little if any 
radioactivity was detected in tissue samples 2 days after dosage. 
The radioactivity was eliminated primarily in the urine. Recovery 
amounted to 91 % in the urine and 6.8 % in the feces after 3 days. 
The radioactivity in the urine was due to the administered com- 
pound. LDSO determination and in viuo MA0 inhibition are also 
reported. 


Keyphrases 0 2-Phenethylamino-1 -phenylethanol--toxicity, in uiuo 
inhibition and metabolic fate LD50 determination-2-phenethyl- 
amino-1-phenylethanol 


2-Phenethylamino- I-phenylethanol (I) has been re- 
ported (1) to be a good inhibitor of monoamine oxidase 
(MAO) in vitro. The purpose of this study was to deter- 
mine the toxicity, in vivo M A 0  inhibition, and metabolic 
fate of I. 


CoH5-CH--CH2-NH-CHz-CHz-CoH 5 


I 
OH 


I 


EXPERIMENTAL 


Methods and Materials-The LDjo of I was determined by the 
method of Horn (2). In uiuo MA0 inhibition was studied using the 
reserpine reversal technique (3). A liquid scintillation counter was 
used to measure radioactivity of all samples. The background 
count rate of the instrument was stable at 25 to 30 c.p.m. through- 
out the study. Two counting formulations were employed: XDC 
scintillator for counting water-soluble samples consisted of 1 part 


Table I-LD50 Determination of I'HCI in Mice" 


Groupb Dose, i.p., mg./kg. Deaths 


1 46 .4  5 
2 31.6 2 
3 21.5 0 
4 10.0 0 


a Male albino mice, 18-22 g. (Harland Industries). b Each group 
contained five mice. 


lene; TC scintillator for counting feces and tissue samples consisted 
of 1 part toluene, 1 part 2-ethoxyethanol, and 0.6% 2,j-diphenyl- 
oxazole. All counted samples were fortified with 14C-toluene 
internal standard (151 of 0.77 wc./ml.) and recounted to determine 
counting efficiency. All samples were counted in low-potassium 
counting vials.2 


Thin-layer chromatograms (250 1) spread with Silica Gel G3 
were activated at 110" for 0.5 hr. prior to use. Solvent systems used 
were ethanol-ammonium hydroxide (4: 1) ethanol-acetic acid 
(4:l)  and chloroform-methanol-water (75 :22 : 3). 


Labeled compounds were identified from autoradiograms using 
medical X-ray film.4 Exposure times were based on exposure to the 
film of lo8 disintegrations so that concentrations of 1 % could be 
detected. 


Reagent grade chemicals and 14C-styrene5 were used as received. 
2-Phenethylamino-l-phenylethanol,2-1~C--Perbenzoic acid (30 


ml. of a 15% solution in benzene) was placed in a 100-ml. three- 
necked flask equipped with stirrer and condenser. The flask was 
cooled to 0" and a solution of 1 mmole (104 mg.; 1 mc.) of 8-I4C 
styrene and 8.6 mmole (895.9 mg.) of styrene in 1.0 ml. of ether was 
added. After 24 hr. at 0" the solution was extracted with 3 X 30 
ml. of 10% NaOH. The organic phase was washed with 3 X 30 
ml. of water and then dried. Removal of the benzene i n  uacuo gave 
0.85 ml. of 8-14C-styrene oxide. 


xylene, 3 parts 2-ethoxyethano1, 1.0% 2,5-diphenyloxazole, 0.05 % 
1,4-bis-(4-methyl-5-phenyloxazolyl) benzene, and 8.0% naphtha- 


2 Packard Instrument Co., Inc., Downers Grove, Ill. 
3 Brinkman Instruments Inc., Westbury, N. Y .  
4 No Screen, Eastman Kodak Co., Rochester N. Y .  
5 International Chemical and Nuclear Corp., City of Industry, Calif. 1 Beckman LS-100, Beckman Instruments Inc., Fullerton, Calif. 
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Table II-LD6o Determination of 1. HCI in Rats” 
~~~~ ~ 


Group6 Dose, i.p., mg./kg. Deaths 


500 
300 . ~ .  


200 
100 
50 
30 


3 


,Z Male Sprague-Dawley rats, 165-1 85 g. (Harland Industries, Cumber- 
land, Ind.). * Each group contained three rats. 


A 10-ml.flask containing P-phenethylamine (1.98 g., 16.33 mmoles) 
was fitted with a condenser and 1-ml. syringe via a Claisen head. 
8-14C-styrene oxide was added dropwise over 30 min. to refluxing 
8-phenethylamine. The mixture was heated under reflux for 2.5 hr., 
then allowed to cool to room temperature. Any droplets adhering 
to the condenser were washed into the flask with 7 ml. of hexane. 
The reaction mixture was cooled overnight and the resulting white 
solid was collected on a sintered-glass funnel. The solid was washed 
in order with hexane, water, and hexane. The solid (650 mg., 28.9% 
based on styrene) was air dried, m.p. 91 [lit. (4) 89.5-90°]. This 
material was sublimed (80°/1 mm., m.p. 91.5’) and was shown by 
autoradiography to be free of any other radioactive contaminants. 
The specific activity was 0.45 pc./mg. 


The hydrochloride was prepared and air dried. Recrystallization 
from acetone-water gave a white solid, m.p. 210-211” [lit. (4) 
205-206”J. Chemical and radiochemical purity were established by 
chromatography and autoradiography (3 days). 


In Vivo Studies-The LDso (i.p.) of I.HC1 was found to be 35 
mg./kg. in mice (Table I) and 27-30 nig./kg. in rats (Table 11). 
The animals were dosed with the requisite amount of an aqueous 
solution (17.0 mg./ml.) of IeHCl. The animals were observed for 
24 hr. following injection but all deaths occurred within 1 hr. of 
injection. Toxic doses led to convulsions and rapid death. 


In uivo MA0 inhibition as measured by the reserpine reversal 
(3) method in mice was not observed at a dose equal to 60% of the 
LD50. One group of five mice6 was dosed with 100 mg./kg. i.p. of 
pargyline hydrochloride. After 3 hr. the mice were given 20 mg./kg., 
i.p. of amitriptyline.? All mice became alert and active and salivated 
excessively. A control group (three mice) given only amitriptyline be- 
came sedated. Two groups of five mice each were then given 21 mg./ 
kg. of I.HC1 from an aqueous solution (17.0 mg./ml.). All mice ex- 
hibited slight depression. Amitriptyline (20 mg./kg. per dose) was 
then injected, i.p. at intervals of 1, 2, 6, 12, and 24 hr. All mice 
exhibited depression (no stimulation or salivation was observed) 
as did the control mice. Prolonged dosage (21 mg./kg. every 6 hr. 
for 72 hr.) followed by amitriptyline at the 73rd hr. gave similar 
results. 


Six rats (165-185 9.) were dosed intraperitoneally with 0.24 ml. 
(2.25 pc.) of a stock solution of 2-phenethylamino-I-phenylethanol- 
2-14C hydrochloride. The stock solution contained 0.125 g. of 
the hydrochloride in 6 ml. of water. The rats were placed in in- 
dividual metabolism cages. Each rat received one dose every 8 hr. 
for the first 24 hr. (four doses per rat total) and urine was collected 
every 6-8 hr. The accumulated feces were combined at the termina- 
tion of the experiment. All animals were allowed food and water 
ad libitum. One rat died 1 hr. after the second dose, thus a total 
of 49.5 pc. was administered in this study. 


The accumulated feces of all six rats was oven dried at 110” for 
48 hr. and pulverized. A 100-mg. sample was treated with 0.3 ml. 
of 72% perchloric acid and 0.2 ml. of 30% hydrogen peroxide and 
digested at 80” for 4 hr. (5). TC scintillator (15 ml.) was added and 
the samples were counted. A total of 3.4 pc. (6.9% recovery) was 
found in the feces. 


The recovery of administered activity in the accumulated urine 
at each time interval is shown in Table 111. A total of 46.39 pc. 
was recovered from the urine and feces at the end of 72 hr., repre- 
senting 93.5 of the total radioactivity administered. 


Tissue Distributio-Rats from the study were sacrified at the 
end of 72 hr. and the brain, kidney, liver, heart, and spleen, were 


Harland Industries. 
RO-4-1284, Hcffmann-La Roche. 
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Table 111-Recovery of Radioactivity in Urine (2) of Rats Adminis- 
tered 2-Phenethylamino-I-phenylethan0l-2~4C 


Hours Accumulative 
No. of after First Administered Recovered, 
Doses Dose pC.a w. 


1 8 13.50 1.80 
2 17 27.00 3.26 
3 24 38.25 4.24 


49.50 4.04 
- 21.80 


4 32 
48 


- 6.20 
- 1.65 


60 
72 


- 
- 
- 


a All urine samples were counted in XDC scintillator. 


removed and rinsed with saline to remove the adhering blood. 
Tissue samples (100-200 mg.) were digested in 0.3 ml. of 7 2 x  
perchloric acid and 0.2 ml. of 30% hydrogen peroxide at 80” for 
1 hr. Samples were counted in TC scintillator. None of the tissue 
samples registered statistically significant activity within several 
hours’ counting time. The total activity was estimated to be 0.5- 
1.0% of the administered radioactivity. 


Urine Analysis-Urine samples collected were chromatographed 
on thin-layer Silica Gel G. The plates were autoradiographed for 
48 hr. Development of the film showed one spot at an R/ equal to 
that of I (0.48 in ethano1:ammonium hydroxide). A mixture of I 
and the urine sample still chromatographed to one spot in a11 
solvent systems used. Concentration in vacuo at room temperature 
of the urine to 0.25 the original volume followed by similar analysis 
uncovered no metabolities. 


DISCUSSION 


The toxicity of I is so great that one cannot measure the MA0 
inhibition in uiuo. It is perhaps surprising that I is so toxic since 
it is an analog of I-phenyl-2-aminoethanol which has an LD5o 
of 1100 mg./kg. in mice (SC) (6). The toxicity of I was characterized 
by severe convulsions. 


It was hoped that a study of the metabolic fate of I would indicate 
an approach to the design of analogs which were less toxic. Since no 
metabolism was detected this goal was not met. Secondary amines 
are deaminated in uivo, but it is not unusual that a substituent such 
as phenethyl would eliminate deamination as a metabolic pathway 
(7). 


REFERENCES 


(1) J. N. Wells, A. V. Shirodkar, and A. AT. Knevel, J. Med. 


(2) H. J. Horn, Biometries, 12, 311(1956). 
(3) J. H. Biel, A. Horita, and A. E. Drukker, “Psychopharmaco- 


logical Agents,” vol. I, Maxwell Gordon, Ed., Academic, New 
York, N. Y., 1964, p. 384. 


Chrm., 9,195(1966). 


(4) A L. Altwelt and A. R. Day, J. Org. Chem., 6,384(1941). 
(5) D. T. Mahin and R. T. Lofberg, Anal. Biochem., 16, 500 


(6) W. A. Spector, “Handbook of Toxicology,” vol. I, W. B. 


(7) A. Burger, “1Medicinal Chemistry,” 2nd ed., Interscience, 


(1966). 


Saunders, Philadelphia, Pa., 1956, p. 232. 


New York, N. Y., 1960, p. 606. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 6, 1969 from the Department of Medicinal Chemis- 
try andPharmacognosy, School of Pharmacy andPharmaral Sciences, 
Purdue University, Lafayette, IN 47907 


Accepted for publication August 4, 1969. 
Abstracted from the Ph.D. Thesis of William G. Andrus, Jr., 


Purdue University. 
This investigation was conducted under National Institute of 


General Medical Sciencies Fellowship No. l-Fl-GM-34,131-01. 
Additional support was provided by the American Foundation for 
Pharmaceutical Education. 


* School of Pharmacy, University of Wyoming, Laramie, Wy. 












sion line: 


log LTm = 1.6987 - 0.6493 log R (Eq. 38) 


A Student’s t test indicated the two slopes were not significantly 
different (t = 0.14, p > 0.25), hence the data for all twelve com- 
pounds were pooled and these yielded the regression line: 


log LTse = 1.6755 - 0.6276 log R (Eq. 39) 


The correlation coefficient was -0.848 ( p  < 0.001). The plot of 
these data with the line corresponding to Eq. 39 drawn through the 
points is shown in Fig. 7. If one assumes that R is a reflection of Ci 
the relevance these data have to the theory discussed and to the 
goldfish problem is evident. 


The relationship between the theoretical equations derived in this 
report and the equation relating intensity of pharmacologic response 
to drug concentration reported by Wagner (15) in the first paper of 
this series will be discussed in a future publication. 
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Effects of Some Enzymes, Surface-Active Agents, 
and Calcium Chloride on the Aqueous Extraction 
of Alkaloids from Belladonna Leaves 


JOSE HELMAN 


Abstract 0 Treatment of belladonna leaves with the enzymes 
described, prior to extraction with surface-active agents and cal- 
cium chloride, results in higher yields. This was observed in simple 
aqueous extraction and also when hydrochloric acid was added. 


Keyphrases 0 Alkaloid extraction-belladonna leaves Surfac- 
tant effect-alkaloid extraction 0 Enzymes effect-alkaloid ex- 
traction 0 Calcium chloride effect-alkaloid extraction 


Previous studies concerning the effect of various 
surface-active agents on the extraction of alkaloids have 
shown that the yield in aqueous medium varies accord- 
ing to the agent used. In general the yield decreases with 
anionic agents, is slightly increased with nonionic, and 
much more so with cationic agents. Nonionic agents 
such as polyoxyethylene sorbitan monolaurate and 
mono-oleate, sorbitan laurate ester, polyethylene glycols 
400 and 600, propylene glycol, and glycerol esters (1-3) 
have been assayed in the extraction from hyoscyamus, 
belladonna, ipecac, cinchona, hydrastis, etc. 


Experiments performed by Cad6rniga et al. (4, 5) 
with anionic agents proved that at low concentrations 
the yield decreases, but increases at high concentrations. 
Results considerably above controls were obtained with 
cationic agents, especially with quaternary ammonium 
compounds (6,7). 


Gupta and Sen Gupta treated powdered kurchi 
(Holarrhena antidysenterica), belladonna, nux vomica, 
and ipecac with diastase prior to extraction (8). White 
et al. (9), in a study directed to obtain proteins and 
other kinds of cellular material from leaves, subjected 
these to the action of Clostridium roseum cultures, 
exposing them to an anaerobic fermentation. 


The purpose of this work is to determine the yield of 
alkaloid extraction from belladonna, using aqueous 
media and with the aid of enzymes, surface-active 
agents, and calcium chloride. 


EXPERIMENTAL 


Materials-Powdered belladonna leaves (Atropa belkrdonna), 
40 mesh (0.19 mm. sieve opening), dried at 60” were used. 
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Table I-Alkaloid Yield Obtained by Pretreatment of Belladonna 
Leaves with Enzymes in Extraction with Aqueous Dispersions of 
Surface-Active Agents and Calcium Chloride, at 30°C. 


-Water- -HCI, 2%- 
Agents Test Yield," Test Yield, 
Used No. z No. z 


- 


PS MO 
DNaSS 
CTAB 
CaCI? 


- 


PSMO 
DNaSS 
CTAB 
CaCll 


- 


PSMO 
DNaSS 
CTAB 
CaCh 


- 


PSMO 
DNaSS 
CTAB 
CaCI2 


- 


PSMO 
DNaSS 
CTAB 
CaCL 


- 


PSMO 
DNaSS 
CTAB 
CaCh 


Without Enzymes 
1 38.2 
2 40.4 
3 16.5 
4 50.5 
5 25.3 
With Malt Amylases 


11 44.0 
12 50.0 
13 23.7 
14 56.2 
15 34.6 


With Fungic Amylase 
21 40.0 
22 36.5 
23 23.0 
24 79.5 
25 92.0 


With Cellulose 
31 45.0 
32 60.0 
33 31.3 
34 75.3 
35 88.3 


With Protease 
41 60.0 
42 75.3 
43 16.6 
44 83.7 
45 48.2 


With Pectinase 
51 65.0 
52 65.4 
53 16.5 
54 50.5 
55 105.0 


6 
7 
8 
9 


10 


16 
17 
18 
19 
20 


26 
27 
28 
29 
30 


36 
37 
38 
39 
40 


46 
47 
48 
49 
50 


56 
57 
58 
59 
60 


75.0 
75.7 
76.7 
83.7 
32.7 


87.0 
85.8 
83.3 
87.0 
88.3 


87.5 
75.0 
88.3 


102.0 
100.0 


104.0 
111.0 
93.4 


110.0 
104.0 


96.0 
100.0 
80.9 


112.0 
88.5 


88.4 
90.0 
85.4 
81.5 


110.0 


Q Results are expressed as a percentage of the analytical data ob- 
tained from evaluation of the powder. 


Alkaloid content was estimated according to the Argentine 
Pharmacopoeia IV1 (AP), except for a slight modification in which 
the final chloroformic extract was treated with anhydrous sodium 
sulfate to prevent contamination by the alkalinized aqueous medium 
with consequent distortion of results. The slight decrease in volume 
resulting from chloroform retention by sodium sulfate was taken 
into account when making the calculation. As suggested by Ridolfo 
and Guth (lo), a mixture of chloroform and 2 ml. alcohol replaced 
the third addition of chloroform itself to promote a better 
elimination of the volatile bases. 


Polyoxyethylene sorhitan mono-oleate USP (PSMO), dioctyl 
sodium sulfosuccinate N F  (DNaSS), and cetyltrimethyl ammonium 
bromide2 (CTAB) were used as nonionic, anionic, and cationic 
surface-active agents, respectively. Calcium chloride and all other 
reagents were according to AP specifications. Surface-active agents 
were used at concentrations above the CMC, i.e., PSMO and 
DNaSS at 0.25% and CTAB 1 %. Calcium chloride was used at a 
concentration of 1 %. 


The following enzymes were used: 
Maltine or diastase (amylolytic malt enzyme), tested according to 


the French Pharmacopoeia (1937). 


1 The USP procedure involves two chloroform evaporations while the 


2 Cetavlon, Imperial Chemical Ind. Ltd., London, England. 
Argentine Pharmacopoeia recommends three. 
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Amylolytic enzyme of fungic origin, estimated by a procedure 
suggested by its manufacturers, based on a change of color in the 
enzyme-treated starch on addition of a diluted iodine solution. 
This enzyme acts within a pH range of 4.0-8.5. At room tem- 
perature 1 g .  dextrinizes 1910 g. of starch in 1 hr., though faster at 
body temperature. 


Cellulolytic enzyme4 (obtained from a selected strain of Asper- 
gillus niger) is usually contaminated to a small extent with other 
enzymes. The activity was calculated from a decrease in viscosity 
of a sodium carboxymethylcellulose dispersion. At 37" it acts in a 
pH range from 3.0-7.0, and even at extreme pH values 50% of its 
activity is retained. 


Proteolytic enzyme6 (isolated from Carica papaya) was tested 
according to AP procedure for papain. This enzyme acts within a 
pH range of 3.0-10.5. 


Pectinolytic enzyme6 was estimated by degradation of a quince 
jelly whose transmittance was read in a spectrophotometer. 


Extraction Procedure-To a 250-ml. flask containing a 11.25-g. 
fraction of belladonna, 40 ml. of distilled water was added. The 
mixture was shaken mechanically for 10 min. and was held at 30" 
for 14 hr., after which the surface-active agent or salt, dispersed in 
35 ml. distilled water, was added. After 20 min. stirring, the flask 
was kept for 10 hr. at the same temperature. At 2-hr. intervals for 
the first 6 hr. and hourly for the last 4 hr., the mixture was subjected 
to a 10 sec. stirring by hand. Then it was thoroughly mixed and 
finally filtered. Determinations of pH and surface tension were made 
and a fraction was used for alkaloid estimation, as previously 
stated. Another fraction was used to determine the dry extract 
through evaporation and drying at 100" to constant weight. 


In another series of tests, 1.5 ml. of the initial 40 ml. of distilled 
water was replaced by 1.5 ml. of hydrochloric acid. 


In the assays with enzymes, the following amounts were added 
with the initial 40 ml. distilled water: 0.225 g. maltine, 0.15 g. 
amylolytic enzyme, 0.075 g. cellulolytic enzyme, 0.075 g. proteolytic 
enzyme, and 0.225 g. pectinolytic enzyme. Similar tests were per- 


0 .+ .+ 
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Figure 1-Effect of enzymes on the extraction of belladonna with 
queous dispersions of calcium chloride and surface-active agents. 
Black columns correspond to rests without enzymes. 


a Mylase 100, Wallerstein Co., New York, N. Y. 
Cellase 1000, Wallerstein Co., New York, N. Y. 
Prolase 300, Wallerstein Co., New York, N. Y. 
Klerzyme 200, Wallerstein Co., New York, N. Y 







Table 11-Surface Tension, pH and Dry Extract of Extracts from Table I are Shown with Corresponding Index of 
Selectivity" of Each Solvent 


HCl, 2% Water - I  


Agents Surface Dry Selectivity Surface Dry Selectivity 
Extract Index No. Tension pH Extract Index Used No. Tension PH 


- 
PSMO 
DNaSS 
CTAB 
CaClr 


- 
PSMO 
DNaSS 
CTAB 
CaCI? 


- 
PSMO 
DNaSS 
CTAB 
CaCI, 


- 
PSMO 
DNaSS 
CTAB 
CaCl: 


- 


PSMO 
DNaSS 
CTAB 
CaCI, 


- 
PSMO 
DNaSS 
CTAB 
CaCh 


1 
2 
3 
4 
5 


11 
12 


11 
15 


- 


21 
22 
23 
24 
25 


31 
32 
33 
34 
35 


41 
42 
43 
44 
45 


51 
52 
53 
54 
55 


55.0584 
48.8929 
54.9504 
44.0470 
55.2755 


54.9504 
47. I003 


44.0470 
55.2170 


55.0584 
50.9130 
50.8735 
44.1337 
55.3829 


55.1671 
50,9735 
50.9735 
44.1337 
55.4361 


50.9130 
50.91 30 
55.2755 
45.7452 
54.5855 


50,7734 
50.7734 
55.0045 
47.2861 
55.2250 


5.4 
5 . 5  
5.5 
5 . 2  
5 . 1  


4 .9  
4 .4  


5 .2  
4 . 7  


5.2 
4 .9  
5 . 3  
4.5 
5 . 1  


5.1 
5 .1  
5 . 1  
5 .0  
4.8 


4 .5  
5.1 
5 . 3  
5.2 
5.1 


5 . 7  
4.9 
5.4 
5.1 
4.4 


Without Enzymes 
18.7 0.02 


With Malt Amylases 
19.3 0.01 16 
20.0 0.01 17 


18 
25.3 0.02 19 
29.0 0.01 20 


With Fungic Amylase 
21 .o 0.02 26 
24.0 0.01 21 
21.3 0.01 28 
23.0 0.04 29 
28.7 0.04 30 


With Cellulase 
18.9 0.01 36 
23.3 0.03 31 
20.7 0.01 38 
22.3 0.04 39 
26.4 0.04 40 


With Protease 
20.3 0.02 46 
20.1 0.02 47 
20.7 0 ni 48 
23.2 0.05 49 
29.7 0.02 50 


With Pectinase 
23.7 0.03 56 
19.0 0.04 57 
16.1 0.01 58 
12.0 0.08 59 
26.4 0.08 - 


49.1819 
49.1819 
49.1189 
30,1798 
37.0671 


50.9130 
45.7452 
45.7004 
30.1491 
51.2737 


51.1236 
49,2300 
49.2300 
30.2389 
39.2857 


51.1736 
44.3938 
47.6615 
30.2094 
44.5239 


49.3410 
49,2301 
49.1189 
30.2691 
44.4805 


55,4361 
55,3301 
45.8349 
30.2094 


2 .3  
2 . 4  
2 .4  
2.3 
2 .3  


2 . 4  
2.5 
2.6 
2.6 
2.4 


2.6 
2 .6  
2 . 6  
2.7 
2.6 


2 .5  
2.6 
2.5 
2.3 
2.4 


3.3 
2 .6  
2 . 3  
2.4 
2.4 


2.7 
2.7 
2.7 
2.7 


27.3 
27.3 
26.7 
28.7 
26.7 


30.0 
29.1 
29.4 
35.3 
38.0 


28.8 
29.3 
29.4 
34.7 
33.9 


30.7 
31.4 
27.0 
26.1 
32.5 


29.1 
28.2 
27.8 
35.4 
32.7 


37.0 
32.0 
30.0 
39.1 


0.02 
0.02 
0.03 
0.03 
0.01 


0.03 
0.03 
0.02 
0.03 
0.02 


0.04 
0.02 
0.03 
0.05 
0.03 


0.02 
0.03 
0.03 
0.06 
0.03 


0.03 
0.02 
0.03 
0.03 
0.03 


0.02 
0.02 
0.02 
0.02 


a The selectivity index (denomination used by other authors) is expressed as a relation between the weight of alkaloids and that of the extract, 
from which the proportional weight of substances added to solvents was subtracted. Both values refer to 100 g. of drug. 


formed except that 1.5 ml. of the 35 ml. distilled water added after 
the 14 hr. period of heating at 30" was replaced by 1.5 ml. hydro- 
chloric acid, Thus the chance of surface-active agents, salt or acid 
interfering with enzymatic action was eliminated. 


Since decoction of belladonna leaves produces a significant 
decrease in the yield, assays were also performed to determine the 
effect of enzymes under such conditions. Enzymes were therefore 
added both before and after decoction. 


To ascertain whether surface-active agents or enzymes could by 
themselves modify the results of alkaloid estimation, assays were 
carried out using them at the same concentrations as previously, but 
without belladonna. The values found did not distort results, ex- 
cept in the case of CTAB, which was considered on making the 
calculations. 


The reported results represent the arithmetic mean of at least 
two runs for each experiment. In no case did deviation exceed 5%. 


Surface Tension-For this purpose only information concerning 
the various extracting liquids was found necessary. Surface tension 
was expressed as a relationship between drop number and density 
of the extracting liquids and those values obtained for water under 
similar conditions, multiplied by surface tension of water. 


RESULTS AND DISCUSSION 


Table I shows that surface-active agents dissolved in water 
follow the order of efficiency previously stated. The addition of 
hydrochloric acid to a concentration of 27& thus lowering the pH 
of the extracts from about 5.0 to 2.5, enhanced DNaSS yield. The 


order of efficiency was then: CTAB > DNaSS > PSMO > HC1 > 
CaCI2, showing an increase of 20-80%, or more, over the yields 
obtained with simple aqueous extraction (Figs. 1 and 2). 


The slight increase observed with the use of PSMO might be 
ascribed to PSMO effect on the permeability of membranes rather 
than to a solubilizing effect on alkaloids, in this case lacking. It 
might also be attributed to dissolution of: (a)  certain membrane 
compounds; (b) cellular components to which alkaloids would be 
bound; or ( c )  complexes containing alkaloids (2, 11). 


Brochmann-Hanssen's hypothesis on CTAB mechanisms of 
action (7) to explain the increase in yields observed, does not ex- 
clude the existence of other mechanisms, which might act simul- 
taneously, related to the colloidal nature of this surface-active 
agent. 


DNaSS gave lower yields than controls, except in Assays 8 and 
28. It should be noted that DNaSS at 0.25% concentration pre- 
cipitates when mixed with equal amounts of a 1% solution of 
atropine sulfate, but not with a 0.05% solution. 


Admittedly the low yields found with anionic surface-active 
agents are largely due to their ability to precipitate alkaloids. But 
at low pH values, cinchona alkaloids do not precipitate either with 
DNaSS or sodium lauryl sulfate (12). The latter never precipitates 
with atropine sulfate, even at pH 6.5. Yet the yields obtained are 
lower than those found when no surface-active agents were used. 
An explanation might be that the larger micelles which constitute 
the complexes of anionic surface-active agents and alkaloids, would 
hinder, or even prevent them from penetrating cell membranes 
and the tissue itself. A mechanical factor may also be involved if 
large micelles (without alkaloid content) obstruct the diffusion 
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Figure 2-Effect of enzymes on the extraction of belladonna with 
acid dispersions of calcium chloride and surface-actiue agents. Black 
columns correspond to tests without enzymes. 


channels. The micellar size of these complexes is under investiga- 
tion in the laboratory. 


In general, pretreatment with enzymes promoted higher yields. 
Experiments carried out with malt amylases gave increased yields 
as compared to those obtained without using enzymes, especially in 
acid extraction (Tests 11 to 20, and 1 to 10). Different results were 
obtained with amylolytic enzyme of fungic origin. Tests 24 and 29 
with CTAB showed a higher increase, while Tests 25 and 30, with 
CaCI2, gave yields close to 100%. The other enzymes tested also 
showed enhancing effects, yielding in most cases about 90% and, in 
some, exceeding 100%. CTAB was found to be the most effective 
agent in both aqueous and acid extraction, reaching its highest values 
after treatment with fungic amylase, cellulolytic, and proteolytic 
enzymes. After treatment with these enzymes, the yield in acid 


extraction exceeded 100%. Similar results were obtained with 
CaClz and pectinolytic enzyme (see Figs. 1 and 2). 


Treatment with enzymes before and after a 5 min. decoction of 
belladonna leaves gave low yields, following this order of activity: 
pectinase > cellulase > fungic amylase > proteinase. 


Table I1 shows that the pH of extracts obtained from nonacid 
aqueous extraction without using enzymes is, generally, higher than 
that of extracts obtained with enzymes. Variations in pH values 
depended upon enzymes used, and were less evident in acid extrac- 
tion. 


In general, aqueous extraction provided higher surface-tension 
values than acid extraction, while the latter gave higher yields of dry 
extracts. Again, these values varied according to the enzyme used. 
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Colorimetric Determination of Biotin 


C. PLINTON*, F. P. MAHNt, M. HAWRYLYSHYN, V. S. VENTURELLA, and B. Z. SENKOWSKI 


Abstract 0 A colorimetric method has been developed for the 
analysis of biotin in premixes with dicalcium phosphate. The method 
involves the oxidation of the sulfur atom in biotin to the sulfone 
with potassium iodate in an acid medium and the concurrent re- 
duction of iodate to iodine. The liberated iodine is then extracted 
into cyclohexane and the absorbance measured at 520 mp. The 
relationship between absorbance and the quantity of biotin reacted 
was found to obey Beer's law over the concentration range studied, 
3-18 mg./g., and the extracted color is stable for several hours. 
The precision (fs:95% confidence limit) is equal to =!=5.7%. 


Keyphrases 0 Biotin determination 0 Dicalcium PO4 prepara- 
tion-biotin determination 0 Colorimetric analysis-spectro- 
photometer 


Although numerous microbiological methods (1-9) 
have been reported for the determination of biotin, 
the chemical analysis of biotin in dosage forms has 
been a difficult task. The current, widely accepted, pro- 
cedure for the determination of biotin employs the 
microbiological assay. This procedure requires con- 
siderably more time for the determination of biotin 
than does the proposed colorimetric method ; however 
it does have greater sensitivity. The colorimetric 
method may not be applicable to multivitamin prod- 
ucts containing biotin at  the microgram level or in 
the presence of reducing agents under the conditions of 
the procedure. 


A literature search revealed a report on a colori- 
metric chemical assay of biotin (10). This report, al- 
though workable and reproducible, depended upon a 
reversal of binding in a dye-protein complex which is 
somewhat involved. A logically simpler and shorter 
approach seemed to be one which might take advantage 
of the lability of the sulfur atom toward oxidation. 
Since organic sulfides can be oxidized fairly readily to 
the sulfoxide (R,SO) and further to the sulfone (R,SO,) 
it was anticipated that this technique could be employed 
as a means for a quantitative assay of biotin. Leitch 
(11) in an early report, described the quantitative 
oxidation of organic sulfides by sodium hypochlorite. 
This procedure employed a volumetric titration. 


In the present authors' investigation it was found that 
biotin could be quantitatively determined by employing a 
colorimetric technique. The fused thiophane ring sys- 
tem present in the structure of biotin contains a sulfur 
atom which is susceptible to oxidation by potassium 
iodate in an acid medium. The iodine formed by the re- 
duction of iodate is quantitatively extracted into cyclo- 
hexane and measured spectrophotometrically at 520 
mP. 


EXPERIMENTAL 


Reagents-Potassium Iodate Reagent-A 1 wiv solution of 


Sulfuric Acid Reagent-A 30z vjv solution of sulfuric acid 
potassium iodate (analytical gt ade) is prepared in water. 


(analytical reagent grade) is prepared in wster. 


CycZohexane'Spectrophotometric grade. 
Standard Biotin2-Reference standard biotin. Biotin may be re- 


crystallized from a dimethylformamide-ethyl ether (1 : 1) solution. 
The crystals so obtained are dissolved in boiling water containing 
adsorption carbon.3 The hot solution is then filtered through 
Whatman No. 2 paper and the colorless filtrate cooled in an ice 
bath. The pure biotin crystals are collected by means of vacuum 
filtration, washed with cold water, and dried at 105 ' for 4 hr. 


Analytical ProcedurecWeigh accurately a sample of the prepara- 
tion, equivalent to approximately 10 mg. of biotin, into a 50-ml. 
glass-stoppered centrifuge tube. Add 3.0 ml. of 1 potassium iodate 
reagent, mix well, then add 2.0 ml. of 30% sulfuric acid reagent. 
Pipet 20.0 ml. of cyclohexane int:, the tube and place the tube and 
contents into a 60" water bath, adjusting the water level in the bath 
to coincide with the aqueous phase in the centrifuge tube. Stopper 
each tube loosely in order to permit pressure release. Allow the 
centrifuge tube to remain in the bath for 30-u) min.. then remove 
and immerse in an ice bath for several minutes. Shake the tube 
vigorously for 5 min., allow the contents to settle, and centrifuge 
at moderate speed for 5 min. Quantitatively transfer the cyclo- 
hexane layer into a 100-ml. volumetric flask. Repeat with 2 X 20- 
ml. portions of cyclohexane and combine all cyclohexane extracts 
in the 100-ml. volumetric flask. Attention should be given to the 
aqueous phase for evidence of any color of iodine. If iodine is still 
remaining in the bottom layer with the sample mass, a stirring rod 
should be used to agitate the solid phase until the iodine floats to 
the interface. A total of 3 X 20 ml. extracts are generally sufficient, 
however 4 X 20-ml. may be necessary if trouble Is encountered with 
iodine being trapped in the solid phase. Adjust the volume of the 
cyclohexane extract to 100 ml. and determine the absorbance, A,, 
of the solution at 520 mp in a 5-cm. cell against a reagent blank. 


Concomitantly carry out the reaction with reference standard 
biotin, weighing accurately approximately 10 mg. of the standard 
biotin into a glass-stoppered centrifuge tube and follow the pro- 
cedure described above, beginning with " .  . .add 3.0 ml. of 1 % 
potassium iodate reagent." Designating the biotin standard in 
milligrams as C, and the absorbance of the iodine solution pro- 
duced as A,, the biotin present in the preparation can be calculated 
from the equation: 


A,, X C, 
A,  X sample w e i g h t o  


Biotin (mg./g.) = 


Alternately the biotin content of the sample may be calculated 
utilizing the absorptivity of iodine in cyclohexane at 520 nip, since 
it has been demonstrated that a reproducible, stoichiometric release 
of iodine occurs as a function of biotin concentration. 


RESULTS AND DISCUSSIOK 


The concentration of biotin was found to be proportional to the 
absorbance measured at 520 mp for the iodine formed by the reac- 
tion of biotin with potassium iodate in an acid medium. 


Samples were assayed and the absorbances determined after 
varying the time intervals at the reaction temperature of 60". The 
results, as shown in Fig. 1, indicated that at least a 30-min. time 
interval is required to obtain complete reaction. As can be seen, 
the reaction proceeds slowly even at 60'. This may be due in part 
to the low solubility of biotin in the reaction medium. Care should 
be taken that the temperature of the water bath be controlled at 


1 Obtainab!e from Matheson, Coleman & Bell. 
2 Hoffmann-La Roche, Inc., Nutley, N. J. 
3 Norit, American Norit Co., Iiic., Jacksonville, Fla. 32208 
4 A Beckman DU spectrophotometer was employed for all absorbance 


measurements which were carried out in 5-cm. silica cells. 
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Table II-Comparative Recovery of &Biotin from a 1 % Premix 


Figure 1-Reaction time at 60". 


--,-- 
40 


W- 


T 


50 
-T 


60 


60" since higher temperatures may result in a loss of iodine and 
consequently low results. 


Considering biotin as a compound in the general class of 'S, 


the two possible oxidation reactions that could occur would pro- 
duce either the sulfoxide or the sulfone if exact stoichiometry is 
assumed as shown in Eq. 1 or Eq. 2. The biotin moiety may be 
shown as R S  for simplicity 


5RzS + 2103- + 2H+ -+ 5R2SO + 1% + HzO 


R 


R1' 


(sulfoxide) 
(Eq. 1) 


or 


5R2S + 4103- + 4H+ -+ 5RzSO2 + 212 + 2Hz0 (sulfone) 
(Eq. 2) 


Stoichiometrically either Eq. 1 or Eq. 2 could be occurring. Ex- 
perimentally it was found that 1 mmole of biotin yielded 0.35 mmole 
of iodine indicating that Eq. 2, yielding the sulfone was the major 
oxidation reaction. The results are reproducible and quantitative. 
Recovery data of known samples, analyzed by the proposed pro- 
cedure, was 98 i 1 %. 


Six replicates of a dicalcium phosphate preparation, containing 
11 mg. of biotin per gram, gave a mean of 10.82 mg./g. with a 
relative S D  from the mean of 0.24 mg. The precision (ts:95% 
confidence limit) was 3Z0.62 (Table I). Data obtained, comparing the 
colorimetric method with the microbiological method, on fourteen 
different samples of premix is presented in Table 11. 


Table I"-Biotin Replicate Data from a 
Representative Premix 


Trials 
Assay, 
mg./g. 


1 10.48 
2 10.92 
3 10.95 
4 10.55 
5 11.04 
6 10.97 


Mean 10.82 
SD dz0.24 
Precision ( 2 ~ 9 5 %  confidence limit), f O .  62 


a Theoretical concentration: 1 1  .O mg./g. 


~ ~ - 


Colorimetric Micro biological 
Sample No. Method, % Method, x (12) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13  
14 


1.02 
1.02 
0.92 
1.08 
1.04 
1.04 
1.12 
1.12 
0.98 
1.02 
0.92 
1.08 
1.05 
1.07 


1.04 
1.10 
1.17 
1.16 
1.19 
1.13 
1.13 
1.13 
1.12 
1.09 
1 .oo 
1.04 
1.03 
1.12 


It should be noted that the method is relatively nonspecific and 
probably would not be stability-indicating. In addition, any com- 
pound susceptible to oxidation by potassium iodate in an acid 
medium (such as other sulfur-containing compounds as well as 1,2- 
diols) would interfere with the determination of biotin using this 
procedure and suitable separation steps such as ion exchange 
chromatography would be required. 


SUMMARY 


A colorimetric method has been developed for the determination 
of biotin in premixes with dicalcium phosphate. This procedure was 
found to be suitable for the analysis of biotin at a concentration of 
10 mg./g. The reaction consists in the oxidation of biotin, to the 
sulfone, with potassium iodate in an acid medium and the concur- 
rent reduction of iodate to iodine. The precision of the method 
(ts:95 % confidence limit) is 3Z5.72. 
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Calculations of Release Rates From Sustained-Release 
Dosage Forms Using the Wiley Method 


SANFORD BOLTON 


Abstract In the Wiley method for determining release rates from 
sustained-release formulations, typically, each hourly sample is 
assayed. If release specifications include intervals of more than 1 hr., 
a method is presented by which samples can be combined in a 
manner such that it is not necessary to assay each hourly sample. 
In cases where the assay is tedious or difficult, or in cases where 
multiple assays are necessary, this procedure may result in a sub- 
stantial saving of time. 


Keyphrases Release rates-sustained-release dosage forms 0 
Wiley method-release rate calculations 0 Sample combination- 
release rates 


Among the methods proposed and described in the 
literature for in vitro testing of release rates from sus- 
tained-release formulations are those which rely on 
hourly assay samples taken from a continuous extrac- 
tion solvent (1-6). One such procedure, in current use, 
was originally proposed by Wiley (1). The material to be 
assayed is packed in a specially designed column and 
100 ml. of simulated gastric fluid is circulated through 
the column by means of a pump. After each hour, 50 ml. 
of fluid is removed for assay and replaced with 50 ml. 
of simulated intestinal fluid. Thus, the ratio of intestinal 
to gastric fluid in the extracting solvent is increased 
with each succeeding hour. Since the calculation of total 
amount released during a given hourly interval is 
dependent on the assay of the previous hourly sample, 
(vide infru), release rates are generally calculated for 
each hour. This paper is concerned with a method by 
which release rates can be determined over intervals of 
more than 1 hr. without assaying each and every 
individual hourly sample. 


METHOD AND THEORY 


If the method, as described above is used, the calculation for drug 
released during hour (n - 1)  to ( n )  is Cn = A, - ' 1 2  A,-I, where 
A ,  = assay of total active ingredient per 100 ml. of solution after 
hour (n). 


1 Since only 50 of 100 ml. of solution are taken for assay, the total 
amount of active ingredient in the sample, A,, will be twice the amount 
found in the 50 ml. 


Example 1 : 


Hr. C n  A,  
1 c1 = 10 Ci = 10 = A1 
2 
3 


Cz = 31 
c3 = 12 


Cz + '/2 A1 = 36 = .42 


Cs + ' / z  A2 = 30 = A3 


e.g., C3 = AS - Az = 30 - 1 / 2  (36) = 12 
Suppose that one is not interested in the quantity released each 


and every hour, but, rather, between certain specified hours, e.g., 
between Hours 1 and 3. The question is: is it necessary to assay the 
samples obtained during the intermittent hours, e.g., Hour 2, in 
order to calculate the total amount released during, e.g., Hours 2 
and 3 ?  Remember that the fluid must still be changed every hour. 


If hourly samples are properly combined, it is not necessary to 
separately assay the samples from intermittent hours. Consider 
Example 1. If 25 ml. of the Hour 2 sample is combined with 50 ml. 
of the Hour 3 sample and assayed, the total calculated amount of 
active material released will be (C ,  + liZ A?) + ( l i 2  A?) = CI + CZ + 


Cl. Thus, with a knowledge of Cl, C3 + C2 may be calculated.2 
In general, the solution to the problem is not as simple as in the 


above example. Fortunately, there exists a rather straightforward 
solution to the problem of mixing samples and the calculation of 
the amount released between specified hours as follows : 


Indicate hours at which time release limits are specified, e.g., 
1 ,  3, 6, and 7 hr., i.e., one wishes to know the amount released after 
1 hr., amount released between 1 and 3 hr., between 4 and 6 hr., 
and 6 and 7 hr. These hours would be called (1, 3, 6, 7) assay 
hours for convenience. 


When hourly samples are combined, the samples collected at 
assay hours will never be combined with each other. Save all hourly 
samples (50 ml. in the present case) in numerical order and combine 
as follows : 


To each assay hour sample, first add one-half the quantity of the 
previous hourly samples until another assay hour sample is reached. 
Ignore this sample and then proceed to add one-fourth the quantity 
of the next prior hourly samples until another assay hour sample is 
reached. Then add one-eighth of the prior samples, erc. Note that 
the fraction of samples added decreases in integral powers of ( '12)  


and that if two successive assay hours are encountered, the addi- 
tion of the prior samples is decreased by one-half for each assay 
hour encountered. 


The following two examples should clarify the above procedure. 
H, refers to the solutions removed for assay after hour 01). 


2 For this and subsequent calculations, when samples are combined, 
the combined sample is treated as having a volume of 50 ml. Thus, to 
calculate the total amount in 100 ml., the amount found in the combined 
sample should be multiplied by 2. For example, if 24 mg. is found in a 
combined 75-ml. sample, 48 mg./100 ml. is calculated. 
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Table I-Assay Hours are 1 ,  3 ,4 ,6 ,7  


mg. 
Combined Released Assaya 


Hour (Cn) (An) Combined Sample Sample Assay Calculations 


I 10 10 (1) 
I1 31 36 


111 12 30 (111) + '/z (11) 
Iv 33 48 (IV) + '/4 (11) 
V 16 40 


10 10 


48 
57 


48 - '/z (10) = 43 = Cz + Ca 
57 - ' / z  (48) = 33 = C4 


0 These are the results expected, if samples would be assayed each hour. 


Example 2: assay hours = 1, 3, 6,7. By definition, 


Example 3: assay hours = 1,2,4,  5,7. Thus, we must prove that Eq. 1 = Eq. 2. Eq. 1 may be written as: 


Hr. 
1 
2 
4 
5 
7 


Combination 
Anj + '/: Hi 


HZ 


n j  - 1 n j  


i = 1j 
The calculations are simple. Calculate the active ingredient in the 


combined sample for the assay hour in question, ignoring volume 
changes (to calculate combined sample assay, multiply the total 
amount found in the combined sample by two see Footnote 2). Sub- 
tract from this result one-half of the assay result observed in the next 
prior combined sample. The difference is the total amount released 


A,! + ' 1 2  [ c A i l  - ' / z  An- l  = c Xi = Eq.2. 
i = 1j 


Q.E.D. 


SUMMARY 


during the interval in question. In Example 2, the amount released 
during Hours 4 6  would be the combined assay in Hour 6 less one- 
half the combined assay in Hour 3. 


A fully worked out example appears in Table I (Example 4). 
Roof-One has assay samples, Ai, corresponding to Xi, the 


amount released during Hour i, such that Xi = Ai - i/z hi. 
Arrange all A consecutively and divided into intervals 4. Let nj 


represent the number of assay samples in intervalj, i.e., samples in 
intervalj are lj, 2j, 3j. . .nj. Thus, Anj represents the last sample in 
intervalj; Alk represents the first sample in interval k. 


Let Y j  be the combined assay sample from interval j ,  where 


The procedure described in the paper may be stated as: 


j nk-I  


1. 2 - - y .  9 - i/ 2 Yj-1 = Anj + c c (1 /2) j -k+lAib  - 
k = 1 f = l k  


An approach has been described wherein release rates for sus- 
tained-release formulations covering intervals greater than 1 hr. 
can be calculated without assaying each hourly sample when a 
continuous extraction method is employed. This method saves a 
substantial amount of time when the assay is laborious and/or 
multiple assays are required at each time interval. 
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Acospectoside A 11: The Structure of the Cardenolide Glycoside 


GOVIND J. KAPADIA 


Abstract The structure of acospectoside A, a new cardenolide 
bioside isolated from Acokuntheru ublungifuliu, was elucidated by 
studying the various hydrolysis products. Anhydroacovenosigenin 
A, acovenosigenin A, D-glucose, and L-acovenose resulted from 
mineral acid hydrolysis. Enzymatic hydrolysis furnished acoveno- 
sides A and B, acobioside A, and D-glucose. These and other re- 
sults showed that acospectoside A is 1-0-acetyl-acobioside A. 
The findings were confirmed by acetylating acospectoside A and 
acobioside A to yield the same hexa-0-acetyl-acobioside A which 
with mild alkaline hydrolysis afforded acospectoside A. 


Keyphrases 0 Acospectoside A-structure determination Hy- 
drolysis products, formation-acospectoside A structure deter- 
mination 0 Cardiotoxicity-acospectoside A 0 Cytotoxicity- 
acospectoside A 0 TLC-separation, identification 0 IR spectro- 
photometry-structure 0 NMR spectroscopy-structure 


In studies on the cardiac-active glycosides of Acokan- 
thera oblongijiolia (syn. Acokanthera spectabilis) (1, 2) 
the isolation of a new cardenolide glycoside, aco- 


spectoside A, was reported in addition to the known 
monosides acovenosides A (I) and B (11) and the bioside 
acobioside A (111 or IV). Evidence is now presented 
which proves acospectoside A to be 1-0-acetyl-acobio- 
side A, thereby leading to the structure V (or VI) for the 
glycoside. The point of attachment of D-glucose to 2’ or 
4’ of L-acovenose in the two biosides (111 or IV and V or 
VI) remains to be established (4). The evidence for the 
proposed structure V (or VI) of acospectoside A is as 
follows. 


PROCEDURES 


Hydrolysis of the isolated glycoside with hydrochloric acid 
afforded a crystalline compound which was identified as A14- 


anhydroacovenosigenin A (VIII). That this product was an artifact 
resulting from acid induced dehydration of’ the true genin, acoveno- 
sigenin A (VII), was apparent as the latter was actually identified 
by TLC in the mother liquors of VIII. The water-soluble fraction of 
the acid hydrolyzate was found by thin-layer and paper chroma- 
tograms to contain two sugars identified as D-glucose (IX) and L- 
acovenose (X) (see Scheme I). 


5’ 


CH, RO 


CH,OR 
111, R =  R =  H 


IIIa, R = R’ = Ac 
V , R = H , R ’ = A c  v 01’ VI 


*[Hc: 


+ 


\’I11 


+ + 


Me0 
_ -  I? 


Scheme I 
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Additional evidence for the assigned structure V (or VI) or 
acospectoside A was obtained by treatment of the glycoside with 
snail (Helix pomatia) enzyme. Thus it was shown chromatographi- 
cally that the aqueous hydrolyzate contained IX and that the 
chloroform-ethanol-soluble portion of the enzymic hydrolyzate 
contained a mixture of I11 (or 1V) and the monosides I and 11. 
The formation of I1 was significant in that it constituted a proof for 
the presence of a C-1 acetoxyl group in acospectoside A, suggesting 
that I11 (or IV) and I arise by reactions involving deacetylation at 
C-I. The reactions involved in the hydrolysis with the snail enzyme 
could be depicted as shown in Scheme 11. 


acospectoside A 


acovenoside B 
I1 


acobioside A j/ v(or vl) K 
acovenoside A k \ 


I 
Scheme II-Products of the hydrolysis of acospectoside A with 
Helix pomatia enzymes ( X  = deuctylution with Psteruse; Y = 


remoual of glucose wirh P-glucosiduse) 


I11 (or IV) 


In one course V (or VI) may be hydrolyzed to 111 (or IV) by the 
esterase which the snail enzyme is known to contain. Subsequent 
removal of a glucose molecule from 111 (or 1V) by the P-glucosidase 
component of the enzyme mixture would result in I. In another 
sequence glucose may first be split from V (or VI) to yield I1 which 
ultimately undergoes ester cleavage to furnish I. That the esterase 
and glucosidase reactions were both operative was demonstrated 
by subjecting I1 and 111 (or IV) separately to the action ofthe enzyme 
whereupon I was shown to result in each case. 


The presence of acetoxyl group in V (or VI) was completely 
supported by analysis (acetyl value determination) and by spectral 
data (IR and NMR). Its location and configuration follow from 
transformation to known compounds (uide supra) and from the 
observed difficulty of its saponification which might be expected 
for an axially bound acetoxyl group. Thus hexa-0-acetyl acobioside 
A (IIIa or IVa) (4), obtained as the same derivative from both V 
(or VI) and 111 (or IV), furnished V (or VI) upon mild saponification 
(which would only affect the sugar equatorial groups) using potas- 
sium bicarbonate (Scheme Ill) in the manner recommended by 


Me0 
'I1 


0 + H S 
R = R ' = H  P 


V KIICO, 


A c O  + C H N  


IIIR 
R = R ' = A c  7 R = H , R = A c  


Scheme I11 


Reichstein et a/. (6) for a parallel transformation, namely that of 
tri-0-acetyl acovenoside A to 11. 


Finally, the above transformations embody a proof for the 
identical mode of linkage of the sugars (IX and X) in both V (or VI) 
and I11 (or IV). Experiments are now being conducted in this 
laboratory to enable a decision between the two alternative struc- 
tures of acospectoside A and cmsequently those of acobiosiae A. 


The results of biological testing for cardiotoxicity in cats and 
cytotoxicity against KB (Table I )  are inclined to show that the C-1 
acetoxylated compounds are less active than the corresponding 
hydroxylated ones. It also appears that the monosides are more 
cytotoxic than the corresponding biosides. 


Table I-Cardiotoxicity and Cytotoxicity of the Acokunrhera 
oblongifolia Cardenolides 


Cardiotoxicity Cytotoxicity" 
Compound MLD, mg./kg. EDso, mcg./nil. 


Acovenoside A (I) 0.2357 (4, 7)b 0.031 
Acobioside A (IT1 or IV) 0.1535 (4) 0.15 


Acospectoside A (V or VI) 1.806 (1) 0.30 
Acovenoside B (11) 2.144 (7) 0.22 


a Cytotoxicity was determined by tests with cell cultures of human 
carcinoma of the nasopharynx (KB), and a compound is considered 
active if the EDsa (dose that inhibits growth of 50%,of control growth) 
is equal to 4 mcg./ml. or less. These data were provlded by the Cancer 
Chemotherapy National Service Center, and the results reported 
earlier (8). b Nhmbers in parentheses refer to references. 


EXPERIMENTAL 


Acid Hydrolysis of Acospectoside A (V or V1)-A mixture of 
acospectoside A (43.9 mg.) and 0.6 N hydrochloric acid acetone 
solution (8 ml.) was allowed to stand at room temperature for 14 
days. After dilution with water (10 ml.) and removal of the acetone 
(in uacuo), the aqueous concentrate was extracted with chloroform. 
The residue from the latter extract was washed thoroughly with 
petroleum ether (b.p. 30-60") then crystallized from acetone- 
petroleum ether to give 8.4 mg. of colorless crystals, m.p. 253-255 '. 
The compound was shown on silica gel G chromatoplates to be 
identical with A14-anhydroacovenosigeiiin A (VIII) ( 5 )  [Rj 0.44, 
0.28, 0.56, and 0.58 using the systems ethyl acetate*thanol(95:5), 
chloroform-tetrahydrofuran (3  : l), chloroform-ethanol (9 : I), and 
chloroform-dioxane (3 : l), respectively]. The IR spectrum (KBr) 
contained bands at 3400 cm.-' (OH), 1787 and 1755 cm.-' (with the 
1755 cm.-l stronger) (&-unsaturated y-lactone) (9) and 1632 
cm.-l (C=C) and was superimposable on that measured for 
authentic VIII. The NMR spectrum (60 mc., TMSICDCL) con- 
tained signals at 6 0.83 and 1.14 (C-18 and C-19 CHs, respectively), 
4.78 (C-21 CH,), and at 6 5.25 and 5.92 (vinyl protons on C-15 and 
C-22, respectively). 


Am/.-Calcd. for C23H3204: C ,  74.17; H. 8.66. Found: C,  74.63; 
H, 8.62. 


The crystallization mother liquors of VIII were shown on silica 
gel G chromatoplates to contain another product which was iden- 
tical with acovenosigenin A (VII) (5) (R ,  0.36, 0.17, 0.30, and 0.32 
using the same solvent systems given above. respectively). 


Identification of the Sugars-The aqueous layer remaining after 
chloroform extraction (above) was treated with silver carbonate 
(350 mg.), filtered then evaporated in cacito. The residue (14.4 mg.) 
was shown to comprise two sugars which were identified as D- 
glucose (IX) and L-acovenose (X) ( 5 )  by direct comparison on 
papergrams [Rf 0.69 and 0.84, 0.37 and 0.75, 0.13 and 0.59 and 
0.18 and 0.68 using systems ethyl acetate-pyridine-water (8 : 3 : 8), 
n-butanol-pyridine-water (9 :5 :8), rz-butanol-acetic acid-water 
(20: 1 :20), and n-butanol-ethanol-water (10: 1 :2), respectively] 
and on silica gel G chromatoplates [Rf 0.29 and 0.39 using system 
ethyl acetate-isopropanol-methanol ( 1  4 : 3 : I)];  aniline hydrogen 
phthalate was used as a spray reagent. 


Enzymatic Hydrolysis of Acospectoside A (V or V I t A  solution 
of acospectoside A (72 mg.) in acetate buffer (pH 5.4, 20 ml.) was 
treated with 72 mg. of snail enzyme preparation1 and a few drops 
of toluene and the mixture left for 5 days at 37". After extraction 
with chloroform-ethanol (7 : 3), the aqueous and organic layers of 
the hydrolyzate were evaporated and separately processed. The 
residue from the aqueous layer was shown by thin-layer and papei 
chromatography (using the solvent systems given above) to contain 
one sugar identified as glucose. The residue from the organic phase 
was crystallized from ethanol-ether to give 7 mg. of a product (m.p. 
248-258") identified as acobioside A (111 or IV) by direct com- 
parison [chromatographically (cf. Table II), mixed m.p. and IR 
spectra]; reported (4) m.p. 248-258". The mother liquors were 
evaporated and the residue crystallized from acetone-ether to give 
6.4 mg. of a compound with double m.p. 160-162" --f 229-232", 
which was identified as acovenoside A ( I )  by direct comparison 
[chromatographically (cf. Table 11), mixed m.p. and IR spectra] 


1 Helicase, a commercial product of Industrie Biologique Francaise 
S.A., Gennivilliers (Seine), France. 
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Table 11-Chromatographic Data on Monosides and Biosides Identified" in the Enzymatic Hydrolyzate of Acospectoside A 


Solvent system 
Chromatographic Acovenoside Acovenoside Acospectoside A Acobioside 


Matrix A B (unreacted) A 
- - 


Silica Gel G (TLC) 
Paper withb -35 HzO 
Paper equil. overnight 
Paper withb -35 % HzO 
Paper withb -35 % HzO 
Paper withb -35 HzO 


0.56 
0.25 
0.76 
0.92 
0.91 
0.93 


0.65 
0.52 
0.81 
0.95 
0.93 
0.95 


0.37 


0.60 
0.52 
0.55 
0.87 


- 
0.22 


0.56 
0.39 
0.43 
0.80 


- 


a Chromogen-I<edde reagent. b Procedure followed for the paper chromatographic technique is that reported by Reichstein e t  al. (10, 11). 


reported ( 5 )  m.p. 160-163" +. 23CL-232". The mother liquor re- 
maining from this compound was shown on thin-layer and paper 
chromatograms to contain, in addition to I, another product 
which was chromatographically identical to acovenoside B (11) (cf. 
Table 11). 


Enzymatic Conversion of Acobioside A ( In  or IV) and Acovenoside 
B (11) to Acovenoside A (ItAcobioside A and acovenoside B 
(1 mp. of each) were separately shaken in 0.5 ml. of acetate buffer 
(pH 5.4) and 0.5 ml. of water, respectively, containing snail enzyme 
(1 mg.) and a drop of toluene for 5 days at 37". After evaporation 
in uucuo the residue from each hydrolyzate was extracted with 
chloroform-ethanol (7 : 3 )  and the extract inspected chroma- 
tographically (cf Table 11). It was shown that acovenoside A (I) was 
a product in each experiment in addition to the unchanged starting 
compound. 


Hexa-0-acetyl acobioside A (IIIa or 1Va)-A solution of aco- 
bioside A (I11 or IV) (36 mg.) in pyridine (0.4 ml.) was treated with 
acetic anhydride (0.4 ml.) at 37" for 13 days. After the usual work-up 
the acetylated product (36.3 mg. of a resin) was percolated in chloro- 
form solution through a silicic acid (10 9.) column which afforded 
28.5 mg. of a colorless foam, [a]: = -54" (CHC13. This material, 
unamenable to crystallization, was chromatographically pure as 
shown on Silica Gel G plates [Rf  0.93, 0.47, 0.30, and 0.37 using 
solvents ethyl acetateethanol (7: 3), chloroform-ethanol (39 : l), 
chloroform-dioxane (83 : 17), and chloroform-tetrahydrofuran 
(3 :I), respectively] and spraying with Kedde's reagent. The IR spec- 
trum showed peaks at 3000,2890, and 1740 cm.? (C=O), 1625 cm.-1 
(C=C), 1372 and 1244-1210 cm.-1 (broad) (C-0 of acetate), 
1128, 1070, and 1040-1030 cm.-I (broad) (acetate), and 995 an-'. 
Reported (4) as colorless foam [a]? = - 56.1 (CHC13). 


Acetylation of acospectoside A (V or VI) and purification of the 
product as described above gave an acetate which was identical with 
hexa-0-acetyl acobioside A (above) as judged by direct comparison 
(Rj  values and IR spectra). 


Mild Saponification of 111 a (or 1Va)-A solution of hexa-0- 
acetyl acobioside A (IIIa or IVa, prepared from either sources, 
above) (440 mg.) in methanol (30 ml.) was treated with 30 ml. of a 
solution of potassium bicarbonate (0.6 g.) in water and the mixture 
left to stand at 37" for 9 days. The solution was reduced to half its 
volume in vacua then extracted with chloroform-ethanol (7:3). 
The residue from this extract afforded, upon crystallization from 
ethanol, a product (326 mg.) which was identical (mixed m.p., 
Rj values on thin-layer and paper chromatograms and IR spectra) 
with acospectoside A (V or VI) which was obtained from the natural 
source. 


In addition to previous data (including those reported in Refer- 
ence 1 )  regarding the constitution of acospectoside A, the following 
are given in evidence for the C-1 acetoxyl group: the IR spectrum 
(KBr) contained peaks at 1745 and 1240 cm.-l (acetate C=O and 
C-0, respectively) in addition to ones at 3430 cm.? (OH) and 
1724 cm.-l (lactone C=O). The NMR spectrum (60 mc., TMS/ 
CDC13) of the polytrimethylsilyl ether contained an acetyl group 


signal at 6 2.03 in addition to others at 6 0.90 and 0.98 (C-18 and 
C-19 CH?, respectively), 3.53 (OCHI), 4.94 (CHZ at C-21) and 5.92 
(vinyl proton on C-22). 


Anal.-Calcd. for C3~H5801b: C ,  60.46; H, 7.74; acetyl, 5.70. 
Found: C ,  60.67, 60.71; H, 7.97, 7.87; acetyl, 5.36. 
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Gas Chromatographic Determination of Water in Natural Products 
by Reaction with 2,2-Dimethoxypropane 


NOURI Y. MARY 


Abstract 0 The reaction between 2,2-dimethoxypropane and water 
to form acetone and methanol was applied to the determination of 
water in natural products by GLC. Water was extracted from the 
natural products with methanol and analyzed with a column of 30% 
tetrahydroxyethylethylenediamine on diatomite, using cyclohexane 
as an internal standard. Peak area ratios were used to calculate 
the water content. A linear relationship exists between the ratios 
of the observed peak areas of acetone to the internal standard and 
the actual weight ratios of water to the internal standard. The water 
content of 24 natural products representing a variety of plant parts 
was analyzed by GLC utilizing the above reaction. The results 
compare well with those obtained by gravimetric and azeotropic 
methods. The new method is simple, rapid, and has a very good 
precision and accuracy. A major advantage of the method i p  that 
water estimation can be carried out using a flame-ionization de- 
tector. 


Keyphrases 0 Water determination-natural products 0 2,2- 
Dimethoxypropane-water reaction-analysis method 0 GLC- 
analysis 


A wide variety of analytical methods are used in many 
fields for the determination of water. Ewing (1) has 
found more than 25 distinct methods for this purpose. 
Among the procedures which have been the subject of 
recent investigation, GLC has proved to be particularly 
well-suited for the analysis of water in different organic 
systems. The technique has been used by a number of 
investigators as a means of determining water in gases 
(2-4), mixed solvents (3, 5-8), pharmaceutical prepara- 
tions (9,10), foods (11-13), and cosmetics (14). Re- 
cently, this laboratory has described a gas-liquid 
chromatographic procedure for the determination of 
moisture in crude drugs and related natural products 
(15). In all of these methods, the water is determined 
directly after separation and elution from the chromato- 
graphic column. Because of the insensitivity of the 
flame-ionization detector to water, these direct methods 
have relied on the thermal conductivity detector. 


Indirect gas-liquid chromatographic methods have 
also been employed in the analysis of water in many 
systems. These methods are based on the quantitative 
conversion of water to some other substance which can 
be separated by gas chromatography and detected by 
the more sensitive flame-ionization detector. One such 
method involves the conversion of water to acetylene 
by reaction with calcium carbide and the subsequent 
separation and determination of the acetylene (16-1 8). 
Another approach is based upon the rapid and quantita- 
tive acid-catalyzed reaction between 2,2-dimethoxypro- 
pane (DMP) and water to form acetone and methanol; 
the acetone formed in the reaction is then determined 
by GLC. 


The DMP reaction was first reported by Erley (19) 
in 1957 as a means of removing water from nonvolatile 
samples intended for IR analysis. Critchfield and 


Bishop (20) applied the reaction to determine the water 
content of various solvents and inorganic hydrates by 
using IR absorption to measure the acetone formed. 
The use of the reaction for the determination of water 
by GLC was first suggested by Hager and Baker (21). 
Badinand et al. (22) and Martin and Knevel(23) studied 
the reaction and effected a quantitative gas-liquid 
chromatographic method for water determination in 
some organic solvents. No other report relating to the 
use of the DMP reaction in the gas-liquid chromato- 
graphic analysis of water in various systems has 
appeared in the literature. In a preliminary study (24), 
the author explored the applicability of the DMP reac- 
tion to the analysis of water in natural products. Al- 
though the results obtained proved promising, certain 
difficulties were encountered in the extraction pro- 
cedure, sampling technique, and choice of a suitable 
internal standard. The calculations which were in- 
volved were also tedious and time-consuming. The 
present paper outlines the details of a simple, specific, 
and rapid gas-liquid chromatographic procedure, based 
upon the use of the DMP reaction. The method does 
not suffer from the previously encountered problems 
and it has been found to be well suited for the de- 
termination of water in a variety of crude drugs and 
similar natural products. 


EXPERIMENTAL 


The natural products used in this work were obtained from a 
commercial source.1 


Gravimetric Method for Water DeterminatiowThe water con- 
tent of all the products, except caraway, cinnamon, clove, ginger, 
and peppermint, was determined by the NF XI1 procedure (25) for 
vegetable drugs containing no constituents volatile at 105". The 
water content of caraway, cinnamon, clove, ginger, and pepper- 
mint was determined by the NF XI1 procedure (25) for vegetable 
drugs containing ether-soluble constituents volatile at 105". 


Azeotropic Method for Water Determination-The toluene 
distillation method given in the USP XVII (26) was used in deter- 
mining the water content of all the natural products. 
Gas-Liquid Chromatographic Method for Water Determination 


Instrumentation-A gas chromatograph2 equipped with a hydrogen 
flame-ionization detector and a 0-1 mv. recorder3 with a chart speed 
of 2 in. fmin. and a 1-sec. full-scale response, was used throughout 
the experimental work. All samples were injected with a 10-pl. 
syringe. 


Column-The column used in this study was a stainless steel 
coil, 1.89 m. (6 ft.) long and 0.32 cm. (0.125 in.) 0.d. packed with 
30% tetrahydroxyethyl ethylenediamine on diatomaceous earth,6 
80-100 mesh.6 The packed column was conditioned at 100" for 48 
hr. before use. 


S.B. Penick and Co., New York, N. Y. 
2 Perkin-Elmer model 8 1 1. 
3 Speedomax G. 
4 Hamilton No. 701. 
6 Chromosorb W, Johns-Manville, New York, N. Y. 
6 Purchased from Perlun-Elmer, Nonvalk, Corn. 
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Figure I-TypicaI gas chromatogram obtained from the extract of 
the natural product (agar) after reaction with 2,2-dimethoxypropane. 
Key: I ,  cyclohexane (internal standard): 2, 2,2-dimethoxypropane; 
3, acetone; 4, methanol. 


- 
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Operating Conditions-The column temperature was 100". The 
sample injection port was maintained at 140" and the detector 
block at 160". Helium was used as the carrier gas, at a rate of 25-30 
ml./min. with an inlet pressure of 20 psig. Air and hydrogen inlet 
pressures were 56 and 46 psig., respectively. Three-microliter in- 
jections of all samples were used throughout. All determinations 
were made with an attenuation setting X2K. 


Reagents-The reagents used were methanol: methanesulfonic 
acid: 2,2-dimetho~ypropane,~ and cyclohexane. 


Standard Curue-A standard curve was prepared from a stock 
solution made by adding exactly 1.0 ml. of water to a 100-ml. 
volumetric flask and diluting to volume with methanol. Aliquots 
of exactly 2.5, 5.0, 7.5, 10.0, 12.5, and 15.0 ml. of the stock solu- 
tion were transferred to 25-ml. volumetric flasks and to each were 
added exactly 2.0 ml. of DMP, 5.0 ml. of freshly prepared 0.1 N 
methanolic methanesulfonic acid, and 0.50 ml. of the internal 
standard, cyclohexane. A blank was prepared at the same time with 
each set of analytical determinations. The flasks were shaken for a 
few minutes to insure completeness of the DMP reaction, and the 
contents diluted to volume with methanol. Sample solutions were 
chromatographed and the peak areas of acetone (formed in the 
reaction) and cyclohexane were measured by multiplying their peak 
height times their width at half height. A standard curve was 
then established by plotting the ratio of peak areas of acetone to 
cyclohexane against the weight" ratios of water to cyclohexane. 
A new stock solution and set of standards were prepared every day 
that extracts of natural products of unknown water quantity were 
analyzed. 


Extraction Procedure and Sample Preparation-Method A- 
Blender Extraction-A 10-g. sample of the natural product to be 
analyzed was transferred to a stainless steel blender l 2  fitted with air- 
tight screw cap and threaded sampling plug. One hundred milli- 
liters of methanol was added and the product was disintegrated for 


Spectro grade, Distillation Products Industries, Eastman Organic 
Chemicals Deuartment, Rochester, N. Y. * Practical grade, Distillation Products Industries, Eastman Organic 
Chemicals Department, Rochester, N. Y .  


9 Purissimum, Aldrich Chemical Co., Inc., Milwaukee, Wis. 
lo Chromatoquality, Matheson, Coleman & Bell, East Rutherford, 


N. J. 
Water and cyclohexane were measured by volume and converted 


to weight using specific gravity calculations, 
1 2  Waring Products Co., Winsted, Conn. 
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5 min. After blending, the mixture was allowed to settle for 1 min., 
and duplicate 10.0-ml. aliquots of the supernatant were transferred 
with a pipet to each of two 25-ml. volumetric flasks and treated in 
exactly the same manner as described in the above procedure for 
the standards. After diluting the sample solutions to volume with 
methanol, 3 pl. was injected into the gas chromatograph under 
conditions identical to those used for the standards. 


This procedure was used in the analysis of the water content 
of all the natural products included in this study. 


Method B-Reflux Extraction-A 10-g. sample of the plant 
materialwas heated for 1 hr. under reflux with 100.0 ml. of methanol. 
After cooling the mixture, duplicate 10.0-ml. aliquots of the clear 
supernatant were transferred quantitatively into 25-ml. volumetric 
flasks and analyzed in exactly the same manner as indicated above. 


This procedure was used in the analysis of the water content of 
pectin, belladonna, cinchona, and rauwolfia serpentina. 


Calculations-The amount of water in the natural product was 
determined by computing the acetone-cyclohexane peak area ratio 
from the chromatogram, obtaining the corresponding weight ratio 
of water-cyclohexane from the standard curve, and multiplying by 
the weight of cyclohexane. The value so obtained was then con- 
verted to percent moisture in the original natural product sample. 


Recovery Studies-To determine the recovery of water added to 
a natural product, five drugs containing different amounts of water 
were chosen for the recovery experiment. A 10%. sample of the 
powdered product was placed into the blender, the product was 
extracted with 100.0 ml. methanol to which an accurately known 
amount of water was added, and a 10.0-ml. aliquot of the extract 
was assayed as above to estimate the recovery of the added water. 


RESULTS 


Resolution of Products of the DMP Reaction-Figure 1 is a 
chromatogram of the reaction mixture given by the agar extract; 
it is typical of the type of chromatogram obtained from the DMP 
reaction mixtures. As seen in Fig. 1, acetone was well separated 


a 0.3,  / 


/ 


0 -  v ,  I I I 


0.1 0.2 0.3 0.4 0.5 
WEIGHT RATIO OF WATER TO CYCLOHEXANE 


Figure 2-Peak area ratio of acetone to cyclohexane as a function of 
weight ratio of water to cyclohexane. 







from both the excess DMP and the methanol as well as from the 
internal standard, cyclohexane. 


Relationship between Water Concentration and Acetone Arm- 
For accurate quantitative analysis, the internal standardization 
technique was used. The relationship between the weight ratios 
of water to the internal standard and the area ratios of the acetone 
produced in the DMP reaction to the internal standard was found 
to be linear for weights of water from 25.0 to 150.0 mg. (Fig. 2). 


Estimation of Water by Gravimetric, Azeotropic, and Gas-Liquid 
Chromatographic Methods-Comparison of assay results obtained 
from 24 natural products using the gravimetric, azeotropic, and 
gas-liquid chromatographic methods is given in Table I. The water 
content of the different products analyzed by the three methods 
was found to vary from as low as 4% for digitalis to as high as 
15% for agar. Table I also compares results of gas-liquid chromato- 
graphic analysis of extracts from five natural products prepared by 
blender and reffux extraction. The comparison shows that, for 
pectin, water is more completely removed from the product when 
reflux extraction is used. 


Quantitative Recovery of Added Water-The results obtained 
when accurately known amounts of water were added to five of the 
natural products chosen for this experiment, are presented in Table 
11. Recoveries on duplicate analyses are within AOSX for the five 
plant products analyzed. 


Reproducibility of Gas-Liquid Chromatographic Procedure-The 
reproducibility of the gas-liquid chromatographic method was estab- 
lished by examining a series of repeated analyses of the water 
content of seven natural products selected from the list in Table I. 
The results of these analyses are shown in Table 111. The figures 
indicate that the reproducibility of the chromatographic analysis is 
satisfactory. 


Table I-Comparative Results of Percent Water in Natural 
Products as Determined by Gravimetric, Azeotropic, and 
Gas-Liquid Chromatographic Methods 


_____ ~~~~~~~~~~~ ~~ ~ ~ 


-Method of Analysis-- -- GLcb--- 
Blender Reflux 


Gravi- Azeo- Extrac- Extrac- 
Natural Product metric" tropic" tion tion 


Roots and Rhizomes 
Gentian 
Ginger 
Ipecac 
Licorice 
Podophyllum 
Rauwolfia serpentina 


Cascara sagrada 
Cinchona 
Cinnamon 
Wild cherry 


Belladonna 
Digitalis 
Peppermint 
Senna 


Clove 
Caraway 


Areca 
Strophanthus 


Miscellaneous 
Agar 
Aloe (cape) 
Ergot 
Starch (corn) 
Pectin (lot No. 1) 
Pectin (lot No. 2) 


Barks 


Leaves 


Flowers and Fruits 


Seeds 


6.07 
6.84 
8.50 
7.50 
8.76 
7.78 


7.24 
7.32 
6.56 
6.24 


7.17 
4.21 
7.12 
7.08 


5.42 
5.34 


7.94 
5.57 


15.13 
5.00 
5.64 
8.57 


12.33 
9.61 


6.00 
6.50 
8.08 
7.28 
8.50 
7.45 


7.75 
7.15 
7 .00  
6.30 


6.70 
4.06 
7.18 
6.71 


5.44 
6.00 


7.17 
5.00 


14.00 
4.16 
5.03 
9.43 


13.97 
9.54 


6.81 
7.02 
8.66 
8.53 
8.60 
7.83 


8.41 
7.86 
8.34 
7.35 


6.88 
4.48 
8.21 
7.29 


5.88 
5.44 


8.22 
6.45 


14.73 
6.74 
6.37 
9.45 
7.35 
4.00 


Table 11-Recocrry Data" 


-Water. %--. 
Natural Product Added Recovered 


Caraway 6.00 5.50 
Digitalis 10.00 10.26 
Rauwolfia serpentina 7.50 7.28 
Starch 3.00 3.12 
Tragacanth 5.00 5.25 


Mean results of two estimations. 


DISCUSSION 


The flame-ionization detector is an extremely bensitive detector 
which responds to virtually all compounds with the exception of 
permanent inorganic gases, notably air, water. ammonia, and 
carbon disulfide (27). The great avantages of the flame-ionization 
detector have caused investigators to explore means to extend the 
applicability of this device to substances which normally respond 
very poorly. One of the most successful approaches has been to 
convert a poorly detectable substance to one which is readily 
detectable prior to the chromatographic process. The reaction of 
water with 2,2-dimethoxypropane is one such reaction. It is pract- 
ically instantaneous to form one mole of acetone and two moles of 
methanol (20). The equilibrium constant indicates that approxi- 
mately 9 6 z  of the water reacts with the reagent at 30" (19). Mild 
heating (19) or acid catalysis (20-23) may be necessary for the 
quantitative conversion of water in a reasonable length of time. 
Methanesulfonic acid was selected to catalyze the DMP reaction 
because it is a strong acid that is soluble in organic solvents and is 
commercially available as a high purity compound suitable for the 
purpose of this investigation. 


Water was extracted from the natural products by comminution 
of the drug with methanol in a blender. This procedure has been 
utilized, with good quantitative results, in the removal of water 
from a variety of food products and crude drugs (12-14). The 
water was measured by the proportional increase of the acetone 
formed in the DMP reaction. Water could have also been measured 
by the proportional decrease in the DMP area if the analytical 
procedure were designed toward that direction. The proportional 
increase in the area of the methanol ueak could also urovide the 
basis for water measurement, but in this-study, the poor shape of the 
methanol peak and the use of this solvent in the extraction of water 
from the natural products precluded such a consideration. 


The completeness of the DMP reaction was checked periodically 
by injecting into the gas chromatograph aliquots of both standard 
and unknown solutions immediately and after 24 hr. of standing. 
No increase in the amount of acetone formed could be found after 
this lapse of time. 


The column used was that employed by Martin and Knevel(23) 
in their analysis of water in organic solvents. This column was 
evaluated in preliminary studies in this laboratory (24) and was 
found to be satisfactory for the separation of the DMP reaction 
products as well as the internal standard, cyclohexane. It afforded 
symmetrical peaks of the desired compounds, low retention time, 
and good performance during several months of continued use. 
The analysis time for each sample was relatively short (5  min.). 


7.96 


7.50 


6.82 


Table 111-Reproducibility of the Gas-Liquid 
Chromatographic Analysis" 


No. of 
Natural Product Runs Water. 


Agar 4 14.65, 14.70, 14.76, 14.80 
Caraway 3 5.14, 5.38, 5.84 
Cascara sagrada 4 8.10, 8.42, 8.56, 8.57 
Cinchona 4 7.66, 7.71, 7.92, 8.15 
Licorice 3 8.32, 8.60, 8.68 


9 70 Rauwolfia serpentilia 3 7.69, 7.85, 7.94 
13.17 
_.-- 


Senna 2 7.17, 7.40 


Q Each value recorded represents the mean of six chromatographic 
a Each value is the average of two or more determinations. * Each 


value is the average of results obtained from six chromatographic 
injections, representing two or more extractions of the natural product. injections from two aliquots of an extract of the natural product. 
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Because of its accuracy, the internal standard technique was 
used. After a number of trials with other materials, cyclohexane 
was chosen as the internal standard because of its commercial 
availability as a chromatographically pure reagent and its ade- 
quate separation from the other compounds. It was found that, 
under the experimental conditions cited, a linear relationship 
exists between the ratios of the observed peak areas of acetone to the 
internal standard and the actual weight ratios of water to the in- 
ternal standard. The standard curves so established were checked 
and redetermined with every set of analytical estimations. The use 
of an internal standard greatly simplified the analytical procedure 
and calculations. 


The results of the water analyses of the natural products per- 
formed by the indirect gas-liquid chromatographic method are 
quantitatively in accord with those obtained by the gravimetric 
and azeotropic methods. The results are also in good agreement with 
those obtained previously from a direct gas-liquid chromatographic 
procedure developed in this laboratory (15,24). The precision of the 
chromatographic analysis is satisfactory; the maximum standard 
deviation found was 0.540. To determine the accuracy of the gas- 
liquid chromatographic procedure, known amounts of water were 
added to five different natural products of known water content. In 
all cases quantitative recoveries of the added water were obtained. 
The accuracy of the procedure can also be estimated by comparing 
the results with the values obtained by gravimetric and azeotropic 
analyses. 


In the course of analysis by GLC of the extracts prepared by 
blender extraction, it was noted that one of the products, pectin, 
gave values for water which were markedly lower than those given 
by the other two methods. When this product was refluxed with 
methanol for 1 hr. and the extract subsequently analyzed by GLC, 
results were obtained which were more in accord with those ob- 
tained with the other methods. Analysis of extracts prepared by 
refluxing other products with methanol in a manner similar to 
pectin, did not change the values obtained when such products 
were extracted with methanol in a blender. It appears, therefore, 
that some of the water in pectin exists in a bound form which is not 
available for extraction with methanol by disintegration in a blender 
but can be readily removed by a more rigorous extraction procedure 
in which the product is refluxed with the solvent for 1 hr. Some 
natural products in which the carbohydrate content is characteristi- 
cally high, are known to retain part of their water in a bound form 
(28). 


The results obtained in this study clearly demonstrate that the 
indirect gas-liquid chromatographic method is an effective method 
for the quantitative analysis of water in natural products. It is 
quite simple, rapid, sensitive, and has a very good precision and 
accuracy. A major advantage of the method is that it can make use 
of the extremely high sensitivity of the flame-ionization detector. 
The new method can be easily adapted to the analysis of water in 
other crude drugs, foods, biological materials, and similar products. 
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NOTES 


Antitumor Agents 11: Tulipinolide, a New Germacranolide 
Sesquiterpene, and Costunolide. Two Cytotoxic Substances 
from Liriodendron tulipifera L. 


RAYMOND W. DOSKOTCH and FAROUK S. EL-FERALY 


Abstract 0 An alcoholic extract of the root bark of L .  tulipifera 
which showed significant activity against the KB cell culture was 
systematically fractionated by solvent partitioning and column 
chromatography on silicic acid. Two active constituents, costunolide 
and a new germacranolide, tulipinolide, were isolated. Preliminary 
characterization of tulipinolide is described. 


Keyphrases Antitumor agents-Liriodendron tulipifera Tulip- 
inolide--isolation, identification Costunolide-isolation 0 
Column chromatography-separation 0 TLC-separation 0 
Mass spectroscopy-identification 0 NMR spectroscopy-identi- 
fication 0 UV spectrophotometry-identification 


As a result of a random screening of botanical sources 
for antitumor activity, it was found that the alcoholic 
extract of Liriodendron tulipifera L. (family Magnoli- 
aceae) showed a reproducible inhibitory activity 
against the cell culture (KB) of a human carcinoma of 
the nasopharynx. A systematic fractionation of the ex- 
tract resulted in the isolation of two cytotoxic germa- 
cranolide sesquiterpenes-the known compound cos- 
tunolide (I), and a new substance which has been named 
tulipinolide. 


I 


The fractionation procedure is summarized in Fig. 1 
and the cytotoxicity of the fractions is given in Table I. 
The powdered dried root bark of L. tulipifera was per- 
colated with ethanol and the residue partitioned be- 
tween chloroform and water. The active chloroform 
fraction was next partitioned between petroleum ether2 
and 10% aqueous methanol. Chromatography of the 
active 10% aqueous methanol residue on silicic acid 
gave, on the basis of dry weight analysis, five column 
fractions. The column was initially eluted with chloro- 
form to give the first two fractions and the third and 


1 The KB cell culture assay was performed under the auspices of the 
Cancer Chemotherapy National Service Center (CCNSC) according to 
the procedure described in Cancer Chemotherapy Rept., 25, l(1962). 


2 Skellysolve B, Skelly Oil Co. 


fourth fractions were obtained by eluting with 2 %  
methanol in chloroform. The final fraction resulted 
when the column was washed with methanol. 


The first active column fraction (F) yielded a crystal- 
line cytotoxic substance, costunolide (I) (1) identified by 
the physical constants and the examination of the IR, 
UV, NMR, and mass ~ p e c t r a . ~  An authentic sample of 


powdered root bark of 
Liriodendron tulipifera 


(2.0 kg.) 


percolation 
with ethanol 


ethanol residue 
A (410 8.) 


I 


partitioning 55 g. 
of residue between 
chloroform and water 


I 
aqueous extract chlorofollm extract 


residue residue 
B (8.3 g) C (43.7 g.) 


partitioning between 
petroleum ether and 
10% aqueous methanol 


I 1 


residue 
D (9.3 9.) 


i 
methanol extract petroleum ether extract 


residue 
E (33.1 8.) 


1 chromatography 
1 of 5.6 g. on 1 silicic acid 


column fractions 
I 
I ___ r I I I i 


1 
F G H I J 


lization 1 lization 


(1.02 8.) (2.34 g.) (1.13 g.) (0.65 g.) methanol 
wash 


crystal- 1 crystal- (0.60 g.) 


1 
F G H I J 


(1.02 8.) (2.34 g.) (1.13 g.) (0.65 g.) methanol 
I I wash 


crystal- i cgsg; 
lization 1 (0.60 g.) 


costunolide tulipinolide 
(0.31 g.) (1.71 9.) 


Figure 1-Flow diagram for the fractionation of an alcoliolic extract 
from L. tulipifera. 


3 The authors thank Dr. Rodger L. Foltz of Battelle Memorial Insti- 
tute for the mass spectral data which was obtained on an AEI MS-9 
double-focusing mass spectrometer. 
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costunolide was isolated from the root oil of the costus 
plant, Saussurea lappa Clarke (family C ~ m p o s i t a e ) ~  
based on the procedure given in this report for L. tutipi- 
fera. A direct comparison of the two compounds showed 
them to give the same IR spectrum, an undepressed 
mixture melting point, and the same mobility in the 
thin-layer chromatographic system. In addition, two 
derivatives, the dihydro- and the pyrazoline were pre- 
pared. The former gave physical constants in agreement 
with reported values and an IR spectrum identical to 
the published spectrum (1). The latter was prepared for 
the first time and was identical to the pyrazoline deriva- 
tive obtained from authentic costunolide. 


The column fraction G gave a second cytotoxic sub- 
stance, tulipinolide which analyzed for CI7H2*O4 (mol. 
wt. 290) and gave a saponification equivalent of 147 
suggesting two hydrolyzable functional groups. The IR 
spectrum showed at least two intense but not well- 
resolved carbonyl peaks at v,,,, 1,760 and 1,742 cm.-', 
a medium strength but broad band at 1,660 cm.-l, and 
a very intense and broad peak with a number of shoul- 
ders centered at 1,243 cm.-'. When the spectrum was 
taken in acetonitrile the carbonyl region was clearly re- 
solved into two peaks of almost equal intensity and 
eliminated the possibility of the presence of three bands. 
Since the IR spectrum of costunolide exhibited absorp- 
tion at vmaX. 1.760. 1,660, 1,295, and 1,250 cm.-', it 
appeared that tulipinolide also contained an a,@'-un- 
saturated-y-lactone function. The other two oxygens 
were ascribed to an acetate function and supported by 
the following evidence. 


The mass spectrum of tulipinolide exhibited a base 
peak at m,/e 43 (C2HaO). a very weak molecular ion peak 
at mle 290 (O.O14X), a somewhat stronger peak at mje 
248 (M-C2H20, 0.32 %), and the first sizeable high mass 
peak at m / e  230 (M-C2H402, 5.2%)-a fragmentation 
pattern typical of aliphatic acetates (2). Confirmation 
for the acetate function was made by the isolation of 
acetic acid as the p-chlorophenacyl derivative from the 
hydrolysis products of tulipinolide. 


The NMR spectrum of tulipinolide exhibited a pair 
of doublets at 6 6.34 and 5.84 (J about 3 and 1 cps.), 
typical for the two exocyclic methylene protons H, and 
Hb of aJ'-unsaturated-y-lactone group (3), and sug- 
gesting partial structure A. The broad multiplet cen- 


Hd 


2: Hb 


A 


tered at 6 3.08 (1H) was assigned to the H, proton; a 
sharp singlet at 6 2.08 (3H) was designated for the ace- 
tate methyl group, and two barely split (J - 1 cps.) 
peaks at 6 1.71 (3H) and 1.58 (3H) were due to two 
olefinic methyl groups. 


In the olefinic proton region and centered at 6 5.0 
were present a collection of peaks that integrated for 


The authors acknowledge a i t h  thanks the sample of costus root oil 
from Mr. Robert J. Eiserle of Fritrsche Brothers Inc., New York, N. Y .  


Table I-Cytotoxicity of Fractions from L. tulipifera 


ED:". 
Fraction mcg./ml. Fraction 


A 4.1 
B 100 
C 2.8 


G 
H 
I 


1 . 8  
4.8 
2.5 


D 30 J 30 
E 2.6 Costunolide 0.26 
F 0.21 Tulipinolide 0.46 


four protons. These were tentatively assigned to two 
vinyl protons, one proton on a carbon bearing an ace- 
tate and the Hd proton of the lactone. Costunolide 
showed a similar gathering of peaks at  6 4.8 but inte- 
grating for three protons. 


Of the seven double-bond equivalents necessary to 
satisfy the molecular formula, three are accounted for 
by the a,@'-unsaturated-y-lactone and one by the ace- 
tate. Two of the remaining three equivalents were con- 
sidered as due to two double bonds and the last was 
assumed to result from a carbocyclic ring. The close 
similarity of the NMR spectrum of tulipinolide to 
costunolide served as a basis for these assignments and 
the data is best accommodated by a germacranolide 
structure. 


The UV spectrum of tulipinolide consisted only of 
strong end absorption typical of other sesquiterpenes 
(3-5) possessing an unsaturated lactone and ruling out 
the possibility of a conjugated diene. The presence of 
the conjugated exocyclic methylene was confirmed by 
the preparation of a crystalline pyrazoline derivative (6) 
and by the formation of formaldehyde (isolated as the 
dimedone derivative) on ozonolysis. Further work on 
the structure of tulipinolide is in progress and will be 
reported at a later date. 


A thin-layer chromatographic system was developed 
for detecting the cytotoxic substances and was of value 
in following the column separation. Silica Gel G was 
the adsorbent and isopropyl ether-chloroform (4 : 1) 
was the solvent system. Zone detection was made by 
exposure of the plates to iodine vapor. Costunolide and 
tulipinolide had R, values of 0.53 and 0.37, respectively. 


A sample of trunk bark of L. tulipifera L. gave an 
alcoholic extract that was inactive against the K B  cells 
and when fractionated in the same manner as the root- 
bark extract yielded neither costunolide nor tulipinolide. 
It appears that the cytotoxic activity is not located 
throughout the entire plant but restricted to certain 
parts. 


EXPERIMENTAL5 


Plant Material-The root bark of Liriodendron tulipifera L. was 
collected in North Carolina in October of 1964 and 1965 and was 
provided through the courtesy of Dr. Robert E. Perdue, Jr., of the 


~~ ~~ ~ 


5 Melting points were determined with a Thomas-Hoover Unimelt 
capillary melting point apparatus and were uncorrected. The I R  spectra 
were obtained in chloroform on a Perkin-Elmer, model 237 spectro- 
photometer and the UV spectra were determined in ethanol on a Cary 
model 15 spectrophotometer. NMR spectra were recorded on a Varian 
A-60 instrument in deuterochloroform with tetramethylsilane as internal 
standard and chemical shifts reported in 6 (p.p.m.) units. Optical rota- 
tions were obtained on a Zeiss-Winkel polarimeter. Silica Gel G (Merck) 
was obtained from Brinkmann Instruments, Westbury, N. Y .  and silicic 
acid from Mallinckrodt Chemical Works, St. Louis, Mo. Skellysolve B 
is a petroleum ether fraction, b.p. 60-70". 
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U. S. Dept of Agriculture, Beltsville, Md., under the agreement with 
the CCNSC. The trunk bark was a gift from Dr. Jonathan Hartwell 
of the CCNSC. 


Extraction and Initial Fractionation-The powdered plant mate- 
rial (2.0 kg.) was extracted by percolation at room temperature with 
ethanol USP until the extract was almost colorless. Removal of the 
solvent by evaporation at reduced pressure and at 40" left a residue 
(A) of 410 g. A 55-g. sample of this residue was partitioned between 
500 ml. of water and four 500-ml. portions of chloroform. The com- 
bined chloroform extract left a residue (C)  of 43.7 g. when the sol- 
vent was removed at reduced pressure. The aqueous extract gave a 
residue (B) of 8.3 g. after freeze-drying. Partitioning of the active 
residue C between 500 ml. of 10% aqueous methanol and four 500- 
ml. portions of petroleum ether resulted in the activity concentrating 
in the aqueous methanol residue (E) which weighed 33.1 g. The 
petroleum ether residue (D) weighed 9.3 g. 


Adsorption Chromatography of the 10 % Aqueous Methanol Frac- 
tion (E+A chromatographic column, 2.5 X 42 cm. from 100 g. of 
silicic acid-diatomaceous earth6 (4:l) was poured as a slurry in 
chloroform. The adsorbant was activated at 120" for 1 hr. A 5.6-g. 
sample of the 10% aqueous methanol residue (E) dissolved in 25 
ml. of chloroform was passed into the column and elution was 
started with chloroform. Effluent fractions of 15 ml. were taken 
mechanically and residue weights determined after the column 
holdup was discarded. The eluting solvent was changed to 2 % meth- 
anol in chloroform after 43 effluent fractions were collected and an 
additional 47 fractions were taken. The remainder of the material 
on the column was removed by a wash with methanol. The column 
fractions were combined on the basis of the residue weight peaks 
giving a total of five pooled fractions, F (1.02 g.), G (2.34 g.), H 
(1.13 g.), I(0.65 g.), and J (0.60 g., methanol wash). The activity of 
the fractions is given in Table 1. 


Costunolide (I)-The fraction F (1.02 g.) was dissolved in about 
25 ml. of hot isopropyl ether and after filtering and cooling yielded 
almost colorless needles, m.p. 104-105". Recrystallization from hot 
absolute ethanol plus water to the point of slight turbidity gave 
colorless needles of costunolide (0.81 g.), m.p. 105-106", [aI2D9 + 
131' f l o  (c, 0.69% in chloroform). 


The IR spectrum possessed peaks at vmsx. 1,760 (a$'-unsaturated- 
y-lactone) and 1,670 cm.-i (olefinic double bond). The NMR spec- 
trum showed a pair of doublets at 6 6.23 and 5.56 (J - 3.5 cps.) for 
the exocyclic methylene protons of an a$'-unsaturated-y-lactone 
and a collection of peaks centered at 6 4.7 for two vinyl protons and 
one proton on a carbon bearing the lactone ether oxygen. Two 
olefinic methyl groups were present at 6 1.71 and 1.42, both showing 
broadening and slight splitting (J  - 1 cps.). 


A direct comparison of the isolated substance with costunolide 
isolated from costus root oil showed them to give the same IR 
spectrum and an undepressed mixture melting point. 


And-Calcd. for CljHZaO2 (mol. wt. 232): C, 77.55; H, 8.68. 
Found: C ,  77.02; H, 8.49. The molecular ion in the mass spectrum 
was found at m/e 232. 


Dihydrocostunolide-Costunolide (80 mg.) isolated from L. 
tidipifera was dissolved in 14 ml. of absolute ethanol and added to 
a mixture of 50 mg. of 5 %  Pd on charcoal in 10 ml. of absolute 
ethanol and presaturated with hydrogen. After one equivalent of 
hydrogen was absorbed, the rate of hydrogen uptake decreased and 
the reaction was stopped. Removal of the catalyst by filtration and 
evaporation of the solvent left an oil (80 mg.) which was further 
purified by- dissolving in ether and extracting with 1% aqueous 
sodium carbonate and water. The dried (Na2S04) ether phase on 
evaporation of the solvent left an oil which on repeated crystalliza- 
tion from petroleum ether gave the crystalline dihydrocostunolide 
(45 mg.), m.p. 77-78", [a]': + 111' 41 l o  (c, 1.87% in chloroform). 
The literature (1) values are m.p. 77-78", [ a ] D  + 113.6' (c, 0.3 % in 
chloroform). The IR spectrum was identical to the one reported for 
dihydrocostunolide (1). 


Pyrazoline Derivative of Costunolide-Costunolide (40 mg.) from 
L. tulipifera was dissolved in 5 ml. of ether and added to a 2-ml. 
ethereal solution of diazomethane (20 mg.). The diazomethane was 
prepared from N-nitroso-N-methyl-p-toluenes~lfonamide~ by the 
procedure of Vogel(7). The reaction solution was maintained at 5" 
for 3 days and the oil remaining after removal of the solvent crystal- 
lized from ether to give colorless needles, m.p. 154-155", [a]: + 


6 Celite 545, Johns-Manville Corp., New York, N. Y. 
i Diazald, obtained from Aldrich Chemical Co., Milwaukee, Wis. 


516" (c, 0.6% in chloroform). The UV spectrum showed a peak at 
A,,,. 350 m@ ( E  140) characteristic for the -N=N- group (8). 
The IR spectrum exhibited peaks at vmac. 1,670 and 1,570 cm.-1. 


Anal.-Calcd. for C16H22N202 (mol. wt. 274): C, 70.04; H, 8.08; 
N, 10.21. Found: C, 69.61; H, 8.68; N, 10.49. 


As expected, the same compound was obtained when costunolide 
from costus root oil was treated with diazomethane. Comparison 
was made by the IR spectrum and the mixture melting point. 


Isolation of Costunolide from Cosrus Roor Oil-The root oil (2.97 
g.) of Saussurea lappa was partitioned between 100 ml. of 10% 
aqueous methanol and four 100-ml. portions of petroleum ether. 
The aqueous methanol fraction (1 .O g.) was chromatographed on a 
50-g. silicic acid-diatomaceous earth (4 : I )  column (2.5 cm. diame- 
ter). Elution was with chloroform and 10-nil. effluent fractions were 
taken. The fractions containing R f  0.53 material by thin-layer 
chromatographic analysis were combined to give 0.11 g. of a pale 
green oil which crystallized from alcohol and water to give costuno- 
lide (56 mg.), m.p. 105-106", [a]'," + 127" =!= 1" (c, 0.513% in 
chloroform). The literature (1) values are m.p. 106-107", [ a ] ~  + 
128" (c, 0.45% in chloroform). The IR spectrum was identical to 
that reported for costunolide (1). 


Tulipinolide-The silicic acid column fraction G was crystallized 
first from isopropyl ether and then from absolute ethanol to give 
rhomboidal plates of tulipinolide (1.71 g.), m.p. 181" (d), [a12 + 
260" (c, 1.0% in benzene). The IR spectrumshowedmajor peaks at 
3,015, 2,965, 2,935, 2,865, 1,760, 1,742, 1,660, 1,450, 1,380, 1,243 
(very broad), 1,150, 1,050, 1,025, 998,964, and 894 cm.-l. The NMR 
spectrum exhibited a pair of doublets at 6 6.34 (1H) and 5.84 (1H) 
(J - 3.0 and 1.0 cps.), a collection of peaks centered at 6 5.0 (4H), 
a broad peak at 6 3.08 (IH), a sharp singlet at 6 2.08 (3H), two 
slightly split singlets at 6 1.71 (3H) and 1.58 (3H), with J N 1 cps., 
and an envelope of peaks centered at about 6 2.2 (6H). 


Anal.-Calcd. for C17HZ2O4 (M.W. 290): C, 70.34; H, 7.64. 
Found: C, 70.11; H, 7.59. The saponification equivalent was 147 
and the mass spectrum exhibited peaks at m/e 290 (intensity 
0.014%), 248 (0.32%), 230 (5.2%), and 43 (loo%, base peak). 


Alkaline Hydrolysis of Tulipinolide-Tulipinolide (0.45 g.) was 
added to 15 ml. of 0.54 N aqueous KOH and the mixture refluxed 
for 1 hr. The solution was filtered, cooled in ice, and neutralized 
with cold 1 N H2S04 using litmus paper as the indicator. The neu- 
tral solution deposited crystalline material which was collected, 
washed with water, and recrystallized from 20% aqueous ethanol, 
m.p. 178.5-179'. It was optically inactive and the NMR spectrum 
indicated it was a mixture. Consequently, it was not further investi- 
gated at this time. 


The filtrate from which the crystalline hydrolysis product was 
obtained was rendered distinctly acid with 1 N H2S04 and steam- 
distilled. The distillate was made neutral with 0.1 N NaOH, concen- 
trated to 1.5 ml. and treated with 0.2 g. of p-chlorophenacyl bro- 
mide and enough alcohol to dissolve it, After refluxing for 1 hr. on 
the steam bath and cooling, the, p-chlorophenacyl derivative, 170 
mg., crystallized. Recrystallization from aqueous ethanol gave a 
product, m.p. 70°, which showed no melting point depression when 
admixed with an authentic sample of p-chlorophenacyl acetate. The 
IR spectra of the two samples were superimposable. 


Pyrazoline Derivative of Tulipinolide-Tulipinolide (100 mg.) was 
dissolved in 100 ml. of ether and treated with 5 ml. of an ethereal 
solution of diazomethane (400 mg.) prepared from N-nitroso-N- 
methyl-p-toluenesulfonamide. After 1 day at 5" the solvent was 
evaporated and the product crystallized from ether (90 mg.), m.p. 
157-158" (d), [a]*< + 605.7" (c, 1.04% in chloroform). The UV and 
the IR spectrum showed peaks at A,,,. 351 m@ (e 140) and vmex. 
1,670 and 1,570 crn-1, respectively. 


Anal.-Calcd. for C&24N204 (M.W. 332): C, 65.04; H, 7.28; 
N, 8.43. Found: C ,  64.78; H, 7.23; N, 8.65. 


Ozonolysis of Tulipinolide-Tulipinolide (67 mg.) was dissolved 
in 45 ml. of glacial acetic acid and treated with an excess of ozone. 
The reaction mixture was steam-distilled and the distillate collected 
in a flask containing 20 ml. of a cold saturated aqueous solution of 
dimedone. The following day the precipitated dimedone derivative 
(31 mg.) was collected and recrystallized from aqueous ethanol to 
give fine needles, m.p. 183-185". A mixture melting point with an 
authentic sample of the dimedone derivative of formaldehyde was 
not depressed and the IR spectrum was the same for both. 


Thin-layer Chromatographic Procedure-Silica Gel G plates, 250 
p thick were spotted with the samples to be analyzed and developed 
with the solvent system of isopropyl ether-chloroform (4 : 1). Detec- 
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tion of the zones was made by placing the developed plates in a jar 
containing iodine crystals. Within 5 min. brown spots appeared. 
Costunolide and tulipinolide showed R f  values of 0.53 and 0.37, 
respectively. 
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Thin-Layer and Gas-Liquid Chromatography of Some Indanol 
Derivatives of Pharmaceutical Interest 


P. R. BHANDARI and H. WALKER 


Abstract 0 Various solvent systems and adsorbents used in the 
separation and identification of indanol derivatives in TLC have 
been reported. Quantitative estimation of the active principle in 
some pharmaceutical preparations by means of GLC are also in- 
cluded in this work. 


Keyphrases 0 Indanol derivatives-separation, identification 0 
TLC-separation, identification 0 UV light-chromatographic 
spot visualization 0 GLC-separation, identification 


Some of the indanol derivatives especially 7-chlor-4- 
hydroxyl indan and 4-hydroxy-l,5,7-trimethyl indan 
have distinguished themselves because of showing ex- 
cellent bactericidal, fungicidal, and amebicidal proper- 
ties in uitro as well as in uioo (1-4). These compounds 
can be prepared by a ring cyclization ( 5 )  reaction or by 
substituting the corresponding indan (6). For a quali- 
tative as well as a quantitative control of the purity of 
the starting materials and end products in the phar- 
maceutical specialties it was necessary to conduct some 


TLC and GLC experiments. Not much work (7, 8) 
has been done on indanols in comparison to the num- 
ber of publications on the chromatography of phenols. 
It was found worthwhile to include some of the related 
indan derivatives in the present investigations. 


EXPERIMENTAL 


Thin-layer Chromatography 


Adsorbents-Silica Gel G (Woelm TLC) and polyamide (Woelm 
TLC) were used. In either case the adsorbent was mixed with 
approximately 2 fluorescent indicator green before preparing 
the slurry. The plates can be used after drying them overnight at 
room temperature. 


Solvent Systems-(I) Water-saturated chloroform; (11) benzene- 
chloroform-absolute alcohol, 4: 1 : 1 ; (111) chloroform-absolute al- 
cohol, 97:3; (IV) benzene; (V) and carbon tetrachloride. 


Detection-Thin-layer plates should be dried after development 
and then viewed under UV light of 254 mp. The substances show up 
as dark spots against a greenish fluorescent background. In case 
the fluorescent indicator or a UV lamp is not available, the plates 
should be sprayed with an aqueous potassium permanganate (1 %) 
solution. Yellow spots against a violet-brown background indicate 
the position of various compounds. 


Table I-Chromatographic Data for the Indanol Derivatives 


R, Values 
with 


Polyamide 
in Solvent _---_ RI Values with Silica Gel G in Solvent Systems----- 


Substances I I1 I I I  I V  V System I 


4-Hydroxy indan 0.31 0.84 0.78 0.25 Start 0.74 
5-Hydroxy indan 0.22 0.82 0.72 0.18 Start 0.63 
7-Chlor-Chydroxy indan 0.28 0.78 0.72 0.23 Start 0.52 
5,7-Dichlor-4-hydroxy indan 0.69 0.89 0.91 0.63 0.31 0.84 
7-Chlor-4-hydroxy-indan-on( 1) 0.60 0.91 0.94 0.44 0.08 0.90 
5-Acetyl indan 0.60 0.92 0.94 0.34 0.05 Front 
5-Amino indan 0.79 Front 0.94 0.83 0.38 Front 
4-Hydroxy-l,5,7-trimethyl indan 0.59 0.89 0.85 0.44 0.07 0.87 
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Effects of 1,8-Dihydroxyanthraquinone on Different Segments 
of Rabbit Gastrointestinal Tract 


THEODORE H. EICKHOLT, NOLAN D. COURVILLE*, LAWRENCE J. DANNA", 
LYNN J. VERZWYVELT*, and GERALD P. WAGUESPACK* 


Abstract 0 Using an isolated muscle bath technique, five different 
segments of the rabbit gastrointestinal tract (duodenum, jejunum, 
ileum, ascending and descending colon) were used to record the effects 
of two doses of 1,s-dihydroxyanthraquinone (danthron). Transducer- 
recorded tracings were made of contractions per minute, interval 
between contractions, and amplitude of contractions. The results 
were evaluated and statistical tests among comparisons of the three 
parameters between the two drug doses and control values indicated 
the parameter of interval between contractions to be a statistically 
significant indication of activity. 


Keyphrases 0 1,s-Dihydroxyanthraquinone effect-gastrointestinal 
segments 0 Gastrointestinal segments, rabbit-1,s-dihydroxyan- 
thraquinone effect 0 Intestinal contractions-rate, interval, ampli- 
tude 


Many reports on the analysis, standardization, and 
mode of action of senna, sennosides, and anthra- 
quinones are in the literature (1-3). Cathartic pharma- 
cology has been the subject of reviews and has involved 
the parasympathetic system, however, the basic mecha- 
nisms of peristaltic activity remain undefined (4-6). 


Descriptions of clinical testing techniques, indications, 
contraindications, and side effects of cathartics are 
readily available (7-1 1). 


Likewise, many different animal techniques have 
been reported along with untoward effects of cathartics 
in animals (7, 12). Most animals have been utilized 
in cathartic testing; the mouse bioassay and the 
mouse Fiihner cathartic testing techniques are quite 
commonly used (13, 14). The monkey has been reported 
to be the most appropriate animal for in uivo cathartic 
testing (15, 16). 


Although it has been stated that the rabbit is re- 
fractive to anthraquinone cathartics (12) and the value 
of the in vitro intestinal segment testing technique of 
cathartics has been questioned (1 5), it was the purpose of 
this study to observe anthraquinone effects on different 
segments of rabbit gastrointestinal tract and statistically 
compare these with previously delineated standards 
(17) in an attempt to develop a technique for drug- 


effect studies. The most appropriate parameter of 
measurement and the preferential intestinal segment 
of the drugs effect were also objectives. 


EXPERIMENTAL 


Adult, albino rabbits were anesthetized with ether, and 2-3-cm 
segments of duodenum, jejunum, ileum, ascending and descending 
colon were expediently removed. The anesthesia was accomplished 
in the manner used in the previously delineated standards (17) in 
order to make conditions as identical as possible. As light a stage 
of surgical anesthesia as possible was used. The segments were 
individually maintained in oxygenated Tyrode's solution in the 
constant-temperature muscle bath at 38' prior to their actual place- 
ment in the isolated muscle bath chambers. The Tyrode's solution 
contained sodium chloride 0.8 %, potassium chloride 0.02%, cal- 
cium chloride 0.02%, magnesium chloride 0.01 %, sodium bicar- 
bonate 0.1 %, sodium diphosphate 0.005 %, and glucose 0.1 % in 
glass-distilled water. 


Tyrode's solution (15 ml.) was used to bathe the segment in the 
isolated muscle bath chamber ; temperature was maintained at 
38" and the preparation was oxygenated using an air flow slowly 
(2-3 bubbles/sec.) bubbled through the solution. The segment was 
attached to two muscle hooks, one stationary and one connected 
to a lever and a transducer (E & M Isotonic Myograph) so that the 
segment was completely submerged in the Tyrode's solution. 


The intestinal activity was recorded on a physiograph (E & M). 
A timer was an integral part of the recorder and paper speed was 
0.05 cm./sec. The only constant tension placed upon the segment 
was that of the weight of the movable armature (2.2g.) and of the 
lever which in turn was centered on its fulcrum and raised only 
until the attachment uia muscle hooks was tight enough to transfer 
the segment's movements to the transducer and recorder. Minimal 
stretching on relaxation was attempted to best approximate normal 
conditions. 


The myograph had amplitude and calibration controls and all pen 
deflections were equilibrated to the standard pen deflection dis- 
placements. 


The segments were allowed to acclimate to the muscle bath 
environment as in the previous study. Acclimation was determined 
by consistency and/or rhythmicity of contractions and was accom- 
plished within 20 min. or the segment was replaced. The light ether 
anesthesia did not appear to adversely affect acclimation and it was 
known from previous studies that once acclimation had been ob- 
tained it would continue for at least an hour with no apparent 
change. The preparation appeared quite stable. 


Following acclimation, normal intestinal activity for the different 
intestinal segments was recorded. Six different rabbits were used to 


Table I-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal 
Activity Obtained with 15 mg. 1,s-Dihydroxyanthraquinone 


Interval Between Amplitude 
Contractions, of Contractions, No. of 


Measurements Contractions/min. sec. mm. 


Duodenum 
Jejunum 
Ileum 
A. Colon 
D. Colon 


18 
18 _. 


18 
18 
18 


14.4 f 1.05 
1 2 . 4 4 ~  1.65 
9.8 f 2.04 
8.1 f 2.75" 
7.2 f 1.54 


1.9 f 0.3" 
2.5 f 0.4" 
3.2 f 0.6" 
4.5 f 2.9' 
4.4 f 0.9" 


0.73 f 0.36 
1.05 f 0.46" 


4.62 f 5.79 
1.51 f 1.63 


1.52 f 1 . 3 5 " ~ ~  


Significantly different from normal averages at p 0.05. Significantly different from 30-mg. dose average at p 0.05. 
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Table 11-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal 
Activity Obtained with 30 mg. 1 &Dihydroxyanthraquinone 


Interval Between Amplitude 
No. of Contractions, of Contractions, 


Measurements Contractions/min. sec. mm. 


Duodenum 18 15.2 1 1.41 I . 9  =t 0.2O 2.84 f 1.92 
Jejunum 18 13.4 31 0.90 2 . 3  & 0.2' 2.87 f 2.44 
Ileum 18 1 0 . 3 1  1.10 2 . 7  i 1.0" 7.04 i 2.06h 
A. Colon 18 7 . 7  =I= 1.55a 3 . 5  =I= 0.90 0.18 & 0.13 
D. Colon 18 6.4 + 1.69 4.3 + 1.24 0.35 f 0.22 


0 Significantly different from normal averages at p 0.05. * Significantly different from 15-mg. dose average at p 0.05. 


provide six different samples of duodenum, jejunum, ileum, ascend- 
ing and descending colon for each of the two doses of the anthra- 
quinone. 


The anthraquinone was 1,X-dihydroxyanthraquinone (Matheson, 
Coleman & Bell, 0x1440). The drug was dissolved in Tyrode's 
solution so as to provide 0.1 and 0.2x  concentrations providing 
15 and 30 mg./15 ml. in the isolated muscle bath chamber, re- 
spectively, for the low and high doses. Larger quantities of the drug 
were limited due to its poor solubility and there was a lack of mea- 
surable effects at lower doses. 


After normal activity had been established and recorded, the 
surrounding Tyrode's solution was drained from the muscle 
chamber and quickly replaced with the drug containing Tyrode's 
solution at one dosage and the effects recorded for a minimum 
of 15 min. to provide recordings from which the three separate 
measurements on each parameter were made. This was done for 
each of the six different samples of the five different segments and 
was completely repeated at the second dosage for six different 
samples of the five different segments. 


From each recording of each individual gut segment, amplitude 
of contractions, interval between contractions, and contractions 
per minute were measured. This procedure was identical to that 
reported earlier so as to be able to detect any quantitative changes 
in the type of contraction due to changes in strength or force (17). 
Speed of contraction and relaxation could change with no change 
in frequency. Three separate measurements of the three parameters 
above were made on each tracing providing an average of the three 
for that particular parameter of that single gut segment. These 
averages were in turn averaged for the six samples of each individual 
gut segment providing 18 actual measurements for the averages of 
the three parameters. 


Standard deviations were calculated; analysis of variance with 
F test and Scheffe's S method tests were made between combina- 
tions of treated and control intestinal segments. 


RESULTS 


Table I summarizes the averages and standard deviations of the 
amplitude of contractions, interval between contractions, and 
contractions per minute obtained with the low dose (15 mg.) of 
1 &dihydroxyanthraquinone. 


Table I1 summarizes the averages and standard deviations of the 
amplitude of contractions, interval between contractions, and con- 
tractions per minute obtained with the high dose (30 mg.) of 1,8- 
di hydroxyanthraquinone. 


Table I11 summarizes the averages and standard deviations of the 
amplitude of contractions, interval between contractions, and con- 
tractions per minute obtained with the normal untreated intestinal 
segments. 


Of the 45 possible comparisons of the three parameters between 
drug-treated and normal averages, 15 were significantly different 
statistically at p 0.05. 


All ten comparisons of the interval between contractions between 
both drug treatments and normal averages were significantly 
different statistically at the same probability level. Only the ileum 
eerms ileum amplitude of contractions comparison between the 
15 and 30-mg. doses was significantly different at this level. The 
remaining four significant comparisons were jejunum rersus 
jejunum and ileum uersus ileum amplitude of contractions compari- 
sons between the 15-mg. doses and normal averages and the A. 
colon eersus A. colon contractions per minute comparisons between 
both drug treatments and normal averages. 


SUMMARY AND CONCLUSIONS 


Five different segments of the rabbit intestinal tract, duodenum, 
jejunum, ileum, ascending and descending colon, were utilized in 
recording the activity of these segments in response to 15 and 30-mg. 
doses of 1,X-dihydroxyanthraquinone using an in aitro isolated 
muscle bath technique. 


Contractions per minute, interval between contractions, and 
amplitude of contractions were recorded, determined, averaged, 
standard deviations calculated, and analysis of variance with F 
test and Scheffe's S Method tests performed on segment combina- 
tions between the drug-treated and normal segments. 


Of the 45 comparisons of the three parameters between drug- 
treated and normal averages, 15 were significantly different statis- 
tically at p 0.05 and included all comparisons of interval between 
contractions between both drug treatments and normal averages. 


No segment was consistently involved in all cases. Only the low 
dose cersus the normal averages for the jejunum and ileum compari- 
sons of amplitude of contractions were statistically different. No 
statistically significant difference could be obtained for effects on 
adjacent segments. 


Comparing the actual figures (averages) of the three parameters 
for the five segments of the high dose and the normal averages, 
5 /5  values for interval between contractions for the high dose were 
less than the normal figures and all showed statistically significant 
differences. 


Comparing the actual values of the three parameters for the five 
segments of the low dose and the normal averages, 5/5 values for 
interval between contractions for the low dose were less than the 
normal figures and showed again statistically significant differences. 


The results from this iiz uitro study and their statistical compari- 
sons show the parameter of interval between contractions to be a 
statistically significant measurement of activity. This is in contrast 
to the original observation indicating statistically significant differ- 


Table 111-Summary of Averages and Standard Deviations of Measurements of Normal, 
Untreated Rabbit Intestinal Activity 


~~~~~~~~ 


Interval Between 
No. of Contractions, 


Measurements Contractions/min. SeC. 


Amplitude of 
Contractions, 


mm. 


Duodenum 
Jejunum 
Ileum 
A. Colon 
D. Colon 


21 
21 
21 
15 
15 


16.7 f 1.68 
12.4 =k 2.31 
10.5 =k 1.27 
2.1 f 0.83 
4.3 =!= 1.68 


3.9 =k 0.1 
5 .0  =!c 1 . 5  
6 .2  2~ 1.1 


15.0 =!Z 8.2 
13.4 & 5.0 


2.56 f 2.50 
6.53 1 3.46 
9.17 d= 0.68 
i . 6 8  f 0.57 
3.91 =k 2.38 


___ ~~~ 
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ences for all comparisons of contractions per minute and its po- 
tential in intestinal studies (17). The effect upon interval between 
contractions could be explained on the basis of increased contrac- 
tions per minute along with the observed decrease in amplitude of 
contractions. This would partially agree with earlier statements in- 
dicating strength, force, or possibly tone, but not amplitude of the 
contractions was increased (5). 


Comparisons of activity between the high and low doses on the 
three parameters indicate that the high dose is more effective but 
with only the ileum comparisons of amplitude of contractions 
statistically significant and with no other segment specifically in- 
dicating a preferential effect. 
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Reactivity of the Hydroxyl Groups in Selected 
Derivatives of Lincomycin 


W. E. HAMLIN 


Abstract0 Reactivity of the hydroxyl groups in tris-2,3,4-0-tri- 
methylsilyl lincomycin [(TMS)p-L], lincomycin-2,7-diacetate. HCI 
(L-Ac!) and 7-O-trityl-3,4-O-anisylidene lincomycin (TAL) as 
measured by the rate of acylation with valeric anhydride at room 
temperature was found to be in the order of 3-OH > 2-OH > 
7-OH > 4-OH with estimated half-lives of 8, 32 and 160 min., and 
23 hr., respectively. Gas chromatographic procedures were utilized 
to monitor the acylation of (TMS)3-L and L-Ac?. In the latter 
reaction silylation was necessary for measurement of unreacted 
starting material and the intermediate monovalerate. The acylation 
of TAL was monitored polarimetrically. 


Kegphrases 0 Lincomycin derivatives-hydroxyl groups, re- 
activity 0 Acylation rate-lincomycin derivatives Polarimetry- 
reaction monitoring 0 GLC-reaction monitoring 


A consideration of a molecular model of lincomycin 
indicates that the steric and electronic environment of 
the hydroxyl groups at Positions 2, 3, 4, and 7 (Fig. 
1) would differ and produce differences in reactivity. A 
knowledge of the relative reactivity of these hydroxyl 
groups can be useful in the synthesis of lincomycin de- 
rivatives. In order to  obtain the desired information, 
the rates of acylation of tris-2,3,4-0-trimethylsilyl 
lincomycin, lincomycin-2,7-diacetate HCl, and 7-0-  


trityl-3,4-O-anisylidene lincomycin by valeric anhydride 
in pyridine were determined at room temperature. The 
acylating agent was used in such excess (20: 1 mole 
ratio) that a pseudo-first-order reaction would apply. 


EXPERIMENTAL 


Acylation of Tris-O-2,3,4-trimethylsilyl Lincomycin [(TMSh-LI- 
This was an adaptation of a procedure for preparing lincomycin-7- 
acylates (1). To a solution of 1.428 g. of (TMS)a-L (0.0025 mole) 
in 10 ml. of dry pyridine was added 9.31 g. (0.05 mole) of valeric 
anhydride (VA) at time zero. The solution was thoroughly mixed 
after adjusting to 25 ml. with dry pyridine and stored at room tem- 
perature. Sample aliquots (2 PI.) were removed by syringe and in- 
jected into the gas chromatograph at designated time intervals. 


CHx 
y 3  


Figure 1-Structure of lincomycin. 
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Sulfur-Containing Derivatives of P-Phenethylamine: 
Dithiocarbamates and Thioureas 


WILLIAM 0. FOYE and JON C. ANDERSON 


Abstract 0 Ditliiocarbamate and thiourea derivatives of @-phen- 
ethylamine, p-4-aminophenethylamine, and their N-substituted 
derivatives have been synthesized. 1-Methyl-3-phenethylthiourea 
was found to lower blood pressure significantly in both hypertensive 
dogs and rats, and the dithiocarbamate of 8-phenethylamine showed 
hypotensive effects in the dog. Appreciable antifungal activity was 
also revealed for the latter compound. 


Keyphrases p-Phenethylamine, sulfur derivatives-synthesis 0 
IR spectrophotornetry-structure, identity 0 Pharmacological 
screening-D-phenethylamine derivatives Antimicrobial activity 
-p-phenethylamine derivatives 


Several dithiocarbamates, including disulfiram (l), 
diethyldithiocarbamate (2), and P-phenethyldithio- 
carbamate (3), have been found to be potent inhibitors 
of dopamine-P-hydroxylase both in vitro and in ciuo. 
This causes an accumulation of dopamine and in- 
sufficient production of norepinephrine in a number of 
tissues and gives rise to several distinct pharmacological 
effects. Some that have been observed are an increase in 
hexobarbital sleeping time in mice (4), maintenance of 
the conditioned avoidance response in rats (5 ) ,  and 
sedation (3) and diminished hypermotility in rats 
through CNS depression (4). 


The enzyme dopamine-P-hydroxylase is subject to 
relatively complete noncompetitive inhibition by a num- 
ber of common metal-binding agents, and evidence 
indicates it to be copper-containing (6). Although any 
metal-binding agent, theoretically, should inhibit the 
enzyme, those agents whose structures are related to 
the enzyme substrates, dopamine and tyramine, should 
function the most effectively in uivo. Of the dithio- 
carbamates investigated so far as in uivo inhibitors of 
this enzyme, P-phenethyldithiocarbamate has been 
stated to be the most potent (3). 


Accordingly, other dithiocarbamates which contain 
the P-phenethylamine structure have been prepared for 
pharmacological evaluation. In addition, several thio- 
ureas of this structure, which should also be inhibitors 
of a copper-containing enzyme, have been prepared. 
These sulfur-containing functions have been included 
on both the aliphatic nitrogen and the aromatic ring 
(Structure I). Antimicrobial activity was also investi- 
gated for these compounds. 


I II 
R'=H. NOL. KHCSL-. CH;NHCNH 


Both ammonium P-phenethyldithiocarbamate and 
6-phenethylammonium dithiocarbamate have been 
reported by Buck and Leonard (7). Their procedure 


failed for the preparation of the dithiocarbamate of 
4-nitro-P-phenethylamine, but the method of Fairfull 
and Peak (S), involving the formation of triethyl- 
ammonium salts of dithiocarbamates, was successful. 
This procedure was also used to prepare the dithio- 
carbamates of P-phenethylamine, 4-trifluoroacetamido- 
ethylaniline, and 4-methylsulfonamidoethylaniline, as 
well as the bis-(dithiocarbamate) of 4-amino-P-phen- 
ethylamine. IR absorption attributable to C=S in 
these compounds was found at 950-1000 and near 
1300 cm.-*. 


Thioureas were prepared by  reaction of the amines 
with methyl isothiocyanate, either in the presence or 
absence of a solvent. N-Methylthioureas were thus ob- 
tained using P-phenethylamine, 4-nitro-P-phenethyl- 
amine, 4-methylsulfonamidoethylaniline, and 4-tri- 
fluoroacetamidoethylaniline, along with the bis-(methyl- 
thiourea) of 4-amino-6-phenethylamine. In both the 
dithiocarbamate and thiourea series, it was therefore 
possible to obtain examples of sulfur-containing func- 
tions on both aliphatic and aromatic nitrogens, as well 
as the bis-substituted products. IR absorption due to 
C=S in the thioureas was found near 1000 and 1300 
em.-'. 


PHARMACOLOGICAL RESULTS 


Tests for blood pressure effects in unanesthetized neurogenic 
hypertensive dogs and in metacorticoid hypertensive rats were 
carried out.' 


Ammonium /3-phenethyldithiocarbamate produced a significant 
hypotensive effect in two dogs following administration of 40 mg./ 
kg. No effect on heart rate was observed. Reduction of systolic 
blood pressure in rats was not biosignificant. No significant effects 
on blood pressures or heart rates were observed in either dogs or 
rats with the bis-(dithiocarbamate) of 4-amino-0-phenethylamine 
or with the dithiocarbamate of 4-niethylsulfonamidoethylaniline. 
A significant reduction in heart rate with one of two dogs was ob- 
served with the dithiocarbamate of 4-trifluoroacetamidoethylani- 
line, however. 


1-Methyl-3-phenethylthiourea exhibited a significant lowering 
of blood pressure in one of two dogs following a dose of 2.0 mg./kg. 
A significant lowering of systolic blood pressure in 4 rats was pro- 
duced by a dose of SO mg./kg. of this compound. The methyl- 
thiourea of 4-trifluoroacetamidoethylaniline and the bis-(methyl- 
thiourea) of 4-amino-P-phenethylamine showed no significant 
effects on blood pressure. 


ANTIMICROBIAL ACTIVITY 


Tests for antimicrobial activity were carried out by the in citro 
serial dilution procedure; results are expressed in terms of the mini- 
mum inhibitory concentration (1/M) of compound for growth of 
the organism in a 24-hr. broth culture. Four organisms were selected 
which include Gram-positive and Gram-negative bacteria, a mold. 


~~~~ ~ ~~~~ ~ ~~~~~ ~~~~~~~~~~~~~~~ ~ 


Smith Kline & French Laboratories under the direction of Dr. 
J. Wilson. Results were made available through the courtesy of Dr. C. 
W. French. 
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Table I-Antimicrobial Activity 


Compound 


(3-Phenethylamine 
4-Amino-/3-p henethylamine 
4-Nitro-0-phenethylamine 
0-Phenethylammonium p- 


phenethyldithiocarbamate 
Triethylammon. 4-methylsufonamido- 


ethylphenyldithiocarbamate 
Triethylammon. 4-trifluoroacet- 


amidoethylphenyl dithiocarbamate 
Triethylammon. 4-amino-/3-phenethyl- 
amine-N,N'-bis-(carbodithioate) 


1-Methyl-3-phenethylthiourea 
l-Methy1-3-(4-nitrophenethyl)- 


thiourea 
l-Methyl-3-(4-methylsulfonamido- 


ethvlohenvlbthiourea 
l-Me~h~l-3-(4:trifluoroacetamido- 


N,N'-Bis-(N-methy1thiocarbamido)- 
ethylpheny1)-thiourea 


4-amino-P-phenethylamine 


~~~~~ ~ ~~~ 


- ~ _ _ _ _ _ _  Minimum Inhibiting Concn., 1/M -7 


S.  aureusa E. colia A.  nigerb C. albicansb 


>lo00 >lo00 >loo0 >lo00 
>lo00 >lo00 >lo00 >loo0 
>1000 >lo00 >1000 >lo00 


>1000 >10m 100000 1OOOOO 


2000 2000 20000 20000 
2000 2000 2oooo 2oooo 


2000 2000 2000 2000 
> 1000 >lo00 >loo0 > lo00 


2000 2000 2000 2000 


2000 2000 2000 2000 


2000 2000 2000 2000 


2000 2000 2000 2000 


= Determined in brain heart infusion broth after 24 hr. at 37". * Determined in Sabouraud's broth after 72 hr. at 25".  


and a yeast. Results are listed in Table I, and it can be seen that 
appreciable activity was found against A.  niger and C.  albicans 
with the dithiocarbamate of /3-phenethylamine. 


EXPERIMENTAL 


Analyses for carbon, hydrogen, and nitrogen were performed.2 
Sulfur analyses were done by the macro Parr bomb peroxide fusion 
method. Melting points were taken on a Mel-Temp block and are 
uncorrected. IR absorption spectra were obtained with a Perkin- 
Elmer model 137B spectrometer. 


Triethylammonium 0-Phenethyldithiocarbamate-To a cooled 
solution of 30 ml. (0.375 mole) of carbon disulfide and 50 mi. 
(0.375 mole) of triethylamine was added dropwise with stirring 3 
ml. (0.025 mole) of 0-phenethylamine. The mixture was stirred for 
3 hr., allowing the temperature to reach 25 '. The yellow product was 
collected, washed with ether, and dried in uacuo, giving a 93% yield; 
m.p. 68-69". IR(KBr)960(C=S), 1315(C=S) cm.?. 


Anal.-Calcd. for C1sH2eN2S2: C, 60.36; H, 8.78; N, 9.39. 
Found: C, 59.55; H, 8.35; N, 9.42. 


Triethylammonium p-4-Nitrophenethyldithiocarbamate-To a 
cooled solution of 60 mi. (0.75 mole) of carbon disulfide and 100 
mi. (0.75 mole) of triethylamine in 15 ml. of absolute ethanol was 
added dropwise with stirring, 8.30 g. (0.05 mole) of 4-nitro-P- 
phenethylamine (9). The mixture was stirred for 24 hr., allowing 
the temperature to reach 25 '. The yellow product was filtered, 
washed with absolute ether, and dried in uacuo, giving a 77% yield; 
m.p. 112-114". 


Anal.-Calcd. for Cl~H2,N,02S2: C, 52.50; H, 7.34; N, 12.23; 
S, 18.63. Found: C, 52.04; H, 7.04; N, 11.49; S, 19.30. 
N-Trifluoroacetyl-p-4-nitrophenethylamine-To a cooled solu- 


tion of 5 g. (0.03 mole) of 4-nitro-0-phenethylamine (9) in 40 ml. of 
benzene was added dropwise with stirring 6.7 g. (0.03 mole) of 
trifluoroacetic anhydride. A white precipitate appeared. The mix- 
ture was refluxed for 3 hr. and distilled under reduced pressure. 
The residue was washed with water and dilute hydrochloric acid, 
and recrystallized from ethanol, giving a 43% yield; m.p. 97-98'. 


Anal.-Calcd. for C1~H~FaN203: C, 45.81; H,  3.46; N, 10.68. 
Found: C, 46.07; H, 3.30; N, 10.46. 


4-Trifluoroacetamidoethylaniline-A solution of 2.0 g. (0.008 
mole) of N-triff uoroacetyl-&4-nitrophenethylamine in 15 ml. of 
tetrahydrofuran with 0.3 g. of 10% palladium-on-charcoal was 
hydrogenated at 2-3 atm. After the theoretical amount of hydrogen 
had been taken up, the catalyst was filtered, and the solvent was 
allowed to evaporate. The residue was washed with acetone, giving 
a 65% yield of white product, m.p. 83-86'. 


Anal.-Calcd. for C ~ U H I I F ~ N ~ O :  C, 51.72; H,  4.79; N, 12.06. 
Found: C, 51.60; H, 5.11; N, 12.11. 


Weiler and Strauss, Oxford, England. 


Triethylammonium 4-Trifluoroacetamidoethylphenyldithiocar- 
bamate-To a cooled solution of 6 ml. (0.075 mole) of carbon 
disulfide and 10 ml. (0.075 mole) of triethylamine was added drop- 
wise with stirring 1.16 g. (0.005 mole) of 4-trifluoroacetamido- 
ethylaniline in 15 ml. of absolute ethanol. The solution was stirred 
for 10 min., and a yellow solid precipitated. The suspension was 
stirred for 3 hr. at 25' and the solid was collected, washed with 
absolute ether, and dried in uacuo, giving a 50% yield; m.p. 203- 
205 O. IR(KBr)980(C=S), 1295(C=S)cm.?. 


Anal.-Calcd. for C17HZ6F3N30S2: C, 49.87; H, 6.40; N, 10.26. 
Found: C,  49.72; H, 6.10; N, 10.69. 
N-Methylsulfonyl-p-4-nitrophenethylamine-To a cooled solution 


of 3.3 g. (0.02 mole) of 4-nitro-/3-phenethylamine (9) in 25 mi. of 
benzene was added 1.67 mi. (0.022 mole) of methanesulfonyl 
chloride in 20 ml. of methylene chloride and 3 mi. of triethylamine 
in 20 ml. of methylene chloride. The solution was stirred for 15 
hr. at 25", was washed with N hydrochloric acid and water, and 
was distilled in oacuo. The residue was recrystallized from ethanol, 
giving a 63 % yield; m.p. 120-121'. 


Anal.-Calcd. for C9HI2N2O4S: C, 44.26; H, 4.95; N, 11.46. 
Found: C,44.46; H, 5.11; N, 11.73. 
4-Methylsulfonamidoethylaniline-A solution of 2.88 g. (0.012 


mole) of N-methylsulfonyl-~-4-nitrophenethylamine in 50 ml. of 
tetrahydrofuran with 0.6 g. of 10% palladium-on-charcoal was 
hydrogenated at 2-3 atm. After the theoretical amount of hydrogen 
had been taken up, the catalyst was filtered, and the solvent was 
allowed to evaporate. The residue was dried in uacuo, giving a 75 % 
yield of white product; m.p. 91-93'. 


Anal.-Calcd. for CgHl4N2OzS: C, 50.47; H, 6.59; N, 13.08. 
Found: C ,  50.69; H, 6.55; N, 12.95. 


Triethylammonium 4-Methylsulfonamidoethylphenyldithiocar- 
bamate-To a cooled solution of 6 ml. (0.075 mole) of carbon di- 
sulfide and 10 ml. (0.075 mole) of triethylamine was added dropwise 
with stirring 1.07 g. (0.005 mole) of 4-methylsulfonamidoethyl- 
aniline in 15 ml. of absolute ethanol. Precipitation of a yellow solid 
appeared, and the mixture was stirred at 25" for 3 hr. and allowed 
to stand for 12 hr. The solid was filtered, washed with absolute 
ether, and dried in uacuo giving a 92% yield; m.p. 95-97". IR- 
(KBr)975(C = S), 1315(C = S)crn.-l. 


Anal.-Calcd. for C, 49.11; H, 7.47; N, 10.73. 
Found: C, 49.46; H, 7.10; N, 10.52. 


Bis-(triethylammonium) @-4-Aminophenethylamine-N,N'-bis(car- 
bodithioate)-A solution of 1.36 g. (0.01 mole) of p-4-aminophen- 
ethylamine (Aldrich Chemical Co.) dissolved in 5 ml. of absolute 
ethanol was added dropwise with stirring to 12 ml. (0.15 mole) of 
carbon disulfide and 20 ml. (0.15 mole) of triethylamine at 0-5". A 
yellow solid appeared which gradually became gummy. Stirring was 
continued for 24 hr. at room temperature, and the crystalline solid 
was filtered, washed with absolute ethanol and ether, and dried 
in uacuo, giving an 80% yield; m.p. 86-88'. IR(KBr)950(C=S), 
1310(C= S)cm.-l. 
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Anal.-Calcd. for C22H42N4S4: C, 53.81; H,  8.62; N, 11.41. S, 
26.13. Found: C, 53.90; H, 8.45; N, 11.16; S, 26.35. 


1-Methyl-3-phenethylthiourea-To a cooled solution of 1.21 g. 
(0.01 mole) of P-phenethylamine in 5 ml. of ethanol was added 
0.73 g. (0.01 mole) of methyl isothiocyanate. After an evolution of 
heat, water was added dropwise to a lasting turbidity. The mixture 
was stored in the refrigerator overnight, and the precipitate was 
filtered, washed with ethanol, and air-dried, giving 69% of white 
product; m.p. 61-63". IR(Nujol)975(C=S), 1300(C= S)cm.-l. 


Anal.-Calcd. for CloHldN2S: C, 61.80; H, 7.26; N, 14.42. Found: 
C, 62.18; H,7.19; N, 14.15. 
l-Methy1-3-(4-nitrophenethyl)-thiourea-T0 a cooled solution of 


1.66 g. (0.01 mole) of 4-nitro-P-phenethylamine (9) in 5 ml. of 
ethanol was added slowly with stirring 0.73 g. (0.01 mole) of methyl 
isothiocyanate in 2 ml. of ethanol. The solution was refluxed for one 
hr., cooled, and stored in the refrigerator overnight. The white solid 
was collected, washed with ethanol, and air-dried; giving a 75% 
yield m.p. 79-82". 


And-Calcd. for CloH13N302S: C, 50.18; H, 5.48; N, 17.56. 
Found: C, 50.42; H, 5.48; N, 17.30. 


l-Methyl-3-(4-methylsulfonamidoethylphenyl)-thio~ea-A mix- 
ture of 0.530 g. (0.0025 mole) of 4-methylsulfonamidoethylani- 
line and 0.185 g. (0.0025 mole) of methyl isothiocyanate was heated 
on a steam bath until it became liquid. Absolute ethanol (10 ml.) was 
added, and the mixture was refluxed until it became homogeneous. 
After being cooled, the crystalline solid was collected, washed with 
ethanol, and dried in uacuo, giving an 83% yield; m.p. 179-181 '. 


Anal.-Calcd. for CllH17N302S2: C, 45.95; H,  5.96; N, 14.62. 
Found: C, 46.04; H, 5.92, N, 14.27. 
l-Methyl-3-(4-trifluoroacetamidoethylphenyl)-thiourea-A mix- 


ture of 1.16 g. (0.005 mole) of 4-trifluoroacetamidoethylaniline 
and 0.365 g. (0.005 mole) of methyl isothiocyanate in 10 ml. of 
ethanol was refluxed for 1 hr. The solution was cooled, and the white 
solid was collected, washed with ethanol, and dried in uacuo, giving 
an 86% yield; m.p. 167-170". 


And---Calcd. for Cl2Hl4F3N30S: C, 47.21; H, 4.62; N, 13.76. 
Found: C, 47.07; H, 4.90; N, 13.80. 


N,N' - Bis(N-methy1thiocarhamido)-p - 4 - aminophenethylamine- 
Methyl isothiocyanate (1.46 g., 0.02 mole) was added slowly to 


P-4-aminophenethylamine (1.36 g., 0.01 mole) (Aldrich Chemical 
Co.) with ice-cooling. After an evolution of heat, ethanol (25 ml.) 
was added, and the mixture was refluxed until a solution resulted. 
After being cooled, a white solid appeared which was collected, 
recrystallized from aqueous ethanol, and air-dried, giving an 80 
yield; m.p. 185-190". 


Found: C, 51.13; H, 6.55; N, 19.45. 
Anal.-Calcd. for C12HlgN&: C, 51.03; H, 6.42; N, 19.84. 


REFERENCES 


(1) M. Goldstein, B. Anagnosti, E. Lauber, and M. McKereghan, 
Life Sci., 3, 763(1964); J .  Musacchio, I. J. Kopin, and I. Snyder, 
ibid., 3, 769(1964). 


(2) A. Carlsson, M. Lindquist, K. Fuxe, and T. Hokfelt, J.  
Pharm. Pharmacol., 18, 60(1966). 


(3) J. Jonsson, H. Grobecker, and L.-M. Gunne, ibid., 19, 201 
(1967). 


(4) A. K. Pfeifer, E. Galambos, and L. Gyorgy, ibid., 18, 254 
(1966). 


(5) K. D. Krantz and L. S. Seiden, ibid., 20, 166(1968). 
(6) A L. Green, Biochim. Biophys. Acta, 81, 394(1964). 
(7) 5. S Buck and C S. Leonard, J.  Am. Chem. Soc., 53, 2688 


(8) A. E. S. Fairfull and D. A. Peak, J .  Chem. Soc., 1955,796. 
(9) P. Ehrlich and P. Pistschimuka, Ber., 45, 2428(1912). 


(1931). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 4, 1969 from the Department of Chemistry, Massa- 


Accepted for publication August 12, 1969. 
Presented to the Medicinal Chemistry Section, APHA Academy 


of Pharmaceutical Sciences, Montreal meeting, May 1969. 
Abstracted from a thesis submitted by J. C. Anderson to the 


Massachusetts College of Pharmacy in partial fulfillment of Ph.D. 
degree requirements. 


The authors express their appreciation to Smith Kline & 
French Laboratories for financial support. 


chusetts College of Pharmacy, Boston, MA 02115 


Biosynthesis of Rubrofusarin by Fusarium graminearum 


BRUCE H. MOCK* and JAMES E. ROBBERS 


Abstract 0 Using radioactively labeled acetate, evidence was 
obtained to support the hypothesis that the biosynthesis of rubro- 
fusarin proceeds through a polyketide chain intermediate. It was 
shown that labeled acetate when diluted with nonlabeled malonate, 
is preferentially incorporated into the terminal acetate starting 
unit of the polyketide chain. 


Keyphrases Fusarium gruminearum-rubrofunarin biosynthesis 0 
Acetate-malonate condensation-rubrofusarin formation 0 Rubro- 
fusarin, biosynthesis-polyketide chain intermediate 


Rubrofusarin is an orange-red pigment produced by 
the fungus, Fusarium graminearum Schwabe. This or- 
ganism is the imperfect stage of Cibberella zeae (Sch- 
weinitz) Petch, a common plant pathogen. Rubro- 
fusarin was first thought to  be a xanthone derivative, as 
reported by Ashley et a/. ( l ) ,  but was later discovered by 


Tanaka and Tamura (2) to be a derivative of 2-methyl- 
naphtho-y-pyrone. 


Several hypotheses can be proposed for the biosyn- 
thesis of rubrofusarin. One theory is that it is a product 
of a biosynthetic pathway involving shikimic acid and 
mevalonic acid, as are some of the anthraquinones 
found in higher plants (3). The most likely proposal, 
however, is that rubrofusarin is formed by an acetate- 
malonate condensation with the formation of a poly- 
ketide chain which cyclizes to give the tricyclic ring 
system (Scheme I). Shibata and Ikekawa (4) have shown 
that rugulosin, a fungal anthraquinone dimer, was bio- 
synthetically formed by the head-to-tail linkage of 14 
malonate units and two units of acetate with release of 
carbon dioxide from each malonate. In each of the 
tricyclic monomers one of the acetate units served as a 
terminal starting unit in building the polyketide chain. 
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Blood Levels of Oxime and Symptoms in Humans after Single and 
Multiple Oral Doses of 2-Pyridine Aldoxime Methochloride 


FREDERICK R. SIDELL, WILLIAM A. GROFF, and ROBERT I. ELLIN 


Abstract 0 Single and repeated doses of a commercially available 
tablet of 2-pyridine aldoxime methochloride (2-PAMCI) were given 
to volunteers. A single dose of 5 g. was required to produce a 
plasma level of 4 mcg./ml., and higher doses (to 9 g.) produced 
plasma levels up to 1 1  mcg./ml. However, there was much variation 
in blood levels among individuals receiving the same dose. Although 
it was possible to maintain blood levels of more than 4 mcg./ml. 
when the oxime was given in doses higher than 3 g. at 4-hr. intervals, 
all subjects who received multiple doses over 48 hr. had gastro- 
intestinal symptoms. The mean urinary excretion was 20-25z of 
the dose administered; the plasma t0 .5  was 2.7 hr. and the to.& for 
excretion into the urine was 2.4 hr. 


Keyphrases 0 2-Pyridine aldoxime methochloride (2-PAMC1)- 
oxime blood levels 0 Oxime levels-blood, urine 0 Pharmaco- 
logical effects-2-PAMCI 0 Biological half-life-2-PAMCI 0 Dose- 
response-2-PAMCI 


2-Pyridine aldoxime methochloride (2-PAMCl) is 
known to be a potent reactivator of cholinesterase 
(ChE) which has been inhibited by certain organo- 
phosphorus compounds; the oxime, therefore, has 
been widely accepted as part of the therapeutic arma- 
mentarium against poisoning by these compounds. 
Most studies and recommended doses are based on the 
intravenous use of the drug. Although 2-PAMCl is 
marketed in an oral preparation,' there are relatively 
few data showing rate of absorption and blood levels 
attainable after administration in this form to human 
subjects. 


This study was undertaken to provide data on blood 
levels of oxime that can be attained after a single oral 
dose of 2-PAMCI, blood levels that can be maintained 
by repeated oral doses, and man's tolerance to  these 
doses. 


SUBJECTS, MATERIALS, AND METHODS 


were restricted to the ward area, but those on the longer study were 
allowed to leave the ward. All subjects rested in bed for 10 min. 
preceding measurement of vital signs. Blood pressure and heart 
rate were measured twice during the evening before the test, 
three times in the morning before the drug was given, every 
hour thereafter for the single-dose group, and at the time blood 
was taken for the 48-hr. group. Venous blood for oxime analysis 
was withdrawn by the nursing staff at specified times. For the mul- 
tiple-dose group, this was immediately before each dose and during 
the daytime hours, at the midpoints between doses. 


Plasma from heparinized blood and urine were analyzed for 
oxime content by the method of Groff and Ellin (1). Plasma speci- 
mens were analyzed the day drawn; urine specimens, which were 
often refrigerated overnight, were analyzed the following day. 


The 2-PAMCI (Ayerst Laboratories, control No. E4323) was in 
the form of tablets, each containing 0.5 g. of the oxime. Each subject 
took the assigned number of tablets within 2 to 4 min. Midway 
through one phase of the multiple-dose study, 2-PAMCI tablets 
were not available, and from 2800 hr. (experimental time) onward 
the subjects received gelatin capsules containing 0.5 g. of crystal- 
line 2-PAMCl, which were prepared in this laboratory. This may 
have affected the results obtained after this time with Subjects 
J.B. and T.M. (2 g. every 4 hr.), T.Y. (4 g. every 6 hr.), and R.M. 
and C.P. ( 5  g. every 6 hr.). 


RESULTS 


Single-Dose GroupPlusma and Urine Oxinie Levels-Plasma 
levels of oxime are listed in Table I, and the average values for 
several doses are shown in Fig. 1. 


Within each dose group there was extreme variation in blood 
levels, presumably due to variation in rate of absorption and amount 
absorbed. For example, 30 min. after a 7-g. dose, one subject had a 
level of 3 mcg./ml. and another had a level of 10.5 mcg./ml. Three 
hours after the 7-g. dose, the range among the four subjects was 
3.6-5.7 mcg./ml., which was very close to the range for the 3-g. 
group (3.2-5.5 mcg./ml.). Also, the range at 2 hr. for the 7-g. group 
(4.5-6.0 mcg./kg.) was similar to that for the 5-g. group (4.0-7.5 
mcg./kg.). Results seemed more consistent at the two highest doses, 
but because it is impractical to administer 16 or 18 tablets-as a 


The subjects were U.S. Army enlisted men who volunteered for 
this study. They were found to be completely normal after stringent W l ; f / ( 5 !  


physical, mental, and laboratory examinations (including electro- 
cardiogram, chest X-ray, hemoglobin, total and differential white 
blood cell count, bilirubin urea nitrogen, serum glutamic oxal- 


tase) before they were accepted into this study. 2 a j//r acetic transaminase, lactic dehydrogenase, and alkaline phospha- 


The subjects were admitted to a special study ward the evening 2 
before the test. Those men who received only one dose received no 
food from 8 hr. before they were given 2-PAMC1 until 3 hr. after- 
wards; the subjects who received multiple doses ate meals at the 
usual times. To insure adequate urine output, both groups were 


2 
E 


\ '  
2 


1 1  


0 L-----~--'L.~-- -~ .---A 


encouraged to take fluids. The subjects on the single-dose study 0.5 1 2 3 4 5 6 
HOURS 


Figure 1-Plusmu levels of oxime after oral admittisrrution of 2.. 
1 Protopam tablets containing 0.5 g., Ayerst Laboratories, Inc., New pAMcL to Key: ( dose in grams. See Tab'e I for  InM equi- 


York, N. Y .  uulents. 
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Table I-Plasma Level of 2-PAMCI After Oral Administration to Humans 


I--- Oxime in Plasma, mcg./ml. F 


Dose, -- Time, hr. - Plasma, hr. Urinary, hr. 
Subject g.* 0030 0100 0200 0300 0400 0500 0600 f0.6 k f0.5 k 


J.F. 
R.Co. 
M.M. 
R.Cr. 


Av. 
L.D. 
R.F. 
E.D. 


Av. 
J.A. 
C.B. 
W.Ba. 
W.Bo. 
J.G. 
D.H. 
W.M. 
B.W. 
A.B. 


Av. 
R.L. 
D.H. 
J.I. 
R.M. 


Av. 
M.H. 
M.G. 
A.K. 
D.L. 


Av. 
D.B. 


J.A. 
Av. 


J.H. 
G.H. 


Av. 
Mean 


3 
3 
3 
3 


4 
4 
4 


5 
5 
5 
5 
5 
5 
5 
5 
5 


6 
6 
6 
6 


7 
7 
7 
7 


8 
8 


9 
9 


- 
3.6 
2.5 
2.8 
2.96 
1.45 
6.05 
2. I0 
3 .2  
3.4 
3 .O 
5 .O 
4.45 
3.4 
3.2 
4.2 
7 .0  
1 .8  
3.93 
8.9 
6.1 
3.6 
6 .9  
6.37 
3.3 
3.0 


10.5 
3 .3  
5.02 
7.1 
4.5 
5.8 
6 .7  
6.7 
6.7 


3.05 
3.6 
3.1 
3.1 
3.2 
2.85 
4.95 
2.55 
3.45 
3.4 
3.6 
4.6 
5.6 
7.8 
4 . 4  
5.0 


11.1 
2.6 
5.34 
7.0 
6.4 
4.7 
7.1 
6.3 
4 . 4  
4.6 
7.8 
3.9 
5.17 
7.1 
4.1 
5 .9  
8 . 9  
9 . 4  
9.15 


5.0 
4.0 
3.5 
4.4 
4.20 
4.45 
4.45 
4.55 
4.48 
4.0 
5 .1  
5 .2  
6.55 
7 .5  
4.7 
6.3 
7 . 3  
4.9 
5.72 
5.7 
6.4 
6.0 
5.3 
5.85 
5.6 
5.0 
6.0 
4.5 
5.27 
5 . 9  
5 .O 
5.45 
9.2 
7 . 9  
8.55 


5.50 
4.6 
3.2 
3.7 
4.2 
4.95 
4.10 
4.60 
4.55 
3.1 
5 .0  
5.1 
6 .4  
6 . 3  
4.1  
5.9  
5 . 5  
4.8 
5.13 
4 . 0  
6 . 3  
6.1 
3.8 
5.05 
4.9 
3 . 6  
5 . 7  
3.8 
4 .5  
5.7  
5 . 5  
5 .6  
8.1 
7.1 
7 .6  


4.50 
4.3 
3.2 
3.0 
3.7  
4.60 
3.20 
3.85 
3.88 
2.12 
4.5 
4.25 
5 . 5  
5 .4  
3.5 
4.6 
4.0 
4 . 4  
4.25 
3.1 
5.2 
4.2 
2.3 
3.7 
4 .4  
2.3 
4.8 
2.9 
3.6 
4.9 
4 .5  
4 .7  
5 .3  
4 . 5  
4 .9  


- 
3.4 
2.4 
2.3 
2.7 


2 .0  
2.35 
2.17 
1 . 6  
3.4 
2 .6  
3 .6  
4 . 4  
2 . 8  
3 .2  
2.8 
3 .2  
3.06 
2.1 
3 .5  
2.9 
1 .6  
2.52 
3.1 
1 . 5  
3.3 
2 .4  
2.57 
3.5 
3.2 
3.35 
3 .9  
3 . 7  
3 .8  


- 


- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


2 .1  
1.7 


1.9 
1 . 4  
2 .5  


- 


- 
- 


1.95 
2 .1  
1.1 
2 .1  
1.7 
1.75 
2.3 
2.1 
2.2 
3 . O  
2 . 6  
2.8 


b 
D 
h 


3.22 
- 
- 


3.25 
b 


- 


2.21 
b 
b 


b 


4.70 
4.05 
2.47 
1 .93< 


3.07 
2 . 1 9  
2.19 
1.86< 
1 . 8 2 ~  
2.00 
2.87 
1. 78c 
2 . 7 3 ~  
2 . 8 8 ~  
2.57 
3.30 
2.15 
2.73 
2.33 
2.6Y 
2.49 
2.66 


b 


- 
- 
- 


0.215 
- 
- 


0.213 
- 
- 


0.314 
- 
- 
- 


0.147 
0.171 
0.281 
0.359 


0.254 
0.322 
0.316 
0.373 
0.381 
0.348 
0.241 
0.389 
0.254 
0.241 
0.281 
0.21 
0.322 


0.297 
0.262 
0.280 
0.279 


- 


- 


- 
- 
- 


3.5 
- 
- 
- 
- 
- 
- 
- 


2.1 


2.7 
2.0 
2.9 


- 


- 
- 


2 .4  


2.8 
2.1 


2.45 
2.0 
2.1 
2.0 
2 .6  
2.2 
3 . 0  
2.2 
2 .6  
2 .6  
2 .0  
2 .3  
2.44 


- 


- 


- 
- 
- 


0.198 
- 
- 
- 
- 
- 
- 
- 


0.330 


0.257 
0.347 
0.239 


- 


- 
- 


0.293 


0.248 
0.33 


0.289 
0.347 
0.33 
0.347 
0.267 
0.323 
0.231 
0.315 
0.273 
0.267 
0.346 
0.307 
0.293 


- 


- 


a Doses in millimoles are: 3 g. = 17.35 mmoles; 4 g. = 23.12 rnmoles; 5 g. = 28.90 mmoles; 6 g. = 34.68 mmoles; 7 g. = 40.46 mmoles; 8 g. = 
46.24 mmoles; 9 g. = 52.02 mmoles. b Not significant at  0.01 level. c p<O.OOl 


therapeutic or prophylactic measure, few subjects were tested 
at  these doses. 


Oxime levels in urine were measured over either the 8- or 12-hr. 
period after oxime ingestion. Results (Table 11) show that about 20 
to 2 5 z  of the dose was excreted in the urine within this period, 
indicating that at  least this amount was absorbed. 


Side E#ects.-Symptoms were exhibited only by the four subjects 
receiving the highest doses. The two men receiving 9-g. and one 
(D.B.) receiving 8g. each had three episodes of diarrhea in the 5 hr. 
following ingestion of 2-PAMCl; the other man (J.A.) receiving 8 


2 4 6 8 10 12 16 20 24 26 28 30 32 34 36 40 44 48 50 52 56 
HQU RS 


Figure 2-Mean plasma oxime levels in subjects receiving 2-PA MCI 
orally through 48 hr. Key: A-A, 2 g. every 4 hr. ( N = 2 ) ;  -0, 
3 g. every 4 hr. (N=2) :  X-X, 5 g. ecery 4 hr. ( N = 2 ) .  t , one or 
both subjects received no oxime (see Table III).  (3) 4 one subject 
received only 3 g. (see Table III). 


g. had one diarrheal stool approximately 4 hr. after the 2-PAMCI. 
Physiological Measures.-There were no significant deviations 


from control values for heart rate or blood pressure. 
Multiple-Dose Group-Various regimens of dose and time of ad- 


ministration were used in an attempt to keep the blood level of oxime 
above 4 mcg./ml. without causing symptoms. A 48-hr. period 
was selected for the repeated dose study because (a) man probably 
would not have to take prophylactic oximes for a longer period; (b)  
the test period was not too long; and (c) the number of venipunc- 
tures required was not unreasonable. 


Plrrsrna Oxirne Levels-The results of the plasma analyses for 
oxime are given in Table I11 and Figs. 2 and 3. When oxime was given 
every 4 hr., Fig. 2, a blood level of at least 4 mcg./ml. was usually 
maintained. A 2-g. dose given at this interval produced levels above 4 
mcg./ml. during the first 24 hr., after which all values were above 
4 mcg./ml. Blood levels attained after 3-g. doses were usually 
above 4 mcg./ml. and those after 5 g. were even higher. However, 
symptoms (see below) increased with the higher doses. 


Given every 6 hr. (Fig. 3) 4 g. did not maintain the desired level. 
Five grams did, but also produced symptoms after the sixth dose. 


Side Effects-No man was asymptomatic. In the 2-g. dose group 
one subject (J.B.) reported anorexia and malaise the morning of the 
second day and the other (T.M.) had six diarrheal stools between 12 
and 48 hr after the first dose. Of the two subjects receiving 3 g. 
every 4 hr., one (R.K.) had nine episodes of diarrhea starting 30 hr. 
after the first dose and the other (F.S.) had seven diarrheal stools 
between 10.5 and 38 hr. For both subjects doses were withheld 
because of this (Table 111). One man (R.B.) who received 5 g. every 
4 hr. had nine episodes of diarrhea starting 10 hr. after the first dose. 
The other subject on this schedule (D.N.) began having diarrhea 
6 hr. after the first dose and was still having frequent loose bowel 
movements when he was discharged from the test ward. In addi- 
tion, he vomited twice between 36 and 48 hr. and had nausea there- 
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after. Doses were reduced or omitted several times in each man 
because of these symptoms. 


The man (T.Y.) who received 4 g. every 6 hr. had diarrhea 
throughout the test. One man (R.M.) who got 5 g. every 6 hr. had 
eight episodes of diarrhea starting at 25 hr. after the first dose and 
lasting until he was discharged from the ward; he also was nause- 
ated most of the second day. The other subject at this dose (C.P.) 
had anorexia, complained that he did not feel well the second morn- 
ing, was nauseated and had diarrhea starting about 48 hr. after the 
first dose. Although these symptoms were as severe as those in the 
other dose groups, it was decided to continue the dosage. 


Physiological Measures-No subject’s blood pressure or heart 
rate differed significantly from his control values. 


DOSE RESPONSE 


The relationship between the single dose administered and the 
maximal plasma level of oxime is significant, r = 0.54, ( p  < 0.01). 
The dose-response plot is shown in Fig. 4. 


BIOLOGICAL HALF-LIFE 


It has been demonstrated that the rate of decline of the blood 
level of a drug as a function of time often follows first-order ki- 
netics (2). 


The equation to define this can be expressed as 


C = Coe-kt 


or 
kt 


2.303 log c = log co - ~ 


where C = the concentration at time f, CO the concentration at zero 


3 6 9 12  18 24 27 30 33 36 42 48 5 1  54 58 
HOURS 


Figure %Mean plasnza oxime leuels in subjects receiving 2-PAMCI 
orally through 48 hr. Key: -, 4 g. every 6 hr. ( N =  I ) ;  - - - 5g. every 
6 hr. (N = 2). * ,5 g. given to all subjects at zero time. 


time or the intercept on the concentration axis, and k = the velocity 
constant characterizing drug elimination from the blood stream. 


Values of C and t were fitted into this regression equation by the 
method of least squares and where the correlation was significant 
( p  < 0.05) the half time was determined and k calculated. Results 
are shown in Table I. 


Figure 5 shows the calculated disappearance curves and the actual 
blood level data from which they were derived for several subjects. 


Table 11-Urinary Excretion of 2-PAMCI Administered Orally to Humansu 


URINARY HALF-TIMES 


In a similar manner the half time for elimination of a compound 
from the body and its appearance in the urine can be calculated. 


Dose 


Total 
of dose 


ED. 4 


Total 
of dose 


C.B. 5 


Total 
% of dose 


W.Bo. 5 


Total 
% of dose 


R.M. 6 


Total 
of dose 


D.L. 7 


RCo.  3 0300 351.0 
oi 


Total 
of dose 


obuu 0o.u 
0800 62.9 


715.1  
21 8 
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Table II--(continued) 
~~ ~ 


Dose, Time, Amount Excreted, Dose, Time, Amount Excreted, 
Subject g. hr. mg. % Subject g. hr. mg. z 


M.H. 


Total z of dose 
J.A. 


Total 
% of dose 


B.Wa. 


Total 
% of dose 


W.M. 


Total 
% of dose 


D.H. 


Total 
of dose 


R.L. 


Total 
of dose 


J.I. 


Total 
% of dose 


0230 
0300 
0500 
0800 


0200 
0430 
0500 
0700 
1100 
1 200 


0120 
0245 
0400 
0700 
0900 
1200 


0120 
0240 
0450 
0640 
0830 
0900 
1 200 


0100 
0200 
0300 
0500 
0800 


0145 
0300 
0530 
0800 


0200 
0300 
0500 
0800 


363.0 
132.0 
273.0 
127.6 
895.6 
12.8 


596.0 
453.6 
88.5 


239.2 
99.0 
65.0 


1541.3 
19.3 


434.6 
451.5 
267.0 
264.0 
89.6 
17.3 


1524.0 
30.5 


257.1 
401.5 
292.1 
258.5 
52.2 
17.2 
34.2 


1312.8 
26.3 


170.4 
387.0 
253.5 
331.5 
195.0 


1337.4 
26.7 


808.5 
488.8 
221 .o 
120.9 


1639.2 
27.3 


499.2 
246.0 
186.0 
141 .O 


1072.2 
17.9 


41 
56 
86 


100 


39 
68 
74 
90 
96 


100 


29 
59 
77 
94 
99 


100 


20 
51 
73 
93 
97 
98 


100 


13 
42 
61 
86 


100 


49 
79 
92 
99 


47 
70 
87 


100 


A.K. 7 0130 
0240 
0350 
0630 
o900 
lux) 


J.G. 5 0010 


Total x of dose 


0200 
0330 
0700 


Total 
% of dose 


D.H. 6 


Total x of dose 
G.H. 9 


Total 
of dose 


M.G. 7 


Total 
% of dose 


D.B. 8 


Total 
of dose 


J.H. 9 


0145 
0300 
0600 
0800 


0230 
0500 
0630 
0800 
1 100 
1200 


0145 
0300 
0530 
0800 


0230 
0400 
0745 
lo00 
1200 


0230 
0300 
0500 
0530 
0700 
1 200 


Total 
% of dose 


328.5 
367.5 
252.0 
246.0 
98.0 
56.3 


1348.3 
19.3 
0 


61.2 
440.7 
780.0 


1281.9 
25.6 


410.0 
487.6 
408.0 
106.0 


1411.6 
23.5 


943.2 
952.0 
171.1 
85.5 


124.5 
44.0 


2320.3 
25.8 


297.0 
190.0 
37.5 
81 . O  


605.5 
8.7 


434.0 
381.5 
347.2 
100.0 
40.0 


1302.7 
16.3 


336.0 
231.8 
148.4 
459.0 
210.0 
135.5 


1522.7 
16.9 


24 
51 
70 
88 
95 


1 00 


0 
5 


39 
100 


29 
64 
93 


100 


41 
82 
89 
93 
98 


100 


49 
80 
86 


100 


33 
62 
88 
96 


100 


22 
37 
47 
77 
90 
99 


(I Dose, g. 
3 
4 
5 
6 


Mean yo Excretion (total) 
2 6 . 0  
24 .3  
25 .3  
2 1 . 6  


The exact calculation using the above equation requires knowledge 
of the amount of drug entering tissues and the total magnitude of 
excretable drug, which are not known. These are not needed if the 
differential form of the first-order rate equation (3) is used: 


dC - k t  log- = __ + K  dt 2.303 


where K = log (-kc,,); C = the amount of unexcreted substance 
at time t ;  Co = the maximal amount of excretable material; and 
k = the specific velocity constant for elimination. 


A plot of the change in C for each interval of t when these inter- 
vals are reasonably equal produces a straight line. From the slope, 
the biological half-lives and velocity constants can be approximated. 
The mean half-life of 2.44 hr. and k of 0.29 compare favorably 
with corresponding plasma values of 2.66 hr. and 0.28. Table I 
gives values for to.& and k for some subjects. Considering the ap- 


Dose, g. Mean Z Excretion (total): 
I 13.1 
8 1 7 . 8  
9 2 1 . 4  


proximations used in the urinary calculations, this agreement is 
surprising. 


DISCUSSION 


A factor to be considered before administering oximes by the 
oral route is the variation in blood levels among individuals obtained 
by a given dose. This variation was quite marked in the single-dose 
group and, although less prominent, it was still significant in the 
repeated-dose group. When a definite blood level is needed, this 
variability will influence the dose required. 


There is a good (p < 0.01) correlation between dose and blood 
level (Fig. 4). However, there is enough variation among individuals 
to make it impossible to predict a blood level for a particular subject 
after a given dose. 


Half-time data presented here suggest that increasing the dose 
does not increase the half-time, which is consistent with first-order 
kinetics for elimination. This has been demonstrated for other 
drugs (2). 
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Table 111-Blood Levels of 2-PAMCI After Repeated Oral Doses 


7 Oxime in Blood, mcg./ml. 
< Experimental Time, hr. 7 


Subject 0200 0400 0600 0800 lo00 1200 1400 1600 1800 2000 2200 2400 


T.M. 
J.B. 


R.K. 
F.S. 


D.N. 
R.B. 


T.M. 
J.B. 


R.K. 
F.S. 


D.N. 
R.B. 


T.Y. 


R.M. 
C.P. 


T.Y. 


R.M. 
C.P 


2.4 
3 .0  


3.4 
3.1 


5.3 
5.4 


2600 


4.6 
5.4 


5.5 
5.6 


11.5 
9.1 


0300 


6.4d 


6.1 
6.4 


5200 


6.4 


7.0 
2.9 


3.6 
3.0 


2 .4  
5.3 


6.8 
5.6 


2800 


3 .2  
6 .2  


4.6 
5.9 


10.6 
8.3 


0600 


2.5 


3.6 
6.2 


5400 


2.8 


1.6 
4 .6  


4.6 
4.7 


4.7 
6.9 


8.2 
8.8 


3000 


4.1 
5.7 


4 .9  
5.9 


11.9 
8.4* 


0900 


4.0 


7.4 
8.3 


5800 


0.9 


1.3 
0 . 9  


2 . 3  
3.6 


4.3 
3.4 


5 . 3  
6.5 
3200 


2.5 
5 . 3  


2.6a 
3.40 


8.1 
5.1 
1200 


1.1 


2 . 1  
3 .6  


- 


- 
- 


2 g. every 4 hr. 
3.9 1.8 
4.4 4.5 - 


3 g. every 4 hr. 
5.6 3.8 4 . 4  
5 . 7  2.3a 1 . 2  


5 g. every 4 hr. 
8.5  4.Sb 7.2 
8 . 8  5.1 8.2 
3400 3600 4000 


2 g. every 4 hr. 
3.5 3.0 3.0 
6.2 6.9 5.5 


3 g. every 4 hr. 
1.5 0.8 3.5 
1 .6  0 .9  3 .3  


5 g. every 4 hr. 
9 . 8  9.0 7.7" 
6 .7  4.8b 5.4 
1800 2400 2600 


4 g. every 6 hr. 
1.6 4.3 5.6 


5 g. every 6 hr. 


- 


3.1 5.5 7.8 
6 . 3  6.0 8.7 


4 g. every 6 hr. 


5 g. every 6 hr. 


- - - 


- - - 
- - - 


1.5 
4 .9  


3.3 
0.6 


5.5 
6.6 


4400 


3.8 
5.1 


4.1 
3 . 4  


4.0 
6.8 


3000 


3.6 


3 . 1  
6 .2  


- 


- 
- 


- 
- 


5.1  
5.0 


10.4 
8.2 


480OC 


3.8 
6 . 6  


5.4" 
3 . P  


6.9" 
7 . P  


3300 


5.9 


6.6 
9.5 


- 


- 
- 


3.4  
5 . 5  


4.7 
3.4 


8.7 
6.8 
5000 


4.7 
7.1 


- 
- 


- 


3.3 
3600 


2.9 


3.2 
5.0 


- 


- 
- 


- 
- 


4.9  
6 .5  


10.9 
9 . 3  
5200 


4.1 
4.3 


2 .4  
1 . 4  


3.4 
1.1 


4200 


3.3 


3.9 
5.3 


- 


- 
- 


2.8 
3 .6  


5 .0  
5.2 


9 .4  
7.5 


5600 


1 . 3  
1.6 


0 .8  
0.2 


1.5 


48000 


2 .7  


4.6 
5.4a 


- 


- 


- 
- 


0 No oxime given at this time. b Dose reduced to 3 g. c Time of last dose. d First dose was 5 g. 


The half-times are longer than those previously reported by Kon- 
dritzer et al. (2.7 hr. terms 1.7 hr.) (4). It is suggested that this is 
because of the different preparation used. They used 2-PAM dis- 
solved in water, and this mixture may be absorbed more rapidly 
than the commercial tablets used in this study which have to be 
broken down in the gastrointestinal tract before they can be ab- 
sorbed. 


The blood levels of oxime necessary for therapy of anticholines- 
terase intoxication are unknown, although there is some evidence 
that 4 mcgJm1. might be considered the minimum useful level (5) .  
A factor that must be considered is the time after poisoning at which 
the oxime must be given; it would seem that in other than very mild 
poisoning, there would not be enough time for sufficient oxime 
to be absorbed and to reach the tissue sites in adequate amounts. 


Several investigators have given oximes prophylactically for 
anticholinesterase poisoning, but both gave atropine after the 
poisoning. Crook et al. (6) saved 14 dogs which received 5.5 to 9.4 
LCtS<s of sarin at a time their mean blood level of oxime was 6.76 
mcg./ml., but 18 others, with a mean oxime blood level of 5.03 
mcg./ml., died. All received 5 mg./kg. of atropine in 1 min. after 
exposure. Zvirblis and Kondritzer (7) found that oxime blood levels 
of 4and 8.1 mcg./ml. in rats increased the LDbo of sarin by factors of 
2 and 2.46 over the LD50 obtained when the animals were treated 
with 17 mg./kg. of atropine alone. Data on the prophylactic value ol' 
oximes alone are not available. 


The extent of symptoms produced in the repeated dose study, 
particularly by the lower doses, was unexpected. The exact cause is 
unknown, but since comparable blood levels of oxime resulting 
from intravenous administration do not cause symptoms, it is felt 
that the symptoms are due to a local effect of the oxime on the gas- 
trointestinal tract (perhaps pH change or direct irritation to the 
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6 
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- 
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Figure 4-Maximal plasma level of oxime after oral administration 
of 2-PAMCI. Key: @, one subject. Log y = 0.4 18 + 0.495 log x. 
r = 0.54. 
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Figure 5-Calculated disappearance curves and blood level data of 
plasma oxime levels in several subjects. 


mucosa) rather than to a systemic effect. This degree of side effects 
would probably preclude chronic administration. 


SUMMARY AND CONCLUSlONS 


Single and repeated doses of a commerciallq available tablet 
of 2-PAMCI were given to volunteers. Five grams was required 
to produce a plasma level of 4 mcg./ml. after a single dose, and 
higher single doses (to 9 g.) produced plasma levels up to 11 mcg./- 
ml. However, there was much variation in blood levels among indi- 
viduals receiving the same dose. Although it was possible to main- 
tain blood levels of more than 4 mcg./ml. when the oxime was 
given in doses higher than 3 g. at 4-hr. intervals. all subjects who 
received multiple doses over 48 hr. had gastrointestinal symptoms. 
The mean urinary excretion was 2&25% of the dose administered; 
the plasma t 0 . 5  was 2.7 hr. and the tO.5 for excretion into the urine 
was 2.4 hr. 
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Enhancement of Percutaneous Absorption by the Use of 
Volatile : Nonvolatile Systems as Vehicles 


M. F. COLDMAN, B. J. POULSEN, and T. HIGUCHI 


Abstract 0 Using in vitro techniques the penetration of 14C labeled 
fluminolone acetonide and its acetate ester through human skin 
at 37" has been examined with vehicle mixtures of isopropanol 
and isopropyl myristate or propylene glycol. Little penetration 
was found from either of the nonvolatile solvents. As the formula- 
tion was changed to include increasing amounts of volatile com- 
ponent, however, penetration could be increased up to 8 to 10 
times. Precipitation of steroid prevented greater increases. 


Keyphrases 0 Percutaneous absorption-enhancement 0 Volatile: 
nonvolatile vehicles-percutaneous absorption 0 Fluocinolone 
acetonide and fluocinolide, W-labeled-percutaneous absorption 


Scintillometry-analysis 0 Radiochromatography-analysis 


The penetration of corticosteroids through the intact 
human epidermis has been shown to be very poor (1, 2) 
and occlusive techniques are commonly used to  increase 


penetration (3, 4). However, these methods are neither 
convenient nor pleasing to the patient and this investiga- 
tion has studied another means of enhancing penetra- 
tion that may make occlusion unnecessary. 


Based on theoretical models, Higuchi (5) derived 
equations outlining parameters of percutaneous absorp- 
tion and other workers (6-8) have investigated some 
aspects of vehicle effects on the degree of penetration of 
topically applied drugs. This report is primarily con- 
cerned with the effect, on penetration, of concentrating 
the drug into a small fraction of the vehicle following 
topical application. This can be accomplished by the use 
of appropriate volatile :nonvolatile solvent systems 
such that the large bulk of the vehicle is lost by evapora- 
tion immediately following application. The concentra- 
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tion of the zones was made by placing the developed plates in a jar 
containing iodine crystals. Within 5 min. brown spots appeared. 
Costunolide and tulipinolide showed R f  values of 0.53 and 0.37, 
respectively. 
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Thin-Layer and Gas-Liquid Chromatography of Some Indanol 
Derivatives of Pharmaceutical Interest 


P. R. BHANDARI and H. WALKER 


Abstract 0 Various solvent systems and adsorbents used in the 
separation and identification of indanol derivatives in TLC have 
been reported. Quantitative estimation of the active principle in 
some pharmaceutical preparations by means of GLC are also in- 
cluded in this work. 


Keyphrases 0 Indanol derivatives-separation, identification 0 
TLC-separation, identification 0 UV light-chromatographic 
spot visualization 0 GLC-separation, identification 


Some of the indanol derivatives especially 7-chlor-4- 
hydroxyl indan and 4-hydroxy-l,5,7-trimethyl indan 
have distinguished themselves because of showing ex- 
cellent bactericidal, fungicidal, and amebicidal proper- 
ties in uitro as well as in uioo (1-4). These compounds 
can be prepared by a ring cyclization ( 5 )  reaction or by 
substituting the corresponding indan (6). For a quali- 
tative as well as a quantitative control of the purity of 
the starting materials and end products in the phar- 
maceutical specialties it was necessary to conduct some 


TLC and GLC experiments. Not much work (7, 8) 
has been done on indanols in comparison to the num- 
ber of publications on the chromatography of phenols. 
It was found worthwhile to include some of the related 
indan derivatives in the present investigations. 


EXPERIMENTAL 


Thin-layer Chromatography 


Adsorbents-Silica Gel G (Woelm TLC) and polyamide (Woelm 
TLC) were used. In either case the adsorbent was mixed with 
approximately 2 fluorescent indicator green before preparing 
the slurry. The plates can be used after drying them overnight at 
room temperature. 


Solvent Systems-(I) Water-saturated chloroform; (11) benzene- 
chloroform-absolute alcohol, 4: 1 : 1 ; (111) chloroform-absolute al- 
cohol, 97:3; (IV) benzene; (V) and carbon tetrachloride. 


Detection-Thin-layer plates should be dried after development 
and then viewed under UV light of 254 mp. The substances show up 
as dark spots against a greenish fluorescent background. In case 
the fluorescent indicator or a UV lamp is not available, the plates 
should be sprayed with an aqueous potassium permanganate (1 %) 
solution. Yellow spots against a violet-brown background indicate 
the position of various compounds. 


Table I-Chromatographic Data for the Indanol Derivatives 


R, Values 
with 


Polyamide 
in Solvent _---_ RI Values with Silica Gel G in Solvent Systems----- 


Substances I I1 I I I  I V  V System I 


4-Hydroxy indan 0.31 0.84 0.78 0.25 Start 0.74 
5-Hydroxy indan 0.22 0.82 0.72 0.18 Start 0.63 
7-Chlor-Chydroxy indan 0.28 0.78 0.72 0.23 Start 0.52 
5,7-Dichlor-4-hydroxy indan 0.69 0.89 0.91 0.63 0.31 0.84 
7-Chlor-4-hydroxy-indan-on( 1) 0.60 0.91 0.94 0.44 0.08 0.90 
5-Acetyl indan 0.60 0.92 0.94 0.34 0.05 Front 
5-Amino indan 0.79 Front 0.94 0.83 0.38 Front 
4-Hydroxy-l,5,7-trimethyl indan 0.59 0.89 0.85 0.44 0.07 0.87 
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Table I I 4 L C  Data for the Indanol Derivatives (System 1) 


Substances 
Retention Time, 


min. 


4- Hydroxy indan 
5- Hydroxy indan 
5,7-Dichlor-4-hydroxy indan 
7-Chlor-Chydroxy indan 


10.0 
12.8 
16.0 
32.5 


Results and Discussion-Table I shows R, values on TLC plates 
prepared with an applicator. Separations of equally good and 
reproducible quality could be obtained on manually (9) prepared 
plates. In these experiments while benzene proved to be the most 
suitable solvent system with pptd. silicic acid,' water-saturated chlo- 
roform was the best for polyamide. The two isomers 4- and Shy- 
droxy indans could be separated without difficulty. The presence of 
7-chlor-4-hydroxy indan in dragees and suppositories could easily 
be proved. 


Gas-Liquid Chromatography 


During the preparation of 7-chlor-4-hydroxy indan by chlorinat- 
ing Chydroxy indan with sulfonyl chloride two side products 
namely 7-chlor-4-hqdroxy- and 5-chlor-4-hydroxy indans (6) have 
been reported. The TLC investigations of this fraction, however, 
showed that there were two spots, having RI values which correspond 
with those of 7-chlor-4-hydroxy- and 5,7-dichloro-4-hydroxy in- 
dans. The TLC findings were confirmed by GLC results. The sus- 
pected 5,7-dichloro-derivative was isolated from the reaction mix- 
ture. A mixed melting point with an authentic sample showed no 
depression. 


Apparatus used was: a gas chromatograph (Perkin Elmer F 6 
model) with a 160-ma. thermal conductivity detector; a 1-m. steel, 
column, 0.636 cm. (0.25 in.) o.d. The packing was 2% XE60 + 2% polyethylene glycol2 (20 M) on Fluoropak 80. The carrier 
gas was helium at 60 ml./min. Temperatures were: injection port, 
220"; column, 200": and detector, 230". Table I1 shows the reten- 
tion times of various substances. 


In a second experiment the column and the packing were changed 
as follows: column, steel, 2 m., 0.636 cm. 0.d.; packing, 5 %  S.E. 
30 on 80-100 mesh diatomite;a carrier gas, helium 80 ml./min. 
Temperatures were: injection port, 170"; column, 150"; and de- 
tector, 180". Table 111 shows the retention times of different sub- 
stances with this system. 


A good separation of 4- and 5-hydroxy indans could also be 
achieved on a column with a packing of 15% celanese ester 9 on 
60-100-mesh diatomaceous earth.4 


1 Silica Gel G. 
2 Carbowax. 
3 Chromosorb W. 


Celite. 


Table I I I 4 L C  Data for Indanol Derivatives (System 2) 


Retention Time, 
Substances min. 


4-Hydroxy indan 9.0 
5-Hydroxy indan 10.4 
7-Chlor-4-hydroxy-indan-on( 1) 22.5 
7-Chlor-Chydroxy indan 25.5 
5,7-Dichlor-4-hydroxy indan 29.5 
4-Hydroxy-l,5,7-trimethyl indan 35.5 


Method-For the quantitative estimation of 7-chlor-Chydroxy 
indan in dragees it was necessary to powder and extract them with 
chloroform. This after drying and concentrating in uacuo was sub- 
jected to GLC. The vaginal suppositories were dissolved in ether 
and shaken with a 10% NaOH solution. The aqueous phase was 
acidified with HCI and extracted with chloroform and analyzed as 
in case of dragees. 


DISCUSSION 


For the quantitative estimation of 7-chlor-4-hydroxy indan in 
dragees and suppositories with GLC an accuracy of 3 ~ 4 %  is pos- 
sible. The method is simple and gives reproducible results. 
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ences for all comparisons of contractions per minute and its po- 
tential in intestinal studies (17). The effect upon interval between 
contractions could be explained on the basis of increased contrac- 
tions per minute along with the observed decrease in amplitude of 
contractions. This would partially agree with earlier statements in- 
dicating strength, force, or possibly tone, but not amplitude of the 
contractions was increased (5). 


Comparisons of activity between the high and low doses on the 
three parameters indicate that the high dose is more effective but 
with only the ileum comparisons of amplitude of contractions 
statistically significant and with no other segment specifically in- 
dicating a preferential effect. 
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Reactivity of the Hydroxyl Groups in Selected 
Derivatives of Lincomycin 


W. E. HAMLIN 


Abstract0 Reactivity of the hydroxyl groups in tris-2,3,4-0-tri- 
methylsilyl lincomycin [(TMS)p-L], lincomycin-2,7-diacetate. HCI 
(L-Ac!) and 7-O-trityl-3,4-O-anisylidene lincomycin (TAL) as 
measured by the rate of acylation with valeric anhydride at room 
temperature was found to be in the order of 3-OH > 2-OH > 
7-OH > 4-OH with estimated half-lives of 8, 32 and 160 min., and 
23 hr., respectively. Gas chromatographic procedures were utilized 
to monitor the acylation of (TMS)3-L and L-Ac?. In the latter 
reaction silylation was necessary for measurement of unreacted 
starting material and the intermediate monovalerate. The acylation 
of TAL was monitored polarimetrically. 


Kegphrases 0 Lincomycin derivatives-hydroxyl groups, re- 
activity 0 Acylation rate-lincomycin derivatives Polarimetry- 
reaction monitoring 0 GLC-reaction monitoring 


A consideration of a molecular model of lincomycin 
indicates that the steric and electronic environment of 
the hydroxyl groups at Positions 2, 3, 4, and 7 (Fig. 
1) would differ and produce differences in reactivity. A 
knowledge of the relative reactivity of these hydroxyl 
groups can be useful in the synthesis of lincomycin de- 
rivatives. In order to  obtain the desired information, 
the rates of acylation of tris-2,3,4-0-trimethylsilyl 
lincomycin, lincomycin-2,7-diacetate HCl, and 7-0-  


trityl-3,4-O-anisylidene lincomycin by valeric anhydride 
in pyridine were determined at room temperature. The 
acylating agent was used in such excess (20: 1 mole 
ratio) that a pseudo-first-order reaction would apply. 


EXPERIMENTAL 


Acylation of Tris-O-2,3,4-trimethylsilyl Lincomycin [(TMSh-LI- 
This was an adaptation of a procedure for preparing lincomycin-7- 
acylates (1). To a solution of 1.428 g. of (TMS)a-L (0.0025 mole) 
in 10 ml. of dry pyridine was added 9.31 g. (0.05 mole) of valeric 
anhydride (VA) at time zero. The solution was thoroughly mixed 
after adjusting to 25 ml. with dry pyridine and stored at room tem- 
perature. Sample aliquots (2 PI.) were removed by syringe and in- 
jected into the gas chromatograph at designated time intervals. 


CHx 
y 3  


Figure 1-Structure of lincomycin. 
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Table I-Reactivity of the Hydroxyl Groups in (TMS),-L, 
L-Ac2, and TAL as Determined by Acylation with 
Valeric Anhydride 


1 - '  ' I I I I 1 1  


6 


5 


W 
m 
2 4  
2 
m W 
II: 
II: 
W 


E 3  


Y 0 
II: 


2 


1 


2 


0 2 4 6 8 1 0 1 2 1 4  
MINUTES 


Figure 2-Chromatogram of the acylation of (TMS),-L with valeric 
anhydride after 140 min at room temperature. Peak I :  (TMS),-L; 
Peak 2: (TMQ3-L-V. 


A 0.63-cm. 0.d. X 1.22-111. (0.25-in. 0.d. X 4-ft.) stainless steel 
column packed with 375 SE-30 on 60/80-mesh Diataport S 
(Hewlett-Packard) was installed in a gas chromatograph (F & M 
model 810) (FID). The flow of heliumcarrier gas was maintained at 
60 ml./min. The column oven was operated isothermally at 275 O with 
the injector and detector temperatures at 300 and 335", respectively. 
The relative amount of acylated product present at any given time 
was determined by measuring the area under the corresponding 
gas chromatographic peak by the height times the width at half- 
height method (see Table I). 


Acylation of Lincomycin-2,7-diacetate. HCI (L-Ac+To a solu- 
tion of 1.225 g .  (0.0025 mole) of L-Ac2 in 10 ml. of dry pyridine 
was added 9.31 g. (0.05 mole) of VA at time zero. The solution was 
quickly adjusted to 25 ml. with dry pyridine, thoroughly mixed, 
and let stand at room temperature. At designated time intervals 
the acylation reaction in IOO-pI. portions of the reaction mixture 
was quenched by adding with vigorous agitation to 1 ml. of a 
silylation reagent. After standing at room temperature for at least 
15 min.,' a 2 4 .  sample was injected into the gas chromatograph 
using the same parameters as described previously. The silylation 
reagent was prepared by dissolving 20 ml. of hexamethyldisilazane 
and 5 ml. of trimethylchlorosilane in sufficient dry pyridine to make 
100 ml. of solution. One-milliliter portions of this reagent were 
pipeted into a number of 2-ml., glass-stoppered volumetric test 
tubes prior to the start of the acylation study. The areas (At)  under 
the appropriate gas chromatographic peaks were measured as 
previously described. The area A,, corresponding to the initial 
concentration of L-Acz was determined by treating a blank solution 
containing no acylating agent. The area A m  corresponding to 


A preliminary test indicated that silylation was practically com- 
pleted in about 1 min. A similarly rapid rate for the silylation of sugars 
has been reported by Sweeley et al. (2). 


~ ~ ~~ 


Position of 
Lincomycin Hydroxyl Group Estimated To.6 for 
Derivative Acylated Acylation with VA 


(TMS)Z-L 
L-AQ 


TAL 


7 160 min. 
3 8 min. 
4 23 hr. 
2 32 min. 


complete formation of L-AcrV2 was determined by heating the 
reaction mixture at 54" for 6 hr. after it had been at room tempera- 
ture for more than 4 days. 


Acylation of 7-0-Trityl-3,4-0-anisylidene Lincomycin (TAL) with 
with Acetic, Valeric, and Hexanoic Anhydrides-The acylation of 
TAL was an adaptation of a procedure for preparing lincomycin-2- 
acylates (3). The recording polarimeter (Bendix) with a I-cm. fixed 
cell was used to follow the course of the reaction. A blank solution 
of 767 mg. of TAL in 10 ml. of dry pyridine was used to adjust the 
polarimeter to read zero on the chart for the start of the reaction. 
The range controls were adjusted to allow complete reaction to be 
recorded within the span of the chart. This was based on a pre- 
liminary trial run which had indicated the range of the change in 
optical rotation. In practice it was not necessary to measure the 
observed rotation which is proportional to the amount of ester 
formed as a function of time since the observed chart response is 
similarly related. 


Procedure-To a solution of 767 mg. (0.001 mole) of TAL in 3 
ml. of dry pyridine was added 0.02 mole of the anhydride with vig- 
orous agitation (time zero on the recorder chart). The solution was 
adjusted to a 10-ml. volume with dry pyridine and let stand at room 
temperature. The 1-cm. cell was rapidly rinsed, filled with solution, 
and then placed in the polarimeter. From this time the course of the 
esterification reaction was continually plotted as a function of 
time. The value on the recorder when no further increase was re- 
corded (Rm) is proportional to 100% formation of the ester. Values 
at intermediate time intervals (RJ  were read from the chart. 


RESULTS AND DISCUSSION 


Acylation of (TMS),-L-A chromatogram of the reaction after 
140 min. at room temperature (Fig. 2) was typical of those obtained. 
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Figure 4-Chromatograms of the silanized components of the acyla- 
lion of L-Ac2 with VA at room temperature after (A)  10 rnin.; (B)  
40 min.; and (C) 35 hr. Peak I = L-Ac2; Peak 2 = L-Ac2-V; Peak 3 
= L-Ac2-v~. 


Peak 1, with a retention time of 6.0 rnin., was due to unreacted 
(TMS)3-L left in the solution. This peak was not considered suitable 
for quantitative use because of apparent decomposition as evidenced 
by unresolved components with slightly less retention times. Peak 
2, with a retention time of 9.8 min., was due to the reaction product 
tris-2,3,4-0-trimethylsilyl lincomycin-7-valerate [(TMS)3-L-V]2 and 
appeared suitable for quantitative treatment. The area At under 
Peak 2 was measured as a function of time. At completion of the 
reaction the area (Am) was found to be 14.5 A plot of log 
(Am-At), proportional to the amount of product not formed versus 
time in minutes (Fig. 3) was apparently first order by visual fit of the 
data. From this line the half-life of the acylation with valeric an- 
hydride at the 7-position of (TMS)a-L was found to be about 160 
min. 


Acylation of L-Ac-The unique feature of the experimental 
procedure was the silylation step which made possible the rapid 
and effective quenching of the reaction at designated time inter- 
vals while forming derivatives necessary for the gas chromatographic 
separation of L-Ac2 and the monovalerate (L-AcrV). Typical 
chromatograms of the acylation of L-Ac2 with VA at room tem- 


This was proven by comparison to the gas chromatogram of authen- 
tic lincom cin 7 valerate as the tris-0-trimethylsilyl ether derivative 
under sirniraar ;Grating conditions. 


f 
E 


W 


$ 1  s 
0 3  s 
d 
f 2  f 
3 


L L 1  


K 
0' 
4: 


0 0.9 
I- 0.8 
Z 
3 0.7 
0 
Z 0.6 


0.5 


0.4 


-1 


a 


0 10 
MINUTES 


20 


Figure 5-The ha[f-life of the acylation of L-Acz with VA at RT to 
,arm L-ACZ-V. The amount of L-Ac2 remaining is measured as the 
area (At) underpeak 1 (Fig. 4). t1/2 - 8 rnin. 


perature shown in Fig. 4 indicated the rapid decrease in Peak 1 
(L-Ac2) with the corresponding increase in Peak 2 (L-Ac2-V). The 
formation of the monoacylated product reached a maximum after 
about 40 min. If one had wanted to isolate this product with an 
optimum yield this would have been the time to quench the reac- 
tion. The formation of the di-valerate, Peak 3 (L-Ac2-V2), was quite 
slow as the mono-valerate, Peak 2, was consumed. 


The data indicated that two pseudo-first-order reactions were 
involved in the acylation of L-ACZ according to the kinetic model: 


ki ka 
L-Acz L-Act-V L-Acz-Vz 


This appears to be a reasonable assumption but has not been proven. 
A semilog plot of the amount of L-Ac2 remaining, measured as 
the area (Ac)  in cm.2, under Peak 1 (Fig. 4) versus time in minutes 
(Fig. 5 )  was linear by visual fit of the data during the first 20 min. 
of the reaction. From this plot the half-life for the mono-valerated 
product, L-Ac2-V, was estimated at 8 min. 


Positive proof of whether mono-acylation occurred at the 3- or 
4- position in L-Ac2 was not obtained. However, there is evidence 
to suggest that the 3-hydroxyl group should be considerably more 
reactive toacylation than the Qhydroxyl group. Such workers as Eliel 
and Lukach (4) and Buck et al. ( 5 )  have shown that the conforma- 
tion of various cyclohexanols affects their reactivity to acylation 
with acid anhydrides. The hydroxyl group in an equatorial position 
is found to be more reactive than one in an axial position. The sugar 
moiety in the lincomycin molecule is somewhat analogous to 


5 6  
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Figure 6-The half-life of the acylation of L-Ac2-V with VA at RT 
to form L-Ac2-v~. The amount of L-ACZ-VZ not formed is measured 
as the area (A, - A,) underpeak 3 (Fig. 4). t1/2 - 23 hr. 
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Figure I-The acylation of TAL with acetic anhydride at room 
temperature monitored continuously as a function of time by the 
recording polarimeter (Bendix). 


cyclohexanol since the hydroxyl at  the 3-position is in the more 
reactive equatorial conformation as compared to  the 4-hydroxyl 
which is axial (6). 


As expected from the above discussion, the acylation of the 
4-hydroxyl was quite slow as seen in Fig. 6 where log (L-Ac2-v~ not 
formed) measured as the area under Peak 3 (Fig. 4) was plotted as a 
function of time in hours. An apparent first-order reaction appeared 
to exist for about the first 20 to  30 hr. at room temperature. The 
half-life for this reaction was estimated at about 23 hr. Alternatively, 
a semilogarithmic plot of the amount of L-Acp-V remaining, 
measured as the area under Peak 2, Fig. 4, versus time (not shown) 
was linear from about 5 to  50 hr. The half-life estimated from these 
data was 26 hr.-essentially agreeing within experimental error 
with the first estimate of 23 hr. Obviously greater accuracy in the 
gas chromatographic assays could have been obtained by the use of 
an appropriate internal standard. However, the data obtained by 
the present method seem sufficiently accurate for the intended 
purpose, namely to determine the relative reactivity of the hydroxyl 
groups as an  aid in the development of new synthetic approaches to  
derivative formation. 
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Figure 8-The half-life of the acylation of TAL with valeric an- 
hydride at room temperature. The amount of acylated TAL not formed 
was measured polarimetrically as the recorder response (R, - RJ. 
t ‘1% N 32 min. 


Acylation of TAL with Acetic, Valeric, and Hexanoic Anhydrides 
-The recorder response for the acylation of TAL with acetic 
anhydride (Fig. 7) was typical of the continuously monitored reac- 
tions by the polarimetric procedure. A similar tracing was obtained 
for the reaction of TAL with valeric and hexanoic anhydrides. 
Note that if R, were the recorder response after complete reaction, 
and R t  were the recorder response at  any designated intermediate 
time, then (R, - Rt)  is proportional to  the amount of acylated 
product not formed. Thus, a semilog plot of the amount of acylated 
TAL not formed versus time in minutes (Fig. 8) indicated an  ap- 
parent first-order reaction for the acylation of TAL with valeric 
anhydride having a half-life of about 32 min. In a like manner, the 
half-lives of the acylation reaction with acetic and hexanoic anhy- 
drides were estimated to be 17 and 29 min., respectively. 


The rate of acylation of TAL with acetic anhydride appeared t o  
be about twice as fast as that with valeric or hexanoic anhydrides 
which were essentially equal within the limits of experimental error. 
This is consistent with theoretical considerations assuming that the 
steric effects of substituents in acylation with acidic anhydrides in- 
volve the same mechanism as in ester hydrolysis. Then, the equa- 
tion 


k 
ko 


log - = p*u*  + sE, 


provided by Taft (7) is applicable. A study of tables of u* and E, 
values (7, 8) indicated that the rate of acylation should become pro- 
gressively slower with increasing chain length of the alkyl substitu- 
ent and that the rate will tend to “plateau” for the n-butyl or n-amyl 
substituents. 


In summary, the reactivity of the free hydroxyl groups in 
(TMS)3-L, L-Ac2, and TAL as measured by the rate of acylation 
with valeric anhydride (Table I) is in the order of 3-OH > 2-OH > 7- 
O H  > 4-OH. The order of reactivity in these derivatives should not be 
extrapolated t o  lincornycin itself without some reservations because 
the type of derivatization of hydroxyl groups at  adjacent positions 
may have considerable effect on the reactivity of a particular 
hydroxyl group. However, this order of reactivity is a reasonable 
assumption a t  this time. 
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Anal.-Calcd. for C22H42N4S4: C, 53.81; H,  8.62; N, 11.41. S, 
26.13. Found: C, 53.90; H, 8.45; N, 11.16; S, 26.35. 


1-Methyl-3-phenethylthiourea-To a cooled solution of 1.21 g. 
(0.01 mole) of P-phenethylamine in 5 ml. of ethanol was added 
0.73 g. (0.01 mole) of methyl isothiocyanate. After an evolution of 
heat, water was added dropwise to a lasting turbidity. The mixture 
was stored in the refrigerator overnight, and the precipitate was 
filtered, washed with ethanol, and air-dried, giving 69% of white 
product; m.p. 61-63". IR(Nujol)975(C=S), 1300(C= S)cm.-l. 


Anal.-Calcd. for CloHldN2S: C, 61.80; H, 7.26; N, 14.42. Found: 
C, 62.18; H,7.19; N, 14.15. 
l-Methy1-3-(4-nitrophenethyl)-thiourea-T0 a cooled solution of 


1.66 g. (0.01 mole) of 4-nitro-P-phenethylamine (9) in 5 ml. of 
ethanol was added slowly with stirring 0.73 g. (0.01 mole) of methyl 
isothiocyanate in 2 ml. of ethanol. The solution was refluxed for one 
hr., cooled, and stored in the refrigerator overnight. The white solid 
was collected, washed with ethanol, and air-dried; giving a 75% 
yield m.p. 79-82". 


And-Calcd. for CloH13N302S: C, 50.18; H, 5.48; N, 17.56. 
Found: C, 50.42; H, 5.48; N, 17.30. 


l-Methyl-3-(4-methylsulfonamidoethylphenyl)-thio~ea-A mix- 
ture of 0.530 g. (0.0025 mole) of 4-methylsulfonamidoethylani- 
line and 0.185 g. (0.0025 mole) of methyl isothiocyanate was heated 
on a steam bath until it became liquid. Absolute ethanol (10 ml.) was 
added, and the mixture was refluxed until it became homogeneous. 
After being cooled, the crystalline solid was collected, washed with 
ethanol, and dried in uacuo, giving an 83% yield; m.p. 179-181 '. 


Anal.-Calcd. for CllH17N302S2: C, 45.95; H,  5.96; N, 14.62. 
Found: C, 46.04; H, 5.92, N, 14.27. 
l-Methyl-3-(4-trifluoroacetamidoethylphenyl)-thiourea-A mix- 


ture of 1.16 g. (0.005 mole) of 4-trifluoroacetamidoethylaniline 
and 0.365 g. (0.005 mole) of methyl isothiocyanate in 10 ml. of 
ethanol was refluxed for 1 hr. The solution was cooled, and the white 
solid was collected, washed with ethanol, and dried in uacuo, giving 
an 86% yield; m.p. 167-170". 


And---Calcd. for Cl2Hl4F3N30S: C, 47.21; H, 4.62; N, 13.76. 
Found: C, 47.07; H, 4.90; N, 13.80. 


N,N' - Bis(N-methy1thiocarhamido)-p - 4 - aminophenethylamine- 
Methyl isothiocyanate (1.46 g., 0.02 mole) was added slowly to 


P-4-aminophenethylamine (1.36 g., 0.01 mole) (Aldrich Chemical 
Co.) with ice-cooling. After an evolution of heat, ethanol (25 ml.) 
was added, and the mixture was refluxed until a solution resulted. 
After being cooled, a white solid appeared which was collected, 
recrystallized from aqueous ethanol, and air-dried, giving an 80 
yield; m.p. 185-190". 


Found: C, 51.13; H, 6.55; N, 19.45. 
Anal.-Calcd. for C12HlgN&: C, 51.03; H, 6.42; N, 19.84. 
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Biosynthesis of Rubrofusarin by Fusarium graminearum 


BRUCE H. MOCK* and JAMES E. ROBBERS 


Abstract 0 Using radioactively labeled acetate, evidence was 
obtained to support the hypothesis that the biosynthesis of rubro- 
fusarin proceeds through a polyketide chain intermediate. It was 
shown that labeled acetate when diluted with nonlabeled malonate, 
is preferentially incorporated into the terminal acetate starting 
unit of the polyketide chain. 


Keyphrases Fusarium gruminearum-rubrofunarin biosynthesis 0 
Acetate-malonate condensation-rubrofusarin formation 0 Rubro- 
fusarin, biosynthesis-polyketide chain intermediate 


Rubrofusarin is an orange-red pigment produced by 
the fungus, Fusarium graminearum Schwabe. This or- 
ganism is the imperfect stage of Cibberella zeae (Sch- 
weinitz) Petch, a common plant pathogen. Rubro- 
fusarin was first thought to  be a xanthone derivative, as 
reported by Ashley et a/. ( l ) ,  but was later discovered by 


Tanaka and Tamura (2) to be a derivative of 2-methyl- 
naphtho-y-pyrone. 


Several hypotheses can be proposed for the biosyn- 
thesis of rubrofusarin. One theory is that it is a product 
of a biosynthetic pathway involving shikimic acid and 
mevalonic acid, as are some of the anthraquinones 
found in higher plants (3). The most likely proposal, 
however, is that rubrofusarin is formed by an acetate- 
malonate condensation with the formation of a poly- 
ketide chain which cyclizes to give the tricyclic ring 
system (Scheme I). Shibata and Ikekawa (4) have shown 
that rugulosin, a fungal anthraquinone dimer, was bio- 
synthetically formed by the head-to-tail linkage of 14 
malonate units and two units of acetate with release of 
carbon dioxide from each malonate. In each of the 
tricyclic monomers one of the acetate units served as a 
terminal starting unit in building the polyketide chain. 
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Polyketide chain 
Rubrofusarin 


Kuhn-Rolh 


oxidation I 
CH:JW Schmiill 


+ - CH,tlCOOH 
,4c0, degnid;ition 


The purpose of this work was to investigate whether the 
acetate-malonate hypothesis could be used in explaining 
the biosynthesis of rubrofusarin. 


EXPERIMENTAL 


Fusarium graminearum was transferred from a Czapek-Dox slant 
culture to 100 ml. glucose-mannitol-brewer's yeast medium (2, 
2, and 1 %) and grown in shake culture for 1 week at 27' to serve as 
the inoculum. The fungus used in the experiment was obtained by 
pipeting 2 ml. of inoculum into 100-mi. shake cultures of NL-406 
culture medium (5). After 6 days of growth at 27", 2.4 pc. of sodium 
acetate, 1-14C (0.12 pmoles) was aseptically added to each of 20 cul- 
tures. Simultaneously, 0.1 mmoles of diethyl malonate (1.0 ml. 
from a 1.6% wjv solution in 5 % ethanol) was aseptically added to 11 
of the cultures. In harvesting the cultures 72 hr. later, they were 
divided into two groups, Lot A contained 9 acetate cultures and 
10 carrier cultures (cultures grown under the same conditions for 
production of nonlabeled carrier rubrofusarin), and Lot B contained 
11 acetate plus malonate cultures and 7 carrier cultures. The filtered 
mycelia were oven-dried at 60" and ground to a powder in a large 
mortar and pestle. 


Rubrofusarin from each lot was obtained by extracting the pow- 
dered mycelia with petroleum ether (b.p. 3Ck60") in a continuous 
extraction apparatus for 7 days. Evaporating the extract to near 
dryness resulted in the appearance of crystals overnight. These were 
redissolved in hot benzene and the orange-red crystals which ap- 
peared on standing were filtered, washed with cold petroleum 
ether, and air dried. Identification of rubrofusarin was confirmed by 
melting point (1) and by its mass spectrum. 


Approximately 1 mg. of rubrofusarin from each of the two lots of 
crystals was dissolved in 10 ml. of toluene counting solution for 
counting in a liquid scintillation counter. In each case the specific 
activity of rubrofusarin was determined. 


The remainder of each group of rubrofusarin crystals including a 
measured amount of carrier material was degraded by the Kuhn- 


Scheme I , 


Table I-Experimental Results 


Roth oxidation procedure (6). Acetic acid liberated by the reaction 
was removed by distillation in a Wiesenberger apparatus and deter- 
mined by titration with 0.02 N sodium hydroxide. The sodium 
acetate solution thus obtained was evaporated to dryness and trans- 
ferred to a counting vial by washing with water, then with Bray's 
counting solution. Specific activity of the acetate was determined in a 
liquid scintillation counter. 


An aliquot containing 115 pmoles of acetate obtained from Kuhn- 
Roth oxidation of Lot A rubrofusarin was subjected to a Schmidt 
degradation (7) to determine if the radioactive label remained in 
the carboxyl carbon of acetate. 


DISCUSSION 


The results of this study show that acetate was definitely incor- 
porated. See Table I. The percent of incorporation was low due to 
the fact that acetate was probably utilized by countless other me- 
tabolic pathways. 


Seven acetate units should be required to form the carbon skele- 
ton of rubrofusarin. One acetate unit. first being converted to 
acetyl-CoA, should serve as the terminal starting unit; six acetate 
units should he converted to malonyl-CoA which should then be 
added to the initial acetyl-CoA in a "head-to-tail'' fashion with 
concomitant release of carbon dioxide (Scheme I). Theoretically, 
14.3z (1/7) of the total radioactivity of rubrofusarin should be in 
the starting unit acetate. This was the acetate obtained by the 
Kuhn-Roth oxidation. The result of 20.4% of total activity was 
reasonable when one assumes that conversion of acetate to malonyl- 
CoA required one more reaction than the formation of acetyl-CoA, 
resulting in a possible metabolic dilution of acetate. Additionally, 
labeled malonyl-CoA might be diluted with nonlabeled malonyl- 
CoA. Thus, because of endogenous metabolism, a greater quantity 
of radioactive acetate should appear in the starting unit than in the 
malonyl-CoA derived portion of the molecule. 


In order to add evidence to the possibility of the above expla- 
nation, a series of cultures was flooded with nonlabeled malonate (in 
the form of diethyl malonate) simultaneously with the addition of 


Acetate Only 
Acetate + Non- 
labeled Malonate 


Activity fed/culture 
Incorporation, % 
Rubrofusarin 
Kuhn-Roth acetate activity 
Kuhn-Roth acetate % of total 


rubrofusarin activity 
Theoretical, 
Schmidt degradation % 


activity of acetate in 
carboxyl carbon atom 


5.23 X lo6 dpm 
0.26 
1.29 X lo6 dpm/mM 
2.64 X 105 dpm/mM 


20.4 
14.3 ('id 


98.6 


5.23 X lo6 dpm" 
0.35 
1.23 X lo6 dpm/mM 
5.84 X lo6 dpm/mM 


47.5 
100.0 


= Disintegrations per minute. 
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radioactive acetate. This procedure should cause the dilution of 
radioactive malonyl-CoA formed from radioactive acetate. (Also, 
the added malonate might alter the acetate-malonate equilibrium 
to prevent incorporation of radioactive label into malonyl-CoA.) If 
no labeled acetate were converted to malonyl-CoA, 100% of the 
rubrofusarin molecule’s radioactivity would be in the acetate of 
the terminal starting unit. 


Flooding the cultures with nonradioactive malonate increased the 
amount of radioactivity of the carbon in Position 2 of the ring 
system of rubrofusarin; this supports the view that acetate serves as 
the terminal starting unit in the formation of a polyketide chain. 
Since the increase in percent incorporation was 47.5 % instead of the 
theoretical 100 x, apparently, some radioactive acetate was con- 
verted to malonyl-CoA, decreasing the percentage value of the 
experimental results. Addition of nonlabeled malonate, however, 
caused a significant increase in radioactivity of carbon in Position 2 
of rubrofusarin by 133 % over the results of the acetate only experi- 
ment. 


Schmidt degradation of acetate recovered from the Kuhn-Roth 
oxidation of radioactive rubrofusarin revealed no randomization 
of radioactive label in the terminal starting acetate unit. Absence 
of such randomization indicated that the original radioactive acetate 
had not been metabolized to another compound before incorpora- 
tion into rubrofusarin 
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Effect of Salts on the Surface /Interfacial Tension and Critical 
Micelle Concentration of Surfactants 


LUCY S. C. WAN and PHILIP K. C. POON 


Abstract 0 All the salts used produced shifts of the CMC to lower 
concentrations and reduced the surface/interfacial tensions of air- 
surfactant solution and liquid paraffin-surfactant solution systems, 
respectively. No appreciable difference was observed when air was 
substituted for liquid paraffin as the upper phase, indicating that 
the hydrocarbon layer exerted no pressure effects. It appeared that 
shifts of CMC were related to the valency of the gegenion, a di- 
valent gegenion would produce a shift much greater than a mono- 
valent gegenion. Cationic gegenions were more effective in 
lowering the CMC of sodium lauryl sulfate than similar anions 
while anionic gegenions were effective with cetrimide and cetyl- 
pyridinium chloride. The CMC of cetomacrogol lo00 was practically 
unaffected by the addition of salt and the extent of interfacial tension 
reduction with respect to salt concentration was small when com- 
pared to corresponding systems containing ionic surfactants. 


Keyphrases 0 Surface-interfacial tension-salts effect Critical 
micelle concentration, surfactants-salts effect Interfacial, sur- 
face tension determinations-surfactant, salt-surfactant solutions 


Anionic surfactants have been shown to be influenced 
by the type, magnitude of charge, and degree of hydra- 
tion of the gegenions (1, 2), whereas cationic surfactants 
appear to be influenced only by the ionic size or degree 
of hydration of the gegenion (1, 3, 4). Nonionic sur- 
factants although not charged may form hydroxonium 
ions with weak cationic properties (5) and their CMC’s 
are affected by anions and their degree of hydration 
(5-10). It has been found that electrolytes promote ad- 
sorption and aggregation processes, possibly by de- 
creasing the electrokinetic repulsion (5, 11-15) which 
can also be due to the screening of the double layer. 


Salts have been shown to suppress the dissociation of 
the surfactant monomer and cause a decrease in the 
desorption rate (16, 17). Greshfeld (18) attributes the 
decrease in surface tension to the formation of a mono- 
layer of nondissociated monomers. Tartar (16, 19) 
postulates that addition of electrolyte would reduce the 
thickness of the ionic atmosphere enveloping the sur- 
factant monomer. 


Nonionic surfactants are characterized by their un- 
dissociation and higher degree of hydration. The latter 
property is indicated by an increase in the CMC with in- 
crease in the hydrophobic chain length (20, 21) and by 
the large positive values of the heat and entropy of 
micellization in the presence of salts as compared with 
ionic surfactants in the same concentration of salt (22). 
This communication reports the change in CMC and 
the further reduction of surface/interfacial tension of an 
air-liquid system and a liquid-liquid system where one 
phase is a surfactant solution, in the presence of added 
salts. The information obtained may be useful for the 
preparation of solubilized and emulsified products. 


EXPERIMENTAL 


Materials-The following salts were used : ammonium chloride 
BP, ammonium bromide BPC, ammonium sulfate,’ lithium chlo- 
ride,’ lithium sulfate,? magnesium ~hlor ide ,~  magnesium sulfate 


1 E. Merck, Darmstadt, Germany. 
2 A. R. Grade, British Drug House Ltd. 
3 May and Baker, Dagenham, England. 
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Figure 5-Calculated disappearance curves and blood level data of 
plasma oxime levels in several subjects. 


mucosa) rather than to a systemic effect. This degree of side effects 
would probably preclude chronic administration. 


SUMMARY AND CONCLUSlONS 


Single and repeated doses of a commerciallq available tablet 
of 2-PAMCI were given to volunteers. Five grams was required 
to produce a plasma level of 4 mcg./ml. after a single dose, and 
higher single doses (to 9 g.) produced plasma levels up to 11 mcg./- 
ml. However, there was much variation in blood levels among indi- 
viduals receiving the same dose. Although it was possible to main- 
tain blood levels of more than 4 mcg./ml. when the oxime was 
given in doses higher than 3 g. at 4-hr. intervals. all subjects who 
received multiple doses over 48 hr. had gastrointestinal symptoms. 
The mean urinary excretion was 2&25% of the dose administered; 
the plasma t 0 . 5  was 2.7 hr. and the tO.5 for excretion into the urine 
was 2.4 hr. 
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Enhancement of Percutaneous Absorption by the Use of 
Volatile : Nonvolatile Systems as Vehicles 


M. F. COLDMAN, B. J. POULSEN, and T. HIGUCHI 


Abstract 0 Using in vitro techniques the penetration of 14C labeled 
fluminolone acetonide and its acetate ester through human skin 
at 37" has been examined with vehicle mixtures of isopropanol 
and isopropyl myristate or propylene glycol. Little penetration 
was found from either of the nonvolatile solvents. As the formula- 
tion was changed to include increasing amounts of volatile com- 
ponent, however, penetration could be increased up to 8 to 10 
times. Precipitation of steroid prevented greater increases. 


Keyphrases 0 Percutaneous absorption-enhancement 0 Volatile: 
nonvolatile vehicles-percutaneous absorption 0 Fluocinolone 
acetonide and fluocinolide, W-labeled-percutaneous absorption 


Scintillometry-analysis 0 Radiochromatography-analysis 


The penetration of corticosteroids through the intact 
human epidermis has been shown to be very poor (1, 2) 
and occlusive techniques are commonly used to  increase 


penetration (3, 4). However, these methods are neither 
convenient nor pleasing to the patient and this investiga- 
tion has studied another means of enhancing penetra- 
tion that may make occlusion unnecessary. 


Based on theoretical models, Higuchi (5) derived 
equations outlining parameters of percutaneous absorp- 
tion and other workers (6-8) have investigated some 
aspects of vehicle effects on the degree of penetration of 
topically applied drugs. This report is primarily con- 
cerned with the effect, on penetration, of concentrating 
the drug into a small fraction of the vehicle following 
topical application. This can be accomplished by the use 
of appropriate volatile :nonvolatile solvent systems 
such that the large bulk of the vehicle is lost by evapora- 
tion immediately following application. The concentra- 
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tion of the drug in the remaining solvent can be in- 
creased inany fold over the initial concentration depend- 
ing on the nature and quantity of the nonvolatile sol- 
vent. Ideally, supersaturated systems can be attained 
having unusually high thermodynamic potentials. The 
formulations studied were dilute solutions of steroid in 
mixtures of isopropanol with either propylene glycol or 
isopropyl myristate. On application to  the skin, the 
isopropanol rapidly evaporates leaving the steroid to 
concentrate into the nonvolatile component. The pene- 
tration through human skin from such systems has been 
determined using in vitro techniques. 


EXPERIMENTAL 


Preparation of Steroid Solutions-14C-labeled fluocinolide' 
and fluocinolone acetonide2 were prepared from solutions of high 
specific activity by diluting with nonradioactive steroid to about 2 
pc./mg. and recrystallizing from ethanol and water. Steroid solu- 
tions were prepared by dissolving the dry powder in isopropanol, 
and aliquots were pipetted into separate vials. The solvent was re- 
moved by evaporation and the steroid in each vial was redissolved 
in one of the solvent mixtures of propylene glyco13/isopropano14 
or isopropyl myristate6/isopropanol. The specific activity of the 
reconstituted solutions was checked to ensure complete dissolution 
of the steroid. 


Preparation of Skin Specimens-Whole thickness human ab- 
dominal skin obtained at autopsy was pressed onto a glass tile 
so that the epidermis was perfectly flat. The skin was frozen and 
stored in a freezer until required. Then it was removed from the 
tile and the epidermis allowed to soften. The surface remained flat, 
providing the subcutaneous layers were kept frozen, and the epi- 
dermis and most of the dermis were easily cut off as a sheet of tissue 
using a dermatome6 set at 0.75 mm. The skin was wiped with a 
cotton tip soaked in methanol to remove any adhering fat and cut 
into small pieces of a size suitable for the skin cells. 


Skin Cells-The skin cell (Fig. 1)  was a modification of that used 
by Stoughton and Munro (9) and consisted of a lower glass chamber 
with a side arm to allow sampling of the receptor phase. A Teflon- 
coated stirring bar attached to a polyethylene sail provided efficient 
mxing. The Teflon disks holding the skin were clamped onto the 
flat ground glass surface at the top of the receptor chamber. The 
skin was sandwiched epidermis uppermost between the Teflon 
pieces, leaving exposed a central circular area 0.62 cm. diameter 
(0.25 in. diameter) through which the penetration was measured. A 
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Figure 2-Penetration of fluocinolide through human skin from ~ o l u -  
tions in isopropanollpropylene glycol after 16 hr. at 37". Key: @. . ., 
Solution occluded, 0.01 %; A, initial fluocinolide concentration before 
evaporation of isopropanol = 0.05%; B, initial fluocinolide con- 
centration before evaporation of isopropanol = 0.01 %. 


solution containing 0.9 sodium chloride and 0.01 % thimerosal 
was heated to expel dissolved gases, cooled, and 10 ml. was pipetted 
into each receptor chamber. The side arm was sealed with Parafilm 
and air bubbles were carefully removed from the dermal surface 
of the skin by tipping the cell. Each cell was then placed in a methyl 
methacrylate (Plexiglass) holder which fit over a magnetic stirrer 
in a 37" environmental chamber and sufficient time was allowed for 
temperature equilibration. 


The radioactively labeled steroid solutions were pipetted onto 
the skin surface, usually in 0.05-ml. volumes, and the volatile iso- 
propanol allowed to escape. 
In some experiments silicone grease was smeared around the 


central well and the top of each cell was sealed with a glass cover 
slip to prevent evaporation of the cosolvent. 


Radiochemical Assays-The penetration of the steroid after 
selected time intervals was followed by sampling the receptor 
solution and counting in a liquid scintillation counter (Nuclear- 
Chicago Unilux 11). One-milliliter samples were removed uia the 
side arm into 17 ml. of scintillation fluid consisting of 0.26 g. of 
POPOP7(1 ,4-bis [2-(methyl-5-phenoxyazolyl)]benzene), 13 g. of 
PP07(2,5-diphenyloxazole), 208 g. of naphthalene: 600 mi. of 
methanol,g 1 1. of toluenelo and 1 I. of p-dioxane. lo 


The amount of quench due to the saline solution was determined 
by the channels ratio method, and the total amount of steroid 
penetration was then calculated. 


Radiochromatograms of the solutions before and after penetra- 
tion were developed to show that the steroids were not changed by 
their penetration through the skin. 


SKIN CELL 


Figure 1-The skin cell consisfs of a lower glass chamber with a side 
arm to allow sampling of the receptor phase. Key: A, skin specimen; 
B, Teflon pieces holding skin; C, receptor chamber; D, side arm; 
E, Teflon coated magnetic bar; F, polyethylene sail; G, clamp. 


* 6a,9a-Difluoro- 16a-hydroxyprednisolone 16a,17a-acetonide 21- 


* 6a,9~-Difluoro-l6a-hydroxyprednisolone 16,17-acetonide, Syntex 


Propylene glycol USP, Union Carbide, New York, N. Y. 10017. ' Isopropanol AR grade, Mallinckrodt, St. Louis, Mo. 
Deltyl Extra, Givaudan Corp., Clifton, N. J. 07014. 


6 Padgett Electro Dermatome, Padgett Dermatome, Div. of Kansas 


acetate, Syntex Research, Palo Alto, Calif. 


Research, Palo Alto, Calif. 


City Assemblage Co., Kansas City, Mo. 64111. 


RESULTS 


Figures 2, 3,4, and 5 show the average steroid penetration from 
each solution calculated from between 4-1 3 individual experiments. 
For simplicity, the standard errors are not shown in Figs. 2 and 3 
but they have been calculated and they are of similar magnitude to 
those of Figs. 4 and 5. 


Fluocinolide in Mixtures of Isopropanol and Propylene Glycol or 
Isopropyl Myristate-Figure 2 shows the penetration of fluocino- 


Arapahoe Chemicals, Division of Syntex Corp., Boulder, Colo. 
J. T. Baker Chemical Co., Phillipsburg, N. J. 


9 Mallinckrodt Chemical Works, St. Louis, Mo. 
10 Matheson, Coleman and Bell, Norwood, Ohio. 
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Figure %Average total penetration of j?uocinolide from 0.01 and 
0.05 % solutions in isopropyl myristatelisopropanol through the same 
skin specimens after I6 hr. at 37". Key: A, initial concentration 
before evaporation of isopropanol = 0.05 %; B, initial concentration 
before evaporation of isopropanol = 0.01 %. 


lide through human skin after 16 hr. at 37" from various mixtures 
of propylene glycol and isopropanol. Very little penetration was 
achieved from the 0.01 
isopropanol, but increasing the amount of isopropanol beyond 75 % 
results in an appreciable increase in penetration. The highest pene- 
tration was achieved from the 95 % isopropanol/5 % propylene 
glycol system. The graph also shows the small degree of penetration 
which occurred when evaporation of the isopropanol was prevented 
by occlusion. 


Also included in Fig. 2 is the penetration from 0.05 % fluocinolide 
solutions containing propylene glycol and isopropanol. Once again, 
a significant penetration was not achieved until the solvent 
system contained 75 % volatile component. However, maximum 
penetration occurred from the 85 % isopropanol/l5 % propylene 
glycol system and increasing the isopropanol content still further 
resulted in a decrease in penetration. 


steroid solutions containing up to 75 
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Figure &Penetration of Jluocinolone acetonide through human skin 
from 0.05 ml., 0.025 % solution in isopropanollpropylene glycol after 
I 6  hr. at 37". Key: 0-0, not occluded; 0-0, occluded. 
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As depicted in Fig. 3, the penetration of fluocinolide from solu- 
tions of isopropyl myristate and isopropanol was much lower than 
from the propylene glycol system, but even so, it showed a consider- 
able enhancement as the proportion of volatile component was 
increased. In the 0.01% fluocinolide solution, a maximum in the 
degree of penetration was reached when 85% of the vehicle had 
evaporated, whereas with the 0.05 concentration, the maximum 
penetration occurred from the system containing 75% of volatile 
component. 


Fluocinolone Acetonide in Mixtures of Isopropanol and Propylene 
Glycol or Isopropyl Myristate-Figure 4 shows the penetration 
of 0.025 % fluocinolone acetonide from solutions of propylene 
glycol and isopropanol. Pure propylene glycol and solutions con- 
taining up to 50 % isopropanol produced very poor penetration of 
the steroid. Increasing the isopropanol content to 75 increased 
the amount of fluocinolone acetonide transferred to about 4% of 
the total available for penetration. A further increase to a maximum 
transfer of about 10% of the membrane load was achieved by 
increasing the volatile component to 90% of the solvent system. 
The penetration from the 95 isopropanol/5 propylene glycol 
system decreased to about 5 %. 


As shown in Fig. 5, solutions of 0.025% fluminolone acetonide 
in isopropyl myristate or in mixtures of isopropyl myristate with up 
to 75% isopropanol did not allow penetration through the skin of 
more than 1-2% of the total steroid concentration after 16 hr. 
However, the penetration was increased to about 5% of the total 
steroid concentration when the volatile cosolvent comprised 90- 
95% of the solvent system. When all the solvent was allowed to 
evaporate, penetration was very low. 


Penetration was also very low from all the solutions when 
evaporation of the cosolvent was prevented. 


DISCUSSION 


It is evident that the enhancement of percutaneous penetration 
seen in these experiments is due to the increase in the solute con- 
centration caused by the evaporation of the volatile component. 
These penetration effects cannot be due to the isopropanol exerting 
a defatting or carrier mechanism in the skin as the penetration is 
very low from the completely volatile solvent, and from all the oc- 
cluded systems where evaporation was minimized and the solution 
remained on the skin surface throughout the experiment. 


Figure 6 depicts the increase in concentration of fluocinolide in 
the nonvolatile propylene glycol relative to the concentration of a 
saturated solution as increasing amounts of the vehicle are allowed 
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Figure 5-Penetration of Jluocinolone acetonide through human skin 
from 0.05 mi., 0.025 solution in isopropanollisopropyl myristate 
after 16 hr. at 37". Key: 0-0, not occluded; O---O, occluded. 







do evaporate. This ratio gives an approximation to the thermody- 
namic activity of fluocinolide developed in the propylene glycol 
after the isopropanol has volatilized. 


A saturated solution represented by a ratio of unity, should de- 
velop when about 9 2 z  of the vehicle has evaporated from the 
solution in which the initial concentration of fluocinolide was 0.01 %. 
Similarly, the solutions containing 0.05 % fluocinolide reach satura- 
tion when 60% of the solution has evaporated. Table I summarizes 
information for both steroids in either the propylene glycol or the 
isopropyl myristate systems. 


Using this information on the development of more concentrated 
solutions, it is possible to interpret the penetration curves more 
fully. 


For example, the penetration of fluocinolide from a 0.01 % solu- 
tion in propylene glycol (Fig. 2) is very low and the penetration 
does not increase significantly until about 75% of the vehicle has 
evaporated. At this point, the concentration profile (Fig. 6 )  shows 
a marked increase toward unity and the loss of additional small 
volumes from the vehicle causes large increases in the concentration 
of the steroid into the nonvolatile propylene glycol component. 
Corresponding closely to these increases are the large increases in 
penetration. When about 92% of the vehicle has evaporated, the 
remaining propylene glycol should be saturated with fluocinolide 
and higher penetration can be achieved only if some degree of su- 
persaturation is attained. In fact, the maximum penetration does 
occur from the 95 


The 0.05 % fluocinolide solution in propylene glycol also shows a 
low degree of penetration and only a small increase in penetration is 
achieved until more than 50% of the vehicle has volatilized. In- 
creasing the proportion of volatile component in the vehicle beyond 
50% causes large increases in penetration up to a maximum at 85 % 
volatile. This also relates to the concentration profile in Fig. 6.  It 
is apparent that in this system the penetration from the saturated 
solution is less than maximal, and it seems likely that some degree of 
supersaturation has been achieved. Increasing the volatile com- 
ponent still further results in precipitation and a decrease in the 
degree of penetration. 


The penetration of fluocinolide from 0.01% solutions in iso- 
propyl myristate and isopropanol, depicted in Fig. 3, follows a 
similar pattern and relates closely to the concentration profile 
given in Table I. A rather different situation is found in the 0.05% 
steroid system since fluocinolide is much less soluble in isopropyl 
myristate than in propylene glycol. The saturation solubility is 
about 0.04% at 37" and the 100% isopropyl myristate system is 
actually a saturated solution with excess steroid in suspension. 
However, peak penetration does not occur from this suspension; 


isopropanol/5 % propylene glycol solution. 
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Figure &Concentration projile of jluocinolide in propylene glycol 
at 37". Key: A, initial fluocinolide concentration before evaporation 
of isopropanol = 0.05 %; B, initial Jluocinolide concentration before 
evaporation of isopropanol = 0.01 %; -, saturation. 


Table I-The Concentration Profiles of Fluocinolide and Fluocino- 
lone Acetonide in Propylene Glycol or Isopropyl Myristate 


(Concn. of Steroid after (Concn. of 
Evaporation of Isopropanol) Saturated Solution) 


Co = 0 . 0 2 5 z  
I 


CO = 0.01 %" Ca = 0.05%. Fluocinolone 
Fluocinolide Fluocinolide Acetonide 


Propylene 
Glycol, 
Percent 
100 
75 
50 
25 
15 
10 
5 


Isopropyl 
Myristate, 
Percent 
100 
75 
50 
25 
15 
10 


5 


0.08 
0.11 
0.16 
0.32 
0.56 
0.8 
1.6 


0.27 
0.36 
0.54 
1.08 
1.81 
2.7 
5 .4  


0.40 
0.55 
0.80 
1.60 
2.68 
4.0 
8.0 


1.35 
1.8 
2.7 
5.4 
9 . 2  


13.5 
27.0 


0.006 
0.008 
0.013 
0.025 
0.042 
0.06 
0.13 


0.25 
0.33 
0.50 
1 .o 
1.68 
2.5 
5.0 


5 CO = initial concentration. 


it occurs from the solution initially containing 75% volatile solvent 
where, it is believed, an appreciable degree of supersaturation has 
been achieved. 


The penetration curves of fluocinolone acetonide from 0.025 % 
solutions in isopropanol and isopropyl myristate (Fig. 5 )  show 
similar features to those of fluocinolide. The system produces 
greater steroid penetration than it did with fluocinolide, but the 
same trend of increasing penetration to a maximum is observed as 
the thermodynamic activity of the steroid is increased by evapora- 
tion of isopropanol. The concentration profile (Table I) shows that 
the solution should become saturated when about 75% of the vehicle 
has evaporated, and since the penetration is increased beyond this 
point, it appears that some degree of supersaturation is developed 
in the system. 


The penetration curves of fluocinolone acetonide from iso- 
propanol and propylene glycol mixtures (Fig. 4) do not correspond 
as closely with the concentration profile as those of fluocinolide. 
It was found that the solubility of fluocinolone acetonide in propyl- 
ene glycol was high, therefore, large increases in concentration 
could be achieved before excess steroid crystallized out of the solu- 
tion. 


Even the 20-fold increase in concentration created by volatiliza- 
tion of 95% of the vehicle should not theoretically saturate the 
remaining propylene glycol. Therefore, compared with the results 
for fluocinolide, it was expected that the penetration would continue 
to increase and not show a maximum within these solvent mixtures. 
However, the penetration does reach a maximum when about 90% 
of the vehicle has evaporated. 


This may well be due to absorption of propylene glycol by the 
skin causing an additional concentrating effect on the steroid in 
the remaining vehicle. Possibly in this way, the 90% volatile system 
would become supersaturated, whereas, the 95 % volatile system 
would cause precipitation and so reduce the penetration. 


SUMMARY 


An in vitro study was conducted to examine the percutaneous 
penetration of fluocinolide and fluocinolone acetonide from 
vehicles containing different proportions of isopropanol and either 
propylene glycol or isopropyl myristate. Penetration was enhanced 
to a maximum in all the systems as the volatile cosolvent isopro- 
panol was allowed to evaporate. The increase in skin penetration 
is accounted for by the increase in the thermodynamic activity of the 
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steroid in the nonvolatile vehicle. The eventual decrease in penetra- 
tion was the result of steroid precipitation from the supersaturated 
solution. In those cases where evaporation was prevented, the 
penetration from each solvent system remained at a low level. 
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Model Catalysts Which Simulate Penicillinase IV: Steric and 
Electronic Effects in the Catalysis of Hydrolysis of 
Penicillins and Cephalothin by Aminoalkylcatechols 


RENAAT D. KINGET* and MICHAEL A. SCHWARTZ'! 


Abstract 0 Aminoalkylcatechols have been shown to catalyze the 
hydrolysis of penicillin at relatively rapid rates at neutral pH by a 
mechanism similar to that postulated for several hydrolytic enzymes. 
The present study was concerned with the effect on catalytic rates 
of varying the penicillin side chain and nucleus. Accordingly rates 
of hydrolysis of a number of penicillins and cephalothin were 
measured in the presence of several 3,6-bis(aminoalkyl)catechols 
where the amino group was varied in both size and basicity. Rates 
of alkaline hydrolysis were measured for comparison. There was 
little indication of steric hindrance of catalysis between penicillins 
with bulky side chains and catalysts with large amino groups. 
Electrostatic effects were much more prominent as exemplified by 
faster rates with carbenicillin (a-carboxybenzylpenicillin) than 
expected and changes in the pH-rate profile with ampicillin (a- 
aminobenzylpenicillin). With cephalothin the catalyst was virtually 
ineffective, probably because interaction between the carboxyl of a 
cephalosporin and a charged amine on the catalyst would leave the 
phenolate ion out of position for nucleophilic attack upon the 
p-lactam. 


Keyphrases 0 Aminoalkylcatechols-penicillinase simulation 0 
Penicillins, hydrolysis-aminoalkylcatechols, catalysts 0 Cephalo- 
thin hydrolysis-aminoalkylcatechols, catalysts UV spectro- 
photometry-hydrolysis determination 


Previous studies in this laboratory have shown that 
3,6-bis(dimethylaminomethyl)catechol (CDM) (I)  and 
other bis(aminoalky1)catechols ( 2 )  are powerful cata- 
lysts of penicillin hydrolysis. Many of the characteristics 
of this catalysis resemble those observed with a number 
of hydrolytic enzymes. These include a maximum in the 
pH-rate profile (l), the presence of an acyl-catalyst 
intermediate (3), and some specificity in the structure of 
catalyst necessary for optimum activity (1). I t  has been 


shown that both the basicity of the amine and the suscep- 
tibility of the P-lactam to nucleophilic attack are factors 
influencing reaction rate. 


The present study is concerned with the possible role 
of the penicillin side chain in the interaction with 
catalyst. A bulky side chain might sterically inhibit 
interaction of the penicillin with catalyst, whereas side 
chains containing certain groups might interact with the 
charged amino group and thus enhance catalytic rate. 
Therefore, the rates of hydrolysis of a number of peni- 
cillins were determined in presence of several 3,6-bis- 
(aminomethy1)catechoIs in which the basicity and size 
of the amino group were varied. Also studied was 
cephalothin, one of the cephalosporins, a group of 6- 
lactam antibiotics which differ from the penicillins in 
the distance between the carboxylate ion and P-lactam 
carbonyl group. 


EXPERIMENTAL 


Substrates-Cephalothin and penicillin V,' nafcillln.* carbenicil- 
lin,3 ancillin,4 and other penicillins,5 were all used. Two of the 
penicillins were prepared as follows: 


Methylpenicillin-(O.l mole) 6-Aminopenic1llan1c acid (6-APA) 
was dissolved in water containing 0.5 mole NaHC03 and 0.15 mole 
acetic anhydride added with stirring. After 90 min., the mixture was 
cooled, acidified to pH 2 with phosphoric acid, and extracted three 


1 Eli Lilly and Co. 
2 Wyeth Laboratories. 
3 Beecham Research Labs. 
4 Smith Kline & French Labs. 
6 Bristol Laboratories. 
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In Vitro Evaluation of a Series of Sympathomimetic Amines 
and the Beta-Adrenergic Blocking Properties of Cyclopentamine 


M. S. K. GHOURI* and THOMAS J. HALEY? 


Abstract 0 A series of sympathomimetic amines of varying struc- 
ture was studied on the isolated rabbit ileum and uterus in the 
presence of phentolamine. Norepinephrine was the most potent 
and cyclopentamine the least potent of the drugs giving responses. 
The structure required for high activity was discussed. It was demon- 
strated that cyclopentamine was a very weak alpha-adrenergic 
receptor stimulant and a weak beta-adrenergic receptor blocker. 
This drug also potentiated the auto-inhibition produced by high 
doses of isoproterenol and the effect lasted as long as the auto- 
inhibition persisted. It was suggested that the blockade by both 
drugs was the result of a direct action on the beta receptors. Iso- 
proterenol also produced an  auto-inhibition of its own responses on 
rabbit intestine which was gradually reversible with time. 


Keyphrases 0 Sympathomimetic amines-in r;itro activity Uteri, 
ileal segments-sympathomimetic amines, effect 0 Phentolamine 
effect-sympathomimetic amines. activity Adrenergic activity- 
sympathomimetic amines 


Ahlquist (1) classified adrenergic receptors into 
alpha and beta types depending upon their responses to  
structurally related catecholamines. Evidence that the 
inhibitory effects of sympathomimetic amines on the 
intestine was the result of stimulation of both types of 
receptor has been provided by Ahlquist and Levy (2). 
Furchgott (3) showed that similar effects were produced 
on the isolated rabbit ileum in citro. Miller (4) has 
shown that stimulation of both types of receptor in the 
isolated rabbit uterus caused contraction and the re- 
sponses to catecholamines were related to the hormonal 
state of the tissue. Burn and Rand (5) have shown that 
sympathomimetic agents can act directly by occupying 
specific receptor sites or indirectly by releasing cate- 
cholamines. Van Rossum and Mujic (6) have shown 
that the rabbit intestine may be used to  differentiate 
between such direct- and indirect-acting alpha sympa- 
thomimetics. However, these actions are by no means 
clear-cut because the beta-receptor agonist, Z-isopro- 
terenol, can stimulate the alpha receptor (7) and the 
alpha- receptor agonist, phenylephrine, can block the 
responses to isoproterenol (8). Moreover, Tothill (9) 
has shown that I-isoproterenol can produce resistance 
to its own action on the rat uterus (auto-inhibition). 


Cyclopentamine, an alpha-receptor agonist, has also 
been shown to antagonize the intestinal inhibitory 
action of ]-norepinephrine (6). However, Schmidt and 
Fleming (10) believe that cyclopentamine exerts its 
effect on intestinal peristalsis uiu a papaverine-like 
effect. Numerous other investigators (1 1-16) have 
studied structure-activity relationships in the various 
sympathomimetic drugs in order to classify their various 
activities, but the area is still somewhat confused. 
The present work is an effort to assist in clarifying the 
issue and to determine if the drugs act only as agonists 
or whether among the group there are drugs which 


also act as antagonists on either the alpha or beta- 
adrenergic receptors. 


MATERIAJS AND METHODS 


ileal segments and uteri were obtained from rabbits injected 
with estrogen and progesterone according to the procedure of 
Leitch and Haley (17). This increased the responsiveness of the 
uteri by producing the same stage of estrus in all animals. The 
isolated tissues were suspended in separated 40-ml. baths containing 
Locke-Ringer solution (NaCI 9 g., KCI 0.42 g.; MgCI? 0.2 g., 
CaC12 0.24 g., NaHC03 0.5 g., and dextrose 0.5 g./l.) thermostati- 
cally regulated at 37.5" and aerated with 9 5 z  O2 and 5 %  C02. 
All doses of drugs were administered in a volume of 0.5 to  1 ml. 
using micromolar concentrations. The doses of the drugs used 
were: I-epinephrine-d-bitartrate 4.5 X pM,l  I-norepinephrine-d- 
bitartrate 4.7 X 
to 6 X 10-2 p M ,  I-isoproterenol-d-bitartrate 8.1 X to 1.3 X 


p M ,  phentolamine methanesulfonate 7 X p M ,  dichloro- 
isoproterenol 5 X to 2.5 X p M ,  p-methylsulfonamidoiso- 
proterenol 3 X 
to 10.8 X p M ,  tetrahydrozoline hydrochloride 1.3 X to 
9.8 X pM,  xylometazoline 5 X to 12.5 X p M ,  meth- 
ylphenidate hydrochloride 1.2 x 10-l to 9.5 X 10-1 p M ,  epinine 
hydrochloride 2 X to 3.5 x 10-1 p M ,  dl-synephrine tartrate 
4.5 X lo-' to 3.4 pM,  dl-cobefrine hydrochloride 1.1 X 
to 1.2 X 10-1 pM,  phenylpropanolamine hydrochloride 7.5 X 10-1 
to 11.3 pM, cyclopentamine hydrochloride I to 20.4 p M ,  metaram- 
inol bitartrate 3.5 X to 4.2 x 10-1 p M ,  isopropylmethoxamine 
hydrochloride 0.25 to 2.5 pM.  Doses up to 5 p M  of the following 
drugs were used; tuaminoheptane sulfate, isometheptane niucate, 
phenylpropylmethylamine hydrochloride, niethylhexamine, chlor- 
phentermine, nylidrin hydrochloride, mephentermine sulfate, 
hydroxyamphetamine hydrobromide, and propylhexedrine. A dose 
of the antagonist was added to the bath 1 min. prior to administer- 
ing a dose of the agonist which was allowed to act for 30 sec. Five 
strips were used for each drug and the results were statistically 
analyzed by the Litchfield-Wilcoxon (18) method. 


pM,  I-phenylephrine hydrochloride 2.4 X 


to 1.2 X 10-1 p M ,  methoxamine 1.5 X 


RESULTS 


The isolated ileal and the uterine preparations of the hormone- 
treated rabbit showed varying degrees of responsiveness to the sym- 
pathomimetic drugs in the presence of phentolamine, although the 
order of relative potencies was not altered significantly as is evident 
from Table I. Xylometazoline was ineffective on the uterus whereas 
it was about as active as phenylephrine on the ileum. On the other 
hand, tuaminoheptane and cyclopentamine had no activity on the 
ileal preparation, but they had a weak alpha-receptor stimulzting 
activity on the uterus. Similarly, isopropylmethoxamine had no 
effect on beta-receptor activity on the intestine but antagonized 
isoproterenol-induced relaxation of the uterus. Dichloroisopro- 
terenol blocked isoproterenol-induced relaxation in the intestine 
but consistently relaxed uterine preparations because of its intrinsic 
sympathomimetic activity. p-Methylsulfonamidoisoproterenol was 
without any sympathomimetic effect and antagonized isoproterenol 
on both of the preparations. 


An interesting observation was the ability of cyclopentamine to  
reversibly block isoproterenol-induced inhibition of the ileal and 
uterine smooth muscles. It was about 810 times less potent than DCi 
on the intestine, and about 150 times less than p-methylsulfonamido- 
isoproterenol on the uterus (Table 11). Cyclopentamine (19.8 pA4) 
also blocked epinephrine (4.5 X p M )  in the presence of phen- 


p M designates micromole throughout this article. 
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Table I-Comparison of Alpha-Receptor Stimulating Properties in the Presence of 7 X pM of Phentolamine 
~~~ 


Ileum . -  Uterus -- 
EDSo and Slope and EDBo and Slope and 


Agonist Range, p M  Range Potency Range, p M  Range Potency 


I-Phenylephrine 0.024 2.25 1 .o 0.036 2.41 1 .o 
(0.0184.032) (1.61-2.93) (0.0194.054) (1.91-3.42) 


(0.0024.006) ( 1 .53-3.54) (0.0034.005) (2.15-3.24) 


(0.022-0.065) (1.32-3.1) (0.034.15) (1 .62-3.45) 


(0.0234.061) (1.8-3.9) (0.031-O.069) (1.30-4.50) 


(0.025-0.082) (1.12-2.96) 


I-Norepinep hrine 0.005 2.70 5.2 0.004 2.72 8 .5  


dl-Cobefrine 0.040 1.95 0 . 6  0.082 2.33 0.45 


Tetrahydrozoline 0.042 2.21 0.57 0.045 2.01 0.8 


Xylometrazoline 0.05 1.83 0.48 No activity 


Methoxamine 0.059 1.75 0.40 0.098 2.40 0.37 


Metaraminol 0.15 1.96 0.16 0.21 1.87 0.17 
(0.24-0.097) (1.12-3.46) (0.0584.20) (1.73-3.01) 


~~ ~~ 


(0.084.29) (1 .31-2.78) (0.124733) (1.133.76) 
Epinine 0.16 2.03 0.15 0.26 1.93 0.16 


Methylphenidate 0.45 1.65 0.053 0.91 1.82 0.039 
(0.094.26)  (1.45-3.01) (0.154.34) (1.39-3.4) 


(0 .224.66)  (0.98-3.25) (0.69-1.8) (1 .01-4.60) 
Tuaminohep tane No activity 3.50 1.74 0.015 


dl-Synephrine 1.81 2.18 0.013 2.51 2.31 0.014 


Phenylpropanolamine 5.32 2.27 0.0045 5.80 2.08 0.006 


Cyclopentamine No activity 5.92 2.31 0.006 


(1.85-5.32) (1.21-3.67) 


(1.22-2.68) (1 .09-3.20) (1.21-4.08) (1 .62-3.77) 


(3.2-7.6) (1.53-3.98) (2.93-7.98) (1.01-3.79) 


(3.69-7.37) (1.58-3.24) 


tolamine (7 X p M ) ,  Fig. 1, but did not affect the tissue re- 
sponses to  alpha-receptor agonists, phenylephrine and norepi- 
nephrine. Isoproterenol produced an incomplete autoblockade of its 
inhibitory effect on the intestinal tissue a t  a dose of 1.3 X pM.  
This effect could not be overcome by repeated washings but gradu- 
ally disappeared within 30 min. Successive high doses of isoprote- 
renol produced more nearly complete and longer lasting auto- 
inhibition of its relaxing response on ileal strips. Cyclopentamine 
potentiated the isoproterenol-induced auto-inhibition on the isolated 
ileal preparation. No auto-inhibition was observed on the rabbit 
uterus. On the spontaneously contracting uterine strips, isoprote- 
renol produced complete relaxation in a dose (1 X 10W p M )  which 
was about four times less than (4.1 X 10W p M )  required for the 
same effect on ileal strips. 


Isometheptane, phenylpropylmethylamine, methylhexamine, 
chlorphentermine, nylidrin, mephentermine, and propylhexedrine 
were devoid of adrenergic activity on both in citro preparations. 


DISCUSSION 


The present work confirms the observations of others (3, 6) that 
the rabbit intestine is suitable for study of the effects of drugs on the 
alpha and beta receptors. It has also been shown that I-isoproterenol 
produces resistance to its own action on the rabbit uterus similar to 
that produced on the rat uterus (9). Under the conditions in this 
study, it was not possible to confirm Schmidt and Fleming's (10) 
observation of a papaverine-like action of cyclopentamine. 


The drugs examined in this study can be classified into various 
chemical groups according to their structures. Among the alkyl- 


ethylamines, activity at  the alpha-adrenergic receptor was not high. 
Straight-chain compound, tuaminoheptane, was more active than 
the alicyclic cyclopentamine. In straight-chain alkylamines, activtiy 
at the alpha-adrenergic receptor was found in compounds with seven 
or eight carbon atoms. Branching of the chain as in methylhexane- 
amine and the introduction of an ethylenic linkage as in isomethep- 
tene destroyed activity. 


Among the phenylalkylamine derivatives only one compound, 
epinine, stimulated the alpha-adrenergic receptor. Epinine has 
catechol hydroxyl groups and resembles norepinephrine in this 
regard. The presence of a puru-hydroxyphenyl moiety in hydroxy- 
amphetamine did not confer activity. This is in agreement with 
earlier reports that showed that the meta-hydroxyl group in sympa- 
thomimetic amines was of a greater significance than the para- 
hydroxyl group for activity at  adrenergic receptors (19). All sub- 
stituents a t  the alpha and beta carbon atoms and the amino nitrogen 
atom in the side chain consistently produced a decrease in activity. 


Compounds derived from the phenylalkanolarnine basic structure 
are closely related to norepinephrine and are more active than 
phenylalkylamine analogs. The presence of the beta-hydroxyl group 
in these compounds confers greater activity at adrenergic receptors, 
indicating that this group facilitates drug-receptor interaction as 
postulated previously (16). It would appear that the highly specific 
structural requirements for activity at  alpha-acirenergic receptors are 
met within the norepinephrine structure, and any alteration in this 
structure simply decreases activity. Starting with norepinephrine, 
substitution at  the terminal amino nitrogen results in a gradually 
decreasing activity, and bulky groups ultimately destroy all activity 
at  the alpha-adrenergic receptor. Simultaneous methyl substitution 
at  the nitrogen and the carbon atoms next to it produces the same 


Table 11-Comparison of Beta-Receptor Blocking Properties in the Presence of Isoproterenol 


--- Ileume . -  -Uterus*---- - 
ED,o and Slope and EDao and Slope and 


Antagonist Range, p M  Range Potency Range, p M  Range Potency 
~~ ~ 


p-Methylsulfonamido- 0.073 2.62 1 0.082 2.34 1 
isoproterenol (0.0344.014) (1.37-3.69) (0,0354.132) (1.09-3.62) 


Dichloroisoprotereno1 0.011 2.46 6 .6  Relaxes 


Isopropylmethoxamine No activity 0.78 1.78 0.105 


Cyclopentamine 8.9 1.73 0.008 12.1 2.32 0.007 


(0.006-0.029) (1.89-3.65) 


(0.52-1.38) (0.92-3.81) 


(4.93-13.68) (0.93-3.81) (6.9 -26.2) (1 .46-3.59) 


0 4.1 X 10-3 p M  of isoproterenol used on ileum. * 1.1 X p M  of isoproterenol used on uterus. 


C'ol. 58, No. 7, July 1969 883 







A ?  


D t 


H r t  I t t  


Figure 1.-Beta-adrenergic blocking actiuity of cyclopentumine on 
rabbit ileum. A ,  cyclopentamine 19.8 pM; B, norepinephrine 4.7 X 


pM; C, cyclopentamine 19.8 pM plus norepinephrine 4.7 X 
,uM; D ,  phenylephrine 2.4 X 10-2 p M ;  E, cyclopentamine 


19.8 pM plusphenylephrine 2.4 X pM; F, isoproterenol4.1 X 
10-3 pM; G, cyclopentamine 4.9 fiM plus isoproterenol4.1 X 
pM; H, cyclopentumine 9.8 pM plus isoproterenol4.1 X f i M ;  
I ,  cyclopentarnine 14.7 pM plus isoproterenol 4.1 X pM;  J,  
epinephrine 4.5 X 10-3 pM, cyclopentamine 14.7 pM, epinephrine 
4.5 X 
pLM, phentolumine 7 X 10-3 pM, cyclopentamine 19.8 pM, epineph- 
rine 4.S X uM,  respectively. 


pM, cyclopentamine 19.8 pM, epinephrine 4.5 X 


effect. Here again, the metu-hydroxy compound showed greater 
activity than itspuru isomers. 


In tetrahydrozoline and xylometazoline the amino group and the 
alpha carbon atom are incorporated into a five-membered hetero- 
cyclic ring. It seems that the conformaton of these compounds 
about the amino group is not significantly altered from that in 
norepinephrine and so the affinity for alpha-adrenergic receptor is 
maintained. A heterocyclic ring, however, does affect potency 
according to the size of the ring; methylphenidate with a six- 
membered heterocyclic ring is less active than its five-membered 
analogs, tetrahydrozoline and xylometazoline. 


Irrespective of the class, in all these compounds -C-C-N< 
moiety is important for activity at adrenergic receptors, and any 
alkyl substitution other than hydrogen on any of these atoms de- 
creases activity at alpha receptors. 


The dual behavior of cyclopentamine in producing alpha- 
adrenergic receptor stimulation and beta-receptor blockage is a 
highly unexpected observation in view of the lack of resemblance of 
this compound to any of the beta-adrenergic receptor-blocking drugs 


and to isoproterenol. Thus it is difficult to correlate this finding with 
the current hypotheses that require the presence of an isopropyl- 
amino group, a beta-hydroxyl group, and a catechol nucleus in the 
molecule to have some affinity for beta-adrenergic receptor (12, 15, 
16). It may well be that the cyclopentamine structure is unique in 
this respect since another alicyclic compound propylhexedrine 
which has a cyclohexyl moiety instead of a cyclopentyl is com- 
pletely inactive. Although the beta-receptor blocking activity of 
cyclopentamine is weak, it is to be expected that suitably designed 
cyclopentamine analogs may prove capable of exhibiting potent 
beta-receptor blocking property. 
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Some Derivatives of 2-Methyl-3-phenyl-3H-4-quinazolone 


A. E. OSSMAN, M. KHALIFA, and Y. M. ABOU-ZEID 


.4bstract [7 The preparation of isomeric acids and acid amides of 
2-methyl-3-phenyl-3H-4-quinazolone and its benzene-substituted 
derivatives are described. A mechanism is suggested to account for 
the formation of 2-methyl-3H-Cquinazolone from the isomeric 3- 
(carboxyphenyl) acids by fusion with urea or the corresponding 
ammonium salts by distillation. 


Kegphrases 2-Methyl-3-phenyl-3H-4-quinazolone derivatives- 
synthesis Antiepileptics, potential-synthesis 


Although most antiepileptic drugs currently in use 
contain a carbonyl-nitrogen-carbonyl grouping, anti- 
convulsant activity is found also in simple amides such 
as 2-phenyl-2-hydroxypropionamide (1); and N-benzyl- 
P-chloropropionamide, which is an example of a 
methylene-nitrogen-carbonyl grouping (2). Further- 
more, extensive screening of heterocyclic amides as 
well as noncyclic fragments of the barbiturate nucleus 
has furnished a lead to successful anticonvulsants as 2- 
phenylbutyramide and its N-methyl derivative (3). 


Recently, a group of British investigators demon- 
strated the anticonvulsant activity of some 2-alkyl-3- 
aryl-3H-4-quinazolones, of which the 2-methyl-3-(p- 
broniophenyl) derivative has anticonvulsant activity 
comparable to the most potent anticonvulsant drugs 
(4). 


Since the carbamoyl group appears in many CNS 
depressants and the sulfamoyl is characteristic of 
carbonic anhydrase inhibitors, it is of interest to intro- 
duce these groups into the phenyl radical of 2-methyl-3- 
phenyl-3H-4-quinazolone. Consequently, quinazolone 
derivatives of the general formula (I) have been pre- 
pared as potential anticonvulsants (Fig. 1). 


For the synthesis of such compounds the following 
general reaction conditions were adopted (Scheme I). 


0 
II H9NArCO;H or 


R ~ N A ~ C O N H ?  or 
H;NArSOZNHz -I 


Dry pyridiiie 


I1 
Scheme I 


EXPERIMENTAL 


Derivatives of 2-Methyl-3-phenyl-3H-4-q~nazolone-Ceneral Pro- 
ceaure-Compounds I-X were prepared by suspending a mixture of 
equimolecular amounts of acetanthranil or its benzyl-substituted 
derivatives and the appropriate amino acid or amino amide in dry 
pyridine (2 g. pyridine/l g. mixture) and refluxing for 1 hr. (5 ) .  
The pyridine was then removed in uucuo and the resulting gummy 
mass or crystalline solid was recrystallized from the appropriate 
solvent (see Table I). 


RESULTS AND DISCUSSION 


The acids were prepared by condensing acylanthranils with m- 
and p-aminobenzoic acids, while the amides were obtained from the 
corresponding aminobenzamides by a similar condensation. Con- 
densation of sulfanilamide with 6,8-dibromoacetanthranil afforded 
a quinazolone derivative with a p-sulfamoyl group. All attempts to 
prepare 2-methyl-3-(p-carbamoylphenyl)-3H-Cquinazolone or its 
ortho analog were abortive. 


The synthesis of the acids listed in Table I was accomplished by 
condensing 2-methyl-3,1-benzoxaz-4-one or its benzyl-substituted 
derivatives (11) with isomers of anthranilic acid in dry pyridine. 
Attempts to convert the acids obtained to the corresponding 
amides uiu the application of the Cherbuliez method (6)-which 
consists in fusing the carboxylic acid with urea under pressure- 
did not give satisfactory results. Instead of affording the expected 
amides, 2-methyl-4-quinazolone was obtained. The constitution of 
which was established by mixed melting with an authentic sample 
prepared according to the method of Buzas and Hoffmann (7). 
The formation of 2-methyl-4-quinazolone probably takes place 
according to the following (Scheme 11): 


0 


111 


Scheme 11 


At the temperature (180-200") at  which the fusion is conducted, 
it is likely that decarboxylation of the isomeric acids occurs con- 
verting these into one compound (111). The carbonyl at  Posi- 
tion 4 is then attacked by the ammonia-resulting from the de- 
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Table I-Deriva tives of 2-Methyl-3-phenyl-3H-4-quinazolone 


Solvent 
of 


Crystal- 
Yield, liza- M.p., -Anal., %- 


% tion“ OC,b Formula Calcd. Found Compd. Name R R’ Ar 


I 


I1 


I11 


IV 


V 


VI 


VIII 


VIII 


IX 


2-Methyl-3-b-car boxyp henyl)-6- 
bromo-3H-4-quinazolone 


2-Methyl-3-(m-carboxyphenyl)- 
6,8-dibromo-3H-4-quinazolone 


2-Methyl-3-(p-carboxyphenyl)- 
6,8-dibromo-3H-4-quinazolone 


2-Methyl-3-(m-carbamoylphenyl)- 
3H-4quinazolone 


2-Methyl-3-(m-carbamoylphenyl)- 
6-bromo-3H-4-quinazolone 


2-Methyl-3-(pcar bamoylpheny1)- 
6-bromo-3H-4-quinazolone 


2-Methyl-3-(m-carbamoylphenyl)- 
6,8-dibromo-3H-4-quinazolone 


2- Methyl- 3-(p-carbamoylp hen yl)- 
6,8-dibromo-3H-4quinazolone 


2-Methyl-3-Cp-sulfamoylpheny1)- 
6,8-dibromo-3H-4-quinazolone 


Br H 


Br Br 


Br Br 


H H  


Br H 


Br H 


Br Br 


Br Br 


Br Br 


p-carboxyphenyl 


m-car box yphenyl 


pcarboxyphenyl 


rn-car barno ylphenyl 


m-carbamoylphenyl 


p-car barno ylphenyl 


m-carbamoylphenyl 


p-carbamoylphenyl 


p-sulfamoylphenyl 


89 


96 


48.5 


50.1 


41.8 


25.1 


50.3 


18.3 


67.4 


E 


E 


E 


A 


B 


A 


B 


D 


C 


305 


286 


320 


225 


302 


225 


295 


302 


330 


C, 53.48 53.46 
H, 3.06 3.65 
N, 7.79 7.91 
C, 43.83 44.09 
H, 2.28 2.99 
N, 6.39 6.15 
C ,  43.83 43.92 
H,  2.28 2.87 
N, 6.39 6.34 
C, 68.81 68.28 
H, 4.65 4.71 
N, 15.05 14.75 
C, 53.63 53.60 
H, 3.35 3.38 
N, 11.73 11.44 
C, 53.63 53.77 
H, 3.35 3.35 
N, 11.73 11.18 
C, 43.93 44.25 
H,  2.51 2.55 
N, 9.61 9.16 
C, 43.93 44.24 
H,  2.51 2.49 
N, 9.61 9.35 
C, 38.05 38.17 
H, 2.32 2.33 
N, 8.87 8.80 


a A, acetone; B, pyridineethanol; C,  acetone-methanol-dimethyl-fonnamide; D, dimethylformamide-ethanol; E, ethanol. b Melting 
points are uncorrected. c Analyses performed by Janssen Pharma-ceutica, Beer se, Belgium, 


composition of urea-with the consequent formation of (IV) which 
then undergoes ring closure by internal addition followed by the 
elimination of aniline. 


It may be seen from the foregoing that the suggested scheme be- 
sides accounting for the formation of 2-methyl-4-quinazolone, 
gives a reasonable answer to the production of aniline in the course 
of the fusion. 


Several other attempts were made to prepare the amides listed in 
Table I. Thus treatment of the corresponding esters with ammonia 
either aqueous or alcoholic was unsuccessful and the esters were 
recovered unchanged. Likewise, distillation of the ammonium 
salts of the parent acids proved to be unsatisfactory. Similarly, no 
success attended an attempt to prepare the amide from the cor- 


n 


responding acid chloride. However, preparation of the amides of 
Table I was accomplished by condensing amino-amides with 
acetanthranil or its benzyl-substituted derivatives in dry pyridine. 
2-Methyl-4H-3,1-benzoxaz-4-one (acetanthranil), its 6-bromo 


derivative, and the 6,s-dibromo compound were prepared accord- 
ing to the method of Bogert (8) in an overall yield of 86,73. and 
94%, respectively. 


The isomeric aminobenzamides were prepared from the cor- 
responding nitrobenzoyl chlorides by ammonolysis followed by 
reduction of the nitroamides thus obtained with ferrous sulfate 
and ammonia according to the method of Jacobs and Heidelberger 
(9). 


The compounds in Table I have been submitted for a general 
pharmacological screening for possible anticonvulsant action and/or 
other biological activity. The results obtained will be the subject of 
a subsequent communication. 


I 


R = H  or  Br; R’=H or Br; R and R’ may be the same 
or different; X = m-or p - :  COOH or CONH2, or p-SO2NHz 


Figure 1 
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C O M M U N I C A T I O N S  


Disproportionation of Lidocaine Sulfate 
Dihydrate in Certain Organic Solvents 


Keyphrases c] Lidocaine sulfate dihydrate-synthesis Dispro- 
portionation, organic solvents-lidocaine sulfate dihydrate 0 IR 
spectrophotometry-identity 


Sir : 
The disproportionation of lidocainel sulfate dihy- 


drate into the bisulfate and amine base has been 
observed. 


[ X ~ H l , S 0 4 * 2 H 2 0  - XYL + [XYLIHSO, + 2H20 


It was this reaction that presented difficulty in the 
preparation of lidocaine sulfate. Such a disproportion- 
ation was suspected when attempts to prepare the sul- 
fate in the presence of acetone yielded only the bisul- 
fate. The sulfate was ultimately synthesized utilizing a 
suitable mixed organic solvent system, namely, 95 
ethanol and ethyl ether. 


Lidocaine Sulfate Dihydrate-Fifty-two grams (0.22 
mole) of lidocaine base was dissolved in 125 ml. of 
ether. To 50 ml. of 95% ethanol previously cooled in 
an ice-water bath was added slowly, 5.3 ml. (9.8 g.; 
0.1 mole) of concentrated sulfuric acid. The acid- 
alcohol mixture was added dropwise to the ether 
solution of the base under vigorous magnetic stirring. 
After complete addition, the precipitate was isolated 
by filtration and washed with several portions of 
ether. A yield of 56.8 g. (9373 was obtained. Re- 
crystallization from 15 x ethanol in benzene by cooling 
from 30 to  10" gave colorless crystals, m.p. 106-108°.2 
IR spectrum3 showed S - 0  str. at 1125 cm.-' [lit. 1125- 
1080 cm.-l (l)]. 


Xylocaine (Lidocaine USP), Astra Pharmaceutical Products, Inc., 


All melting point values corrected, using a Mel-Temp apparatus. 
Worcester, Mass. 


a Perkin-Elmer model 137B, KBr. 


Anal. 4-Calcd. for CesH6,N40sS (602.80): C, 55.79 :; 
H, 8.36; N, 9.30; S, 5.32; XYL, 77.75; HZO, 5.97%:; 
mol. wt., 603. Found: C, 55.99; H, 8.61; N, 9.07; 
S, 5.60; XYL, 77.52; HsO, 6.09%; mol. wt., 618. 


Supplementary Data-Assay (2) of lidocaine bi- 
sulfate, m.p. 218-220' [lit. 210-212" (3)], for lidocaine 
base gave the following results: Calcd., 70.50%:; 
Found, 70.22%. IR spectrum showed S-0 str. at 1180 
and 1070 cm.-' [lit. 1190-1 160 and 1080-1015 cm.-'(l)]. 
The pH of a 2 %  solution in saline of lidocaine sulfate 
dihydrate and lidocaine bisulfate was 5.5 and 2.7, 
respectively. Melting point determination on lidocaine 
base gave the value of 67-69' [lit. 66-69' (4, 5)]. 


Disproportionation Reaction Procedure-The sol- 
vents used were absolute ethanol, acetone, benzene, 
carbon tetrachloride, chloroform, ether, and water. 
Five grams (0.0083 mole) of lidocaine sulfate dihydrate 
was placed in 200 ml. of solvent contained in a 500-ml. 
stoppered flask and mixed well. After 3 days at room 
temperature the mixture was filtered. In the case of the 
solvents acetone and chloroform, in which a visible 
reaction had taken place, the weight and melting point 
of the precipitate formed was obtained. In the case of 
the other solvents in which no visible reaction appeared, 
the filtrate was evaporated to  dryness over a steam 
bath. The weight and melting point was obtained on 
the residue. Further confirmation of the recovered 
sulfate and the reaction products lidocaine base and 
bisulfate was obtained by IR spectra. 


Results-The sulfate was completely soluble in 
absolute ethanol and water. No precipitation occurred 
upon standing for 3 days. Upon evaporation of the 
filtrate the unreacted sulfate was recovered in both 
cases, m.p. 106-108"; recovery 4.8 g. (96%). 


In benzene, carbon tetrachloride, and ether there was 
no visible evidence of a reaction taking place. The 
sulfate appeared to  be insoluble in these solvents. 
Evaporation of the filtrates gave a 5-11 % yield of 
lidocaine base indicating a limited disproportionation. 


Microanalyses involving C, H, and N were performed by Schwarz- 
kopf Laboratories, Woodside, N. Y .  All other analyses were performed 
by our Analytical Laboratories. Sulfur, gravimetric as barium sulfate; 
lidocaine base, alkaline (NH4OH) chloroform extraction, nonaqueous 
perchloric acid titration (2); water, Karl Fischer method; molecular 
weight, classical method with Fisher apparatus, Beckman thermometer. 
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radioactive acetate. This procedure should cause the dilution of 
radioactive malonyl-CoA formed from radioactive acetate. (Also, 
the added malonate might alter the acetate-malonate equilibrium 
to prevent incorporation of radioactive label into malonyl-CoA.) If 
no labeled acetate were converted to malonyl-CoA, 100% of the 
rubrofusarin molecule’s radioactivity would be in the acetate of 
the terminal starting unit. 


Flooding the cultures with nonradioactive malonate increased the 
amount of radioactivity of the carbon in Position 2 of the ring 
system of rubrofusarin; this supports the view that acetate serves as 
the terminal starting unit in the formation of a polyketide chain. 
Since the increase in percent incorporation was 47.5 % instead of the 
theoretical 100 x, apparently, some radioactive acetate was con- 
verted to malonyl-CoA, decreasing the percentage value of the 
experimental results. Addition of nonlabeled malonate, however, 
caused a significant increase in radioactivity of carbon in Position 2 
of rubrofusarin by 133 % over the results of the acetate only experi- 
ment. 


Schmidt degradation of acetate recovered from the Kuhn-Roth 
oxidation of radioactive rubrofusarin revealed no randomization 
of radioactive label in the terminal starting acetate unit. Absence 
of such randomization indicated that the original radioactive acetate 
had not been metabolized to another compound before incorpora- 
tion into rubrofusarin 
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Effect of Salts on the Surface /Interfacial Tension and Critical 
Micelle Concentration of Surfactants 


LUCY S. C. WAN and PHILIP K. C. POON 


Abstract 0 All the salts used produced shifts of the CMC to lower 
concentrations and reduced the surface/interfacial tensions of air- 
surfactant solution and liquid paraffin-surfactant solution systems, 
respectively. No appreciable difference was observed when air was 
substituted for liquid paraffin as the upper phase, indicating that 
the hydrocarbon layer exerted no pressure effects. It appeared that 
shifts of CMC were related to the valency of the gegenion, a di- 
valent gegenion would produce a shift much greater than a mono- 
valent gegenion. Cationic gegenions were more effective in 
lowering the CMC of sodium lauryl sulfate than similar anions 
while anionic gegenions were effective with cetrimide and cetyl- 
pyridinium chloride. The CMC of cetomacrogol lo00 was practically 
unaffected by the addition of salt and the extent of interfacial tension 
reduction with respect to salt concentration was small when com- 
pared to corresponding systems containing ionic surfactants. 


Keyphrases 0 Surface-interfacial tension-salts effect Critical 
micelle concentration, surfactants-salts effect Interfacial, sur- 
face tension determinations-surfactant, salt-surfactant solutions 


Anionic surfactants have been shown to be influenced 
by the type, magnitude of charge, and degree of hydra- 
tion of the gegenions (1, 2), whereas cationic surfactants 
appear to be influenced only by the ionic size or degree 
of hydration of the gegenion (1, 3, 4). Nonionic sur- 
factants although not charged may form hydroxonium 
ions with weak cationic properties (5) and their CMC’s 
are affected by anions and their degree of hydration 
(5-10). It has been found that electrolytes promote ad- 
sorption and aggregation processes, possibly by de- 
creasing the electrokinetic repulsion (5, 11-15) which 
can also be due to the screening of the double layer. 


Salts have been shown to suppress the dissociation of 
the surfactant monomer and cause a decrease in the 
desorption rate (16, 17). Greshfeld (18) attributes the 
decrease in surface tension to the formation of a mono- 
layer of nondissociated monomers. Tartar (16, 19) 
postulates that addition of electrolyte would reduce the 
thickness of the ionic atmosphere enveloping the sur- 
factant monomer. 


Nonionic surfactants are characterized by their un- 
dissociation and higher degree of hydration. The latter 
property is indicated by an increase in the CMC with in- 
crease in the hydrophobic chain length (20, 21) and by 
the large positive values of the heat and entropy of 
micellization in the presence of salts as compared with 
ionic surfactants in the same concentration of salt (22). 
This communication reports the change in CMC and 
the further reduction of surface/interfacial tension of an 
air-liquid system and a liquid-liquid system where one 
phase is a surfactant solution, in the presence of added 
salts. The information obtained may be useful for the 
preparation of solubilized and emulsified products. 


EXPERIMENTAL 


Materials-The following salts were used : ammonium chloride 
BP, ammonium bromide BPC, ammonium sulfate,’ lithium chlo- 
ride,’ lithium sulfate,? magnesium ~hlor ide ,~  magnesium sulfate 


1 E. Merck, Darmstadt, Germany. 
2 A. R. Grade, British Drug House Ltd. 
3 May and Baker, Dagenham, England. 
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Figure I-Effect of various chlorides on the interfacial tension of sodium lauryl sulfate with liquid parafin as the upper phase at 25 '. Key: 0, 
no salt; magnesium chloride: X, 0.0100M; A, 0.0206M; 0 ,  0.0495M; ., 0.1009M; V, 0.1999M; ammonium chloride: X, 0.0100M; A, 
0.0207M; 0,0.0494M; m, 0.1005M; V, 0.1998M; sodium chloride: X, 0.0100M; A, 0.0207M; 0,0.0494M; m, 0.1008M; V, 0.1992M; lithium 
chloride: X, 0.0100M; A, 0.0208M; 0,0.0498M; m, 0.1008M; V, 0.1986M. 


BP, potassium chloride BP, potassium bromide BP, sodium chloride macrogo11000 BPC5 were used as supplied. Their physical constants 
BP, sodium bromide BP, sodium sulfate BP, zinc sulfate BP, sodium are listed in Table I. Liquid paraffin BP with a kinematic viscosity 
citrate BP, sodium ph~sphate ,~  and sodium tartrate.' Solutions of of 95.58 C.S. at 37.8" was used as the upper liquid phase. 
these salts were added to the aqueous surfactant solution in the Apparatus-Du Nouy tensiometer, Cambridge Instrument Co. 
air-surfactant solution and liquid paraffin-surfactant solution Measurement of Surface Tension of Surfactant Solutions at 25"- 
systems. Sodium lauryl sulfate, cetylpyridinium chloride, cetrimide A series of surfactant solutions of varying concentrations was pre- 
BP5 (chiefly tetradecyltrimethylammonium bromide), and ceto- pared and allowed to remain in the dishes for 30 min. for adsorption, 


4 Sipon Products. Ltd., London, England. 5 Glovers (Chemicals) Ltd., Leeds, England. 
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Table I-Physical Constants of Surfactants 


Melting Point,” CMC“ 
Surfactant “C. (moles/l.) at 25 O 


Sodium lauryl sulfate 178-1 80 6.5 x 10-3 
Cetrimide BP 233-234 3 .2  x 10-3 


Cetomacrogol lo00 BPC 42.543.0 3.0 x 10-5 
Cetylpyridinium chloride 76.5-77.0 0.92 X 


a Hot stage micro-melting point apparatus. * From surface tension 
measurements using the Du Nouy tensiometer. 


if any, by the glass to take place, drained dry, and fresh solutions 
remade in the same dishes. The ring of the tensiometer was im- 
mersed in the solution and the dish covered with aluminium foil to 
reduce evaporation. The tensiometer was placed inside a perspex 
box and the room temperature maintained at 25 * 0.5 ’. The surface 
tension was measured after 10 min., by raising the ring upward 
gently and slowly till it broke away from the meniscus; two more 
minutes were allowed for further stabilization of the meniscus just 
before it ruptured. 


Calculated quantities of salt solution of known strength were 
introduced by means of a hypodermic syringe into the bulk of the 
surfactant solution in a sequential cumulative manner such that 
the salt concentration of the system ranged from about 0.01 to 0.2 
moles/l. The surface tension was taken after each addition of salt. 


Measurement of Interfacial Tension at 25 “-The preliminary 
treatment was the same as that described above. After immersing 
the ring in the surfactant solution an equal quantity of liquid 
paraffin was introduced gently to cover the aqueous phase ensuring 
that no air bubbles and aqueous droplets were present in the liquid 
paraffin phase. The interfacial tension was measured 10 min. after 
bringing the two phases in contact, by raising the ring upward 
into the liquid paraffin phase until the meniscus broke away from 
the ring. The salt solutions were introduced in the same manner as 
that stated above. The CMC was obtained from the intersection of 
the tangents drawn to the points of the straightest portions of the 
curves of surface/interfacial tensions against surfactant concentra- 
tion plots. 


RESULTS AND DISCUSSION 


It was found that the discontinuity in the plots of surface/- 
interfacial tension against surfactant concentration for air-surfactant 
solution and liquid paraffin-surfactant solution systems, respec- 
tively, occurred at about the same concentration of surfactant. This 
indicated that liquid paraffin was not likely to alter the process of 
micellization of surfactant monomers. Generally the addition of salt 
resulted in a reduction of surface tension, interfacial tension and 
CMC of sodium lauryl sulfate, cetrimide, cetylpyridinium chloride, 
and cetomacrogol 1OOO. The magnitude of the reduction depended 
on the salt concentration and valency as well as the type of sur- 
factant involved. The presence of liquid paraffin as the upper phase 
did not seem to affect the magnitude of the effect exerted by the 
salt additives in the subphase of sodium lauryl sulfate solution. 
The effect was observed to be similar in both the air-surfactant 
solution and liquid paraffin-surfactant solution systems. However, 
with varying concentrations of salt, the corresponding lowering of 
the CMC of cetrimide was greater in the air-surfactant solution 
than in the liquid paraffin-surfactant solution system. This could 
be due to the pressure effect of the hydrocarbon upper phase and 
that cetrimide could be sensitive to the presence of this phase. 


Figure 1 shows the effect of various chlorides on the interfacial 
tension between liquid paraffin and sodium lauryl sulfate solution. 
A similar behavior was also observed with a series of sulfates in 
the same system. All the salts depressed the interfacial tension, the 
depression increased with salt concentration. The order of effective- 
ness of the salts on the lowering of the CMC of sodium lauryl 
sulfate was as follows for chlorides: Mg++ > NH4+ > Na+ > Lit‘ 
and for sulfates: Zn++ 3 Mg++ > NH4+ > Na+ > Li+. These re- 
sults showed that the divalent cations produced a greater lowering 
of the CMC than the univalent cations. It is well known that 
specific ion effects are related to the size of the hydrated ion, 
namely, a decrease in the lyotropic number corresponds to a de- 


crease in hydrated ionic radius. Using similar cations, but different 
anions, it was found that the order of effectiveness of shifting the 
CMC was the same for sodium and ammonium salts, namely, 
Br- > CI- > SO4-- and that the order was in line with a decrease 
of the lyotropic number of the anion. However, with magnesium 
salts, it was noted that the sulfate ion was more effective than the 
chloride ion. On the whole, cationic gegenions were more effective 
than similar anions on the reduction of the CMC of sodium lauryl 
sulfate. 


Figure 2 shows the effect of sodium salts on the interfacial ten- 
sion between liquid paraffin and cetrimide solution. In the same 
manner as for sodium lauryl sulfate, the interfacial tension was re- 
duced as the salt concentration was increased. Several ammonium 
salts also produced similar results. The order of the anionic gegen- 
ions on the depression of the CMC of cetrimide was as follows for 
sodium salts: Br- > C & @ - -  > C1- > so4-- and for ammonium 
salts: Br- > C1- > SO1-- It was noted that the order fitted in the 
pattern of the Hofmeister series. Although not so markedly effective, 
the various cations showed a slight effect on the CMC as seen in 
the bromide series, the order of effectiveness being as follows: 
Na+ > NH4+ > K+. In the case of chlorides and sulfates, the lower- 
ing of the CMC by different cations was the same, namely, Mg++ = 
Li+ = NH4+ = Na+ = K+. Generally the anionic gegenions were 
more effective in the case of cationic surfactant. 


For cetylpyridinium chloride which was included to determine the 
effectiveness of a common gegenion effect, it was found that cations 
bad an insignificant effect on the CMC as seen in the chlorides 
where Na+ = Li+ and in that of the sulfates where Na+ = Mg++. 
These results indicated that the response towards the gegenions was 
different from that of cetrimide, there was no indication of a com- 
mon ion effect. The anionic gegenions shifted the CMC to lower 
concentration, the order of the effect being as follows for sodium 
salts: C 6 H D - -  > SO4-- > CaHa08-- > Br- > C1-. This showed 
that the citrate ion was most effective with the chloride ion as the 
least effective, which was different from the order for the liquid 
paraffin-cetrimide solution system although both are cationic 
surfactants. It could be assumed that the chemical nature of the 
surfactant has significant influence. 


Cetomacrogol 1000 was found to be practically unaffected by 
the addition of salt. The magnitude of interfacial tension reduction 
with respect to salt concentration was very small when compared 
with corresponding systems containing ionic surfactants. However, 
the order of effectiveness of the anionic gegenions on the lowering 
of the CMC by sodium salts could be arranged as follows: POr--- > 
Br- > C1- > SOa--. Cations had little effect on the CMC as seen 
in the chlorides which produced no appreciable change in the CMC 
since Mg++ = NHr+ = Na+. 


The factors which operate in ionic surfactant solutions tending 
to retard surface molecules migration are likely to be (a)  the electro- 
kinetic potential in the electrical double layer surrounding an ionic 
species that is developed when the compound dissociates; (6)  the 
hydrophobic bonding between the nonpolar hydrocarbon portions 
of the surfactant and “iceberg” water. These factors may also govern 
the degree of micellization of the surfactant at high concentration. 
With a nonionic surfactant, in addition, account must be taken ofthe 
hydration forces due to the presence of hydroxyl groups and ether 
linkages which can hydrogen bond with water molecules. The ob- 
served reduction in interfacial tension and the lowering of the CMC 
by salts may be due to a reduction of the factors retarding migra- 
tion by the salts. In addition, interfacial packing of the adsorbed 
monomers, particularly of the ionic type, can be increased by the 
presence of salts as a result of the reduction in electrostatic repulsive 
forces between the charged heads in the aqueous phase adjacent to 
the interface. 


The marked effects of counterions on both the anionic and cat- 
ionic surfactants support the above explanation regarding the 
relative influence of the various factors. The lesser effect of ions 
having similar charge on the surface activity of the ionic surfactants 
may be attributed mainly to the secondary role they play on the re- 
duction of the cooperative structure of “iceberg” water around the 
hydrocarbon surface chain. The quite definite effect of anions on 
the surface activity of cetomacrogol 1OOO seemed to support the 
theory of the formation of positive hydroxonium ions and their 
effect on the ether oxygen of polyoxyethylenic surfactant molecules 
(5 ,  8,23) which is weakly cationic. 


Cationic surfactants on the whole exhibited a greater surface 
activity than the anionic or nonionic surfactants in the presence of 
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Figure 2-Effect of sodium salts on the inter- 
facial tension of cetrimide with liquidparafin 
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Figure 3-Variation of the logarithm of CMC of sodium lauryl sul- 
fate (A) and cetrimide (B) with liquid paraffin as the upper phase at 
25" as a function of the logarithm of the gegenion concentration. 
Key: A: X, sulfates of magnesium and zinc: 0, magnesium chloride: 
a, ammonium bromide: A, ammonium chloride, sodium bromide: H, 
ammonium sulfate, sodium chloride; V, sodium sulfate, lithium 
chloride; V, lithium sulfate, sodium phosphate; B: X, potassium 
bromide: 0, ammonium bromide: a, sodium bromide: A, sodium 
citrate; H, sodium tartrate: V, chlorides of sodium, potassium, am- 
monium, lithium; V, sulfates of magnesium, sodium, ammonium, 
lithium. 


salts. This is likely to be due to a preponderance of negatively 
charged ions in the electrical barrier when a salt is introduced, the 
surface migration of the cationic surfactant monomer may be 
facilitated. The greater activity of cetylpyridinium chloride as 
shown in the finding that the salt concentration 100 times less than 
that required to produce a similar effect with cetrimide, indicates 
the greater sensitivity of the delocalized charge in the polar pyridin- 
ium ring to the counterion than to the "point charge" of the alkyl- 
trimethylammonium cation in the ionized cetrimide. Cetomacrogol 
1000 showed a slight lowering of the interfacial tension in the 
presence of salt additives. This suggests that the relatively high 
surface activity of cetomacrogol loo0 can be due to the multiple 
polyoxyethylenic groups, which because of their high degree of 
hydration (24) and configuration entropies (25 )  may have rendered 
the salt effect insignificant. 


The variations of the CMC of surfactants in the aqueous sub- 
phase with liquid paraffin as the upper phase with respect to added 
salts gave a log-log relationship (Figs. 3 and 4). Similar relation- 
ships had been established with air-surfactant solution systems (1, 
3, 7). Substitution of the air phase with a liquid phase would 
probably be without much effect. From Figure 3 A, the slopes of the 
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Figure &Variation of the logarithm of CMC of cetylpyridinium 
chloride (A) and cetomacrogol I000 (B) with liquid parafln as the 
upperphase at 25" as a function of the logarithm of the concentration 
of gegenion and ionic electrolytes, respectively. Key: A: V, sodium 
chloride, lithium chloride: A, sodium bromide: H, sodium tartrate, 
magnesium sulfate: a, sodium sulfate: X, sodium citrate; B: X, 
sodium phosphate; a, sodium bromide: V, sodium sulfate: 0, sodium 
chloride, magnesium chloride, ammonium chloride. 


lines, except that of ammonium bromide, did not vary to any ap- 
preciable degree, demonstrating that the lowering of the CMC of 
sodium lauryl sulfate was approximately the same for a fixed con- 
centration of gegenion. This was also true for cetylpyridinium 
chloride (Fig. 4A) with the exception of sodium citrate. The slopes 
of the lines for plots of log CMC of both cetrimide and of ceto- 
macrogol 1000 against log gegenion concentration varied but the 
lines in such plot for cetrimide apparently had the tendency to con- 
verge at low concentration of gegenion while those for cetomacrogol 
1000 were more inclined toward convergence at high gegenion 
concentration. The change in CMC of cetrimide with various salts 
(Fig. 3B) was more marked at high concentration of gegenion 
than at low concentration and the converse was true for cetomacro- 
go1 loo0 (Fig. 4B). However, with sodium lauryl sulfate and cetyl- 
pyridinium chloride the change in CMC was without much dif- 
ference at high or at low concentration of gegenion. It appeared 
that the pattern of such log-log plots would be dependent on the 
surfactant itself. 
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COMMUNICATIONS 


Possible Role for Trichloroacetate in Pharma- 
ceutical Formulations 


Keyphrases 0 Trichloroacetate role-pharmaceutical formulations 
0 Thiopental sleeping time-trichloroacetate effect 0 Protein 
binding, thiopental-trichloroacetate effect 


Sir : 


Trichloroacetic acid (TCA) has a pKa of 0.70 at 
25" (1) and our investigations into its absorption from 
the rat's stomach using isotonic TCA buffers of pH 
2.0 and pH 3.0 (2, 3) suggest it to  be mainly absorbed 
as the undissociated acid. These experiments were per- 
formed to determine whether or not dextromethorphan 
(DMX) and tetracycline were absorbed in association 
with TCA (that is as ion pairs) following our earlier 
observations that DMX (4) was absorbed as a pro- 
tonated species from chloride buffers. The investiga- 
tions suggested that the drugs were not absorbed as 
ion pairs, and in the case of DMX the enhanced ab- 
sorption from the TCA buffers seemed to be due to 
the increased surface activity of the drug. In a recent 
publication (5) the enhanced biological activity of a 
quaternary ammonium compound (isopropamide io- 
dide) administered orally with a large excess of TCA 
has been reported; however, it is possible that the 
increased biological activity reported is not due to  
increased absorption but due to a biological availability 
phenomenon such as protein binding. TCA, a common 
protein precipitant, is strongly bound to serum pro- 
teins, and if, as suggested above, TCA is absorbed 
as the undissociated species from the upper alimentary 
tract, then this TCA could prevent or minimize the 
binding of the drug to  the plasma proteins or tissues, 
thus freeing the drug for absorption at the biophase. 


To  check this possibility, we determined the LDSo 


Table I-Sleeping Times 


Thiopental 
Dose Level, 


mg./kg. Trichloroacetate Chloride 


20 3.9 rnin., 3.5-4.8 2.2min., 1.8-2.5 
3.4 rnin., 2.0-4.3 25 6 . 2  rnin., 4.8-9.0 


30 11.5 rnin., 6.5-22.0 4.1 min., 2.8-6.5 


and the sleeping time of mice after the intravenous 
injection of thiopental in solutions made isotonic with 
sodium chloride or trichloroacetic acid with the pH 
adjusted to 7.4. Thiopental (Pentothal sodium, Abbott 
Laboratories, North Chicago, Ill.) was used so that no 
ion-pair phenomenon could account for the results. 
It is very strongly protein bound (6, 7), and the bio- 
logical responses are comparatively easy to evaluate. 
The drug in 0.2-ml. doses was injected into the tail 
vein of a 20-g. mouse (male, albino, Rolfsmeyer, Madi- 
son, Wis.) ; the duration of anaesthesia was determined 
by the righting reflex, the mouse being required to  
right itself three times in a period of 30 sec. 


Using six animals at each dose level, the LD60 of 
thiopental in the TCA solution was 41.0 mg./kg. 
and in the sodium chloride solution was 61.0 mg./ 
kg. The sleeping times for several dose levels 
using six animals at each dose level are summarized 
in the table. Animals injected with the isotonic 
solutions alone showed no untoward effects either 
immediately or during a period of 2 weeks (see Table I). 
Using the Student t test of significance ( p  = 0.01) 
the duration of sleeping times at each dose level was 
significantly different for the two solutions. In pre- 
liminary dialysis experiments using 50 mcg./ml. thio- 
pental and 1% human albumin crystalline 100% 
(Mann Research Labs., New York, N. Y.), it was found 
that 55.0z of the thiopental was bound using physio- 
logical phosphate buffer whereas only 2 I .6 % thio- 
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steroid in the nonvolatile vehicle. The eventual decrease in penetra- 
tion was the result of steroid precipitation from the supersaturated 
solution. In those cases where evaporation was prevented, the 
penetration from each solvent system remained at a low level. 
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Model Catalysts Which Simulate Penicillinase IV: Steric and 
Electronic Effects in the Catalysis of Hydrolysis of 
Penicillins and Cephalothin by Aminoalkylcatechols 


RENAAT D. KINGET* and MICHAEL A. SCHWARTZ'! 


Abstract 0 Aminoalkylcatechols have been shown to catalyze the 
hydrolysis of penicillin at relatively rapid rates at neutral pH by a 
mechanism similar to that postulated for several hydrolytic enzymes. 
The present study was concerned with the effect on catalytic rates 
of varying the penicillin side chain and nucleus. Accordingly rates 
of hydrolysis of a number of penicillins and cephalothin were 
measured in the presence of several 3,6-bis(aminoalkyl)catechols 
where the amino group was varied in both size and basicity. Rates 
of alkaline hydrolysis were measured for comparison. There was 
little indication of steric hindrance of catalysis between penicillins 
with bulky side chains and catalysts with large amino groups. 
Electrostatic effects were much more prominent as exemplified by 
faster rates with carbenicillin (a-carboxybenzylpenicillin) than 
expected and changes in the pH-rate profile with ampicillin (a- 
aminobenzylpenicillin). With cephalothin the catalyst was virtually 
ineffective, probably because interaction between the carboxyl of a 
cephalosporin and a charged amine on the catalyst would leave the 
phenolate ion out of position for nucleophilic attack upon the 
p-lactam. 


Keyphrases 0 Aminoalkylcatechols-penicillinase simulation 0 
Penicillins, hydrolysis-aminoalkylcatechols, catalysts 0 Cephalo- 
thin hydrolysis-aminoalkylcatechols, catalysts UV spectro- 
photometry-hydrolysis determination 


Previous studies in this laboratory have shown that 
3,6-bis(dimethylaminomethyl)catechol (CDM) (I)  and 
other bis(aminoalky1)catechols ( 2 )  are powerful cata- 
lysts of penicillin hydrolysis. Many of the characteristics 
of this catalysis resemble those observed with a number 
of hydrolytic enzymes. These include a maximum in the 
pH-rate profile (l), the presence of an acyl-catalyst 
intermediate (3), and some specificity in the structure of 
catalyst necessary for optimum activity (1). I t  has been 


shown that both the basicity of the amine and the suscep- 
tibility of the P-lactam to nucleophilic attack are factors 
influencing reaction rate. 


The present study is concerned with the possible role 
of the penicillin side chain in the interaction with 
catalyst. A bulky side chain might sterically inhibit 
interaction of the penicillin with catalyst, whereas side 
chains containing certain groups might interact with the 
charged amino group and thus enhance catalytic rate. 
Therefore, the rates of hydrolysis of a number of peni- 
cillins were determined in presence of several 3,6-bis- 
(aminomethy1)catechoIs in which the basicity and size 
of the amino group were varied. Also studied was 
cephalothin, one of the cephalosporins, a group of 6- 
lactam antibiotics which differ from the penicillins in 
the distance between the carboxylate ion and P-lactam 
carbonyl group. 


EXPERIMENTAL 


Substrates-Cephalothin and penicillin V,' nafcillln.* carbenicil- 
lin,3 ancillin,4 and other penicillins,5 were all used. Two of the 
penicillins were prepared as follows: 


Methylpenicillin-(O.l mole) 6-Aminopenic1llan1c acid (6-APA) 
was dissolved in water containing 0.5 mole NaHC03 and 0.15 mole 
acetic anhydride added with stirring. After 90 min., the mixture was 
cooled, acidified to pH 2 with phosphoric acid, and extracted three 


1 Eli Lilly and Co. 
2 Wyeth Laboratories. 
3 Beecham Research Labs. 
4 Smith Kline & French Labs. 
6 Bristol Laboratories. 
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times with ether. The combined ether extracts were washed once 
with cold water and dried over anhydrous sodium sulfate. To it was 
added excess 3 0 z  sodium 2-ethylhexanoate in butanol, precipitating 
the sodium salt of the penicillin. This was recrystallized from 
butanol-water. 


Diphenylmethylpenicillin-To a suspension of 0.1 mole 6-APA 
in CHCl, was added 0.1 mole triethylamine bringing the 6-APA into 
solution. Excess diphenylacetyl chloride in CHC13 was added slowly 
with stirring while the mixture was cooled in an ice bath. After 1 hr., 
the reaction mixture was brought to pH 2 with aqueous H3P04 and 
after agitation the CHCl, layer was separated, washed once with 
cold water, and dried with anhydrous Na2S04. The potassium salt 
of the penicillin was precipitated by addition of excess 30 % solution 
of potassium 2-ethylhexanoate in butanol and recrystallized from 
butanol-water. 


The formation of a penicillin in each case was confirmed by the 
IR band at 5.65 p characteristic of the p-lactam. 


Catalysts-CDM and CDMo [(3,6-bis(morpholinomethyl)cate- 
chol.ZHCl)] were the same materials used in previous studies (1, 2). 
The new compound, 3,6-bis(piperidinomethyl)catechol dihydro- 
chloride (CDP) was prepared by the same method used to prepare 
CDMo (2). Its pKa's determined by potentiometric titration were 
pK1 = 6.39, pKz = 9.87. Mol. wt. (by titration): Calcd: 377.4; 
Found: 380. 


Rate Measurements-Rates of hydrolysis of penicillins were 
measured as previously described (1) by following the rates of acid 
formation on the radiometer (TTT-1) pH-stat with a recorder 
(SBR-2). Rates of alkaline hydrolysis were determined for each 
penicillin at several pH values between 10 and 11.5. In the presence 
of catalysts, rates were measured at pH 8.0 when CDM and CDP 
were used, and at pH 6.5 with CDMo. These points had been found 
to be the pH of maximum rate. With ampicillin and CDMo the pH 
range 5-8 was covered. 


Rate of hydrolysis of cephalothin was determined by following 
the loss of absorbance at 260 mp which is characteristic of opening 
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Figure 1-Comparison of kCDMo with kox. The numbers correspond 
to those assigned to the penicillins in Table I .  


5 6 7 8 9 10 
P H  


Figure 2-Log h,,a. -pH yrojle for umpiciltiti hydrolysis catalyzed 
by CDMo. 


of the P-lactam (4). The reaction solution was kept at constant pH 
on the pH-stat. samples removed at appropriate intervals, diluted 
with 0.2 M pH 6 phosphate buffer, and absorbance read on a 
spectrophotometer (Hitachi Perkin Elmer model 139). 


The concentration of catalyst was generally 0.001 M and that of 
substrate 0.008 M. Ionic strength was brought to 0.2 M with 
potassium chloride and all measurements were done at 31.5". 
Titrant was 0.2 M NaOH solution. 


RESULTS AND DISCUSSION 


In all the runs apparent first-order kinetics were observed and the 
rate constants, kol,s.r were determined from the slopes of Guggenheim 
plots of the data. Specific rate constants for alkaline hydrolysis, 
 OH, were calculated by dividing&. by K&H where U H ,  is hydrogen 
ion activity determined with the glass electrode. For each substrate 
the mean of several determinations at varying OH is reported. 


Specific rate constants for the catalysts were calculated by 
dividing kobs., obtained at the pH of maximum rate, by the concen- 
tration of species with +1 charge present at that pH. The data are 
presented in Table I. 


The values for k o ~ ,  it is assumed, are a measure of the suscepti- 
bility of substrate to nucleophilic attack since approach of hydroxyl 
ion to the p-lactam carbonyl would not be noticeably affected by 
the side chain. It can be seen from these data that the side chain of a 
penicillin has very little influence upon alkaline hydrolysis rate, there 
being only about a threefold difference in rate between the slowest 
and fastest. 


Methylpenicillin was included in this study as a standard for 
comparison since the small side chain would not be expected to 
interfere with the approach of the catalysts. Since CDM and CDP 
have about the same basicity it was expected that the ratio of the 
rate constants for these species would be close to unity unless some 
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Table I-Reaction Rate Data 


7 Specific Rate Constants, M-' min.-' 7 


kcviii 
Penicillin Side Chain, R kon k c m h  kcDrb kc.) \loa kci>nro kcDdkcur kcuvikon 


Methyl 
Diphenylmethyl 
Benzyl 
Penicillin 
Methicillin 
Nafcillin 
Ancillin 
Oxacillin 


Cloxacillin 


Dicloxacillin 


Ampicillin 
Carbenicillin 
Cephalothin 


1 
2 
3 
4 


9 


10 


11 
12 
13 


CH3- 10.6 25.7 30 7.7 3.3 0.86 2.4 
(CGHS)PCH- 14.4 77 90 21.5 3.6 0.86 5.4 
CeHSCH2- 12.5 45 64 15.5 3.1 0.70 3.6 
CsH6OCHr 16.5 63.5 96.5 20 3.2 0.66 3.8 
2,6-dimethoxyphenyl- 6.5 33.8 53.5 16.5 2.1 0.63 5.2 
2-ethoxy-a-naphthyl- 15 46 52 13 3.5 0.89 3.1 
0-phenylphenyl 7.6 29 27 6.5 4.5 1.1 3.8 
3-phenyl-S-methy l- 


Cisoxazolyl 13 39 39.5 8 . 3  4.7 0.99 3.0 
3-(2-chlorophenyl)-5- 


methyl-4-isoxazolyl 20 46 43 10.5 4 .4  1.1 2.3 
3-(2,6-dichlorophenyI)- 


5-methyl-4-isoxazolyl 22.3 63 81 18.3 3.5 0.78 2.8 
C~HSCH(NH~)- 12.3 49 51 7 7.0 0.96 4.0 
C6H6CH(COO-)- 11 96 117 32 3.0 0.82 8 . 7  
See Structure in Text 8.0 0.021 0.003 


~~ 


= Obtained at pH 6.5. b Obtained at pH 8.0. 


specific steric hindrance was involved with the larger piperidine 
compound. The average value of kcDbf/kcDp for all the penicillins 
was 0.86, which is close to unity, and the very small deviations 
indicate that steric effects only negligibly affect, if at all, the catalyst- 
substrate interaction. 


A comparison of the specific rate constants for CDMo with koH 
is shown in Fig. 1. The numbers correspond to the penicillins in 
Table I and a dashed line was arbitrarily drawn through the point 
for methylpenicillin for reference. Points below the line should 


Cephu/osporins 
Figure 3-Comparison of wire models of ring systems of penicillins 
and cephatosporins. 


indicate some inhibition of interaction while points above the line 
would indicate an enhanced degree of interaction between CDMO 
and the substrate. Compound 12 is a special case and will be dis- 
cussed below. Compounds 2-5 all fall well above the line indicating 
some interaction with CDM, which assists catalysis. Since the values 
for kcDM/kcD&Io for Compounds 2-5 are about the same, a similar 
interaction occurs with CDM. The nature of this interaction is 
difficult to ascertain from the data at hand. It may be that the 
charged amine adjacent to the ionized phenol forms weak hydrogen 
bonds with the ?r-electrons of a benzene ring or oxygen of the 
substrate. The points for Compounds 6-10 in Fig. 1 all lie very close 
to the line, indicating both a lack of interference of side chain with 
the kind of interaction seen with methylpenicillin and no apparent 
interaction between side chain and the charged amine as noted with 
Compounds 2-5. The latter effect may be due to the bulky aryl 
groups in the side chains of Compounds 6-10 which prevent these 
side chains from being in a conformation in which interaction with 
the charged amine of the catalyst could occur. 


With carbenicillin, Compound 12, the rate constants for all of the 
catecholamines are much larger than would be expected from its 
alkaline hydrolysis rate. These high rates are most likely the result 
of electrostatic interaction between the side chain carboxylate ion of 
the penicillin and the positively charged amine adjacent to the 
phenolate ion of the catalyst as shown below. The additional electro- 


static attraction facilitates nucleophilic attack by the catecholate ion, 
increasing reaction rate. 


The ratio k c ~ ~ / k c ~ ~ ,  is higher for ampicillin than for the other 
penicillins. This is due to repulsion at pH 6.5 of CDMo+l by the 
positively charged amino group of pKa 7.2 (5) in the side chain of 
ampicillin. The repulsion of CDM+l by the drug is less because the 
rate constants for CDM+l were measured at pH 8.0, where only a 
small fraction of the amine on ampicillin is protonated. In contrast, 
at pH 6.5, where rate constants for CDMo+' were determined, most 
of the amine is protonated. 


These electrostatic effects are reflected in the pH-rate profile for 
ampicillin hydrolysis catalyzed by CDMo+' shown in Fig. 2 where 
the maximum is shifted to higher pH than seen with the other 
penicillins (2). The overall rate in the case may be written as the 
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sum of rates for catalysis by each species of CDMo on both forms of 
ampicillin as follows: 


kc = ki ( f ~ * ) ( f c +  1) + kz ( f ~ - ) ( f ~ +  1) + k3 ( f ~ - ) ( f ? )  (Eq. 1) 


where A* represents the zwitter ion of ampicillin, A- the negative 
ion, and C represents CDMo. The term in kz is the kinetic equivalent 
of a term containing cf~*)cf&) and only one is necessary for this 
treatment. The f’s represent the fraction of the total concentration 
as the designated species. Since all the pKa’s are known, all theys 
can be easily calculated at each pH and best fit values of the con- 
stants kl, k*, and k3 obtained by solution of simultaneous equations. 
The curve in Fig. 2 was constructed using the values kl = 5.7, 
kz = 21, k3 = 2.2, and the points are those determined experimen- 
tally. There probably is some hydrogen bond formation between 
the protonated amine on the catalyst and unprotonated amine of 
ampicillin and it should, therefore, fit better in Fig. 1 with Com- 
pounds 2-5 rather than near the line through Compound 1 .  


Using the value of k z  = 21, which represents the interaction of 
positively charged catalyst with negatively charged substrate, is more 
appropriate for Fig. 1 than the kobs. value, since it represents the 
same interaction being considered for the other penicillins. The 
dotted circle in the figure shows that ampicillin does indeed fit in 
the same category with Compounds 2-5. 


From Eq. 1 it should be possible to calculate the pH of maximum 
rate ampicillin hydrolysis catalyzed by CDMo. Setting the first 
derivative of kc with respect to UH equal to zero leaves an equation 
very difficult to solve analytically. By inserting numerical values for 
the constants, an iterative approach may be utilized. When this was 
done, a value pH 7.2 was calculated. This is in excellent agreement 
with the experimental result. 


The most profound effect of structural modification of substrate 
is seen with cephalothin. While the alkaline hydrolysis rate of this 
compound is about the same as that of the penicillins, catalysis of 
hydrolysis by CDM+l is very low being at least 1000-fold less than 
for penicillins. A reasonable explanation for this large difference 
may be seen by examination of Fig. 3 showing the spatial relation- 
ships in the two molecules (6). It can be seen that there is a large 
difference in the relationship of the carboxylate ion to the 8-lactam 
carbonyl group between the two molecules. Examination of molec- 
ular models shows that interaction of the charged amine of CDM+l 
with the penicillin carboxylate ion places the phenolate ion very 
close to the 8-lactam carbonyl in excellent position for nucleophilic 
attack. A similar electrostatic interaction with cephalothin, however, 
leaves the phenolate ion in poor position to attach to 8-lactam 
carbonyl. This result further confirms the hypothesis that electro- 
static attraction is a principal factor in the catalysis of penicillin 
hydrolysis (1). 


On the basis of these observations, one may speculate as to the 
differences noted in the activity of a penicillinase and a cephalo- 


sporinase. Each enzyme has some, albeit very little, activity on the 
natural substrate of the other (7). The differences may simply be 
due to a different location of a positive charge relative to the cata- 
lytic functional groups in the active site of the enzyme. It is suspected 
that a positively charged group is located in the active site of the 
enzyme (8). 


H H H  


I 0 
COOH 


cephalothin 
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Study of the Cerebral Metabolizing Activity in the Newborn Dog 
Utilizing the Isolated Perfused Brain In Situ Technique 


G. BENZI, F. BERTE, E. ARRIGONI, and L. MANZO 


Abstract 0 The in situ isolated brain of the newborn dog showed a 
drug metabolizing activity related to age. The tested substances 
were oxazepam and aminopyrine to show some metabolic trans- 
formations, as glucuronoconjugation, demethylation, and acetyla- 
tion. Before 4 days of age no metabolizing ability is present; at 8-12 
days the drug metabolism is evident, but only at 24 days of age does 
it begin to become quantitatively similar to that of the adult. 


Keyphrases 0 Cerebral metabolism-newborn dog 0 Brain, in 
situ isolated-drug perfusion 0 Metabolism, brain-age effect 13 
Perfusion technique-in situ isolated brain 


in 60 min.; the drugs’ disappearance was partially re- 
placed by their metabolites. 


In a systematic investigation on drug metabolism and 
tissue distribution in adult, newborn, and fetus (15-17) 
the authors extended the research to the cerebral 
metabolizing activity of the newborn, using the method 
of the isolated brain in situ, supplied by an extracor- 
poreal pump-oxygenator system. To test the drugs’ 
metabolism, some transformations of oxazepam (glu- 
curonoconjugation) and of aminopyrine (demethylation 
and acetylation) have been examined. 


According to Dawkins (1) the enzyme activity of the 
liver increases to adult levels in the neonatal period at 
varying rates for different functions and there exists a 
transient period after birth when homeostasis may be 
unstable perhaps because of low activity of enzymes 
concerned with special functions. Conjugation with 
glucuronic acid is the main metabolizing pathway for 
some drugs, such as chloramphenicol, morphine, ste- 
roids, and salicylates (2). The susceptibility of premature 
newborns to poisoning with chloramphenicol (3) and 
the high half-life of plasma hydrocortisone in newborns 
(4) can be related to low UDP-glucuronyltransferase 
activity which in many species (mouse, rabbit, guinea 
pig, and man) increases rapidly immediately after birth 
and then more slowly to reach adult levels in the first 
month of life (5-8). 


Some researchers suggest that mammalian liver UDP- 
glucuronyltransferase does not develop during peri- 
natal time at identical rates among species, nor among 
substrates in any one species (9, 10). 


This behavior appears also in mammalian extra- 
hepatic tissues; thus in the kidney of the guinea pig the 
conjugation of salicylate developed as in liver, but in 
the kidney of the rabbit neonatal conjugation of salicy- 
late was higher than that in adult tissue (1 1). 


Similar observations may also be related to other 
metabolizing activities. The poor acetylation of the 
human infant is indicated by the appearance of only 
small amounts of acetylated sulfonamides in the urine 
(12). Thus in the newborn rat the hepatic conjugation 
of bromosulfophthalein with glutathione is of low activity 
and increases to adult levels by 9 weeks of age (13). No 
data are known on the metabolizing activity of the 
brain in situ of the newborn. In a previous paper (14) 
the authors investigated in adult dog and monkey the 
glucuronoconjugation of oxazepam and the demethyla- 
tion and the acetylation of aminopyrine, by the isolated 
perfused brain in situ. 


In both animal species, the decrease of oxazepam 
cerebral plasma levels was 22 % and of aminopyrine 16 


METHOD 


The experiments were carried out on 51 newborn dogs from eight 
natural births; the pups of every litter were tested, respectively, at 
1 ,2 ,4 ,  8, 12, and, depending on the number of the pups, also at 24 
and 180 days of age. 


In three litters it was possible to test at the same days of age (8 
and 12) both male and female newborns. Before the experiments, 
the pups were maintained with the mother under the same environ- 
mental conditions (22 + 1 O, RH = 60 + 5 %, lighting cycle, 14 hr. 
light and 10 hr. darkness). The surgical procedure of isolating the 
cerebral blood from that of the rest of the body was carried out on 
animals preanesthetized with urethan (0.6 g./kg. i.p.) and anesthe- 
tized by nitrous oxide, fluothane, or cyclopropane in closed circuit. 
The animals were given artificial ventilation after cannulation of 
the trachea; extradural electrodes were set in place to record EEG 
in frontal, parietal, and occipital leads monitored continuously, 
with both systemic and cerebral pressures, on a 12-channel poly- 
graph. 


The operative procedure consisted mainly of the isolation of the 
common carotid arteries and the ligature of all their branches except 
the internal carotid arteries; the vertebral vessels were ligated be- 
fore their entrance into the transverse foramen between the fourth 
and the fifth vertebras. The external jugular veins were bared and 
one of them was ligated and a thread was passed underneath the 
other. The internal jugular veins, the communicating branches of 
external jugular veins, the numerous muscular branches arising 
from the vertebral vessels, the anastomosis between vertebral and 
carotid arteries, the anastomosis between vertebral and both jugular 
and facial veins, all the vascular muscular branches of the neck, the 
vessels running under the carotid arteries, the vagus nerves, the 
trachea and the esophagus, the zygomatic, maxillary, auricular, and 
supraorbital vessels were occluded by ligature or compression. The 
occlusions of the sinus columnae vertebralis and of the spinal artery 
were made by opening the rachis in C4 or in C5 and compressing all 
the vessels around the spinal cord. 


Occipital holes were drilled in ventrocaudal direction, deep 
enough to reach the confluence of the transversal sinuses with the 
sigmoid sinus; these holes closed until the perfusion starts, permitted 
a gravitational outflow of venous blood to a reservoir, when the 
animals were turned onto their back. Both the isolated carotid 
arteries were cannulated and connected with a pump-oxygenator 
system; the occipital holes were opened and the previously placed 
thread on one external jugular vein was now tied; at this point the 
perfusion started. 


The brain perfusion apparatus employed consists of a venous 
reservoir placed under the occipital holes, an oxygenator with 
gasmeter, a blood filter, a blood exchanger with telethermometer, a 
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Figure 1-Oxazepam metabolism dudied by the dog's isolufed brain 
perfusion in situ in six newborns, from the same litter, at 1, 2, 4, 8, 
12, and 24 days of age. Blood in extracorporeal circuit = I20 ml.; 
blood flow rate of the extracorporeal circuit = 10-12 ml.Jmin.lkg. 
The ordinates, the plasma coricentrafions (mcg./ml.) of oxazepam 
(OXP) and its glucuronide (OXP-GL) assayed for 60 rnin., every 15 
rnin. (in abscissae) afrer oxuzepam addition into the extracorporeal 
cerebral circuit. Inserts show the brain concentrations (mcg./g., in 
ordinate) of oxazepam (OXP) and its glucuronide (OXP-GL), 
assayed after 60 min. of the extracorporeal brain perfusion with 
addition of oxazepam. 


roller-type pump with flowmeter to pump both the venous blood 
from the reservoir to the oxygenator and the oxygenated blood 
from the oxygenator to the brain. 


Before the extracorporeal perfusion, the pump-oxygenator system 
was filled with 80-180 ml. of heparinized blood diluted with Tyrode 
solution (3:l) and added to glucose (10%). The blood was ob- 
tained from the mother 20 min. prior to use, to prevent the accumu- 
lation of lactic acid which would require a subsequent large neu- 
tralization. Before the perfusion, the diluted blood was filtered 
through glass wool or polyester staple, and adjusted to pH = 7.35 
using sodium bicarbonate 1 M. The priming blood was circulated 
through the pump-oxygenator system fully oxygenated and warmed. 
A flow of O2 + C02 mixture (95 : 5 )  into the oxygenator was main- 
tained at the rate of 0.8-1.8 l./min.; during the extracorporeal brain 
perfusion, the blood flow rate was kept from 8 to 12 ml./min./kg., at 
a pressure equal to the initial systemic pressure of the animal. The 
time of brain perfusion was limited to 60 or 90 min. and was related 
to the presence of a considerable cerebral electric activity. 


Blood samples from extracorporeal circuit were collected every 
15 min. for determination of hematocrit, clotting-time, artero- 
venous blood oxygen, pH, glucose, lactic acid, pyruvic acid, and 
LDH. 


The brain of the newborn dog isolated in situ was investigated by 
(a)  the glucuronoconjugation, by evaluating the transformation of 
oxazepam to glucuronide (18) after addition of 10-20 mcg./ml. of 
oxazepam into the extracorporeal circuit; (b) the demethylation, by 
evaluating the transformation of aminopyrine to 4-aminoantipyrine 
(19) after addition of 30-50 mcg./ml. of aminopyrine into the extra- 
corporeal circuit; (c) the acetylation, by evaluating the transforma- 
tion of 4-aminoantipyrine to N-acetyl-4-aminoantipyrine (19) under 
the conditions mentioned in b. 


The brajn concentrations of both oxazepam or aminopyrine and 
their metabolites were evaluated at the end of the perfusion. The 
eventual leakage of perfusate into the systemic circulation was 
evaluated by taking samples of blood, to verify the absence of the 
tested substance or of its metabolites. 


The experiments in the 180-day-old dogs were carried out using 
the method described by Benzi ef a/. (14). 


RESULTS AND DISCUSSION 


The in situ isolated brain of the newborn dog initially shows a 
metabolizing activity only after 4 days of age. Before this age little 
or no concentrations of metabolites were found in both extra- 
corporeal circuit and cerebral tissues. At 8-12 days of age the 
metabolizing activity is present, but only at 24 days does the activity 
begin to become quantitatively similar to that of the adult (14). 


Figure 1 is a typical example of the glucuronoconjugation of the 
isolated in siru brain of six newborns from the same litter: it is pos- 
sible to observe that at 1 and 2 days of age no glucuronide is present 
both in blood of the cerebral extracorporeal circuit and in brain, 
after 1 hr. of perfusion with oxazepam. At 4 days of age, glucuronide 
is significantly present in the samples of blood of the extracorporeal 
circuit only after 45 min. of perfusion: traces of glucuronide are 
present in the cerebral tissues at the end of the perfusion. At 8, 12. 
and 24 days of age, in the extracorporeal circuit the decrease of 
oxazepam plasma levels is always more evident simultaneously with 
an increase of the glucuronide concentrations: also the concentra- 
tions of glucuronide in brain tissues are always higher from the 
eighth to the twenty-fourth day. Figure 2 is a typical example of the 
rate of transformation of aminopyrine in demethylated and acety- 
lated metabolites in the isolated brain in sifu of six dogs from the 
same litter. At 1 and 2 days of age, no metabolites are evident both 
in blood of the cerebral extracorporeal circuit and in brain; traces of 
4-aminoantipyrine are present in the plasma after 1 hr. of perfusion 
at second day of age, but these data are not constant in the various 
experiments. At 4 and 8 days of age the demethylated metabolite is 
present both in extracorporeal plasma and in brain and at 12 days 
appears also the acetylated metabolite in considerable concentra- 
tions. In Fig. 2 it is also possible to compare the rate of amino- 
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Figure 2-Aminopyrine metabolism studied by the isolated brain 
perfusion in situ in six dogs, from the same litter, at I ,  2, 4, 8, 12, 
and 180 days of age. Blood in extracorporeul circuit = I20 ml. at 
I ,  2, 4, 8, 12 days, and 480 ml. at 180 days of'uge; bloodflow rate of 
the extracorporeal circuif = 9-12 ml./min./kg. The ordinates, the 
plasma concentrations (mcg./ml.) of' aminopyrine ( A  MPR), 4- 
aminoanlipyrine (&ATPR), and N-acetyl-4-aminoantipyrine (N-4- 
ATPR) assayed for 60 min., ecery 15 min. (in abscissae) after amino- 
pyrine addifion into the extracorporeal cerebral circuit. Inserts show 
the brain concentrations (mcg./g., in ordinate) of aminopyrine 
(AMPR) and its two metabolites (4-ATPR and N-4-ATPR), assayed 
after 60 rnin. of the exfrucorporeal bruin perfusion with addition of 
aminopyrine. 
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pyrine transformation at 12 days of age with that of a 6 months of 
age brother. Figures 1 and 2 show the ability of the brain, at every 
day of age, to take up the administered drugs, both oxazepam and 
aminopyrine. 


In some experiments it was possible to test the metabolizing 
power of the isolated brain in situ of both male and female new- 
borns from the same litter and at the same day of age: at the eighth 
day (glucuronoconjugation in two male and female newborns) and 
at the twelfth (glucuronoconjugation, demethylation, and acetyla- 
tion in four male and female newborns). In these experimental 
arrangements no significant differences were noted between male 
and female newborn animals from the same litter. 


CONCLUSIONS 


Related to the days of age, the brain isolated in situ of newborn 
dogs from the same litter showed a drug metabolism which was 
evaluated by studying the glucuronoconjugation of oxazepam and 
the demethylation and acetylation of aminopyrine. No metabolizing 
activity was present before 4 days of age; at 8-12 days the drug 
metabolism was evident, but only after 12-24 days of age did it 
begin to become quantitatively similar to that of the adult. 


These great differences in cerebral drugs metabolism induced by 
the age of the newborns, seem to be interesting particularly in view 
of both the ability of the brain to take up the administered drugs 
and the detoxication mechanisms of the brain itself. In the authors’ 
experimental conditions no significant differences were evident be- 
tween the metabolizing activity of male and female newborns from 
the same litter and of the same age. 
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Detection and Separation of Aliphatic Polycarboxylic Acids 
by Reversed-Phase Partition Thin-Layer Chromatography 


G .  SULLIVAN and J. E. ALBERS 


-4bstract 0 The application of reversed-phase partition TLC, 
employing Silica Gel HF chromatoplates impregnated with silicone 
and developed in glacial acetic acid-dioxane-water-formic acid 
(4 : 1 : 1 : 6), proved suitable for the separation of agaricic acid 
(a-hexadecylcitric acid), norcaperatic acid (a-tetradecylcitric acid), 
and citric acid. 


Keyphrases 0 Polycarboxylic acids, aliphatic-detection, separa- 
tion Phosphomolybdic acid solution-spot visualization 0 
Potassium permanganate solution-spot visualization 0 TLC, 
reversed phase partition-detection, separation 


Volatile compounds of a homologous series can be 
fractionated usually by adsorption TLC but com- 
pounds of longer chain lengths are resolved, in most 
cases, by reversed-phase partition chromatography. 
Kaufmann and Makus ( 1 )  employed this technique 
for the separation of homologs of fatty acids, alcohols, 
and triglycerides. Malins and Mangold (2) successfully 


separated saturated and unsaturated fatty acids by 
using siliconized chromatoplates. Other investigators 
have utilized reversed-phase partition procedures for 
the separation of fatty acids and their methyl esters 
(1-3), cholesteryl esters of higher fatty acids (4), keto 
acids, lactones, and hydroxy fatty acids (5). 


A number of hydrophobic agents have been employed 
as the stationary phase in reversed-phase partition 
chromatography. Silicone appears to be the preferred 
hydrophobic agent but undecane, tetradecane, squalane, 
polyethylene, and paraffin have also been used. Numer- 
ous adsorbants have been utilized in this procedure but 
Silica Gel G and kieselguhr G are usually employed. 


The recent isolation and identification of norcaperatic 
acid (a-tetradecylcitric acid) from the mushrooms 
Gomphus J ~ O C C O S U S  (Schw.) Singer [syn: Cunthurellus 


J ~ O C C O S U S  Schw.] (6) and Polyporus Jibrillosus Karst. 
(7) have accentuated the need for a convenient method 
for the differentiation and detection of members of this 
aliphatic polycarboxylic acid group. Agaricic acid 
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C O M M U N I C A T I O N S  


Disproportionation of Lidocaine Sulfate 
Dihydrate in Certain Organic Solvents 


Keyphrases c] Lidocaine sulfate dihydrate-synthesis Dispro- 
portionation, organic solvents-lidocaine sulfate dihydrate 0 IR 
spectrophotometry-identity 


Sir : 
The disproportionation of lidocainel sulfate dihy- 


drate into the bisulfate and amine base has been 
observed. 


[ X ~ H l , S 0 4 * 2 H 2 0  - XYL + [XYLIHSO, + 2H20 


It was this reaction that presented difficulty in the 
preparation of lidocaine sulfate. Such a disproportion- 
ation was suspected when attempts to prepare the sul- 
fate in the presence of acetone yielded only the bisul- 
fate. The sulfate was ultimately synthesized utilizing a 
suitable mixed organic solvent system, namely, 95 
ethanol and ethyl ether. 


Lidocaine Sulfate Dihydrate-Fifty-two grams (0.22 
mole) of lidocaine base was dissolved in 125 ml. of 
ether. To 50 ml. of 95% ethanol previously cooled in 
an ice-water bath was added slowly, 5.3 ml. (9.8 g.; 
0.1 mole) of concentrated sulfuric acid. The acid- 
alcohol mixture was added dropwise to the ether 
solution of the base under vigorous magnetic stirring. 
After complete addition, the precipitate was isolated 
by filtration and washed with several portions of 
ether. A yield of 56.8 g. (9373 was obtained. Re- 
crystallization from 15 x ethanol in benzene by cooling 
from 30 to  10" gave colorless crystals, m.p. 106-108°.2 
IR spectrum3 showed S - 0  str. at 1125 cm.-' [lit. 1125- 
1080 cm.-l (l)]. 


Xylocaine (Lidocaine USP), Astra Pharmaceutical Products, Inc., 


All melting point values corrected, using a Mel-Temp apparatus. 
Worcester, Mass. 


a Perkin-Elmer model 137B, KBr. 


Anal. 4-Calcd. for CesH6,N40sS (602.80): C, 55.79 :; 
H, 8.36; N, 9.30; S, 5.32; XYL, 77.75; HZO, 5.97%:; 
mol. wt., 603. Found: C, 55.99; H, 8.61; N, 9.07; 
S, 5.60; XYL, 77.52; HsO, 6.09%; mol. wt., 618. 


Supplementary Data-Assay (2) of lidocaine bi- 
sulfate, m.p. 218-220' [lit. 210-212" (3)], for lidocaine 
base gave the following results: Calcd., 70.50%:; 
Found, 70.22%. IR spectrum showed S-0 str. at 1180 
and 1070 cm.-' [lit. 1190-1 160 and 1080-1015 cm.-'(l)]. 
The pH of a 2 %  solution in saline of lidocaine sulfate 
dihydrate and lidocaine bisulfate was 5.5 and 2.7, 
respectively. Melting point determination on lidocaine 
base gave the value of 67-69' [lit. 66-69' (4, 5)]. 


Disproportionation Reaction Procedure-The sol- 
vents used were absolute ethanol, acetone, benzene, 
carbon tetrachloride, chloroform, ether, and water. 
Five grams (0.0083 mole) of lidocaine sulfate dihydrate 
was placed in 200 ml. of solvent contained in a 500-ml. 
stoppered flask and mixed well. After 3 days at room 
temperature the mixture was filtered. In the case of the 
solvents acetone and chloroform, in which a visible 
reaction had taken place, the weight and melting point 
of the precipitate formed was obtained. In the case of 
the other solvents in which no visible reaction appeared, 
the filtrate was evaporated to  dryness over a steam 
bath. The weight and melting point was obtained on 
the residue. Further confirmation of the recovered 
sulfate and the reaction products lidocaine base and 
bisulfate was obtained by IR spectra. 


Results-The sulfate was completely soluble in 
absolute ethanol and water. No precipitation occurred 
upon standing for 3 days. Upon evaporation of the 
filtrate the unreacted sulfate was recovered in both 
cases, m.p. 106-108"; recovery 4.8 g. (96%). 


In benzene, carbon tetrachloride, and ether there was 
no visible evidence of a reaction taking place. The 
sulfate appeared to  be insoluble in these solvents. 
Evaporation of the filtrates gave a 5-11 % yield of 
lidocaine base indicating a limited disproportionation. 


Microanalyses involving C, H, and N were performed by Schwarz- 
kopf Laboratories, Woodside, N. Y .  All other analyses were performed 
by our Analytical Laboratories. Sulfur, gravimetric as barium sulfate; 
lidocaine base, alkaline (NH4OH) chloroform extraction, nonaqueous 
perchloric acid titration (2); water, Karl Fischer method; molecular 
weight, classical method with Fisher apparatus, Beckman thermometer. 


Vol. 58, No. 10, October 1969 c] 1297 







The solvents acetone and chloroform produced a 
different and distinguishable precipitate. The sulfate 
dissolved at a moderate rate in acetone yielding, simul- 
taneously. a light voluminous precipitate. In  chloro- 
form, the sulfate dissolved immediately followed by a 
slow but continuous precipitation. Isolation of the 
precipitate gave a 96 % and 57 z yield of lidocaine bi- 
sulfate in acetone and chloroform, respectively. 


Thus over a 72-hr. period at room temperature a sub- 
stantial disproportionation of lidocaine sulfate di- 
hydrate to  yield bisulfate and base was observed in 
acetone and chloroform. 
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Occurrence of Bis-Noryangonin in 
Gymnopilus spectabilis 


Keyphrases [? Gymnopilus spectubilis-analysis 0 Bis-Noryango- 
nin, occurrence-Gymnopihis spectabilis 


Sir: 
Gjvnnopilirr spectabilis (Fr.) Singer has been re- 


ported to elicit hallucinogenic responses (1-3). Experi- 
mental pharniacologic data for confirmation or ex- 
planation of these reports are lacking for both the 
mushroom and known constituents of Gymnopilus 
species. However, bis-noryangonin [4-hydroxy-6-(4- 
hydroxystyryl)-2-pyrone], a styrylpyrone related to  
those occurring in kava root, has been isolated from G. 
decunens Hesler (4), and the presence of indole deriva- 
tives other than psilocin and psilocybin has been sug- 
gested in G. spectabilis on the basis of thin-layer chro- 
matographic examination (3). 


Carpophores of G. spectabilis were collected near 
Tenino, Washington, on November 12, 1968, and 
freeze-dried. The powdered mushroom (50 g. of a 20- 
mesh powder) was extracted by shaking for 24 hr. at 
room temperature with 2 1. of ethyl acetate. TLC of the 
extract using a silica gel adsorbent and ethyl acetate- 


n-hexane-glacial acetic acid ( 5  : 3 : l), chloroform- 
methanol (3: I), and 95% ethanol solvent systems 
revealed a constituent which was indistinguishable from 
bis-noryangonin. When the chromatograms were 
sprayed with 2 % p-dimethylaminobenzaldehyde in 
acidic ethanol (concentrated HCI-95 z ethanol, 1 : 3), 
this constituent formed a green chromophore which 
changed to  purple with heat, a characteristic feature of 
bis-noryangonin. 


The constituent suspected of being bis-noryangonin 
was isolated using the dry-column chromatographic 
procedures previously established for this compound 
(4). The IR spectrum (KBr pellet)’ of the isolated 
material was consistent with this tentative identifica- 
tion showing characteristic peaks at 3200 cm.-’ (OH); 
1650 cm.-’ (C=O of lactone ring); 1600, 1510 cm.-’ 
(C=C). The UV spectrum2 354 mp (log E 4.22) 
and 224 mp (log E 4.33) was also comparable to that 
observed with reference bis-noryangonin. 


The methyl derivative of the isolated constituent was 
prepared by a proven method (4). N o  depression in 
the 156-157” m.p. of the derivative was noted upon 
admixing with known yangonin [4-methoxy-6-(4-me- 
thoxystyryl)-2-pyrone]. The mass spectrum3 showed a 
parent and base ion peak at m/e 258.0892, both ob- 
served and calculated for Cl6Hl4O4. The next most 
abundant peak was at mje 230.0943 (28%), as antic- 
ipated from the known fragmentation pattern of 
yangonin (4, 5).  The IR spectrum of the methyl deriva- 
tive was identical in all respects with that of authentic 
yangonin, and the UV spectrum A:::” 356 mp (log E 4.49) 
and 218 mp (log E 4.33) was in agreement. 


The experimental observations establish the occur- 
rence of bis-noryangonin in the fruiting bodies of G. 
spectabilis. No evidence of indole constituents was 
noted during the investigation, and it is presumed that 
the purple chomophore developing upon treatment of 
this styrylpyrone with p-dimethylaminobenzaldehyde 
explains the earlier suggestion of indole metabolites (3). 


(1) M. H. Romagnesi, Bull. Soc. Mycol. France, 80, IV (1964). 
(2) M. B. Walters, Mycologia, 57, 837(1965). 
(3) R. W. Buck, New Engl. J .  Med., 276, 391(1967). 
(4) G. M. Hatfield and L. R. Brady, Lloydia, 31, 225(1968). 
( 5 )  M. Pailer, G. Schaden, and R. Hansel, Monatsh. Chem.. 96, 


1842(1965). 


G. M. HATFIELD 
L. R. BRADY 
Drug Plant Laboratory 
College of Pharmacy 
University of Washington 
Seattle, WA 98105 


Received June 4, 1969. 
Accepted for publication July 30, 1969. 
Presented to the Pharmacognosy and Natural Products Section, 


APHA Academy of Pharmaceutical Sciences, Montreal meeting, 
May 1969. 


1 Beckman IR spectrophotometer, model IR-20, Beckman Instru- 


2 Cary UV spectrophotometer, model 11-S, Cary Instruments-A 


3 Picker-AEI MS-9 mass spectrometer, Picker Nuclear Division, 


ments, Inc., Fullerton, Calif. 


Varian Subsidiary, Monrovia, Calif. 


White Plains, N. Y. 


1298 Joiirnal of Pliarmaceutical Sciences 












(11) P. Debye, J.  Phys. Colloid Chem., 35, 1 (1949). 
(12) H. J. Rutger and M.De Smet, Trans. Faraday Soc., 41, 


(13) E. Hutchinson, J .  Colloid Sci., 9, 191(1954). 
(14) K. Shinoda, J.  Phys. Chem., 59, 432(1955). 
(15) J. L. Kruz, ibid., 66, 2239(1962) 
(16) H. V. Tartar, ibid., 59, 1195(1955). 
(17) H. L. Rosano and G. Karg, ibid., 63, 1692(1959). 
(18) M. V. Greshfeld, ibid., 66, 1923(1962). 
(19) H. V. Tartar, J. Colloid Sci., 17, 243(1962). 
(20) I. Reich, J .  Phys. Chem., 60, 257(1956). 
(21) M. J. Schick, S. M. Atlas, and F. R. Eirich, ibid., 66, 


758( 1945). 


1326(1962). 


(22) M. J. Schick, J.  Co//oidSci., 18, 378(1963). 
(23) M. J. Schick, J.  Phys. Chem., 67, 1796(1963). 
(24) P. H. Elworthy and A. T. Florence, J .  Phurm. Phurmacol., 


(25)  T. Nagakawa and K. Kuriyama, J .  Chem. SOC. Jupun, 78, 
15, 851(1963). 


1568( 1957). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received February 24, 1969 from the School of Pharmacy, 


Accepted for publication August 26,1969. 
University of Singapore, Sepoy Lines, Singapore 3. 


COMMUNICATIONS 


Possible Role for Trichloroacetate in Pharma- 
ceutical Formulations 


Keyphrases 0 Trichloroacetate role-pharmaceutical formulations 
0 Thiopental sleeping time-trichloroacetate effect 0 Protein 
binding, thiopental-trichloroacetate effect 


Sir : 


Trichloroacetic acid (TCA) has a pKa of 0.70 at 
25" (1) and our investigations into its absorption from 
the rat's stomach using isotonic TCA buffers of pH 
2.0 and pH 3.0 (2, 3) suggest it to  be mainly absorbed 
as the undissociated acid. These experiments were per- 
formed to determine whether or not dextromethorphan 
(DMX) and tetracycline were absorbed in association 
with TCA (that is as ion pairs) following our earlier 
observations that DMX (4) was absorbed as a pro- 
tonated species from chloride buffers. The investiga- 
tions suggested that the drugs were not absorbed as 
ion pairs, and in the case of DMX the enhanced ab- 
sorption from the TCA buffers seemed to be due to 
the increased surface activity of the drug. In a recent 
publication (5) the enhanced biological activity of a 
quaternary ammonium compound (isopropamide io- 
dide) administered orally with a large excess of TCA 
has been reported; however, it is possible that the 
increased biological activity reported is not due to  
increased absorption but due to a biological availability 
phenomenon such as protein binding. TCA, a common 
protein precipitant, is strongly bound to serum pro- 
teins, and if, as suggested above, TCA is absorbed 
as the undissociated species from the upper alimentary 
tract, then this TCA could prevent or minimize the 
binding of the drug to  the plasma proteins or tissues, 
thus freeing the drug for absorption at the biophase. 


To  check this possibility, we determined the LDSo 


Table I-Sleeping Times 


Thiopental 
Dose Level, 


mg./kg. Trichloroacetate Chloride 


20 3.9 rnin., 3.5-4.8 2.2min., 1.8-2.5 
3.4 rnin., 2.0-4.3 25 6 . 2  rnin., 4.8-9.0 


30 11.5 rnin., 6.5-22.0 4.1 min., 2.8-6.5 


and the sleeping time of mice after the intravenous 
injection of thiopental in solutions made isotonic with 
sodium chloride or trichloroacetic acid with the pH 
adjusted to 7.4. Thiopental (Pentothal sodium, Abbott 
Laboratories, North Chicago, Ill.) was used so that no 
ion-pair phenomenon could account for the results. 
It is very strongly protein bound (6, 7), and the bio- 
logical responses are comparatively easy to evaluate. 
The drug in 0.2-ml. doses was injected into the tail 
vein of a 20-g. mouse (male, albino, Rolfsmeyer, Madi- 
son, Wis.) ; the duration of anaesthesia was determined 
by the righting reflex, the mouse being required to  
right itself three times in a period of 30 sec. 


Using six animals at each dose level, the LD60 of 
thiopental in the TCA solution was 41.0 mg./kg. 
and in the sodium chloride solution was 61.0 mg./ 
kg. The sleeping times for several dose levels 
using six animals at each dose level are summarized 
in the table. Animals injected with the isotonic 
solutions alone showed no untoward effects either 
immediately or during a period of 2 weeks (see Table I). 
Using the Student t test of significance ( p  = 0.01) 
the duration of sleeping times at each dose level was 
significantly different for the two solutions. In pre- 
liminary dialysis experiments using 50 mcg./ml. thio- 
pental and 1% human albumin crystalline 100% 
(Mann Research Labs., New York, N. Y.), it was found 
that 55.0z of the thiopental was bound using physio- 
logical phosphate buffer whereas only 2 I .6 % thio- 
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pental was bound when a sixteen-fold molar excess 
of TCA (a similar excess to  that used in the in vivo 
experiments) was incorporated into the buffer. This 
suggests a competitive protein binding phenomenon that 
may account for the above differences, and phar- 
macologically inert but highly protein bound materials 
such as TCA may have a role in pharmaceutical form- 
ulations, particularly those parenterally administered. 


(1) “Handbook of Chemistry and Physics,” 43rd ed., Chemical 
Rubber Publishing, Cleveland, Ohio. 1961, p. 1756. 
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Rapid Peptide Synthesis : Synthesis of 
Human Fibrinopeptide A 


Keyphrases 0 Fibrinopeptide A, human-synthesis 0 Column 
chromatography-separation 0 Optical rotation-identity 0 
Paper chromatography-purity testing 0 Electrophoresis-purity 
testing 


Sir : 


Recently the N-t-butyloxycarbonyl-L-amino acid 
pentachlorophenyl esters have been described (1) and 
shown to be useful intermediates for extremely rapid 
peptide synthesis (2). We wish to report a further 
application of these intermediates for use with the solid 
phase or Merrifield method (3) of peptide synthesis. 
For this purpose the first synthesis of the naturally 
occurring human peptide, fibrinopeptide A, (4, 
5) ~-alanyl-~-aspartyl-~-serylglycyl-~-glutamyl-glycyl-~- 
aspartyl-L-phenylalanyl-L-leucyl-~-alanyl-L-glutamyl- 
glycylglycylglycyl-L-valyl-L-arginine 11, is described The 
synthesis is shown in Scheme I, its facility being due to  
the ease of purification of the starting amino acid penta- 
chlorophenyl esters (1) and their high activity towards 
aminolysis (6). 


The fully protected, resin bound, hexadecapeptide, 
fibrinopeptide A (I), was synthesized by the stepwise 
addition of the appropriate N-t-butyloxycarbony1-L- 
amino acid pentachlorophenyl ester to an insoluble 
polystyrene resin (7) substituted with 0.43 mmoles/g. 


t-BOC-L-Ala-L-Asp-L-Ser-Gly-L-Glu-Gly-L-Asp-L-Phe-L-Leu- 
I I 


OBzl OBzl 
I I  


OBzl Bzl 
L-Ala-L-Glu-GI y -Gly-Gly-L-Val+ Arg-Polymer 


I 
NOz 


I 
OBzl 


L-Ala-L-Asp-L-Ser-Gly-L-Glu-Gly-L-Asp-L-Phe-L-Leu-L-Ala- 
I 


L-Glu-Gly-Gly-Gly-L-Val-L- Arg 
I1 


Scheme I 


of N-t-butyloxycarbonyl-nitro-L-arginine. The cycle for 
the addition of each amino acid residue consisted of the 
following steps; removal of the N-t-butyloxycarbonyl 
protecting group by treatment with excess 1 N hydrogen 
chloride in glacial acetic acid for 30 min.; neutraliza- 
tion of the resulting hydrochloride salt with excess 
triethylamine in dimethylformamide, and then coupling 
the resulting free amino residue with three equivalents 
of the appropriate N-t-butyloxycarbonyl-L-amino acid 
pentachlorophenyl ester in dimethylformamide for 
12 hr. At the end of this chain-lengthening sequence, 
the protected peptide was cleaved from its polymer 
support by hydrogen bromide in trifluoroacetic acid, 
under which conditions the side-chain protecting groups, 
except that on arginine, were also cleaved. The partially 
protected peptide was then catalytically hydrogenated 
over 10% palladium on charcoal to give the crude 
hexadecapeptide, fibrinopeptide A. The peptide was 
purified by passage through a column of synthetic 
polysaccharide (Sephadex G-25) (100 X 2.5 cm.), 
using water as eluent at a flow rate of 6 ml./hr. The pure 
fibrinopeptide A, (11) [a]g -44.8’ (c 2.30 in water), 
was eluted as the first major fraction (13% overall 
yield) and the amino acid ratios‘ were: Ala, 2.0; Arg, 
0.9; Asp, 1.9; Glu, 2.2; Gly, 5.3; Leu, 1.1; Phe, 1.0; 
Ser, 0.9; Val, 0.8. It was found to be homogeneous by 
paper chromatography; Rf 0.75 (butanol-acetic acid- 
water, 2:2:1); Rf 0.86 (phenol saturated with water). 
Electrophoresis on paper gave a single spot in phosphate 
buffer pH 6.9, which migrated 3.5 cm. towards the 
anode at 10 v/cm. for 2 hr. z .  
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Evidence of Active Transport of Ben~yl-'~C-Penicillin 
from Cerebrospinal Fluid to Blood 


ROBERT L. DIXON, ERNEST S. OWENS, and DAVID P. RALL 


Abstract 0 Data presented supports the hypothesis that benzyl- 
penicillin is transported actively from the cerebrospinal fluid 
(CSF) to blood. Benzylpenicillin is capable of moving against a 
concentration gradient, undergoes self-saturation indicative of a 
transfer maximum. and is competitively inhibited by paminohip- 
puric acid and probenecid. The locus of this transport mechanism 
appears to be the choroid plexus. It further appears that active 
movement of penicillin from CSF to blood may add to the difficulty 
of obtaining therapeutic concentrations of this antibiotic in the 
CNS. Data presented also support the concept that the cerebrospinal 
fluid functions as an escape channel for polar metabolites of neu- 
ronal metabolism and various polar drugs. Once a drug or me- 
tabolite enters the CSF from blood or brain by simple diffusion, it 
may be rapidly removed either by a nonselective bulk flow process 
uia the arachnoid granulations or by an active transport mecha- 
nism. 


Keyphrases Benzyl- 14C-penicillin transport-cerebrospinal fluid 
to blood 0 Ventriculocisternal perfusion-drug administration 0 
Autoradiography-radioactivity determination 0 Scintillometry- 
analysis 


Failure of many chemotherapeutic agents to pene- 
trate the central nervous system (CNS) in therapeutically 
effective quantities is a problem that has been recog- 
nized for many years. Abraham et al. (1) found peni- 
cillin in the blood, bile, and saliva, but not in cerebro- 
spinal fluid (CSF). Many investigators have since con- 
firmed these observations. Boger et al. (2) have sum- 
marized much of this work. Ullberg (3) studied the fate 
and distribution of 35S-labeled benzylpenicillin using 
autoradiography and agreed with most of the observa- 
tions made with microbiological assay methods which 
are summarized above. 


Molecular size, pK, lipid solubility, and binding to 
proteins all contribute to the failure of many drugs to 
penetrate membrane systems such as the blood-brain 
and blood-CSF barriers (4). In addition to these factors, 
it now appears that an active mechanism might pre- 
vent the accumulation of certain drugs in the CSF. 
Various organic acids such as diodrast, phenolsulfon- 
phthalein (PSP), and p-aminohippuric acid (PAH) have 
been shown to be transported actively from the CSF 
to blood (5, 6). The site of active transport is thought 
to be the choroidal epithelium. In this regard the choroid 
plexus resembles the renal proximal tubule, which is 
also capable of active secretion of various organic 
acids and bases (7). Data to be presented here indicate 
that benzylpenicillin, another organic acid actively 
secreted by the kidney, is also transported from CSF 
to blood by an active process. It appears possible that 
active movement of the antibiotic from CSF to blood 
adds to the difficulty of obtaining therapeutic concen- 
trations of this drug in the CNS. 


METHODS 


Ventriculocisternal perfusions of dogs were performed in the 
following manner: mongrel dogs were lightly anesthetized with 
pentobarbital sodium, 30 mg./kg., administered intravenously (i.v.). 
The animals were placed in a sterotaxic apparatus' and the tip of a 
7.62-cm. (3-in.), 22-gauge spinal needle was introduced into the 
right ventricle after making a burr hole in the skull. An outflow 
cannula consisted of polyethylene tubing attached to a 20-gauge 
needle which was placed percutaneously into the cisterna magna. 
The method was essentially the same as that described by Leusen 
(8) and modified by Pappenheimer et al. for goats (9). A portion of 
the ventricular system was then perfused with a synthetic CSF with 
ionic concentration and pH close to those found analytically (10). 


The perfusate also contained benzyl- 14C-penicillin with a specific 
activity of 1.2 mc./mMZ and inulin. Radiochemical purity of the 
ben~yl-~~C-penicillin was found to be greater than 95%. This was 
determined using TLC (1 1). After chromatography, the penicillin 
was detected chemically using the iodine/azide reaction (1 l), and 
the radioactivity was estimated by autoradiography using X-ray 
film. The manufacturer stated the radiochemical purity to be >99 
as determined by paper chromatography, chromatogram scanning, 
and autoradiography ; chemical purity (>99 %) was determined 
by IR absorption spectroscopy. 


Radioactivity was analyzed using a spectrometer (Packard 
Tri-carb Liquid Scintillation). CSF, urine, plasma, and plasma 
ultrafiltrate were counted directly as 0.14.2-ml. aqueous samples 
in 18 ml. of 30% absolute methanol in toluene (v/v) with 3 g./L 
of 2,5-diphenyloxazole (PPO) and 100 mg./l. of 1,4-bis-2(5-phenyl- 
oxazoly1)-benzene (POPOP) (12). Quenching was monitored by 
channel ratios. Inulin was determined by the resorcinol method 
corrected for CSF-inulin blank (1  3), or by double isotope counting 
using tritiated inulin. 


A constant infusion rate was obtained by the use of a calibrated 
infusion pump (Harvard), and outflow volumes were weighed 
periodically. Pressure in the ventricular system was regulated by the 
level of the cisternal outflow cannula. Experiments were performed 
at ventricular pressure of essentially zero pressure relative to the 
auditory meatus. This was accomplished by placing the tip of the 
outflow cannula at or below the level of the animal's auditory 
meatus. At zero or slightly negative pressure in the ventricle, the 
clearance of inulin from CSF, which is assumed to represent bulk 
absorption, was negligible (5, 14). Therefore, any disappearance of 
penicillin must be accounted for by diffusion and possibly active 
transport. 


Transfer constants were calculated as described by Davson (15) 
and Pollay and Davson (16). The equation used was 


5 _ -  - k,, ,C,l-k/C,, t-k,C,,+-k, , tC 


where kin and kOut are transfer constants defining the rate of achieve- 
ment of equilibrium or the steady state as a result of diffusional, 
etc., forces operating across the blood-CSF barrier; k ,  is the rate 
of secretion as a fraction of the total volume of the ventricu- 
locisternal system, and k ,  is the rate of perfusion expressed in the 
same way. The designs of these experiments were as follows: 
in one series, the perfusate contained benzyl- 14C-penicillin as pre- 
viously described. In the second series, the perfusate contained no 
penicillin, and constant plasma levels were obtained after a single 
i.v. injection of ben~yl-1~C-penicillin to dogs with both kidneys 
ligated. 


1 Model U, Baltimore Instrument Co., Inc. * Atomic Accessories Inc. 
a Inulin-T, 240 mc./g., Volk Radiochemical Co. 
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Plasma protein binding was determined by comparing the con- 
centration of radioactivity (benzylpenicillin) in plasma to the con- 
centration in a protein-free ultrafiltrate of the same sample. The 
ultrafiltrate was obtained by centrifuging a sample of plasma con- 
tained in an 20.32-cm. (8-in.) piece of cellulose dialyzing tubing.* 
The tubing was suspended in a 15-ml. centrifuge tube and secured 
by a rubber stopper during centrifugation. Filtrate (0.2-0.5 ml.) 
was obtained from a 2-3-ml. sample after centrifuging for 6 hr. 
at 750-1000 r.p.m. (125-225 X g)  in a centrifuge (International 
PR-2) using a No. 269 head. The ultrafiltrate was determined to be 
free of protein. This method has been used successfully for the in- 
vestigation of plasma protein binding of methotrexate (17), and 
was found to give results equivalent to the method described by 
Toribara et al. (18). 


In uitro experiments of drug uptake by choroid plexus were 
performed as described by Welch (19) and Tochino and Schanker 
(20). 


RESULTS 


Figure 1 illustrates the design of a typical experiment. At zero 
time the perfusion was started and the cisternal outflow was collected 
every 20 or 30 min. The outflow volume and concentration of peni- 
cillin and inulin was determined and expressed as percent of in- 
flow concentration. It can be seen that after 30-60 min., equilibra- 
tion had taken place and the test substances in cisternal outflow 
remained relatively constant. In many instances, the perfusions 
were continued 4 or 5 hr. without significant change in cisternal 
outflow concentrations, suggesting that the disappearance of the 
antibiotic cannot be accounted for by drug tissue binding. At this 
rate of flow, 0.19 ml./min., the inulin concentration stabilized at 
about 80% of the inflow concentration. This was accounted for 
by dilution due to CSF production of about 0.05 ml./min., and rep- 
resents a method used commonly to determine rate of CSF pro- 
duction (10). This rate of production for dogs, about 0.05 ml./min., 
was consistent with the findings of other investigators (10, 21). 
Ben~yl-~~C-penicillin stabilized at about 60% of an inflow concen- 
tration of 1 mcg./ml. This figure can be accounted for by dilution 
due to CSF production and disappearance from the perfusate of 
approximately 0.05 mcg. of ben~yl-~~C-penicillin per minute. 


Table I summarizes clearance of benzylpenicillin from the CSF 
of dogs. The term clearance was used to represent the volume of 
CSF which was completely cleared of the test substance in 1 min. 
at a defined flow rate and drug concentration (5). In practice, 
clearance was determined from the steady-state difference between 
the quantity of drug entering the CNS and that leaving the brain 
each minute: quantity in - quantity out/mean CSF concentration. 
These data were obtained from experiments similar to that demon- 
strated in Fig. 1, in which the inflow rate was 0.19 ml./min. and the 
concentration of penicillin was 1 mcg./ml. Mean clearance of 


20 40 60 80 100 
MINUTES 


Figure 1-CSF outflow concentrations of inulin and penicillin. 
Ventriculocisternal perfusion, at a rate of 0.19 ml.jmin., of a buffer 
containing I.0 mcg./ml. of benzyl- 14C-penicillin and I00 mcg./ml. of 
inulin. 


~~ 


Union Carbide Corp. 0.991 cm. (0.390 in.) wide X 0.005 cm. (0.002 
in.) thick. 


Table I-Steady-State Clearance of Penicillin from CSF Perfusion 


Clearance," 
ml./min. 


Benzylpenicillin 0.13 i 0.04(9)* 
Inulin None 


a Clearance = mcg. of dru in -mcg. of drug out/min./mean 
concentration of drug in CSF. Mean i standard error of nine ex- 
periments. All experiments had inflow concentration of 1 mcg./ml. and 
inflow rate of 0.19 ml./min. 


penicillin for nine experiments was 0.13 =t 0.04 ml./min. The 
standard error indicates that these clearance figures are somewhat 
variable. Significant radioactivity (benzyl penicillin) could be de- 
tected in the urine of test animals at the end of the experiment. 
Clearance of inulin in these experiments was essentially zero be- 
cause the experiments were performed at a pressure below that nec- 
essary for bulk flow. Only trace amounts of inulin could be detected 
in urine. These clearance values are only meaningful when stated 
along with perfusion rate and drug concentration, since changes 
in either parameter result in different values. 


Clearance of ben~yl-~~C-penicillin from the CSF was not sig- 
nificantly affected by blood concentrations of unlabeled benzyl- 
penicillin which were calculated to be greater than 50 times higher 
than ventricular concentrations. Dogs received 25-50 mg./kg. of 
unlabeled benzylpenicillin administered i.v. as a single, slow in- 
jection during perfusion experiments similar to that represented by 
Fig. 1. This treatment had no effect on the percent of radioactivity 
appearing in the outflow. It was, therefore, assumed that penicillin 
clearance could take place against a concentration gradient. 


The disappearance of ben~yl-~~C-penicillin from CSF in these 
experiments cannot be accounted for by bulk flow. It also does not 
appear likely that passive diffusion of the drug or binding could 
completely account for the total amount of drug removed from the 
perfusate. Therefore, these data suggest that active transport may 
be involved. The following experiments mere designed to further 
distinguish between active and passive processes. 


Figure 2 shows the effect of saturation on the active transport 
mechanism for penicillin, one of six similar experiments. During 
the control period, the perfusion reservoir contained only trace 
quantities (0.25 mcg./ml.) of radioactive ben~yl-~~C-penicillin. 
During this period, it can be seen that 30% of the inflow concen- 
tration of the drug was recovered. However, following the addition 
of 500 mcg./ml. of unlabeled benzylpenicillin to the reservoir, 
greater than 60% of the inflow concentration was recovered. At 
this flow rate, 0.08 ml./min., a dilution to 60% can be accounted 
for the CSF production of approximately 0.05 ml./min. Therefore, 
upon saturation, the percent radioactivity in the outflow is similar 
to that which is obtained with inulin. These data can also be ex- 
pressed as extracted ratios E = 1 - C,,,,/Cin X outflow/inflow (5). 
During the control period, the extraction ratio for Fig. 2 was 0.50 
and after saturation, the extraction ratio was zero. The extraction 


/ 
/ 


I d  


20 40 60 80 100 120 140 160 180 200 
MINUTES 


Figure 2-Substrate saturation of penicillin transport. Ventriculo- 
cisternal perfusion of buffer containing tracerquantities of benzyl-14C- 
penicillin during control period followed by the addition of 500 
mcg./mI, of unlabeled benzylpenicillin to the perfusate. 


Vol. 58, No. 9, September I969 0 1107 







2 o L  I I I I I I I 


40 60 80 100 120 140 160 180 
MINUTES 


Figure 3-Competitive inhibition of penicillin transport. Ventri- 
culocisternal perfusion of buffer containing tracer quantities of 
benzyl-14C-penicillin during control period followed by the addition 
of PAH to the perfusate. 


ratio for inulin throughout these experiments was zero. Attempts 
to determine the transfer maximum (Tm) of penicillin were not 
successful due to the high variation between animals. However, 
data obtained indicated that the Tm for this system was low. It 
was of interest and should be noted that dogs under pentobarbital 
anesthesia exhibited signs of CNS stimulation (tremors and rigid- 
ity) immediately upon the addition to the perfusate of these rather 
high levels of penicillin. 


Figures 3 and 4 demonstrate inhibition of penicillin transport by 
p-aminohippuric acid (PAH) and probenecid (Benemid). Again, 
trace quantities of benzyl-14C-penicillin were perfused through the 
ventricular system until equilibrium was obtained. At this time, 
PAH or probenecid, 200-500 mcg./ml., was added to the reservoir. 
It can be seen that the extraction of penicillin from the perfusate 
was descreased upon the addition of PAH or probenecid. These 
data are in contrast to the addition of 500 mcg./ml. of N-methyl- 
nicotinamide chloride which had no effect on the extraction of 
penicillin. These experiments were suggestive of competitive in- 
hibition of an active mechanism. Only a very small percent of PAH 
is bound to plasma protein and, therefore, it was unlikely that PAH 
was acting by a displacement of benzylpenicillin from CNS 
binding sites. Data from this laboratory indicated that PAH in 
concentrations 100 times that of benzyl- 14C-penicillin in nitro did 
not displace bound penicillin from 3.5% serum albumin or 5 %  
brain homogenate in phosphate buffered saline. Also, CNS binding 
of ben~yl-1~C-penicillin was not suggested by a constant cisternal 
outflow concentration over periods up to 5 hr. It must be pointed 
out, however, that the figures presented represent the majority 
of experiments, at least 10, where inhibition of benzyl penicillin 
transport was studied. However, in two of the experiments, no 
inhibition of benzyl-14C-penicillin transport was demonstrated. 


90 120 150 180 210 
MINUTES 


Figure 4-Znhibition of penicillin transport by probenecid. Ventri- 
culocisternal perfusion of buffer containing tracer quantities of 
benzyl- 14C-penicillin during control period foUowed by the addition 
of probenecid to the perfusate. 


Inward and outward transfer constants for benzylpenicillin were 
calculated. The rates of passage of benzylpenicillin across the mem- 
branes separating blood and ventricular compartments may be 
represented by transfer constants ki,, and kout as described by Dav- 
son (15). If the passage from CSF to blood is active, kin, which is a 
measure of the ease of passage from blood to CSF, must be less 
than k,,,. When a steady concentration of benzylpenicillin was 
maintained in the blood (renal ligation) during the course of ven- 
triculocisternal perfusion with buffer containing no benzylpenicillin, 
a steady-state was established with a plasma/CSF ratio mean of 
16 for ultrafiltrate and 25 for .total plasma (Fig. 5). It can also be 
seen that @50% of benzylpenicillin was bound to plasma protein. 
The average values for the ratio of inflow concentration/outflow 
concentration of the experiments in which benzylpenicillin was in 
the perfusate using the same inflow rate, with essentially no drug 
in the blood, was approximately 1.6. From these two experimentally 
determined quantities, and from the known rate of perfusion (0.19 
ml./min.) and the computed rate of secretion (0.05 ml./min.), it was 
possible to deduce that the ratio kOut/ki, was approximately five, 
assuming a ventricular volume of 3.0 ml. (22). That is, the passage 
from CSF to blood was some five times more rapid than in the re- 
verse direction. Sample calculations have been presented by Pollay 
and Davson ( 1  6). 


Table I1 presents data from in uitro experiments. These experi- 
ments are similar to those described by Welch (19). After rendering 
guinea pigs unconscious by cervical dislocation, individual choroid 
plexus and small pieces of ependyma-cortex were removed and 
placed immediately in oxygenated Tyrodes solution containing 
1 mcg./ml. of ben~yl-1~C-penicillin. After 45 min. at room tempera- 
ture, the tissues were removed, drained, placed in weighed counting 
vials, digested in 0.1 ml. KOH, and the amount of radioactivity 
was determined. These data were expressed as a ratio of counts 
per milligram tissue divided by counts per microliter Tyrodes 
solution. It can be seen that the choroid plexus was able to con- 
centrate the antibiotic nearly fourfold over the media in 45 min. 
This was in contrast to the ependyma-cortex which was much 
less able to concentrate the drug. Choroid plexus obtained by sacri- 
ficing three dogs revealed similar results. It was also demonstrated 
that the choroid plexus from either the lateral or fourth ventricle 
was capable of concentrating benzyl penicillin approximately four- 
fold over media. These data are similar to those reported by Tochino 
and Schanker (20) for quaternary ammonium compounds, and 
Rubin and Rall for methotrexate (23). 


DISCUSSION 


Data presented suggest that penicillin is transported actively 
from cerebrospinal fluid to blood. Experiments have been per- 
formed which indicate benzylpenicillin is capable of moving against 
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Figure 5-Plasma and CSF concentrations of penicillin. Radioactioity 
(benzylpenicillin) in plasma, plasma ultrajiltra fe ,  and CSF after the 
i.u. administratioti of 10 mg./kg. of unlabeled benzylpenicillin and 
75 pc. of benzyl- 14C-penicillin to a 10 kg. dog following renal liga- 
tion. The ventricular system was perfused with plain buffer at a 
rate of 0.19 ml./min., during the entire experiment. One microgram 
of benzylpenicillin is equal to approximately 1200 c.p.m. The ratio 
of total plasma and plasma uItraJltrate radioactivity to CSF radio- 
activity is also presented. 
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Table 11-Choroid Plexus TissueiMedium Ration for 
Benzylpenicillin 


Choroid plexus from lateral ventricle 
Ependyma cortex 


3.8 =k 1.3  ( 1 8 ) b  
1.5  f 0.8 (4) 


a T/M = counts/mg. of wet tissuelcountslyl. of medium. Each value 
is mean f standard deviation. Figures in parentheses are number of 
determinations. 


a concentration gradient, undergoes self-saturation indicative of a 
transfer maximum, and is competitively inhibited by PAH and 
probenecid. The locus of this transport mechanism appears to be 
the choroid plexus. 


These results indicate that penicillin belongs to the class of organic 
acids that, like iodopyracet: PAH, and PSP, are secreted by the 
proximal tubules of the kidney and transported from CSF to blood 
(6). 


It appears possible that active movement of penicillin from CSF 
to blood may add to the difficulty of obtaining therapeutic concen- 
trations of the antibiotic in the CNS. This possibility has been 
suggested previously by Pappenheimer et al. (5). 


During the preparation of this paper, Fishman (24) published 
data concerning the blood-brain and CSF barriers to penicillin 
and related organic acids. In these studies, the disappearance rate 
of penicillin from the cisternal fluid was determined after a single 
injection of fluid containing penicillin and inulin. Many of the find- 
ings reported in the above research confirm a preliminary report 
(25), and agree with these data presented in this more extensive 
report, using the continuous ventricular-cisternal perfusion tech- 
nique. Fishman also demonstrated that the rate of disappearance 
of penicillin from the CSF could be decreased by increasing the 
concentration of cisternal penicillin, or adding p-aminohippuric 
acid or probenecid to the CSF. In contrast, the disappearance of 
penicillin was not affected by the presence of high levels of penicillin 
in the systemic circulation after parenteral administration. 


A number of factors have been shown to be responsible for ex- 
cluding certain compounds from the CNS (4). These include the 
amount and lipid solubility of the unionized form of the drug at 
physiological pH. The amount of drug free from association with 
various binding sites, including plasma proteins, also determines 
the amount of drug available for membrane penetration. Benzyl- 
penicillin has a relatively low molecular weight of 372, which 
would not be expected to be a major factor limiting its entry to the 
CNS. 


However, benzylpenicillin is a weak organic acid with a pKa 
of 2.6, which therefore is highly ionized at pH 7.4. Thus the slow 
diffusion of penicillin across the blood-CSF membranes reflects the 
poor lipid solubility of ionized forms of drugs. With a pKa of 2.6, 
the normal pH difference between blood (7.40) and CSF (7.32) 
results in only a small difference in total drug concentration on each 
side of the membrane. There is also an equilibrium in blood be- 
tween protein-bound and protein-free penicillin. Benzylpenicillin 
is bound about 50z at concentrations near the therapeutic level 
(26) and it is only the unbound or free form that is available for 
membrane penetration. Thus, the chemical characteristics of peni- 
cillin are major factors limiting its entry into the brain and CSF 
(24). 


Data presented here suggest that an active movement of drugs 
from CSF to blood may also contribute to the failure of many 
drugs, like those actively secreted by the renal proximal tubule, to 
accumulate in the CNS. These data support the concept that the 
cerebrospinal fluid functions as an escape channel for polar metab- 


5 Diodrast, Winthrop Laboratories, New York, N. Y .  


olites of neuronal metabolism and various polar drugs (27). It 
appears that once a drug or metabolite enters the CSF from blood 
or brain by simple diffusion, it may be rapidly removed, either by a 
nonselective bulk flow uiu the arachnoid granulations (28). or by an 
active transport mechanism. 
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pyrine transformation at 12 days of age with that of a 6 months of 
age brother. Figures 1 and 2 show the ability of the brain, at every 
day of age, to take up the administered drugs, both oxazepam and 
aminopyrine. 


In some experiments it was possible to test the metabolizing 
power of the isolated brain in situ of both male and female new- 
borns from the same litter and at the same day of age: at the eighth 
day (glucuronoconjugation in two male and female newborns) and 
at the twelfth (glucuronoconjugation, demethylation, and acetyla- 
tion in four male and female newborns). In these experimental 
arrangements no significant differences were noted between male 
and female newborn animals from the same litter. 


CONCLUSIONS 


Related to the days of age, the brain isolated in situ of newborn 
dogs from the same litter showed a drug metabolism which was 
evaluated by studying the glucuronoconjugation of oxazepam and 
the demethylation and acetylation of aminopyrine. No metabolizing 
activity was present before 4 days of age; at 8-12 days the drug 
metabolism was evident, but only after 12-24 days of age did it 
begin to become quantitatively similar to that of the adult. 


These great differences in cerebral drugs metabolism induced by 
the age of the newborns, seem to be interesting particularly in view 
of both the ability of the brain to take up the administered drugs 
and the detoxication mechanisms of the brain itself. In the authors’ 
experimental conditions no significant differences were evident be- 
tween the metabolizing activity of male and female newborns from 
the same litter and of the same age. 
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Detection and Separation of Aliphatic Polycarboxylic Acids 
by Reversed-Phase Partition Thin-Layer Chromatography 


G .  SULLIVAN and J. E. ALBERS 


-4bstract 0 The application of reversed-phase partition TLC, 
employing Silica Gel HF chromatoplates impregnated with silicone 
and developed in glacial acetic acid-dioxane-water-formic acid 
(4 : 1 : 1 : 6), proved suitable for the separation of agaricic acid 
(a-hexadecylcitric acid), norcaperatic acid (a-tetradecylcitric acid), 
and citric acid. 


Keyphrases 0 Polycarboxylic acids, aliphatic-detection, separa- 
tion Phosphomolybdic acid solution-spot visualization 0 
Potassium permanganate solution-spot visualization 0 TLC, 
reversed phase partition-detection, separation 


Volatile compounds of a homologous series can be 
fractionated usually by adsorption TLC but com- 
pounds of longer chain lengths are resolved, in most 
cases, by reversed-phase partition chromatography. 
Kaufmann and Makus ( 1 )  employed this technique 
for the separation of homologs of fatty acids, alcohols, 
and triglycerides. Malins and Mangold (2) successfully 


separated saturated and unsaturated fatty acids by 
using siliconized chromatoplates. Other investigators 
have utilized reversed-phase partition procedures for 
the separation of fatty acids and their methyl esters 
(1-3), cholesteryl esters of higher fatty acids (4), keto 
acids, lactones, and hydroxy fatty acids (5). 


A number of hydrophobic agents have been employed 
as the stationary phase in reversed-phase partition 
chromatography. Silicone appears to be the preferred 
hydrophobic agent but undecane, tetradecane, squalane, 
polyethylene, and paraffin have also been used. Numer- 
ous adsorbants have been utilized in this procedure but 
Silica Gel G and kieselguhr G are usually employed. 


The recent isolation and identification of norcaperatic 
acid (a-tetradecylcitric acid) from the mushrooms 
Gomphus J ~ O C C O S U S  (Schw.) Singer [syn: Cunthurellus 


J ~ O C C O S U S  Schw.] (6) and Polyporus Jibrillosus Karst. 
(7) have accentuated the need for a convenient method 
for the differentiation and detection of members of this 
aliphatic polycarboxylic acid group. Agaricic acid 
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(a-hexadecylcitric acid) had been previously isolated 
from Fomes oficinales (Fr). Faull. in 1907 (8). The 
structural formulas of agaricic acid (I) and norcaperatic 
acid (IT) may be represented as: 


CH,-(CHz)n-CH-COOH 
I 
I 


HO-C-COOH 


Hz-C-COOH 
I , n  = 15 


11, n = 13 


EXPERIMENTAL 


Preparation of Chromatoplates-All traces of any protective film 
were removed from the surface of 24 noncorrosive, precleaned, 
7.62 X 2.54-cm. (3 X 1-in.) microscopic slides. The cleaned slides 
were arranged end-to-end on a smooth surface in groups of four 
and both sides of each group taped to the surface by overlapping 
0.635 cm. (0.25 in.) of the slide with 2.54 cm. (1 in.) wide masking 
tape according to the method of Connors and Eriksen (9). A glass 
stirring rod was firmly drawn over the overlapping tape in order to 
obtain a uniform distance between the top of the tape and the sur- 
face of the slide. The adsorbant was prepared by adding 24 ml. of 
distilled water to 10 g. in a 125-ml. conical flask and vigorously agi- 
tated for 45 sec. A portion of the slurry was poured on the head 
slide of each group and spread uniformly over the slides by drawing 
a glass stirring rod over the surface of the tape. An adsorbant thick- 
ness of approximately 150 p was obtained in this manner. The coated 
slides were allowed to air dry for 4 hr. and then placed in a preheated 
oven at 120" for 1 hr. After heating, the plates were cooled to room 
temperature in a desiccator containing calcium chloride. The ad- 
sorbant layer was rendered hydrophobic by impregnating with a 
thin film of silicone by the method of Mangold (10). Seventy milli- 
liters of a 5 solution of silicone1 in diethyl ether was placed in a 
Petri dish and the slides dipped into the solution for 5 sec., removed, 
placed in a horizontal position, and allowed to dry. Upon evapor- 
ation of the solvent the prepared chromatoplates were ready for 
use. 


Preparation of Reference Solutions-Solutions of agaricic acid 
(0.1 %), norcaperatic acid (0.1 %), and citric acid (1 %) were pre- 
pared by dissolving the respective compounds in 95 


Spray Reagents-A 10% solution of phosphomolybdic acid in 
ethanol and a 3 %  solution of potassium permanganate in con- 
centrated sulfuric acid were prepared. 


Chromatographic Procedure-A syringe2 was employed for 
spotting the reference solutions. One microgram of agaricic and 
norcaperatic acid and 10 mcg. of citric acid were spotted 5 mm. from 
the bottom of the chromatoplate. The desired developing solvent 
was placed in a Coplin staining jar and allowed to equilibrate for 
10 min. prior to developing. The chromatoplates were allowed to 
develop for a distance of 6 cm. (approximately 20 min. developing 
time), removed from the chamber, air-dried, sprayed with the de- 
sired reagent, and placed in a 160" oven for 15 min. Both agaricic 
and norcaperatic acid appeared as bluish-green spots on a greenish- 
yellow background when sprayed with the phosphomolybdic 
reagent. Since citric acid did not react with this spray reagent it 
was necessary to use potassium permanganate in concentrated 
sulfuric acid in order to detect this compound. 


ethanol. 


1 Dow Corning 200 fluid, viscosity 350 at 25". 
2 York Termo Micro, MS-10. 


RESULTS AND DISCUSSION 


Chromatographic procedures for the separation of aliphatic 
polycarboxylic acids have not been previously reported. Graf and 
Liu (1 1) have reported the successful separation, by TLC, of a num- 
ber of chemical intermediates, which they obtained in their attempts 
to synthesize agaricic acid. Their method included kieselguhr 
G as the adsorbant and eight different solvent systems. All of these 
systems were tested but were found totally unsuitable for the sepa- 
ration of agaricic and norcaperatic acid. In the course of the 
authors' investigation, over 40 different solvent systems were tried 
with Silica Gel G, kieselguhr G, aluminum oxide, mannitol, and 
lactose as adsorbants. Migration of agaricic and norcaperatic acid 
occurred with several of these systems but separation of the two 
acids was not accomplished. 


Various procedures for the separation of mixtures of long-chain 
compounds of a homologous series by partition TLC in reversed 
phase have been reported in the literature (1-5). Employing this 
technique, 25 different solvent systems were tried with siliconized 
Silica Gel G and Silica Gel HF as adsorbants. Best results were 
obtained with chromatoplates prepared with Silica Gel HF, im- 
pregnated with silicone, and developed with a solvent system 
composed of glacial acetic acid-dioxane-water-formic acid (4: 1 : 1 : 
6). The two aliphatic polycarboxylic acids were rendered visible by 
spraying with a 0.1 % phosphomolybdic acid solution. As little as 
0.5 mcg. of either acid could be detected with this spray reagent. 
Agaricic and norcaperatic acid appeared as discrete bluish-green 
spots at R ,  0.39 and 0.53, respectively. Citric acid was detected 
by spraying with a 3 potassium permanganate in concentrated 
sulfuric acid and appeared at Rf 0.87. Both spray reagents were 
necessary since agaricic and norcaperatic acid were insensitive to 
the potassium permanganate reagent; as was citric acid to phospho- 
molybdic acid. 


This reversed-phase partition thin-layer chromatographic method 
should prove especially useful in screening fungal extracts for micro 
amounts of aliphatic polycarboxylic acids and also of value in the 
interpretation of results in both the chemical synthesis and bio- 
synthesis of these acids. 
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The solvents acetone and chloroform produced a 
different and distinguishable precipitate. The sulfate 
dissolved at a moderate rate in acetone yielding, simul- 
taneously. a light voluminous precipitate. In  chloro- 
form, the sulfate dissolved immediately followed by a 
slow but continuous precipitation. Isolation of the 
precipitate gave a 96 % and 57 z yield of lidocaine bi- 
sulfate in acetone and chloroform, respectively. 


Thus over a 72-hr. period at room temperature a sub- 
stantial disproportionation of lidocaine sulfate di- 
hydrate to  yield bisulfate and base was observed in 
acetone and chloroform. 
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Occurrence of Bis-Noryangonin in 
Gymnopilus spectabilis 


Keyphrases [? Gymnopilus spectubilis-analysis 0 Bis-Noryango- 
nin, occurrence-Gymnopihis spectabilis 


Sir: 
Gjvnnopilirr spectabilis (Fr.) Singer has been re- 


ported to elicit hallucinogenic responses (1-3). Experi- 
mental pharniacologic data for confirmation or ex- 
planation of these reports are lacking for both the 
mushroom and known constituents of Gymnopilus 
species. However, bis-noryangonin [4-hydroxy-6-(4- 
hydroxystyryl)-2-pyrone], a styrylpyrone related to  
those occurring in kava root, has been isolated from G. 
decunens Hesler (4), and the presence of indole deriva- 
tives other than psilocin and psilocybin has been sug- 
gested in G. spectabilis on the basis of thin-layer chro- 
matographic examination (3). 


Carpophores of G. spectabilis were collected near 
Tenino, Washington, on November 12, 1968, and 
freeze-dried. The powdered mushroom (50 g. of a 20- 
mesh powder) was extracted by shaking for 24 hr. at 
room temperature with 2 1. of ethyl acetate. TLC of the 
extract using a silica gel adsorbent and ethyl acetate- 


n-hexane-glacial acetic acid ( 5  : 3 : l), chloroform- 
methanol (3: I), and 95% ethanol solvent systems 
revealed a constituent which was indistinguishable from 
bis-noryangonin. When the chromatograms were 
sprayed with 2 % p-dimethylaminobenzaldehyde in 
acidic ethanol (concentrated HCI-95 z ethanol, 1 : 3), 
this constituent formed a green chromophore which 
changed to  purple with heat, a characteristic feature of 
bis-noryangonin. 


The constituent suspected of being bis-noryangonin 
was isolated using the dry-column chromatographic 
procedures previously established for this compound 
(4). The IR spectrum (KBr pellet)’ of the isolated 
material was consistent with this tentative identifica- 
tion showing characteristic peaks at 3200 cm.-’ (OH); 
1650 cm.-’ (C=O of lactone ring); 1600, 1510 cm.-’ 
(C=C). The UV spectrum2 354 mp (log E 4.22) 
and 224 mp (log E 4.33) was also comparable to that 
observed with reference bis-noryangonin. 


The methyl derivative of the isolated constituent was 
prepared by a proven method (4). N o  depression in 
the 156-157” m.p. of the derivative was noted upon 
admixing with known yangonin [4-methoxy-6-(4-me- 
thoxystyryl)-2-pyrone]. The mass spectrum3 showed a 
parent and base ion peak at m/e 258.0892, both ob- 
served and calculated for Cl6Hl4O4. The next most 
abundant peak was at mje 230.0943 (28%), as antic- 
ipated from the known fragmentation pattern of 
yangonin (4, 5).  The IR spectrum of the methyl deriva- 
tive was identical in all respects with that of authentic 
yangonin, and the UV spectrum A:::” 356 mp (log E 4.49) 
and 218 mp (log E 4.33) was in agreement. 


The experimental observations establish the occur- 
rence of bis-noryangonin in the fruiting bodies of G. 
spectabilis. No evidence of indole constituents was 
noted during the investigation, and it is presumed that 
the purple chomophore developing upon treatment of 
this styrylpyrone with p-dimethylaminobenzaldehyde 
explains the earlier suggestion of indole metabolites (3). 
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Further Applications of the 4-(Methy1thio)- 
phenyl Ester in Peptide Chemistry 


Keyphrases 4-(Methylthio)phenyl ester-peptide synthesis 0 
N-Carbobenzoxy-L-prolylglycylglycine ethyl ester-synthesis [3 
Optical rotation-identity 


Sir: 


The synthesis of proline containing peptides usually 
proceeds without complication, however, the alkaline 
hydrolysis of such sequences are frequently accompanied 
by side reactions. The hydrolysis of N-carbobenzoxy- 
glycyl-L-proline methyl ester with 1 N NaOH can be 
conducted with practically no cleavage of the peptide 
bond (1, 2). However, in the case of N-carbobenzoxy-L- 
prolylglycine methyl ester, hydrolysis causes cleavage 
to the extent of 70% yielding N-carbobenzoxy-L-proline 
and glycine (2). It is also difficult to  hydrolyze higher 
peptides containing the sequence prolylglycyl in satis- 
factory yields ( 3 ) .  


In order to overcome this difficulty inherent in the 
synthesis of such sequences we have found that the 
4-(methy1thio)phenyl (MTP) protective ester (4-7) be- 
cause of its facile conversion to the activated 4-(methyl- 
su1fonyl)phenyl (MS0,P) ester, to be particularly useful 


for extending the peptide chain. For this purpose the 
synthesis of N-carbobenzoxy-L-prolylglycylglycine ethyl 
ester (Eq. 1) is described 


Z-Pro-Gly-Gly-OEt (Eq. 1) 


The synthesis commenced with the condensation of 
N-carbobenzoxy-L-proline and glycine 4(methylthio)- 
phenyl ester hydrochloride (4) using dicyclohexyl- 
carbodiimide and triethylamine to give N-carbo- 
benzoxy-L-prolylglycine 4-(methylthio)-phenyl ester, 
m.p. 92", [ a ] ~  -60" (c 3.23 in dimethylformamide). 


In order to  extend the peptide chain it was necessary 
to convert this protective MTP ester to its activated 
MSOzP counterpart. This was achieved by the use of 
m-chloroperoxybenzoic acid in dioxane (7) for 4 hr., to 
yield N-carbobenzoxy-L-prolylglycine 4-(1nethylsul- 
fony1)phenyl ester, m.p. 117", [aID -45", (c 8.8 in di- 
methylformamide). The peptide chain was then ex- 
tended through this MSOzP activated ester by reaction 
of the dipeptide with glycine ethyl ester hydrochloride 
in the presence of triethylamine to give N-carbobenzoxy- 
L-prolylglycylglycine ethyl ester (8) (Eq. 1) m.p. 122", 
[or12 -23" (c I in ethanol). 
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pental was bound when a sixteen-fold molar excess 
of TCA (a similar excess to  that used in the in vivo 
experiments) was incorporated into the buffer. This 
suggests a competitive protein binding phenomenon that 
may account for the above differences, and phar- 
macologically inert but highly protein bound materials 
such as TCA may have a role in pharmaceutical form- 
ulations, particularly those parenterally administered. 
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Rapid Peptide Synthesis : Synthesis of 
Human Fibrinopeptide A 


Keyphrases 0 Fibrinopeptide A, human-synthesis 0 Column 
chromatography-separation 0 Optical rotation-identity 0 
Paper chromatography-purity testing 0 Electrophoresis-purity 
testing 


Sir : 


Recently the N-t-butyloxycarbonyl-L-amino acid 
pentachlorophenyl esters have been described (1) and 
shown to be useful intermediates for extremely rapid 
peptide synthesis (2). We wish to report a further 
application of these intermediates for use with the solid 
phase or Merrifield method (3) of peptide synthesis. 
For this purpose the first synthesis of the naturally 
occurring human peptide, fibrinopeptide A, (4, 
5) ~-alanyl-~-aspartyl-~-serylglycyl-~-glutamyl-glycyl-~- 
aspartyl-L-phenylalanyl-L-leucyl-~-alanyl-L-glutamyl- 
glycylglycylglycyl-L-valyl-L-arginine 11, is described The 
synthesis is shown in Scheme I, its facility being due to  
the ease of purification of the starting amino acid penta- 
chlorophenyl esters (1) and their high activity towards 
aminolysis (6). 


The fully protected, resin bound, hexadecapeptide, 
fibrinopeptide A (I), was synthesized by the stepwise 
addition of the appropriate N-t-butyloxycarbony1-L- 
amino acid pentachlorophenyl ester to an insoluble 
polystyrene resin (7) substituted with 0.43 mmoles/g. 


t-BOC-L-Ala-L-Asp-L-Ser-Gly-L-Glu-Gly-L-Asp-L-Phe-L-Leu- 
I I 


OBzl OBzl 
I I  


OBzl Bzl 
L-Ala-L-Glu-GI y -Gly-Gly-L-Val+ Arg-Polymer 


I 
NOz 


I 
OBzl 


L-Ala-L-Asp-L-Ser-Gly-L-Glu-Gly-L-Asp-L-Phe-L-Leu-L-Ala- 
I 


L-Glu-Gly-Gly-Gly-L-Val-L- Arg 
I1 


Scheme I 


of N-t-butyloxycarbonyl-nitro-L-arginine. The cycle for 
the addition of each amino acid residue consisted of the 
following steps; removal of the N-t-butyloxycarbonyl 
protecting group by treatment with excess 1 N hydrogen 
chloride in glacial acetic acid for 30 min.; neutraliza- 
tion of the resulting hydrochloride salt with excess 
triethylamine in dimethylformamide, and then coupling 
the resulting free amino residue with three equivalents 
of the appropriate N-t-butyloxycarbonyl-L-amino acid 
pentachlorophenyl ester in dimethylformamide for 
12 hr. At the end of this chain-lengthening sequence, 
the protected peptide was cleaved from its polymer 
support by hydrogen bromide in trifluoroacetic acid, 
under which conditions the side-chain protecting groups, 
except that on arginine, were also cleaved. The partially 
protected peptide was then catalytically hydrogenated 
over 10% palladium on charcoal to give the crude 
hexadecapeptide, fibrinopeptide A. The peptide was 
purified by passage through a column of synthetic 
polysaccharide (Sephadex G-25) (100 X 2.5 cm.), 
using water as eluent at a flow rate of 6 ml./hr. The pure 
fibrinopeptide A, (11) [a]g -44.8’ (c 2.30 in water), 
was eluted as the first major fraction (13% overall 
yield) and the amino acid ratios‘ were: Ala, 2.0; Arg, 
0.9; Asp, 1.9; Glu, 2.2; Gly, 5.3; Leu, 1.1; Phe, 1.0; 
Ser, 0.9; Val, 0.8. It was found to be homogeneous by 
paper chromatography; Rf 0.75 (butanol-acetic acid- 
water, 2:2:1); Rf 0.86 (phenol saturated with water). 
Electrophoresis on paper gave a single spot in phosphate 
buffer pH 6.9, which migrated 3.5 cm. towards the 
anode at 10 v/cm. for 2 hr. z .  
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Synthesis, Isolation, and Some Chemistry of Citric Acid Anhydride 


A. J. REPTA and T. HIGUCHI 


Abstract 0 A crystalline anhydride of citric acid has been produced 
for the first time. The compound was shown to be the unsym- 
metrical monomolecular anhydride. Details of the preparation are 
presented along with some of its chemistry. The rate of hydrolysis 
of the anhydride was found to decrease over the range pH = 1-6. 
Possible uses in pharmaceutical formulations are suggested. 


Keyphrases 0 Citric acid anhydride-synthesis, characterization 0 
Hydrolysis-dric acid anhydride 0 Aniline-citric acid anhy- 
dride-reaction products 0 Column chromatography-separation 
0 UV spectrophotometry-analysis 


Until recently the cyclic anhydrides of hydroxy poly- 
carboxylic acids such as malic, tartaric, citric, and re- 
lated acids were only theoretically possible. During the 
past few years, however, relatively small quantities of 
solutions of tartaric and malic anhydrides in inert sol- 
vents were prepared by the action of thionyl chloride on 
the silver salts of the respective acids ( I ,  2). The products 
however, were never isolated and only little could be 
learned of the chemical and physical properties of these 
anhydrides. In situ synthesis of these and other anhy- 
drides in aqueous solutions have also been recently re- 
ported (2-5). 


No one seems to have made any concerted attempt to  
produce anhydrides of hydroxy acids in significant 
quantities. This is probably due in large part to  the fact 
that the usual techniques for synthesis of anhydrides 
often results in esterification or elimination of hydroxy 
groups present depending on the synthetic method used. 
The present report is concerned with details of successful 
synthesis, isolation, and determination of some of the 
characteristics of citric acid anhydride. Some prelimi- 
nary aspects were reported in an earlier communication 


The reaction of acetic anhydride and citric acid has 
been shown to produce largely acetylcitric anhydride 
when heated at about 120" for several hours (7). This 
product would appear to  form as the result of two con- 
secutive reactions, one of which is the acetylation of the 
alcohol group of citric acid while the other is the transfer 
of anhydride character from acetic anhydride to  citric 
or acetylcitric acid. Depending on which is the more 
facile step, the synthesis of acetylcitric anhydride from 
citric acid in the presence of excess acetic anhydride 
could come about by intermediate formation of either 
acetylcitric acid or citric acid anhydride as shown in 
Scheme I. 


If the route involving k3 and k4 was kinetically pre- 
ferred, it was considered possible to  prepare primarily the 
citric acid anhydride by judicious choice of reaction 
conditions such as temperature, concentration of reac- 
tants, and reaction time. 


(6). 


EXPERIMENTAL 


Experiment and Reagents-A recording spectrophotometer 
(Cary model 14) was used for UV measurements. NMR spectra 


Acetylcitric 


7 Acid Anhydride 


Acid 'Citric Acid 
Anhydride 


Scheme I 


were obtained at 37" (Varian model A-60A spectrometer). A dry box 
(Lab-Con-Co.) was used for procedures requiring a low humidity 
environment. The thermometer (Brooklyn Thermo Co. ASTM) 
used in the cryoscopic detei minations was graduated in tenths 
of a degree with a total range of -8-32". The length and internal 
diameter of the chromatographic columns used were 26 and 2 cm., 
respectively. All pH-stat measurements were done on an auto- 
titrator (Radiometer TTTll) used in conjunction with a titragraph 
(SBR~C), an auto-buret (ABUlb) equipped with a titration as- 
sembly (lTA3), and a pH meter (PHM26). 


The aniline used was distilled from zinc dust prior to use. All 
other chemicals used were of analytical or reagent grade and were 
employed without further purification. 


Procedures-Synthesis and Isolation of Citric Acid Anhydride- 
A heterogeneous mixture consisting of 183 g. (0.953 moles) of 
powdered anhydrous citric acid. 90.3 g. (1.50 moles) of glacial 
acetic acid, and 194.4 g. (1.90 moles) of acetic anhydride was heated 
at 3638", with good stirring, in a closed vessel until all of the 
citric acid had dissolved (19-20 hr.). The solution was then filtered 
through glass wool. The reaction vessel rinsed with 500 ml. of hot 
chloroform which was then added to the filtered solution. The 
resulting solution was stirred and allowed to cool, and within half 
an hour a viscous oil began to separate. Continued stirring resulted 
in conversion of the oil to a white crystalline solid which was re- 
moved by filtration in a low humidity atmosphere. The precipitate 
was washed with 700 ml. of warm chloroform and dried for 24 hr. 
over potassium hydroxide pellets at a pressure of less than 1 mm. 
of mercury and a temperature of about 45". The white crystalline 
solid melted at 120-123" and was shown by NMR spectra and other 
physical measurements to be citric acid anhydride. The yield of 
the reaction was about 40z. 


Equivalent weight found by direct titration with aqueous so- 
dium hydroxide was 58.3 (calculated = 58.0). The molecular weight 
obtained from cryoscopic measurements in dioxane was 183 (cal- 
culated = 174). Elemental analysis showed 41.09% C and 3.54% 
H which was ingood agreement with the calculated valuesof 41.39% 
C and 3.47% H. 


Chromatographic Separation of the Products of the Reaction of 
Aniline and Citric Acid Anhydrid-The column was prepared by 
packing on the bottom of the column a slurry consisting of 4 g. of 
silicic acid, 6 ml. of chloroform, and 4 ml. of 4 N aqueous sulfuric 
acid (the purpose of this acid plug was to retain on the column any 
excess aniline present in the sample). On top of the acid plug was 
packed another slurry consisting of 30 g. of silicic acid, 45 ml. of 
chloroform, and 30 ml. of 0.5 M, pH = 3.13,aqueoussodiumphos- 
phate buffer. The sample solution was prepared by mixing 100 pl. 
of a 1.0 M solution of citric acid anhydride in tetrahydrofuran 
with 10 ml. of 0.16 M aqueous aniline. The resulting solution 
was acidified to pH = 3.13 and 5 ml. of the solution was mixed 
with 5 g. of silicic acid and 8 ml. of chloroform. The resulting slurry 
was then packed on the column and eluted with the following vol- 
umes of water-saturated eluants: 


0-110 ml. 0.0% butanol in chloroform 
butanol in chloroform 110-220 ml. 1.5 
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220-390 ml. 10.0% butanol in chloroform 
390-550 ml. 30.0% butanol in chloroform 


The eluate was collected in 15-ml. fractions and the absorbance of 
each was determined at 265 mp using water-saturated chloroform 
as the reference solution. 


Cryoscopic Determination of Molecular Weight-The cryoscopic 
measurements were carried out according to a routine procedure 
(8). Dioxane was the solvent chosen since it does not react 
with anhydrides and the freezing point and molal freezing point 
depression factor were suitable. A solution containing 1.50 g. of 
citric acid anhydride in 8.36 g. of dioxane exhibited a freezing point 
depression of 4.78". Appropriate calculations based on the molal 
freezing point depression constant of 4.9"(9) gave an apparent 
molecular weight of 183 (calculated = 174). 


Kinetic Measurements of the Hydrolysis of Citric Acid Anhydride 
in Aqueous Solutions-Specirophotometric Measuremenis-One 
hundred microliters of 0.55 M citric ,icid anhydride in tetrahydro- 
furan was added to 15 ml of :he h i r e d  aqueous solution (pre- 
viously equilibiated at 25 f (, 1 Tn a spectrophotometer cell 
fitted with a stopper. Mixing wa I dc, c mplished by rapid inversion of 
the closed cell, taking caie not to disperse air bubbles throughout 
the sample. The sampie wcs then quickly placed in the cell compart- 
ment and the absorbance changes were followed at wavelengths of 
230 to 250 mp depending on the absorbance of the aqueous solu- 
tion used. 


pH-sfat MeasuremenisKinetic measurements were carried out 
using aqueous sodium chloride solutions of the desired ionic 
strength as the solvent and either 0.2 or 0.4 M sodium hydroxide 
solutions adjusted with sodium chloride to an ionic strength equal 
to that of the solvent. The solutions were equilibrated at 25 f 0.1 O 


in a water-jacketed cell. Various quantities of titrant were added 
to the solvent solution before the addition of the sample in order to 
allow the neutralization of the free acid present. This was neces- 
sary for the pH-stat to "catch-up" with the reaction. The sample 
solution, which was 0.5 M citric acid anhydride in tetrahydrofuran, 
was added to the solvent in quantities of 0.24.5 ml. by use of a hy- 
podermic syringe. 


Measurements Using pH-stat and Specirophoiometer Joinily- 
This technique was employed in the region of pH = 2.4-5.0. 
The rates were determined spectrophotometrically utilizing the pH- 
stat to maintain pH. Details will be presented in a later publication. 


RESULTS AND DISCUSSION 


Synthesis and Isolation of Citric Acid AnhydridcSynthesis and 
isolation of citric acid anhydride was attempted first by mixing 
equimolar amounts of citric acid and acetic anhydride and heating 
the mixture at 60-80" until a homogeneous solution was formed. 
NMR spectrum of the resulting solution diluted with deuteroacetone 
indicated the presence of a large amount of acetylcitric anhydride 
and lesser amounts of citric acid and another species suspected to 
be a citric acid anhydride. When temperatures of 35-48" were used 
total dissolution of the citric acid failed to occur over a period of 
several days. 


Since the appearance of any new anhydride species in such a 
system would be subjected to second-order kinetics, the concentra- 
tion of acetic anhydride was progressively increased until a 2:l 
molar ratio of acetic anhydride to citric acid was reached. It was 
apparent from NMR spectra of the reacting mixture at various 
times that initially the citric acid anhydride species was being formed 
but with the continued heating necessary to effect total dissolution 
of the citric acid, acetylation of the anhydride was occurring and 
was resulting in appreciable quantities of acetylcitric anhydride. 
The initial reaction thus appeared to be dissolution controlled. 
In an attempt to increase the solubility of the citric acid, various 
amounts of glacial acetic acid were added to the reaction mixture. 
It was found that an approximately 2 : l : l  molar ratio of acetic 
anhydride, citric acid, and glacial acetic acid, respectively, when 
mixed together and heated at 35-40" with stirring in a closed con- 
tainer until dissolution had occurred resulted in the production of 
mostly citric anhydride. Precipitation of the anhydride with chloro- 
form, washing the filtered material with the same solvent and dry- 
ing resulted in the isolation of citric anhydride with apparently 
little contamination 


Characterization of Citric Acid Anhydride-Although elemental 
analysis, equivalent weight obtained by direct titration of aqueous 


1.5 


1.2 


W 
0 z 
K 


a 0.9 m 


m a 
s 


0.6 


0.3 


6) UNSYMMETRICAL CITRIC A C I D  


MONOANILI D E  \ 


A) SYMMETRICAL C I T R I C  A C I D  


MONOANIL IDE 


FRACTION NUMBERS (15 rnl./FRACTION) 


Figure 1-Chromatogram of the anilides formed by adding I00 pI. 
of 1.0 M ciiric acid anhydride to a soluiion containing 5 ml. of water 
and 5 ml. of 0.32 M aqueous aniline. 


solutions of the anhydride, and equivalent weight determined by 
titration of solutions in which compound had been added to aqueous 
aniline (lo), gave consistent results, it was not possible to distin- 
guish among the following possible anhydride structures. 


symmet r ica I 
anhydride 


unsymmetrical intermolecular 
anhydride anhydride 


In order to determine whether the compound was the intermo- 
lecular or the intramolecular anhydride the freezing point depres- 
sion of the compound was determined in dioxane solution. The 
molecular weight obtained by calculations based on these measure- 
ments was found to be about 183 which most closely agreed with 
the molecular weight of 174 for the intramolecular anhydrides. 


When the anhydride was reacted with aniline and the products 
separated by chromatography (see Fig. 1 and Scheme 111), two 
anilides were found and they were apparently the symmetrical (Com- 
pound A )  and the unsymmetrical (Compound B) citric aid mono- 
anilides (4). The ratio of the total absorbances of the unsymmetrical 
isomer to the symmetrical was found to be 0.85 which is in good 


'One might also postulate the possible lactones of citric acid as 
likely candidates, but these can easily be ruled out mainly on the basis 
of the products found in the reaction of aniline with the compound. 
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Figure 2-Reproduction of the important features of a typical NMR 
spectrum of citric acid anhydride in deueroacetone. The internal 
standard was TMS. 


agreement with earlier results obtained by addition of aniline to 
aqueous solutions in which citric acid anhydride was produced by 
interaction of acetic (3) or glutaric (2) anhydride and citrate ions. 
Since both monoanilides were produced in similar amounts, it 
appeared that the unsymmetrical anhydride must at least be the 
predominant species. 


NMR studies also supported this structural assignment. A typical 
NMR spectrum is shown in Fig. 2. Inspection of the spectrum and 
its integration curve led to the conclusion that the anhydride struc- 
ture was the unsymmetrical one. The coupling constant for the 
doublet at 6 = 3.68 and 3.38 was calculated to be 19 C.P.S. which is 
in good agreement with similar calculations by Ericksen for malic 
anhydride (1). 


Hydrolysis of Citric Acid AnhydrideLThe pH profile for the 
reaction over pH range 1-6 is shown in Fig. 3. It is obvious that 
the hydrolytic behavior of this compound differs markedly from 
that of carboxylic acid anhydrides such as acetic or glutaric which 
show no effect of pH on hydrolytic rate in this range. 


The citric acid anhydride however, is markedly different from 
most other anhydrides in that it contains an ionizable functional 
group. The decrease in hydrolytic rate with increasing pH rate is 
apparently due to the ionization of the free carboxylic acid group, 
which results in a negatively charged anhydride which apparently 
increases the energy of the transition state formed upon attack 
of the nucleophilic water molecule. A proposed scheme for the 
hydrolysis is shown below. 


H,&--co~H 
I 


H$--COy- 


I f: 111 


J. 


HO--C--CO,H === HO--C-CO,- + H+ 
I 


HZC-COZH 
I 


HzC-C02H 
Scheme I1 


From Scheme I1 the following equation can be derived to express 


the observed rate constant as a function of pH and the dissociation 
constant K, of the carboxylic acid group of the anhydride 


kHan + (kan Ka)/[H+l 
1 + Ka/[H+l Kobs. = ~~ 


Using the above equations, and values of k H a n ,  k,,, and pKa t o  
be 68 X set.-', and 2.9, re~pectively,~ the 
smooth curve in Fig. 3 was generated and is in good agreement 
with experimental results. The observed rate constant of 18 X 


sec.-l at pH = 5 was in fair agreement with earlier estimates 
of about 11 X 


Effects similar to those seen for the hydrolysis of citric acid 
anhydride have also been observed for tricarballylic anhydride (1 1) 
and could probably be expected for any anhydride which contained 
an ionizable functional group. 


The value, pKa = 2.9 for citric acid anhydride, which is found 
from Fig. 3 is somewhat lower than would be expected for this 
type of acid even at an ionic strength of 0.5. However, because of 
the presence of the hydroxy group and carbonyl groups of the an- 
hydride one might attribute the relatively strong acidity to some 
intramolecular stabilization of the anion of the anhydride. 


Effect of Temperature on Hydrolytic Rate-Since the hydrolytic 
rate presumably depends on the extent of ionization of the an- 
hydride, it would be expected that the effect of temperature would 
be different at pH values where the extent of ionization was markedly 
changed. Therefore, the activation energy was determined from 
spectrophotometric measurements at pH = 1 in 0.1 N hydrochloric 
acid (1 = 0.5 with sodium chloride) and at pH = 5 (I = 0.5) using 
the pH-stat. The results are in agreement with the supposition and 
are shown in Fig. 4. The activation energy was calculated to be about 
10.7 kcals./mole for the hydrolysis of the acid form of the anhydride, 
and about 12.9 kcals/mole for an anionic form of the anhydride. 


Effects of Ionic Strength-While it was found that ionic strength 
did not grossly influence the hydrolytic rate in the region of pH < 2 
and pH > 5, there was a tendency for the rate to decrease as ionic 
strength incieased over the range of pH = 2-5. This can generally 
be accounted for by a secondary salt effect on the dissociation of 
the carboxylic acid group. 


Comparison of Aniline Addition to Malic and Citric Acid An- 
hydrides-The reaction of citric acid anhydride with excess aniline 
in aqueous solution and the relative yield of products is shown in 
Scheme 111. 


set.-', 18 X 


(4, 5). 


70 L 


z 
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I \O 
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Figure 3-The p H  rate profile of the hydrolysis of citric acid anhy- 
dride at 25" and ionic strength = 0.5. The smooth curve correspond 
to the calculated profile based on pKa = 2.9, k ~ ~ ,  = 68 X 1 P 3  
sec.-l and k,, = 18 X loe3 sec-l. Key: c$, specfrophotometric 
measurements in aqueous HCI solutions; 0, spectrophotometric 
measurements using pH-stat to maintain pH; e, pH-stat measure- 
ments. 


2 During the hydrolytic studies it was found that the citric acid an- 
hydride contained some reactive impurity. From NMR and kinetic 
measurements it was concluded that the impurity consisted of acetyl- 
citric anhydride. 


3 kHan was taken as the maximum value of kobs. and k,. as the minimum 
value of !fobs. over the range of pH = 1-6. The pKa value was chosen 
to give the best fit to the data in Fig. 3. 
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H,C-COL €I,C-CO,- 


HO-C-CONH-+ + HO--C-COL- 
I 


H,C-CONH-+ 
I 


H,C-CO,- 


citric acid A. (1 part) B. (0.85 part) 
Scheme 111 


A similar study of the reaction of malic anhydride with aniline 
has been made (2, 12) and the scheme and relative yield of products 
is shown in Scheme IV. 


HO-H&C/ 
“0 


H, -COr\iH-+ 7 H2C-C0,- 


HO-CH-CONH-+ 
+ 


HO-CH-COI- 
I 


malic C. (1 part) D. (0.15 part) 
anhydride 


Scheme IV 


In both schemes all acid species are shown to be in the neutralized 
form and this is to be expected in the presence of excess aniline. 


Compounds A and C are similar differing only in the substitution 
of a methylene carboxy group on the hydroxy substituted carbon. 
The same is true for Compounds B and D. 


The proportions of the products from each reaction was quite 
different. The greater production of C with respect to D has been 
explained on the basis of the greater electrophilic nature of the a- 
hydroxy carbonyl of malic anhydride. 


While a similar situation would be anticipated with citric acid 
anhydride, the product distribution is much different, i.e., B/A = 
0.85. This may be largely explained on the basis of the electronic 
effects of the ionized carboxy group which would be expected to de- 
crease the rate of addition of aniline at the a-hydroxy carbonyl car- 
bon due to creation of a tetrahedral transition state with two 
negative charges. 


Molecular models suggest the effects on the transition state would 
be much less for attack on the carbonyl group which is further re- 
moved from the ionized carboxyl group. Thus it would be expected 
that the attack of aniline on the carbonyl group which results in A 
would be retarded more than the attack at the carbonyl group lead- 
ing to B, and therefore the ratio of products B/A in the citric acid 
case should be significantly greater than the ratio of D/C found for 
malic acid. 


This explanation agrees well, quantitatively with the results found 
for the water hydrolysis of citric acid anhydride where the rate de- 
creases between two and threefold in going from the free acid to the 
anionic form of the anhydride. 


While no studies of the aniline reaction with citric acid anhydride 
at strongly acid pH values were undertaken, it would be expected 
that the relative yield B/A would be appreciably higher under such 
circumstances. 


Solubility Properties of the Anhydride-While no quantitative 
solubility studies were carried out, it was observed that the com- 
pound is more soluble in water, alcohols, diethyl ether, tetrahydro- 
furan, dioxane, acetic acid, and acetone than in the less polar 
organic solvents such as chloroform, benzene, carbon tetrachloride, 
and petroleum ether. 
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Figure &Temperature dependence qf kubs. .for rhe hydrolysis OJ 


citric acid anhydride uf ionic strength of’O.5. Key: 0, p H  = I ;  0, 
p H  = 5. 


Suggested Uses of Citric Acid Anhydride-The ready dissolution 
of the anhydride in water and the effect of pH on the hydrolytic 
rate, in addition to wide acceptance of the product acid strongly 
suggests this compound for use in formulations for spontaneous 
carbonation of aqueous solutions. An earlier paper (13) has investi- 
gated the use of glutaric anhydride as a latentiated acidifier in such 
systems claiming more effective and longer-lasting carbonation. 
While the taste of glutaric acid leaves much to be desired, the useful- 
ness of such an approach appears to be sound. Citric acid anhydride 
in the presence of the bicarbonate used in such formulations would 
be in the anionic form and as such would hydrolyze with a half-life 
of about 4 min. in ice water. This slow hydrolysis would allow the 
necessary time for the total dissolution of the bicarbonate to occur. 
As the pH of the solution decreased the half-life for hydrolysis would 
also decrease to less than 1 min. Thus a significant portion of the 
carbon dioxide would be produced in homogeneous solution which 
is the ideal situation for retaining the gas in the solution. 


Another apparent use would seem to be as a food or drug desic- 
cant since the anhydride reacts rapidly with moisture and the prod- 
uct acid is completely biologically acceptable. 
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Epoxy Resin Beads as a Pharmaceutical Dosage 
Form I: Method of Preparation 


S. C. KHANNA* and P. SPEISER 


Abstract 0 The preparation of various epoxy resins containing 
acidic and basic curing agents was investigated. These resins were 
prepared in bead and bulk forms. The effects of the types of curing 
agents and their concentrations on the solubility of the resins in 
artificial gastrointestinal juices have been studied. The addition of 
basic and acidic curing agents in the resins was observed to influence 
their solubility in acidic and alkaline buffer, respectively. The 
method of preparation of these resins into bead forms was de- 
veloped in the presence of drugs. 


Keyphrases 0 Epoxy resin beads4osage forms 0 Acids, bases- 
epoxy resin curing agents 0 Drug-epoxy resin beads-preparation 


UV spectrophotometry-analysis 


epoxy resins in dosage forms. Epoxy compounds cured 
with amine can be used to incorporate the drugs by 
coating (l), by embedding (2), and by extrusion molding 
(2, 3) .  Drugs can furthermore be incorporated in the 
bulk or beads of water-insoluble monomers during 
polymerization (4). 


In the present work epoxy compound was condensed 
with either basic or acidic curing agent to prepare 
resins in bulk as well as in bead form and three drugs 
were embedded in the beads. Furthermore, the possi- 
bilities of these resins for enteric coating and sustained- 
release dosage forms have been shown. 


Many synthetic and natural polymers have been 
developed and used in pharmacy for various purposes. 
However, little attention has been paid to the use of 


EPOXY COMPOUNDS 


The epoxy compounds are prepared by heating epichlorohydrin 
and 2,2'-bis-p-hydroxyphenyl propane at 99-1 19" for 3.5 hr. in 
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Antioxidant Solubility and Efficiency 


LUCY S. C. WAN and C. L. HWANG* 


Abstract 0 The solubilities of a series of gallates in water, ceto- 
macrogol solution, and benzaldehyde were determined at 25 O. 
Methyl, ethyl, and propyl gallates were fairly water-soluble but 
octyl, decyl, and dodecyl gallates were practically insoluble. Gen- 
erally, solubilities in water and in surfactant solutions increased 
with decrease in alkyl-chain length. Thesolubilities of the short-chain 
gallates in benzaldehyde increased while that of the long-chain 
members decreased with chain length. The comparative antioxidant 
efficiency in solubilized systems appeared to be related to the distri- 
bution ratios while that in emulsified systems to the solubility of the 
antioxidant in the aldehyde. 


Keyphrases 0 Antioxidants-gallates 0 Gallates, solubility- 
cetomacrogol solution, water, benzaldehyde 0 Solubility relation- 
antioxidant activity 


Rosenwald et aE. (1) measured the antioxidant effi- 
ciency of alkylated phenols by determining the amount 
of antioxidant concentration which allowed a standard 
amount of oxygen uptake during a fixed time interval. 
Under such conditions it was shown that the efficiency 
for an antioxidant per unit concentration was generally 
dependent on the concentration itself. In a later study, 
(2) the inhibition ratio was used, this being defined as 
t ,  - to/& - to ,  where t o  is the length of the induction 
period without the antioxidant, t ,  and t ,  are the lengths 
of the induction periods obtained with an arbitrary 
antioxidant at a given concentration, and that of a stan- 
dard antioxidant at the same concentration, respectively. 
Lovern (3) and Simpson and Uri (4) used the ratio, 
t ,  - to/to in their work. However, these methods are not 
applicable to  this investigation and the evaluation is 
based on the relative position of the oxygen uptake curve 
with respect to  the control system curve. The lower the 
oxygen consumption for most of the period of 7 hr. the 
more efficient is the antioxidant at that concentration. 
The study was intended to  show the relationship be- 
tween the solubility of an antioxidant and its activity. 


EXPERIMENTAL 


Materials-The benzaldehyde, gallates, and cetomacrogoll were 
the same as those described in a previous paper (5).  


Methods-Measurement of Solubilities of Gallares in Waterat25O- 
Saturated solutions of gallates were prepared by adding an excess 
amount of the gallate in distilled water in a glass-stoppered flask 
which was allowed to rotate in a thermostatically controlled water 
bath at 25 =t 0.05" for 24 hr. The amount of gallate in the filtrate 
was determined according to the B.P. method for the assay of 
propyl gallate (6). The filtrate from the dispersions containing 
octyl, decyl, and dodecyl gallates were concentrated due to the 
large volumes involved as these long chain members were sparingly 
soluble. 


Measurement of Solubilities of Gallates in Cetomacrogol Solutions 
(0.04 M )  at 25"-The same procedure as for the measurement of 
solubilities of aldehydes in cetomacrogol solutions was adopted 
(9, except that the end point was taken as the mean between a clear 


1 Cetomacrogol 1000. 


solution and one in which solid particles first appeared. This 
method could not be applied to ethyl gallate as turbidity appeared 
when the amount of ethyl gallate exceeded its water solubility. 
The turbidity increased with further additions of the antioxidant 
until a gel-like substance was formed, which separated out at the 
bottom of the container. This gel-like substance could be retained 
on a No. 5 sintered-glass filter. Assays of the filtrate showed that the 
amount of gallate present was equivalent to its solubility in water. 
When the filtrate was boiled no cloud point was observed. As a 
check, a saturated solution of propyl gallate in the same surfactant 
concentration was filtered through the same sintered-glass filter and 
its filtrate assayed. The propyl gallate content agreed with that de- 
termined by the visual method and cloud point was produced on 
boiling the solution. It is possible that ethyl gallate interacts with 
cetomacrogol to form an insoluble product and studies on this inter- 
action are in progress. 


Measurement of Solubilities of Gallates in Benzaldehyde at 25"- 
A series of predetermined amounts of the antioxidant were weighed 
into 2-ml. clear glass ampuls. One and one half milliliters of the 
aldehyde was added and the contents weighed. Oxygen-free nitrogen 
was bubbled into the ampuls which were sealed and placed in a 
thermostatically controlled water bath at 25 f 0.05" for 24 hr. 
The end point was estimated in the same way as the above. 


Measurement of Oxygen Uptake-This was determined using a 
Warburg apparatus and adopting the procedure of Mitchell and 
Wan (7). The systems investigated were the same as those stated 
earlier (5). In addition, emulsions were included, formed by adding 
excess aldehyde to the surfactant solution such that the ratio of the 
amount of aldehyde present to its solubility in the surfactant soh- 
tion was 1 : 5. 


RESULTS AND DISCUSSION 


Methyl, ethyl, and propyl gallates are fairly soluble in water but 
octyl, decyl, and dodecyl gallates are practically insoluble. The gal- 
late solubility increases with decrease in alkyl-chain length both in 
water and in cetomacrogol solutions except for ethyl gallate because 
of the interaction with the surfactant (Table I). The solubilities of 
octyl, decyl, and dodecyl gallates are very markedly increased in 
the surfactant solutions. This is likely to be related to the presence 
of a long hydrocarbon chain which may render them more readily 
solubilized in the hydrocarbon center of the micelle. In benzalde- 
hyde, the solubility of the short chain gallates increase while that 
of the long chain members decrease with chain length of the alkyl 
substituent. 


From Figs. 1-4, it can be seen that the induction period is distinct 
only with the long-chain gallates at low concentration in the 
solubilized system and therefore an assessment of antioxidant 


Table I-Solubilities of Gallates in Water, Cetomacrogol 
Solution and Benzaldehyde at 25°C 


Water Cetomacrogol Benzaldehyde 
Solubility,a Solubility, 


Gallate moles/l. moles/l. moles/mole 


Methyl 6 .0  X 12.90 X 2.0 X 
Ethylh 5 .9  x 10-2 - 6.7 X 
ROPY1 1 . 6  x 11.10 X 27.0 X 
Octyl 4.96 X 4.96 X 16.9 X 
Decyl 0.58 X 4.77 X 9 .2  X 
Dodecyl 0.18 X 4.08 X loe2 4.7 X lo-' 


a Cetornacrogol concentration = 0.04 M .  b Ethyl gallate in cetornac- 
rogol solution produces a gel-like substance when the gallate concen- 
tration exceeds the water solubility. 


Solubility, 
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Figure 1-Comparison of the eficiency of methyl, ethyl, and propyl 
gallaies 011 the oxidation of benzaldehyde (0.1 729 M) solubilized 
in cetomucrogol solutions (0.04 M) at 25" in the presence of cupric 
sulfate ( I  X lop4 M). Key: methyl,-: ethyl, ---; propyl, - .  .-. .- 
gallute A-1.2 X lo-* M ;  X-1.5 X M ;  a-control, without 
gullaie. 


efficiency based on the measurement of the induction period would 
not be appropriate. However, by comparing the relative positions 
of the overall oxygen uptake curves of different gallates at the same 
concentration, the antioxidant efficiency can be estimated. In the 
solubilized systems (Figs. 1-2) the comparative antioxidant efficiency 
of the short-chain and long-chain gallates respectively is as fol- 
lows: methyl < propyl < ethyl and octyl < decyl < dodecyl. 
This is generally true for the antioxidant concentration used ranging 
from 1.2 to 2.4 X M for the short-chain gallates and 2.1 to 
3.6 x M for the long-chain gallates. The order appears to be 
related to the distribution ratios given in Table 11. The distribution 
ratio for ethyl gallate cannot be calculated but it is expected to be 
higher than that of methyl or propyl gallate since it is likely that 
much of the gallate may be in the micellar phase as indicated by 
preliminary results from the current studies on this interaction. It 
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Figure 3-Comparison of the eficiency of methyl, ethyl, and propyl 
gullates on the oxidation of beiizaldehyde (0.2594 M) emulsijed in 
cetomucrogol solutions (0.04 M) at 25" in the presence of cupric 
sulfate (1 X .- 
gullate A-1.8 X 10-4 M:  0-3.6 X M; a-control, without 
gullute. 


M). Key: methyl, -: ethyl, - - -; propyl, -. 
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Figure 2-Compurison of the efieieticy of octyl, decyl, aiid dodecyl 
gallates on the oxidation of benzaldehyde (0.1729 M) solubilized in 
cetomacrogol solutions (0.04 M) ai 25" in the presence of cupric 
sulfate ( I  X I F 4  M). Key: octyl, -: decyl, - - -; dodecyl, -. .-. .- 
gallate X-2.1 X M; A-2.4 X M ;  *-control, without gallate. 


appears that ethyl gallate interacts with the polyoxyethylene glycol 
portion of the surfactant. As more gallate is added to a cetomacrogol 
solution, an increasing amount of the gel-like substance is formed. 
The amount of ethyl gallate required to form the maximum quantity 
of gel increases with surfactant concentration and also with the 
chain length of the polyoxyethylene glycol. The interaction seems 
to be specific since similar types of surfactants selected so far have 
not exhibited this behavior. 


The solubilized system has an aqueous phase and a micellar 
phase, both of which are saturated with respect to benzaldehyde, 
while the emulsified system contains in addition to these two phases, 
aldehyde globules which are stabilized by layers of adsorbed 
surfactant molecules. In these two systems, the added antioxidant 
probably distributes itself in each of the phases in accordance with 
its respective solubilities. The efficiency of a gallate on the aldehyde 
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Figure &Comparison of the eficiency of octyl, decyl, and dodecyl 
gallates on the oxidation of benzaldehyde (0.2594 M) emulsified in 
cetomacrogol solutions (0.04 M) at 25" in the presence of cupric 
surfate ( I  X .- 
gallate A-1.8 X I F 4  M; 0-3.6 X IF4 M; a-control, withoiif 
gallute. 


M). Key: octyl, -: decyl, - - - -: dodecyl, -. 
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Table 11-Distribution Ratios of Gallates in Micellar Phase to the Whole Solubilized System Containing Benzaldehyde 


C. = B-A D. = C/B 
Solubility of Distribution 


Gallate in Ratio in 
A. Solubility of Micellar Micellar 


Gallate in Aqueous B. Total Solubility Phase in 2 ml. Phase to 
Phase in 2 ml. of of Gallate in 2 ml. 


Gallate Reactant Solution of Reactant Solution Solution System 
Solubilized of Reactant 


Methyl 1 .2  x 10-4 2.58 x 10-4 1.38 x 10-4 0.5349 
Propyl 0.32 x 10-4 2.22 x 10-4 1.90 x 10-4 0.8559 
Octyl 9.92 x 0.992 X 0.9910 X 0.9990 
Decyl 1.16 X 10" 0.954 X loe4 0.9538 X lo-' 0.9998 
Dodecyl 0.36 x 0.816 x 0.8159 X 0.9999 


oxidation would be expected to depend on the solubility of the anti- 
oxidant in the phase where the main oxidation occurs relative to its 
total solubility in the system. In the calculation of the distribution 
ratios, it is assumed that the volume occupied by the micelles is 
small compared with that of the aqueous phase and their presence 
does not effectively reduce the volume of the aqueous phase which 
is taken to be equal to the total volume of the sample of the reactant 
solution. It has been shown that in solubilized systems (7) most of 
the aldehyde oxidation takes place in the micellar phase and 
practically no oxidation occurs in the aqueous phase. Hence for the 
antioxidant to exert its action it should be readily available in the 
micellar phase and the distribution ratio of the antioxidant is likely 
to effect the efficiency of the antioxidant. The gallates are much 
more soluble in the surfactant solutions than in water. 


From a comparison of the relative positions of the respective oxida- 
tion rate curves (Figs. 3-4), the antioxidant efficiency in emulsified 
systems is as follows: methyl < ethyl < propyl and dodecyl < decyl 
< octyl. This order of efficiency is the same as that of the solubilities 
of gallates in benzaldehyde (Table I). For both the short-chain and 
the long-chain gallates, it is seen that the greater the solubility of 
the gallate in the aldehyde, the greater its efficiency as an anti- 
oxidant. In emulsions, oxidation occurs in both the aldehyde 
globules and in the micellar phase but the globules are believed to 
be the main site of action as they provide reservoirs of aldehyde 
for oxidation to take place. It is observed that in the absence of an 
antioxidant, the rate of oxidation in the control (Fig. 3) of the emul- 
sified system is twice as great as that in the solubilized system (Fig. 
1) although the quantity of aldehyde added is only one and one-half 
times that in the solubilized system. This means that when compared 


to the solubilized system a 50% increase in aldehyde present in the 
form of globules produces an approximately 100% increase in 
oxidation rate. l n  the emulsified system it is not known how much 
of the surfactant is available for micelle formation since an ap- 
preciable amount will be required for stabilizing the aldehyde 
globules. Hence the distribution ratios cannot be calculated. 
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Further Applications of the 4-(Methy1thio)- 
phenyl Ester in Peptide Chemistry 


Keyphrases 4-(Methylthio)phenyl ester-peptide synthesis 0 
N-Carbobenzoxy-L-prolylglycylglycine ethyl ester-synthesis [3 
Optical rotation-identity 


Sir: 


The synthesis of proline containing peptides usually 
proceeds without complication, however, the alkaline 
hydrolysis of such sequences are frequently accompanied 
by side reactions. The hydrolysis of N-carbobenzoxy- 
glycyl-L-proline methyl ester with 1 N NaOH can be 
conducted with practically no cleavage of the peptide 
bond (1, 2). However, in the case of N-carbobenzoxy-L- 
prolylglycine methyl ester, hydrolysis causes cleavage 
to the extent of 70% yielding N-carbobenzoxy-L-proline 
and glycine (2). It is also difficult to  hydrolyze higher 
peptides containing the sequence prolylglycyl in satis- 
factory yields ( 3 ) .  


In order to overcome this difficulty inherent in the 
synthesis of such sequences we have found that the 
4-(methy1thio)phenyl (MTP) protective ester (4-7) be- 
cause of its facile conversion to the activated 4-(methyl- 
su1fonyl)phenyl (MS0,P) ester, to be particularly useful 


for extending the peptide chain. For this purpose the 
synthesis of N-carbobenzoxy-L-prolylglycylglycine ethyl 
ester (Eq. 1) is described 


Z-Pro-Gly-Gly-OEt (Eq. 1) 


The synthesis commenced with the condensation of 
N-carbobenzoxy-L-proline and glycine 4(methylthio)- 
phenyl ester hydrochloride (4) using dicyclohexyl- 
carbodiimide and triethylamine to give N-carbo- 
benzoxy-L-prolylglycine 4-(methylthio)-phenyl ester, 
m.p. 92", [ a ] ~  -60" (c 3.23 in dimethylformamide). 


In order to  extend the peptide chain it was necessary 
to convert this protective MTP ester to its activated 
MSOzP counterpart. This was achieved by the use of 
m-chloroperoxybenzoic acid in dioxane (7) for 4 hr., to 
yield N-carbobenzoxy-L-prolylglycine 4-(1nethylsul- 
fony1)phenyl ester, m.p. 117", [aID -45", (c 8.8 in di- 
methylformamide). The peptide chain was then ex- 
tended through this MSOzP activated ester by reaction 
of the dipeptide with glycine ethyl ester hydrochloride 
in the presence of triethylamine to give N-carbobenzoxy- 
L-prolylglycylglycine ethyl ester (8) (Eq. 1) m.p. 122", 
[or12 -23" (c I in ethanol). 
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E R R A T A  


In the article titled “Anticonvulsants IV: Vinylogs, Alkyl Esters 
of 2-Sulfamoylcinnamic Acid and Related Compounds” (1) the 
following correction should be made: 


On page 333 in the left hand column in Scheme 11, section b), 
IX should read XI. 


(1) B. K. Rao and G. H. Hamor,J. Pharm. Sci., 58,332(1969). 


In the article titled “Solvency and Hydrogen Bonding Interactions 
in Nonaqueous Systems” (l), the following correction should be 
made: 


Y. Hikasa and S. Dayal should be added to the list of authors on 
page 661. 


(1) T. Higuchi, J. H. Richards, S. S. Davis, A. Kamada, J. P. 
Hou, M. Nakano, N. I. Nakano, and I. H. Pitman, J.  Pharm. Sci., 
58,661(1969). 


In the article titled “Specific Ion Electrode Determination of 
Fluoride in Multivitamin Preparations” (l), the following correc- 
tions should be made: 


The graphic portion of Fig. 3 should appear as Fig. 1,  and the 
graphic portion of Fig. 1 should appear as Fig. 3. Captions for the 
figures should not be interchanged. 


(1) B. C. Jones, J. E. Heveran, and B. Z. Senkowski, J. Pharm. 
Sci., 58,607(1969). 


In the article titled “Selective Colorimetric Determination of 
Ethynodiol Diacetate in Oral Estrogen-Progestin Combination” 
(l), the following correction should be made: 


On page 872 the second sentence under “Reagents” should read: 
The ethanol, usually present as stabilizer, must be eliminated by shak- 
ing two or three times with a small volume (approximately 5 %) of 
concentrated sulfuric acid, thoroughly washed with water, and dried 
over anhydrous calcium chloride or anhydrous potassium carbonate. 


(1) R. Pasini and G. Gavazzi, J.  Pharm. Sci., 58,872(1969). 


In the article titled “Disproportionation of Lidocaine Sulfate 
Dihydrate in Certain Organic Solvents” (l), the following correc- 
tions should be made: 


Page 1297 column 1-disproportionation reaction, 


[XYLH]aS04*2HaO + XYL + [XYL]HSO4 + 2Ha0 


should read, 
[XYLH]2SOI.2H,O + XYL + [XYLH]HSO( + 2H20 


(1) W. L. McKenzie, J. Pharm. Sci., 58,1297(1969). 


In the article titled “Facile Method for the Preparation of Some 
Novel Bicyclic Lactones” (l), the following correction should be 
made: 


Structure 5 in Scheme I on page 894 should be 


(1) W. L. Nelson and K. F. Nelson, J. Pharm. Sci., 58, 894 
(1969). 


Jn the article titled “Simple Assay for Determination of 
Carbonic Anhydrase Activity” (I), the following corrections should 
be made: 


The captions around Figure 2 on page 910 were omitted and 
should be as follows : 
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1 
_I 


i e \ 
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MOLAR CONCENTRATION X 10-6 


(1) J. L. Leeling and B. M. Phillips, J. Pharm. Sci., 58, 909 
(1969). 


In the article titled “Interaction of Salicylic Acid with Quaternary 
Ammonium Compounds” (l), the following correction should be 
made: 


On page 1905, column 2, line 12, Newtonian should be non- 
Newtonian. 


(1) L. S. C. Wan,J. Pharm. Sci., 57,1903(1968). 


In the article titled “Colorimetric Determination of Ethambutol” 


On page 110, under “Reagents,” in the Experimental section 


(1) J. M. Burger, F. D. Pisano, and R. A. Nash, J.  Pharm. Sci., 


(l), the following correction should be made: 


10,OOO g. should read 1O.OOO g. 


58,110(1969). 


In the article titled “Quantitative Determination of Some Single 
and Multiple Component Drugs by Gas-Liquid Chromatography” 
(l), the following corrections should be made: 


In Table I, page 849, the column headed “Method of Extraction”: 
No. 11,12, and 14 should read 4ae. No. 13 should read 4be. 


(1) B. R. Rader and E. S .  Aranda, J.  Pharm. Sci., 57,847(1968). 
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Epoxy Resin Beads as a Pharmaceutical Dosage 
Form I: Method of Preparation 


S. C. KHANNA* and P. SPEISER 


Abstract 0 The preparation of various epoxy resins containing 
acidic and basic curing agents was investigated. These resins were 
prepared in bead and bulk forms. The effects of the types of curing 
agents and their concentrations on the solubility of the resins in 
artificial gastrointestinal juices have been studied. The addition of 
basic and acidic curing agents in the resins was observed to influence 
their solubility in acidic and alkaline buffer, respectively. The 
method of preparation of these resins into bead forms was de- 
veloped in the presence of drugs. 


Keyphrases 0 Epoxy resin beads4osage forms 0 Acids, bases- 
epoxy resin curing agents 0 Drug-epoxy resin beads-preparation 


UV spectrophotometry-analysis 


epoxy resins in dosage forms. Epoxy compounds cured 
with amine can be used to incorporate the drugs by 
coating (l), by embedding (2), and by extrusion molding 
(2, 3) .  Drugs can furthermore be incorporated in the 
bulk or beads of water-insoluble monomers during 
polymerization (4). 


In the present work epoxy compound was condensed 
with either basic or acidic curing agent to prepare 
resins in bulk as well as in bead form and three drugs 
were embedded in the beads. Furthermore, the possi- 
bilities of these resins for enteric coating and sustained- 
release dosage forms have been shown. 


Many synthetic and natural polymers have been 
developed and used in pharmacy for various purposes. 
However, little attention has been paid to the use of 


EPOXY COMPOUNDS 


The epoxy compounds are prepared by heating epichlorohydrin 
and 2,2'-bis-p-hydroxyphenyl propane at 99-1 19" for 3.5 hr. in 
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Table I-Technological Data of Epoxy Resin Bulk Polymerization 


Buffer Solutions Ratio of 


Agent, % Curing Agent Polymer Temp., "C Temp., "C Temp., "C Resins Dissolve 
Epoxy/Curing Color of Reaction Exothermic Softening in which the 


67.3 :32.7 2-Amino-2-ethyl-1,3- White to yellow At 70" immediately 170-230" 85-90" pH 1.2-4.0 
72.0:28.0 propandiol pH 1.2-4.0 
80.0 :20.0 o-Phosphoric acid White to violet Room temp. 110-115" 4Q-50" pH > 3.2 


pH > 1.2 66.6:33.3 
72.8 :27.2 Adipic acid White 140" for 2 hr. 1 75-1 80 70-75 Insoluble 
57.1 :42.9 pH > 7.2 


pH > 3.2 
pH > 3.2 68.4:31.6 


61.0:39.0 Citric acid White 140" for 4 hr. - Above 200" Insoluble 
Tartaric acid Whitish-violet 140" for 4 hr. - Above 200" Insoluble 70.0 : 30.0 


81.3:18.7 Oxalic acid White 70 125-130" 75-80" 


40% aqueous sodium hydroxide. The commercial products avail- 
able are blends of various degrees of condensation. They vary 
from solid to liquid and have the general formula (I). Epoxy 
compounds may be converted into the thermoset solid state 
through the epoxy group reaction with different classes of chemical 
compounds (acids, alcohols, and amines, efc.) ,  known as cuing 
agents and the products obtained are known as epoxy resins. The 
general formulas for the resins with basic and acidic curing agents 
are (11) for epoxy resin with 2-amino-2-ethyl-l,3-propandiol and 
(111) for epoxy resin with oxalic acid. 


Epoxy compounds cured with primary amines dissolve in strong 
acidic buffers and hence may liberate the drug in the stomach. 
However, the compounds cured with acids dissolve in weak acidic 
to neutral buffers and thus may release the drug in the intestine 
only. 


Epoxy compounds have been reported to be nontoxic on ingestion 
and LDsa for rats is 8 g./kg. weight. However, when taken orally by 
man in very high doses some acute gastrointestinal disorder has been 
observed (5). The disorder was of a few hours duration and had no 
lasting effect. 


EXPERIMENTAL 


Chemical Used-Epoxy compound1 ; curing agents--basic : 
2-amino-2-ethyl-1 ,3-propandio12; acidic: adipic acid, o-phosphoric 
acid, oxalic acid, citric acid, and tartaric acid3 (all of pure quality); 
and drug models-chloramphenicol USP, barium sulfate, and 
dehydroemetine dihydrochloride. 


Procedure for Preparation of Epoxy Resins in Bulk and Examina- 
tion of Some Technological Data (Table 1)-The epoxy compound 
was mixed with an appropriate amount of curing agents in a beaker 
and heated to reaction temperature. An exothermic reaction took 
place and converted the mixture to a solid mass which could easily 
be broken or milled to the required particle size, and could also be 
worked up to dosage forms by compression, extrusion, injection 
molding, etc. 


A certain amount of the resin obtained was placed in each of the 
tubes of the modified USP tablet disintegration apparatus (4) 
containing 50 ml. of different buffers varying from pH 1.2 to 8.2 
at 37 f 0.5". The buffer solutions in which the resins dissolved 
were determined. 


Preparation of Epoxy Resin-Drug Beads-During bead poly- 
merization the mixture of epoxy compound, curing agent and drug 
was stirred in insoluble continuous phase to form droplets which 
are then polymerized (6). 


For this purpose the continuous phase was heated in a round- 
bottom flask to a temperature of approximately 40" above the 
epoxy resin softening temperature. The drug was dissolved or 
suspended in a melted mixture of epoxy compound and curing 
agent. The melted mixture was then poured over the continuous 
phase which had already been stirred at the optimum speed to form 


1 Araldit (Cy F 205), Ciba A. G., Basel, Switzerland. 
2 Ciba A. G., Basel. 
a All of reagent grade. 
4 Hoffmann-La Roche A. G., Basel, Switzerland. 


the desired size of beads. After complete polymerization, the suspen- 
sion was cooled slowly to room temperature. The solid beads were 
separated from the solution by filtration. The remaining oil was 
absorbed by adding traces of talc powder. The formulations of the 
beads are given in Tables I1 and 111. 


Choice of the Continuous Outer Phase for Bead Polymerization- 
As most of the curing agents and drugs are hydrophilic, the epoxy 
resins could not be prepared in bead form in an aqueous outer 
phase. Furthermore, due to the lack of any protective properties, 
fatty oils or organic solvents were less capable of protecting the 
droplets from agglomeration. 


It was found that silicone oil hindered their agglomeration during 
polymerization due to the formation of a polymethylsiloxane layer 
on the beads. 


General Conditions Used for Bead Preparation (See Also Tables 
I1 and I I IhOuter  phase: silicone oil (1 I.), inner phase: epoxy 
compound + curing agent (100 g.), temperature: 120", speed of 
stirring: 200 r.p.m., and time of polymerization: 2 hr. 


Table 11-Bead Preparations of Epoxy Resins with Basic Curing 
Agent 


Any Variation 
Prep. from General 
No. Inner Phase Conditions 


1. 


1.1 


1.2 


1.3 


1.4 


1 .5  


1 .6  


2 .  


2.1 


2.2 


2.3 


2.4 


Epoxy compound, 67.3 % 
2-Amino-2-ethyl- 1,3-propandiol, 


3 2 . 7 2  


amphenicol, 20 % 
Preparation No. 1, 80% + chlor- 


Preparation No. 1, 65 + chlor- 
amphenicol, 35 % 


Preparation No. 1, 50% + chlor- 
amphenicol, 50 % 


Preparation No. 1, 80% + barium 
sdfate, 20% 


Preparation No. 1, 60% + barium 
&fate, 40% 


hydroemetine dihydrochloride, 
10% 


Preparation No. 1, 90% + de- 


Epoxy compound, 72 
2-Amino-2-ethyl- 1,3-propandiol, 


Preparation No. 2, 80% + chlor- 


Preparation No. 2, 65 % + chlor- 


Preparation No. 2, 50% + chlor- 


28 75 
amphenicol, 20% 


amphenicol, 35 % 


amphenicol, 50% 


Preparation No. 2, 80% + barium 
sulfate, 20 % 


Temp., 140"; speed 
of stirring, 260 
r.p.m. 


- 


- 


Temp., 140'; speed 
of stirring, 260 
r.p.m. - 
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Figure 1-Mean UV absorption curve of epoxy-amine Resin I pre- 
pared under different conditions (Table IV). 


RESULTS AND DISCUSSION 


The beads sbtained were soluble in buffers of pH's ranging from 
1.2 to 7.5 (gastrointestinal juices) and were softened to liquid or 
semisolid state at a temperature slightly higher than the reaction 
temperature except for the resins cured with citric and tartaric acids 
(Table I). This difference is due to the dense crosslinking and net 
formation in these latter resins. 


The beads obtained were spherical in form approximately from 
0.5 to 10 mm. in diameter. The size of the beads can be governed 
by the stirring conditions and the protective properties of the con- 
tinuous phase. The color and appearance of the beads depended on 
the curing agents and the drugs used. If the drug was dissolved in 
the resin, the beads were transparent; if the drug was incorporated 
in suspended form they were opaque. Polymerization of epoxy 
amine resin at higher temperature and for a longer time gave beads 
more uniform in size without inclusion of air bubbles (Table IV). 
The intensity of color of these resin beads changed due to these 
varying conditions; however, no change in UV spectrophotometric 
absorbance was observed (Fig. 1) showing that the resin remained 
unchanged. 


The solubility of the resins in buffer solutions depended on the 
type and amount of curing agents. Resins prepared by curing with 
2-amino-2-ethyl-l,3-propandiol dissolved easily in artificial gastric 
juice and in acidic buffers having a pH below 4.0. They may serve 


Table 111--Bead Preparations of Epoxy Resins with Acidic Curing 
Agents 


Any Variation 
from General 


Prep. Mentioned 
No. Inner Phase Conditions 


3. 


4. 


4 .1  


4.2 


5 .  


5.1 


5.2 


6 .  


6.1 


7. 


8. 


8 . 1  


Epoxy compound, 72.8 2 
Adipic acid, 27.2 % 
Epoxy compound, 57.1 % 
Adipic acid, 42.9 % 
Preparation No. 4, 80% + chlor- 


amphenicol, 20 % 
Preparation No. 4, 80% + barium 


sulfate, 20 % 
Epoxy compound, 80 % 
o-Phosphoric acid, 20% 
Preparation No. 5, 80% + chlor- 


Preparation No. 5,  80% + barium 


Epoxy compound, 66.6 % 
o-Phosphoric acid, 33.3 :< 
Preparation No. 6, 80% + barium 


Epoxy compound, 8 1 . 3  % 
Oxalic acid, 18.7% 


Epoxy compound, 68.4% 
Oxalic acid, 31.6% 
Preparation No. 8, 80% + chlor- 


amphenicol, 20 % 


amphenicol, 20 % 


sulfate, 20% 


sulfate, 20% 


Temp. 140" 


Temp. 140" 


Temp. 140" 


Temp. 140" 


Temp. 150" 


Temp. 150" 


Temp. 150" 


Temp. 150" 


Temp. 150" 


Temp. 110' 


Temp. 110 O 


Temp. 110" 


as a protective coating material or as a soluble matrix for the initial 
dose in sustained-release dosage forms. Resins obtained with acidic 
curing agents dissolved in weakly acidic to alkaline buffers and 
hence may be used as a matrix for the sustained-release portion 
in a depot dosage form. Furthermore, as the epoxy resins are 
soluble in organic solvents and flexible in nature (2, 3), the resins 
with acidic curing agents may be applied as an enteric coating 
material. The solubility in buffers was enhanced with the increase 
of the amount of curing agents in resin. Thus the onset of the 
dissolution of the beads could be controlled by varying the amount 
of curing agents (Table 1). 


The beads were prepared with three drugs in various concentra- 
tions to observe the applicability of the preparation method. The 
loss of the amount of drugs during preparation was practically 
negligible since most of the drugs were insoluble in the outer phase 
selected. Silicone oil was the outer phase of choice, having good 
protective and lubricant properties. 


SUMMARY 


A new group of epoxy resins has been prepared and studied as an 
auxiliary material for solid oral-dosage forms. Acidic and basic 
curing agents were used during the polymerization of the epoxy 


Table IV-Effect of Temperature and Time during Bead Polymerization of Epoxy-Amine Preparations 


Polymerization 
Properties Temperature, "C 1 hr. 4 hr. 7 br. 


( 1 )  Bead diameter 
(2) Color 
(3) Air inclusion 
(1) Bead diameter 
(2) Color 
(3) Air inclusion 
(I) Bead diameter 
(2) Color 
(3) Air inclusion 


90 


120" 


150" 


0.5-10 mm. 
White 
Many bubbles 
1-4 mm. 
Yellowish-white 
Few bubbles 
1-4 mm. 
Yellowish 
Few bubbles 


1-4 mm. 
White 
Few bubbles 
2-4 mm. 
Yellowish 
Very few bubbles 
2-4 mm. 
Yellow 
None 


2-4 mm. 
Yellowish-white 
None 
2-4 mm. 
Yellowish 
None 
2-4 mm. 
Orange 
None 
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compound to get specific dissolution profiles in artificial gastro- 
intestinal fluids. 


Furthermore, a new method for the preparation of these epoxy 
resins in bead form in a lipophilic outer phase has been developed. 
Three drugs in various concentrations were embedded in these 
beads to prove the applicability of the method. Epoxy resins with 
basic curing agent are soluble in strong acidic buffers and may 
serve as a matrix for the initial oral dose while resins with the right 
amounts of acidic curing agents are soluble in weak acidic to neutral 
buffers and may serve as matrices for the sustained portion in long- 
acting oral dosage forms. 
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DRUG S T A N D A R D S  


Polarographic Assay of Niacinamide in Pharmaceutical Preparations 


JAMES M. MOORE* 


Abstract A rapid polarographic determination of niacinamide in 
pharmaceutical preparations had been developed and is compared 
with the Konig colorimetric assay using barbituric acid. The nia- 
cinamide is extracted from the sample using a combination of 
column and liquid-liquid partition chromatography. The extracted 
niacinamide is determined in a supporting electrolyte of 0.1 N 
sodium hydroxide using a conventional d.c. polarograph equipped 
with an H-cell. A wide variety of samples was analyzed repetitively 
by this procedure and the standard deviation was calculated. 
The method is rapid, specific, and accurate. 


Keyphrases 0 Niacinamide dosage forms-analysis Column, 
liquid-liquid partition chromatography-extraction 0 Polarop- 
raphy-analysis 


The most widely accepted analytical method for 
niacinamide is based on the Konig reaction (1).  This 
method utilizes the reaction of pyridine or its deriva- 
tives with a cyanogen salt and an aromatic amine. A 
significant variation of the Konig reaction is the use of 
various amines in the reaction. Both the USP (2) and 
the AOAC (3) employ this assay with sulfanilic acid 
as the aromatic amine; the product shows an absorp- 
tion maximum at 450 mp. In both methods for multi- 
vitamin preparations, niacinamide is first hydrolyzed 
to nicotinic acid and then the color is formed. Other 
amines which have been used include barbituric acid 


(4, 5) and procaine hydrochloride (6). With procaine 
hydrochloride as the amine coupling reagent, niacin- 
amide is hydrolyzed to nicotinic acid before the color 
development; with barbituric acid as the reagent, 
niacinamide is treated directly and a red color develops 
with a maximum absorbance at 550 mp. 


UV spectrophotometry has been used in the deter- 
mination of niacinamide. However, the niacinamide 
must first be separated from complex preparations by 
such techniques as ion-exchange chromatography 
before the UV determination (7). Niacinamide has been 
separated from interfering substances by thin-layer and 
paper chromatography (8) and then determined by 
photometry and polarography. Microbiological (9-1 1) 
and titrimetric methods (12) have also been used. 


The polarographic behavior of niacinamide is well 
documented (13-17) and a number of workers have 
reported the polarographic assay of niacinamide in 
simple vitamin preparations. Zuman (18) and Knobloch 
(19) determined niacinamide in a tablet and in an in- 
jection, respectively, by simply diluting the preparation 
with a 0.1 N sodium hydroxide supporting electrolyte 
and recording the polarogram. Sodium carbonate has 
also been used as the supporting electrolyte in the anal- 
ysis of a simple tablet preparation (20). Most com- 
plex preparations, however, cannot be determined di- 
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Improved Synthesis of the Sulfur Analog of Serotonin (SAS) 


E. CAMPAIGNE and A. DINNER 


Abstract 0 SAS, 3-p-aminoethyl-5-hydroxybenzo(b)thiophene, the 
sulfur analog of serotonin, has proved refractory to synthesis. The 
various steps in its preparation have been refined, and its prepara- 
tion in overall yield of about 20 percent in an eight-step sequence 
from commercially available m-hydroxyacetophenone has been 
achieved. 


Keyphrases 0 Serotonin, sulfur analog-synthesis 0 3-p-Amino- 
ethyl-5-hydroxybenzo(b)thiophene-improved synthesis 0 NMR 
spectroscopy-identity, structure 0 IR spectrophotometry-iden- 
tity, structure 


The sulfur analog of serotonin (SAS), VII, which had 
been first synthesized in this laboratory uia a nine-step 
sequence with an overall yield of 0.8% (I), has been 
shown to possess interesting central nervous system 
activity (2). Preliminary data also suggest that the 
pharmacological and toxicological characteristics of 
SAS may differ from those of 5-hydroxytryptamine 
(serotonin) (2). In light of these important findings and 
the fact that the only other reported synthesis of SAS 
(3) also involves nine steps with a resultant yield' com- 
parable to the authors, the original sequence has been 
improved and modified to  eight steps with an overall 
yield of about 20% (Scheme I). 


OH &( - 3 steps , O w C H 3  - 
COOH 


0 I1 
1 


CHzR' Ro7Q-fHJ - RoQj---iJ - 
111, R=H-  0 


0 It I1 v, n = C,H,C-, R'= B~ 
VI, R =  H, R'=CN IV, R=CGH,C- 


NH,.R 


VII, R =HCl 
VIII, R = 2,4,6-(NOL),C6H20H 


Scheme I 


3-Methyl- 5 - hydroxybenzo(b)thiophene -2 -carboxylic 
acid (II), prepared from commercially available m- 


1 The complete overall yield can not be calculated since the yield of 
the last step, a curious Raney nickel reduction of 5-hydroxy-3-cyano- 
methylbenzo[b]thiophene, is not given. Up to this point the yield based 
on m-hydroxybenzaldehyde is reported at 2.6% (3). 
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hydroxyacetophenone (I) as previously reported (l), 
was decarboxylated in 96 % yield to 3-methyl-5-hydroxy- 
benzo(b)thiophene (111). The improvement over the 
57% previously reported (1) is due not to new reaction 
conditions but rather to a new workup procedure which 
minimizes the loss of product caused, in this case, by an 
inefficient extraction procedure. Upon placing the puri- 
fied product in the decarboxylating solvent (quinoline) 
and attempting to  recover it by the usual extraction 
procedure employed in this reaction (4), only 57% of 
the product was obtained! This strongly suggested that 
the low yield was not due to decomposition of product 
or incomplete decarboxylation. Removal of solvent 
quinoline prior to  workup improved the yield (see 
Experimental section). The 3-methyl-5-hydroxybenzo- 
(b)thiophene was converted to its benzoate ester (IV) 
(1) and subsequently brominated to produce 3-bromo- 
methyl-5-benzoyloxybenzo(b)thiophene (V) according 
to  a modified procedure of Chapman et al. (5).  This 
modification, using a 15% molar excess of NBS, re- 
sulted in an increase in yield from 80% (1) to 90%. 
The bromomethyl compound was now allowed to react 
with sodium cyanide in dimethyl sulfoxide to give 5- 
hydroxy-3-cyanomethylbenzo(b)thiophene (VI) in 87 % 
yield, the conditions being basic enough to hydrolyze 
the benzoyloxy moiety. It should be noted that as in 
many other nitrile displacement reactions (6) the type of 
cyanide (sodium versus potassium) and solvent (di- 
methyl sulfoxide versus ethanol, etc.) are extremely 
critical and any variation from optimum conditions 
may cause a sharp drop in yield. The nitrile was now 
reduced according to  the procedure of Nystrom (7), 
utilizing the mixed reducing agent LiA1H4-A1C13, and 
worked up to  yield 3-~-aminoethyl-5-hydroxybenzo(b)- 
thiophene (SAS) in 63 % yield. The compound was iso- 
lated as the known picrate (VIII) (3) and hydrochloride 


The sulfur analog of serotonin can now be con- 
veniently synthesized for further biological testing and 
some closely related hitherto unsynthesized benzo(b)- 
thiophene analogs of biologically active indole deriva- 
tives such as the bufotenine analog (IX), the Shydroxy- 
tryptophan analog (X), and the melatonin analog (XI) 
will be synthesized from the readily available inter- 
mediates in this sequence. 


(VII) (1). 


IX X 


?JHCOCH3 cH30r 
XI 







EXPERIMENTALz 


3-Methyl-5-hydroxybenzo(b)thiophene (III)-3-Methyl-5-hy- 
droxybenzo(b)thiophene-2-carboxylic acid (26 g., 0.125 mole), ob- 
tained as previously described in 53% overall yield (1) from m- 
hydroxya~etophenone~ was slowly heated during a 30-niin. period 
to 200" with 190 ml. of freshly distilled quinoline and 17.4 g. of 
copper powder in a 500-ml. round-bottom flask with magnetic 
stirrer and reflux condenser. The temperature was maintained at 
200" for 30 min. and then the reaction mixture was cooled and most 
of the quinoline removed at reduced pressure (170 ml., 0.6 mm. Hg 
65"). The tarry residue was now diluted with 150 ml. of 8 N HC1 
and filtered. The solid copper was repeatedly washed with ether 
and the acid fraction was extracted with five 60-ml. portions of 
ether. The ether extracts were pooled and extracted with four 50-ml. 
portions of 20 % NaOH. The combined basic extracts were decolor- 
ized twice with decolorizing carbon4 and acidified with 8 N HCI to 
give a light brown precipitate, 19.58 g. (96%). One recrystallization 
from cyclohexane with decolorizing carbon gave white plates of 
111, m.p. 93-94'. The IR spectrum in KBr was identical to that of 
the known compound (1). 
3-Methyl-5-benzoyloxybenzo(b)thiophene (I-This compound 


was obtained in 85% yield by refluxing I11 with benzoyl chloride in 
pyridine as described in Reference 1. 
3-Bromomethyl-5-benzoyloxybenzo(b)thiophene (V)-A 90 yield 


of V was obtained by refluxing 0.1 mole of IV with 0.115 mole of 
NBS and 1.0 g. of benzoyl peroxide as described in Reference 1. 
3-Cyanomethyl-5-hydroxybenzo(b)thiophene (V1)-Sodium cya- 


nide (powdered and dried at 120" for 2 hr. under vacuum), 4.90 g. 
(0.10 mole), was placed in 100 ml. of freshlyopened dimethylsulfoxide 
(DMSO) and cooled to 18" in a three-necked 500-ml. round-bot- 
tomed flask equipped with a reflux condenser, dropping funnel, and 
magnetic stirrer. Then 17.40 g. (0.05 mole) of 3-bromomethyl-5- 
benzoyloxybenzo(b)thophene (V) in 125 ml. of dry DMSO was 
added from the dropping funnel over a 15-min. period and the 
solution was allowed to stir for 1 hr. at 18". The solution was 
allowed to stand 14 hr. at room temp., then poured into 500 ml. of 
an ice-cooled saturated NaCl solution and extracted with eight 
100-ml. portions of ether. The combined ether fractions were 
washed with two 150-ml. portions of 10% NaHC03 solution and 
dried over anhydrous Na2S04. The ether was now evaporated and 
a red solid was obtained, 8.19 g. (87%). Recrystallization from 
ethyl acetate-cyclohexane mixture and/or sublimation at 160" and 
0.2 mm. Hg afforded white needles, m.p. 169-170.5°.5 


IR (KBr) 3.0 p (OH); 4.4 p (CN); no carbonyl absorption; NMR 
(acetone-&): 3.3 6 ( lH,  broad s, -OH); 4.0 6 (2H, d, J = 1 cps., 
-CHzCN);. 6.9-7.8 6 (4H, m, aromatic protons). The multiplet of 
aromatic protons could be interpreted as 7.72 6 (Hi, d, Ji6 = 8 cps.); 


(H6, d of d, Js; = 8 cps., J64 = 2 cps.). These chemical shifts and 
coupling constants are consistent with the NMR parameters of 
other 5-substituted benzo(b)thiophenes (8). 


And-Calcd. for CloH7N02: C, 63.49; H, 3.70; S, 16.93. Found: 
C,  63.21; H, 3.79; S, 16.92. 


7.54 6 (Hz,t,Jt,ca,cs = 1 CPS.); 7.27 6 (H4, d, J 4 6  = 2 CPS.); 7.05 6 


3-p-Aminoethyl-5-hydroxybenzo(b)thiophene Hydrochloride (VII) 
-A 5Wml., three-necked round-bottom flask was equipped with 
a reflux condenser, dropping funnel, and magnetic stirrer. A solu- 
tion of 48 mmoles of LiAlH4 in 60 ml. of sodium-dried ether was 
placed in the three-necked flask. Through the dropping funnel a 
solution of 48 mmoles of A1Cl3 in 100 ml. of dry ether was added 
quickly to the solution. Five minutes after the last addition of 
halide, a solution of 0.45 g. (2.4 mmoles) of 3-cyanomethyl-5- 
hydroxybenzo(b)thiophene (VI) in 125 ml. of dry ether was added 
dropwise to the well-stirred mixture. The addition took 25 min. and 
the mixture was allowed to stir overnight. Water was added drop- 
wise to decompose the excess reducing agent and then 100 ml. of 6 
N H2S04 and 100 ml. of HzO were added. The mixture was trans- 
ferred to a separator and, after separating the ether layer, extracted 
with four 100-ml. portions of ether. The aqueous layer was cooled 
in an ice bath and KOH pellets were added to make the pH of the 
solution 8. The basic mixture was diluted with 100 ml. of water and 
extracted with two 100-ml. portions of ether. The pH was succes- 
sively made 9, 10, and 11 and each time the solution was extracted 
with two 100-ml. portions of ether. The basic extracts were com- 
bined, dried over NatS04, and saturated with dry HCI to yield 0.34 
g. (63%) of a light yellow oil which solidified under vacuum. One 
recrystallization from methanol-ethyl acetate mixture afforded 
white plates of VII, m.p. 193-195", whose IR spectrum was iden- 
tical to that of the known compound (1). When the ether extracts 
from the acid fraction were worked up in a similar manner to those 
of the basic extracts no material was obtained. 


The picric acid charge transfer complex (VIII) was prepared by 
placing 0.1 g. of VII in 5 ml. of anhydrous methanol containing a 
few drops of NH40H and then adding 5 ml. of a saturated solution 
of picric acid in anhydrous methanol. The solution was boiled and 
then cooled, whereupon orange needles were collected. The melting 
point (191-193") agreed with that reported by Martin-Smith et al. 
(3). 


Anal.-Calcd. for c16H,aN408s: C ,  45.50; H, 3.33; S, 7.58. 
Found: C ,  45.71; H, 3.66; S, 7.84. 
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REVIEWS 


Powdered Vegetable Drugs. By BETTY P. JACKSON and DEREK W. 
SNOWDON. American Elsevier Publishing Co. Inc., 52 Vanderbilt 
Ave, New York, NY 10017. Printed in Great Britain at the Pitman 
Press, Bath and published in London by J. & A. Churchill Ltd., 
1968. viii + 203 pp. 20 X 28 cm. Price: $11.50 


This atlas of microscopy for use in the identification and authentica- 
tion of some plant materials employed as medicinal agents contains 
99 full-page plates of detailed drawings based on the microscopic 
examination of different powdered drugs. It was produced by the 
authors to update and succeed Greenish and Collins’ “Anatomical 
Atlas of Vegetable Powders” (1904) which has long since been out of 
print. Although other atlases are available, e.g., a Polish one by 
Jakub Derying (1961) and a German one entitled, “Pulver-Atlas der 
Drogen des Deutches Arzneibuches” by Walter Eschrich (1966), the 
author felt that these were based on different materia medica and 
had limited applications outside their country of origin. 


This atlas has been prepared primarily for use by practicing 
analysts, pharmacognosists, or pharmacy students who have need to 
authenticate powdered drug materials using a microscope. An 
attempt has been made to delineate close to 100 different powdered 
drugs still in common use today, particularly throughout Europe. 


Theatlas follows broadly thesystem of Greenish and Collins where 
materials are arranged in morphological groups (e.g., starches, 
wood, barks and galls, leaves and herbs, flowers, seeds, rhizomes, 
and roots) and are alphabetically listed within these categories. 


The drawings are excellent and were prepared using a 500 X 
magnification and a camera lucida observing No. 60 grade powders. 
Each plate of drawings is faced with a detailed account of the 
prominent characteristic powder fragments and all identifiable 
material is number keyed and labeled. 


Although atlases of this type are not in great vogue and have 
limited value in the United States today, the text nevertheless will 
serve as another valuable reference source beside others which are no 
longer in print or difficult to obtain. Certainly any pharmacognosist 
or other analysts who have occasion to identify powdered drugs for 
commercial concerns or even to identify powdered samples of 
Cannabis satiua for forensic analysis would welcome this volume to 
their library. In addition, it will doubtless serve as an adjunct in 
teaching undergraduate pharmacognosy where references and use of 
powdered drug descriptions are alluded to in lectures or given in 
laboratories. 


Reviewed by Ara Der Marderosian 
Philadelphia College of Pharmacy and Science 
Philadelphia, PA 


NOTICES 


Medical, Dental andPharmaceutical Auxiliaries: A sumey of existing 
legislation. Offprint from Vol. 19, No. 1 of the International 
Digest of Health Legislation : World Health Organization, 
Geneva, Switzerland, 1968. 143 pp. 16 X 24 cm. Price 16/-; $2.75; 
Sw. fr. 8.-. 


Grundlagen der Pharmakokinetik. By F. H. DOST. Georg Thieme 
Verlag Stuttgart, 7000 Stuttgart 1, Postfach 732, Herdweg 63, 
Germany, 1968. xix + 449 pp. 


Methoden und Ergebnisse der Pharmakologie und Toxikologie. 
Verhandlungen der Deutschen Gesellschaft fur experimentelle 
Medizin, Band 19. 8. Tagung der Pharmakologischen Gesell- 
schaft der Deutschen Demokratischen Republik vom 24. bis 27. 
October 1966 in Leipzig. Edited by Prof. Dr. K. LOHMANN. Veb 
Verlag Volk und G Gesundheit Berlin, Abstzabteilung, 69 Jena, 
Villengang 2, Postschliebfach 176, Berlin, 1968. 567 pp. 15.5 X 
22.5 cm. Price MDM 50.30. 


The Formation of Urine by the Kidney. By FILIMON J. UKRADYHA. 
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compound to get specific dissolution profiles in artificial gastro- 
intestinal fluids. 


Furthermore, a new method for the preparation of these epoxy 
resins in bead form in a lipophilic outer phase has been developed. 
Three drugs in various concentrations were embedded in these 
beads to prove the applicability of the method. Epoxy resins with 
basic curing agent are soluble in strong acidic buffers and may 
serve as a matrix for the initial oral dose while resins with the right 
amounts of acidic curing agents are soluble in weak acidic to neutral 
buffers and may serve as matrices for the sustained portion in long- 
acting oral dosage forms. 
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DRUG S T A N D A R D S  


Polarographic Assay of Niacinamide in Pharmaceutical Preparations 


JAMES M. MOORE* 


Abstract A rapid polarographic determination of niacinamide in 
pharmaceutical preparations had been developed and is compared 
with the Konig colorimetric assay using barbituric acid. The nia- 
cinamide is extracted from the sample using a combination of 
column and liquid-liquid partition chromatography. The extracted 
niacinamide is determined in a supporting electrolyte of 0.1 N 
sodium hydroxide using a conventional d.c. polarograph equipped 
with an H-cell. A wide variety of samples was analyzed repetitively 
by this procedure and the standard deviation was calculated. 
The method is rapid, specific, and accurate. 


Keyphrases 0 Niacinamide dosage forms-analysis Column, 
liquid-liquid partition chromatography-extraction 0 Polarop- 
raphy-analysis 


The most widely accepted analytical method for 
niacinamide is based on the Konig reaction (1).  This 
method utilizes the reaction of pyridine or its deriva- 
tives with a cyanogen salt and an aromatic amine. A 
significant variation of the Konig reaction is the use of 
various amines in the reaction. Both the USP (2) and 
the AOAC (3) employ this assay with sulfanilic acid 
as the aromatic amine; the product shows an absorp- 
tion maximum at 450 mp. In both methods for multi- 
vitamin preparations, niacinamide is first hydrolyzed 
to nicotinic acid and then the color is formed. Other 
amines which have been used include barbituric acid 


(4, 5) and procaine hydrochloride (6). With procaine 
hydrochloride as the amine coupling reagent, niacin- 
amide is hydrolyzed to nicotinic acid before the color 
development; with barbituric acid as the reagent, 
niacinamide is treated directly and a red color develops 
with a maximum absorbance at 550 mp. 


UV spectrophotometry has been used in the deter- 
mination of niacinamide. However, the niacinamide 
must first be separated from complex preparations by 
such techniques as ion-exchange chromatography 
before the UV determination (7). Niacinamide has been 
separated from interfering substances by thin-layer and 
paper chromatography (8) and then determined by 
photometry and polarography. Microbiological (9-1 1) 
and titrimetric methods (12) have also been used. 


The polarographic behavior of niacinamide is well 
documented (13-17) and a number of workers have 
reported the polarographic assay of niacinamide in 
simple vitamin preparations. Zuman (18) and Knobloch 
(19) determined niacinamide in a tablet and in an in- 
jection, respectively, by simply diluting the preparation 
with a 0.1 N sodium hydroxide supporting electrolyte 
and recording the polarogram. Sodium carbonate has 
also been used as the supporting electrolyte in the anal- 
ysis of a simple tablet preparation (20). Most com- 
plex preparations, however, cannot be determined di- 
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rectly because of interferences with the polarographic 
wave. In addition to the thin-layer and paper chromato- 
graphic “clean-up’’ steps already mentioned, ion- 
exchange chromatography has been used to  separate 
the niacinamide before polarographic assay (2 1). 
These methods are time-consuming, especially in 
assaying an occasional sample, and flow-rate and con- 
centration limitations are rather strict in ion-exchange 
techniques. 


The procedure described here utilizes liquid-liquid 
partition chromatography. Though niacinamide is 
extremely water-soluble, it is also slightly soluble in 
certain organic solvents, such as chloroform. Because 
of this characteristic, niacinamide can be quantitatively 
extracted from a small volume of stationary aqueous 
phase with chloroform by column chromatography. 
The solubility of the niacinamide in the mobile chloro- 
form phase is further enhanced by saturating the station- 
ary aqueous phase with a basic salt. The polarographic 
analysis was performed on a wide variety of commercial 
samples and the results were compared to  the cyanogen 
bromide-barbituric acid colorimetric method (4). 


its surface. Remove the beaker from the steam bath and complete 
the evaporation to dryness with air. Disperse the residue in the 
beaker with a small volume of 0.1 N NaOH and swirl for several 
minutes to dissolve the niacinamide. Quantitatively filter into a 
volumetric flask through cotton wetted with 0.1 N NaOH. Wash 
the beaker with several portions of 0.1 N NaOH and pass through 
the cotton filter into the flask. Add a volume of the 0.2% gelatin 
solution to the flask and dilute with 0.1 N NaOH so that the final 
niacinamide concentration is 5-15 mg./100 ml. and the gelatin 
concentration is 0.002%. At the time the NaOH is added to the 
sample, prepare a standard solution by dissolving an accurately 
weighed amount of niacinamide USP in 0.1 N NaOH, adding 2 z  
gelatin, and diluting with 0.1 N NaOH to give a final niacinamide 
and gelatin concentration equivalent to that of the sample. The 
standard and sample polarograms should be recorded within 1 hr. 
(Niacinamide hydrolyzes about 1 during the first hour after the 
addition of the base.) 


Polarographic Determinative StepInstrument parameters: 
adjust the mercury column height to between 50 and 80 cm. so that 
the drop time is between 2 and 5 sec.; sensitivity, adjust Mamp./mm. 
so that the height of the diffusion current of the standard and sample 
will be at least 60% full scale; voltage range, 0 to - 3  v.; applied 
voltage, begin each polarogram at -1.5 v. and record to about 
-2.1 v. 


Place the standard solution in the sample compartment of the 
H-cell and deaerate with nitrogen for 5 m h 3  Record the polaro- 


EXPERIMENTAL 


Apparatus-A recording polarograph (Sargent model XV) 
equipped with a dropping mercury electrode and H-cell with a 
saturated calomel reference electrode; a glass chromatographic 
column 250 mm. long by 22 mm. i.d., with one end constricted to a 
stem 60 mm. long. 


Reagents-All chemicals were reagent grade. Mercury, triple- 
distilled’; sodium bicarbonate; saturated aqueous solution of so- 
dium bicarbonate; NaOH, 0.1 N aqueous solution; diatomaceous 
earth2; water-saturated chloroform, prepared by vigorously mixing 
equal volumes of chloroform and water and allowing the phases to 
separate and settle for several minutes; gelatin, 0 . 2 z  aqueous solu- 
tion. 


Sample Preparation-Solid Dosage PreparationsWeigh 20 
tablets to determine the average tablet weight; then grind them 
to a powder to pass a 60-mesh sieve. Mix the powder until uniform. 
In the case of capsules, empty the contents of 20 units and deter- 
mine the average content weight. Accurately weigh a portion of 
the powdered sample equivalent to about 10 mg. of niacinamide 
into a 100-ml. beaker. Add 3.0 ml. of the saturated aqueous solution 
of NaHC03 and swirl until the powder is completely wetted. Add 
5 g. of diatomayous earth and mix with a spatula until fluffy. 
Place a plug of glass wool in the bottom of the chromatographic 
column and transfer the sample in several portions to the column 
with moderate packing after each transfer. Wash the beaker with 
about 0.5 g. of diatomaceous earth wetted with a few drops of water 
and transfer to column. Pack moderately and overlay with a plug 
of glass wool. 


Liquid Preparations-Dilute preparation with water, if necessary, 
to obtain a final niacinamide concentration of 6-14 mg./3.0 ml. 
(If the preparation is more dilute than 6 mgJ3.0 ml., use 3.0 ml. 
of the undiluted sample.) Pipet 3.0 ml of the final solution into a 
100-ml. beaker, add 0.5 g. of sodium bicarbonate, and let stand 
for several minutes, with frequent swirling, to dissolve as much 
of the salt as possible. Proceed as with solid dosage preparations, 
beginning with “add 5 g. of diatomaceous earth and mix with 
a spatula. . . .” 


Procedure-Place a 250-ml. beaker directly beneath the prepared 
chromatographic column. Elute the niacinamide from the column 
with 100 ml. of water-washed chloroform. (In the case of liquid 
preparations containing less than 6 mgJ3.0 ml., elute the 
niacinamide with 200 ml. of water-washed chloroform.) After the 
elution is complete, wash the stem of the chromatographic column 
with chloroform. Evaporate the chloroform extract on a steam 
bath to a volume of about 15 ml. with a current of air directed on 


1 Obtained from Bethlehem Apparatus Co., Inc., Hellertown, Pa. 
2 Celite 545, acid-washed, Johns-Manville, New York, N. Y. 
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Figure 1-Typicul polarogrum of niacinamide in 0.1 N NaOH; 
recommended method of calculation. 


a Trace amounts of oxygen in the nitrogen are removed by bubbling 
the nitrogen through two scrubber solutions. The first consists of 100 g. 
of lightly amalgamated zinc, 100 ml. of 0.1 M vanadyl sulfate, and some 
free HzSOI. The second contains water (22). 







gram of the solution twice from -1.5 v. to about -2.1 v. Treat 
the sample solution in the same manner, beginning with the de- 
aeration step. The temperature of the standard and sample polaro- 
graphic solutions are held constant at room temperature during the 
determinations. 


Calculations-Figure 1 shows the recommended method of mea- 
suring the height of the standard and sample diffusion currents. 
The amount of niacinamide in a sample unit can be calculated by 
the following equation: 


Niacinamide, mg./unit dosage = 
av. height, sample diffusion current (mm.) 


av. height, standard diffusion current (mm.) 


av. unit weight or volume 
sample weight or volume 


X concentration of standard X dilution X 


RESULTS AND DISCUSSION 


Assay of Commercial Preparations-The results of the assays by 
both the polarographic and colorimetric methods are given in 
Table I. The mean and standard deviations are also given for the 
polarographic analysis. 


The flexibility and ruggedness of the polarographic method were 
tested by assaying a wide variety of commercial preparations a 
minimum of five times each; the majority of assays were run on 
different days. In addition to niacinamide, the preparations also 
contained vitamins A, D, BI, &, C ,  Bg, B I ~ ,  choline, sorbitol, and 
salts of cobalt, iron, calcium, magnesium, manganese, copper, and 
potassium. Other components included liver, yeast, inositol, 
methionine, folic acid, calcium pantothenate, sodium fluoride, 
phenobarbital, and alcohol. Table I shows that for Liquid Prepara- 
tion E the colorimetric analysis is about 6% higher than that ob- 
tained by polarography. In the colorimetric assay of this prepara- 
tion a slight turbidity was noted in the final solution and was im- 
possible to remove. This turbidity was not present in the sample 
blank. Some inactive ingredient in the preparation apparently 
reacted with the cyanogen bromide to cause the turbidity and the 
higher result. Tablet A yielded the greatest amount of residue after 
chloroform elution and evaporation because of a liver substance in 
the tablet. In this case, it was necessary to aid dispersion of the 
residue by breaking it up with a glass rod and allowing it to stand 
for several minutes; otherwise losses of niacinamide occurred. In all 
cases the polarographic waves for the samples were free from inter- 
ferences. 


Niacinamide Recoveries-Table I1 lists the recoveries for various 
amounts of niacinamide from the column. In all cases a volume of 
3.0 ml. was used. For the lower concentrations, i.e., 1 and 3 mgJ3.0 
ml., the recoveries are lower when 100 ml. of chloroform eluant was 
used. The amount recovered for these lower concentrations can be 
increased by increasing the chloroform elution to 200 ml. This 
larger volume is necessary for only those liquid preparations 
containing less than 6 mgJ3 ml. of niacinamide. The chromato- 


Table I-Polarographic and Colorimetric Assays of 
Commercial Pharmaceutical Preparations 


-Niacinamide Found, mg./unit--. 
Niacinamide -Polarographic Assay- 


Declared. No. of Colorimetric 
Preparation mg./unit Assays Mean + SDa Assayb 


Tablet A 20 7 21.5 h 0.26 22.0 
Tablet B 20 6 2 0 5 & 0 3 9  2 1 2  _. .-  


Tablet C 20 6 2 0 : 2 r t  0139 21.1 
Tablet Dc 20 7 4 . 8 9 h 0 . 1 6  5 .1  
Tablet E 50 6 4 9 . 4 f  1.09 49.3 
Capsule Ad 10 7 12.3 zk 0.30 12.6 
Capsule B 50 5 49.7 rt 0.84 50.7 
Liquid A,  ml. 13.3 6 13.1 It 0.34 12.5 
Liquid B, ml. 2 .O 7 1.95 + 0.03 2 .0  
Liquid C, ml. 50.0 6 54.5 + 0.84 54.5 


Liquid E, ml. 0.45 11 0.406 =t 0.010 0.43 
Liquid D,  ml. 4.0 7 3.73 f 0.10 3.7 


a Standard deviation. b Average of two determinations. c Product 
subpotent. d Product superpotent. 


Table 11-Recoveries of Various Concentrations of Niacinamide 
on Chromatographic Column with 100 ml. of Eluant 


Niacinamide, Recovery, 
mgJ3.0 ml. z 


l a  
3 
6 


10 


95 
96 
97 
99 ~. _ _  


12 98 
16 99 
20 99 
30 98 


a Recovery was 98% with 200 ml. of eluant. 


graphic column can accommodate relatively large amounts of 
niacinamide without seriously affecting the recovery. 


Flow rate studies showed that the recovery of niacinamide was 
not affected when rates as low as 1 ml./min. were used. However, to 
keep the analysis time at a minimum a flow rate of 3-4 ml./min. was 
found to be optimum. 


Factors Affecting Niacinamide Stability-If the chloroform extract 
was evaporated completely to dryness while on the steam bath, 
losses of niacinamide occurred. These losses were probably due to 
the hydrolysis to nicotinic acid, which does not exhibit a polaro- 
graphic wave under the conditions of the method, and increased 
with increasing time of the dry residue on the steam bath. The 
problem was eliminated by evaporating the last 15 ml. of chloroform 
to dryness at room temperature with a current of air. Although the 
saturated sodium bicarbonate had no hydrolytic effect on the nia- 
cinamide, a gradual degradation was noted after the 0.1 N NaOH 
supporting electrolyte was added; hydrolysis was only about 1 ”/, 
after the first hour but was complete in about 24 hrs. 


CONCLUSIONS 


Although some simple pharmaceutical preparations can. be 
determined directly by polarography, most complex mixtures must 
be purified before quantitation is possible. The method described 
here is suitable for the analysis of a wide variety of complex samples. 
It is equally as specific and rapid as existing methods, compares 
favorably in accuracy, and eliminates the use of objectionable 
chemicals such as cyanogen bromide. 
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A Critical Analysis of a Capsule Dissolution Test 


R. J. WITHEY and C. A. MAINVILLE 


Abstract A suitably modified USP disintegration apparatus has 
been used to obtain dissolution rate data for chloramphenicol 
capsules. Differences between various commercial and laboratory 
formulations of this drug were reflected in their dissolution profiles. 
Several shortcomings of this apparatus are described. 


Keyphrases Capsule dissolution testing-methodology 0 Chlor- 
amphenicol capsules-dissolution 0 Particle size effect-capsule 
dissolution rates 0 Lactose effect--capsule dissolution rates 0 
Diagram4issolution apparatus UV spectrophotometry- 
analysis 


The desirability of an in vitro test which adequately 
reflects the physiological availability of solid dosage 
forms of drugs is now well recognized. The inadequacy 
of disintegration times in this context has been pointed 
out (1). The measurement of a parameter which is re- 
lated to the rate of dissolution of a solid has been sug- 
gested as a more realistic variable and this has led to an 
abundance of papers [see for example (2-6)] describing 
different methods and equipment for following dis- 
solution rates. One of the more widely used methods 
(7) adapts, with suitable modifications, the apparatus 
recommended by either the USP (8) or FDD (9) for the 
measurement of disintegration time of tablets. 


Important requirements for an adequate dissolution 
test include: 


(a) The design of the equipment and protocol should 
allow a rapid evaluation of some specified dissolution 
parameter by using equipment or components 
that are either commercially available or readily 
fabricated. The dimensions and geometry of the indi- 
vidual components of the apparatus should be rigidly 


specified, together with tolerances, so that inter- and 
intra-laboratory variations are kept to a minimum. 


(b)  Analysis of the dissolution medium, in order to  
establish the dissolution profile, should be rapid, 
sensitive, and simple. 


(c) The procedure used should rank different formu- 
lations of the same drug in the same order as their 
in uiuo availability. 


(d) A detailed description of the procedure used in the 
kinetic analysis and derivation of suitable dissolution 
parameters is essential. 


(e) Enough specimens of each formulation should be 
examined to permit a significant statistical analysis. 
The resulting statistical parameters should reflect 
inter-vehicle formulation differences and permit differ- 
entiation of formulation and manufacturing variables. 


In this paper one dissolution test, which involves the 
use of a modified version of the USP disintegration 
apparatus (8), was used to  obtain dissolution profiles 
of a variety of encapsuled formulations of one drug 
(chloramphenicol). 


EXPERIMENTAL 


Equipment-The USP disintegration apparatus, without disks or 
plungers, was used. Since the specifications (8) for the dimensions 
and geometry of this apparatus allow some variation, the apparatus 
which was used is illustrated in Fig. 1. 


Procedure-Eight hundred milliliters of simulated gastric juice 
solution was allowed to equilibrate with a thermostat whose tem- 
perature was controlled at 37 f 0.5”. Two methods were used t o  
follow the dissolution of a given formulation: 


~ ~ ~~~~ ~ ~ ~ ~~ 


‘In this paper, the term is used to mean the curve obtained when 
percent dissolved is plotted against sampling time. 
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Facile Method for the Preparation of Some Novel Bicyclic Lactones 


WENDEL L. NELSON and KENNETH F. NELSON 


Abstract 0 The preparation of l-methyl-2,3-benzo-6-oxa- 
bicyclo[3.2.l]octane-4,7-dione and l-methyl-2,3-benzo-6-oxa- 
bicyclo[3.3.1]nonane-4,7-dione is reported by facile intramolecular 
cyclization of the corresponding bromotetralone. 4-Methyl-4- 
carboxyl-1-tetralone is cyclized under the conditions of bromina- 
tion. 4-Methyl-1-tetralone-4-acetic acid is cyclized only on con- 
tinued heating of the a-bromoketone in acetic acid. 


Keyphrases Lactones, bicyclic-synthesis IR spectro- 
photometry-structure 0 UV spectrophotometry-structure 
0 NMR spectroscopy-structure 


Various types of pharmacological activity have been 
reported for compounds containing the lactone func- 
tionality, including useful cardiotonic activity, anthel- 
mintic activity, and suspected hallucinogenic activity 
(1, 2). However, interest in carcinogenic lactones and 
demonstrated antitumor activity among others has 
stimulated more recent research (3-5). Limited success 
has been made in attempts to correlate biological 
activity and chemical structure and reactivity (6,7). 


As a part of another study, substituted tetralone- 
acids I and 2 were available. The authors therefore 
sought to determine if, by proper derivatization of the 
carbon a to the carbonyl, these acids could be cyclized 
intramolecularly to the corresponding a-ketolactones 
which represent potential antitumor agents. The 
corresponding lactones, l-methyl-2,3-benzo-6-oxabi- 
cyclo[3.2]octane-4,7-dione ( 3 )  and l-methyl-2,3-benzo- 
6-oxabicyclo[3.3.l]nonane-4,7-dione (5 )  were readily 
obtained; the former from the attempted a-bromina- 
tion process, the latter on further treatment of a- 
bromoketone (4 )  in acetic acid. 


CH 


@ 
I - -2HBr Br. @ 


0 0 
I ,  R = COOH 
2. R = CH,COOH 


4 5 
Scheme I 


4-Methyl-4-carboxyl- 1-tetralone ( I )  (see Scheme 1) 
was prepared by slight modification of Green's proce- 
dure (8) for preparation of the corresponding amide. 
Methyl a-phenylpropionate was substituted for phenyl- 
acetonitrile in a Michael condensation using methyl 
acrylate as the acceptor. Saponification followed by 
cyclization with liquid hydrogen fluoride afforded 1. 


Attempted bromination utilizing pyridinium hydro- 
bromide perbromide (9) afforded only lactone 3, in 
good yield. None of the intermediate a-haloketone was 
isolated, indicating the internal lactonization process 
occurred readily under the reaction conditions used. 


Acid 2, the homolog of 1, was prepared by the 
method of Herz (10). Bromination under identical 
conditions afforded the intermediate a-bromoketone 
(4) .  We were unable to determine the stereochemistry 
of this intermediate ; however, intramolecular cycliza- 
tion occurred readily on heating in glacial acetic acid, 
in the presence of sodium acetate. 


Both lactones, 3 and 5,  were characterized based on 
spectral information and elemental analysis. Lactone 3 
showed a 5.57-p carbonyl stretching band indicative of a 
strained five-membered lactone, whereas 5 showed a 
carbonyl band at 5.73 p. Both showed typical l-tetra- 
lone UV spectra. 


The NMR spectrum of 3 (Fig. 1) showed a quartet 
at  4.93 6 for the proton at C-5 with apparent coupling 
constants of 4 and 2 C.P.S. (11, 12). Two overlapping 
doublets for protons Ha..,, and Hgpnt, were observed 
in a 1 : 1 :2  triplet at  approximately 2.75 6 also with 
apparent coupling constants of 2 and 4 C.P.S. It is not 
unexpected that these protons have different chemical 
shifts, considering the magnetic environment of each. 
All coupling constants are apparent in this ABX system 
because only the inner components of the expected 
quartets for H8-syn and H8-.lnll were observed. Neither 
calculation of the true coupling constants, nor the true 
chemical shifts of the protons at C-8, can be determined 


5.0 p.p.m. ( 6 )  4.0 3.0 2.0 


Figure 1-NMR spectra of the aliphatic protons of l-mrthyl-2,3- 
benzo-6-oxabicyclo[3.2.I]octane-4,7-dione (3) and I-me/hyI-2,3- 
betzzo-6-oxabicyclo[3.3. I]nonane-l, 7-dione (5) .  


1 Syn and anti refer to the position of these protons with respect to 
the benzene ring. 
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because the outer components were not observed. 
The small difference in their chemical shifts with re- 
spect to  Jgem probably accounts for this situation. 
Inspection of Dreiding models indicates the di-hedral 
angles between H5 and Haant, and H5 and H,,,,, are 
45 and 75”, respectively. This is consistent with the 
larger coupling constant, 4 c.P.s., being J8.ant,,6, and 
J s  s3n. ,  = 2 C.P.S. based on a modified Karplus equation 


The NMR spectrum of 5 indicated approximately 
equal J-values for the couplings H5 and Hg ant, and 
H5 and Hg-syn, and approximately identical chemical 
shifts for the C-9 protons. The signal for H5 was a 
symmetrical triplet, J = 3 c.P.s., and the signal for C-9 
protons doublet J = 3 C.P.S. 


The difference in ease of formation of lactones 3 and 
5 is explicable on the basis of formation of a five- 
membered lactone versus a six-membered one. For 
example, sulfuric acid-catalyzed lactonization of cyclo- 
hexene-4-carboxylic acid affords only the five-membered 
lactone, and none of the six-membered one (14). In a 
similar fashion, sulfuric acid cyclization of 4-pentenoic 
acid produces y-valerolactone, and no a-lactone (15). 


This lactonization process represents a facile re- 
placement of the active a-halogen by a poor nucleo- 
phile, the carboxyl group, which seems to occur quite 
readily when proper orientation of the two groups is 
possible. A possible mechanism, consistent with the 
reaction conditions, would be the solvolytic loss of the 
halogen, followed by carboxyl group attack. Other 
mechanisms are also possible. 


Compounds 3 and 5 have been submitted to  Cancer 
Chemotherapy National Service Center for screening. 


(1 3). 


EXPERIMENTALz 


1-Methyl-2,3-benzo-6-oxabicyclo[3.2.l]octane-4,7-dione (3)-To 
a stirred solution of 4.0 g. (18.5 mmoles) of I in 150 ml. of a mixture 
of equal volumes of chloroform and glacial acetic acid was added 
6.14 g. (18.5 mmoles) of pyridinium hydrobromide perbromide (9) 
in several portions over a period of 20 min. The mixture was warmed 
on a steam bath for 20 min., then poured into a mixture of 75 ml. 
of hexane and 500 ml. of water containing 0.52  sodium sulfite. 
The layers were separated and the aqueous layer washed with an 
additional two portions of hexane. The organic layers were com- 
bined, washed with water and saturated brine solution and dried 
over anhydrous magnesium sulfate. Evaporation afforded a solid, 
3.0 g. (75% of theory), m.p. 145-146” when crystallized from 
ether; IR (potassium bromide), 3.40, 5.57 (lactone carbonyl), 5.90 
(aryl ketone carbonyl), 6.28, 6.90, 7.50, 7.80, 7.95, 8.32, 9.30, 9.55, 
9.90, 10.30, 10.50, 12.15, 13.15, 13.75 p ;  UV hE2K 259 (log e = 
3.92), 292.5 (log t = 3.28); NMR (deuterochloroform), 6 1.78 
(singlet, C-CH3), 2.75 and 2.77 (overlapping doublets, -CH2- 
withJ,,,,,,,t = 4 and 2 c.P.s., respectively), 4.93 (quartet, H-C-0, 
apparent Js,8-ant: = 4 C.P.S. and J5.8.syn = 2 c.P.s.), 7.50 (multiplet, 
3 aromatic protons), 8.08 (distorted doublet with major coupling 
of 8 c.P.s., 1 aromatic proton). 


Anal.-Calcd. for Cl2HloO3 : C, 71.28; H, 4.99. Found: C ,  71.19; 
H. 5.16. 
4-Methyl-4-carboxymethyl-2-bromo-l-tetralone (4)-To a stirred 


solution of 1.0 g. (46 mmoles) of 4-methyl-1-tetralone-4-acetic acid 
in 50 ml. of a mixture of equal volumes of chloroform and glacial 


Melting points were determined on a calibrated Thomas-Hoover 
Unimelt and are corrected. I R  spectra were recordcd on Beckman 
IR-8A and IR-20 spectrophotometers. NMR spectra were determined 
with a Varian Associates A-60 spectrometer using tetramethylsilane as  
internal standard. UV data were determined on a Cary 14 spectro- 
photometer. Microanalysis was conducted by Drs. G.  Weiler and F. B. 
Strauss, Oxford, England, and by Midwest Microlab, Inc., Indianapolis, 
Ind. 


acetic acid was added 1.46 g. (46 mmoles) of pyridinium hydro- 
bromide perbromide (9) in small portions over a few minutes 
This mixture was heated on a steam bath for 20 min., then poured 
into a mixture of 50 ml. of ethyl acetate and 150 ml. of water con- 
taining 0.5% sodium sulfite. The layers were separated and the 
aqueous layer extracted with an additional two portions of ethyl 
acetate. The organic layers were combined, washed with water and 
saturated brine solution, and dried over anhydrous magnesium 
sulfate. Evaporation of the solvent yielded 450 mg. (3373, m.p. 
160-161 when recrystallized from hexane-ethyl acetate mixture; 
IR (potassium bromide), 2.85 (broad), 3.35, 5.83, 6.20, 6.70, 6.80, 
7.05, 7.18, 7.65, 7.70, 8.01, 9.05, 9.45, 9.72, 10.35, 11.10, 12.15, 


(singlet C-CH3), 2.62 and 2.95 (overlapping multiplets of -CH2- 
groups), 5.69 (quartet H-C-Br, J = 13 and 5 c.P.s.), 7.63 (multi- 
plet, 3 aromatic protons), 8.00 (distorted doublet with major cou- 
pling 7 c.P.s., 1 aromatic proton), 9.22 (broad singlet -COOH). 


And-Calcd. for CI3Hl3O3Br: C, 52.53; H, 4.41; Br, 26.89. 
Found: C, 52.23; H, 4.83, Br, 26.85. 
l-Methyl-2,3-benzo-6-oxabicyclo[3.3.l]nonane-4,7-dione (5)-To 


0.125 g. (4.2 mmoles) of 4-methyl-4-carboxymethyl-2-bromo-1- 
tetralone (4) in 20 ml. of glacial acetic acid was added 34.4 mg. 
(4.2 mmoles) of sodium acetate and the mixture heated on a steam 
bath for 30 min. This mixture was poured into 100 ml. of water 
and extracted with three 50-ml. portions of ethyl acetate. The organic 
portions were combined, washed with water and brine solution, 
and dried with anhydrous magnesium sulfate. Removal of ethyl 
acetate afforded a solid, 63 mg. (69.32 of theory); recrystallization 
from ethyl acetate-hexane gave m.p. 127-129”; IR (potassium 
bromide): 3.38, 5.73, 5.85, 6.23, 6.88, 7.10, 7.40, 7.55, 7.70, 8.12, 
8.50, 8.70, 8.80, 8.95, 9.40, 10.05, 10.20, 13.10, 14.00 p ;  hz,‘,:K 
252.5 mfi (log E = 4.02), 290 mp (log t = 3.20); NMR (deutero- 
chloroform), 6 1.57 (singlet, C-CH3), 2.40 (doublet, C-9 protons, 
J = 3 c.P.s.), 2.74 (singlet, C-7 protons), 4.97 (triplet, H-C-0, 
J = 3 c.P.s.), 7.60 (multiplet, 3 aromatic protons), 8.15 (distorted 
doublet with major coupling of 7 c.P.s., 1 aromatic proton). 


And-Calcd. for C13H1203: C ,  72.22; H, 5.59. Found: C ,  72.32; 
H, 5.69. 


13.05, 13.45, 13.46, 14.15, 14.70 p ;  NMR (DMSO-ds), 6 1.55 
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REVIEWS 


Powdered Vegetable Drugs. By BETTY P. JACKSON and DEREK W. 
SNOWDON. American Elsevier Publishing Co. Inc., 52 Vanderbilt 
Ave, New York, NY 10017. Printed in Great Britain at the Pitman 
Press, Bath and published in London by J. & A. Churchill Ltd., 
1968. viii + 203 pp. 20 X 28 cm. Price: $11.50 


This atlas of microscopy for use in the identification and authentica- 
tion of some plant materials employed as medicinal agents contains 
99 full-page plates of detailed drawings based on the microscopic 
examination of different powdered drugs. It was produced by the 
authors to update and succeed Greenish and Collins’ “Anatomical 
Atlas of Vegetable Powders” (1904) which has long since been out of 
print. Although other atlases are available, e.g., a Polish one by 
Jakub Derying (1961) and a German one entitled, “Pulver-Atlas der 
Drogen des Deutches Arzneibuches” by Walter Eschrich (1966), the 
author felt that these were based on different materia medica and 
had limited applications outside their country of origin. 


This atlas has been prepared primarily for use by practicing 
analysts, pharmacognosists, or pharmacy students who have need to 
authenticate powdered drug materials using a microscope. An 
attempt has been made to delineate close to 100 different powdered 
drugs still in common use today, particularly throughout Europe. 


Theatlas follows broadly thesystem of Greenish and Collins where 
materials are arranged in morphological groups (e.g., starches, 
wood, barks and galls, leaves and herbs, flowers, seeds, rhizomes, 
and roots) and are alphabetically listed within these categories. 


The drawings are excellent and were prepared using a 500 X 
magnification and a camera lucida observing No. 60 grade powders. 
Each plate of drawings is faced with a detailed account of the 
prominent characteristic powder fragments and all identifiable 
material is number keyed and labeled. 


Although atlases of this type are not in great vogue and have 
limited value in the United States today, the text nevertheless will 
serve as another valuable reference source beside others which are no 
longer in print or difficult to obtain. Certainly any pharmacognosist 
or other analysts who have occasion to identify powdered drugs for 
commercial concerns or even to identify powdered samples of 
Cannabis satiua for forensic analysis would welcome this volume to 
their library. In addition, it will doubtless serve as an adjunct in 
teaching undergraduate pharmacognosy where references and use of 
powdered drug descriptions are alluded to in lectures or given in 
laboratories. 


Reviewed by Ara Der Marderosian 
Philadelphia College of Pharmacy and Science 
Philadelphia, PA 


NOTICES 


Medical, Dental andPharmaceutical Auxiliaries: A sumey of existing 
legislation. Offprint from Vol. 19, No. 1 of the International 
Digest of Health Legislation : World Health Organization, 
Geneva, Switzerland, 1968. 143 pp. 16 X 24 cm. Price 16/-; $2.75; 
Sw. fr. 8.-. 


Grundlagen der Pharmakokinetik. By F. H. DOST. Georg Thieme 
Verlag Stuttgart, 7000 Stuttgart 1, Postfach 732, Herdweg 63, 
Germany, 1968. xix + 449 pp. 


Methoden und Ergebnisse der Pharmakologie und Toxikologie. 
Verhandlungen der Deutschen Gesellschaft fur experimentelle 
Medizin, Band 19. 8. Tagung der Pharmakologischen Gesell- 
schaft der Deutschen Demokratischen Republik vom 24. bis 27. 
October 1966 in Leipzig. Edited by Prof. Dr. K. LOHMANN. Veb 
Verlag Volk und G Gesundheit Berlin, Abstzabteilung, 69 Jena, 
Villengang 2, Postschliebfach 176, Berlin, 1968. 567 pp. 15.5 X 
22.5 cm. Price MDM 50.30. 


The Formation of Urine by the Kidney. By FILIMON J. UKRADYHA. 
Ukrainian Technical-Economic Institute, “Logos” GmbH, 
Buchdruckerei u. Verlag, Munchen 19, Bothmestr. 14, Munich, 
Germany, 1968. 333 pp. 17 X 24 cm. 


Biologische Prufung und Leistungskriterien der Sterilisation. Edited 
by FRIEDRICH WILHELM BREKENFELD and THEODOR KIMA. Ver 
Verlag Volk und Gesundheit, Absatzabteilung, 69 Jena, Villen- 
gang 2, Postschliebfach 176, Berlin, 1968. 94 pp. 14.5 X 21.5 cm. 
Price MDM 11.50. 


The Mentally Abnormal Offender. A Ciba Foundation Symposium. 
Edited by A. V. S. DE REUCK and RUTH PORTER. Little, Brown and 
Co., 34 Beacon Street, Boston, MA 02106, 1968. xii + 260 pp. 16 
X 23.5 cm. Price $10.00. 


Hearing Mechanisms in Vertebrates. A Ciba Foundation Sympo- 
sium. Edited by A. V. S. DE REUCK and JULIE KNIGHT. Little, 
Brown, and Co., 34 Beacon Street, Boston, MA 02106,1968. xi + 
320pp. 15.5 X 23.5 cm. Price$12.00. 


Chemical Instrumentation. Vol. 1 ; No. 1. A New Journal of experi- 
mental techniques in Chemistry and Biochemistry. Edited by 
CLEMENS AUERBACH. Marcel Dekker, Inc., 95 Madison Avenue, 
New York, NY 10016, 1968. 136 pp. 15.3 X 23 cm. Subscription 
Price $35.00. 


Cystic Fibrosis. Ciba Foundation, Study Group No. 32. Edited by 
RUTH PORTER and MAEVE OICONNOR. Little, Brown and Com- 
pany, 34 Beacon Street, Boston, MA 02106, 1968. vii + 150 pp. 
13 X 19cm. Price$13.95. 


The Bond to Carbon. (Organometallic Compounds of the Group IV 
Elements, Vol. 1, R. 11). Edited by ALAN G. MACDIARMID. 
Marcel Dekker, Inc., 95 Madison Avenue, New York, NY 10016, 
1968. xiii + 261 pp. 24 X 16cm. Price $17.75. 


Deutsches Arzneibuch (DAB 7) Ausgabe 1968. By AMITLICHE 
AUSGABE. Deutscher Apotheker-Verlag, 7000 Stuttgart 1, P. 0. 
Box 40, Germany, 1968. xi + 1048 pp. 17 X 24.5 cm. Price D M  
82.-. 


Prostaglandin Symposium of the Worcester Foundation for Experi- 
mental Biology. Edited by PETER W. RAMWELL and JANE E. SHAW. 
John Wiley & Sons, Inc., 605 Third Avenue, New York, NY 
10016, 1968. xxiv + 402 pp. 15.5 X 23.7 cm. Price $15.00. 


Methods of Biochemical Analysis. Vol. 16. Edited by DAVID GLICK. 
John Wiley & Sons, Inc., 605 Third Avenue, New York, NY 
10016, 1968. vii + 446 pp. 15.5 X 23.5 cm. Price $16.50. 
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A Critical Analysis of a Capsule Dissolution Test 


R. J. WITHEY and C. A. MAINVILLE 


Abstract A suitably modified USP disintegration apparatus has 
been used to obtain dissolution rate data for chloramphenicol 
capsules. Differences between various commercial and laboratory 
formulations of this drug were reflected in their dissolution profiles. 
Several shortcomings of this apparatus are described. 


Keyphrases Capsule dissolution testing-methodology 0 Chlor- 
amphenicol capsules-dissolution 0 Particle size effect-capsule 
dissolution rates 0 Lactose effect--capsule dissolution rates 0 
Diagram4issolution apparatus UV spectrophotometry- 
analysis 


The desirability of an in vitro test which adequately 
reflects the physiological availability of solid dosage 
forms of drugs is now well recognized. The inadequacy 
of disintegration times in this context has been pointed 
out (1). The measurement of a parameter which is re- 
lated to the rate of dissolution of a solid has been sug- 
gested as a more realistic variable and this has led to an 
abundance of papers [see for example (2-6)] describing 
different methods and equipment for following dis- 
solution rates. One of the more widely used methods 
(7) adapts, with suitable modifications, the apparatus 
recommended by either the USP (8) or FDD (9) for the 
measurement of disintegration time of tablets. 


Important requirements for an adequate dissolution 
test include: 


(a) The design of the equipment and protocol should 
allow a rapid evaluation of some specified dissolution 
parameter by using equipment or components 
that are either commercially available or readily 
fabricated. The dimensions and geometry of the indi- 
vidual components of the apparatus should be rigidly 


specified, together with tolerances, so that inter- and 
intra-laboratory variations are kept to a minimum. 


(b)  Analysis of the dissolution medium, in order to  
establish the dissolution profile, should be rapid, 
sensitive, and simple. 


(c) The procedure used should rank different formu- 
lations of the same drug in the same order as their 
in uiuo availability. 


(d) A detailed description of the procedure used in the 
kinetic analysis and derivation of suitable dissolution 
parameters is essential. 


(e) Enough specimens of each formulation should be 
examined to permit a significant statistical analysis. 
The resulting statistical parameters should reflect 
inter-vehicle formulation differences and permit differ- 
entiation of formulation and manufacturing variables. 


In this paper one dissolution test, which involves the 
use of a modified version of the USP disintegration 
apparatus (8), was used to  obtain dissolution profiles 
of a variety of encapsuled formulations of one drug 
(chloramphenicol). 


EXPERIMENTAL 


Equipment-The USP disintegration apparatus, without disks or 
plungers, was used. Since the specifications (8) for the dimensions 
and geometry of this apparatus allow some variation, the apparatus 
which was used is illustrated in Fig. 1. 


Procedure-Eight hundred milliliters of simulated gastric juice 
solution was allowed to equilibrate with a thermostat whose tem- 
perature was controlled at 37 f 0.5”. Two methods were used t o  
follow the dissolution of a given formulation: 


~ ~ ~~~~ ~ ~ ~ ~~ 


‘In this paper, the term is used to mean the curve obtained when 
percent dissolved is plotted against sampling time. 
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Table I-Reproducibility of “Six Capsules Simultaneously” Dissolution Test for Brand B1 Capsules 


% Dissolution/Run No. - 
Time, min. 1 2 3 4 5 6 Mean f s  100s/Mean 


10 71.7 76.1 73.6 71 .O 73.6 73.6 73.2 1.8 2 . 4  
20 79.5 83.1 79.0 77.5 80.2 78.3 79.6 2 .0  2 .5  
30 82.0 88.6 82.4 81.3 83.5 82.6 83.4 2 .6  3.1 


(a) “Single capsule tests” in which one capsule was placed in one 
of the cylindrical baskets of the dissolution apparatus. 


(b)  “Six capsules simultaneously test” in which six capsules, one in 
each of the cylindrical baskets, were placed simultaneously in the 
apparatus. 


Aliquots (1.00 ml.) were withdrawn after 10, 20, and 30 min. 
from the beginning of the test or, where the initial portion of the 
dissolution profile was required in more detail, samples at 2, 4, 6, 
and 8 min. were taken in addition. Samples were taken with a 1 .OO- 
ml. tuberculin syringe (B-D Yale), graduated from 0.00 to 1.00 
in units of 0.01 ml., fitted with a medium porosity fritted-glass 
Elter. The filter was fabricated from an immersion filter tube 
(No. 35-050, Canlab Ltd.) cut close to the fritted disk, and joined 
to a Luer-fitting female joint (No. K-66350-1F, Kontes Glass Co.). 


After suitable dilution the absorption of the sample was then 
measured at 278 mp in a 1-cm. path length cell on a spectropho- 
tometer (Beckman DU 2). The concentration of drug in solution 
was calculated from a value of the absorptivity of chloramphenicol 
(USP standard) which had been determined from a Beer’s law 
calibration curve. The percent of drug dissolved at the sampling 
time, t ,  was calculated from either the weight of drug placed in the 
capsule (for laboratory manufactured capsules) or from the label 
claim (250 mg.) of commercially manufactured capsules. Corrections 
were made for the loss of drug present in the volume of previously 
removed samples and for thc progressive decrease in volume of the 
dissolution medium. These corrections were already included in a 
computer program, which has been devised for use with a desk 
computer (Olivetti Programma lOl), although due to the small 


n n 


Figure 1-USP disintegrution upparutus as modified .for following 
rates of dissolution of capsule dosage forms. 


Stroke: 5 em. (USP states: not less than 5 und not more than 6 
cm.). 


Frequency: 30 c.p.m. (USP states: constant frequency rate between 
28 and32 c.p.m.). 


Liquid temperature: 37 f 0.5‘ (USP states: thermostatted be- 
tween 35and39”). 


Volume of liquid used: 800 ml. (USP gives no precise volume. 
Specifies volume of liquid must be such as to comply with dis- 
tances, spec$ied above, for depth of immersion of wire mesh on 
maximum and minimum displacement on upward and downward 
stroke). 


Liquid: Simulated gastric juice. 2 g. NaCl f 7 ml.-coned. HCI f 
3.2 g .  pepsin//. p H  of solution 1.2. 


Vessel: 1000-ml. beaker, Fisher Catulog No. 2-540 


Key: a = stroke 5 cm.: b = liquid levels, max. and min.; c = 2.6 
em. (USP states: at the highest point o f  the upward stroke the wire 
mesh remains at least 2.5 cm below the surfbee of’ the water); d = 
3.75 cm. (USP stutes: the wire mesh descends to not less than 2.5 
cm..from the bottom of the vessel on the downward stroke). 


sample volumes they affected the values of percent dissolved at a 
time t by less than 0.1 %. 


Data Analysis-Dissolution profiles were drawn to allow com- 
parison of data and the interpolation of tso (the time at which 50% 
of the drug has dissolved). Where possible, six identical dissolution 
tests were carried out for each formulation and the six values of tS0 
were statistically analyzed to give the mean, i 5 0 ,  the standard de- 
viation, s, and the coefficient of variation, 100 s/is0. In addition, the 
six values of percent dissolved obtained for each sampling time 
were similarly analyzed so that a “mean dissolution curve” to- 
gether with fs limits for each point could be constructed. These 
statistical data accompany the dissolution profile figures in the 
tables. 


Studies with Commercially Manufactured Brands-Dissolution 
profiles were obtained for 250-mg. capsules of chloramphenicol 
which were purchased by Food and Drug Directorate personnel 
directly from the manufacturers. A total of 19 lot numbers from 12 
manufacturers were examined both by the “single” and “six simul- 
taneous” test. Different manufacturers’ brands are identified 
by capital letters, a subscript number indicating different lot num- 
bers of the same brand. The results are presented in Tables I, 11, 
and 111. 


Studies with Pure Chloramphenicol-Laboratory Manujiactured 
Capsules-Crystalline samples of pure chloramphenicol were ob- 
tained of 11 different lot numbers from six different companies. 
Since the quantity of drug, for a given lot number, varied from 300 
mg. to 10 g. only one “single capsule test” was carried out for most 
of the samples. 


Capsules were manufactured in the laboratory by weighing, to 
0.1 mg., about 250 mg. of the pure drug which was loosely packed, 
by hand filling, into a size 0 gelatin capsule. The results of the dis- 
solution studies for these are given in Tables IV, V, and VI. 


Effect ofparticle Size-Pure drug, Brand R,  was sieved in a pocket 
interchanger sieve (Endecotts Ltd.) through standard size meshes 
which varied in aperture from 149 p (A.S.T.M. No. 100) to 62 p 
(A.S.T.M. No. 230). Fractions of the following particle size range 
were collected: (a) >149 p, (b) 74-149 p,  (c) 62-74 p, (d )  <62 p. 
The dissolution profiles for these capsules are illustrated in Fig. 2. 


Table 11-Percent Dissolution at 10, 20, and 30, min. for 
Commercially Manufactured Chloramphenicol Capsules“ 


-% Dissolved, min.---- 
Brand 10 20 30 t60 bmin. 


A 
Bl 
B2 
C 
D 
E 
F 
C 
HI 
H2 
I1 
I2 
I3 


I4 


Ji 
J2 


K 
b 
L2 


76.3 
71.7 
66.3 
46.6 
45.3 
41.5 
39.3 
38.8 
37.9 
28.3 
37.3 
33.2 
40.8 
35.3 
31.2 
33.3 
27.2 
14.0 
15.6 


82.4 
79.5 
73.2 
79.1 
53.1 
76.0 
80.4 
78.9 
69.7 
49.8 
66.8 
68.1 
66.8 
63.4 
70.6 
65.7 
59.6 
25.5 
23.0 


81.5 2.4 
82.0 4.0 
78.1 3 . O  
86.4 10.0 
59.6 16.0 
82.9 11.5 
88.7 12.5 
90.1 13.0 
84.9 13.0 
62.8 20.2 
71.3 13.5 
75.7 14.0 
74.6 12.5 
70.8 14.0 
81.3 13.0 
81.6 15.0 
77.8 16.5 
26.3 - c  


25.0 __ 


a One “six capsu!es simultaneously” test was used. b Values were 
graphically interpolated. c No values were possible since dissolution was 
followed for less than 50 %. 
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Table III-Dissolution Data for Commercially Manufactured Chloramphenicol Capsules Obtained by the ‘‘Single Capsule Test” Method 


1 0 0 s  Mean 
Time, I % Dissolved/Capsule No. - Dis- 1 o o S l  ~ __ 


Brand min. 1 2 3 4 5 6 solved SD f s Mean t j0  = t s  t S 0  


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


10 
20 
30 


106.5 
113.0 
113.0 


82.2 
86.6 
97.2 


86.6 
97.0 


100.2 


30.0 
75.3 
95.1 


53.2 
72.9 
84.3 


31 .O 
86.0 
92.2 


19.4 
60.6 
89.2 


35.3 
74.4 


104.3 


34.4 
80.0 
87.4 


13.3 
41.2 
63.9 


30.7 
62.8 
83.6 


46.2 
67.5 
83.8 


40.2 
73.5 
80.8 


39.5 
74.7 
83.7 


25.5 
77.8 
89.6 


19.6 
44.5 
57.7 


8 .2  
28.3 
49.3 


6 . 6  
13.7 
20.6 


7 .2  
17.3 
23.3 


94.3 
99.1 


103.2 


80.9 
93.5 
97.5 


101.2 
104.6 
104.6 


46.7 
90.5 
93.7 


70.2 
84.0 
89.0 


28.0 
78.2 
89.1 


61.6 
102.0 
103.2 


48.3 
90.2 
92.8 


45.4 
87.8 
94.6 


30.2 
60.4 
76.2 


68.2 
87.4 
88.0 


34.4 
81.6 
90.8 


26.3 
71 .O 
79.9 


31.4 
81.8 
90.9 


33 .O 
85.8 
91.5 


25.1 
63.6 
80.2 


18.4 
45.9 
73.2 


9.9 
20.2 
23.8 


8.8 
21 .o 
23.2 


82.6 
97.8 


100.3 


84.6 
96.9 


101.3 


81.1 
95.8 
97.3 


30.9 
81.3 
92.9 


63.0 
83.3 
92.7 


43.0 
92.9 


101.3 


60.9 
97.1 


100.7 


31.7 
78 .O 
96.2 


20.9 
60.0 
84.8 


21.9 
44.8 
65.9 


3.2 
60.0 
72.9 


50.3 
93.1 
97.8 


50.4 
80.5 
87.6 


41 . O  
80.7 
86.3 


32.2 
71.1 
89.8 


17.5 
31.8 
48.1 


6 . 0  
23.2 
38.0 


10.3 
18.8 
26.4 


10.9 
20.0 
23.2 


100.3 
106.5 
106.5 


84.2 
97.8 


100.0 


82.6 
92.6 
96.6 


15.9 
77.2 
86.0 


63.8 
81.2 
92.1 


83.8 
100.6 
101.5 


58.7 
97.9 


102.8 


51.3 
92.2 
97.6 


38.8 
92.1 
97.6 


33.7 
54.1 
68.1 


32.8 
64.3 
85.5 


73.3 
87.5 
89.1 


52.4 
76.9 
87.4 


44.8 
94.2 
96.8 


15.3 
46.0 
59.5 


77.1 
87.6 
88.2 


15.4 
49.2 
80.7 


12.2 
24.7 
27.4 


12.0 
17.9 
21.9 


97.0 
108.9 
110.0 


85.0 
96.4 


101.1 


81.1 
90.9 


102.0 


78.4 
94.1 
96.5 


53.2 
73.7 
85.9 


61.6 
88.4 
95.1 


42.6 
93.1 
97.9 


32.6 
70.1 
87.8 


26.7 
82.4 
92.4 


60.9 
85.0 
88.5 


37.9 
77.1 
88.9 


27.2 
63.0 
79.9 


40.7 
80.2 
86.8 


39.0 
77.7 
86.4 


28.7 
87.5 
98.9 


14.6 
27.5 
39.6 


9.8 
43.8 
75.6 


12.4 
21.7 
23.8 


12.4 
19.8 
20.9 


102.5 
103.5 
106.9 


90.2 
96.9 
98.9 


82.3 
91.1 


103.5 


27.3 
92.9 
97.4 


57.3 
70.0 
79.4 


33.4 
74.6 
83.8 


48.2 
88.8 


102.7 


44.6 
76.4 
90.4 


32.9 
93.5 
98.2 


26.0 
48.6 
68.3 


48.9 
78.7 
86.1 


32.3 
61.9 
78.4 


15.3 
48.5 
67.6 


32.4 
72.5 
77.5 


37.8 
90.3 
96.3 


23.2 
51.2 
69.2 


18.5 
46.8 
62.4 


10.2 
22.6 
26.8 


11.4 
19.1 
21.2 


97.2 
104.8 
106.7 


84.5 
94.7 
99.3 


85.8 
95.3 


100.7 


38.2 
85.2 
93.6 


60.1 
77.4 
87.2 


46.8 
86.8 
93.8 


48.6 
89.9 
99.4 


40.6 
80.2 
94.9 


33.2 
82.6 
92.5 


31 .O 
55.7 
71.8 


36.9 
71.7 
84.2 


43.9 
75.8 
86.6 


37.6 
71.8 
81.7 


38.0 
80.2 
87.0 


28.8 
76.4 
87.6 


29.5 
51 .0  
63.8 


12.7 
39.6 
63.2 


10.3 
20.3 
24.8 


10.4 
19.2 
22.3 


8 . 3  
5.8 
4.6 


3 .2  
4.2 
1.8 


7.8 
5 .2  
3.3 


22.0 
8 .3  
4.1 


6 .8  
6.2 
5 .1  


21.8 
9.5 
6.9 


16.2 
15.0 
5.4 


8.5 
8.9 
5.9 


8.7 
12.3 
5.4 


16.3 
15.9 
9.2 


21.5 
10.9 
5.8 


16.8 
13.4 
7.3 


14.3 
12.0 
7.7 


5 .2  
7.7 
6.5 


7.8 
16.5 
14.3 


23.6 
22.2 
18.8 


5.4 
10.9 
16.7 


2 .1  
3.8 
2.6 


2.0 
1.4 
1.1 


8 . 6  
5.6 
4.3 


3.8 
4.5 
1.8 


9.1 
5.4 
3.3 


57.7 
9.7 
4 .4  


11.3 
7.9 
5.8 


46.7 
11 .o 
7.4 


33.3 
16.7 
5.4 


20.9 
11.2 
6.2 


26.1 
14.9 
5.9 


47.2 
28.6 
12.8 


58.5 
15.2 
6.9 


38.3 
17.7 
8.4 


38.1 
16.7 
9 .4  


13.6 
9.6 
7.5 


27.0 
21.5 
16.3 


80.1 
43.5 
24.4 


42.8 
27.6 
26.4 


20.3 
18.8 
10.4 


19.4 
7.2 
5.0 


3.4 


4.4 


3.8 


12.0 


7 . 5  


11.2 


10.7 


12.3 


13.3 


18.1 


13.2 


12.0 


13.1 


12.1 


14.2 


22.2 


26.3 


- 


- 


1 . 5  


1.3 


0.8 


3.4 


1 .4  


3.7 


3.5 


2.1 


2.5 


5.7 


4.0 


3.8 


4.1 


1.1 


3.8 


10.9 


8.9 


- 


- 


43.6 


30.1 


20.8 


28.3 


18.7 


32.7 


32.8 


17.3 


18.7 


31.3 


30.5 


31.3 


31.2 


9.3 


27.1 


49.1 


34.0 


-(I 


-a 


a No values obtained since dissolution followed for less than 50 %. 
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Table IV-Dissolution Data for “Single Capsule Tests” 
of Laboratory Manufactured Capsules 


7 - % Dissolved, min. 7 


Brand 2 4 6 8 10 20 30 f50 


NI 37.2 85.7 91.3 95.3 97.9 100.1 100.1 2.5 
N9 0.5 0 . 5  83.9 90.2 95.0 99.8 99.5 3.6 
N ,  7 0  2 2 2  5 8 8  7 0 7  7 6 6  8 9 4  9 5 3  5 2  
N4 3 1  1 9 7  3 3 9  4 4 8  5 5 4  7 1 1  8 8 1  8 8  
0 1  64 8 98 0 99 0 99 0 99 0 99 0 99 0 1 8 
0 2  30.2 80.4 89.4 92.9 95.0 96.6 98.0 2.4 
P 34.3 84.0 89.9 93.2 95.3 98.8 98.6 2.4 
0 10.5 59.7 71.4 75.1 81.4 86.9 86.9 3.2 
E 2 0 54 5 67 2 72 5 78 1 89 8 95 7 3.6 
Si 24 5 46 6 58 1 67 4 76 2 95 5 99.3 4.6 
S2 18 8 48 7 59 0 68 4 73 7 89 2 97.9 4.4 


Effect of’ Added Lactose-Since most of the commercially manu- 
factured capsules contained the pure drug mixed with lactose, the 
effect of added lactose on the rate of dissolution of chlorampheni- 
col from laboratory manufactured capsules was examined. 


Pure drug, Brand R,  was mixed with lactose BP in proportions 
which contained 16.6, 43.4, and 79.8% by weight of lactose. A 
weighed sample of pure drug and lactose BP were mixed in a screw- 
cap bottle by rotating the bottle and its contents about its longi- 
tudinal axis in a horizontal position at 50 r.p.m. for 24 hr. Quantita- 
tive tests showed that a homogeneous mixture was obtained by 
this procedure. The mixture was then placed in a size 0 gelatin 
capsule, so that each capsule contained about 250 mg. of chlor- 
amphenicol. The results are illustrated in Fig. 3. Each point was 
derived from the mean of six values and the standard deviation is 
indicated by the limits. 


Photographic Studies-Since significant differences in dissolution 
profiles for chloramphenicol capsules (both for commercially and 
laboratory manufactured) were observed, photomicrographs (X70) 
of capsule contents were taken with the following objectives: 


(a) To compare relative crystal size distribution of pure drug. 
(b) To see if the extent of agglomeration of pure drug crystals was a 
significant variable with respect to observed dissolution profiles. 
(c) To compare, in some cases, the crystal size in the pure drug and 
commercially manufactured capsule contents which were known to 
have been derived from the same bulk drug lot number. (d) To 
illustrate the distribution of additives throughout the capsule 
content matrix. (e) To examine the structure of the “liquid” capsule 
contents ofBrandL. 


Photomicrographs of sixteen different pure drug samples and 
ten selected commercial capsule contents were taken. Where pos- 
sible the largest and smallest crystals were included in the same 
frame and where some special qualities were apparent (e.g., a wide 
variation in crystal size, a heterogeneous distribution of additives, 
agglomeration, erc.) more than one frame was taken. Altogether 
forty different samples were photographed, eight of which are 
illustrated in Fig. 4. 


DISCUSSION 


It is now well recognized that the rate at which a solid dissolves 
in a solvent is usually a very complex process (10). In addition 
many factors, including temperature, agitation (ll), viscosity of the 
dissolving medium (12), and specific intermolecular interactions 
with additives (13, 14) can affect the kinetics of the dissolution 
process. 


Meaningful kinetic coefficients, which describe the entire dis- 
solution process, can be obtained only if both the apparatus and 
the drug vehicle under test satisfy the stringent requirements laid 
down by Hixson and Crowell (15). Any apparatus which is used for 
following the dissolution process must therefore be specified rigidly 
with regards to dimensions, geometry, and energy input as well as 
having as few variables as possible if reproducible results are to be 
obtained. 


The modified USP disintegration apparatus, which was used in the 
work reported here, falls short of many of these requirements and 
commercially manufactured solid dosage foi ms do not satisfy the 
necessary assumptions which have to be made in order to derive 
meaningful kinetic coefficients. Nevertheless, despite the large 
number of variables in both the apparatus and dosage forms, 
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Figure 2-Effect of particle size on dissolution rate (Brand R). 


important differences in formulation which significantly affected the 
dissolution rate of the chloramphenicol capsules used in this study, 
were distinguishable. 


Particle size or, more specifically, the surface area per unit mass, 
is one of the more important factors which affects the rate at which 
a sparingly soluble substance dissolves. Two examples of commer- 
cially manufactured chloramphenicol capsules, for which particle 
size is almost certainly the reason for the differences in the observed 
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Figure 3-Effect of lactose on dissolution rate (Brand R). 
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Figure 4-Photomicrographs of chloramphenicol: (a) and (b) pure drug, Brand SZ; (c) capsule content, Brand BI; (d) and (e) capsule con- 
tent, Brands Hz and Hl; (f) pure drug, Brand N4; (8) cupsule content, Brand 4; (h) pure drug, Brand R; (i) I mm. (1000 p )  scale which 
is subdivided into units of I0 p. 


dissolution profiles, can be seen in the figures presented in Tables I 
and 111. Two different lot numbers of the same brand, HI and Hz, 
differed appreciably in the extent of dissolution observed at the 
selected times both in the “single” and “six simultaneously” test. 
The photomicrographs presented in Fig. 4 (d and e )  show clearly 
that the crystals of drug in capsules Hz, which dissolved more 
quickly, are smaller than those in HI. 


Several manufacturers kindly released formulation details for 
their chloramphenicol capsules, including the fact that Lots N3, P, 
SZ, 01, and O1 of pure drug had been used to manufacture Lots 
A, J2, B,, K, and C, respectively, of finished capsules. It is of interest 
to note that the manufacturing process involved, in most cases, 
only the premixing of pure drug with lactose (or in some cases 
magnesium stearate was added) before encapsulation. The data in 
Tables IV and I11 allow a comparison of percent dissolved at similar 
times for laboratory manufactured capsules containing pure drug 
and the finished commercial product. Alternatively, the values of 


tso and l S o  may be compared. Where this comparison is possible, 
the dissolution rate for encapsulated pure drug alone is considerably 
faster than those for the commercial product with the exception of 
Lots Sz and El. 


Photomicrographs of pure Drug Sz and the commercially manu- 
factured capsule content which included SZ are shown in Fig. 4 (a, b, 
and c). It is plainly evident that, before encapsulation, the pure 
Drug SZ had been subjected to some process which reduced its 
crystal size. From measurements taken from enlarged photographs 
the longitudinal dimensions of pure drug crystals of Sz appeared to 
be about 0.45 mm. [Fig. 4 (a)] although crystals as long as 1.45 mm. 
[Fig. 4 (b)] were observed. The longest crystal that could be dis- 
cerned in the commercially manufactured capsule content [Fig. 
4 (c)] was about 0.25 mm. but the majority were less than 0.05 mm. 
long. It could be concluded from these observations that crystal 
sire has been recognized by the manufacturer as an important 
parameter which can affect dissolution rate for chloramphenicol 
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Table V-Dissolution of Six Laboratory Manufactured Capsules of Pure Drug, Brand S2, in Single Capsule Tests 


Time -- % Dissolved/Capsule No.------ 7 Mean i S D  ~ 100s 
(min.) 1 2 3 4 5 6 Dissolved (s) Mean 


~ 


2 18 9 10 8 15 7 27 0 19 3 21 9 18 9 5 5  29 0 
4 49 4 4 4 7  46 7 55 3 45 6 45 9 47 9 3 9  8 2  
6 58.6 53.7 53.6 66.1 54.8 56.0 57.2 4.7 8.3 
8 67.3 61.9 59.5 74.6 63.8 62.9 65.0 5.4 8.2 


10 73.3 67.8 68.3 80.4 71.3 66.4 71.3 5.2 7.2 
20 90.9 85.1 86.9 91.7 88.6 84.7 88.0 2.9 3 . 3  
30 93.1 94.7 96.5 95.6 94.2 94.1 94.7 1.2 1.3 


Table VI-Dissolution of Six Laboratory Manufactured Capsules of Pure Drug, Brand R, in Single Capsule Tests 


Time % Dissolved/Capsule No.-- Mean f S D  ~ 100s 
(min.) I 2 3 4 5 6 Dissolved (9) Mean 


~ ~~~ 


2 47.7 34.2 11.0 18.5 30.6 13.5 25.9 14.1 54.6 
4 64.1 60.7 58.1 55.2 60.7 61.1 60.0 3.0 5.0 
6 68.0 66.0 65.5 70.4 67.3 68 8 67.7 1.8 2.6 
8 74.2 71.1 70.3 74.7 74.0 74.6 73.2 1.9 2.7 


10 76.2 74.6 74.5 79.9 74.0 79.2 76.4 2 .6  3.4 
20 88.6 85.4 87.1 88.1 89.5 92.3 88.5 2.3 2.6 
30 92.9 91.4 91.4 93.5 102.2 95.4 94.5 4.1 4.3 


crystals to the extent that pretreatment of the bulk drug material 
to reduce the particle size is a desirable manufacturing step. How- 
ever, it is recognized that some manufacturers mill their pure drug 
material as a routine step after crystallization without necessarily 
being concerned over rates of dissolution. 


Tables V and V1 present more extensive data for the dissolution 
of laboratory manufactured capsules in which pure drug of Brands SI 
and R was used. Unfortunately, these were the only samples which 
were available in sufficient quantity to permit examination in depth 
but the data obtained indicate a higher reproducibility than those 
for commercially manufactured capsules. The rapid decrease in the 
coefficients of variation (100 sjmean) shows that the reproducibility 
increases as dissolution proceeds. The reason for this is probably 
that the gelatin capsule material influences the initial stages of 
dissolution in an unpredictable way. The “capsule effect” has been 
noticed before (17, 18), but no precise conclusions have been drawn. 


The effect of particle size on dissolution rate was further ex- 
amined. Fractions of the pure drug, Sample R, Fig. 4 (h), were 
sieved to give particle sizes ranging from >149 to <62 p. Particles 
retained on a 149-p screen differed appreciably in dissolution profile, 
see Fig. 2, from the other three ranges. The cross over of curves is 
again probably due to the “gelatin capsule effect” in that, for two 
of the capsules, dissolution did not commence until a minute or so 
after the beginning of the test. If the linear slopes for each of these 
curves, between 2 and 4 min., is measured then the initial rate of 
dissolution for these fractions can be expressed in percent dissolved 
per minute. These figures, presented in Table VII, show a progres- 
sive decrease in dissolution rate with increasing particle size al- 
though these data should be viewed semiquantitatively. A more 
precise analysis of the particle size effect on dissolution rates would 
require rigorous control of other variables (like the packing of the 
crystalline material within the capsule and the separation of crystal 
sizes into narrower ranges). 


Of the pure drug samples which were examined, Brand S con- 
tained the largest crystals while Brands N3 and N4 were composed 
of crystals that were considerably smaller [see Fig. 4 ( f ) ] .  However, 
the extent of dissolution, particularly in the early stages, for N3 


Table VII-E%Tect of Particle Size on Initial Dissolution 
Rate for Encapsulated Pure Drug 


Initial 
Particle Dissolution Rate, 
Size, p %/min. 


b149 7.8 
~ - ._ 


74 to 149 
62 to 74 


. .. 


25.3 
38.8 


< 62 43.0 


and N4 was less than that of either SI or S?. No clear reason for 
this anomaly can be given at this stage but two factors were noticed 
which may contribute: (a) The photomicrographs of Crystals N3 
and N4 [Fig. 4 ( f ) ]  show excessive “clumping” or agglomeration. 
(b) Brand SI or S2 crystals appeared to be more easily wetted than 
N3 or N, .  


In a recent paper by Aguiar et al. (18) a method for assessing the 
deaggregation rate of the contents of chloramphenicol capsules was 
described. They concluded that the rate of deaggregation limits the 
rate of dissolution of the contents of the commercially manufac- 
tured chloramphenicol capsules examined by them. The “clumping” 
or agglomeration of capsule contents, similar to that shown in 
Fig. 4 (f), probably affects in an adverse way the deaggregation 
rate and so effects a reduction in the observed dissolution rate. 
It has also been noted (20) that crystals which are good electrical 
insulators can build up a static charge during the milling process 
and, at some optimal size and charge, this can result in clumping. 
The effective surface area exposed to the dissolution media would 
thus be reduced compared to that of slightly larger particles with a 
smaller charge. The difference in agglomeration and wetting of the 
pure drug is possibly related to the method of crystallization or, 
perhaps, to a coating process,2 which facilitates wetting, for Brand 
S. 


When lactose was mixed with pure drug crystals and encapsulated, 
little effect on the dissolution rate was observed when up to 5 0 x  
(wt./wt.) of lactose was present. A distinct decrease in dissolution 
rate was observed (see Fig. 3) when 80% (wt./wt.) of lactose was 
present and after 10 min. of the dissolution test an approximately 
linear rate of dissolution, equivalent to 0.14% per minute, was ob- 
served. Photomicrographs of commercially manufactured capsule 
contents [Fig. 4 (c, d, and e)] show that the particle size of the lactose 
is very much smaller (<I0 p) than any of the chloramphenicol 
crystals and that each of the latter have areas which are covered 
with lactose. It is not easy to account for the effect of lactose on dis- 
solution rate but it is worth speculating that there may be inter- 
molecular interaction between lactose and chloramphenicol or 
that the former contributes to the “gelatin capsule effect” referred 
to earlier. It is also possible that lactose, which would be expected 
to dissolve very rapidly in these tests (say in less than 2 min.) 
might effect the solvent properties of the dissolving medium suffi- 
ciently to effect the observed decreases in the dissolution rate of 
chloramphenicol. 


The contents of Brand L capsules dissolved more slowly than any 
other brand examined (see Tables I and 111). The pure drug sample 


2 The authors have no knowledge that Brand S crystals were coated. 
In a blind study Brands SI and SZ were easily distinguished from all 
other brands, including N3 and N4, by dropping a small quantity of the 
crystals onto the surface of distilled water. Brands Si and Sz spread 
rapidly over the surface of the water and then sank. Brands N3 and N4 
and others remained as an aggregate lump on the surface. 
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obtained from this company, Brand Q, dissolved as fast as the ma- 
jority of the other pure drug samples when placed in a gelatin 
capsule. 


After 30 min. of the dissolution test, when the extent of dissolution 
was about 25% or less, the rate of dissolution of Brand L decreased 
until it was almost negligible (about l%/hr.). This behavior was 
examined by following the dissolution profile for a period of 2 hr. 
Similar results were obtained for Brand L capsules when the dis- 
solution was carried out in “single” or “six simultaneously” tests. 
The formulation of this brand of capsules was entirely different 
from any other examined. They were fabricated as soft elastic 
capsules containing a suspension of the crystalline drug in a viscous 
liquid [Fig. 4 (g)]. The liquid was shown to resemble paraffin oil 
when examined by IR spectroscopy. It is hardly to be expected that 
the heterogeneous phase, present in Brand L capsules, should be- 
have in the same manner as that in the contents of the other for- 
mulations examined but visual observation of the dissolution pro- 
cess and the shape of the dissolution profile for these capsules allows 
some conclusions to be drawn concerning the involvement of the 
apparatus to the measured dissolution extent. 


Visual inspection of capsules, other than Brand L, during dis- 
solution tests revealed that the capsules floated for a brief period 
(2-5 min.) and that the gelatin container dissolved rapidly (in less 
than 5 min.) in most cases. During this period the solid contents 
were spilled into the dissolution medium then particles (or aggre- 
gates) of solid capsule content moved throughout the whole active 
volume. A few of the larger particles or aggregates fell to the bottom 
of the containing vessel but the piston-like action of the USP dis- 
integration apparatus basket caused sufficient agitation to effect 
movement and dissolution of most of these during the 30 min. 
of the test. No effort was made to restrict the floating of capsules 
(e.g., by the use of plungers) since it was felt that irregular impaction 
and adhesion of the gelatine would introduce irreproducible appa- 
ratus variables. 


The soft gelatin container of Brand L capsules dissolved over a 
period of 20 min. of the test and the liquid contents were spilled 
slowly into the dissolving medium. The hydrophobic nature and 
specific gravity (> I )  of the heterogeneous contents excluded intimate 
contact of all of the crystals of chloramphenicol with the solvent 
except during the period between release of the contents from the 
capsule and their deposition on the floor of the containing vessel. 
The limited agitation of the oily layer, containing crystalline chlor- 
amphenicol, at the bottom of the beaker, permitted only a very 
slow partition of chloramphenicol into the bulk of the dissolving 
medium. 


In a separate and semiquantitative test, capsules of Brands Bz, D, 
andL, were placed in a 2-1. cylindrical glass jar which was completely 
filled with simulated gastric solution which had been warmed to 
37”. The cylinder was rotated about a horizontal axis at right angles 
to its length at 50 r.p.m. so that a capsule prescribed an elliptical 
path through the solution and did not adhere to or come into con- 
tact with the walls of the vessel. The contents of Brand L, capsules, 
shortly after the gelatin had dissolved (about 3 min.) formed a 
homogeneous emulsion with the liquid contents of the cylinder. 
For Brands BZ and D, the solid contents were released from the 
capsules within 5 min. and proceeded to follow elliptical paths of 
motion through the liquid. After 30 min. the rotation of the cylinder 
was stopped, a sample of solution was extracted and assayed, 
and the extent of dissolution was calculated. The percent dissolved 
for capsules of Brands B2, D,  and L, was found to be 82, 70, and 
loo%, respectively. Clearly, the much more rapid dissolution of the 
contents of Brand L, capsules in the “tumbling cylinder” apparatus 
was due to the more intimate exposure of the chloramphenicol 
crystals to the dissolving medium than was possible in the USP 
disintegration apparatus. 


It can be seen, by inspection of Table 111, that the inter-capsule 
variation in the percent dissolved at a given time may be quite 
large. For example in the case of Brand Jz there is a standard de- 
viation of as much as 23.6 in 29.5 after 10 min. Such variations 
would be masked by performing the “six simultaneously” dissolution 
test. In addition if only one “single” test was carried out then the 
results could be very misleading, compare for example Capsule 
No. 5 of H2 with Capsule No. 3 of HI which reverses the order of 
the extent of dissolution. In cases where the standard deviation is 
small for “single” capsule data, the mean percent dissolved at a 
time, t ,  is always larger than for comparable data for “six simul- 
taneously” tests. The reason for this is probably more complex but 


may result from the more rapid approach to saturation of the dis- 
solution medium in the “six simultaneously” test. The aqueous solu- 
bility of chloramphenicol as determined by Weiss (19) was 2.5 mg./ 
ml. at about 28”. The concentration of chloramphenicol in the 
dissolution medium reaches about 80 % saturation after complete 
dissolution in the “six simultaneously” test and only about 1 3 z  
saturation in the “single” capsule test. The medium also contains 
six times the concentration of gelatin and excipients (usually 
lactose), in the “six simultaneously” test, shortly after the test begins 
since these dissolve quickly. 


A general conclusion, based on our experience with the USP 
disintegration apparatus, is that the dissolution of chloramphenicol 
from capsules occurs too quickly to allow hyperfine differentiation 
of the various formulations examined. Caution must be exercized 
in the use of parameters obtained from dissolution profiles. After 
10 min. the influence of the gelatin capsule container is still 
significant, since there is a wide variation in the coefficients of varia- 
tion for the percent dissolved in the “single capsule” tests presented 
in Table I. The wider variation in this parameter for pure drug 
capsules in the more detailed examination of the early stages of the 
dissolution process is given in Tables IV, V, and VI. 


At 30 min. over 90% of the dissolution process was complete 
for more than half of the commercial brands which were examined. 
Inter-formulation differences in the percent dissolved at 30 min. 
are probably less desirable for quality control purposes owing to 
the small differences observed. Interpolated t50 or 1 5 0  values were 
included with other data since this is a common parameter used 
to define a rate process. Again, because the dissolution process is so 
fast, tso values are too small and too imprecisely defined to be of 
practical value. More rigorous experimental control and a con- 
tinuous recording of the dissolution process would be required if 
either of these parameters is to be considered in quality control 
standards. Probably the most reliable values are therefore those 
which represent the extent of dissolution which has occurred at 
20 min. 
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New Local Anesthetics: Derivatives of 
5-Diethylaminoacetamido-2-arylimino-3-aryl-4-thiazolidones 


P. N. BHARGAVA and M. R. CHAURASIA 


Abstract 0 A series of hydrochloride salts of 5-diethylamino- 
acetamido-2-arylimino-3-aryl-4-thiazolidones was synthesized as 
potential local anesthetic agents. Pharmacological screening using 
the sciatic plexus of the frog showed that three of the hydrochloride 
salts were potent local anesthetics. 


Keyphrases 0 Anesthetics, local-synthesis 5-Diethylaminoace- 
tamido-2-arylimino-3-aryl-4-thiazolidones-synthesis 0 Pharmaco- 
logical screening-local anesthetics 


thiazolidones in good yield, and were converted into the 
respective hydrochlorides by the usual method (10). 


Pharmacological screening of the compounds ac- 
cording to  the procedure adopted by Bulbring and 
Wajda (11) has shown that of the seven compounds 
tested, the hydrochlorides of 5-diethylaminoacetamido- 
3-m-tolyl-2-o-chlorophenyliniino-, 2-o-methoxyphenyl- 
imino-, and 2-m-methoxyphenylimino-4-thiazolidone 
were the most effective local anesthetics. 


Structural requirements for a local anesthetic are a 
lipophilic end containing an aromatic nucleus, a hydro- 
philic end containing a tertiary amino group, and an 
intermediate alkyl or substituted alkyl chain. Com- 
pounds having a dialkylamino group connected to an 
aromatic or a heterocyclic nucleus as the lipophilic 
moiety confer greater activity and less toxicity than the 
benzene analog (1-3). 


Considering these facts a series of hydrochlorides of 
5-diethylaminoacetamido-2-arylimino-3-aryl-4 - thiazoli - 
dones has been synthesized as local anesthetics. 2- 
Arylimino-3-aryl-4-thiazolidones (4) have been obtained 
in good yield by interaction of N-aryl-N'-m-tolyl- 
thiourea (4) with monochloroacetic acid and anhydrous 
sodium acetate. An amino group has been introduced 
at 5-position in the thiazolidonyl nucleus at the reac- 
tive methylene group (5, 6) through coupling (7) with 
benzenediazonium chloride and subsequent reduction 
(8, 9) with sodium hydrosulfite. These 5-aminothiazoli- 
dones on condensation with chloroacetyl chloride and 
subsequent treatment with diethylamine gave the re- 
quired 5-diethylaminoacetamido-2-arylimino-3-aryl-4- 


EXPERIMENTAL' 


5-Phenylazo-2-o-chlorophenylimino-3- m - tolyl - 4 - thiazolidone-A 
solution of thiazolidone (3 g.) in glacial acetic acid was slowly 
added at 0" to a solution of benzenediazonium chloride (prepared 
from 2.5 g. of aniline) with stirring and kept for 1 hr. at 0-5". The 
product which separated was filtered, washed with water and 
alcohol, and crystallized from absolute alcohol. Similarly 5-phenyl- 
azo derivatives of other thiazolidones were prepared as listed in 
Table I. 
5-Amino-2-o-chlorophenylimino3-m-tolyl-4-thiazolidone-The azo 


compound (3 g.) was dissolved in ethyl alcohol (50 ml.) by heating. 
To this, a solution of sodium hydrosulfite (10 g.) in water (25 ml.) 
was added when the 5-amino compound was obtained as a precipi- 
tate. It was filtered hot and washed with hot water and finally 
crystallized from absolute alcohol. 


5-Amino derivatives of other 5-phenylazo-2-arylimino-3-aryl-4- 
thiazolidones, prepared similarly, are mentioned in Table 11. 
5 - Chloroacetamido - 3 - m - tolyl - 2 - o - chlorophenylimino - 4- 


thiazolidone-A mixture of chloroacetyl chloride (0.77 ml.) and 5- 
amino compund (2.5 g.) in dry benzene (25 ml.) was refluxed on a 
water bath at 70" for 2 hr. Benzene and an excess of chloroacetyl 
chloride were then distilled off and the residue washed with sodium 
bicarbonate solution and water. The product was crystallized from 
absolute ethanol. 


1 Melting points were determined on a Gallenkamp melting apparatus 
and are uncorrected. 


Table 1-5-Phenylazo-2-arylimin0-3-aryl-4-thiazolidones 


O=C-X-R 


'S' 
I 1  


CEH, -N=N - CH C z X -  R 


7- Anal., %-- 


o-Chlorophenyl m-Tolyl 75 164 CzzH17ClN40S 13.34 N, 13.24 
7.62 S, 7.60 


N, 13.22 m-Chlorop henyl m-Tolyl 50 141 CZzHi7CINaOS 13.34 
S. 7.66 7.62 


R R '  Yield, M.p., "C. Formula Calcd. Found 


o-Methoxyphenyl m-Tolyl 


m-Methoxyphenyl m-To1 yl 


O-Tolyl m-Tolyl 


48 145 CzaHzoN40zS 13.46 N, 13.31 
s, 7.70 7.69 


40 157 Cz3HzoNaOzS 13.46 N, 13.29 
7.69 S, 7.68 


65 144 C Z ~ H ~ O N ~ O S  14.00 N, 13.89 
8.00 S. 8.09 


m-Tolyl pChloropheny1 55 131 CzzH1&lNaOS 13.34 N, 13.20 
7.62 S. 7.69 


rn-Tolyl 


m-Tolyl 


m-Tolyl 


p-Methoxyphenyl 58 120 Cz3HzoN40zS 13.46 N, 13.30 
S, 7.68 7.69 


a-Naphthyl 60 151 CzsHzoNaOS 12.84 N, 12.77 
7.34 S, 7.40 


N, 12.71 8-Naphthyl 65 197 CZ~HZON~OS 12.84 
7.34 S, 7.33 
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Table II-5-Amino-2-arylimino-3-aryl-4-thiazolidones 


O=C-N-R' I I  


H,?;-CH .S' C=N-R 


R 
-Anal., %--- 


Yield, % M.P., "c. Formula Calcd. Found R' 


o-Chlorop henyl m-Tolyl 75 160 C I ~ H I ~ C I N ~ O S  12.67 N, 12.55 
S, 9.64 9.65 


m-Chlorophenyl m-Tolyl 70 145 Ci gHi4ClN30S 12.67 N, 12.50 
9.65 S, 9.69 


o-Methoxyphenyl nz-Tolyl 65 134 Ci7Hi;NDzS 12.84 N, 12.77 
9.79 s, 9.77 


N, 12.72 m-Methoxyphenyl m-Tolyl 55 156 Ci;H17N30zS 12.84 
9.79 S, 9.80 


O-Tolyl m-To1 yl 65 151 Ci7Hi;NaOS 13.82 N, 13.69 
S, 10.30 10.29 


m-Tolyl p- Methoxyphenyl 50 119 Ci;Hi7NaO?S 12.84 N, 12.70 
S, 9.82 9.79 


nz-Tolyl a-Naphthyl 67 147 CZOHI~NIOS 12.11 N, 12.00 
9.22 S, 9.21 


m-Tolyl P-Naphthyl 56 194 CzoHi,N,OS 12.11 N, 12.01 
9.22 S, 9.26 


~~~ ~ 


Table III-5-Chloroacetamido-2-arylimino-3-aryl-4-thiazolidones 


O=C-N--R' 


.. .' C ~ C H C O H ~ H .  C!=N--R 


R 
7- Anal., %--- 


R' Yield, % M.p., "C. Formula Calcd. Found 


o-Chlorop henyl m-To1 yl 


m-Chlorophenyl m-Tolyl 


o-Methoxyphenyl m-Tolyl 


70 146 C I S H I ~ C ~ ~ N ~ O Z S  10.29 N, 10.12 
17.40 CI, 17.41 


N, 10.16 68 141 CisHi5C12N30zS 10.29 
17.40 CI, 17.40 


65 154 CIJ&CIN~O~S 10.41 N, 10.30 
9.75 c1. 9.77 


m- Methoxyphenyl m-Tolyl 75 160 CisHisCIN303S 10.41 N,' 10.36 
9.75 C1, 9.80 


O-Tolyl rn-Tolyl 65 112 CISHISCINIO~S 10.83 N, 10.77 
9.16 C1, 9.09 


m-Tolyl a-Nap hth yl 70 138 C??HisClN3OzS 9.92 N, 9.89 
8.38 CI, 8.33 


m-Tolyl /%Nap ht h yl 60 178 CzzBsC1N30zS 9.92 N, 9.87 
8.38 C1, 8.40 


Table IV-5-Diethylaminoacetarnido-2-arylirnino-3-aryl-4-thiazolidones 


O=C-N-R' 
1 1  


(C,HJ.N H-CCOHX-CH ,C=N-R 
'S 


-Anal., %- 
R R'  Yield, % M.p., "C. Formula Calcd. Found 


o-Chlorophenyl m-Tolyl 65 156 CzzHzsClN402S 12 60 N, 12 55 
7 20 s, 7 21 


m-Chlorophenyl m-Tolyl 55 144 Cz?HzsClN40zS 12.60 N, 12 49 
7 20 S, 7 25 


o-Methoxyphenyl m-Tolyl 68 142 CdhN403S 12 73 N, 12 66 
S,  7 30 7 27 


m- Methox yp henyl m-Tolyl 70 154 CdhN403S 12 73 N, 12 60 
7 27 S, 7 31 


O-Tolyl nz-Tolyl 50 135 C Z ~ H ~ S N ~ O Z S  13 20 N, 13 09 
S ,  7 58 7 55 


m-Tolyl a-Naphthyl 60 149 C Z ~ H Z S N ~ O ? ~  12 17 N, 12 01 
6 95 S, 6 99 


m-Tolyl /?-Naphthyl 55 175 C&z8N40zS 12 17 N, 12 00 
6 95 s, 7 00 


Similarly, chloroacetyl derivatives of other 5-amino-3-aryl-2- residue washed first with sodium bicarbonate solution and finally 
arylimino-4-thiazolidones were prepared and are listed in Table 111. with water. The product was crystallized from ethanol in pale 


5 - Diethylaminoacetamido - 2 - o - chloropbenylimino - 3 - m- yellow needles. 
tolyl-4-thiazolidone-To the chloroacetylarnino compound (2 g.) Other 5 - diethylaminoacetarnido - 3 - aryl - 2 - arylimino -4 - thiazol- 
dissolved in absolute ethanol (20 rnl.), diethylamine (0.4 g.) was idones obtained similarly are listed in Table IV. 
added and the mixture was refluxed on a water bath at 70" for 4 hr. The hydrochlorides were prepared as usual (10) and crystallized 
An excess of alcohol and diethylamine was distilled off and the from absolute ethanol (see Table V). 
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Table V-Hydrochlorides of 5-Diethylaminoacetamido-2-arylinii1io-3-aryl-4-thiazolidones and Their Local Anesthetic Activity 


Onset of Anesthesia (min.) with 
Administration of Anesthetica 


in Hydrochloric Acid of 
---N, %---- Strength 


R R'  Yield, M.p., "C. Formula Calcd. Found 0.05 N 0.1 N 0.2 N 


a-Chlorophenyl m-Tolyl 70 164 C22H2jCIN402S. HCI 7 I .64 1 1.54 15.45 21.30 22.00 
m-Chlorophenyl m-Tolyl 65 150 CnH2IClN402S. HCI 1 1.64 1 I . SO 36 30 38.00 38.30 
a-Methoxyphenyl m-Tolyl 50 146 CZaH2aN403S. HCl 11.75 11.66 26.10 26.40 26.40 
m-Methoxyphenyl m-Tolyl 60 162 CzaH2aN40aS. HCI 11.75 11.63 27.00 27.20 27.20 
O-Tolyl m-Tolyl 61 138 C23HZaN402S. HCI 12.16 12.01 34.00 34.55 36.00 
m-Tolyl a-Naphthyl 65 157 Cw,H2aN402S. HCl 11.28 11.17 35.40 38.20 39.30 


C2eH28N402S. HCI 11.28 1 1 . 1 1  34.50 36.20 39.00 
- - - 33.00 34.20 34.20 


m-Tolyl 0-Naphthyl 55 20 1 
Procaine hydrochlorideb - - 


a Concentration of anesthetic, 0.1 %. h Procaine hydrochloride was used as such. 


Pharmacological Screening-Adopting the frog sciaticplexus 
method (1 I), the local anesthetic activity of these hydrochlorides 
was tested on frogs and the time cf onset of anesthesia, i.e., the 
time for which a given concentration (0.1 2) of the local anesthetic 
failed to provoke withdrawal of feet is also reported in Table V. 


Pharmacological screening of these compounds has shown that 
the hydrochlorides of 5-diethylaminoacetamido-3-m-tolyl-2-0- 
chlorophenylimino-, a-methoxyphenylimino-, and m-methoxy- 
phenylimino-4-thiazolidone were the most potent local anesthetics 
among the compounds reported, as they required less time for the 
onset of anesthesia than the standard substance, procaine hydro- 
chloride, at 0.1 % concentration in 0.7% of saline solution. 
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Synthesis of N-Acetyl-DL-ghtamic Acid 5-Dimethylaminoethyl Ester 


G. F. TAMAGNONE and F. De MARCH1 


Abstract 0 N-Acetyl-L-glutamic acid reacted with dimethylamino- 
ethanol in the presence of dicyclohexylcarbodiimide to give N- 
acetyl-oL-glutamic acid 5-dimethylaminoethyl ester (I), which 
furnished N2-acetylglutamine by ammonolysis. Compound I could 
not be obtained by transesterification of N-acetyl-L-glutamic acid 
5-methyl ester with dimethylaminoethanol, whereas L-pyroglutamic 
acid salt (111) was obtained from L-glutamic acid 5-methyl ester and 
dimethylaminoethanol. 


Keyphrases 0 N-Acetyl-DL-glutamic acid 5-dimethylaminoethyl 
ester-synthesis 0 TLC-identity IR spectrophotometry 
-identity, structure 


has been recently introduced in Europe as a psycho- 
energizer (4). Therefore it seemed interesting to syn- 
thesize N-acetylglutamic acid 5-dimethylaminoethyl 
ester (I) for pharmacological evaluation. 


CHZCHZCOOCH~CH~N(CH~)~ 


CHNHCOCH, 
I 
I 


COOH 
I 


SYNTHESIS 


Various dimethylaminoethanol salts have been re- 
ported for their CNS-stimulant properties (1-3) ; 
particularly, the salt with acetyl-L-glutamic acid which 


The following attempts were made to synthesize Compound I:  


(1) From L-Glutamic Acid 5-Dimethylaminoethyl Ester ( I I t T h e  
synthesis of I1 through transesterification of ~-glutamic acid 5- 
methyl ester with dimethylaminoethanol was claimed by Fabre 
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The Sterility Testing of Pharmaceuticals 


FRANCES WILLARD BOWMAN 


Keyphrases 0 Sterility testing-pharmaceuticals 0 Sampling pro- 
cedures-sterility testing 0 Culture media-sterility testing 0 
Incubation time, temperature-microorganism detection Indica- 
tors, biological-sterility testing 0 Environmental conditions- 
sterility testing 0 Methods, sterility testing-pharmaceuticals 


The administration of drugs by parenteral routes 
has required the development of meaningful ste- 
rility tests to  be used in the analytical control of these 
pharmaceuticals. Proom (1) postulated that sterility 
tests should either demonstrate the absence of micro- 
organisms or provide an estimate of the actual numbers 
and types of organisms present. The latter data are in- 
tended to show that there are insufficient numbers or 
types of organisms to be dangerous to  the consumer 
or to actually degrade the product. Sterility tests 
appeared in the British Pharmacopoeia for the first 
time in 1932; before then the Regulations issued under 
their Therapeutic Substances Act of 1925 specified 
sterility tests for certain vaccines, toxins, serums, and 
similar products as well as for insulin and arsphenamine 
(2). Sterility tests were first introduced into the United 
States Pharmacopeia when USP XI became official on 
June 1, 1936. In the same year, the Sixth Editioa of the 
National Formulary (NF) also included a sterility test 
for ampul solutions. 


Both the USP and the N F  are recognized as official 
compendia by the Federal Food Drug, and Cosmetic 
Act and by comparable laws of the individual states of 
the United States. The Congress recognized these 
compendia as sources of standards for strength, quality, 
and purity of drugs moving in interstate commerce. 
Since the first sterility tests were introduced, the com- 
pendia have been active in fostering new procedures 


and adopting changes that have increased the sensitivity 
of the tests. 


In addition to  the official compendia, two Federal 
agencies promulgate regulations governing the sterility 
testing of pharmaceuticals. At the turn of the century 
the first federal legislation was enacted to  provide for 
the production of vaccines under government license. 
Under this law, the Hygienic Laboratory of the Public 
Health Service was created. As the list of vaccines grew 
and was augmented by serums, toxins, antitoxins, and 
blood products, the agency responsible for supervising 
production and establishing the purity and potency 
standards for them also grew (3). The sterility tests for 
these products, known as “biologics,” are described in 
Public Health Service Regulations, which issue from 
the Division of Biologics Standards of the National 
Institutes of Health, Bethesda, Maryland, Title 42, 
part 73.73 (4). In 1945 Congress gave the Food and 
Drug Administration (FDA) authority to  set standards 
for antibiotics. This authority included the testing and 
certification of each batch prior to distribution. For the 
purpose of administering the certification program, 
standards of potency and purity of antibotics are 
established under Title 21 of the Code of Federal 
Regulations and are published in the Federal Register 
(5).  They include a sterility test procedure for each anti- 
biotic required to  be sterile. For both biologics and anti- 
biotics, the compendia1 monographs conform to the 
appropriate regulations of the regulatory agency. 
Both agencies have contributed to advances in sterility 
test methodology, and members of their staffs have 
cooperated with the revisers of the compendia in per- 
forming investigational studies on procedures, media, 
temperatures, and time of incubation. 


The first sterility test described in the compendia was 
applied only to sterile liquids. Only one medium, a beef- 
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peptone broth, was used. Half the tubes of this 
medium were inoculated with 5 drops (0.2 ml.) of the 
liquid; the other half with 20 drops (0.8 ml.). After the 
inoculated tubes were incubated for 7 days at 37', 
they were examined for the presence or absence of 
microbial growth. When USP XI1 became official in 
1942, it provided for a test to detect aerobic as well as 
anaerobic microorganisms in sterile solids and liquids 
and also included procedures for the inactivation of 
certain preservatives. 


USP XI11 introduced the use of a clear broth medium, 
fluid thioglycollate, for the cultivation of aerobic, 
microaerophilic, and anaerobic bacteria, and a honey 
medium for the recovery of molds and yeasts. Tests of 
samples in fluid thioglycollate medium were incubated 
for 7 days at 37", whereas cultures of material in honey 
medium were incubated for 15 days at 22-25". USP 
XI11 also included for the first time a brief description 
of the laboratory area to be used for performing sterility 
tests. It stressed the importance of having qualified 
personnel, trained in aseptic techniques, to perform the 
tests. 


In USP XIV (1950) the incubation temperature for 
thioglycollate was lowered from 37" to  32-35' and 
Sabouraud Liquid Medium (modified) containing a 
peptone and dextrose replaced the honey medium for 
molds and yeasts. In USP XV fluid thioglycollate was 
still the medium for bacteria, but Sabouraud Liquid 
Medium (modified) was changed to USP Fluid Sabou- 
raud Medium, which specified the use of two peptones 
(pancreatic digest of casein and peptic digest of animal 
tissue) and dextrose. 


The sterility tests described in USP XVI and XVII 
remained essentially the same as in USP XV; however, 
according to the galley proof of the chapter on Sterility 
Testing, major changes are expected in the forthcoming 
USP XVIII. The sterility tests in the National Formulary 
have generally been comparable to those of the USP. 
Therefore, it is anticipated that NF  XIII, which will be 
published in 1970, -or a Supplement to N F  XIII- will 
also include similar modifications. 


The history of the sterility tests in the USP and NF  
since 1936 shows that official methods are constantly 
changing. The changes, which are also common to 
official compendia of other countries, reflect improved 
techniques, procedures, and media for detecting micro- 
organisms from any item or medicament required to be 
sterile. 


PRINCIPLES OF STERILITY TESTING 


The general principles governing the design and inter- 
pretation of sterility tests were expounded by Bryce 
(6). He elaborated on the limitations of the methods of 
testing described by various official compendia. These 
limitations derive from two practically insoluble prob- 
lems. The first is that of adequate sampling, and the 
second is the inability to cultivate all viable micro- 
organisms that may be present. He stated that pharma- 
copeias imply that sterility is the state of being free from 
living organisms of all types. This concept is simple 
enough, but unfortunately it is unreal, being incapable 
of experimental verification. Bryce concluded that the 
sterility test is, in fact, a test for only certain con- 


taminant organisms. In addition, he said that since 
the test attempts to infer the state of the whole from the 
result of an examination of the part, it is essentially a 
statistical operation. The forthcoming USP XVIII 
will recognize the difficulties of the experimental veri- 
fication of the sterile state. Therefore, it will probably 
explain the objectives of the sterility test as well as the 
limitations. It is likely to be expressed as follows: The 
objective of the sterilization process is to make the 
article safe for use, but the sterility tests may be ex- 
pected to reveal only that living organisms have been 
removed or destroyed to  the extent that they no longer 
multiply in appropriate culture media under favorable 
conditions. Interpretation of the results of sterility 
tests must allow for the possibility that the degree of 
contamination is of a low order of magnitude. Con- 
fidence in the results of the tests with respect to  a given 
lot of articles is based upon knowledge that the lot 
has been subjected to a sterilization procedure of proven 
effectiveness. Sykes (2) pointed out that it is clearly a 
prerequisite that before a preparation is submitted to  a 
test for sterility, it must have been subjected to such a 
treatment as can be reliably expected to yield a sterile 
product. The exclusive purpose of the test is to check 
that the approved sterilization process has been carried 
out satisfactorily; the test cannot of itself check that the 
process is satisfactory. 


SAMPLING PROCEDURES 


The proper sample size and sampling procedure for 
the sterility test has been the subject of much debate 
and discussion among manufacturers and control 
authorities of parenteral drugs. The relative merits of 
sampling schemes based on constant sample size, re- 
gardless of lot size, versus those based on proportional 
samples, were reviewed by Bryce (6). The statistical 
properties of sampling plans have been dealt with by 
Knudsen (7), by Greenberg (8), and by Brewer (9). 
Knudsen demonstrated that the probability of accepting 
lots having a given percentage of contaminated con- 
tainers is directly related to sample size rather than 
batch size. Brewer considered the problems associated 
with sampling for sterility testing and pointed out the 
mathematical limitations of the procedures. The rela- 
tionships of the probabilities of acceptance of batches 
of varying assumed degrees of contamination to sample 
size were tabulated. Probability values for eight sample 
sizes were given. Greenberg stated that from a con- 
troller's viewpoint it is essential that sterility tests be 
performed, but he made it clear that regardless of the 
size of the sample and the techniques used, the tests 
would detect only grossly contaminated lots. To com- 
pensate for this, he advocated that pharmaceutical and 
biological manufacturing be strictly controlled. 


The difficulty of establishing procedures that would 
be accepted internationally is evident in the WHO 
Report of General Requirements for the Sterility of 
Biological Substances (10). The WHO Study Group 
considered various rules for sampling finished containers 
which had been proposed or adopted in different 
countries. The Study Group agreed that it was not 
possible to decide which of these rules for sampling 
should be preferred and that the-Requirements should 
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permit the adoption of any rule, based on the principles 
of sampling statistics, found to be satisfactory by the 
national control authorities of individual countries. 
For sampling among final containers, one of its members 
(10) proposed the testing of a sample equal to  four- 
tenths of the square root of the number of articles in the 
batch. Mathews (11) cast doubt on the validity of this 
proposal, since it appeared that the best control would 
be achieved (in batches contaminated 2 4  %) when the 
sample size was proportional to the number of articles 
in the batch. However, he agreed with Knudsen (7) that 
proportional sampling would lead to very poor control 
over small batches and would be impracticable for 
extremely large batches due to overwhelming interfer- 
ence by accidental contaminations. Proom (12) showed 
that the size of the sample is not limited in practice by 
statistical consideration of the risk of accepting con- 
taminated batches. The size of the sample is limited by 
empirical considerations of the risk of rejecting sterile 
batches because of accidental contamination during the 
testing process. Another report (13) stated that it is 
difficult to fix a value for a certain fixed risk ( r )  of 
extraneous contamination during the sterility test. 
However, a value of 1 % for r was regarded as a reason- 
able possibility. 


At the London Round Table Conference on Sterility 
Testing in 1963 (14) the participants concluded that the 
control authority should satisfy itself that the manufac- 
turer has taken all necessary precautions to ensure the 
production of a sterile product, since sterility tests 
employing reasonable sampling detect only gross con- 
tamination. They recognized that the lowest contamina- 
tion rates which can be detected with at least 95% 
probability are 28, 15, and 7 when testing 10, 20, and 
40 samples, respectively, and that accidental contamina- 
tion will weaken the test further. Most of the speakers 
wanted the number of final containers tested to be in- 
dependent of the batch size. The majority concluded 
that experience of manufacturing laboratories showed 
that testing between 10 and 20 vials from a final lot has 
regularly given no untoward reactions associated with 
lack of sterility. Therefore, this number of vials was 
regarded as sufficient for the test on a final lot. 


The USP and NF  require a representative sample of 
10 units to be examined from products sterilized by 
steam under pressure, and a representative sample of 
20 units for all other products. The Public Health Service 
Regulations require 20 final containers from each filling 
of each lot, selected to represent all stages of filling from 
the bulk container. The Antibiotic Regulations require 
20 immediate containers collected at approximately 
equal intervals from each filling operation. A filling 
operation is defined as that period of time not longer 
than 24 consecutive hours during which a homogeneous 
quantity of a drug is being filled continuously into 
market-size containers and during which no changes are 
made in equipment used for filling. 


CULTURE MEDIA 


From the time of the first sterility tests until the pres- 
ent, the test results have been influenced by the types 
and sensitivity of the culture media. Since no single 
medium will support the growth of all bacteria, molds, 


and yeasts, more than one medium must be used. The 
question of which to use has been the subject of many 
conferences, study groups, and published reports. 
However, Pittman (15) concluded that none of these 
have supplied adequate support for the selection of any 
medium in preference to others in use in various control 
laboratories. She pointed out a possible shortcoming of 
published work in that the growth-promoting properties 
of various media were determined by using microorga- 
nisms considered to be potential contaminants, rather 
than by using organisms actually isolated from con- 
taminated products. She advocated that emphasis be 
given to the recovery of organisms subjected to insult by 
preservatives. 


Many media are being used for sterility testing, and 
the formulas for these appear in the pharmacopeias of 
many countries. In the report of a WHO Study Group 
(10) formulas were listed for nine media for culturing 
bacteria and six for culturing fungi. The Group could 
not recommend any one medium in preference to 
another because of lack of comparative data. 


In 1949 Brewer (16) introduced the use of sodium 
thioglycollate to provide aerobic and anaerobic condi- 
tions in one medium. After extensive studies of the 
medium for the sterility test, Pittman (17) agreed that 
it provided both aerobic and anaerobic conditions in one 
test tube. In addition, it neutralized the bacteriostatic 
action of mercurial preservatives. Sabouraud liquid 
medium has been widely used for the detection of fungi 
since 1950. Since the advent of these media, few changes 
have been made. 


BenkoviC and Higy-MandiC (18) presented compara- 
tive studies of the growth of yeasts and bacteria in 
various common media. Although fluid thioglycollate 
had become firmly established by 1956 for the cultiva- 
tion of both anaerobic and aerobic bacteria some in- 
vestigators preferred the use of sodium hydrosulfite 
suggested by Bonnel (19) as an oxidation-reduction 
potential regulator. Jeskova (20) found that of five 
media tested against 272 strains of 20 species, fluid 
thioglycollate and the Clausen modified hydrosulfite 
media gave the best results. Mathews (1 1) reviewed the 
controversy centered around the use of sodium hydro- 
sulfite as an oxidation-reduction potential regulator in 
lieu of thioglycollate. The hydrosulfite medium, the 
thioglycollate medium, and a corn steep liquor with 
both thioglycollate and hydrosulfite were discussed. 
Mossel and Beerens (21) studied the inhibitory proper- 
ties of four different types of thioglycollate media. Using 
wet spores of fourteen strains of Clostridiurn, he found 
sodium thioglycollate to  be toxic per se to almost all 
strains tested. The degree of toxicity was influenced by 
other components of the medium. He recommended that 
cysteine hydrochloride be used as the redox potential 
reducing compound instead of sodium thioglycollate. 


Chauhan and Walters (22) used common air-borne 
saprophytic fungi to demonstrate that the British 
Pharmacopoeia test for sterility was unable to recover 
fungal contamination. The inclusion of a specific test 
for fungi comparable to that described in the USP was 
recommended for the BP 


Two recent papers (23, 24) present data to show that 
thioglycollate medium does not support growth of 
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Bacillus subtilis spores when they are entrapped or held 
so that the organisms cannot be released into an en- 
vironment of high oxygen tension. 


Although liquid Sabouraud medium has been used 
successfully to  recover molds and yeasts from small 
inocula, many investigators oppose the use of a selective 
medium in sterility testing. Since the purpose of per- 
forming the test is to  detect as many microorganisms as 
possible, it is undesirable to  use a medium such as fluid 
Sabouraud that was designed to inhibit certain bacteria. 
For this reason, it is believed that the 18th revision of 
the USP will replace Sabouraud medium with a soy- 
bean-casein digest medium which has been shown to 
support the growth of many bacteria as well as fungi. 


TIME AND TEMPERATURE OF INCUBATION 


Originally the sterility test medium was incubated at 
37" for pathogenic bacteria, and at about 25" for psy- 
chrophilic bacteria and fungi. Since common airborne 
saprophytic bacteria represent a greater potential source 
of contamination of pharmaceutical products than the 
more fastidious pathogens, in 1950 the compendia re- 
duced the temperature of incubation from 37" to  32- 
35". The stimulus for the 1955 change to 30-32" for 
fluid thioglycollate was brought about by a dramatic 
incident (15). The Division of Biologics Standards of 
the National Institutes of Health discovered a failure to  
detect the presence of a pseudomonad contaminant in 
plasma. The contaminated plasma caused severe shock 
when administered to patients. It was later discovered 
that the contaminant grew at room temperature but was 
killed at 35". As a result of this finding, in 1955 the 
temperature for the incubation of fluid thioglycollate 
was lowered from 32-35" to  30-32" in the Federal 
Regulations and in the official compendia. 


Pittman and Feeley (25) showed that although the 
yeasts and fungi they studied were cultivated easily at 
22" (compared with other temperatures within the 
range of 4-35 "), the number of strains recovered in fluid 
thioglycollate medium incubated first at 22" for 3 days 
and then at 30" for seven days was only slightly less than 
in the best combination of medium and temperature. 


Mathews (1 1) has reported that the method of incu- 
bating first at a low temperature and then at a higher 
one has been used in some laboratories for years. He 
also postulates that it is plausible that starting incuba- 
tion in any medium at a low temperature may encourage 
elution, from the surface of any microorganism present, 
of any antiseptic which might be adsorbed. Thus, the 
preliminary low temperature incubation would mitigate 
the harmful effect to  be expected if the organism were to  
be exposed to the action of adsorbed antiseptic at a 
higher temperature. 


The use of a single medium, thioglycollate, incubated 
for 3 days at 21 f 1" and 7 days at 31 f 1" for the 
sterility testing of antibiotics was explored and rejected 
(26). Brewer and Keller (27) presented data which 
support the existence of slow-growing organisms that 
could not be detected until the 21st day of incubation. 
These findings are in keeping with those of other workers 
who have pointed out the slow growth of organisms 
subjected to  less than the lethal radiation dosages. 


The 18th revision of the USP will likely require no 
less than 14 days of incubation for fluid thioglycollate 
and for soybean-casein digest broth, except for prepara- 
tions tested by membrane filtration. The incubation time 
for preparations tested by filtration sterility test will 
probably be no less than 7 days. The fluid thioglycollate 
will be incubated at 30-35 " and the soybean-casein 
digest medium will be incubated at 20-25 " for pharma- 
ceutical preparations tested by either of the two pre- 
scribed sterility tests. If the nature of the product or the 
sterilization procedure used is conducive to  producing 
the "slow-grower" phenomenon, additional incubation 
time for these preparations may be required. 


BIOLOGICAL INDICATORS 


In recent years biological indicators have been em- 
ployed in addition to sterility tests to  demonstrate the 
adequacy of some sterilization procedures. A single 
species of viable microorganisms of known resistance to 
the sterilization process being employed may be added 
directly to  representative units of the batch being 
sterilized. If this is not feasible, the culture is added to 
disks or strips of paper or metal, or glass beads which 
are incorporated in or on the product. The biological 
indicator (BI) is removed after the sterilization cycle, 
transferred to culture media, and incubated at the 
appropriate temperature to determine whether the 
microorganisms of the BI have been destroyed. The 
effective use of BI's for monitoring a sterilization pro- 
cess requires a knowledge of the product being studied 
and of the probable types and numbers of the microbial 
population in the product prior to sterilization. Brewer 
and Phillips (28), in a paper which elaborates on the 
proper use of BI's, discussed the selection of the indica- 
tor to be used with various sterilization procedures, the 
preparation and calibration of the indicator carrier 
system, and the placement of the BI in the sterilization 
system. Bruch (29) emphasized that BI's should not be 
used as biological thermocouples. They are not suited 
to measuring physical processes which can be monitored 
by other types of indicators. For example, if the mea- 
surement of time and temperature is a necessary part of 
the sterilization cycle, it is better to  use physical moni- 
toring techniques. The BI's should be employed to  
demonstrate that the cycle used is capable of killing the 
largest population of resistant organisms that can be 
expected to  contaminate any batch of the product to be 
sterilized. Bruch believes that the use of BI's is a neces- 
sary adjunct to gaseous and radiation sterilization since 
all the variables in the process cannot be properly 
monitored by physical instrumentation. 


A variety of microorganisms have been used for BI's 
to  verify the sterilization procedures used for pharma- 
ceuticals. Spores of Bacillus subtilis var. niger are widely 
used as a wet and dry heat sterilization control. Bacillus 
pumilus is used in Europe and America for radiation 
sterilization control. Christensen et al. (30) has suggested 
Streptococcus faecium as a BI for radiation sterilization, 
but warned that the radiation resistance of any micro- 
biological species shows great differences in resistance 
between various strains of the same species. The use of 
Bacillus stearothermophilus spores has been approved by 
the National Institutes of Health as a sterilizer control 
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for use in licensed establishments which produce bio- 
logicals. This organism meets the rigid requirements of 
the PHS Regulations, Title 42, Part 73 (4) because it does 
not produce pyrogens or toxins, is not pathogenic for 
man, and does not grow at or below 37 O within a 2-week 
period. In addition, these Regulations give detailed 
instructions concerning the handling of microbial 
spores and prohibit their transfer to culture media in 
areas used for manufacture of products. 


In the last few years manufacturers of pharmaceuticals 
have found that BI’s, in addition to sterility tests, are of 
great value in establishing and monitoring their steriliza- 
tion procedures. Due to  the increased acceptance, a 
number of biological spore indicators are commercially 
available. 


In order to give official recognition to  the use of 
BI’s as meaningful adjuncts to  the sterility tests, it is 
expected that the XVIII revision of the USP will include 
guidelines for their proper use. 


ENVIRONMENTAL CONDITIONS 


It is axiomatic that if the results of sterility tests are to 
be reliable, they must be performed in a sterile environ- 
ment. For this reason Federal Regulations and the 
compendia state that the tests should be performed in an 
area as free from microbial contamination as is possible 
to achieve. It is anticipated that the chapter on Sterility 
Tests for USP XVIII will state that ideally, the sterility 
test area should comply with Class 100 conditions as 
described in Federal Standard No. 209A, entitled 
“Clean Room and Work Station Requirements, Con- 
trolled Environment,” and NASA Standard for “Clean 
Rooms and Work Stations for Microbially Controlled 
Environment,” as described in NHB5340.2, Aug. 1967. 


For many years sterility tests were performed in con- 
ventional clean rooms, equipped with germicidal lamps 
and filtered air under positive pressure. All surfaces of 
the rooms were washed daily with germicides. Personnel 
who performed the tests donned sterile gowns, caps, 
masks, shoes, and gloves. Nevertheless it was apparent 
that all these precautions were inadequate. Airborne 
microbial contamination was a constant problem which 
could cause false-positive results. One difficulty was that 
employees working in these areas were constantly 
shedding particles containing microorganisms (3 1). 
Whitfield (32), working for the aerospace industry, was 
assigned to study and improve the conventional clean 
rooms which were then in use. He noted that in the 
conventional clean room the filtered air, which is forced 
through wall or ceiling ducts, creates swirls and eddies in 
the airstream which, in turn, trap particles and micro- 
organisms within the room. From this observation there 
evolved in 1961 the concept of laminar air flow-a bank 
of filtered air moving through a work area at just the 
proper speed to sweep contamination with it and to 
create a minimum of turbulence and a minimum effect 
on workers. Laminar flow is defined by Federal Stan- 
dard 209a as “air flow in which the entire body of air 
within a confined area moves with uniform velocity 
along parallel lines, with a minimum of eddies” (33). 
Brewer (34) reported on the use of laminar flow hoods in 
sterility testing. He concluded from his experience that 
the use of laminar flow equipment affords a practical 


means for conducting sterility tests. In addition, he 
stated that conducting valid tests on items such as 
tubing and gloves without the use of such equipment 
would be an almost insurmountable task. A review paper 
on laminar air flow by Davies and Lamy (35) described 
the advantages of laminar air flow over conventional 
clean rooms and suggested its use in hospital pharmacies 
and wards. Manning (36) presented interesting results of 
microbial studies in a laminar air flow unit used for 
sterility testing. Over 200 tests were performed in this 
unit without a contamination problem. One publication 
(37) described the successful use of a laminar flow unit to  
aseptically fill and close 460 syringes. Parisi and Borick 
(38) performed mock sterility tests in a laminar flow 
sterile room and in a conventional sterile room. The 
tests employed all of the necessary testing motions with 
the exception of placing a sample into the medium. The 
tests performed in the laminar flow sterile room yielded 
0.5 z positives whereas 1.5 z positives were obtained in 
the conventional sterile room. He concluded that lam- 
inar flow is significantly better for providing a micro- 
biologically clean area for sterility testing procedures 
than a conventional sterile room with filtered air. 
Bowman (39) evaluated the use of vertical laminar flow 
hoods for the sterility testing of antibiotics and insulin. 
An aerosol study employing the tracer organism, 
Serratia marcescens, proved the ability of these hoods to  
remove airborne contamination. Three 1.8-m. (6-ft.) 
vertical laminar flow hoods installed in clean rooms 
(see Fig. 1) have been used satisfactorily for approxi- 
mately 2 years for performing sterility tests on antibiotic 
and insulin preparations. The air entering each clean 
room is filtered through HEPA’ filters located in the 
ceiling. There is an air change in each room every three 
minutes. 


In order to obtain quantitative information on the 
control of the air in clean rooms, laminar flow rooms, 
and the work areas of the laminar flow hood, a variety of 
volumetric samplers have been designed and evaluated. 
After six years of fundamental research, Luckiesh el al. 
(40) developed two highly efficient electrostatic air 
samplers. Kuehne and Decker (41) conducted studies on 
several factors affecting the efficiency of air sampling 
when vegetative cells of microorganisms were collected 
for extended periods of time. He found that slit samplers 
afford a time-concentration relationship, permit air 
sampling for longer periods of time at a good collection 
efficiency, and require a minimum of labor, personnel, 
and equipment to  take the samples. PubZic HeaZth 
Monograph No. 60 (42) gives an excellent discussion of 
commercially available instruments for sampling air- 
borne bacteria. It also describes techniques for numeri- 
cal determination of the microflora of air. 


METHODS FOR STERILITY TESTING 


There are two basic recognized methods for perform- 
ing sterility tests of pharmaceuticals. One is the direct 
method, which allows the test sample to  be inoculated 
directly into the appropriate culture medium. The other 
is the bacterial membrane filter method, in which the 
sample is solubilized in a non-toxic diluting fluid which 
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Figure 1-Laminar air Jlow hoods used in the sterility testing of antibiotics and insulin. A, Two 1.8-m. (6-ft.) vertical laminar Jlow 
hoods; B, One 1.8-m. (6-ft.) vertical laminar flow hood; C ,  One 1.2-m. (4-ft.) vertical laminar Pow hood used for aseptically transferring 
sterile enzymes to sterile broth. Reprinted from Bull. Parenteral Drug Assoc., 22,57(1968). 


is then filtered through a bacterial-retentive membrane 
usually composed of cellulose esters. The membrane is 
washed to remove Any inhibitory substances contained 
in the sample, and is then transferred aseptically to an 
appropriate medium. This filtration method was first 
introduced by Holdowsky (43) to separate microorga- 
nisms from the antimicrobial effects of antibiotics in 
order to obtain reliable sterility tests of antibiotic drugs. 
Research on the application of the membrane filtration 
technique to the sterility testing of antibiotic drugs by 
Bowman (44) produced practical methods for solubiliz- 
ing and filtering a number of antibiotic preparations. 
The Antibiotic Regulations (45) were amended in 1964 to  
incorporate the filtration procedures, which greatly in- 
creased the sensitivity of the antibiotic sterility tests. The 
direct type of sterility test formerly used, when applied to  
all antibiotics except penicillin, detected only those or- 


ganisms highly resistant to the inhibitory action of the 
particular antibiotic. In the case of penicillin, the en- 
zyme penicillinase was added to  the medium to inac- 
tivate the antibiotic. 


Several reports (46-52) confirmed the soundness of 
the membrane filtration approach for sterility testing of 
antibacterial substances. The filtration techniques have 
also been successfully applied to testing the sterility of 
oils and ointments (53-55). 


The 1963 British Pharmacopoeia introduced the 
membrane filtration test and required its use for anti- 
biotics other than penicillin. It is anticipated that the 
eighteenth revision of the USP will allow a filtration ste- 
rility test which will be especially valuable for products 
that contain bacteriostatic or fungistatic preservatives. 
Alternatively, these products may be tested by the direct 
method provided these substances are diluted beyond an 
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inhibitory kvd. The details of the performance of the 
sterility test are given in all official compendia and 
Federal Regulations. They include the media to be used, 
the time and temperature of incubation, and directions 
on how to interpret the test results. All regulations 
governing sterility testing allow for the contingency of 
accidental contamination introduced in the performance 
of the test, and therefore provide for one or more retests. 


Whatever testing system is employed, it is essential 
that the technique be continuously and adequately con- 
trolled. The USP and N F  require that control tubes of 
each medium be incubated at the time of the test to  
assure sterility of the entire batch of medium. They 
further require that each lot of medium be tested for its 
growth-promoting qualities, using two or more strains 
of microorganisms that are exacting in their nutritive 
requirements. Sykes (56) presented an excellent review 
of the information made available by the Standardiza- 
tion Subcommittee of the Society for General Micro- 
biology on methods of manufacturing bacterial culture 
media. Farber and Seligmann (57) recommended the use 
of small inocula of Bucteroidis vulgutus ATCC 8482 to 
test the anaerobic growth-promoting qualities of fluid 
thioglycollate medium. 


DISCUSSION 


The state of the art of sterility testing is changing 
rapidly and such changes are reflected in revisions and 
amendments to  official requirements for sterility tests. 
There is still controversy over whether it is better to 
test for the efficiency of the sterilization process or to  
test the sterilized product. Most control authorities 
insist that the sterilization process be proven and that 
the sterile products also be tested. Our objective is to  
seek the maximum information from a balanced amount 
of testing, and to  provide pharmaceuticals that are free 
from microbial contamination. 


REFERENCES 


(1) H. Proom, Proc. Round Table C o d .  Sterility Testing, London, 


(2) G. Sykes, J. Pharm. Pharmacol., 8,573(1956). 
(3) L. C. Miller, Am. J. Pharm., 138,175(1966). 
(4) Code of Federal Regulations, Title 42, Part 73 (revised as of 


(5) [bid., Title 21, Parts 130 to end (revised as of January 1, 


(6) D. M. Bryce, J,  Pharm. Pharmacol., 8,561(1956). 
(7) L. F. Knudsen, J.  Am. Phmm. Assoc., Sci. Ed., 38, 332 


(1949). 
(8) L. Greenberg, Proc. Round Table Conf. S~eril ify Testing, 


London, 1963, B1. 
(9) J. H. Brewer, in “Antiseptics, Disinfectants, Fungicides, and 


Sterilization,” 2nd ed., G. L. Reddish, Ed., Lea & Febiger, Phil- 
adelphia, Pa., 1957, p. 160. 


(10) World Healtb Organization Technical Report Series No. 
’LOO, “Requirements for Biological Gbstances. 6. General Require- 
ments for the Steriiity of Biological Substanees,” World Heakth 
Organization, Geneva, 1960. 


1963, A17. 


January 1 ,  1969). 


1969). 


(11) A. G. Mathews, Australasian J. Pharm., 44, S 62 (1963). 
( 1  2) H. Proom, Proc. Intern. Congr. Microbiol. Standardization, 


7th, E. & S .  Livingstone Ltd., Edinburgh and London, 1962. 
(13) M. W. Bentzon, “Note on Sampling for Sterility Control,” 


unpublished working document WHO/BS/IR/75, World Health 
Organization, Geneva, 17 April 1959, p. 4. 


(14) Proc. RomdTabIe ConJ Sterility Tatiog, London, 1963, B31. 
(15) M. Pittman, ibid., C& 
(16) J. H. Brewer, J. Bucteriol., 39, 19(1940). 
(17) M. Pittman, ibid., 51, 19(1946). 
(18) J. Benkovii. and L. J. Higy-Mandik, Proc. Intern. Meeting 


(19) P. H. Bonnel, Ann. Imt. Pasfeeur, 79,4231950). 
(20) Z .  Jeskova, Appl. Microbiol., 8,274(1960). 
(21) D. A. A. Mossel and H. Beerens, J. Hyg., 66,269(1968). 
(22) N. M. Chauhan and V. Walters, J.  Pharm. Pharmacol., 16, 


46T( 1964). 
(23) J. E. Doyle, W. H. Mehrhof, and R. R. Ernst, Appl. Micro- 


biol., 16,42(1968). 
(24) F. W. Bowman, “Culture Media for Sterility Tests of Anti- 


biotics,” manuscript in preparation. 
(25) M. Pittman and J. C. Feeley, Proc. 7th Intern. Congr. 


Microbiol. Standardization, 7th, E. & S.  Livingstone Ltd., Edin- 
burgh and London, 1962. 


(26) F. W. Bowman, Bull. Parenteral Drug Assoc., 16, No. 6, 
Nov.-Dec. p. 15 (1962). 


(27) J. H. Brewer and G. H. Keller, in “Radiosterilization of 
Medical Products,” International Atomic Energy Agency, Vienna, 
1967, p. 311. 


(28) J. H. Brewer and G. B. Phillips, Bull. Parenteral Drug. 
Assoc., 22,157(1968). 


(29) C. W. Bruch, Conf. Disposable Sterile Med. Prod., Washing- 
ton, D. C., 1967. 


(30) E. A. Christensen, N. W. Holm, and F. A. Juul, in “Radio- 
sterilization of Medical Products,” International Atomic Energy 
Agency, Vienna, 1967, p. 265. 


(31) G. W. Sciple, D. K. Riemensnider, and C. A. J. Schleyer, 
Appl. Microbiol., 15,1388 (1967). 


(32) W. Whitfield, Conramination Control, 3, 16(1964). 
(33) Federal Standard No. 209, Clean Room and Work Station 


Requirements, Controlled Environment, General Services Adminis- 
tration, Business Service Center, Washington, D. C., December 16, 
1963. 


(34) J. H. Brewer, Round Table on Sterility Testing, Annual 
Convention of the American Society for Microbiology, LOS Angeles, 
Calif., 1966. 


(35) W. L. Davies and Peter P. Lamy, Hospital Pharm., 3, 7 
(1968). 


(36) J. E. Manning, “Microbial Studies in the Laminar Air Flow 
Room,” presented at the Annual Convention of the American 
Association for Contamination Control, Houston, Texas, 1966. 


(37) P. P. Lamy, W. L. Davies, R. DiStefano, and M. E. Kitler, 
Drug Intelligence, 2,213(1968). 


(38) A. N. Parisi and P. M. Borick, “The Application of Laminar 
Flow to Sterility Testing,” presented at the Annual Convention of 
the American Association for Contamination Control, Chicago, 
Ill., 1968. 


(39) F. W. Bowman, Bull. Parenteral Drug. Assoc., 22, 57(1968). 
(40) M. Luckiesh, A. H. Taylor, and L. L. Holladay, J. Bac- 


teriol., 52,55(1946). 
(41) R. W. Kuehne and H. M. Decker, Appl. Microbiol., 5, 321 


(1957). 
(42) H. W. Wolf, P. Skaliy, L. B. Hall, M. M. Harris, H. M. 


Decker, L. M. Buchanan, and C. M. Dablgren, “Sampling Micro- 
biological Aerosols,” Public Health MmogMph No. 60, April 
1959. 


Biol. Standardization 3rd, Opazija, 1957,373. 


(43) S. Holdowsky, Anribiot. Chemotherapy, 2,49(1957). 
(44) F. W. Bowman, J. PJuzrm. Sci., 55,818(1966). 
(45) Code of Federal Regulations, Title 21, Section 14l.L Federal 


(46) M. Gay, Pharm. Acta Helv., 35,555(1960). 
(47) H. Lagodsky, Compt. Rend. SOC. Biol., 154, 1435(1960). 
(48) S. Lambin, F. Sebastien, and J. Bernard, Ann. Pharm. Franc., 


Register, 29, 41 19(1964). 


20; 749( 1962). 


London, 1963, E6. 
(49) J. W. Lightbown, Proc. Round Table CmJ Sterility Testing, 


(50) H. A. Frediani, Bull. Parenteral Drug. Assoc., 18,25(1964). 
(51)  M. Gay and B. Fust, Zentr. Bakteriol. Parasitak., 197, 


389(1965). 
(52) E. Cuboni. Boll. Int. SieroteraD. Milan., 41,63(1962). 
t53j R. Russomanno and E. G.- Wollish, J. Pharm. Sci., 53, 


(54) M. White, F. W. Bowman, and A. Kirshbaum, ibid., 57, 
1538( 1964). 


1061( 1968). 


Vol. 58, No. 11, November 1969 0 1307 







(55) F. W. Bowman, J. Pharm. Sci., in press. 
(56) “Constituents of Bacteriological Culture Media,” G. Sykes 


(Ed.), Society for General Microbiology, Cambridge University Received from the Division of Pharmaceutical Sciences, National 
Press, England, 1956. Center for  Antibiotics and Insulin Analysis, Food and Drug 


(57) J. F. Farber and E. B. Seligmann, Jr., Appl. Microbiol., Administration, Department of Health, Education, and Welfare, 
16, 1102(1968). Washington, DC 20204 


ACKNOWLEDGMENTS AND ADDRESSES 


RESEARCH ARTICLES 


Surface Pressure Relaxation and Hysteresis in Stearic Acid 
Monolayers at the Air-Water Interface 


JAMES W. MUNDEN, DAVID W. BLOIS, and JAMES SWARBRICK” 


Abstract 0 Time-dependent changes in the surface pressure of 
stearic acid monolayers were examined using an automated Wil- 
helmy-type film balance. Different surface pressure-area isotherms 
were obtained for two different rates of compression. Pressure 
relaxation from preselected surface pressures was examined as a 
function of time. The results indicated two types of relaxation 
which, along with the compression rate effect, may be rationalized 
on the basis of changes in molecular orientation and redistribution, 
together with expulsion from the monolayer at areas below the 
limiting area per molecule. Marked hysteresis effects were also 
noted when stearic acid monolayers were subjected to compression- 
expansion cycles. The effect of repeated cycling and the minimum 
area of compression on hysteresis were investigated. The onset and 
extent of hysteresis may also be explained on the basis of expulsion 
and reentry and orientation and redistribution of molecules at the 
interface. 


Keyphrases 0 Stearic acid monomolecular films-effect of com- 
pression rate 0 Surface pressure relaxation-stearic acid mono- 
layers 0 Hysteresis-effect of minimum area of compression 
0 Cycling, requested, effect-hysteresis 0 Air-water interface- 
Surface pressure 


In recent years, the study of monomolecular films 
of biologic materials spread at the air-liquid interface 
has become increasingly significant in pharmaceutical 
and medical research. Serving as simulated biologic 
interfaces, these systems have been used to examine the 
interactions of such medicinal agents as the phenothia- 
zines, local anesthetics, bactericides, and antibiotics 
with various cell membrane constituents. The evalua- 
tion of such studies is based primarily on the surface 
pressure-area per molecule ( P A )  relationships ex- 
hibited by the system and the manner in which these 
change with time. 


There are many factors affecting the shape and type 
of surface pressure-area diagram obtained for mono- 
layers. Influencing factors such as pH, temperature, 
and the ion content of the supporting media have re- 
ceived fairly extensive investigation and are well 


documented in several texts (1-4). The time-dependency 
of surface pressure has been examined under conditions 
of slow discontinuous compression (5-7) and more 
rapid continuous compression (8-1 1). With the excep- 
tion of the work of Rabinovitch et al. ( I  I), the treat- 
ment of the time effects in these papers is limited. Ex- 
amination of the literature shows that monomolecular 
film studies have been undertaken using a wide range of 
compression rates and methods of compression. This 
arises, presumably, from the lack of appreciation of the 
time-dependent properties of monomolecular films. 
Accordingly, investigations were undertaken to  examine 
the effects of compression rate on the surface pressure- 
area isotherms of stearic acid monolayers and to study 
surface pressure relaxation, i.e., the decrease in sur- 
face pressure with time when compression is stopped and 
the film held at constant area. 


The property of surface hysteresis was also examined 
since it appeared there might be a link between the 
time-dependency of surface pressure and this property. 
Surface hysteresis or the significant separation seen 
between compression and expansion surface pressure- 
area isotherms has been examined in the case of the 
biological surfactants obtained from lung tissue, the 
so-called pulmonary or lung surfactants (12-15); 
however, the ability of simpler compounds such as 
stearic acid to exhibit similar behavior has been almost 
ignored. Ries and Walker (16) have stated, without pre- 
senting any evidence, that compression-expansion iso- 
therms for stearic acid show hysteresis. 


As a result of studies on the monolayer properties of 
biologic amphiphiles currently under investigation in 
this laboratory, the authors wish to report their observa- 
tions on (a)  the effect of compression rate on the T-A 
isotherm ; (b )  pressure relaxation following compression 
to preselected film pressures; and (c) surface hysteresis 
as affected by repeated cycling and minimum area of 
compression. 
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Semiautomated Fluorometric and Colorimetric Methods 
for the Determination of Reserpine in Single Tablets 


B. N. KABADI, A. T. WARREN, and C. H. NEWMAN 


Abstract 0 Semiautomated fluorometric and colorimetric methods 
for the determination of reserpine in single tablets are described for 
0.25- and 0.5-mg. potency tablets. A simple practical manual 
method for the extraction of reserpine from a large number of 
tablets is outlined. The yellow-green fluorogenic product formed 
by the reaction of reserpine and nitrous acid is analyzed in the 
automatic analyzer system. Using excitation maximum of 390 mp 
the fluoresence is measured at 510 mp. In the colorimetric deter- 
mination the absorbance is measured spectrophotometrically at 
390 mp. Using the colorimetric method, the effect of temperature 
on the reaction of reserpine and nitrous acid, and the effect of 
nitrogen gas on the recordings are investigated. In the fluorometric 
method there is no interference by the excipients and no effect of 
nitrogen gas on the recordings is noted. Further, this is more 
sensitive than the colorimetric method. 


Keyphrases 0 Reserpine-single tablet analysis 0 Automated pro- 
cedure-reserpine tablet analysis 0 Diagram-automated analysis 
procedure Nitrous acid-reagent 0 Fluorometry-analysis 


For assurance of quality and as part of a program for 
testing content uniformity of single tablets, the authors 
have undertaken the task of developing new automated 
methods for the determination of reserpine in com- 
pressed tablets. 


The reaction of reserpine with nitrous acid to produce 
a yellow-green fluorescent product and its subsequent 
fluorometric determination is a well-known pharmaceu- 
tical analytical procedure (1-3). The mechanism of 
the yellow-green fluorogen formation has been exten- 
sively studied (4). This forms the basis of the authors 
fluorometric and colorimetric methods. The colori- 
metric method is the official procedure to determine 
reserpine in tablets ( 5 ,  6).  The fluorometric method is 
recommended to determine trace of reserpine in feeds 


In this work reserpine tablets1 of 0.25- and 0.5-mg. 
potency have been analyzed using an automatic analyzer 
method. 


(7, 8) .  


EXPERIMENTAL3 


Reagents-Suljluric Acid Reagent-Two and ml. of spectral 
grade sulfuric acid was dissolved in 1 1. of 20% (v/v) methanol in 
distilled water. 


Sodium Nitrite Reagent-One hundred milligrams of sodium 
nitrite4 was dissolved in 1 1. of distilled water. 


Ammonium Suyamate Reagent-Seven hundred milligrams of 
ammonium sulfamate5 was dissolved in 1 1. of distilled water. 


1 Marketed as Rau-sed by E. R. Squibb and Sons, Inc., New Bruns- 
wick, N. J. 


* AutoAnalyzer, Technicon Corp., Tarrytown, N. Y. 
Equipment: Technicon liquid sampler 11, Technicon constant 


temperature bath with double delay coils, Technicon proportional 
pumps, Technicon Turner fluorometer, model 1 1  1, Technicon line 
recorder, additional 20 feet and 10 feet delay coils, Hitachi Perkin- 
Elmer Spectrophotometer, model 139, Photovolt scale expander, model 
7632, Sargent recorder, model SRL with variable MV range, and 
Thomas 10-mm. light path Flow Cell with spectrophotometer adapter. 


Merck and Co., Inc., Rahway, N. J. 
Matheson Coleman and Bell, Rutherford, N. J .  


Nonionic Surjactant Reugent-One-half gram of polysorbate 80 
was dissolved in 100-ml. distilled water at room temperature. 


Standard Preparation-In the colorimetric determination the 
reserpine standards were prepared as follows: 25 mg. of USP 
reserpine Reference Standard, previously dried at 60" under re- 
duced pressure for 3 hr., was transferred to a 100-ml. volumetric 
flask. The reserpine standard, dissolved in a few drops of chloro- 
form, was diluted to volume with methanol. 


Ten milliliters of the above reference stock solution, equivalent 
to the potency of 10 tablets, was transferred to another 100-ml. 
volumetric flask and diluted to volume with methanol. A placebo 
mixture containing all the ingredients in a 0.25-mg. potency tablet 
equivalent to the weight of 10 tablets except reserpine and 1-ml. 
distilled water was added to the 100-ml. volumetric flask containing 
100 ml. of reference solution. It was stoppered and agitated vigor- 
ously until the mixture formed a slurry. To this slurry, 2 ml. chloro- 
form and a few solid glass beads (4-mm. diameter size) were added. 
The whole suspension was agitated vigorously again and centri- 
fuged. To make 90 and 110% standard reserpine solutions, to 
represent the lower and upper limits of acceptance, identical proce- 
dures were carried out, except that 9- and 11-ml. reserpine stock 
solutions were used, respectively. These were the standards for 
0.25-mg. potency tablets. 


This procedure was repeated for the standards of 0.5-mg. re- 
serpine tablets using their placebo equivalent to 10 tablet weights. 
In the fluorometric determination of reserpine, 12.5 mg. USP 


reserpine Reference Standard, dried at 60" for 3 hr. under reduced 
pressure, was dissolved in 100 ml. methanol. The three (90, 100, 
and 110%) standard solutions were prepared by diluting 9, 10, and 
11 ml. of the above reserpine stock solution to 100 ml., respectively. 


Sample Preparation-Due to the low absorbance the amounts of 
solvents used in the extraction of the reserpine were limited to small 
volumes. Utilization of a Solid Prep Sampler module was un- 
desirable. The following manual method was developed for the 
preparation of the sample. 


The reserpine tablets to be analyzed were placed separately in 2.5 
X 15-cm. screw-cap tubes. Three drops of distilled water were added 
to the tablet in each tube. After 5 min. standing each tube was 
shaken by hand with swirling motion to disintegrate the tablet to a 
smooth paste. To this paste three glass beads (4-mm. diameter) 
and 0.2 ml. chloroform were added. The tubes were agitated 
vigorously on a mixer' to form a white creamy suspension. For 
colorimetric determination exactly 10 ml. absolute methanol was 
added. The tubes were covered with a piece of aluminum foil and 
tightened with the screw caps. These were placed in a liter beaker 
containing 150 ml. water. The water was then heated to a tempera- 
ture not exceeding 60" during a 5-min. period and cooled. The 
tubes were agitated on a mixer and centrifuged. The clear supernate 
from each tube was transferred to an 8.5-ml. automatic analyzer 
sample cup. The final analysis was made in the automatic analyzer. 
In the fluorometric determination the sample was diluted to one- 
half its concentration with methanol. 


Effect of Temperature-The effect of temperature on the color 
reaction of reserpine and nitrous acid was studied using the flow 
system shown in Fig. I .  The reaction mixture consisted of 12.5 
ml. of 0.04% reserpine reference standard, 6 ml. sodium nitrite 
reagent, 3 ml. sulfuric acid reagent, and 3.5 ml. methanol to make 
25 ml. solution. 


The reaction mixture in small aliquots was transferred to the 
special reservoir flask connected to the flow system, Fig. 1. The 
solution was slowly introduced into the flow system by means of the 


6 Marketed as Tween 80 by Atlas Chemical Industries, Inc., Wilming- 


7 Vortex-Genie, Scientific Industries, Mass. 
ton, Del. 
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Figure I-Flow diagram to determine the effect of reniperature on the 
reaction of nitrous acidand reserpine. 


pump. With passage of the reaction mixture through the heating 
coil, the solution became colored. After the solution emerged from 
the heated mixing coil, it was debubbled by an intermittent opening 
of the pinch clamp on the acidiflex tubing attached to the 
BO separator. The unsegmented colored solution was pumped 
through the continuous flow cell and fed back into the flow system 
to be recirculated. This experiment was repeated at various tem- 
peratures. Increase in temperature increased the absorbance. The 
results of these observations are reported in Fig. 2. 


Assay Procedure-The sampling probe of the sampler I1 was 
aligned so that satisfactory aspiration from the cups of the turntable 
tray and the wash cup occurred. A zero base line was established 
with all instruments operating according to the flow diagram of 
Figs. 3 and 4. The assembly of the colorimetric system is shown in 
Fig. 5. The sampling rate was set at 20 samples per hour. Before 
the aspiration of the samples, the Thomas flow cell was removed 
from the spectrophotorneter and gently tapped. The Teflon tubings 
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Figure 2-The Effect of temperature on the reaction of nitrous acid 
and reserpine. 


of the flow cell weie straightened and properly positioned to release 
trapped air. In the fluorometer both primary and secondary filters 
were properly positioned to the flow cell. The fluorometer slit was 
set at Position 1.  After a 0.5 hr. of conditioning of the flow systems, 
the samples were introduced. 


The set of three theory standards (90, 100, and 110%) in dupli- 
cate, were sampled initially and the absorbances were determined. 
Ten samples were then assayed, followed by the 100% standard in 
duplicate. If the readings of the duplicate standards fell within the 
range of 2%, to the original set of 100% standards, the standard 
values were considered as appropriate to be used in the calculation 
for the subsequent group of samples. This assumes no base line 
drift. 


Sprectophotometer Scale Expander Recorder 
390rnk 2x 


Rate 20s/hr 
H20 Wash 
Between 


Figure 3 - Flow 
diagrani for  the 
colorimetric deter- 
initiation of reser- 
pine. 
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SMC = small mixing coil 
DDC = double delay coil 
PCI = pulse suppressor 


TURNER TECHNICON 
Fluorometer Recorder 


Figure 4 - Flow 
diagram for  the 
fluorometric de- 
termination of re- 
serpine. 


RESULTS AND DISCUSSION 


Vigorous shaking of the tablets in chloroform, following dis- 
integration with a small amount of water, and then dilution with 
methanol gave both a simple and efficient manual extraction of 
reserpine. 


The complete analytical systems are outlined in the flow diagrams, 
Figs. 3 and 4. The sample solution, aspirated from the Liquid Sam- 
pler was air-segmented and joined by the sulfuric acid reagent. This 
acidified solution was passed through the mixing coil, as it emerged, 
it was joined by the sodium nitrite reagent. The combined solutions 
of acidic sodium nitrite and reserpine were passed through the 
heated double delay coils. The hot yellow-green fluorescent stream 
was cooled in the single delay coil before entering the flow cell of 
the fluorometer. The recordings were made as previously reported 
(4), at the excitation maximum for nitrous acid induced fluorescence 
of 390 mp and the fluorescent maximum of 510 mp. 


In the colorimetric determination of reserpine the hot yellow- 
green fluorescent solution after emerging from the heating bath was 
joined with ammonium sulfate reagent, mixed and cooled in the 
jacketed mixing coil. This cooled segmented stream was debubbled 
and the absorbance was measured at 390 mp in the spectrophotom- 
eter. The flow cell was intermittently washed with acetone when 
flakes from manifold or sleeve tubings appeared in the flow cell; 
this prevented the minute gas bubbles being trapped on the surface 
of the flow cell. The entrapped gas produced noisy pointed peaks. 


The reaction between nitrous acid and ammonium sulfamate 
evolved nitrogen (9). This nitrogen and nitrous acid gas generated 
in the system affected the recordings. Increased temperature and 
reagent concentrations increased gas evolution. To reduce the noise 
on the tracings, the reaction mixture of reserpine and nitrous acid 
was heated at 50" to remove any gas, then cooled in the jacketed 
mixer to minimize Schlieren before entering the flow cell. Addition 
of 5 ml. polysorbate reagent to the sodium nitrite reagent facilitated 


Figure 5-Colorimetric analytical system assembly. 
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Table I-Recovery of Reserpine from Tablets 


STANDARDS AND SAMPLE SOLUTIONS 


Figure &Analysis of tablets containing 0.5-mg. reserpine, 


I 


RESERPINE STANDARDS 


Figure 7-Absorbance recordings of 0.25-mg. reserpine standards. 


the smooth escape of the gas from the flow cell. Further, on the 
spectrophotometer a cell adapter was used to avoid trapping the 
gas bubbles in the sharp bends of the Teflon tubing of the flow cell. 


Sensitivity-In the colorimetric determination of 0.25-mg. po- 
tency reserpine tablets, the absorbance was low. The scale was 
expanded twice using the Photovolt Scale Expander in conjunc- 
tion with the Sargent Recorder on the spectrophotometer. No 
scale expansion was necessary in the analysis of 0.5-mg. potency 
tablets (see Fig. 6). 


Precision-The precision of the method was calculated as the 
variability between values obtained on repeated analysis of a 
standard. Absorbance recordings on the repetitive continuous 
sampling of 90% standards, duplicates of 100 and 110% standards 
of 0.25-mg. potency reserpine tablets is shown in Fig. 7. A relative 
SD of 90% standard replicate analysis was 1.67 %. The peak heights 
weie at the steady state. Recordings of the various concentrations 
showed minimum carry-over or interaction between peaks, even 
though the base line was not completely reached during wash cycle. 
A record of fluorometric analysis is shown in Fig. 8. 


Accuracy-The accuracy of the methods was studied by recovery 
experiments. The results of 0.25-mg. potency tablets are reported in 
Table I. The same batch of powdered tablets was analyzed manually 
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Figure 8-Reproducibility and the effect of concentration on the 
juorometric analysis of reserpine. 


~ ~ 


Milligram 
of Reserpine 


added to 
0.25-mg. 
Tablet ; 


Extracted 
Sample in 10-ml. Calcd., Found, Recovery, 


No. Methanol mcg./ml. mcg./ml. % 


1 0.050 30.0 29 96.67 
2 0.075 32.5 32.25 99.27 
3 0.100 35.0 35.0 100.0 
4 0.125 37.5 37.5 100.0 
5 0.150 40.0 41 .O 102.5 


and the results were in agreement with the automated analytical 
method. 


Specificity-There was very little or no interference in the 
analysis of the tablets. In the colorimetric determination of 
reserpine in the concentration range of 0.2 mg. and higher the 
tablets from other manufacturers showed definite interference. 
To overcome this interference by the excipients and to increase the 
sensitivity, the fluorometric method was preferred. The fluorometric 
analysis of 0.25-mg. potency reserpine tablets from other manufac- 
turers showed no interference (see Fig. 9). Table I1 gives results of 
reserpine assays from three manufacturers. 


SUMMARY 


Automated fluorometric and colorimetric methods for the deter- 
mination of reserpine in tablets have been described. 


A simple technique for the extraction of reserpine from the com- 
pressed tablets has been developed. The effect of various factors 
affecting the recordings in colorimetric readings has been discussed. 
With addition of placebo to the standards the colorimetric method 
could be applicable to the analysis of any reserpine tablet formula- 
tion. 


The effect of heat on the colorimetric reaction of reserpine and 
nitrous acid indicated that increase in temperature proportionately 
increased both the amount of nitrous acid and nitrogen gas evolved 
and depth of color developed. A technique of minimizing the effect 
of this gas on the tracings has been discussed. 


The fluorometric determination of reserpine was found to be more 
sensitive and free from the interferences of the excipients of the 
tablets. 


! 1 
k ,  


I 
i 
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Figure 9-Fluorometric analysis of 0.25-mg. reserpine tablets from 
the various manufacturers. 


Table II-Fluorometric Analysis of Ten 0.25-mg. Potency Reserpine 
Tablets from Various Manufacturers" 


% Variation 
Assay, between 


Manufacturer mg./tablet % Claim Tablets 


A 0.2522 100.9 f 2 . 0  
Bb 0.2465 98.6 k 1 . 5  
C 0.2495 99.8 k 1 . 5  


a Average of 10 tablets. b Need longer disintegration time. 
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Hydrophile-Lipophile Balance and Micelle Formation of 
Nonionic Surfactants 


HANS SCHOTT 


Abstract 0 Comparison of the hydrophile-lipophile balance 
(HLB) values according to the two prevailing systems was made 
for two classes of nonionic surfactants, namely, ethylene oxide 
adducts of n-dodecanol and of branched nonylphenol with in- 
creasing degrees of polyoxyethylation. The two systems were shown 
to differ fundamentally because only one treats the HLB values as 
constitutive and additive. For both HLB systems, simple relation- 
ships were found between the HLB values of each class of sur- 
factants and their critical micelle concentrations. These relationships 
had different forms for the two systems and, within the same system, 
different numerical values for the two classes of surfactants. 


Keyphrases 0 Hydrophile-lipophile balance-nonionic surfactants 
Nonionic surfactants, HLB balance-Davies, Griffin methods 


compared 0 CMC-HLB relationships-nonionic surfactants [7 
Surface activity-CMC-HLB relationship 


The hydrophile-lipophile balance (HLB) is a useful 
index for rating and selecting emulsifying agents. Griffin 
determined experimentally the HLB values of different 
surfactants (1) and derived equations which permit one 
to calculate the HLB value of a surfactant based on its 
composition (2). Davies assigned HLB group numbers 
to the various functional groups which make up surfac- 
tant molecules, giving positive values to the hydrophilic 
groups and negative values to the lipophilic ones. The 
summation of the products of group numbers times 
group frequencies gives the HLB (3). He also correlated 
HLB values with coalescence rates of emulsions. The 
statement (3) that the HLB values calculated from 
Davies’ group numbers are in good agreement with 


those determined by Griffin is not correct in the case of 
most surfactants which are ethylene oxide adducts ; this 
is shown below. 


Correlation of the empirical HLB values with physico- 
chemical parameters of the surfactants are rare, despite 
the practical value of the HLB rating system. In one of 
the few successful studies, HLB values were correlated 
with the spreading coefficient of the disperse liquid phase 
of an emulsion on the surface of the continuous liquid 
phase containing the dissolved emulsifying agent (4). 


One of the surfactant properties which should be 
related to  the HLB is the readiness with which the 
surfactant molecules associate into micelles, namely, the 
critical micelle concentration (CMC). One would expect 
such a relationship to exist because the more hydro- 
philic a surfactant is or the larger its HLB value, the 
lesser the tendency to  form micelles and the higher its 
CMC. Furthermore, like the HLB, the CMC is a func- 
tion of composition, at least within a homologous series 
of surfactants. The obvious limitation of this approach is 
that it can only be applied to those surfactants whose 
solubility in water exceeds their CMC. Surfactants used 
as wetting agents, detergents, solubilizing agents, and 
o/w emulsifying agents can be included, but not sur- 
factants of low HLB values such as w/o emulsifiers. 


HLB AND CMC RELATIONSHIPS 


Two homologous series of ethylene oxide adducts, for which 
surface and micellar properties (CMC, micellar molecular weight 
and radius) have been studied extensively (5-8), will be used. These 
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Table V-Hydrochlorides of 5-Diethylaminoacetamido-2-arylinii1io-3-aryl-4-thiazolidones and Their Local Anesthetic Activity 


Onset of Anesthesia (min.) with 
Administration of Anesthetica 


in Hydrochloric Acid of 
---N, %---- Strength 


R R'  Yield, M.p., "C. Formula Calcd. Found 0.05 N 0.1 N 0.2 N 


a-Chlorophenyl m-Tolyl 70 164 C22H2jCIN402S. HCI 7 I .64 1 1.54 15.45 21.30 22.00 
m-Chlorophenyl m-Tolyl 65 150 CnH2IClN402S. HCI 1 1.64 1 I . SO 36 30 38.00 38.30 
a-Methoxyphenyl m-Tolyl 50 146 CZaH2aN403S. HCl 11.75 11.66 26.10 26.40 26.40 
m-Methoxyphenyl m-Tolyl 60 162 CzaH2aN40aS. HCI 11.75 11.63 27.00 27.20 27.20 
O-Tolyl m-Tolyl 61 138 C23HZaN402S. HCI 12.16 12.01 34.00 34.55 36.00 
m-Tolyl a-Naphthyl 65 157 Cw,H2aN402S. HCl 11.28 11.17 35.40 38.20 39.30 


C2eH28N402S. HCI 11.28 1 1 . 1 1  34.50 36.20 39.00 
- - - 33.00 34.20 34.20 


m-Tolyl 0-Naphthyl 55 20 1 
Procaine hydrochlorideb - - 


a Concentration of anesthetic, 0.1 %. h Procaine hydrochloride was used as such. 


Pharmacological Screening-Adopting the frog sciaticplexus 
method (1 I), the local anesthetic activity of these hydrochlorides 
was tested on frogs and the time cf onset of anesthesia, i.e., the 
time for which a given concentration (0.1 2) of the local anesthetic 
failed to provoke withdrawal of feet is also reported in Table V. 


Pharmacological screening of these compounds has shown that 
the hydrochlorides of 5-diethylaminoacetamido-3-m-tolyl-2-0- 
chlorophenylimino-, a-methoxyphenylimino-, and m-methoxy- 
phenylimino-4-thiazolidone were the most potent local anesthetics 
among the compounds reported, as they required less time for the 
onset of anesthesia than the standard substance, procaine hydro- 
chloride, at 0.1 % concentration in 0.7% of saline solution. 
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Synthesis of N-Acetyl-DL-ghtamic Acid 5-Dimethylaminoethyl Ester 


G. F. TAMAGNONE and F. De MARCH1 


Abstract 0 N-Acetyl-L-glutamic acid reacted with dimethylamino- 
ethanol in the presence of dicyclohexylcarbodiimide to give N- 
acetyl-oL-glutamic acid 5-dimethylaminoethyl ester (I), which 
furnished N2-acetylglutamine by ammonolysis. Compound I could 
not be obtained by transesterification of N-acetyl-L-glutamic acid 
5-methyl ester with dimethylaminoethanol, whereas L-pyroglutamic 
acid salt (111) was obtained from L-glutamic acid 5-methyl ester and 
dimethylaminoethanol. 


Keyphrases 0 N-Acetyl-DL-glutamic acid 5-dimethylaminoethyl 
ester-synthesis 0 TLC-identity IR spectrophotometry 
-identity, structure 


has been recently introduced in Europe as a psycho- 
energizer (4). Therefore it seemed interesting to syn- 
thesize N-acetylglutamic acid 5-dimethylaminoethyl 
ester (I) for pharmacological evaluation. 


CHZCHZCOOCH~CH~N(CH~)~ 


CHNHCOCH, 
I 
I 


COOH 
I 


SYNTHESIS 


Various dimethylaminoethanol salts have been re- 
ported for their CNS-stimulant properties (1-3) ; 
particularly, the salt with acetyl-L-glutamic acid which 


The following attempts were made to synthesize Compound I:  


(1) From L-Glutamic Acid 5-Dimethylaminoethyl Ester ( I I t T h e  
synthesis of I1 through transesterification of ~-glutamic acid 5- 
methyl ester with dimethylaminoethanol was claimed by Fabre 
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(5) and Van Gauwenberghe (6). By employing similar experimental 
conditions, a compound with the expected analytical values and 
with melting point and specific rotation very close to those reported 
by the above-mentioned authors was obtained. However, this com- 
pound was not 11, but the dimethylaminoethanol salt of L-pyro- 
glutamic acid (III), formed by internal cyclization of L-glutamic acid 
5-methyl ester with intramolecular displacement of methanol. An 
analogous cyclization of L-glutamic acid 5-methyl ester to L- 
pyroglutamic acid by means of ammonia was reported by Beecham 
(7). Structure Ill was proved on the basis of IR and TLC data by 
comparison with an authentic sample; moreover, its acid and 
basic moieties could be separated by means of ion-exchange resins, 
while calcium pyroglutamate was obtained by treatment with 
calcium hydroxide in ethanolic medium. 


(2) From N-Acetyl-L-glutamic Acid 5-Methyl Ester-By trans- 
esterification of N-acetyl-L-glutamic acid 5-methyl ester with di- 
methylaminoethanol in the presence of a catalytic amount of 
sodium, starting products were recovered unchanged for moderate 
heating and short times of reaction, whereas a prolonged heating at 
higher temperature caused decomposition. 


(3) From N-Acetyl-L-glutamic Acid-By treating N-acetyl-L- 
glutamic acid with dimethylaminoethanol in dimethylformamide 
solution, using dicyclohexylcarbodiimide as water acceptor, Com- 
pound I was finally obtained in 50% yield. The use of dicyclohexyl- 
carbodiimide for synthesizing esters from acids and alcohols was 
originally reported by Zetzsche and Fredrich (8). Moreover, Buzas 
and Egnell (9) obtained N-acetyl-D,L-glutamic anhydride from 
N-acetyl-L-glutamic acid and dicyclohexylcarbodiimide, and the L- 
anilide from N-acetyl-L-glutamic acid, aniline, and dicyclohexyl- 
carbodiimide; however the position of the amide group was not 
determined. 


Structure and Properties-Structure I was proved on the basis of 
the following evidence: 


(a) The presence of a basic moiety was supported by the TLC 
data and it was quantitatively determined by titration with acetous 
perchloric acid. 


(b)  The ester function was proved by the positive hydroxamic 
acid test and by the strong IR absorption at 5.8 p ;  moreover, the 
compound was quantitatively retained by a strong cationic resin, 
which implied the presence of a basic group linked through a non- 
saline bond. 


(r)  A single free carboxylic group was present, as shown by 
potentiometric titration; it gave a broad IR absorption near 6.25 p,  
characteristic of an ionized amino acid (10). 


(d) The presence of the N-acetyl group was substantiated by the 
IR pattern: NH stretching vibration at 3.1 p ;  amide I band at 
6.1 p ;  and amide I1 band at 6.4 p (10). 


(e )  No optical activity was observed; therefore racemization 
occurred during the synthesis. 


(f) The 5-ester structure of I was determined by reaction with 
methanolic ammonia: Nz-acetylglutamine was obtained'; if the 
esterification had taken place at the a-carboxylic group, iso-N2- 
acetylglutamine should have been formed. 


EXPERIMENTAL2 


Cyclization of L-Glutamic Acid 5-Methyl Ester to L-Pyroglutamic 
Acid by Means of Dimethylaminoethanol-A mixture of L-glutamic 
acid 5-methyl ester ( 3 3  g.,  0.215 mole), dimethylaminoethanol 
(70 ml., 0.7 mole) and sodium (0.125 g.) was slowly heated to 95" 
and so maintained 2 hr. under stirring; the temperature was then 
slowly brought to 70" and the mixture was kept 3 hr. at this tem- 
perature. After cooling, 80 ml. of methanol were added and the 
solution was treated with charcoal. The solvent and the excess of 
dimethylaminoethanol were evaporated under reduced pressure at 
50-60" and the oily residue was recrystallized from ethanol-ethyl 
acetate to give 31 g. (70%) of 111, white crystals with m.p. 58-61". 


And-Calcd. for CqHl8NZO4: C, 49.53, H,8.31; N, 12.84. 
Found: C, 49.10; H, 8.26; N, 12.67. 


1 Similarly, N-acetyl-L-glutamic acid 5-methyl ester gives N*-acetpl- 
L-glutamine by ammonolysis (1 1, 12). 


Melting points were determined in open capillary tubes on a Biichi 
apparatus and are uncorrected. IR spectra were recorded on a Perkin- 
Elmer model 257 spectrophotometer. Thin-layer chromatograms were 
run on Silica Gel G (Merck A-G Darmstadt). 


aYo = -17.2" (4.23% aqueous solution). The IR spectrum 
(KBr) is identical with that of an authentic sample of 111. TLC 
(solvent system: butanol-acetic acid-water 4: 1 : 1, v/v): two spots 
were obtained; the former (Rf = 0.54), corresponding to pyro- 
glutamic acid, detected with sulfuric acid; the latter (Rf = 0.16), 
corresponding to dimethylaminoethanol, detected with Dragen- 
dorff reagent. Titration: 200 mg. was dissolved in 10 ml. of water 
and percolated at 0" on a column containing 2 ml. of ion-exchange 
resin (Dowex 50 W 8, H+ form), Percolate and washings were 
potentiometrically titrated with 0.1 N sodium hydroxide: 99.5 % 
pyroglutamic acid was found. Formation of calcium pyroglutamate: 
200 mg. of the compound was dissolved in ethanol and stirred 20 
min. with 100 mg. of calcium hydroxide; after filtering, ether was 
added and the calcium salt was obtained in a quantitative yield. 


Attempts of Transesterification of N-Acetyl-L-glutamic Acid 
5-Methyl Ester ( I  1)  m'th Dimethylaminoethanol-The reactions 
were performed under benzene, toluene, or xylene with an excess 
of dimethylaminoethanol. in the presence of a catalytic amount of 
sodium; the solvent was continuously distilled through a Vigrzaux 
column. The reaction mixtures were examined on TLC: a single 
spot, corresponding to that of the starting material, was observed 
if benzene or toluene was used; with xylene, a number of de- 
composition products were obtained. 


N-Acetyl-DL-glutamic Acid 5-Dimethylaminoethyl Ester (I)-A 
solution of N-acetyl-~-glutamic acid (18.9 g., 0.1 mole) in dimethyl- 
formamide (200 ml.) was cooled to 0"; dimethylaminoethanol 
(10 ml., 0.1 mole) and dicyclohexylcarbodiimide (20.6 g., 0.1 mole) 
were added and the reaction mixture was stirred 24 hr. at 0": a 
white precipitate formed slowly. After 10 hr. at -lo", the solu- 
tion was filtered from 21 g. of dicyclohexylurea; the filtrate was 
concentrated to dryness under reduced pressure at 20-30" and the 
residue was crystallized from 60 ml. of anhydrous ethanol. By 
recrystallization from ethanol-acetone (l:l), 13 g. (50%) of I 
was obtained, colorless needles with m.p. 104-107" dec.; no optical 
rotation was observed. The IR spectrum (mineral oil) was previously 
discussed. 


And-Calcd. for ClIHZON2O:. C2H30H3: C, 50.96; H, 8.57; 
N, 9.14. Found: C, 50.52; H, 8.49; N,9.31. 


TLC: I(50 y )  gave single spots with R, = 0.14 and Rf = 0.27 in 
the systems butanol-acetic acid-water (4: 1 : 1, v/v) and butanol- 
acetic acid--water (2: 1 : 1, v/v), respectively; the spots were detected 
with Dragendorff reagent or with sulfuric acid. Acid titration (0.1 
N acetous perchloric acid as titrating solution; acetic acid as 
solvent; crystal violet as indicator): found, 86.20%; calcd., 84.96%. 
Alkaline titration (0.1 N alcoholic potassium hydroxide as titrating 
solution; dimethylformamide as solvent; thymol blue as indicator): 
found, 84.40%; calcd., 84.96%. Titration after treatment with 
cationic resin: the procedure was the same described for Com- 
pound 111. The pH value immediately turned alkaline. 


N2-Acetylglutamine from I-A solution of 1 (1 g.) in 12% me- 
thanolic ammonia (30 ml.) was kept 7 days at 40". The reaction 
mixture was then evaporated to dryness and the residue dissolved 
in anhydrous ethanol (25 ml.). The solution was acidified with 4 N 
sulfuric acid (0.9 ml.), boiled, filtered, and evaporated to dryness. 
The residue was crystallized from anhydrous ethanol to give 0.35 g. 
(60 %) of N2-acetylglutamine, m.p. 186-188 O ,  without depression 
of the mixed melting point with an authentic sample; the IR 
spectra were also identical, and two spots with the same Rf (0.45) 
were observed on TLC (solvent system : butanol-acetic acid-water 
4: l : l ;  v/v). 
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Comparison of Two Methods for Measuring 
Drug-Induced Neurotoxicity 


R. DUANE SOFIA 


Abstract 0 A series of experiments is described in which a rotating 
and a stationary rod procedure were used to determine the neuro- 
toxic effect of various depressant and antidepressant agents in mice 
and rats. The results of these studies revealed that the rotating rod 
technique is more sensitive in detecting drug-induced changes in 
performance. Observed differences between the two methods were 
more striking in mice than in rats. 


Keyphrases 0 Neurotoxicity, drug-induced-measurement 0 
Rotating, stationary rod-neurotoxicity measurements 0 Drug- 
induced neurotoxicity-measurement method comparison 


The neurotoxic effect of psychoactive compounds in 
both mice and rats has been commonly measured 
utilizing a rotating rod (rotarod) described by Dunham 
and Miya (1). Since then several investigators (2-10) 
have attempted modification of this method to  establish 
the optimum parameters for its standardization. Re- 
cently Wright et al. (ll),  introduced a method to 
measure drug-induced neurotoxicity based on the 
ability of an animal to traverse a stationary, horizontal 
rod. Studies reported in this paper were conducted to 
compare the sensitivity of each procedure in two species 
of rodents, i .e.,  mice and rats, as methods for measuring 
the neurotoxicity of various psychoactive drugs. 


EXPERIMENTAL 


Rotarod Test-The rotarod apparatus used [a modification of 
the method described by Dunham and Miya (l)] to test mice (male 
Swiss-Webster strain, 16-26 g.) consisted of a 2.54-cm. wooden 
dowel divided into 10 equal spaces of 11.43 cm. each by metal disks 
of 15.24 cm. in diameter. The rod used to test rats (male hooded 
Long Evans strain, 18C220 g.) was also a 2.54-cm. wooden dowel 
but was divided into six equal spaces of 20.32 cm. each by metal 
disks of 30.48 cm. in diameter. The rotarod speed in both instances 
was 5 r.p.m. Animals were trained to maintain themselves on the 
rotating rod for at least 1 min. 


Stationary Rod Test-The stationary rod apparatus [a modifica- 
tion of the one described by Wright and others (ll)] for mice con- 
sisted of a 2.54 cm. diameter metal rod 60.96 cm. in length with a 
platform at either end of the rod. For rats the metal rod used was 
also 2.54 cm. in diameter but 101.60 cm. long, again with a platform 
at either end. Training of animals to walk across the horizontal 


rod required an initial “nip” or “pinch” or their hindquarters as a 
stimulus to move after being placed on the platform. Additional 
pinches were not necessary since the animals learned to move along 
the rod until training criterion was achieved. In this procedure 
animals were trained to successfully walk the length of the rod 
twice within a 1-min. trial. 


Procedure-In these studies test drugs were administered intra- 
peritoneally. Mice were tested 15 and 30 min. after injection, while 
rats were tested 15, 30, and 60 niin. postinjection. The additional 
testing interval given to rats was to insure that the time of peak 
effect for the drug would not be missed since it is accepted that the 
rate of metabolism in rats is slower than in mice. A trial, in the 
rotarod procedure, was considered unsuccessful when an animal 
fell from the rod more than once in a 1-min. period. In the stationary 
rod test, failure to traverse the rod in at least two of three trials in 
the 4-min. period was considered an unsuccessful trial. All animals 
judged unsuccessful at any one testing interval were said to have 
displayed neurotoxicity. 


Drugs-The drugs studied included: chlorpromazine HCI, chlor- 
diazepoxide HCI, tetrabenazine methanesulfonate, benzquinamide, 
meprobamate, trifluperidol, sodium pentobarbital, imipramine 
HCI, and thiazesim HCl. All drugs were either suspended or solu- 
bilized in 0.25 methylcellulose and dosed in a volume of 0.1 m1./10 
g. mice and 0.2 ml./lOO g. rats. 


Statistics-The median effective dose (ED5,,) for neurotoxicity 
with 95 confidence limits and potency ratios were calculated by 
the method of Litchfield and Wilcoxon (12) at the time of maximum 
effect. Ten mice or six rats per dose of test drug and a minimum of 
three dose levels were used for these calculations. 


RESULTS AND DISCUSSION 


Table I summarizes the results of this study. The approximate 
time of peak effect in mice for all the drugs studied was 15 min. 
while in rats this occurred uniformly at 30 min. Therefore, EDSO 
values in each species were dependent on the time between drug 
administration and testing. Of the drugs tested in mice, only chlor- 
diazepoxide, meprobamate, and thiazesim do not differ significantly 
by the two methods. Only for pentobarbital was the stationary rod 
method in mice significantly more sensitive; however, the observed 
difference between the methods was small. In rats results obtained 
with the two methods did not vary significantly for chlorpromazine, 
chlordiazepoxide, tetrabenazine, benzquinamide, meprobamate, 
and pentobarbital. In this same species neurotoxic effects of tri- 
fluperidol were more sensitive to the stationary rod procedure than 
to the rotarod test. The observed differences seen frequently in mice 
and not in rats may be attributable to a species difference. High 
doses of drugs used in this study when given to mice caused marked 
depression which resulted in their falling off the rotating rod. On the 
other hand, when rats were given high doses of the drugs listed in 
Table I, a rigid catatonic-type depression (excluding chlorproma- 
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Hydrophile-Lipophile Balance and Micelle Formation of 
Nonionic Surfactants 


HANS SCHOTT 


Abstract 0 Comparison of the hydrophile-lipophile balance 
(HLB) values according to the two prevailing systems was made 
for two classes of nonionic surfactants, namely, ethylene oxide 
adducts of n-dodecanol and of branched nonylphenol with in- 
creasing degrees of polyoxyethylation. The two systems were shown 
to differ fundamentally because only one treats the HLB values as 
constitutive and additive. For both HLB systems, simple relation- 
ships were found between the HLB values of each class of sur- 
factants and their critical micelle concentrations. These relationships 
had different forms for the two systems and, within the same system, 
different numerical values for the two classes of surfactants. 


Keyphrases 0 Hydrophile-lipophile balance-nonionic surfactants 
Nonionic surfactants, HLB balance-Davies, Griffin methods 


compared 0 CMC-HLB relationships-nonionic surfactants [7 
Surface activity-CMC-HLB relationship 


The hydrophile-lipophile balance (HLB) is a useful 
index for rating and selecting emulsifying agents. Griffin 
determined experimentally the HLB values of different 
surfactants (1) and derived equations which permit one 
to calculate the HLB value of a surfactant based on its 
composition (2). Davies assigned HLB group numbers 
to the various functional groups which make up surfac- 
tant molecules, giving positive values to the hydrophilic 
groups and negative values to the lipophilic ones. The 
summation of the products of group numbers times 
group frequencies gives the HLB (3). He also correlated 
HLB values with coalescence rates of emulsions. The 
statement (3) that the HLB values calculated from 
Davies’ group numbers are in good agreement with 


those determined by Griffin is not correct in the case of 
most surfactants which are ethylene oxide adducts ; this 
is shown below. 


Correlation of the empirical HLB values with physico- 
chemical parameters of the surfactants are rare, despite 
the practical value of the HLB rating system. In one of 
the few successful studies, HLB values were correlated 
with the spreading coefficient of the disperse liquid phase 
of an emulsion on the surface of the continuous liquid 
phase containing the dissolved emulsifying agent (4). 


One of the surfactant properties which should be 
related to  the HLB is the readiness with which the 
surfactant molecules associate into micelles, namely, the 
critical micelle concentration (CMC). One would expect 
such a relationship to exist because the more hydro- 
philic a surfactant is or the larger its HLB value, the 
lesser the tendency to  form micelles and the higher its 
CMC. Furthermore, like the HLB, the CMC is a func- 
tion of composition, at least within a homologous series 
of surfactants. The obvious limitation of this approach is 
that it can only be applied to those surfactants whose 
solubility in water exceeds their CMC. Surfactants used 
as wetting agents, detergents, solubilizing agents, and 
o/w emulsifying agents can be included, but not sur- 
factants of low HLB values such as w/o emulsifiers. 


HLB AND CMC RELATIONSHIPS 


Two homologous series of ethylene oxide adducts, for which 
surface and micellar properties (CMC, micellar molecular weight 
and radius) have been studied extensively (5-8), will be used. These 
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Figure 1-Relation between Grifin HLB ~ulues and the CMC of' 
polyoxyethylated surfactants. Key: *, dodecanol adducts; 0, 
nony [phenol adducts. 


are the addition products of n-dodecanol (Clz) with 4, 7, 14, 23, 
and 30 ethylene oxide units, and of a branched nonylphenol (NPh) 
with 10, 15, 20, and 30 ethylene oxide units. Due to its random 
addition, the number of added ethylene oxide molecules per mole- 
cule of alcohol or phenol is an average value. All properties are 
given at 25". 


the HLB according to Griffin (HLBG) is 
For ethylene oxide adducts of fatty alcohols and alkylphenols, 


HLBG = E[5 (Eq. 1) 
where E is the weight percentage of ethylene oxide (2). According to 
Davies' data (3), one can express the HLB (HLBD) by 


for dodecanol adducts and by 
HLBD = 3.20 + 0.33n 


HLBD = 1.78 + 0.33n 


(Eq. 2) 


(Eq. 3) 


for nonylphenol adducts; n is the number of ethylene oxide mole- 
cules per surfactant molecule. 


According to JZq. 1, HLB values on the Griffin scale tend asymp- 
totically to 20 as n increases. On the other hand, HLB values on the 
Davies scale increase linearly with n according to Eq. 2 and 3. For 
surfactants of commercial importance, the latter are smaller than the 
former. The Davies values reach the Griffin values at C ~ Z ( E O ) ~ ~  and 
at NPh(EO)so and surpass them at higher polyoxyethylene contents. 
Since 


( 100)(44.05)12 
M + (44.05% E =  


where Mis the molecular weight of dodecanol(186.3), or of nonyl- 
phenol (220.3), Eq. 1 for Griffin's HLB can be rewritten as 


1 
~- = + 0.05 HLBa 881n 


For ethylene oxide adducts of dodecanol(6-8), 


log CMC = -1.827 4- 0.030812 


log CMC = -1.671 + 0.04304n 


(Eq. 5 )  


(Eq. 6) 


and for polyoxyethylated nonylphenol ( 5 ,  7, 8) 


where CMC is given in g./l. 


Substituting Eq. 5 and 6 into 4 gives the following relations be- 
for dodecanol ad- tween the Griffin HLB values and the CMC: 


ducts, 


0.006513 + o,05 
- (Eq. 7) HLBG - log CMC + i.827 


1 


and for nonylphenol adducts, 


+ 0.05 (Eq. 8) 
0.01076 ~- - 1 


HLBG log CMC +m 
These relations are shown in Fig. 1, where the two straight lines 
represent Eq. 7 and 8 with the CMC values calculated according to 
Eq. 5 and 6, and the points are based on experimental CMC values; 
the numbers represent n. Eq. 8 can be rearranged to 


HLBo = ____ log CMC ___ + 1.671 ~ 


0.05 log CMC + 0.0943 (Eq' 


Combining Eq. 2 with Eq. 5 results in the following relation be- 


HLBo = 22.775 + 10.714 log CMC (Eq. 9) 


HLBD = 14.592 + 7.667 log CMC (Eq. 10) 


These two relationships are shown in Fig. 2, where the numbers 
again refer to N. 


While Davies treats HLB as an additive and constitutive property 
of a given surfactant molecule, neither the Griffin HLB nor the 
CMC are. Therefore, the lines in Figs. 1 and 2 for the dodecanol and 
nonylphenol derivatives are not parallel. The effect of an additional 
ethylene oxide unit on HLBG and CMC of polyoxyethylated sur- 
factants depends on the nature of the hydrocarbon moiety of their 
molecules. 


tween Davies' HLB and the CMC of dodecanol adducts: 


For nonylphenol adducts, the relation is 


APPENDIX 


Correlation of HLB with Other Factors-There is no simple 
relationship between the HLB of these nonionic surfactants and 
the molecular weight or aggregation number of their micelles. 
This is not surprising since the latter two parameters are governed 
to some extent by geometrical factors. 


There is a linear relation between the HLB value and the surface 
tension of surfactant solutions above the CMC (y). Once the CMC is 
reached, y decreases only very slightly with increasing surfactant 
concentration. For the dodecanol adducts, the relation is 


HLBG = 1.93 + 0.345 y (Eq. 11) 
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Figure 2-Relation between Davies HLB calues and the CMC of 
polyoxyethyluted surfactants. Key: *, dodecanol adducrs; 0, 
nonylphenol udducts. 
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and for nonylphenol adducts, 


HLBG = 1.55 + 0.380 y (Eq. 12) 


The significance of these simple relations is questionable, however, in 
view of the different and varying behavior of the o/w interfacial 
tensions (9). 


REFERENCES 


(1) W. C. Griffin. J .  Soc. Cosmetic Chemists, 1, 31 l(1949). 
(2) Ibid. 5 ,  249( 1954). 
(3) J. T. Davies. Proc. Intern. Congr. Surface Activity, 2nd, 


(4) S. Ross, E. S. Chen, P. Becher, and H. J. Ranauto, J.  Phys. 
London, 1, 426(1957). 


Chem., 63, 1681(1959). 


(5) L. Hsiao, H. N. Dunning, and P. B. Lorenz, ibid., 60, 657 


(6) M. J. Schick, S. M. Atlas, and F. R. Eirich, ibid., 66, 1326 


(7) M. J. Schick, J .  Colloid Sci., 17, 801(1962). 
(8) H. Schott, J.  Phys. Chem., 68, 3612(1964), 70, 296q1966). 
(9) P. Becher, J.  CoNoidSci., 18, 665(1963). 


(1956). 


(1962). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received March 14: 1969 from the School of Pharmacy, Temple 


Accepted for publication April 17, 1969. 
University, Philadelphia, PA I9140 


Estimation of the Pharmacokinetic Parameters of the Two-Compartment 
Open Model from Post-Infusion Plasma Concentration Data 


MILO GIBALDI 


~ ~ ~ ~~~~~~~ ~ ~~~~ 


Abstract 0 A model is presented which can serve as a means for 
obtaining the pharmacokinetic parameters of the two-compart- 
ment open system for drugs which are too poorly soluble or too 
irritating to be administered by rapid intravenous injection. Ex- 
perimentally, this method involves administering the drug by a 
constant rate intravenous infusion, until the attainment of in- 
fusion equilibrium, and determining the plasma concentrations of 
drug in the postinfusion period. This approach has been applied to 
literature data and has resulted in the evaluation of the two- 
compartment pharmacokinetics of oxacillin. 


Keyphrases 0 Pharmacokinetic parameters-two-compartment 
open model 0 Infusion equilibrium-i.v. administration 0 Post- 
infusion period-plasma concentration 


The kinetics of distribution and elimination of a 
number of drugs may be described adequately by the 
two-compartment open model shown in Scheme I 
(192). 


drug in k12 drug in 
central compartment tissue compartment 


k- ,  
JjL 


Scheme I 


The usual method of calculating the rate constants is 
to first determine the parameters A ,  B, a, and p (see 
Fig. 1 in Reference 3) from the plasma concentration 
of drug uersus time plot obtained after rapid intravenous 
injection of the drug and to use these values for calculat- 
ing the rate constants k12, kZ1, and k,l. However, a 
number of drugs are too poorly soluble, irritating, or 
acutely toxic to  be injected rapidly. In these cases it is 
difficult or impossible to obtain the parameters of 
Scheme I. A method is presented here for determining 


the rate constants of the two-compartment open model 
which does not require rapid intravenous injection. 


Often, drugs which cannot be administered as a 
rapid intravenous injection may nevertheless be intro- 
duced to the body in the form of a slow intravenous 
infusion of a dilute solution of the drug. When the 
drug is infused at a constant rate and is eliminated by 
first-order kinetics, drug levels in both the central and 
tissue compartments asymptotically approach, with 
time, a constant value and infusion equilibrium occurs. 
The present method is based on evaluation of plasma 
concentration of drug with time after attainment of 
infusion equilibrium. Where a drug is eliminated very 
slowly, then the infusion should be preceded by an 
intravenous loading dose (administered as rapidly as 


I I 


2 3 4 5 
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Figure 1-Average plasma concentrations of oxacillin in four healthy 
subjects receiving a constant rate (0.25 g./hr.) intravenous infusion of 
drug for 3 hr. Experimental data (0) .from Reference 5. Solid curve 
represents nonlinear least-squares regressionfit to the data. 
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Comparison of Two Methods for Measuring 
Drug-Induced Neurotoxicity 


R. DUANE SOFIA 


Abstract 0 A series of experiments is described in which a rotating 
and a stationary rod procedure were used to determine the neuro- 
toxic effect of various depressant and antidepressant agents in mice 
and rats. The results of these studies revealed that the rotating rod 
technique is more sensitive in detecting drug-induced changes in 
performance. Observed differences between the two methods were 
more striking in mice than in rats. 


Keyphrases 0 Neurotoxicity, drug-induced-measurement 0 
Rotating, stationary rod-neurotoxicity measurements 0 Drug- 
induced neurotoxicity-measurement method comparison 


The neurotoxic effect of psychoactive compounds in 
both mice and rats has been commonly measured 
utilizing a rotating rod (rotarod) described by Dunham 
and Miya (1). Since then several investigators (2-10) 
have attempted modification of this method to  establish 
the optimum parameters for its standardization. Re- 
cently Wright et al. (ll),  introduced a method to 
measure drug-induced neurotoxicity based on the 
ability of an animal to traverse a stationary, horizontal 
rod. Studies reported in this paper were conducted to 
compare the sensitivity of each procedure in two species 
of rodents, i .e.,  mice and rats, as methods for measuring 
the neurotoxicity of various psychoactive drugs. 


EXPERIMENTAL 


Rotarod Test-The rotarod apparatus used [a modification of 
the method described by Dunham and Miya (l)] to test mice (male 
Swiss-Webster strain, 16-26 g.) consisted of a 2.54-cm. wooden 
dowel divided into 10 equal spaces of 11.43 cm. each by metal disks 
of 15.24 cm. in diameter. The rod used to test rats (male hooded 
Long Evans strain, 18C220 g.) was also a 2.54-cm. wooden dowel 
but was divided into six equal spaces of 20.32 cm. each by metal 
disks of 30.48 cm. in diameter. The rotarod speed in both instances 
was 5 r.p.m. Animals were trained to maintain themselves on the 
rotating rod for at least 1 min. 


Stationary Rod Test-The stationary rod apparatus [a modifica- 
tion of the one described by Wright and others (ll)] for mice con- 
sisted of a 2.54 cm. diameter metal rod 60.96 cm. in length with a 
platform at either end of the rod. For rats the metal rod used was 
also 2.54 cm. in diameter but 101.60 cm. long, again with a platform 
at either end. Training of animals to walk across the horizontal 


rod required an initial “nip” or “pinch” or their hindquarters as a 
stimulus to move after being placed on the platform. Additional 
pinches were not necessary since the animals learned to move along 
the rod until training criterion was achieved. In this procedure 
animals were trained to successfully walk the length of the rod 
twice within a 1-min. trial. 


Procedure-In these studies test drugs were administered intra- 
peritoneally. Mice were tested 15 and 30 min. after injection, while 
rats were tested 15, 30, and 60 niin. postinjection. The additional 
testing interval given to rats was to insure that the time of peak 
effect for the drug would not be missed since it is accepted that the 
rate of metabolism in rats is slower than in mice. A trial, in the 
rotarod procedure, was considered unsuccessful when an animal 
fell from the rod more than once in a 1-min. period. In the stationary 
rod test, failure to traverse the rod in at least two of three trials in 
the 4-min. period was considered an unsuccessful trial. All animals 
judged unsuccessful at any one testing interval were said to have 
displayed neurotoxicity. 


Drugs-The drugs studied included: chlorpromazine HCI, chlor- 
diazepoxide HCI, tetrabenazine methanesulfonate, benzquinamide, 
meprobamate, trifluperidol, sodium pentobarbital, imipramine 
HCI, and thiazesim HCl. All drugs were either suspended or solu- 
bilized in 0.25 methylcellulose and dosed in a volume of 0.1 m1./10 
g. mice and 0.2 ml./lOO g. rats. 


Statistics-The median effective dose (ED5,,) for neurotoxicity 
with 95 confidence limits and potency ratios were calculated by 
the method of Litchfield and Wilcoxon (12) at the time of maximum 
effect. Ten mice or six rats per dose of test drug and a minimum of 
three dose levels were used for these calculations. 


RESULTS AND DISCUSSION 


Table I summarizes the results of this study. The approximate 
time of peak effect in mice for all the drugs studied was 15 min. 
while in rats this occurred uniformly at 30 min. Therefore, EDSO 
values in each species were dependent on the time between drug 
administration and testing. Of the drugs tested in mice, only chlor- 
diazepoxide, meprobamate, and thiazesim do not differ significantly 
by the two methods. Only for pentobarbital was the stationary rod 
method in mice significantly more sensitive; however, the observed 
difference between the methods was small. In rats results obtained 
with the two methods did not vary significantly for chlorpromazine, 
chlordiazepoxide, tetrabenazine, benzquinamide, meprobamate, 
and pentobarbital. In this same species neurotoxic effects of tri- 
fluperidol were more sensitive to the stationary rod procedure than 
to the rotarod test. The observed differences seen frequently in mice 
and not in rats may be attributable to a species difference. High 
doses of drugs used in this study when given to mice caused marked 
depression which resulted in their falling off the rotating rod. On the 
other hand, when rats were given high doses of the drugs listed in 
Table I, a rigid catatonic-type depression (excluding chlorproma- 
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Table I-Neurotoxicity of Various Psychotopic Drugs in Mice and Rats as Measured by Two Different Procedures 


Mice 7 ,  Rats 7 


Stationary Rod EDSO Rotarod EDso Stationary Rod EDAo Rotarod EDSO 
Drug mg./kg. (CLY mg./kg. (CL) PRb mg./kg. (CL) mg./kg. (CL) PR 


3.0 0.7 1 . 1  1.7 


9.9 9 .2  6.2 8.8 


36.1 11.5 1 .4  1 .5  


120.6 29.0 8 . 7  6.8 


83.4 94.5 97.6 85.0 


Chlorpr omazine (2 .43 .7)  (0.4-1.1) * (0.6-2.0) (1 .0-2.8) 


Chlordiazepoxide (6.7-14.7) (8.6-9.8) (4.3-8.9) (5.9-13.1) 


* (23.2-56.3) (9.5-13.9) (1.0-2.1) (1.0-2.1) 


Benzquinamide (107.0-135.8) (13.1-64.4) * (7.7-9.8) (4.3-10.7) 


Tetrabenazine 


Meprobamate (62.8-108.0) (83.0-107.6) (78 .0-122.1) (67.1-107.6) 
2.4 0 .3  0.16 0.28 


Trifluperidol (2.1-2.8) ( 0 . 2 4 . 4 )  * (0.1 2 4 . 2  1 )  (0.264.33) * 
Pentobarbital (12.5-14.5) (14.4-1 7.2) * (3.2-9.9) (7.1-15.2) 


Imipramine (36.9-39.2) (12.7-38.5) * (33.1-51.2) (16.8-31.6) * 


13.5 15.7 5.7 10.5 


42.6 22.1 41.2 23.0 


37.6 41.4 54.9 32.2 
Thiazesim (28.8-49.2) (39.942.9) (46.7-64.6) (23.444.2) 


95 Z Confidence limits. 6 Potency ratio. Asterisk indicates two methods are significantly different in potency at thep < 0.05 level. 


* 


zine and chlordiazepoxide) occurred, and the animals when placed 
on the stationary rod failed to move. The animals did not actually 
fall from the stationary rod but they failed to walk its entire length. 
Animals displaying this inability to traverse the stationary rod had 
to be considered as unsuccessful and lower doses of the drug were 
tested. Since catatonia, a state of increased muscle tone at rest 
which is abolished during voluntary movement, must be a function 
of the drug and the animal, it is possible that the rotarod caused 
abolition of this phenomenon whereas the stationary rod did not. 
This may then account for the lack of differences between the two 
methods in the rat. In the rotarod procedure this type of catatonic 
behavior failed to materilize in both mice and rats administered 
the same drugs. 


Because of its widespread success as an accurate and simple 
model the rotarod method appears to be one of the most popular 
techniques to measure neurotoxicity. Dunham and Miya (1) used 
it for detecting neurological deficit of psychotropic agents in mice 
and rats; Herr ef ul. (3) compared the effects of tranquilizers and 
antidepressants; and Plotnikoff et a/ .  (6) studied the effects of stimu- 
lants on rotarod performance. Kinnard and Watzman (13) re- 
ported on a phenomenon which they called a “free ride.” This was 
defined as “ . . . one revolution in which the animal holds on without 
walking.” This particular event was never observed in these studies. 
A possible explanation is that the rotarod speed was much slower 
compared to several earlier studies by other investigators. In 
addition, this slower speed resulted in a higher percentage of the 
animals that acheved training criterion. 


The stationary rod method would appear to be a potential model 
for measurement of neurotoxicity because of simple construction 
and ease of training animals. Results of the present study, however, 
indicate that this method is less sensitive than the rotarod method, 
especially for mice. Furthermore, two exceptions must be noted. 
In mice the stationary rod was superior to the rotarod in revealing 
the neurotoxic effects of pentobarbital. Additionally, the stationary 
rod procedure in rats was more sensitive to the neurotoxic activity 
of trifluperidol. Further studies comparing the two methods 
described using several analogs of both pentobarbital and tri- 
fluperidol might reveal an understanding of these findings. 


The question may then arise as to whether the two procedures 
for measuring neurotoxicity used in this study could represent two 
different behavior patterns. If this is the case then comparison of 
the techniques would be questionable. However, the validity of 
comparing the two methods as measurements for drug-induced 
neurotoxicity is conceivable since the ability to perform a working 
task is required of animals in both procedures; i.e., maintaining 


themselves on the rotarod ( 5  r.p.m.) and walking across the sta- 
tionary rod. 


In conclusion, therefore, the results of this study suggest that 
since rodents are quite often used in testing the neurotoxic effects 
of experimental compounds, it would be more advantageous to 
use the rotarod procedure over the stationary rod test since the 
former appears to be much more sensitive. 
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Surface Pressure Relaxation and Hysteresis in Stearic Acid 
Monolayers at the Air-Water Interface 


JAMES W. MUNDEN, DAVID W. BLOIS, and JAMES SWARBRICK” 


Abstract 0 Time-dependent changes in the surface pressure of 
stearic acid monolayers were examined using an automated Wil- 
helmy-type film balance. Different surface pressure-area isotherms 
were obtained for two different rates of compression. Pressure 
relaxation from preselected surface pressures was examined as a 
function of time. The results indicated two types of relaxation 
which, along with the compression rate effect, may be rationalized 
on the basis of changes in molecular orientation and redistribution, 
together with expulsion from the monolayer at areas below the 
limiting area per molecule. Marked hysteresis effects were also 
noted when stearic acid monolayers were subjected to compression- 
expansion cycles. The effect of repeated cycling and the minimum 
area of compression on hysteresis were investigated. The onset and 
extent of hysteresis may also be explained on the basis of expulsion 
and reentry and orientation and redistribution of molecules at the 
interface. 


Keyphrases 0 Stearic acid monomolecular films-effect of com- 
pression rate 0 Surface pressure relaxation-stearic acid mono- 
layers 0 Hysteresis-effect of minimum area of compression 
0 Cycling, requested, effect-hysteresis 0 Air-water interface- 
Surface pressure 


In recent years, the study of monomolecular films 
of biologic materials spread at the air-liquid interface 
has become increasingly significant in pharmaceutical 
and medical research. Serving as simulated biologic 
interfaces, these systems have been used to examine the 
interactions of such medicinal agents as the phenothia- 
zines, local anesthetics, bactericides, and antibiotics 
with various cell membrane constituents. The evalua- 
tion of such studies is based primarily on the surface 
pressure-area per molecule ( P A )  relationships ex- 
hibited by the system and the manner in which these 
change with time. 


There are many factors affecting the shape and type 
of surface pressure-area diagram obtained for mono- 
layers. Influencing factors such as pH, temperature, 
and the ion content of the supporting media have re- 
ceived fairly extensive investigation and are well 


documented in several texts (1-4). The time-dependency 
of surface pressure has been examined under conditions 
of slow discontinuous compression (5-7) and more 
rapid continuous compression (8-1 1). With the excep- 
tion of the work of Rabinovitch et al. ( I  I), the treat- 
ment of the time effects in these papers is limited. Ex- 
amination of the literature shows that monomolecular 
film studies have been undertaken using a wide range of 
compression rates and methods of compression. This 
arises, presumably, from the lack of appreciation of the 
time-dependent properties of monomolecular films. 
Accordingly, investigations were undertaken to  examine 
the effects of compression rate on the surface pressure- 
area isotherms of stearic acid monolayers and to study 
surface pressure relaxation, i.e., the decrease in sur- 
face pressure with time when compression is stopped and 
the film held at constant area. 


The property of surface hysteresis was also examined 
since it appeared there might be a link between the 
time-dependency of surface pressure and this property. 
Surface hysteresis or the significant separation seen 
between compression and expansion surface pressure- 
area isotherms has been examined in the case of the 
biological surfactants obtained from lung tissue, the 
so-called pulmonary or lung surfactants (12-15); 
however, the ability of simpler compounds such as 
stearic acid to exhibit similar behavior has been almost 
ignored. Ries and Walker (16) have stated, without pre- 
senting any evidence, that compression-expansion iso- 
therms for stearic acid show hysteresis. 


As a result of studies on the monolayer properties of 
biologic amphiphiles currently under investigation in 
this laboratory, the authors wish to report their observa- 
tions on (a)  the effect of compression rate on the T-A 
isotherm ; (b )  pressure relaxation following compression 
to preselected film pressures; and (c) surface hysteresis 
as affected by repeated cycling and minimum area of 
compression. 
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EXPERIMENTAL 


Materials-Stearic acid' was dissolved in n-hexane2 and used as 
the film-forming material. Double distilled water containing less 
than 0.1 p.p.m. as sodium chloride equivalents was used as the 
subphase. 


Film Balance-Preliminary studies were carried out with a 
dynamic surface tension accessory. This instrument was found to 
be unsatisfactory due to the distance between the two movable 
barriers varying in a nonlinear manner as a function of time. In 
addition, the reversal of the barriers at maximum and minimum 
area was not instantaneous, giving rise to exaggerated hysteresis 
loops. Accordingly, an automatic recording Wilhelmy-type film 
balance of the authors' design and fabrication was used in the 
present work. This consisted of a Teflon trough, an electromicro- 
balance,' and a 25.40-cm. (10-in.) rec~rder .~  The trough, 20.2 cm. 
wide and 27.3 cm. long was jacketed on five sides by a water bath 
maintained at 25". The trough and water bath were enclosed in a 
Plexiglas chamber saturated with the vapor of the subphase. Two 
solid Teflon barriers, one stationary and the other motordriven, 
rested on top of the trough and served to change the area available 
to the monolayer spread between them. The rate of compression and 
expansion could be varied by changing the gears which powered 
the movable barrier. Instantaneous reversal of the movable barrier 
was also possible. The minimum and maximum surface areas were 
60 and 424 cm. 2, respectively. 


A nichrome hangdown wire attached to one pan of the balance 
was used to suspend the sensor, a thin mica plate of known pe- 
rimeter, in the trough between the barriers. Due to the dimensions of 
the sensor and the null-balance principle of the electrobalance, 
which prevented vertical movement of the sensor, bouyancy effects 
could be neglected. The balance was operated so as to give a sen- 
sitivity of 0. I dynefcm. 


Rocedur-The film balance was calibrated with the mica sensor 
in air, after which the trough was filled with water to a predeter- 
mined level. The surface was repeatedly swept and cleaned until 
reducing the area to a minimum gave no loss in weight, indicative 
of a surface free from contamination. The solution of stearic acid 
in n-hexane was pipeted onto the surface of the water with the 
barrieis set for maximum area. The film was allowed to spread and 
equilibrate for 10 min., at which time compression was begun. The 
mass changes observed with changing area were converted to sur- 
face pressure (the difference between the surface tension of the 
pure subphase and the surface tension of the film covered subphase) 
using the following equation: 


?r = gdM/p 


where ?r is the surface pressure in dynes/cm., d M  the mass change 
in gram, g the acceleration due to gravity, andp the perimeter of the 
sensor in centimeters. Following completion of a run, the surface 
was cleaned by suction, the entire subphase removed, and the trough 
rinsed several times with distilled water before being refilled. At the 
same time the mica sensor was thoroughly cleaned. 


Surface pressure-area isotherms were obtained with the movable 
barrier operated at 2.54 and 0.24 cm. (1.0 and 0.1 in.)/min. With a 
monolayer OB the surface these rates corresponded to compression 
rates of 4.4 and 0.44 A.2/molecule/min., respectively. 


Surface pressure relaxation studies were conducted by compress- 
ing a monolayer to a given surface pressure at both compression 
rates, halting compression at the preselected surface pressure, and 
then following the decrease in initial surface pressure, ao, as a func- 
tion of time until equilibrium was attained. The equilibrium surface 
pressure, rLq, was taken to be that pressure at which the decrease in 
surface pressure did not exceed 0.1 dyne/cm./min. This normally 
occurred in not more than 10 min. A new film was used for each 
relaxation study. 


Compression-expansion studies were first carried out by re- 
peatedly cycling a stearic acid monolayer between 34.7 and 18.2 
A.z/molecule. These cycling experiments were done at a rate of 
4.4 A. 2/molecule/min. and five complete compression-expansion 
cycles were run for each film examined. One-cycle compression- 


1 Nutritional Biochemical Corp., Cleveland, Ohio. 
8 Eastman Organic Chemical, Rochester, N. Y. 
* Cahn Instrument Co.. Paramount, Calif. 
6 x-t, Beckman Instruments, Inc., Fullerton, Calif. 
EMB-1, Research and Industrial Instruments Co., London, England. 
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Figure 1-Effect of compression rate on the surface pressure-area 
per molecule isotherm of stearic acid at 25". Key: @, 4.4 A.2/moleculel 
min.: 0, 0.44 A.Blmofecule/min. 


expansion experiments were also conducted to determine the effect 
of the minimum area of compression on hysteresis. Successively 
smaller minimum areas from 23.4 tp 18.2 A.2/molecule were ex- 
amined at a compression rate of 4.4 A. 2/molecule/min. 


RESULTS 


Effect of Compression Rate-A significant difference was noted 
between the surface pressure-area isotherms of stearic acid com- 
pressed at two different rates. Figure 1 shows the average isotherms 
for three monolayers compressed at each rate. The variation between 
the three isotherms was such that the surface pressures at 
any one area per molecule were all within 1 dyne/cm. of the 
mean values plotted in Fig. 1. In most cases, the scatter was con- 
siderably less than this value. The isotherm generated by more rapid 
compression gave higher surface pressures at equivalent areas than 
slower compression. The isotherm may be conveniently considered 
in two portions. At the lower areas per molecule there is a linear 
low compressibility region. Extrapolation of this linear portion of 
the more rapidly compressed isotherm gave 20.3 A.*/molecule for 
the limiting area of stearic acid. At higher areas per molecule there 
is a second linear region of the surface pressure-area isotherm; this 
region is more compressible and extrapolation gives 24.8 A.81 


molecule. 
Surface Pressure Relaxation-The decline in surface pressure as a 


function of time from preselected initial surface pressures is shown 
in Fig. 2. These data obtained using a rate of compression of 
4.4 A.2/molecule/min. represent the average of at least three separate 
experiments for each initial surface pressure. That the observed 
decreases in surface pressure were not due to leakage of film past the 
barriers was confirmed by placing the sensor behind the movable 
barrier while compressing a film between the barriers to an area 
equivalent to that which previously gave a surface pressure of 40 
dynes/cm. After 10 min. the movable barrier was reversed, thereby 
compressing any material behind the barrier. The sensor showed no 
change in weight even at the minimum area, indicating that no mate- 
rial had leaked past the barrier. Plots of initial surface pressure 
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Figure 2-Decrease in initial surface pressure versus time from 
preselected surface pressures. Compression r a t d . 4  A .  Z/molecule/ 
min. 


versus area per molecule gave curves which coincided with that 
shown in Fig. 1 and the equilibrium surface pressure-area diagram 
was common for both rates of compression. 


The curves in Fig. 2 may be classified into two groups. In the 
first, obtained at initial surface pressures of 20 dynes/cm. and below, 
there is a gradual decrease in surface pressure with time. The second 
group of curves are found at  initial surface pressures of 25 dynes/ 
cm. and above. These are characterized by an initial rapid decrease 
in surface pressure followed by a more gradual decrease which 
parallels that of the first type. The extent of the rapid fall-off in- 
creases with increasing inital surface pressure. The type of relaxation 
curve changes at an area per molecule of approximately 20 AZ. 


Compression-Expansion Studies (Hysteresis)-Two types of 
compression-exapansion studies were carried out. 


Effect of Repeated Cyciing-Table I shows typical data for the 
first three compression-expansion cycles of a stearic ackd monolayer 
compressed and expanded between 18.2 and 34.7 A.z/molecule. 
Hysteresis was noted consistently in these studies and a definite 
pattern was observed with regard to area of hysteresis, extrapolated 
area per molecule, maximum film pressure at the minimum area of 
compression, and the extent of recycling. The area of hysteresis 
decreased markedly between the first and second and the second 
and third cycles. Maximum surface pressure and the extrapolated 


Table I-Effect of Recycling on Parameters of Stearic 
Acid Film" 


Area of 


Area/Molecule, Planimeter Maximum ?T, 


Extrapolated Hysteresis, 


Cycle A. a Units d ynes/cm. 


1 20.2 
2 
3 


_. ~ 


19.9 
19.8 


248 
100 
82 


37.3 
24.2 
21.4 


Q Rate of compression equal 4.4 A.2/molecule/min. 


area per molecule behaved in a like manner. Data for the fourth 
and fifth cycles were virtually the same as the third cycle and the 
compression and expansion isotherms nearly superimposable. 


Effect of Minimum Area of Compression-The results for compres- 
sion and expansion to  successively smaller areas per molecule are 
shown in Fig. 3. Each hysteresis loop represents an average of three, 
first-cycle, experiments with a new film being used for each experi- 
ment. It can be seen that the area of hysteresis increases as the 
minimum area of compression is decreased. This is shown graphi- 
cally in Fig. 4 where the area of hysteresis is plotted against the 
minimum area of comprestion. A noticeable break occurs in  this 
curve at approximately 21 A. 2/molecule. 


DISCUSSION 


As a film is progressively compressed, the movement and rotation 
of molecules at the interface becomes increasingly restricted. In 
the case of stearic acid, Volds(17) has calculated that cylindrical 
close packing occurs at 25.2 A. 2/molecule. At this area however, 
the molecules are free to rotate. Vold (17) has further calculated 
that rotation ceases at 20.5 A. 2/molecule at which point maximum 
packing has presumably been achieved. Examination of Fig. 1 
shows that extrapolation of the two linear portions of the isotherms 
gives areas per molecule of 24.8 and 20.3 A.2, in good agreement 
with the limiting values derived by Vold. Under the conditions used 
in this study, the linear increase in surface pressure observed be- 
tween these two values is due presumably to the progressive restric- 
tion of free rotation as the closest packed configuration is ap- 
proached (1 1). 


As mentioned earlier, the relaxation profile- observed with stearic 
acid films also changes at approximately 20 A. z/molecule, which is 
close to the limiting area calculated by Vold (17). At areas in excess 
of this value and up to 25.2 A.2/molecule, one finds the gradual type 
of relaxation occurring. Although molecular orientation, such as the 
flipping of hydrocarbon tails from a horizontal to a vertical position, 
following compression may play a part in this relaxation, it is 
difficult to conceive of this process being wholly responsible for the 
observed relaxation due to the theoretical closeness of cylindrical 
packing. Relaxation may, in part, be due to the redistribution of 
unequally distributed molecules, a state resulting from the disturbing 
effects of compression, per se. The latter explanation could account 
for the observed differences in the surface pressure-area per molecule 
isotherms obtained at different compression rates. At slower rates of 
compression there would be less disturbance of the surface layer and 
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Figure 3-Compression-expansion isotherms (jirst cycle) of stearic acid monolayers 
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Figure 4-Efect of minimum area of compression on area of hys- 
teresis for stearic acid monolayer on water at 2S ’. 
consequently a more uniform distribution of molecules. Thus, lower 
surface pressures would be seen at equivalent areas per molecule 
when compared with the more rapidly compressed film. Rabino- 
vitch (1 1) has shown a similar effect of compression rate. 


Once compression is stopped in the range 20.5 to 25.2 A.z/ 
molecule, a finite period of time passes before the processes of re- 
distribution and orientation are complete and the monolayer attains 
the equilibrium state. It is interesting in this regard that the equi- 
librium surface pressure-area isotherm was common for both rates of 
compression examined. It appears likely that the lower the compres- 
sion rate, the closer one approaches th: equilibrium state. 


At areas per molecule below 20.5 A. z/molecule, the compres- 
sibility of the molecules is presumed to be such that only a small 
reduction in area per molecule is possible before molecules are 
expelled from the monolayer. At higher compression rates this ex- 
pulsion process apparently lags behind the decrease in area as 
evidenced by the sharp increase in surface pressure at low areas per 
molecule (Fig. 1). This lag may be a result of the London dispersion 
forces existing between adjacent alkyl chains, which would resist 
expulsion of those molecules in excess. It thus appears that the rapid 
initial relaxation noted in Fig. 2 is due to expulsion of residual ex- 
cess molecules. When this process is complete, it is followed by the 
sbower relaxation described previously at areas in excess of 20.5 
A. */molecule. The magnitude of this initial decrease increases with 
increasing surface pressure since there are more molecules in excess 
at the lower areas of compression. At slower rates of compression, 
the sharp increase in surface pressure is not seen at comparable 
areas, presumably due to the expulsion rate of excess molecules 
now being more nearly equal that of compression rate. 


Although no leakage of film past the barriers was detected in the 
authors’ studies of repeated compression and expansion, the ap- 
parent extrapolated area per molecule is reduced, indicating that the 
monolayer becomes, in part at least, a multilayer due to expulsion 
and overlapping of the stearic acid molecules. Both the reduction 
in area of hysteresis and maximem surface pressure at minimum 
area in Table I are attributed to expulsion of stearic acid molecules. 
Reduction in area of hysteresis with repeated cycling has been re- 
ported for monolayers more complex than stearic acid (13, 15). 
Apparently the expulsion process is reversible to some degree since 
increasing the time at maximum area between cycles rather than 
immediate recompression was found to bring subsequent compres- 
sion-expansion isotherms closer together (1  8). Under conditions of 
rapid recompression, expelled material does not have time to re- 
enter the monolayer. 


Rabinovitch et al. (1  1)  have proposed that when the stearic acid 
monolayer is rapidly recompressed to areas below 21 A. z/molecule, 
an inversion process occurs which is responsible for the change in 
compressibility seen in successive cycles. This process can be de- 
scribed as an inversion of molecules out of the plane of the inter- 


face to form a bilayer with associations between nonpolar portions 
of the molecules, in which case the second layer is above the inter- 
face; or with associations between polar portions, in which case 
the second layer is below the interface. Prior to this point, Rabinc- 
vitch et al. (11) have proposed that the planar configuration of the 
head groups at the interface should give way to a multilayer one, 
as head groups are forced to a position either above or below the 
original plane. Since, however, the cross-sectional area of the head 
group and the alkyl chain are probably quite similar, this latter pro- 
cess would not serve to accommodate more molecules at the inter- 
face. It seems likely, therefore, that complete expulsion of an in- 
creasing number of molecules from the interface occurs as compres- 
sion proceeds below about 21 A.z/molecule. It is also doubtful 
whether the expelled molecules would have the high degree of 
orientation proposed by these workers. 


Of major significance is the observation that large areas of 
hysteresis are not obtained until this process of expulsion sets in. As 
shown in Fig. 4 by the break in the curve, expulsion occurs at an 
area per molecule of 21 A.2/molecule, which is in reasonable agree- 
ment with that value obtained in the relaxation studies for the onset 
of expulsion. The fact that hysteresis is noted, although to a much 
lesser extent, at areas in excess of 20.5 A.z/molecule is apparently 
due to the orientation and redistribution processes suggested earlier 
to explain the slow relaxation seen at comparable areas. Similar 
behavior, i.e., increasing area of hysteresis with decreasing minimum 
area of compression, has been reported previously by Galdston and 
Shah (19) for dipalmitoyl lecithin filtrs undergoing intermittent 
compression and expansion. 
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Effects of Chlorpheniramine and Pyrilamine on the Atrial 
Actions of Acetylcholine, Tyramine, and Ephedrine 


ROBERT E. OSTERBERG and THEODORE KOPPANYI 


Abstract 0 The experiments described herein were performed on 
isolated, spontaneously beating rabbit atria. The muscarinic actions 
of acetylcholine in the presence of physostigmine were antagonized 
by pyrilamine, chlorpheniramine and procaine which demonstrates 
that these drugs have an “antimuscarinic” action. The nicotinic 
(positive inotropic and chronotropic) actions of acetylcholine in the 
presence of atropine were also antagonized by pyrilamine and 
chlorpheniramine. Cocaine, pyrilamine, and chlorpheniramine 
inhibited the atrial stimulation by tyramine and ephedrine. The fact 
that the antimuscarinic and antinicotinic effects of pyrilamine and 
chlorpheniramine show similar slopes may indicate that similar 
receptors are involved. Cocaine and pyrilamine also have parallel 
slopes indicating that pyrilamine has a cocaine-like effect which is 
not related to local anesthesia. 


Keyphrases 0 Atrial depression-acetylcholine, physostigmine 
produced Chlorpheniramine, pyrilamine, procaine effect-in- 
duced atrial depression 0 Tyramine, ephedrine atrial stimulation- 
chlorpheniramine, pyrilamine, cocaine effect 0 Antimuscarinic 
activity-hlorpheniramine, pyrilamine, procaine 0 Antinicotinic 
activity-chlorpheniramine, pyrilamine, cocaine 


This investigation was undertaken to compare the 
effects of two antihistamines, namely, pyrilamine 
maleate and chlorpheniramine maleate on the mu- 
scarinic (direct) and nicotinic (indirect) actions of 
acetylcholine and on the indirectly acting sympatho- 
mimetic amines, tyramine and ephedrine. Isaac and 
Goth (1) and Johnson and Kahn ( 2 )  have suggested 
that antihistamines have a cocaine-like effect since, 
like cocaine, they potentiate the effects of norepi- 
nephrine and reduce significantly the effects of tyramine. 
The cocaine-like property of these antihistamines was 
investigated since previous work from this laboratory 
has shown that cocaine alone of a series of local an- 
esthetics studied antagonized the positive inotropic 
and chronotropic responses to tyramine on the isolated 
rabbit atria. All other local anesthetics and cocaine 
inhibited the stimulatory responses to nicotinic doses of 
acetylcholine (3). The results obtained from the anti- 
histamine studies were compared with the responses 
elicited by procaine (against acetylcholine) and cocaine 
(against tyramine and ephedrine) to ascertain if any 
similarities or differences exist between these anti- 
histamines and local anesthetics in their effects on the 
above mentioned agonists. 


EXPERIMENTAL 


Apparatus and Method-All of the following experiments have 
been carried out on spontaneously beating, isolated rabbit atria. 
The atria were excised from male albino rabbits and suspended in 
a 40-ml. organ bath, filled with oxygenated Locke solution and 
maintained at a constant temperature of 30 f 1”. The force of 
contractions was recorded on a smoked drum kymograph with a 
heart lever (Starling), and the rate with a impulse counter (Thorp), 
set at 10-sec. intervals (3). 


To obtain accurate measurements of atrial force, the following 
procedure was instituted. While the atria were equilibrating, the 
heart lever was weighted with 1 g. and a 1-g. tension line was in- 
scribed on the smoked paper. The weight was removed, the atrium 
reattached, and the tension adjusted so that during the momentary 
pause between beats the level of the inscribing lever coincided with 
the 1-g. tension line. A writing pen was placed to inscribe a line, 
coinciding with 1-g. tension to aid in measuring the force of atrial 
contraction since a part of the recording, above the line, is due to 
spring recoil. The recording below the 1 g. tension line was 
used to measure atrial force. 


Using methods described in Snedecor (4), mean values and stan- 
dard errors of the means were obtained. Student’s t-test was utilized 
to determine statistical significance. A computer (Olivetti-Under- 
wood programma 101) was programmed for regression calculations 
to determine the slopes and coordinates for the regression line 
points of the dose-response curves. 


A probability of 5 z ( p  = 0.05) was considered to be the minimum 
for an event not to have occurred by chance alone. 


All doses reported in this communication are expressed in terms 
of the respective salts. 


RESULTS 


Effect of Chlorpheniramine, Pyrilamine, and Procaine on Atrial 
Depression Produced by Acetylcholine in the Presence of Physo- 
stigmine-Acetylcholine bromide (0.025 mcg./ml.) followed, 4 to 5 
min. later, by physostigmine salicylate (2.5 mcg./ml.) produced 
atrial standstill. No spontaneous resumption of atrial contractions 
occurred for periods of up to 20 min. A single exchange of the 
bath fluid with drug-free Locke solution resulted in a restoration 
of contractions within 2 to 5 min. If, instead of washing, increasing 
doses of procaine were added to the bath fluid, atrial contractions 
resumed rapidly and returned essentially to control levels (Table 
I). 


Table I-Effect of Acetylcholine (ACH., 0.025 mcg./ml.) 
Followed by Physostigmine (PHYSO., 2.5 mcg./ml.) on the Force 
and Rate of Contractions of Isolated Rabbit Atria and its 
Modification by Procaine (PROC.) 


PROC. 
Dose 


De- 
p.res- 
siona Depres- 


of sion* Time to Onset 
Con- Remaining of Return of - 


mcg./ Parameter trols, after Beats, 
ml. (n) Measured PROC., z sec. f SE 


Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


Rate 


0 (6) 


3 (6) 


8 (6)  


15 (6) 


30 (4) 


100 28 .5 .  


100 3 6 . 9  
100 58.3 


127 f 31 


166 f 45 
100 53.4 
100 9 .0  


58 f 21 
100 23.6 
100 0 


100 20.8 
100 0 


100 8 . 7  


37 f 10 


39 f 12 


a Depression produced by the addition of ACH. (0.025 mcg./ml.) 
and PHYSO. (2.5 mcg./ml.). b 100 indicates no effect of PROC. on the 
depression and 0 complete reversal. c Responses following a angle 
exchange of the bath fluid. 
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Table II-Effect of Acetylcholine (ACH., 0.025 mcg./ml.) 
Followed by Physostigmine (PHYSO., 2.5 mcg./ml.) on the 
Force and Rate of Contractions of Isolated Rabbit Atria and its 
Modification by Pyrilamine (PM.) 


PM. 
Dose. 


De- 
pres- 
siona Depres- 


Con- Remaining of Return of 
of sionb Time to Onset 


- 
mcgj Parameter trols, After Beats, 
ml. (n) Measured % PM., sec. f SE 


Force 100 0c 


Rate 100 6 1 . e  
279 i 74 0 (6) 


Force 100 79 


Rate 100 78.6 
Force 100 55 


Rate 100 63 
Force 100 42.3 


Rate 100 55.9 


478 f 97 12 (5) 


16 (6) 


24 (6) 


332 f 63 


220 f 33 


Depression produced by the additon of ACH. (0.025 mcg./ml.) 
and PHYSO. (2.5 mcg./ml.). b 100 indicates no effect of PM. on the 
depression and 0 complete reversal. c Responses following a single ex- 
change of the bath fluid. 


Table 111-Effect of Acetylcholine (ACH., 0.025 mcg./ml.) 
Followed by Physostigmine (PHYSO., 2.5 mcg./ml.) on the Force 
and Rate of Contractions of Isolated Rabbit Atria and its 
Modification by Chlorpheniramine (CT.) 


CT. 
Dose, 


De- 
pFes- 
siona Depres- 


of sionb Time to Onset 
Con- Remaining of Return of - 


mcg./ Parameter trols, after Beats, 
ml. (n) Measured % CT., % sec. =k SE 


Force 100 1 3 . 9  


Rate 100 62.86 
210 f 35 0 (7) 


Force 100 71.4 


Rate 100 79.4 
Force 100 35.8 


Rate 100 61.6 
Force 100 37.5 


Rate 100 53.3 


379 f 63 5 (7) 


10 (7) 


30 (6) 


166 f 27 


84 f 25 


a Depression produced by the addition of ACH. (0.025 mcg./ml.) and 
PHYSO. (2.5 mcg./ml.). b 100 indicates no effect of CT. on the depres- 
sion and 0 complete reversal. c Responses following a single exchange of 
the bath fluid. 


The addition of increasing doses of pyrilamine and chlor- 
pheniramine likewise antagonized the atrial depression produced 
by acetylcholine-physostigmine (Tables I1 and 111). Atrial con- 
tractions did not return as rapidly as with procaine. 


Table IV-Analysis of Dose-Response Curves to Pyrilamine, 
Chlorpheniramine, and Procaine in the Presence of Acetylcholine 
(0.025 mcg./ml.) and Physostigmine (2.5 mcg./ml.) 


Parameter X-Intercept" 
Drug Measured Slope =k SE =!z SE 


Procaine Force 86.7 =!= 21.6b 3.009 i 0.2  
Procaine Rate 43.2 =k 8.3b 2.428 f 0 . 3  
Pyrilamine Force 102.6 =k 39.6 3.885 =k 0 . 1  
Pyrilamine Rate 74.3 f 21.7b 3.797 =t 0 . 1  
Chlorpheniramine Force 39.4 =k 32.8 3.282 f 0.7  
Chlorpheniramine Rate 32.2 =k 11. lb 3.080 =k 0.4  


a Log ng./ml. 6 Significantly different from zero ( p  equals or less 
than 0.05). 


Table V-Effect of Pyrilamine (PM.) on the Responses of 
Isolated Rabbit Atria to Acetylcholine (ACH., 100 mcg./ml.) 
in the Presence of Atropine (ATR. 3 mcg./ml.) 


Effect ofb Inhibi- 
ACH. tion of 


Effect ofa and ACH. 
PM. ATR. and Time to 


PM. Para- Depres- Excita- ATR. Onset of 
Dose, meter sion tion after ACH. 
mcs./ Mea- (% of (2 of PM. Responses, 
ml. (n) sured Control) Control) % sec. f SE 


18 f 4 - Force - 75 
0 ( 6 )  


\ -, 
Rate - 28.1 - 20 f 0 
Force 5.26 75 20 22 =!= 4 


Rate 0 . 8  28.1 35.4 2 0 f  3 
0.25 (6) 


Force 5.26 75 26.6 20 f 2 
0 . 5  (6) 


Rate 1.72 28.1 62 27 f 3 
Force 5.55 75 60 29 f 3 


Rate 5 . 9  28.1 88.4 23 f 4 
1 (6) 


Force 0 75 86.8 28 f 4 


Rate 13 28.1 100 35 f 6 
2 .5  (6) 


~~ 


a Depression caused by PM. in the absence of acetylcholine-atropine. 
b Stimulation caused by acetylcholine-atropine in the absence of PM. 


Tables I, 11, and I11 summarize the antagonistic effects of chlor- 
pheniramine, pyrilamine, and procaine on acetylcholine-physostig- 
mine induced atrial depression. 


Table IV shows the values for the slopes and X-intercepts of the 
dose-response curves for the effects of the acetylcholine-physostig- 
mine antagonists. The slopes of these dose-response curves using 
atrial rate as the measured parameter are not significantly different 
from each other. The values for the X-intercepts demonstrate that 
procaine is the most potent of the antagonists followed by chlor- 
pheniramine and pyrilamine. 


The dose-response curves in which force is the measured param- 
eter show that procaine is the only antagonist which has a dose- 
response curve with a statistically significant slope. Even though 
the slopes of the dose-response curves to the antihistamines are not 
significantly different from zero, an antagonism to acetylcholine- 
physostigrnine by these compounds is apparent. 


Table V1-Effect of Chlorpheniramine (CT.) on the 
Responses of Isolated Rabbit Atria to Acetylcholine 
(ACH., 100 mcg./ml.) in the Presence of Atropine 
(ATR., 3 mcg./ml.) 


Effect ofb 
ACH. Inhibi- 


Effect ofa and tion of 
CT. ATR. ACH. Time to 


CT. Param- Depres- Excita- and Onset of 
Dose, eter sion tion ATR. ACH. 
mcg./ Mea- (% of (% of after Responses, 
ml. (n)  sured Control) Control) CT. % sec. f SE 


Force - 27.8 - 21 f 5 


Rate - 39.4 - 21 i 1 
Force 0 27.8 0 24 i 7 


0 (6) 


Rate 1.87 39.4 27.9 3 0 i  14 
1 (6) 


27.8 +20c 32 =!= 7 Force 0 


Rate 5 .5  39.4 53.5 51 * 27 
Force 0 27.8 40 52 =k 16 


2.5 (6) 


Rate 4.7 39.4 100 45 & 7 
Force 0 27.8 80 78 f 34 


(6) Rate 14.8 39.4 100 58 k 1 1  


5 (6) 


10 


a Depression caused by CT. in the absence of acetylcholine-atropine. 
b Stimulation caused by acetylcholine-atropine in the absence of CT. 
c + denotes a stimulatory response to acetylcholine. 


1314 Journal of Pharmaceutical Sciences 







Table VII-Analysis of Dose-Response Curves to Pyrilamine 
and Chlorpheniramine in the Presence of Acetylcholine 
(100 mcg./ml.) and Atropine (3 mcg./ml.) 


Parameter X-Intercept" 
Drug Measured Slope f SE f SE 


Pyrilamine Force 85.4 f 11.2b 2.367 i 0 . 1  
Pyrilamine Rate 88.1 f 2.9b 1.995 f O . 0  
Chlorpheniramine Force 133.7 f 13c 3.501 i 0.03 
Chlorpheniramine Rate 79.8 f 18. lb 2.725 + 0 . 2  


a Log ng./ml. b Significantly different from zero (p equals or less 
than 0.05). c Estimated standard error. 


Effect of Pyrilamine and Chlorpheniramine on the Indirect 
Effects of Acetylcholine-Positive inotropic and chronotropic 
responses were obtained when acetykholine (100 mcg./ml.) was 
added 3 min. after atropine sulfate (3 mcg./ml.). 


Increasing doses of pyrilamine and chlorpheniramine were 
added in a randomized series 7 min. before atropine in order to 
determine the effects of these drugs in modifying the indirect 
(nicotinic) actions of acetylcholine on the rabbit atria. In this ex- 
perimental design, the atria were exposed to the antihistamine for 
10 min. prior to the addition of acetylcholine. 


Tables V and VI summarize the effects of the antihistamines on 
the nicotinic responses to acetylcholine. 


The antihistamines antagonized the responses of the atria to 
acetylcholine and the highest doses of chlorpheniramine and py- 
rilamine, in all cases, unmasked a muscarinic action of the 
quaternary ammonium compound. 


Table VII shows the values for the slopes and X-intercepts of the 
dose-response curves on the effects of pyrilamine and chlorphenir- 
amine as antagonists to nicotinic acetylcholine. When atrial rate 
was the measured parameter, the slopes of the dose-response curves 
were not significantly different from each other. 


The X-intercept values show that pyrilamine is more potent 
than chlorpheniramine as an antagonist of the nicotinic effects of 
acetylcholine. 


Using force as the response, pyrilamine produced a dose-response 
curve which has a statistically significant slope. Chlorpheniramine 
exhibited an antagonism to the production of force but no signif- 
icant dose-response curve was apparent within the dose range used. 


Effect of Pyrilamine, Chlorpheniramine, and Cocaine on the 
Stimulation of Rabbit Atria Produced by Tyramine and Ephedrine 
Various doses of chlorpheniramine, pyrilamine, and cocaine were 
compared in their actions on the responses of isolated rabbit atria 
to the stimulating effects of tyramine and ephedrine. 


A series of control studies were performed to determine the 
responses to six consecutive doses of tyramine (5 mcg./ml.), given 
every 30 min., and of ephedrine (10 mcg./ml.), given at 45-min. 
intervals to ascertain whether or not any change in the positive 
inotropic and chronotropic responses would ensue. No significant 
change in the respose to these drugs was observed. 


Table VIII-Effect of Cocaine (COC.) on the Responses of 
Isolated Rabbit Atria to Tyramine (TYR., 5 mcg./ml.) 


Effect ofa Effect ofb 
TYR. COC. Inhibi- Time to 


COC. Para- Excita- Depress- tion of Onset of 
Dose, meter tion tion TYR. TYR. 
mcg./ Mea- (% of (% of after Responses, 
ml. (12 )  sured Control) Control) COC. sec. + SE 


Force 42.8 - - 241.2 


Rate 56.8 - - 2421 3 
Force 42.8 0 0 34 f 3 


0 (6) 


1.25 (6) 
Rate 56.8 0 37.9 52 f 5 
Force 42.8 0 16.7 58 f 5 


2.5 (6) 
Rate 56.8 4.17 65.5 7 7 +  7 
Force 42.8 7.15 66.6 88 f 21 


Rate 56.8 3.12 77.5 1 4 O i  21 
5 (6) 


Table IX-Effect of Pyrilamine (PM.) on the Responses of Isolated 
Rabbit Atria to Tyramine (TYR., 5 mcg./ml.) 


Effect ofa Effect ofb 
TYR. PM. Inhibi- Time to 


PM. Param- Excita- Depres- tion of Onset of 
Dose eter tion sion TYR. TYR. 
mcg./ Mea- (% of (% of after Responses, 
ml. (n) sured Control) Control) PM. sec. i SE 


Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


Rate 


0 (7) 


1 (7) 


2.5 (7) 


5 (6) 


10 (7) 


- 100 


100 0 
47.4 - 


47.4 10.1 
100 0 


47.4 18 
100 0 


47.4 28.2 
100 6.7 


47.4 28.2 


- 
50 


25 
56.2 


3.57 
43.8 


21.4 
37.4 


42.8 


22 + 3 


26 f 2 
24 + 4 


31 f 3 
32 =!= 5 


3 4 i  2 
38 f 5 


48 f 5 
42 + 4 


56 f 6 


a Excitation cause by tyramine in theabsence of pyrilamine. * Depres- 
sion caused by pyrilamine in the absence of tyramine. 


Table X-Effect of Chlorpheniramine (CT.) on the Responses 
of Isolated Rabbit Atria to Tyramine (TYR., 5 mcg./ml.) 


Effect ofn Effect ofb 
TY,R. CT. Inhibi- Time to 


CT. Param- Excita- Depres- tion of Onset of 
Dose, eter tion sion TYR. TYR. 
mcg./ Mea- (% of (% of after Responses, 


ml. (a) sured Control) Control) CT., % sec. f SE 


- 22 i 2 Force 100 - 


Rate 33.8 - - 29 f 4 
Force 100 5 33.4 29 =!= 3 


Rate 33.8 6 . 4  +9.3. 4 0 i  5 
Force 100 5.25 51.9 2 6 +  3 


Rate 33.8 7.3 +9.3 3 6 i  8 
Force 100 5.55 59.2 38 + 8 


Rate 33.8 10.7 0 57 f 13 
Force 100 0 66.6 5 4 3 ~  21 


Rate 33.8 8.6 25.3 63 f 5 


0 (7) 


1 (7) 


2.5 (7) 


5 (7) 


10 (7) 


( 1  Excitation caused by tyraniinc in the absence of chlorpheniramine. 
b Deprcssion caused b) chlorpheniraminc in the absence of tyramine. 
# + denotes i i  stiniulatory response to tyramine. 


Doses of thc antihistamines or cocaine were added to the organ 
bath 10 min. prior to the addition of either tyramine or ephedrine. 
Tables V I I I .  IX, X, XIII, X l l l  and XIV summarize the results of 
these experiments. 


Tdbk XI shows the values for the slopes and X-intercepts of the 
dose-response curves to pyrilamine, chlorpheniramine, and cocaine 
in response to tyramine. The table shows that the slopes of the rate 


Table XI  - Analysis of Dose-Response Curves to Cocaine, 
Pyrilamine, and Chlorphcniraminc in the Presence of Tyramine 
(5 mcg./ml.) 


Parameter X-Intercept" 
Drug Measured Slope f SE + SE 


~~ 


Cocaine Force 111.4 f 30.6b 3.166 f 0.09 
Cocaine Rate 66.2 f 14b 2.526 f 0.2 
Chlorpheniramine Force 32.8 =!= 4. lb 1.966 f 0 . 2  
Chlorpheniramine Rate 84.6 f 8 . F  3.612 f 0 . 1  
Pyrilamine Force 31.3 f 5.7b 5.117 f 0 . 3  
Pyrilamine Rate 65.2 i 2.gb 3.353 & 0.0 


Excitation caused by tyramine in the absence of cocaine. bDepression 
caused by cocaine in the absence of tyramine. 


~~ 


a Log ng./ml. b Significantly different from zero ( p  equals or less 
than 0.05). = Estimated standard error. 


Vol. 58, No. 11, November 1969 0 1315 







Table XII-Effect of Cocaine (COC.) on the Responses of 
Isolated Rabbit Atria to Ephedrine (EPH., 10 mcg./ml.) 


Effect ofa Effect ofb 
EPH. COC. Inhibi- Time to 


COC. Param- Excita- DeDres- tion of Onset of 
Dose, eter tion sion EPH. EPH. 
mz./ Mea- (% of (% of after Responses, 
ml. (n) sured Control) Control) COC. sec. f SE 


Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


Rate 


0 (9) 


0 . 5  (9) 


1.25 (9) 


2 .5  (7) 


5 (6) 


22.2 - 


33.7 - 
22.2 0 


33.7 3 . 2  
22.2 4 . 8  


33.7 4 . 1  
22.2 4.35 


33.7 5 . 6  
22.2 8 . 7  


33.7 7.85 


- 62 f 20 


- 49 f 5 
0 82 f 26 


2 1 . 2  7 8 f  13  
25 97 f 24 


42.4 1 1 4 f  20 
25 131 f 48 


57.5 1 4 6 f  32 
50 191 f 68 


51.5 1 6 8 f  37 


0 Excitation caused by ephedrine in the absence of cocaine. b Depres- 
sion caused by cocaine in the absence of ephedrine. 


dose-response curves for cocaine and pyrilamine are not significantly 
Merent from each other. A comparison of the X-intercepts show 
that cocaine is more potent than pyrilamine. No linear dose- 
response curve for chlorpheniramine could be shown even though 
it antagonized the effects of tyramine on atrial rate responses. 


Table XV shows the values for the slopes and X-intercepts of the 
dose-response curves of the antihistamines and cocaine in response 
to ephedrine. The table shows that the slopes of the rate dose- 
response curves for pyrilamine and cocaine are not significantly 
different from each other. A comparison of the X-intercepts shows 
that cocaine is more potent than pyrilamine in antagonizing ephe- 
drine. No statistically significant dose-response curve for chlor- 
pheniramine could be demonstrated although some antagonism was 
apparent. 


Comparisons regarding the effects of the antagonists (pyrilamine 
and chlorpheniramine) on the force responses of the atria to tyr- 
amine and ephedrine could not be made since the concentrations 
of the antihistamines were apparently too low to show linear dose- 
response curves. Cocaine was the only antagonist for which a linear 
dose-response curve concerning atrial force was obtained. Although 
the antihistamines did not produce a significant dose-response 


Table XIII-Effect of Pyrilamine (PM.) on the Responses of 
Isolated Rabbit Atria to Ephedrine (EPH., 10 mcg./ml.) 


Effect 
ofa 


EPH. 
Exci- Effect ofb 
tation PM. Inhibi- Time to 


PM. Param- (x Depres- tion of Onset of 
Dose, eter of sion EPH. EPH. 
mcg./ Mea- con- (% of after Responses, 
ml. (n) sured trol) control) PM., % sec. f SE 


0 (6) 


1 (6) 


2 . 5  (6) 


21 f 4 Force 25 - 
Rate 34 - - 42 f 5 
Force 25 6.25 +5OC 29 f 2 


Rate 34 8 . 2  3.34 7 0 i  6 
Force 25 0 +25c 44 =t 7 


Rate 34 13.8 13.6 110 f 18 
Force 25 6.25 0 48 f 7 


Rate 34 1 1  43.3 147 f 40 
Force 25 12.5 50 57 f 9 


Rate 34 18.5 60 190 f 48 


- 


5 (6) 


10 (6) 


0 Excitation caused by ephedrine in the absence of ,pyrilamine. * De- 
pression caused bypyrilamine in the absence of ephedrine. 0 + denotes a 
stimulatory response to ephedrine. 


Table XIV-Effect of Chlorpheniramine (CT.) on the Responses 
of Isolated Rabbit Atria to Ephedrine (EPH., 10 mcg./ml.) 


~~~ ~~~~ 


Effect ofa Effect ofb 
EPH CT. Inhibi- Time to 


a. Param- Excita- Depres- tion of Onset of 
Dose, eter tion sion EPH. EPH. 
m a . /  Mea- (% of (% of after Responses, 
ml. (n) sured Control) Control) CT. sec. f SE 


Force 


Rate 
Force 


Rate 
Force 


Rate 
Force 


31.2 


17 
31.2 


17 
31.2 


17 
31.2 


- 
6 . 7  


2 . 3  
5.55 


7 . 2  
0 


- 
40 


31.8 
60 


45.4 
40 


4 0 f l  


58 f 9 
49 f 7 


90 f 24 
44 f 5 


147 f 23 
63 f 10 


Rate 17 10.4 36.4 17241 35 
Force 31.2 0 60 70 f 8 


Rate 17 21.3 45.4 1 6 7 3 ~  42 
10 (6) 


a Excitation caused by ephedrine in the absence of chlorpheniramine. 
b Depression caused by chlorpheniramine in the absence of ephedrine. 


curve, inhibitory effects on the production of force by the agonists 
was noted (Tables XI11 and XIV). 


DISCUSSION AND CONCLUSIONS 


An investigation has been made of two antihistamines, pyrilamine, 
and chlorpheniramine, as to their ability to reverse atrial arrest 
induced by acetylcholine in the presence of physostigmine. Using 
a series of doses of these antihistamines, graded dose-response curves 
were obtained against acetylcholine-physostigmine which dem- 
onstrated the antimuscarinic action of these drugs. The linearity of 
the dose-response curves indicates that with increasing doses of the 
antihistamines, the degree of reversal of atrial arrest increases. 


The observation that chlorpheniramine is more potent than 
pyrilamine (dose ratio: 6 to 1) in antagonizing acetylcholine is not 
surprising, since many authors (5-9) ascribed a weak or negligible 
anticholinergic component to pyrilamine in contrast to chlor- 
pheniramine to which other investigators (9, 10) attributed a mod- 
erate anticholinergic action. 


In view of the above information and the fact that pyrilamine and 
chlorpheniramine possess greater local anesthetic activities than 
does procaine (9), a statement can be made concerning the anti- 
muscarinic activity of the antihistamines and procaine. Since py- 
rilamine has been shown to have a greater local anesthetic activity 
than chlorpheniramine (9), and since both compounds are stronger 
local anesthetics than procaine, a local anesthetic component of 
action can certainly be dismissed as the mechanism for acetylcholine 
antagonism because procaine was the most potent and strongest of 
the antagonists used in this study. 


Many authors have demonstrated atrial stimulation resulting 
from the administration of a nicotinic dose of acetylcholine in 
the presence of atropine (3, 11-13). This action was shown by many 
authors to depend upon the release of catecholamines from isolated, 
intact hearts and atria (3 ,  12-14, 26). 


Table XV-Analysis of Dose-Response Curves to Cocaine, 
Pyrilamine, and Chlorphenirarnine in the Presence of 
Ephedrine (10 mcg./ml.) 
____ 


Parameter X-Intercept" 
Drug Measured Slope f SE f SE 


Cocaine Force 52.3 f 2.9b 2.291 f 0 .0  
Cocaine Rate 45.8 f 9.8b 2.723 f 0.1 


Chlorpheniramine Rate 10.2 f 8 .6  1.926 f 1 . 4  
Pyrilamine Force 71 .3  f 3.8b 3 . 7 1 5 4 ~  0 .0  
Pyrilamine Rate 5 9 . 7 f  9 .9b 3 . 0 4 7 f 0 . 1  


Chlorpheniramine Force 0.0 f 38.4 - 


Q Log ng./ml. b Significantly different from zero ( p  equals or less than 
0.05). 
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It has been demonstrated that various concentrations of pyril- 
amine and chlorpheniramine, as well as all conventional local 
anesthetics (3), can partially or completely block the positive in- 
otropic and chronotropic responses to acetylcholine in the presence 
of atropine. 


In comparing the dose-response curves obtained, it becomes 
apparent that there is a direct relationship between the dose of 
antihistamines and the degree of inhibition of the acetylcholine 
response. 


By a comparison of the slopes and X-intercepts of the dose- 
response curves of the antihistamines (Table VII), it can be shown 
that the slopes of the rate dose-response curves are not significantly 
different from each other which may indicate a similar mechanism 
of antagonism to the indirect effects of acetylcholine. X-intercept 
values show that pyrilamine is more potent than chlorpheniramine 
in antagonizing this indirect action of acetylcholine, in contrast to 
its antimuscarinic efficacy. 


Upon an analysis of the rate dose-response curves for acetyi- 
choline-physostigmine and acetylcholine-atropine in the presence 
of the antihistamines, one notices that these slopes are not sig- 
nificantly different from each other. This may indicate that the acetyl- 
choline receptors that have a role in both the direct and indirect 
responses are very similar in structure. 


Various authors have demonstrated that some antihistamines: 
pyrilamine, chlorpheniramine etc., can modify the tissue responses 
to tyramine (2, 15). 


These studies have also demonstrated that pyrilamine and chlor- 
pheniramine can antagonize the actions not only of tyramine but 
also of ephedrine despite the difference in the proportions of direct 
and indirect effects of these two sympathomimetic amines, classified 
by Trendelenburg et ul. (16). 


A significant rate dose-response curve was obtained for pyrilamine 
against tyramine and ephedrine but the dose-response curves for 
chlorpheniramine against these indirectly acting sympathomimetic 
amines was not significant even though atrial rate increases were 
antagonized. These results may indicate that pyrilamine and chlor- 
pheniramine have different actions on tyramine and ephedrine or 
that tyramine and ephedrine differ in their mechanism of action in 
the rabbit atrium. However, the first part of the last statement is 
made with some reservations because we were unable to use higher 
concentrations of chlorpheniramine since atrial depression was 
becoming apparent. 


The slopes of the dose-response curves for cocaine against tyr- 
amine and ephedrine are similar to that of pyrilamine which may 
indicate a similar mechanism of action. A comparison of the X- 
intercepts of cocaine and pyrilamine shows that cocaine is more 
potent as a tyramine and ephedrine antagonist than is pyrilamine. 


An analysis of the slopes of the rate dose-response curves for 
pyrilamine against nicotinic acetylcholine and the indirectly acting 
sympathomimetic amines shows that the slopes are significantly 
different from each other. This may indicate that norepinephrine 
release by acetylcholine and the indirectly acting amines (anti- 
tyramine and -ephedrine slopes were shown not to be significantly 
different when they were compared) may occur by different mech- 
anisms. 


It also seems possible for certain antihistamines to antagonize 
the actions of tyramine and ephedrine by the mechanism postulated 
by Iversen (17) for cocaine. Such a proposal has already been made 
by Johnson and Kahn (2) for the inhibition of tyramine by the 
antihistamines; this corroborates the theory of Furchgott et ul. (18) 
and was defended by many authors including Iversen (19) who 
relates the antagonism of the effects of tyramine to blockade of 
reuptake by the active transport system at the sympathetic neuronal 
membrane thereby decreasing norepinephrine release simultane- 
ously. 


Table XVI illustrates the similarities and differences encountered 
with antihistamines, local anesthetics and atropine concerning their 
actions on acetylcholine, tyramine and ephedrine. The table shows 
that the effects of nicotinic doses of acetylcholine in the presence of 
atropine can be antagonized by both local anesthetics and anti- 
histamines while the effects of tyramine and ephedrine can only be 
antagonized by cocaine and various antihistamines. The property 
common to both types of antagonists is the local anesthetic com- 
ponent. It would therefore seem reasonable to hypothesize that those 
drugs possessing the strongest local anesthetic action should be 
the most effective antagonists of the nicotinic effects of acetyl- 
choline. Naranjo and de Naranjo (9) ranked the relative local 


Table XVI-Effects of Antihistamines, Local Anesthetics, and 
Atropine on the Actions of Indirectly Acting Sympathomimetic 
Amines and Acetylcholine 


Action of 
Direct Action Indirect Tyramine 


Agents Choline Acetylcholine Ephedrine 
Modulating of Acetyl- Action of and 


Synthetic 
local anes- 


. . .  . .  . 
Antihis- 


tamines 1 (9, 22, 24) 1 (24) 1 (2, 24) 
Atropine 1 (25) (3, 24) 0 (20, 21) 


a 1 = decrease. b O  = no effect. c = increase. 


anesthetic potencies of both local anesthetics and antihistamines in 
the following descending order: dibucaine, tetracaine, pyrilamine, 
chlorpheniramine, lidocaine, and procaine. Results from this labor- 
atory show that pyrilamine is more potent than chlorpheniramine 
in antagonizing nicotinic acetylcholine while Koppanyi and Mac- 
Farlane (3) have shown that dibucaine, tetracaine, cocaine, lido- 
caine, and procaine in order of descending potency antagonized the 
actions of nicotinic acetylcholine. Therefore there appears to be a 
close correlation between local anesthetic potency and the antag- 
onism of the indirect effects of acetylcholine. 


The ultimate explanation for the interactions betmeen the pre- 
viously mentioned antagonists and agonists hinges upon the 
problem of the mode of release of norepinephrine from storage 
sites by nerve stimulation, by indirectly acting sympathomimetic 
amines and by acetylcholine in the presence of atropine. 
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Mutual Inhibitory Effect of (-)-Mandelic Acid and Certain 
Sulfonarnides on the Kinetics of Their Urinary 
Excretion in Humans 


FREDRICK M. KAMIENNY*, MARTIN BARR, and JANARDAN B. NAGWEKART 


Abstract 0 Pseudo-first-order rate constants for the overall elimina- 
tion of (-)-mandelic acid both in the absence ( K )  and in the 
presence (Kas) of sulfadiazine, sulfamethazine, or sulfamerazine 
were determined in three human subjects. Since the extent of 
metabolism of (-)-mandelic acid was not significantly altered in 
the presence of these sulfonamides, the ratio of the rate constants, 
KIKas, has been calculated as a measure of the inhibitory effect 
of each sulfonamide on the urinary excretion of (-)-mandelic 
acid. For the dosage levels of the inhibitors employed, the range of 
such ratios found in all three subjects is 1.29-1.55 due to sulfa- 
diazine, 1.33-1.62 due to sulfamethazine, and 1.33-1.76 due to 
sulfamerazine. Similar inhibitory effects were observed on the 
urinary excretion of sulfadiazine in the presence of (-)-mandelic 
acid in two subjects. Therefore, it is concluded that these com- 
pounds probably share the same renal tubular transport system(s) 
for their secretion in humans. 


Keyphrases (-)-Mandelic acid urinary excretion-sulfonamide 
effect 0 Sulfonamide urinary excretion-( -)-mandelic acid 
effect 0 Urinary excretion, sulfonamides, (-)-mandelic acid- 
mutual inhibition 0 GLC-analysis 0 UV spectropho- 
tometry-analysis 


Since the time Marshall et al. (1-3) produced evi- 
dence for the renal tubular secretion of phenol red, 
numerous studies have been conducted to show that 
other substances are also secreted by the renal tubules. 
In addition, considerable efforts are being made to 
establish the mechanism of renal tubular secretion. 
Weiner and Mudge (4-6) have reviewed the tubular 
mechanisms for the excretion of organic acids and 
bases while Despopoulos (7) has reviewed the renal 
transport of organic ions. Current theory suggests the 
presence of separate mechanisms for renal tubular 
secretion of acids and bases in humans (4). Extensive 
lists of drugs, which are secreted by the renal tubules, 
are cited by Weiner and Mudge (4) and Despopoulos 


Nagwekar and Kostenbauder (8) have demonstrated 
that the excretion and metabolism of both optical 


(7). 


isomers of mandelic acid follow pseudo-first-order 
kinetics in humans and that there is no significant 
difference in the rate constants for excretion of these 
isomers. They showed that the principal metabolites 
of mandelic acid are benzoylformic acid and benzoic 
acid and that mandelic acid is completely recovered 
in the urine. The rate of metabolism of (+)-mandelic 
acid was found to be twice the rate of metabolism of 
(-)-mandelic acid. A gas-chromatographic method was 
used to quantitatively determine intact mandelic acid 
and its metabolites excreted in the urine. 


Nagwekar and Kostenbauder (8) also studied in 
humans the effect of probenecid on the urinary excre- 
tion of mandelic acid and since probenecid decreased 
the rate of urinary excretion of both isomers of mandelic 
acid, they concluded that mandelic acid is probably 
involved in active renal tubular transport. 


Although Despopoulos and Callahan (9) could show 
no effect of probenecid on the rate of transport of 
sulfadiazine, suIfarnerazine, and sulfamethazine in 
rabbit kidney slice studies, Crosley et al. (lo) demon- 
strated, in humans, an increase in the plasma levels of 
both the intact and the acetylated forms of triple sulfon- 
amides in the presence of probenecid. They attributed 
this to  the inhibitory effect of probenecid on the excre- 
tion of these sulfonamide(s). Hansen ef al. (11) also 
studied the effect of probenecid on the plasma concen- 
tration of the same triple sulfonamide mixture in 
humans, and reported an increase in the plasma con- 
centration of intact sulfonamide in some of their 
studies. 


These experimental observations suggest that both 
sulfonamides and the mandelic acids may be secreted 
by an active transport mechanism present in the kidney 
tubules, and that probenecid interferes with this active 
process. They also suggest that both sulfonamides and 
the mandelic acids are secreted by the same mechanism. 
If this is the case, an optical isomer of mandelic acid 
and a sulfonamide, when administered simultaneously 
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and for nonylphenol adducts, 


HLBG = 1.55 + 0.380 y (Eq. 12) 


The significance of these simple relations is questionable, however, in 
view of the different and varying behavior of the o/w interfacial 
tensions (9). 
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Estimation of the Pharmacokinetic Parameters of the Two-Compartment 
Open Model from Post-Infusion Plasma Concentration Data 


MILO GIBALDI 


~ ~ ~ ~~~~~~~ ~ ~~~~ 


Abstract 0 A model is presented which can serve as a means for 
obtaining the pharmacokinetic parameters of the two-compart- 
ment open system for drugs which are too poorly soluble or too 
irritating to be administered by rapid intravenous injection. Ex- 
perimentally, this method involves administering the drug by a 
constant rate intravenous infusion, until the attainment of in- 
fusion equilibrium, and determining the plasma concentrations of 
drug in the postinfusion period. This approach has been applied to 
literature data and has resulted in the evaluation of the two- 
compartment pharmacokinetics of oxacillin. 


Keyphrases 0 Pharmacokinetic parameters-two-compartment 
open model 0 Infusion equilibrium-i.v. administration 0 Post- 
infusion period-plasma concentration 


The kinetics of distribution and elimination of a 
number of drugs may be described adequately by the 
two-compartment open model shown in Scheme I 
(192). 


drug in k12 drug in 
central compartment tissue compartment 


k- ,  
JjL 


Scheme I 


The usual method of calculating the rate constants is 
to first determine the parameters A ,  B, a, and p (see 
Fig. 1 in Reference 3) from the plasma concentration 
of drug uersus time plot obtained after rapid intravenous 
injection of the drug and to use these values for calculat- 
ing the rate constants k12, kZ1, and k,l. However, a 
number of drugs are too poorly soluble, irritating, or 
acutely toxic to  be injected rapidly. In these cases it is 
difficult or impossible to obtain the parameters of 
Scheme I. A method is presented here for determining 


the rate constants of the two-compartment open model 
which does not require rapid intravenous injection. 


Often, drugs which cannot be administered as a 
rapid intravenous injection may nevertheless be intro- 
duced to the body in the form of a slow intravenous 
infusion of a dilute solution of the drug. When the 
drug is infused at a constant rate and is eliminated by 
first-order kinetics, drug levels in both the central and 
tissue compartments asymptotically approach, with 
time, a constant value and infusion equilibrium occurs. 
The present method is based on evaluation of plasma 
concentration of drug with time after attainment of 
infusion equilibrium. Where a drug is eliminated very 
slowly, then the infusion should be preceded by an 
intravenous loading dose (administered as rapidly as 


I I 


2 3 4 5 
TIME (hr) 


Figure 1-Average plasma concentrations of oxacillin in four healthy 
subjects receiving a constant rate (0.25 g./hr.) intravenous infusion of 
drug for 3 hr. Experimental data (0) .from Reference 5. Solid curve 
represents nonlinear least-squares regressionfit to the data. 
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possible) to reduce the time required to attain infusion 
equilibrium. 


THEORETICAL 


The amounts of drug in the central compartment ( X , )  and in the 


(Eq. 1) 


tissue compartments ( X T )  at infusion equilibrium are given by 


(Xc)inf. eq.  = kokzl/a@ 


(XT)inf. e q .  = kokn/a@ 


and 


(Eq. 2) 


where ko is the constant intravenous infusion rate of drug (see 
Appendix). After cessation of a constant-rate intravenous infusion, 
which was administered over a sufficiently long period of time to 
achieve constant levels of drug in each compartment, the drug 
levels in the central compartment may be described by the following 
Eq. (4): 


where X ,  represents the amount of drug in the central compartment 
in the postinfusion period. Equation 3 may be rewritten in terms of 
plasma concentration (C,), so that 


0%. 4) C, = ~ e - t  + Se-ot 


where 


and 


The term V, represents the apparent volume of distribution of drug 
in the central compartment, i.e., the amount of drug ( X , )  divided by 
the concentration (CJ. From a mathematical point of view it is 
assumed that the plasma concentration corresponds to the drug 
concentration in the central compartment of the two-compartment 
open model. Hence, according to Eq. 4, the decline of drug con- 
centration in the plasma after attainment of infusion equilibrium 
may be described by a bi-exponential equation with exponents 
identical to the exponents of the bi-exponential equation required 
to describe the decline of plasma level of drug after rapid intra- 
venous injection (see Fig. 1). 


The parameters a,  P, R, and S are readily obtained from suffi- 
ciently intensive plasma concentration of drug versus time data in 
the postinfusion period as shown in Fig. 1 .  The rate constants and 
other parameters of the two-compartment open model may be 
calculated from the following equations. Dividing Eq. 5 by Eq. 6 
yields 


which upon rearrangement yields 


It has been noted (1) that a@ = kzlk,l and a + P = k.1 + klz + kzl. 
Accordingly, 


and 


kiz = CY + P - kel - kzi (Eq. 10) 


The volume of the central compartment is given by the ratio of the 
amount of drug in this compartment to the concentration of drug in 


the plasma at infusion equilibrium, so that 


The apparent volumes of distribution, (vd)@ and (Vd)inf. ,,q., which 
relate plasma concentration of drug to the total amount of drug in 
the body during pseudo-distribution equilibrium (3) and at infusion 
equilibrium (4), respectively, may be calculated from Eqs. 12 and 13 


and 


APPLICATION 


(Eq. 12) 


Rosenblatt et a/. (5) have reported average (four human subjects) 
plasma concentrations of oxacillin during and after the administra- 
tion of 750-mg. dose by constant-rate intravenous infusion over a 
3-hr. period. Since the drug has a biologic half-life of about 30 min., 
this period of infusion was sufficient to essentially attain infusion 
equilibrium. The average plasma concentrations in the postinfusion 
period were given equal weight and were used as input data for the 
digital computer program of Marquardt (6) to provide a bi-ex- 
ponential least-squares regression fit to the data. The constants thus 
obtained were used with the appropriate equations outlined above 
to estimate the rate constants of the two-compartment open model 
shown in Scheme I. 


A bi-exponential fit of the oxacillin data in the postinfusion 
period as a function of time ( t )  in minutes yielded the following 
expression: 


(Eq. 14) C, = 2.942 e-O.127 t + 6.758 eQ.027 t 


with a zero-time (postinfusion) intercept of 9.70 mcg./ml. 
The rate constants obtained according to Scheme I are 


kel = 0.057 min.-1 
klz = 0.037 min.-l 
kzl = 0.060 min.-1 


Figure 1 shows the plasma concentrations of oxacillin calculated 
according to Eq. 14 as well as the experimentally determined plasma 
levels of drug. The sum of the squared deviations of the observed 
from the calculated plasma concentrations is 0.291. The volume of 
the central compartment, calculated according to Eq. 11, is 7.5 1. 
The apparent volumes of distribution, (Vd)o and (Vd)inf. eq , are 
15.9 and 12.1 I., respectively. 


It has been noted in a previous report (4) that the distribution 
ratios at pseudo-distribution equilibrium [ ( X T / X , ) ~ ]  and at infusion 
equilibrium [ (XT/X&. eq.] are not equivalent. In theory, the tissue 
compartment : central compartment distribution ratio is predicted 
to be higher at pseudo-distribution equilibrium than at infusion 
equilibrium. With oxacillin, this difference appears to be consider- 
able; in the order of 1.8-fold. Thus, assuming a homogeneous tissue 
compartment, it is anticipated that at equivalent plasma concen- 
trations, the “tissue” concentration of oxacillin would be about 
twice as great during pseudo-distribution equilibrium than during 
infusion equilibrium. 


APPENDIX 


During constant rate infusion of the central compartment the 
rate of change of drug levels in each compartment of the two- 
compartment open model shown in Scheme I is given by 


dXJdt = ko - (ker + k d X c  + kZlXT (Eq. l a )  


and 


dxT/dt = klzXc - kzl XT (Eq. 2a) 
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respectively. Some time after initiation of infusion the rate of entry 
of drug into each compartment is equal to the rate of exit, i.e., 
dX,/dt = 0 and dX&t = 0. After attainment of this steady-state 
condition (infusion equilibrium), then it follows from Eqs. la and 
2a that 


and 


(XT)inf. eq. = kiz kolkzi kel (Eq. 


During the course of integration of Eqs. la  and 2u to determine X, 
and XT explicitly, the constants a and p are defined so that 


c.P = k21 kel (Eq. 5a) 


and 


a + 0 = k,z + kiz + kzi 


Substituting Eq. 5a in Eqs. 3a and 4u yields Eqs. 1 and 2 in the text. 


0%. 6 4  
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Ultrasonic Extraction of Cassia acutifolia 


INDUKUMAR C. PATEL and DONALD M. SKAUEN 


Abstract Cassia acutifolia has been extracted using ultrasonic 
energy in the form of a powerful step-horn converter. The amount 
of aglycones extracted by this means was compared with aglycones 
extracted by a standard infusion method. Under similar conditions 
ultrasonic extraction was more rapid and produced more aglycones 
than the infusion method. The amount of heat applied has an im- 
portant effect in the extraction of Cassia acutifolia. 


Keyphrases 0 Ultrasonic extraction-Cassia acutifolia 0 Extrac- 
tion comparison-boiling water, ultrasonic 0 Temperature ef- 
fect-Cassia acutifolia extraction 


Under appropriate conditions, ultrasound has been 
shown to be very effective in extracting various princi- 
ples from biological cells. In the majority of the studies 


a - 


01 5 10 15 20 25 30 
TIME, min. 


Figure 1-Comparison of ultrasonic extraction without boiling wuter 
and infusion extraction with boiling wafer. Key: 0, ultrasonic ex- 
traction (without boiling water); 0, infusion extraction (boiling 
water). 


reported in the pharmaceutical literature, low power, 
tank type generators were used (14) .  Ovadia and 
Skauen ( 5 )  reported their experiences with a step-horn 
ultrasonic generator of high power in extraction ex- 
periments with Cinchona, Cephaelis, and Pilocarpus 
species. Morrison and Woodford (6 )  utilized a similar 
ultrasonic probe for an aqueous extraction of senna 
pericarps. 


This investigation was conducted to determine the 
effects of a more powerful step-horn converter* on the 
extraction of Cassia acutifolia, and to compare those 
results with a standard infusion technique. 


EXPERIMENTAL 
Ten-gram samples of powdered Cassiu acutifolia, No. 40 mesh, 


were weighed and placed into 240-ml. polyethylene containers. One 
hundred milliliters of water was added and the drug macerated for 
10 min. Fifty milliliters of water, brought to pH 8 with 1 N NaOH, 
was added and the samples insonated for the required periods of 
time. The mixture was then cooled, made up to 300 ml. with water, 
filtered, and the residue washed with 50 ml. of water in divided 
portions. 


Ten milliliters of the combined filtrate was used to determine the 
amount of aglycones present after hydrolysis of the extracted 
glycosides. This assay method was a modification of the method 
introduced by Fairbairn and Michaels (7). 


The glycosides extracted without ultrasound were treated in a 
similar manner using boiling water and eliminating the maceration 
step. 


When it became necessary to compare ultrasonic extraction with- 
out maceration with similar infusion extraction, the general pro- 


' Model s-125 Sonifier, Branson Sonic Power Co., Danbury, Conn. 
Courtesy of Meer Corp., New York, N. Y. 10036 
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Effects of Some Lignosulfonates on Sweat Gland Activity 


R. S. ALPHIN, J. A. VOCAC, D. SAUNDERS, and J. W. WARD 


Abstract 0 The antihidrotic activity of several lignosulfonates on 
pilocarpine-induced sweating in anesthetized cats has been in- 
vestigated. Two lignosulfonates produced significant inhibition of 
sweating when applied topically on the foot pads of the cat. The 
most effective material was comparable to AI(0H)KI. Preliminary 
experiments indicated that this lignosulfonate was also effective in 
reducing emotionally induced finger sweating in human volunteers. 


Keyphrases 0 Lignosulfonates-antihidrotic activity 
Pilocarpine-induced sweating-lignosulfonates effect 0 Anti- 
hidrotic activity-screening 


The antiperspirants in general use today usually 
contain salts of metals such as aluminum. When and 
how these salts came to be recognized as antiperspirants 
is not known. An effort to find other substances effec- 
tive in reducing eccrine sweat gland activity has focused 
attention on macroanions. The macroanions investi- 
gated were crude and purified lignosulfonates and are 
considered to  be composed mainly of the following 
monomeric units: [4-hydroxy-3-methoxyphenylpro- 
pane),v and [4-hydro~y-3,5-dimethoxyphenylpropane]~~, 
Pearl, 1967 (1). The purpose of the studies reported 
here was to  evaluate the antihidrotic effects of these 
substances on pilocarpine-induced sweating in the 
anesthetized cat. In addition, it seemed desirable to  
determine, in preliminary experiments, if antihidrotic 
effects could be demonstrated in the human subject. 


EXPERIMENTAL 


The method of Alphin et cd .  (2) was used for determining the 
antihidrotic effects of aqueous solutions of the lignosulfonates. 
Various concentrations were applied directly (0.1-0.2 ml.) to a front 
foot pad of a cat anesthetized with sodium phenobarbital (125 
mg./kg., i.p.). After application of test substance, the foot pad was 
allowed to dry before sweating determinations were made. The 
other front paw, enclosed in an identical chamber, served as a 
control. Sweating was elicited by the administration of pilocarpine 
hydrochloride (0.1 mg./kg.) cia a jugular vein previously cannulated 
with P.E. 50 tubing. The sweating response was determined by 
measuring the maximum height (cm.) of the sweating curve for 
both control and treated paws. The differences between means (in 
crn.) of control and treated sweating curve heights were tested for 
significant differences by the Student t test (3). 


Effects in human volunteers were measured by the apparatus 
employed in the cat experiments. Kuno (4) and others have shown 
that sweat responses to mental stimulation occur on the plantar 
and palmar surfaces as well as in the axillae. It is well recognized 
that human emotions are a common physiological cause of in- 
creased sweating and appear to be under the control of a center 
in the cerebral cortex. In preliminary experiments involving emo- 
tionally induced sweating, primary considerations were given to 
the duration as well as the type of stimulus used with each subject, 
insofar as possible under the present experimental conditions. 
The lignosulfonate was dissolved in a commercial lotion to a final 
concentration of 20% (w/v, pH 4.9) and applied with a standard 
roll-on bottle. After recording control responses to emotional 
stimuli (such as answering questions or asked to recall events) 
the lotion was applied to the entire surface area of the middle 


(third) finger of either the right or left hand. The same lotion, 
without compound, was applied to the corresponding finger of the 
other hand which served as a control. Both fingers were allowed 
to dry before being placed into the recording chambers. After a 
constant sweating rate had been established for both fingers, the 
emotional stimuli were repeated to determine the change in sweating 
responses. 


The authors gratefully acknowledge the generous samples of 
lignosulfonates from the various manufacturers. 


A commercial aluminum chlorhydroxide preparation was used as 
a reference standard. 


RESULTS 


The effects of a number of lignosulfonates on pilocarpine-in- 
duced sweating in the anesthetized cat are shown in Table I. Under 
the authors' experimental conditions, only Substance 13 (65 %; 
p < 0.05) and Substance 12 (53%; p < 0.05) produced significant 
inhibition of sweating. Substance 13 considered to be a purified 
lignosulfonate (average mol. wt. approximately 5,000), was pre- 
pared by a modified protein precipitation method of Jantzen (1958) 
(5). Substance 1 (+26%) and Substance 2 ($2173 appeared to 
enhance the flow of sweat; however, further studies must be done 
to confirm these observations. The antihidrotic effects appeared to 


75- 


'15- 


- I 
' 0  Mm S 


Figure 1-Typical effects of u [ignosulfonate (20% WID) on $tiger 
sweating in a human subject. Nontreated response in upper tracing; 
treated response in lower. Respecti1.e fingers are designa fed  by right 
arid /eft. 


1 Arthur C. Trask Co., Chicago, Ill.  (Trastan SL, Trastan AL, 
Peritan); American Can Company, Neenah, Wisc. (Norlig 11, Marataii 
24, Marasperse CB); Crown Zellerbach, Camas, Wash. (Orzan C ) ;  
West Virginia Pulp and Paper, North Charleston, S.C. (Polyfon H, 
Reax 80A, Polyfon 0, Polyfon T, Reax 85A); Lake States Division 
St. Regis, Rheinlander, Wis. (Toranil B). See Table I for identification 
of substances as discussed in text. 
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Table I-Effect of Various Lignosulfonates on Pilocarpine-Induced Sweating in the Anesthetized Cat 


Sulfur- Reducing pH of ChangeC 
Lignosulfonates Total Methoxy Sugar as Applied in Sweating 


Substance“ Sulfur,a Cation Ratio“ G l ~ c o s e , ~  % Solutionsb Response p Value 


I d  6 . 2  Na, NH3 0 .72  27.0 6 .8  +26 >0.5 
2 6 . 0  Ca 0.70 18.5 4 . 2  +21 >0.5 


e 4 . 8  +6 >O. 5 3 6 . 4  NH3 
4 5 . 2  Na 0 . 4 4  None 8 . 3  - 13 >O. 5 
5 6 .8  Ca 0.77 5.0 4 . 6  - 20 >0 .2  
6 7 . 4  Na 0.81 None 10.7 - 25 >0 .2  


0.77 28.0 3 . 9  - 25 >0 .2  
c e 3 . 6  - 30 t o .  1 


7 6 . 6  NHa 
8 
9 1 . 6  Na 0 . 1 3  None 8 . 6  - 32 >0 .4  


10 7 . 7  Na 0.73 None 9 . 3  - 42 <o. 1 
1 1  1 1 . 3  Na 1 . 3 3  None 9 . 5  - 43 >0 .4  
12 4 . 4  Na 0.38 None 9 . 8  - 53 <O.  05 
13 6 . 6  Na 0.60 0 .14  8 . 4  - 65 <O. 05 


* Analytical data supplied by the respective suppliers. b All compounds applied locally on foot pads as 20% (w/v) aqueous solutions. :: A 
minimum of two cats and four pilocarpine injections were used to test each compound. (+) = sweating increase from control, (-) = sweating 
decrease from control. d Substance 1, Trastan-SL; 2, Norlig 11; 3, Orzan G; 4, Polyfon H; 5, Toranil B ;  6,  Reax 80A; 7, Trastan AL; 8, 
Maratan 24; 9, Marasperse CB; 10, Polyfon 0; 11, Polyfon T; 12, Reax 85A; 13, Peritan. e Not determined. 


be unrelated to the total sulfur content. Various salts (sodium, 
ammonium, and calcium) of the lignosulfonic acid were used, and 
did not seem to influence sweat gland activity. Neither the sulfur- 
methoxy ratio nor the pH of the applied solutions appeared to have 
a relationship to the rate of sweating. 


The effects of Substance 13 and Al(0H)KI on pilocarpine- 
induced sweating in the anesthetized cat are compared in Table 
11. A dose-response relationship was obtained with both substances. 
AI(0H)Kl appeared to be slightly more effective; however, the 
difference was not statistically significant. 


Typical results obtained with Substance 13 in the human subject 
are shown in Fig. 1. It is evident from control tracings (upper half 
of Fig. 1) that the emotionally induced sweating response is quite 
similar in both fingers. The lower half shows that after application 
of 20% Substance 13, the sweating response is considerably less 
than that of the corresponding control finger under the same 
experimental conditions. This is supportive evidence that Substance 
1 3  has antiperspirant properties. 


DISCUSSION 


A search of the literature did not disclose previous reports con- 
cerning the effects of lignosulfonates on sweat gland activity. 
Studies with various lignosulfonates failed to show a relationship 
between antiperspirant effect and total sulfur content, sulfur- 
methoxy ratio, reducing sugar content, or pH of the applied solu- 
tion. The viscosity of the applied lignosulfonates also appeared to 
have little, if any, effect on the antiperspirant action. 


Even though many of the lignosulfonates are known to be pro- 
tein-precipitating agents ( I ) ,  this action may, or may not, partially 


Table 11-Comparative Effects of Substance 13 and AI(OH), C1 on 
Pilocarpine-lnduced Sweating in the Anesthetized Cat 


z 
No. No. Inhibition 


Compound Percent“ Cats Responses‘ Sweating 


Substance I3 0 . 1  5 10 21 
1 .o 4 6 41 


10 0 4 8 5(ic 
20.0 7 1 3  65‘ 


1 .o 5 8 44c 
10.0 4 7 73c 
20.0 5 9 S I C  


AI(0H)ZCI 0.1 2 4 13 


a Percent refers to concentration of substance applied on cat paw. 
‘8 Pilocarpine (0.1 mg./kg. i.v.). I )  p < 0.05. 


account for their antiperspirant effect. In this regard, other studies 
with chemical fractions of Substance 13 were conducted, and there 
was no suggestion of any correlation between antiperspirant effects 
and gelatin-precipitating properties. 


Many hypotheses have been proposed to explain the mechanism 
by which aluminum salts produce antiperspirant effects. One of 
the most recent theories suggests that they increase the permeability 
of the sweat gland duct, resulting in complete dermal resorption 
of the sweat (6). As in the case of the aluminum salts, the mech- 
anism(s) of the antiperspirant action of lignosulfonates is not under- 
stood. The antihidrotic effects appear to be reversible, as thorough 
washing of the treated area eliminated the inhibition of sweating. 


It is interesting to note that two of the lignosulfonates not only 
failed to produce inhibition of sweating but appeared to increase 
the flow of sweat. Thus far, the authors have been unable to ade- 
quately explain the different effects observed. It should be pointed 
out, however, that the lignosulfonates tested were produced by 
several manufacturers using, in many cases, different processes 
and sources of original starting materials. In this regard, different 
samples of Substance 13 (obtained from production runs in 1966 
and 1968) have been tested and found to provide reproducible 
antihidrotic effects. This is not surprising since the material is 
produced under controlled conditions. Only one batch of each of 
the other lignosulfonates was investigated and therefore the repro- 
ducibility of these remains to be determined. 


The true significance of the antihidrotic effects of the ligno- 
sulfonates reported in these studies will have to await more exten- 
sive investigations. 
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respectively. Some time after initiation of infusion the rate of entry 
of drug into each compartment is equal to the rate of exit, i.e., 
dX,/dt = 0 and dX&t = 0. After attainment of this steady-state 
condition (infusion equilibrium), then it follows from Eqs. la and 
2a that 


and 


(XT)inf. eq. = kiz kolkzi kel (Eq. 


During the course of integration of Eqs. la  and 2u to determine X, 
and XT explicitly, the constants a and p are defined so that 


c.P = k21 kel (Eq. 5a) 


and 


a + 0 = k,z + kiz + kzi 


Substituting Eq. 5a in Eqs. 3a and 4u yields Eqs. 1 and 2 in the text. 


0%. 6 4  
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Ultrasonic Extraction of Cassia acutifolia 


INDUKUMAR C. PATEL and DONALD M. SKAUEN 


Abstract Cassia acutifolia has been extracted using ultrasonic 
energy in the form of a powerful step-horn converter. The amount 
of aglycones extracted by this means was compared with aglycones 
extracted by a standard infusion method. Under similar conditions 
ultrasonic extraction was more rapid and produced more aglycones 
than the infusion method. The amount of heat applied has an im- 
portant effect in the extraction of Cassia acutifolia. 


Keyphrases 0 Ultrasonic extraction-Cassia acutifolia 0 Extrac- 
tion comparison-boiling water, ultrasonic 0 Temperature ef- 
fect-Cassia acutifolia extraction 


Under appropriate conditions, ultrasound has been 
shown to be very effective in extracting various princi- 
ples from biological cells. In the majority of the studies 


a - 


01 5 10 15 20 25 30 
TIME, min. 


Figure 1-Comparison of ultrasonic extraction without boiling wuter 
and infusion extraction with boiling wafer. Key: 0, ultrasonic ex- 
traction (without boiling water); 0, infusion extraction (boiling 
water). 


reported in the pharmaceutical literature, low power, 
tank type generators were used (14) .  Ovadia and 
Skauen ( 5 )  reported their experiences with a step-horn 
ultrasonic generator of high power in extraction ex- 
periments with Cinchona, Cephaelis, and Pilocarpus 
species. Morrison and Woodford (6 )  utilized a similar 
ultrasonic probe for an aqueous extraction of senna 
pericarps. 


This investigation was conducted to determine the 
effects of a more powerful step-horn converter* on the 
extraction of Cassia acutifolia, and to compare those 
results with a standard infusion technique. 


EXPERIMENTAL 
Ten-gram samples of powdered Cassiu acutifolia, No. 40 mesh, 


were weighed and placed into 240-ml. polyethylene containers. One 
hundred milliliters of water was added and the drug macerated for 
10 min. Fifty milliliters of water, brought to pH 8 with 1 N NaOH, 
was added and the samples insonated for the required periods of 
time. The mixture was then cooled, made up to 300 ml. with water, 
filtered, and the residue washed with 50 ml. of water in divided 
portions. 


Ten milliliters of the combined filtrate was used to determine the 
amount of aglycones present after hydrolysis of the extracted 
glycosides. This assay method was a modification of the method 
introduced by Fairbairn and Michaels (7). 


The glycosides extracted without ultrasound were treated in a 
similar manner using boiling water and eliminating the maceration 
step. 


When it became necessary to compare ultrasonic extraction with- 
out maceration with similar infusion extraction, the general pro- 


' Model s-125 Sonifier, Branson Sonic Power Co., Danbury, Conn. 
Courtesy of Meer Corp., New York, N. Y. 10036 
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Figure 2-Comparison of ultrasonic extraction with boiling water 
and infusion extraction with boiling water. Key: 0, ultrasonic ex- 
traction (boiling water); 0, infusion extraction (boiling water). 


cedure described above was used. In place of the maceration step, 
boiling water was added and insonation started immediately. At the 
end of each experiment the samples were quickly cooled to 25" and 
then assayed. 


RESULTS 


The amount of aglycones extracted by ultrasonics without boiling 
water, compared with a boiling water infusion technique is shown in 
Fig. 1. Over a 30-min. period total extractive, as measured by the 
assay method used, was about the same. Figure 2 illustrates the 
result when boiling water is used for both ultrasonic and infusion 
extraction. This is probably a more valid comparison than the re- 
sults depicted in Fig. 1. In this instance, about 3 min. of ultrasonic 
irradiation extracts the same quantity of material as 10 min. of in- 
fusion. It should also be noted that maximum extraction occurs at 
about 5 min. with ultrasonics and at about 10 min. with infusion. 
In addition, nearly 17z more aglycones are extracted by ultra- 
sonics than by infusion. During the 30-min. period there is no 
significant amount of degradation by either ultrasound or boiling 
water. If the results in Figs. 1 and 2 are compared, it is evident that 
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Figure 3-Ultrasonic extraction with and without temperature con- 
trol. Key: 0, without temperature control: 0, with temperature 
control. 
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Figure &Effect of maceration temperature upon extraction with 
identical I-min. exposures at maximum ultrasonic intensity. 


boiling water is an important factor in determining the rate and ex- 
tent of ultrasonic extraction. 


An additional temperature effect is noted in Fig. 3. In this ex- 
periment the temperature of the insonated mixture was allowed to 
increase at will in one instance while the tempzrature was controlled 
by immersion in an ice bath in the other. After 30 min. the temper- 
ature of the mixture reached 86" in the uncontrolled but rose to 
only 40" in the controlled mixture. As one would expect increased 
temperatures favor extraction of aglycones under the conditions 
of this experiment. 


The effect of change of initial maceration tem:ierature while 
keeping insonation time and maceration time con;tant is shown in 
Fig. 4. In this series of experiments, after each semple was inacerated 
for 10 min., it was cooled to 20" before insonation. In every instance 
the final temperature after one minute irradiation was 23". This 
suggests that the ultrasonic energy input was constaqt and that heat 
energy plays a dominant role in extraction of Cassia acutifolia 
aglycones. 
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Isolation and Identification of Emodin (1,3,8-Tri-hydroxy-6-methyl 
Anthraquinone) from Rumex hymenosepalus, Family Polygonaceae 


LEONARD BUCHALTER” 


Abstract 0 The anthraquiiione pigment, emodin, has been isolated 
and its presence positively verified from a nonpolar extract of the 
dried, ground tubers of Rumex hyrnenosepalus. Isolation was ac- 
complished by preparative TLC on silica gel layers. Identification 
was made by visible, IR, NMR spectroscopy and TLC, with use of 
commercial samples of emodin. 


Keyphrases 0 Emodin isolation-Rumex hymenosepalus 0 TLC- 
separation, identity 0 IR spectrophotometry-identity 0 
Visible spectrophotometry-identity 0 NMR spectroscopy- 
identity 


The isolation of chrysophanic acid and physcion was 
reported recently (1). The authors reported that although 
the possible presence of emodin had been previously 
reported (2) ,  no trace of it could be found in their 
investigation (1). 


In a previous investigation, the author isolated and 
identified a potential antitumor fraction from extracts 
of the tubers of Rumex hymenosepalus (3, 4). During 
this investigation, nonpolar extracts showed the pres- 
ence of several anthraquinone pigments. 


EXPERIMENTAL 


Materials and Methods-The tubers used in this experiment 
were obtained from the University of Arizona Agricultural Ex- 
perimental Station, Mesa, Arizona by Norris Gilbert. Positive 
identification was made by Richard Barr, Research Associate at the 
University of Arizona Natural Products Laboratories, College of 
Pharmacy, Tucson, Arizona. IR spectra were made on a spectro- 
photometer (Perkin-Elmer Infracord) by KBr pellets. Visible ab- 
sorption spectra were measured in ethanol, using a spectropho- 
tometer (Beckman BD). NMR spectra were determined on a high 
resolution spectrophotometer (Varian A-60), using acetone and 
CDCI3, with tetramethylsilane as internal reference. TLC was per- 
formed on Silica Gel G plates, and preparative TLC was performed 
on plates (20 x 20 cm.) coated with 1-mrn. thick layer of Silica 
Gel G which was activated at 130” for 1 hr. 


Preparation of Extract-A tannin-free extact was obtained by the 
following extraction procedure. An ether extract was obtained 
from 600 g. of the ground, dried tubers. The ether extract was 
washed with water and separated. The ether phase was evaporated 
in uacuo, resulting in an amorphous residue. This material was 
taken up in chloroform and subsequently washed several times 
with water. The chloroform phase was separated from the aqueous 
phase and the chloroform evaporated in uacuo. Five grams of 
amorphous, yellow-orange residue was obtained. This residue was 
subjected to exploratory TLC with chloroform as the solvent and 
ceric sulfate (2%) as the spray reagent. The exploratory TLC re- 


vealed the presence of several separate materials in the nonpolar 
extract. Two distinct bright orange spots appeared at Rf 0.3 and 
0.75. The spot at Rf 0.75 was subsequently identified as consisting 
of the pigments, chrysophanic acid, and physcion, previously re- 
ported. (1) The spot at R, 0.3 fluoresced orange when examined 
under UV light; and when sprayed with 10% sodium hydroxide, 
a cherry-red color was noted which indicated the presence of 
emodin (5 ) .  


Isolation of Emodin-The residue obtained from the nonpolar 
extract was subjected to preparative TLC with chloroform as the 
eluent. Twenty plates were prepared according to Stahl (6) and 
the silica gel was spread 1 mm. thick by a Desaga applicator 
(Brinkmann) (7). The bands which developed at Rf 0.3 were eluted 
with ether and chloroform. The resulting orange-yellow crystals 
were recrystallized several times with chloroform to give a crystal- 
line isolate with a melting point of 255” identical to that of a ref- 
erence sample of ernodin (K & K Labs, Plainview, N. Y.) .  TLC of 
the isolate and reference emodin in several systems [chloroform; 
benzene-methyl formate-formic acid (7 :24 : 1); benzene-glacial 
acetic acid (60:30)] showed identical Rf values. An IR spectrum 
of the isolate was superimposable with that of reference emodin. 
Carbonyl absorption peaks at 1,625 and 1,677 cm.-l showed only 
one carbonyl is chelated. Visible absorption spectra of isolate and 
reference emodin, in ethanol, (maximum absorbance 435 mp) were 
also superimposable. NMR spectra of isolate and reference sample 
of ernodin were identical. Peaks were present at 6:1.25 singlet, 
7.02 (broad, 3 cyc./sec.), 7.49 (broad, 3 cyc./sec.), 7.19 (doublet, 
J2.5cyc./sec.). 6,57(doublet,J3cyc./sec.). 


The possible presence of emodin was reported in 1878 (2). More 
recent investigations of Rumex hymenosepalus reported no trace 
of it could be found (1). An extensive literature search failed to 
show the confirmation of the presence of ernodin in this species. 
This investigation has isolated and identified emodin in the ground, 
dried tubers. This was carried out by preparative TLC on silica 
gel layers, IR, visible, NMR spectroscopy, and TLC with reference 
sample of emodin. 
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Mutual Inhibitory Effect of (-)-Mandelic Acid and Certain 
Sulfonarnides on the Kinetics of Their Urinary 
Excretion in Humans 


FREDRICK M. KAMIENNY*, MARTIN BARR, and JANARDAN B. NAGWEKART 


Abstract 0 Pseudo-first-order rate constants for the overall elimina- 
tion of (-)-mandelic acid both in the absence ( K )  and in the 
presence (Kas) of sulfadiazine, sulfamethazine, or sulfamerazine 
were determined in three human subjects. Since the extent of 
metabolism of (-)-mandelic acid was not significantly altered in 
the presence of these sulfonamides, the ratio of the rate constants, 
KIKas, has been calculated as a measure of the inhibitory effect 
of each sulfonamide on the urinary excretion of (-)-mandelic 
acid. For the dosage levels of the inhibitors employed, the range of 
such ratios found in all three subjects is 1.29-1.55 due to sulfa- 
diazine, 1.33-1.62 due to sulfamethazine, and 1.33-1.76 due to 
sulfamerazine. Similar inhibitory effects were observed on the 
urinary excretion of sulfadiazine in the presence of (-)-mandelic 
acid in two subjects. Therefore, it is concluded that these com- 
pounds probably share the same renal tubular transport system(s) 
for their secretion in humans. 


Keyphrases (-)-Mandelic acid urinary excretion-sulfonamide 
effect 0 Sulfonamide urinary excretion-( -)-mandelic acid 
effect 0 Urinary excretion, sulfonamides, (-)-mandelic acid- 
mutual inhibition 0 GLC-analysis 0 UV spectropho- 
tometry-analysis 


Since the time Marshall et al. (1-3) produced evi- 
dence for the renal tubular secretion of phenol red, 
numerous studies have been conducted to show that 
other substances are also secreted by the renal tubules. 
In addition, considerable efforts are being made to 
establish the mechanism of renal tubular secretion. 
Weiner and Mudge (4-6) have reviewed the tubular 
mechanisms for the excretion of organic acids and 
bases while Despopoulos (7) has reviewed the renal 
transport of organic ions. Current theory suggests the 
presence of separate mechanisms for renal tubular 
secretion of acids and bases in humans (4). Extensive 
lists of drugs, which are secreted by the renal tubules, 
are cited by Weiner and Mudge (4) and Despopoulos 


Nagwekar and Kostenbauder (8) have demonstrated 
that the excretion and metabolism of both optical 


(7). 


isomers of mandelic acid follow pseudo-first-order 
kinetics in humans and that there is no significant 
difference in the rate constants for excretion of these 
isomers. They showed that the principal metabolites 
of mandelic acid are benzoylformic acid and benzoic 
acid and that mandelic acid is completely recovered 
in the urine. The rate of metabolism of (+)-mandelic 
acid was found to be twice the rate of metabolism of 
(-)-mandelic acid. A gas-chromatographic method was 
used to quantitatively determine intact mandelic acid 
and its metabolites excreted in the urine. 


Nagwekar and Kostenbauder (8) also studied in 
humans the effect of probenecid on the urinary excre- 
tion of mandelic acid and since probenecid decreased 
the rate of urinary excretion of both isomers of mandelic 
acid, they concluded that mandelic acid is probably 
involved in active renal tubular transport. 


Although Despopoulos and Callahan (9) could show 
no effect of probenecid on the rate of transport of 
sulfadiazine, suIfarnerazine, and sulfamethazine in 
rabbit kidney slice studies, Crosley et al. (lo) demon- 
strated, in humans, an increase in the plasma levels of 
both the intact and the acetylated forms of triple sulfon- 
amides in the presence of probenecid. They attributed 
this to  the inhibitory effect of probenecid on the excre- 
tion of these sulfonamide(s). Hansen ef al. (11) also 
studied the effect of probenecid on the plasma concen- 
tration of the same triple sulfonamide mixture in 
humans, and reported an increase in the plasma con- 
centration of intact sulfonamide in some of their 
studies. 


These experimental observations suggest that both 
sulfonamides and the mandelic acids may be secreted 
by an active transport mechanism present in the kidney 
tubules, and that probenecid interferes with this active 
process. They also suggest that both sulfonamides and 
the mandelic acids are secreted by the same mechanism. 
If this is the case, an optical isomer of mandelic acid 
and a sulfonamide, when administered simultaneously 
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to human subjects, should compete for the secretory 
mechanism and decrease the excretion rate constant 
of each other. The purpose of the present study was to 
investigate this possibility by determining the mutual 
inhibitory effect of ( -)-mandelic acid and certain 
sulfonamides on the kinetics of their respective urinary 
excretion in humans. 


EXPERIMENTAL 


Materials-( -)-Mandelic acid (Aldrich Chemical Co.), re- 
crystallized, m.p. 132-133", [a]% - 154.4"; sulfadiazine (Retort 
Pharmaceutical Co.), m.p. 251-253" ; sulfamethazine (Robinson 
Labs. Inc.) m.p. 175-176"; sulfamerazine (Amend Drug and 
Chemical Co.) m.p. 232-234". 


Apparatus-The gas chromatograph employed (F  & M model 
810R-19) was equipped with a hydrogen flame detector. The column 
used was a copper tube 1.22 m. (4 ft.) long and 0.63 cm. (0.25 in.) 
outside diameter packed with diatomaceous earth (Diatoport S, 
80-100 mesh) coated with 5% ethylene glycol succinate. Helium 
was used as the carrier gas. A IO-pl. standard syringe (Hamilton) 
was used for injecting the samples onto the column. A spectro- 
photometer (Beckman model DK-2A) was used in this study. 
A pH meter (Beckman model 72) was used for all pH determinations. 


Subjects and Test Proceduees-Three apparently healthy adult 
male subjects (age range 25-36 years, weight range 170-210 Ib.) 
participated in this study. Each subject, after overnight fasting, 
ingested 1 g. of (-)-mandelic acid. The subject was advised against 
eating anything for at least 2 hr. after ingesting the drug but no 
other dietary restrictions were imposed. Each subject collected a 
blank urine sample prior to ingestion of the drug. Following the 
ingestion of ( -)-mandelic acid, urine was quantitatively collected 
at intervals of 1 hr. for 10 hr., and then at longer intervals up to 
36 hr. The urine samples were allowed to attain room temperature, 
volume and pH were measured, and they were stored in the re- 
frigerator until the time they were analyzed. No attempt was made 
to control the pH of urine during the excretion studies. The pH of 
the urine generally remained about 6.0 + 1.0 throughout the study. 
Each subject ingested (-) mandelic acid in separate studies generally 
after an interval of 1 week. 


In the studies involving a sulfonamide, the subject ingested 1 g. of 
(-))-mandelic acid after overnight fasting and collected urine 
quantitatively every hour for 4 hr. At the end of 4 hr., the subject 
collected the fourth urine sample and immediately ingested the 
appropriate sulfonamide. Volume and pH of the urine samples 
were recorded in the usual manner. In these studies, the subject 
was advised to eat only a light breakfast immediately after the 
collection of the urine sample 2 hr. following the ingestion of 
(-)-mandelic acid. The subject was further advised against eating 
for at least 2 hr. after the ingestion of the sulfonamide. 


When the kinetics of urinary excretion of sulfadiazine were 
studied, the subject, after overnight fasting, ingested a 1-g. dose of 
sulfadiazine. Urine samples were quantitatively collected at 3-hr. 
intervals for the first 15 hr. and at longer intervals up to 48 hr. 
Volume and pH of the urine samples were recorded in the usual 
manner. 


When the excretion of sulfadiazine was studied in the presence of 
(-1)-mandelic acid, the subject, after overnight fasting, ingested a 
1.3-g. dose of sulfadiazine and collected urine at 3-hr. intervals 
for the first 24 hr. and at 1 to 1.5-hr. intervals up to 28-30 hr. 
Immediately after collecting the urine sample at the end of this 
period, the subject ingested a 1-g. dose of (-)-mandelic acid fol- 
lowed by seven successive 0.5-g. doses of the acid at intervals of 50 
min. Urine samples were quantitatively collected at 1-hr. intervals 
for the first 6 hr. after the initial ingestion of (-)-mandelic acid. 
Volume and pH of the urine samples were recorded in the usual 
manner. 


Both (-)-mandelic acid and the sulfonamides as ingested by the 
subjects, were dispensed in hard gelatin capsules. 


Analysis of Mandelic Acid and Its Metabolites-An appropriate 
volume of each urine sample, usually of the total volume, was 
pipetted into a suitable separator. The urine sample was adjusted to 
approximately pH 2 with 5 N HCI and mandelic acid and its metab- 
olites were completely extracted with alcohol-free ether. The 
volume of the ether used for each of four extractions was about 
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Figure 1-A typical gas chromatogram, obtained for 7th-hr. urine 
sample of one of the subjects, shows distinct peaks for  methyl esters 
of mandelic acid and its metabolites. Conditions: range, 10; attenua- 
tion, 64X : injection port temperature, 210"; column temperature, 
165"; detector temperature, 220"; helium Jaw, 60 ml./min. 


twice the volume of the aqueous phase. Each of the ether extracts 
was transferred to a suitable beaker and the ether evaporated on a 
water bath at about 55" .  The residue was dissolved in approxi- 
mately a 2-ml. quantity of ether and quantitatively transferred to a 
15-ml. graduated tube using additional ether. The ether was then 
evaporated and a sufficient quantity of ethereal diazomethane was 
added to the tube to convert the carboxylic acids, which were 
primarily intact mandelic acid and its metabolites, to their respec- 
tive methyl esters. The ether and excess diazomethane were evapo- 
rated on a water bath at 55" and a sufficient quantity of methanol 
was added to the tube to dissolve the residue and yield the desired 
concentration of 5-15 mg. mandelic acid/2 ml. of the solution. 
Blank urine was also treated in exactly the same manner as the urine 
samples. The methanolic solutions were then analyzed gas chroma- 
tographically. A typical chromatogram obtained in these studies is 
shown in Fig. 1. 


In order to accurately determine the amount of mandelic acid and 
its metabolites present in the urine samples, calibration curves of 
concentration versus area under the chromatographic curve for the 
respective acids were constructed each time the urine samples were 
analyzed by gas chromatographic methods. For the construction 
of calibration curves appropriate volumes of aqueous solutions 
containing known quantities of these acids were treated in the same 
manner as the urine samples to yield the methyl esters. 


Areas under the chromatographic curve were calculated by the 
trapezoidal rule (12) and the quantity of each ester, methyl mandel- 
ate, methyl benzoylformate, and methyl benzoate, was determined. 


Analysis of Sulfadiazine-The procedure used for the analysis of 
sulfadiazine and N-4-acetylsulfadiazine present in the urine samples 
was that of Bratton and Marshall (13). In order to determine the 
amount of acetylated sulfadiazine excreted in the urine, all the 
urine samples of a study were combined and the appropriate 
volume was acidified with 0.1 N HCl and heated in a water bath at 
100" for 2 hr. The sulfadiazine liberated upon the hydrolysis of 
N-2-acetylsulfadiazine, and that present initially in the sample, was 
determined in the manner described above. 


RESULTS AND DISCUSSION 


Selection of Agents-In order to study the inhibitory effect of one 
compound on the urinary excretion of another, it is desirable, 
whenever possible, to employ compounds which undergo minimal 
metabolism. The purpose of this study was not only to determine 
the mutual inhibitory effect of (-)-mandelic acid and certain 
sulfonamides on the kinetics of their urinary excretion, but also 
to attempt to study the effect of systematic variation of a hydro- 
phobic group, such as methyl groups, in a sulfonamide molecule 
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Table I-Summary of Urinary Excretion Recovery Data Obtained Following Oral Administration of (-)-Mandelic Acida and the 
Appropriate Sulfonamide to Three Male Human Subjects 
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0 
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A 
A 
A 
A 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
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None 
Sulfadiazine 
Sulfamethazine 
Sulfamerazine 
None 
Sulfadiazine 
Sulfamethazine 
Sulfamerazine 
None 
Sulfadiazine-1c 
Sulfamethazine- 1 
Sulfamerazine- 1 
Sulfadiazine-2c 
Sulfamethazine-2 
Sulfamerazine-2 


677 
923 
737 
806 
876 
927 
894 
847 
799 
83 1 
846 
789 


169 
129 
148 
197 
108 
68 
83 


130 
116 
93 


104 
137 
104 
77 
82 


20 
13 
16 
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18 
33 
17 
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23 
5 
3 
2 
4 


15 
8 


19.9 
14.6 
17.2 
22.6 
12.0 
12.1 
11.0 
13.3 
13.0 
9.9 


11.2 
14.8 
11.5 
9.8 


10.2 


952 
975 
956 
875 


1049 
838 
906 


1010 
1066 
992 
954 
938 
939 
938 
879 


0 The dose of (-)-mandelic acid ranged from 992 to 1018 mg. b The percentage is based on the total amount of mandelic acid recovered in the 
urine. c These numbers represent Studies 1 and 2 in Subject C. 


on the urinary excretion of mandelic acid. Therefore, sulfadiazine, 
sulfamethazine, and sulfamerazine, the members of a homologous 
series, were used in this study. Although these sulfonamides are 
metabolized to a significant extent, they are employed in this study 
since they are used therapeutically and represent a homologous 
series which provides a desirable systematic variation in the hydro- 
phobic group. The (-)-mandelic acid was chosen in this study since 
it is metabolized only to the extent of 10% of the administered dose 
in humans (8). 


Ethanol-free ether was used in all phases of the analytical proce- 
dure. When commercial ether, which contains about 3% ethanol, 
was employed for the preparation of the urine samples for gas 
chromatographic analysis, the chromatograms obtained exhibited 
extraneous peaks which interfered with the quantitative determina- 
tion of methyl mandelate and methyl benzoylformate. The use of 
commercial ether, which was distilled following overnight refluxing 
with sodium metal for the removal of ethanol, eliminated the 
appearance of the extraneous peaks and allowed the quantitative 
determination of the methyl esters of mandelic acid and benzoyl- 
formic acid. Since Huyser and Neckers (14) have shown that a 
reaction occurs between esters of benzoylformic acid, such as the 
ethyl ester, and certain alcohols, such as 2-butanol, cyclohexanol, 
and menthol, it seemed possible that ethyl benzoylformate was 
produced by a similar reaction between the methyl ester of benzoyl- 
formic acid and the ethanol present in the ether used in the extrac- 
tion procedure as well as in the ethereal solution of diazomethane. 
Ethyl benzoylformate was prepared by the standard procedure (15) 
by esterifying benzoylformic acid with ethanol in the presence of 
concentrated sulfuric acid. Since the retention times observed for 
one of the extraneous peaks after treating benzoylformic acid with 
untreated commercial ether was identical to the retention time ob- 
served for the ester prepared by the above method, such an extra- 
neous peak was attributed to the ethyl ester of benzoylformic acid. 
However, no further attempts were made to identify the chemical 
entities causing the extraneous peaks. 


Kinetics of Urinary Excretion of (-)-Mandelic Acid-Prior to 
the study of the inhibitory effect of the sulfonamides on the kinetics 
of urinary excretion of (-)-mandelic acid, it was necessary to 
determine the rate constant of elimination of (-)-mandelic acid in 
each of the subjects of this study. The first-order kinetic model, 
which has been described by Nagwekar and Kostenbauder (8) 
for the elimination of mandelic acid in humans, may be shown as 
follows. 


J. J. J. 
Me BFe Be 


Model I 


where M is the amount of mandelic acid in the body at any time; 


BF is the amount of benzoylformic acid in the body at any time; 
B is the amount of benzoic acid in the body at any time; Me, BFe, 
and Be are the amounts of the respective acids excreted in the urine 
at any time; and ki (i = 1. . . 5 )  represent apparent first-order rate 
constants with dimensions of reciprocal time for the respective 
processes indicated in the above model. 


Since the main purpose was to determine the rate constant of 
elimination of (-)-mandelic acid from the urinary excretion data, 
appropriate differential equations for the above model are described 
below. 
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Figure 2-First-order urinary 
excretion of intact (-)-mandelic 
acid in Sirbjects A, B, and C. 
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Upon integration and evaluation of the constant of integration 
and then expressing the equation in the exponential form, Eq. 1 
becomes 


M = M0e-S' (Eq. 3) 


where MO is the hypothetical amount of mandelic acid in the body 
at  zero time and K is the overall rate constant for the elimination of 
mandelic acid from the body. 


After substituting Eq. 3, Eq. 2 may be written as 
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or 


A Me 
log __ At = log kiMo - Kt12.303 


where AMelAt is the amount of intact mandelic acid excreted in the 
urine in unit time. The log AMe/At is plotted against t and from the 
slope of the resulting straight line, the rate constant for overall 
elimination of (-)-mandelic acid is calculated. The straight-line 
plot is obtained by the method of least squares after a post- 
absorptive and postequilibrative period. The urinary excretion 
recovery data obtained for each subject following the ingestion of 
(-)-mandelic acid are presented in Table I and the plots of log 
AMelAt versus t are shown in Fig. 2. The time t in these and other 
figures represent the midpoints of the urinary collection intervals 
(16). 


The rate constants for overall elimination of (-)-mandelic acid 
observed for Subjects B and C are identical, 0.376 hr.-l, and that 
observed for Subject A is 0.308 hr.-l. The range of rate constants 
obtained in these studies is comparable to that obtained previously 
(8) upon similar treatment of the data. 


Inhibitory Effect of Sulfonamides on the Urinary Excretion of 
(-)-Mandelic Acid-The inhibitory effect of sulfadiazine, sulfa- 
methazine, and sulfamerazine on the urinary excretion of intact 
(-)-mandelic acid has been observed in all three subjects and data 
for one of the subjects are presented in Fig. 3. The rate constant, 
K, for overall elimination of (-)-mandelic acid was calculated 
from the slope of the straight line obtained after a postabsorptive 
and postequilibrative period of the acid prior to the administration 
of the appropriate sulfonamide. A modified overall rate constant 
of elimination, Kas, was calculated from the straight line obtained 
after 1.5 hr. following the oral administration of the appropriate 
sulfonamide. These overall elimination rate constants are listed in 
Table 11. The period of 1.5 hr. was allowed for substantial absorp- 
tion of the sulfonamide. 


Table 11-Rate Constants for Overall Elimination of ( -)-Mandelic 
Acid Both in the Absence and in the Presence of Respective Sulfon- 
amides and the Index of Inhibitory Effect, R, of Each Sulfonamide 
on the Urinary Excretion of (-)-Mandelic Acid in Three Male 
Human Subjects 


Sub- 
ject Sulfonamide K(hr.-l) Kas(hr.--l) R" 


A Sulfadiazine 0.436 0.282 1.55 
A Sulfamethazine 0.495 0.371 1.33 
A Sulfamerazine 0.463 0.263 1.76 
B Sulfadiazine 0.460 0.325 1.42 
B Sulfamethazine 0.458 0.301 1.52 
B Sulfamerazine 0.447 0.317 1.41 
C Sulfadiazine-1 0.531 0.400 1.33 
C Sulfadiazine-2 0.773 0.597 1.29 
C Sulfamethazine-16 0.465 0.287 1.62 
C Sulfamethazine-26 0,509 0.354 1.44 
C Sulfamerazine-1 0.397 0.299 1.33 
C Sulfamerazine-2 0.542 0.394 1.38 


~~ ~~~~ ~~~ ~ 


Q In order to emphasize the sigmficance of these values, the rate 
constants for overall elimination of (-)-mandelic acid in the absence 
of a sulfonamide during the period of 2-4 hr. and 6-9 hr. (Fig. 2) were 
determined and the "R" values calculated. These R values obtained for 
Subjects A,  B, and C were found to be 1.18, 1.14, 1.17, respectively. 
The elimination rate constants determined during the period of 2-4 hr. 
for Subjects A ,  B, and C are 0.363 hr.-', 0.472 hr.-1, and 0.427 hr.-l, 
respectively. These numbers represent studies 1 and 2 in subject C. 
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Figure 3-Effect of sulfadiazine, 
sulfamethazine, and sulfamer- 
azine on the urinary excretion 
of intact (-)-mandelic acid in 
subject A. (The arrow indicates 
the time at which the respective 
sulfonamide was ingested by the 
subject.) 
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The values of R, which are obtained from the ratio of K/Kas to 
determine the inhibitory effect of each sulfonamide, are listed in 
Table 11. In this paper, the R values are used as the index of the 
inhibitory effect. Since each of the values of R is greater than unity, 
it indicates the inhibitory effect of each sulfonamide on the urinary 
excretion of intact (-)-mandelic acid. 


It may be observed from Table I1 that the rate constants, K ,  
determined in all the inhibitory studies performed in Subject B 
and in the sulfamethazine-1 and sulfamerazine-1 studies performed 
in Subject C ranged from 0.397 to 0.465 hr.-1 and that these values 
are not much different from those rate constants determined during 
a similar period of time for Subject B (0.472 hr.-l) and Subject 
C (0.427 hr.-l) in the studies involving only (-)-mandeli acid. 
Upon similar evaluation, the rate constant determined in the 
inhibitory studies in Subject A ranged from 0.436 to 0.495 hr.-l 
and these values are higher than the 0.363 hr.-l value of the rate 
constant determined for this subject in the study involving only 
(-)-mandelic acid. Such differences in the similarly evaluated rate 
constants are also noticed in some of the studies of Subject C. 
It may, however, be pointed out that the values of R determined in 
all the inhibitory studies involving sulfadiazine, sulfamethazine, 
and sulfamerazine are in the range 1.29-1.55, 1.33-1.62, and 1.33- 
1.76, respectively (Table 11). 


From these results, it appears that the extent of the inhibitory 
effect of these sulfonamides upon the urinary excretion rate of 
(-)-mandelic acid is not significantly different from each other. 
Furthermore, conclusions regarding the effect of systematic varia- 
tion of hydrophobic groups in the sulfonamide molecule on the rate 
of urinary excretion of (-)-mandelic acid becomes difficult because 
of the significant differences in binding capacities of these sulfon- 
amides to the plasma proteins (171, in their pKa values (7), and 
their extent of metabolism in the body (17). 


Kinetics of Urinary Excretion of Sulfadiazine-Although Sadusk 
and Tredway (18) observed the excretion and acetylation of sulfa- 
diazine in man, they did not determine the rate constants of overall 
elimination of this drug. However, upon treating their data, which 
were obtained after administration of a 3-g. dose of the drug to the 
subject, it was observed that the urinary excretion of sulfadiazine 
seemed to follow a pseudo-first-order kinetic process. Since other 
sulfonamides, such as sulfaethylthiadiazole (19) and sulfiasoxazole 
(20) have been found to be excreted by a pseudo-first-order process, 
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Table 111-Summary of Urinary Excretion Recovery Data Obtained 
Following Oral Administration of Sulfadiazine in the Absence and 
in the Presence of (-)-Mandelic Acid to Two Male Human Subjects 


Total 
Sulfadiazine Sulfa- 


Dose -Excreted-- diazine 
Adminis- Acet- % Ex- 


Sub- Mandelic tered, Intact, ylated, Metabo- creted, 
ject Acid mg. mg. mg. lizeda mg. 


B Absent 1005 839 178 17.5 1017 
B Present 1465 1337 156 10.5 1489 
C Absent-lb 1005 698 206 22.8 904 
C Absent-2b 1000 795 196 19.8 991 
C Present-1 1339 907 397 30.4 1304 
C Present-2 1369 929 307 24.8 1236 


a The percentage is based on the total amount of sulfadiazine re- 
covered in the urine. b These numbers represent Studies 1 and 2 in 
Subject C. 


it seems probable that the overall elimination of sulfadiazine also 
follows a pseudo-first-order process. Further, it has been shown 
that the major metabolic product reported for sulfadiazine is N-4- 
acetylsulfadiazine (17). Therefore, the data obtained in these studies 
are treated according to the following model for elimination of 
sulfadiazine (21): 


lC1 
S - S A  


Model II 


where S is the amount of sulfadiazine in the body at any time; 
S A  is the amount of acetylated sulfadiazine in the body at any time; 
Se and SAe are the respective amounts of intact sulfadiazine and 
N-4-acetylsulfadiazine excreted in the urine at any time; and k ,  
(i = 6, 7, 8) represent apparent first-order rate constants with 
dimensions of reciprocal time for the respective processes indicated 
in the above model. 


Since the main purpose was to determine the rate constant of 
elimination of sulfadiazine from the body, the following equation 
may be written from the above model: 


ASe 
At log- 5 log ksSo - Ks(t)/2.303 


where So is the hypothetical amount of intact sulfadiazine in the 
body at zero time; Ks is the overall rate constant for the disappear- 
ance of sulfadiazine from the body (Ks = kg + k,);  and ASejAt 
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Figure GFirst-order urinary excretion of intact sulfadiazine in 
Subject B. 


is the amount of intact sulfadiazine excreted in the urine in unit 
time. 


The urinary excretion recovery data obtained for sulfadiazine 
are presented in Table 111. The log ASejAt is plotted against t 
(Figs. 4 and 5) and, from the slope of the resulting straight line, the 
overall elimination rate constant for sulfadiazine, Ks, is calculated. 
The straight lines were obtained by the method of least squares 
after a postabsorptive and postequilibrative period. The rate con- 
stant for overall elimination of sulfadiazine observed for Subject B 
is 0.0755 hr.-I and that determined for Subject C in two separate 
studies are 0.0841 and 0.0967 hr.-I 


Inhibitory Effect of (-)-Mandelic Acid on the Urinary Excretion 
of Sulfadiazine-As shown in Figs. 6 and 7, the inhibitory effect 
of mandelic acid on the urinary excretion of intact sulfadiazine has 
been observed in Subjects B and C. The overall elimination rate 
constant, Ks, was calculated from the slope of the straight line for 
the data obtained after a postabsorptive and postequilibrative 
period prior to the administration of (-)-mandelic acid. The 
value of this rate constant as determined for Subject B is 
0.0612 hr.-I and those determined for Subject C in two separate 
studies are 0.0822 and 0.0980 hr.-1. These values of the rate con- 
stant are comparable to those determined in the respective subjects 
in the studies involving only sulfadiazine. Since repeated oral doses 
of (-)-mandelic acid were administered to the subjects in order to 
study the inhibitory effect of (-)-mandelic acid on the urinary 
excretion of sulfadiazine, it was not considered appropriate to 
calculate the first-order rate constant for overall elimination of 
sulfadiazine during the period of administration of (-)-mandelic 
acid. However, during this period, the scatter of points observed in 
Figs. 6 and 7 is not prohibitive to the assumption that the elimina- 
tion of sulfadiazine occurred by a pseudo-first-order process and 
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Figure 5-First-order urinary excretion of intact sulfadiazine in 
Subject C. 
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thereby attempt to estimate the inhibitory effect of (-tmandelic 
acid in terms of R values. Therefore, the values of Kam, the rate 
constant of elimination of sdfadidzine during the administration 
of (-)-mandelic aeid, were determined from the slope of the dotted 
straight lines obtained for the appropriate data by the method of 
least squares (Table IV). The value of Rs (KslKam) obtained for 
Subject B is 2.05 and those obtained for Subject C in two separate 
studies are 1.63 and 1.77. The dotted straight lmes in Figs. 6 and 7 
suggest that the lines were not theoretically expected from these 
data. 


Since it was convenient to ingest doses of (-)-mandelic acid 
after an elapsed period of two biological half-lives of sulfadiazine, 
a dose of 1.3 g. of sulfadiazine was ingested by Subjects B and C. 
The dose of 1.3 g. of sulfadiazine was administered to provide a 
substantial amount of sulfadidzine to be present in the body at the 
time of ingestion of (-)-mdndelic acid. Since the biological half-life 
of (-)-mandelic acid was apprDximately that of sulfadiazine, 
the dosage schedule followed for the repeated administration of 
(-)-mandelic acid was designed to provide a significantly high 
concentration of (-)-mandelic acid in the body during the period 
of the inhibitory studies. 


In the studies dealing with the inhibitory effect of sulfonamides on 
the urinary excretion of (-)-mdndelic acid, it may be pointed out 
that, in addition to intact sulfonamides, factors such as the binding 
of sulfonamides to the plasma proteins, the pKa values of the 
sulfonamides in relation to the urinary pH, and the possible inter- 
ference of the N-Cacetylated sulfonamide may be believed to have 
played a role in modifying the excretion rate of (-)-mandelic acid, 
but the contribution of each of these factors could not be deter- 
mined under the conditions of this study. Such factors might also 
be believed to have played a role in modifying the urinary excretion 
rate of sulfadiazine in the presence of (-)-mandelic acid. The 
effect of pH on the urinary excretion and tubular reabsorption of 
drugs has been discussed and demonstrated by several workers 
(5, 6). The urine pH of all the subjects throughout this study was 
generally found to be in the pH range of 5.0-7.0. Considering the 
pKa values of the agents employed in this study (mandelic acid, 
pKa 3.9; sulfadiazine, pKa 6.5; sulfamethazinc, pKa 7.4; sulfa- 
merazine, pKa 7.1), although the rate of excretion of sulfonamides 
may be expected to be affected, it does not seem possible that the 
rate of urinary excretion of mandelic acid would be affected in this 
pH range. It may further be pointed out that the examination of 
Fig. 5 (Study 2) shows no apparent effect of pH on the kinetics of 
urinary excretion of sulfadidzine, even though the urine pH in that 
study ranged from 4.85 to 6.90. 


It is further noticed that in most of the present studies (Figs. 3,7), 
the rate of excretion of the agent under study slightly increased 
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Table IV-Rate Constants for Overall Elimination of SulfadiaLine 
Both in the Absence and in the Presence of (-)-Mandelic Acid 
and the Index of Inhibitory Effect, Rs, of (-)-Mandelic Acid on 
the Urinary Excretion of Sulfadiazine in Two Male Human Subjects 


Subject Ks(hr.-l) Kan?(hr.-l)n RP 


B 0.0612 0.0299 2.05 
C-l* 0.0822 0.0504 1.63 
C - 2  0.0980 0.0554 1.77 


(1 The basis for estimating the values of Kum, and Rs is explained in the 
text. b The numbers represent Studies 1 and 2 in Subject C. 


instead of decreasing, immediately following the administration of 
the inhibitor. Since it was thought that this increase in the excre- 
tion rate might be due to an increase in the plasma concentration of 
the free form of the compound as a result of its displacement by 
the inhibitor from the protein-binding site, in citro binding studies 
(22) were undertaken. These studies showed that both (-)- 
mandelic acid and sulfadiazine were able to decrease the extent 
of their protein binding in the presence of each other. Therefore, 
the increase in the excretion rate referred to above is attributed to 
the possible displacement of protein-bound drug. 


Although the term overall elimination rate constant is comprised 
of both the excretion rate constant and the metabolic rate constant, 
the ratios K j k h  in the present studies are considered as the indexes 
of inhibition of urinary excretion of (-)-mandelic acid. The ratio- 
nale for this becomes evident from the examination of data presented 
in Table I. According to these data, no apparent change in the 
extent of metabolism of (-)-mandelic acid in the presence of sulfa- 
diazine, sulfamethazine, or sulfamerazine was observed, indicating 
that the rate constant for metabolism of (-)-mandeli acid remains 
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Figure 6 -Effect of (-)-mandelic acid on the urinary excretion of 
intuct sulj&iiazine in Subject €3. [The arrow indicates the time at 
which the initial dose uf (-)-mandelic acid was ingested by the 
subject. The reason for the dotted line is explained in the text.] 
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practically constant in the presence of these sulfonamides. There- 
fore the changes observed in the values of the overall elimination 
rate constant of (-)-mandelic acid are attributed to the 
changes in the secretion rate of mandelic acid in the presence 
of each of the sulfonamides. Similarly, upon examination of the 
data for sulfadiazine (Table III), it may be concluded that the 
changes observed in the overall elimination of sulfadiazine are 
attributed to the changes in the secretion rate of sulfadiazine in the 
presence of mandelic acid. 


The inhibitory effect of (-)-mandelic acid observed on the urinary 
excretion of sulfadiazine has provided evidence that intact sulfa- 
diazine, or for that matter intact sulfonamide, is able to inhibit 
the elimination rate of (-)-mandelic acid. These studies indicate 
the mutual inhibitory effect of (-)mandelic acid and the sulfon- 
amides (sulfadiazine, sulfamethazine, and sulfamerazine) on the 
kinetics of their urinary excretion in humans. Although the deter- 
mination of the effect of structural variation in the sulfonamide 
molecules of this study on the urinary excretion of (-)-mandelic 
acid is complicated by the various factors mentioned previously, 
this study demonstrates that (-)-mandelic acid and these sulfon- 
amides are probably transported by the same mechanism present 
in the kidney tubules. 


SUMMARY AND CONCLUSIONS 
Studies were carried out to determine the mutual inhibitory 


effect of (-)-mandelic acid and certain sulfonamides on the kinet- 
ics of their urinary excretion in adult male human subjects. 


The rate constants for the overall elimination of (-)-mandelic 
acid in the absence of a sulfonamida ( K )  and in the presence of 
sulfadiazine, sulfamethazine, or sulfamerazine (Kas) were deter- 
mined. 


The ratios of KIKas were found to be greater than unity indicating 
the inhibitory effect of these sulfonamides on the urinary excretion 
of (-)-mandelic acid. 


In order to determine the order of elimination of sulfadiazine, the 
kinetics of its urinary excretion was studied and from the observed 
pseudo-first-order process, the overall elimination rate constants 
were calculated. 


The inhibitory effect of (-)-mandelic acid on the urinary excre- 
tion of sulfadiazine was also observed. 


Since (-)-mandelic acid and sulfadiazine exhibited a mutual 
inhibitory effect on the kinetics of their urinary excretion, it is 
concluded that (-)-mandelic acid and the sulfonamides employed 
in this study probably share the same renal tubular transport 
system(s) for their excretion in humans. 
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Kinetic Analysis of Penicilloic Acid and Penicilloamides in 
Combination: Application to Products of Reaction of Penicillin 
with Tromethamine (Tris) and Poly-L-lysine 


MICHAEL A. SCHWARTZ and ANTOINETTE J. DELDUCE 


Abstract 0 Studies of chemical reactions related to penicillin 
allergy often require an assay for both penicilloic acid and penicillo- 
amides in reaction mixtures. Previous assays were based on con- 
version of these substances, with HgClr, to penainaldates which 
have an absorption maximum at 282 mp. Differentiation of the 
two compounds was accomplished by taking advantage of the lower 
stability of the penamaldate of penicilloic acid using only the 
absorbance initially and after 10 min. The present work describes 
an improved method based on the fact that decay of penamaldate 
can be resolved kinetically into its two components. Extrapolation 
to zero time yields very accurate estimates of molar extinction 
coefficients. The method was applied to products of reaction of tro- 
methamine (Tris) with penicillin which is catalyzed by poly-L-lysine 
(PLL). In absence of tromethamine both penicilloic acid and peni- 
cilloyl-PLL are formed while at high tromethamine concentration 
the product is almost entirely N-(penicilloy1)-tromethamine. 
Calculated rates show that PLL catalyzes hydrolysis of penicillin 
to penicilloic acid as well as aminolysis by tromethamine. These 
results confirm the previously proposed reaction mechanism. 


Keyphrases 0 Penicilloic acid, penicilloamides, combination- 
kinetic analysis Tromethamine-benzylpenicillin-poly-L-lysine re- 
action products-analysis 0 Penicillin-penicilloamide-HgCh reac- 
tion- kinetics 0 UV spectrophotometry-analysis 


Investigations of chemical reactions involved in 
penicillin allergy often require a suitable method of 
assay for the penicilloyl group, which is the principal 
antigenic determinant found among penicillin hyper- 
sensitive patients (1, 2). The penicilloyl group may 
appear as free penicilloic acid (X = OH), or combined 
as a penicilloamide (X = NHR’), or penicilloic acid 
ester(X = OR’). 


H H H  “T T 


penicilloyl derivatives 
ClHg 7 ?\ ,CH; 


0 II HA-A‘CH, 
RC-N-C=C ‘\C 


/ \  I‘coo- 
O x  H 


penamaldate derivatives 


X = OH acid 
X = N-R amide 


I 
H 


X = OR’ ester 


Levine (3) developed a quantitative method for peni- 


cilloamides based on their conversion to penamaldate 
derivatives upon treatment with p-chloromercuriben- 
zoate. The reaction was carried out in pH 9.2 carbonate 
buffer and the absorbance of the rapidly formed pena- 
maldate read at  285 mp. Schneider and DeWeck (4) 
subsequently found that at  neutral pH the penamaldate 
of penicilloic acid was much less stable than that formed 
from an ester or amide derivative. Using this difference 
they developed an assay based on the change in ab- 
sorbance from the time of initial addition of mercuric 
chloride to 10 min. later. At the latter time, the ab- 
sorbance of a penicilloic acid solution had decreased 
to about 25 of its initial value while only about a 475 
decrease was noted with an amide derivative. This 
assay method was applied to mixtures of penicilloic 
acid and penicilloamide. 


The present work represents a further extension of 
the method applying a kinetic analysis to data obtained 
when mixtures of a penicillin with a penicilloamide 
were treated with mercuric chloride. It also reports 
results of application of the method to the products of 
reaction between benzylpenicillin and tris(hydroxy- 
methy1)aminomethane (Tris) catalyzed by poly-L- 
lysine (PLL). The kinetics of the latter reaction have 
been previously reported (5). 


EXPERIMENTAL 


Materials-Phenoxymethylpenicillin (Eli Lilly and Co.) and 
other penicillins (Bristol Laboratories) were used. Benzylamine and 
propylamine (Eastman “White Label”) were employed and other 
chemicals were reagent grade. Poly-~-lysine (PLL) was the same 
material of mol. wt. 95,000 used previously (5). 


Preparation of Penicilloic Acids-(0.001 mole) The penicillin was 
dissolved in about 5 ml. water in a 1000-ml. volumetric flask. 
Two milliliters, of 1.0 M NaOH was added and solution allowed to  
stand 2 hr. Two milliliters of 1.0 M HC1 was added and the solution 
brought to the mark with 0.1 A4 pH 7 phosphate buffer. Solutions 
were prepared freshly as needed. 


Preparation of Penicilloamides-These were prepared by a 
similar method to that previously reported by Levine (3): 0.001 
mole of the penicillin was dissolved in 75 ml. water and 0.02 mole of 
amine added. After standing 2 hr. the solution was acidified to pH 2 
with concentrated HCI and the precipitated amide collected, washed 
with water, and dried. Benzylamine was used with phenoxymethyl- 
penicillin while propylamine was used with the other penicillins. 


Assay Method-Determination of Mercury Equivalence (4)- 
This is the amount of HgCL after which a further addition produced 
no further increase in absorbance. It was determined with a sample 
from each solution, both standards and unknowns, by titrating the 
solution with small increments (0.01 ml.) of 1.0 X 10-3 MHgCI,. 


Standard Curaes-Mixtures of the penicilloic acid and amide of 
each penicillin were prepared to contain varying concentrations of 
each with the total concentration 4 X 10-j M ,  in a pH 7.0 phos- 
phate buffer. Mercury equivalence was determined on a 2-ml. 
sample of solution. Then 2 ml. of solution was placed into a 1-cm. 
cell, the appropriate amount (found by prior titration) of HgCl, 
solution added, and absorbance recorded at 285 mp. Zero time was 
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Figure 1.-Typical absorbance time plot. This particular plot is .for 
a solution containing 2 X mole each of benzylpenicilloic acid and 
N-(benzy lpenicilloyopropy lamine. 


taken when HgCI, was added and it required about 20 sec. to begin 
recording. The data were treated as described below. 


Assays for Products of Reaction of Benzylpenicillin with Trometh- 
amine (Tris) and PLL-Solutions were prepared containing benzyl- 
penicillin (0.001 mole), PLL (mol. wt. 95,000, 9 X mole) and 
varying quantities of tromethamine pH 8.8. These were allowed to 
stand at 35" until the reaction had gone to completion. One sample 
was assayed as described above to determine penicilloic acid and total 
penicilloamide. A second sample was dialyzed against large volumes 
of water for several days and the assay repeated on the solution 
remaining in the dialysis bag. The latter procedure determined peni- 
cilloyl-PLL and the amount of penicilloyl-tromethamine was found 
by subtraction. 


Treatment of Data-A typical example of an absorbance-time 
plot is shown in Fig. 1, which is for a solution containing 2 X 
mole each of benzylpenicilloic acid and N-(benzylpenicilloy1)propyl- 
amine. It was assumed that the degradation of the penamaldate 
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Figure 2-Calibration curve for benzylpenicilloic acid and N- 
(benzylpenicilloy~propylamine. 


Table I-Molar Absorptivities 


Penicillin 
Molar Absorptivities 
Acid Amide 


Benzyl- 9480 19,625 
Phenoxymethyl- 9450 18,650 
Oxacillin 7075 12,600 
Methicillin 6825 20,250 


formed from both the acid and the amide are first-order and mutu- 
ally independent. The absorbance ( A )  may then be expressed as 
follows: 


A = eaca $- t b c b  (Eq. 1) 


where the subscripts a and b represent acid and amide, respectively, 
the c's indicate molar concentration, and the e's are the respective 
molar absorptivities. Since the reactions are both first-order: 


A = caaoe-kat + ebbae-kbt 
The rate of degradation of the penamaldate from acid is much 
faster than that of the amide derivative; hence, ka >> kb and after a 
short time, when the acid penamaldate has disappeared, only the 
amide remains. Since its degradation is so slow, extrapolation back 
to zero time may be made from a linear plot rather than the normal 
semilog plot. This extrapolated value of A at zero time represents 
ebbo and thus determines the initial concentration of amide (bo). 
The values along the extrapolated line (dashed line in Fig. 1) 
representing the contribution of amide to the total absorbance are 
subtracted from that total to leave only the absorbance due to 
acid. A semi-log plot of the latter values may then be extrapolated 
to zero time to give €,ao from which no may be obtained. The full 
mathematical derivation of this treatment has bcen przsented (6). 


0%. 2) 


RESULTS AND DISCUSSION 


The calibration curve for benzylpenicilloic acid is shown in Fig. 2, 
where the slopes represent the molar absorptivities for the re- 
spective derivatives. Similar linear plots were obtained with all the 
penicillins and the extinction coefficients are given in Table I. The 
value for benzylpenicilloic acid is significantly higher than the pre- 
viously reported (7) value 8OOO. This difference reflects the rapid 
decrease in absorbance of the penamaldate from penicilloic acid 
which made it difficult to obtain an accurate zero time reading. 
The present method obviates this difficulty by the extrapolation to 


0 Benzylpenicilloic Acid 
A Methylphenyl Isoxozolyl- 


0 Phenoxymethylpenicilioic Acid 
0 2.6-Dimthoxyphenyl- 


Penicilloic Acid 


Penicillolc Acid 


0 .02 .04 .06 .08 .10 
MI. HgClz 0.001M 


Figure %Effect of HgCL concentration on absorbance of penam- 
aldates .from the penicilloic acids. Concentration of penicilloic acids 
was4.0 X 10-6 M. 


1138 Journal of Pharmaceutical Sciences 







80 


60 
c 
0 
3 
0 
0 
K 
a 40 


20 


0 


o N/penici//oy/// Tris 
Penici//oy/ - PLL 


OPenici//oic Acid 


4 8 12 16 
TROMETHAMINE CONCENTRATION, M 


Figure 4 - R e d t s  of assays of products of reaction of penicillin with 
Tris andPLL at p H  8.8. 


zero time providing more accurate determination of penicilloic acid 
The extinction values of the amides are lower than previously ob- 
served by Levine (3 ) ,  who found values about 23,000. The decrease 
may be a result of the difference in pH since Levine’s work was done 
at  pH 9.2, and the present study at pH 7.0. 


The effect of HgClz concentration on absorbance of penamaldate 
from the penicilloic acids is shown in Fig. 3. It can be seen that, not 
only are there differences in the maximal absorbance reached with 
each penicillin but the amount of HgClz required to produce this 
maximum varies. Thus, assay conditions must be established for 
each penicillin individually. 


The results of assay of products of reaction at pH 8.8 of benzyl- 
penicillin with tromethamine and PLL at 35” are shown in Fig. 4. 
These confirm the previous hypothesis ( 5 )  that the penicillin reacts 
principally with tromethamine and the polymer serves as a catalyst. 


The curve for N-(penicil1oyl)tromethamine markedly resembles 
the dependence of rate constant upon tromethamine concentration. 
One new aspect of the reaction revealed here is that both penicilloic 
acid and penicilloyl-PLL are formed in the absence of tromethamine, 
where about 38 of the original penicillin goes to penicilloic acid. 
The first-order rate constant for loss of penicillin under these con- 
ditions was 0.006 min.-l. Multiplying by 0.38 gives 0.00228 min.-l 
as the rate constant for hydrolysis of benzylpenicillin at pH 8.8 
in presence of PLL. An approximate value, calculated from data 
obtained at 31.5” (8), for hydrolysis of benzylpenicillin in absence 
of PLL is 2 X 10-4 min.-l. It thus appears, that PLL is catalyzing 
the hydrolysis of benzylpenicillin. While the mechanism of this 
catalysis is unknown, it may be a clue as to one means by which 
the enzyme penicillinase may exert its catalytic effect. 
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Thyroxine Analogs XVI: Synthesis and Activity of 
3,5-Dibromo-3’-isopropyl-~-thyronine 


EUGENE C. JORGENSEN and J. RAO NULU 


Abstract 0 3,5-Dibromo-3’-isopropyl-~-thyronine (V) has been 
synthesized by two independent routes. Its biological potency, 
greater than that of L-thyroxine in a number of test systems, 
demonstrates that iodine is not a required substituent for thyroxine- 
like effects. 


Keyphrases 0 Thyroxine analogs-synthesis 0 3,5-Dibromo-3’- 
isopropyl-L-thyronine-synthesis 0 Pharmacological screening-. 
thyroxine analog 0 Polarimetry-identity 0 NMR spectroscopy- 
structure 


The importance of iodine in thyroid function has been 
recognized since the early establishment of its thera- 
peutic value in certain types of goiter. Characterization 


of the thyroid hormones as iodinated thyronines pro- 
vided a rationale for the biological importance of the 
element, but no insight into its functional role or relative 
importance in the molecule for hormonal actions. Some 
theories have emphasized a direct participation of 
iodine, with the rest of the molecule relegated to a lesser 
role as carrier (1-3). 


Iodine on the phenolic ring of the thyroid hormones 
or their analogs has been replaced by aliphatic, alicyclic, 
and aromatic residues with retention and even enhance- 
ment of hormonal activity (4-10). Methyl groups have 


1 Reference I is paper XV in this series. 
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New Infrared Technique for the Determination of 
Impurity in Substituted Anthranilic Acid: Effect 
of Ortho Substitution on the Aromatic Acid Carbonyl Band 


TIBOR URBANYI and SUSAN BUDAVARI 


Abstract 0 A new IR technique has been developed for the deter- 
mination of halogenated impurity in substituted anthranilic acid. 
The method is applicable for the quantitative determination of small 
amounts of those compounds containing carbonyl groups whose 
electronic structures are affected by substitution groups. The 
relationship between the displacement of the carbonyl band fre- 
quency due to the presence of the electron-withdrawing or -donating 
groups and the effect of hydrogen bonding, is explained and the 
usefulness of the proposed method is discussed. 


Keyphrases 0 Anthranilic acid, substituted-impurity determin- 
ation 0 Acetonitrile. solvent-anthranilic acid 0 IR spectropho- 
tometry-anal ysis 


Preliminary investigation of an interesting type of 
substituted anthranilic acids (I)‘ using TLC methods 
generally showed a content of 1-3 % halogenated im- 
purity (11). As TLC could not be used for accurate 
quantitative determination of this impurity, an attempt 
was made to develop a suitable analytical method 
capable of differentiating the impurity from the parent 
compound. 


Since the spectra of the impurity, the parent com- 
pound, and therefore a mixture of the two, were essen- 
tially identical, UV methods proved inadequate. 
However, a comparison of the mineral oil mull spectra 
of material known to contain the halogenated impurity 
with that of specially prepared pure I,  showed an addi- 
tional shoulder in the carbonyl region. A review of the 
respective I and I1 spectra indicated that the shoulder was 
specific to the halogenated impurity (Fig. 1, A and B). 


Although IR spectroscopy can be employed with 
particular success in the functional group region of 
the spectrum where the inductive and resonance effects 
of many groups alter the frequency and the intensity 
of the stretching absorption band, quantitative deter- 
mination of a small amount of impurity is precluded 
when the absorption due to the impurity appears only 
as a shoulder. In many such cases, the use of the so- 
called “differential method” (1) resolves the situation. 
The results of this method, however, are only valid 
when the frequency of the analyzed band is independent 
of concentration changes of the impurity. The differ- 
ential technique could not be employed in the present 
study since the proximity of the respective acid car- 
bony1 bands caused a shift in frequency with concen- 
tration changes. Therefore, a procedure was developed 
in which the amount of halogenated impurity was in- 
creased by known amounts and the once insignificant 
shoulder was successfully resolved to an independent 


measurable band without changing the frequency of 
absorption. 


EXPERIMENTAL 


Apparatus and Reagent-A recording spectrophotometer2 equip- 
ped with 1-mm. sodium chloride cells was used to record the spectra; 
acetonitrile spectrograde was the solvent. 


Preparation of Stock Solution-A solution containing 0.2% I1 in 
acetonitrile was prepared. 


Preparation of Standard Solution-To exactly 90,86, and 82 mg. 
of Standard I in separate 10-ml. volumetric flasks, 5, 7, and 9 ml., 
respectively, of IT stock solution were pipeted and the contents 
were diluted to volume with acetonitrile. 


Preparation of Sample Solution-To 90 and 88 mg. of sample in 
separate 10-ml. volumetric flasks, 5 and 6 ml., respectively, of stock 
solution were pipeted and the contents were diluted to volume 
with acetonitrile. 


Procedur-The standard and sample solutions were transferred 
in turn to a 1-mm. sodium chloride cell and the spectrum was 
scanned from 1,900 to 1,650 cm.-’ with acetonitrile as a blank in the 
reference cell using a suitable IR spectrophotometer. 


Since the regular base-line technique cannot be applied for the 
calculation because of the steep slope, the following modified tech- 
nique is used: a line drawn tangent to the curve between 1,900 and 
1,850 cm.-’ is extended to 1,600 cm.-l. The transmittance value at 
the intercept of this line with a vertical line drawn to the peak maxi- 
mum at  about 1,737 cm.-l, is taken as I,. The transmittance reading 
at about 1,737 cm.-l is taken as I. The absorbances (A = log IJI) 
of the standard solution are plotted against the weight of I1 added 
to obtain the calibration curve. The absorbances of the sample solu- 
tions are determined in a similar manner. 


DISCUSSION 


The two types of compounds considered in this study have the 
following structural formulas (I, main; 11, impurity) 


VYNHR 
I 


I1 


R and R’ are substitutions in the chemical structure which have no 
significant spectral influence on the proposed method. 


Particular solubility problems were encountered in this case in 
addition to the general problem of limited sensitivity in IR pro- 
cedures for the quantitative determination of small amounts of 
contamination. Insufficient solubility was found in solvents such as 
chloroform and carbon tetrachloride and otherwise suitable solvents 
such as carbon disulfide and dioxane, were not transparent in the 
region of interest. Acetonitrile, among all the solvents tested, was 


1 See structural formulas under Discussion. 2 Perkin Elmer IR 621. 
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Figure I-IR absorption spectrum of A ,  I (pure substance); B, I1 (halogenated impurity); C,  typical production batch; D ,  production batch with 
I0 added impurity, 


the only one satisfactory with respect to both solubility and trans- 
parency. 
In an acetonitrile solution of I, the carbonyl band appears a t  


about 1,690-1,700 cm.-I; whereas, the carbonyl band of I1 appears 
in the 1,735-1,745 cm.-’ region. The presence of I1 as an impurity in 
I manifests itself as a shoulder a t  1,737 cm.-l when just a few percent 
is present, and a measurable peak for a content of about 8 or more 
(Fig. 1, C and D). Therefore, to a sample containing an unknown 
amount of impurity, specific amounts of I1 are added to bring the 
absorbance of the peak at  1,737 cm.-l (of 1 acetonitrile solution) 
t o  an easily measurable point. The total absorbance of the impurity 
is then calculated and evaluated with the aid of a standard calibra- 
tion curve. The linear calibration curve is obtained using the cal- 
culated absorbance values for a specially prepared pure sample of I 
to which known amounts of I1 are added. The amount of I1 origi- 
nally present in the unknown sample of I is found by subtracting the 
amount of I1 added from the total amount of impurity found as 
calculated from the standard calibration curve. The standard cali- 
bration curve was consistently reproducible throughout the entire 
study (see Table I). 


One notes the 40-50-crn.-l separation in the frequency of car- 
bonyl band absorption for I and I1 (Fig. 1, A and B) which provides 
the foundation for the proposed method of analysis. As the respec- 
tive groups ortho to the acid carbonyl are the only points of differ- 
ence between the two similar molecules. it is evident that the dia- 
placement is due to the effect they assert. The existence of internal 
hydrogen bonding due to the linkage between the o-amine and 


Table I-Reproducibility- of Standard Absorbance Values 


Impurity Added, 
mg. A bsorbancea Mean Deviation 


10 
12 
14 


0.217 
0.247 
0.277 


*0.001 
*0.002 
10.005 


16 0.310 1 0 . 0 0 2  


a Average of five determinations. 


carbonyl groups, in the case of the substituted anthranilic acid, 
which considerably lowers the normal frequency of the acid car- 
bonyl band, has been widely cited in the literature (2, 3). The 
further effect of the respective electron-withdrawing and -donating 
groups can be explained by the resonance form of the acid carbonyl 
group as shown below: 


0 0- 
+/ // 


\ \ 
-C -C 


“A” “B” 


As can be seen from the electronic structure of the carbonyl group, 
electron-donating groups such as amines will stabilize “B,” de- 
crease the force constant, and thus lower the absorption frequency. 
Furthermore, the presence of electron-donating groups increases 


Table 11-Substitution Effect on Frequency of Acid 
Carbonyl Band 


Compound Frequency, cm.-1 


c1 y=-yl 
COOH 


coo11 


1,720-1,737 


1,718-1,742 


1,685-1,700 
COOH 


Nncn 


COOH 


1,688-1,693 
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Table III-Determination of Impurity in Commercial Samples 


Production Impurity Found, Mean Deviation, 
Sample %“ ?z 


A 3.60 &O. 04 
B 3.54 f 0 . 0 2  
C 1.76 f 0 .  06 
D 0.71 ztO.07 


Average of triplicate assays. 


the dipole moment, creating a more intensive absorption band due 
to the greater vibration. Electron-withdrawing groups such as 
halogens have the opposite effect. Table I1 lists the respective fre- 
quencies of acid carbonyl band absorption of 1 % acetonitrile 
solutions of compounds with electron-withdrawing and electron- 
donating substitution ortho to the carboxylic acid group. These 
data indicate that both the presence of intramolecular hydrogen 
bonding and whether ortho substitution is electron-withdrawing or 
donating, contribute to a 40-50-cm.-’ frequency difference. Such 
differences in frequency make impurity determinations by the pro- 
posed method possible. Furthermore, it was observed that electron- 
donating and -withdrawing substitution meta to the carbonyl 
groups has minimal or no effect on the carbonyl band displacement. 


The proposed method can be applied successfully to those samples 
where the contamination is 1 %  or greater (see Table 111). Below 


this amount the accuracy of the method is limited; however, results 
obtained in such cases have shown agreement with those estimated 
by collaborative methods such as TLC and GLC. 


SUMMARY 


A new technique in the field of IR spectroscopy has been de- 
veloped which offers the possibility of quantitative analysis of very 
weak absorption bands appearing as shoulders. These shoulders 
may often be resolved to measurable bands permitting accurate 
evaluations to be made in cases where previously reported tech- 
niques fail to work. 
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Synthesis of Certain N’- and 
N4-(5-Nitro-2-pyridyl) -Substituted Sulfonamides 


S. EL-BASIL, K. M. GHONEIM, M. KHALIFA, and Y. M. ABOU-ZEID 


Abstract The condensation of 2-chloro-5-nitropyridine with a 
number of sulfonamides is described. Sulfadiazine, sulfamerazine, 
sulfathiazole, sulfapyridine, sulfisoxazole, sulfamethoxypyridazine, 
and sulfadimethoxine afforded the N4 derivatives via the applica- 
tion of Banks’ procedure. 4-Homosulfanilamide using Ullmann’s 
and Mangini’s conditions, yielded the N1 and N4 derivatives, re- 
spectively. With benzylsulfonamide and benzenesulfonamide 
adopting Ullmann’s method the corresponding N-substituted 
derivatives were obtained. 


Keyphrases Sulfonamides, N 1 ,  N~-(5-nitro-2-pyridyl)-substituted 
-synthesis Condensation reaction-sulfonamide derivative 
synt he3 is 


In two earlier publications (1, 2 )  the authors reported 
the condensation of 2-chloro-5-nitropyridine with dif- 
ferent amino compounds including sulfaguanidine as a 
representative of the group of sulfonamides. In con- 
tinuation, other sulfonamides were condensed with 
the same halonitroheterocycle, in the hope that the 
introduction of the 5-nitro-2-pyridyl moiety might 
enhance the antimicrobial activity of the parent com- 
pounds (3-7). 


2-Chloro-5-nitropyridine was prepared from 2- 
aminopyridine according to a method described earlier 


(1). Of the sulfonamides: 4-homosulfanilamide and 
benzylsulfonamide were synthesized adopting reported 
procedures. The former compound was prepared from 
benzylamine by acetylation (8-1 l), chlorosulfonation, 
amidation of the sulfonyl chloride, subsequent hydroly- 
sis of the acetylamino group, and finally isolating the 
product as the hydrochloride (12, 13). Benzyl sulfon- 
amide was obtained from benzyl chloride by treatment 
with sodium sulfite, converting the sulfonate thus ob- 
tained to the acid chloride using phosphorus penta- 
chloride and finally to the amide by mixing with excess 
concentrated ammonia (14). 


Several attempts were made to condense 2-chloro- 
5-nitropyridine with the N1-substituted sulfonamides. 
Bobranski’s method (15, 16) did not give satisfactory 
results while Ullmann’s conditions (17-19) were un- 
successful. Likewise, the use of solvents such as pyridine 
(20), pyridine-ethanol, dioxan, and ethylene glycol (in 
presence and absence of potassium carbonate) did not 
improve matters. Nevertheless, the condensation was 
successfully achieved by conducting it in aqueous hydro- 
chloric acid in presence of varying amounts of ethanol 
(to enhance solubility and decrease volatility of 2- 
chloro-5-nitropyridine) following Banks’ directions 
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Two-Phase Method for the Investigation of Interphase Transport: 
I: Theoretical Aspects 


S. A. HOWARD*, M. A. FARVAR, AKIRA SUZUKI?, and W. I. HIGUCHI 


Abstract As part of a program aimed at the quantitation of 
factors involved in the oil-water interphase transport of drugs, a 
two-phase model was theoretically investigated. The model es- 
sentially consists of the transport of the drug from an aqueous phase 
of a given volume across an aqueous diffusion layer of defined 
thickness, the water-oil interface, and into a lipid sink. Three 
methods for treating this problem were developed for the one- 
dimensional case. With the assistance of a digital computer the 
resulting equations were used to compute the effects of a number of 
variables over a wide range of conditions. The calculations showed 
that when the oil-water partition coefficient is large, the transport is 
aqueous diffusion controlled and first-order behavior is followed in 
the aqueous phase with time. Deviation from first-order behavior 
occurs when the partition coefficient is low, when the diffusion 
coefficient in the oil is low, when the diffusion coefficient in the 
aqueous phase is large, or when the thickness of the aqueous dif- 
fusion layer is small. These results are expected to be useful in 
the design and interpretation of both in vitro and in vivo data on 
drug transport. 


Keyphrases Interphase transport-theoretical aspects Parti- 
tion coefficient effect-oil-water diffusion system 0 Equations- 
solute transport, oil-water system 0 Model-interphase transport 


In recent years there has been much in the literature 
concerning the three-phase model for drug and chemical 
transport especially for drug absorption. Brodie, et al. 
(1-4) have demonstrated that the gastrointestinal ab- 
sorption of drugs is often dependent upon their ability 
to penetrate a lipoidal barrier, and that for some com- 
pounds absorption is accomplished by passive diffusion. 
Several others have shown that drug partitioning that 
occurs between tissues in the brain and fluids is influ- 
enced by the drug’s partition coefficient (5, 6). In addi- 
tion, metabolism in the liver is influenced by the pKa 
and partition coefficient of the drug (7). 


Liquid “oil” membranes have been studied for many 
years. Nernst and Riesenfeld (8) as early as 1902 worked 
with such a system using phenol saturated with water as 
a membrane in order to study electromotive behavior. 
In fact, nonaqueous liquid membranes are used often 
as models to  study the selective flux of salts and ions, 
and the influence of amphoteric surface-active agents 
(phospholipids) on diffusion and carrier transport 
(9-11). The liquid membrane is formed by placing the 
nonaqueous liquid on top of aqueous solutions placed 
in the two compartments of a polystyrene box, parti- 
tioned in such a way that the two aqueous solutions do 
not mix. 


Davies and Rideal(l2) have pointed out the hazards 
of using a simple oil-water interface with stirring as a 
diffusion controlled model. Stirring creates eddies and a 
turbulent interface. Even in the completely unstirred 
system, which they have recommended, complications 
arise from spontaneous interfacial turbulence and spon- 
taneous emulsification. Rosano (9) stated that slight 
oscillations of the interface were always visible. Changing 


the interface by adding surfactants or changing the oil 
could change this constant movement and therefore 
change the diffusion layer thickness. Using a completely 
unstirred system would force the system to be diffusion 
controlled in the aqueous phase and not sensitive to any 
other factors such as interfacial changes or changes in 
diffusion characteristics such as micelle breakup near 
the interface. Swintosky and Doluisio (13, 14) in order 
to  avoid the problems of rapid stirring used a rocking 
apparatus. In this model, however, the interface is 
constantly moving and changing size. Since surface 
changes occur in both cases, it would be difficult to  
quantitatively determine to  what extent aqueous diffu- 
sion and interfacial barriers may influence the rate of 
transport. 


Several successful attempts have been made at in- 
corporating a lipid in an inert matrix and thus possibly 
avoid some of the interfacial movement found in the 
liquid membrane model. Lakshminarayanaiah (1 5) was 
able to  incorporate up to  2 0 z  lipids (all solids, steric 
acid, or phosphatidyl-L-serine or cholesterol) into a 
membrane made of parlodion. Banaszak and Mc- 
Donald (16) were able to incorporate up to  5 % paraffin 
oil into a collodion membrane. This membrane was 
soaked with water overnight and proved permeable to  
cholesterols in partially aqueous dialysis systems. 
Tobias (17, 18) was able to add phospholipid or choles- 
terol to  a filter disk. At one laboratory2 (19,20), filters 
saturated with liquid and solid lipids were used in water 
permeation studies as an in uitro model of the skin. Even 


n 


I lipid Sink 


Figure 1-A schemutic illuJtration of the experimental system for 
studying the transport of a solute from an aqueousphase to a Iipidsink. 


~ ~ ~~ 


1 Millipore Filter Corp., Fkdford, Mass. 
2 Lever Brothers. 
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Figure 2-Method I .  Diagram showing solute transport across an 
aqueous diffusion layer with a thickness h into an infinite lipid sink. 
Key: C w ~  = bulk aqueous concn.; C,i = interfacialaqueousconcn.; 
Cox = lipid conn. at x; C,i = lipid interfacial concn.; the dotted line 
and the arrow represent condition at time equals zero. 


more recently Levy and Mroszczak (21) used a filter 
saturated with olive oil or linoleic acid as a membrane 
in a three-phase model. 
In this study a two-phase, rather than a three-phase 


model is presented. This model has the following uses: 
(a)  To provide quantitative information regarding sys- 
tems in which diffusion in the aqueous phase is an impor- 
tant rate step in interphase transport. It is difficult in a 
three-phase model to  isolate and quantitate this factor 
and, therefore, a two-phase model becomes useful. (b)  
To find the apparent diffusion coefficient of a substance 
in an oil-saturated membrane. As will be shown later, 
when the partition coefficient is low the diffusion in the 
oil is an important factor in two-phase diffusion con- 
trolled drug transport. Through a method of curve 
fitting the apparent diffusion coefficient of a relatively 
low partitioning solute can be obtained. (c) To provide a 
system for studying transport and deposition into 
tissues. Deposition of cholesterol from blood to  tissue 
walls or the passage of water insoluble drugs from the 
aqueous lumen of the intestine to  the lipid wall are just 
two of the many problems in which a two-phase model 
might provide very important quantitative data. (d)  To 
study interfacial barriers. Because of the presence of a 
thin aqueous diffusion layer the system should be rela- 
tively sensitive to  surface barrier effects when the oil- 
water partition coefficient is high. The comparable 
situation may be achieved only with difficulty in many 
of the three-phase systems. (e) To study micellar trans- 
port. Using this model it might be possible to  obtain 
quantitative information regarding micellar two-phase 
transport and inter-barrier effects on such transport. 


Figure 3-Method II. Diagram showing solute transport across an 
aqueous diffusion layer with a thickness h into a finite lipid sink, 
with a thickness of L. For computational purposes the sink thickness 
has been divided into n - I units. The dotted line and the TO point show 
conditions when time is equal to zero. See text. 


This is very important in the understanding of the 
absorption of water insoluble drugs and fats, which are 
solubilized by and transported in the form of micelles. 


A working experimental model has been developed 
and is illustrated schematically in Fig. 1. The apparatus 
employs a filter membrane, saturated with lipid or a 
gelled lipid as the nonaqueous sink. This sink material is 
placed at the bottom of a constant-temperature water- 
jacketed beaker with provisions for controlled stirring of 
the aqueous phase. This system provides a constant oil- 
water interface even under stirring conditions in which 
a relatively thin diffusion layer is obtained. The mass 
transfer for such an arrangement is one dimensional 
and the appropriate equations may be conveniently 
formulated. 


The experiment involves the transport of the solute 
from the aqueous phase through an effective aqueous 
diffusion layer to the lipid sink. The rate of transport, 
which is the quantity of prime interest in this work. 
should depend upon a number of factors: (a)  the rate of 
agitation, since this affects the thickness of the aqueous 
diffusion layer, (b) the diffusion coefficient of the solute 
in the aqueous phase, (c) the lipid-water partition coeffi- 
cient for the solute, since this may determine both the 
sink “capacity” and the concentration gradient across 
the aqueous diffusion layer, and finally ( d )  the effective 
diffusion coefficient of the solute in the lipid-sink phase. 
In addition to the above factors, when an interfacial 
barrier is important its effect must also be considered. 


DERIVATION OF EQUATIONS 


Three methods have been considered for solving this problem of 
single-solute transport from a stirred aqueous compartment to a 
lipid sink. Method I is based on an analytic solution of the infinite 
lipid sink in series with the aqueous diffusion barrier. The second 
method (11) utilizes the finite difference method and is for the finite 
sink case. The former has the advantage of being rigorous and 
straightforward but is applicable to initial rate data only. The latter 
has the advantage of being applicable for later time periods and 
easy to computerize but is an approximation and is subject to error 
if values are not wisely chosen for the time and n parameters. 
Method I11 is an analytic solution for a finite sink. 


Method I-Figure 2 describes the semi-infinite sink problem. It 
is assumed that the aqueous phase is well stirred except in the 
diffusion layer region which is assumed to be effectively stagnant and 
through which a quasi-steady-state diffusion condition is assumed 
to exist. At the lipid-water interface instantaneous partitioning is 
assumed which is governed by a concentration independent lipid- 
water partition coefficient, K. The diffusion coefficient of the solute 
is given by D ,  and Do in the aqueous and lipid phases, respectively. 
The problem is described by the following three equations: 


V, (dC,~/dt)  = -(D,A/h) (C,B - Cwt) (Eq. 1) 


A D O  (aColax)==o = - ( D d / h )  ( C ~ B  - C W J  (Eq. 2) 


dCo/dt = Do (d2Co/dX2) (Eq. 3) 


where V ,  is the volume of the aqueous phase, x is the position 
coordinate in the lipid, A is the area of the interface, h is the thick- 
ness of the aqueous diffusion layer, Co is the concentration of solute 
in the lipid at any given x,  and C,,,B is the aqueous concentration of 
solute in the bulk aqueous solution. C,, is the aqueous concentra- 
tion at the interface which is assumed to be equal to CoJK where 
Cot is the concentration in the lipid at the interface. 


Equation 1 relates the concentration change in the stirred aqueous 
phase to the rate of solute transport across the aqueous &ffusion 
layer. Equation 2 is the continuity relationship which states that the 
transport rate in the lipid phase immediate to the aqueous-lipid 
boundary is equal to the transport rate in the aqueous diffusion 
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layer. Finally, Eq. 3 is Fick's second law for diffusion in the lipid 
phase. 


Carslaw and Jaeger (22) give the solution to the analogous prob- 
lem for heat conduction. When this solution is converted to the mass 
transfer case one obtains the following equations, making the 
further assumption that the activity of the solute in water is equal to 
the concentration in the water: 


30 


C w ~  = c-[ ( - a )  exp(Dota2)erfc(ad/D) - 
/3 - a hDoK 


~ R O E R  


I I I I 


where Cwo is equal to the initial concentration of solute in the 
aqueous phase, t is time, and 


01 = '12 [D,/hDoK + d(D,/hDoK)' - 4ADw/VwhDo] 
/3 = ' 1 2  [D,/hDoK - d(D,/hDoJC)' - 4AD,/VwhDoI 


These equations yield imaginary numbers for most of the situations 
mentioned in this work. These equations were therefore rearranged 
by expanding the erfc term and thereby the 42 was eliminated in 
the final solution (Eqs. 6 and 7): 


Co = 2DwCw$hD0K [exp-(xZ/4Dot) V(q,r)] (Eq. 6) 


where V and U are functions with the variables q, r, and s: 


The values for the U and V functions have been compiled by 
Faddeev and Terentev (23). 


The concentration in the water was confirmed by plotting CO 
cersus x and graphically integrating, obtaining a value called COTotal 


for any given time. The concentration at any given time is therefore 
given by Eq. 8. 


C,B = CWO(VW - ACoTotd)/Vw (Eq. 8) 


Method 11-In this method for solving the problem, the lipid 
sink is given a finite thickness and is divided into n - 1 elements, 
as shown in Fig. 3. At time zero the interfacial concentrations in the 
oil and water are given initial values. Otherwise the basic assump- 
tions and boundary conditions are the same as those made in the 
first method. 


The following equations apply in Method 11: 


3) (Eq. 1 1 )  
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Figure 4-Theoretical computation demonstrating the effect of the 
partition coefficient and of the effective diffusion coefficient in the 
lipid phase, on the concentration changes in the aqueous compart- 
ment as a function of time. The numbers adjacent to each curve are 
the o/w partition coefficients (K). The letters adjacent to each curve 
are the effective diffusion coefficient in the oil phase (D).  Key: A = 
10-6 cm.=/sec.; B = 5 X lo-' cm.2/sec.; C = cm.2/sec.: V,, = 
I0 ml.; h = 0.05 ml.; L = 0.15 cm. 


(Eq. 13) 


Cz, C1, . , . Cn-l, or C,, are the mean concentrations in any of the 
segments of the oil sink. The thickness ofthe lipid sink is denoted by 
Land therefore the thickness of each segment is L / ( n  - 1). All other 
notations are the same as in Method I. 


Equation 9 has the same meaning as that used in Method I. In 
Eq. 10 the right side denotes the interface transport rate which is 
equal to the transport rate through the aqueous diffusion layer (left 
side of the equation). Solving for COc and differentiating this equa- 
tion with respect to time gives the rate of change of the interfacial 


100 


90 


6 80 
z 8 70 
cn 
0 
3 60 
3 
W 


-I 50 
a 
a - 


Vol. 58, No. 11, November 1969 0 1327 







100 


90 


80 


v z 70 


s 


0 
0 


2 60 
50 


a 
4 
A 


I- 
5 40 


0 


- 
LL 


kR 


30 


A 10 


B 10 


c 10 


A 100 
B 100 
c 100 


\ 1st 
Order 


1 2 3 4 5 
TIME IN SECONDS x 103 


Figure 6-Theoretical computation demonstrating the effect of the 
partition coefficient and the effective diffusion coefficient in the lipid 
phase, on the concentrution changes in the aqueous compartment as 
a faction of time. Key: V, = 10 ml.; h = 0.05 cm.; L = I0 cm. 


lipid concentration (Eq. 11). Equation 12 equates the rate of accu- 
mulation of solute in the first lipid element to the difference in the 
transport rate into and out of this element. Equation 13 is the corre- 
sponding relation for thejth element, and Eq. 14 is that for the last 
element for which the rate out is always zero (a boundary condition). 
The value given to the interfacial oil concentration CoZ at time zero 
(TO) is obtained by solving Eq. 10 for Cot. Cz is equal to zero at this 
time, and C,, at time zero is equal to CoJK. The dotted line shows 
these conditions at time zero. 


These equations were solved with the digital computer (IBM 360) 
by numerical methods involving the Hamming method (24). This 
was done by first converting these equations to corresponding 
difference equations (i.e., (dC,/dr) ‘v (AC,/At). Sufficiently small 
At’s were taken so that the limiting values were approached. 


Method 111-This solution is the same as that of Method I 
except that instead of the infinite oil layer of Method I, the lipid 
layer now has a finite thickness, L. The problem is described by the 
same three equations (Eqs. 1 ,  2, and 3)  of Method I, with the addi- 
tion of the boundary condition that (6C0/6,)x=~ = 0. Carslaw 
and laeger (22) give the solution to the analogous problem for 
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Figure 7-Theoretical computation demonstrating rhe effect of the 
partition coefficient and the diffusion coefficient in the lipid phase, 
on the concentration changes in the aqueous compartment as a 
function of time. Key: V, = 100 ml.; h = 0.05 cn .; L = I0 cm. 
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Figure 8-Theoretical computation demonstrating the effect of the 
partition coefficient on the concentration changes in the aqueous 
compartment as a function of time. Key: V, = 30 ml.; h = 0.001 
cm.; L = 1 cm. or 0.1 cm. or m. 


heat conduction. When this solution is converted to the mass trans- 
fer case, one obtains the following equations: 


where J = LD,/hD,,K, W = LAK/V,, T = Dpt/L2, the as are the 
positive roots of tan (Y = (Ja/aZ-- WJ),  and Fn = as4 + ( J a  + J + 
2WJ)a,2 + WJ*( l  + w). 


Computation of the numerical solution was obtained using a 
computer (IBM 360 digital). 
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Figure 9-Theoretical computation demonstrating the effect of the 
diffusion coefficient of the solute in the lipid phase, on the concen- 
tration changes in the aqueous compartment as a function of time. 
Key: V, = 30 ml.; h = 0,001 cm.; L = m. 
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Figure 10-Theoretical computation of the concentration profire of 
the solute in the oil phase. The profires on the left show the effect of 
a low dijfusion coeficient in the oil. The diagram at the far right 
shows the backup in the oil phase when the total thickness (L) in that 
phase is uery small. To is the interfacial concentration in the oil at 
time = 0. The o/w partition coeJJicient (K) is 100 in all cases. 


Results of Computation-The three methods have been employed 
to compute theoretical solute uptake rates under a variety of 
conditions for use both in the design of experiments and in the 
interpretation of experimental results. Figs. 4-10 represent some 
of these computations under physically realistic conditions. In all 
of these computations C,O = 0.01, A = 11 c m 2 ,  D ,  = 1 0 - 6  cm.2/ 
sec. The letters A, B, and C in the figures refer to Do values of 1 X 
10-6,5 X 10-6, and 1 X 10-6  cm.’+ec., respectively. 


Let us consider some properties of the lipid governing the trans- 
port behavior. The influence of the lipid -water partition coefficient 
on the uptake of solute by the lipid sink is shown in Figs. 4-8. 
Figure 8 shows this effect most dramatically. When K (the numbers 
next to each curve) is high, the loss of solute from the aqueous com- 
partment is essentially first order. Such behavior is true only when 
the lipid acts as an essentially perfect sink. It can be seen that as K 
decreases there is increasing deviation from linearity particularly for 
the larger t values. Figures 4-7 as well as Fig. 9 similarly show that 
as the diffusion coefficient in the lipid sink decreases, deviations 
from linear first-order pickup also occur. Figure 10 helps to explain 
this deviation from first order. These concentration profiles in the 
lipid phase show the build-up of solute in the lipid with time. A 
decrease in the lipid phase diffusion coefficient from 10-6 to 
increases the interfacial solute concentration in the lipid. This then 
corresponds to a reduction in the concentration gradient across the 
aqueous d’ffusion layer. 


Changing the thickness of the oil phase markedly alters the oil 
profiles. In this case, however, the effect on the interfacial concen- 
tration is relatively small and thus the rate of pickup from the 
water is not greatly affected. When the thickness of the lipid sink is 
varied from infinity to 0.1 cm., with all else remaining constant, the 
corresponding water transport profiles (Fig. 8) are essentially un- 
affected. When Figs. 4 and 5, which have an oil thickness (L) of 
0.15 cm., are compared with Figs. 6 and 7, which have an oil thick- 
ness (L) of I0 cm., it should be noted that for the larger aqueous 
volume (Vw), backup (Fig. 10) in the oil sink becomes a major 
factor especially when the Do is large. 


The factors associated with the aqueous phase influencing the 
transport behavior may be grouped in the function [(D,A)/h]. 
Increasing the thickness of the aqueous diffusion layer (h) lowers 
this function and thereby reduces the rate of aqueous pickup. Since 
aqueous diffusion becomes slower, the solute has more time to be 
removed from the surface. This is so, especially when the partition 
coefficient and the diffusion coefficient in the oil are fairly high and 
thus less deviation from first order occurs. However, when the 
lipid sink is not thick enough, backup occurs regardless of the 


thickness of the aqueous diffusion layer. When the volume of the 
aqueous phase is increased the rate of percentage loss of solute from 
that phase is decreased but the amount of solute leaving is not. 
Build-up at the interface due to a low diffusion coefficient in the oil 
or a thin oil layer becomes an important cause for deviation from 
first-order pickup. 
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Figure 4 - R e d t s  of assays of products of reaction of penicillin with 
Tris andPLL at p H  8.8. 


zero time providing more accurate determination of penicilloic acid 
The extinction values of the amides are lower than previously ob- 
served by Levine (3 ) ,  who found values about 23,000. The decrease 
may be a result of the difference in pH since Levine’s work was done 
at  pH 9.2, and the present study at pH 7.0. 


The effect of HgClz concentration on absorbance of penamaldate 
from the penicilloic acids is shown in Fig. 3. It can be seen that, not 
only are there differences in the maximal absorbance reached with 
each penicillin but the amount of HgClz required to produce this 
maximum varies. Thus, assay conditions must be established for 
each penicillin individually. 


The results of assay of products of reaction at pH 8.8 of benzyl- 
penicillin with tromethamine and PLL at 35” are shown in Fig. 4. 
These confirm the previous hypothesis ( 5 )  that the penicillin reacts 
principally with tromethamine and the polymer serves as a catalyst. 


The curve for N-(penicil1oyl)tromethamine markedly resembles 
the dependence of rate constant upon tromethamine concentration. 
One new aspect of the reaction revealed here is that both penicilloic 
acid and penicilloyl-PLL are formed in the absence of tromethamine, 
where about 38 of the original penicillin goes to penicilloic acid. 
The first-order rate constant for loss of penicillin under these con- 
ditions was 0.006 min.-l. Multiplying by 0.38 gives 0.00228 min.-l 
as the rate constant for hydrolysis of benzylpenicillin at pH 8.8 
in presence of PLL. An approximate value, calculated from data 
obtained at 31.5” (8), for hydrolysis of benzylpenicillin in absence 
of PLL is 2 X 10-4 min.-l. It thus appears, that PLL is catalyzing 
the hydrolysis of benzylpenicillin. While the mechanism of this 
catalysis is unknown, it may be a clue as to one means by which 
the enzyme penicillinase may exert its catalytic effect. 
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Thyroxine Analogs XVI: Synthesis and Activity of 
3,5-Dibromo-3’-isopropyl-~-thyronine 


EUGENE C. JORGENSEN and J. RAO NULU 


Abstract 0 3,5-Dibromo-3’-isopropyl-~-thyronine (V) has been 
synthesized by two independent routes. Its biological potency, 
greater than that of L-thyroxine in a number of test systems, 
demonstrates that iodine is not a required substituent for thyroxine- 
like effects. 


Keyphrases 0 Thyroxine analogs-synthesis 0 3,5-Dibromo-3’- 
isopropyl-L-thyronine-synthesis 0 Pharmacological screening-. 
thyroxine analog 0 Polarimetry-identity 0 NMR spectroscopy- 
structure 


The importance of iodine in thyroid function has been 
recognized since the early establishment of its thera- 
peutic value in certain types of goiter. Characterization 


of the thyroid hormones as iodinated thyronines pro- 
vided a rationale for the biological importance of the 
element, but no insight into its functional role or relative 
importance in the molecule for hormonal actions. Some 
theories have emphasized a direct participation of 
iodine, with the rest of the molecule relegated to a lesser 
role as carrier (1-3). 


Iodine on the phenolic ring of the thyroid hormones 
or their analogs has been replaced by aliphatic, alicyclic, 
and aromatic residues with retention and even enhance- 
ment of hormonal activity (4-10). Methyl groups have 


1 Reference I is paper XV in this series. 
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replaced one or both iodine atoms in the 3- and 5-posi- 
tions of the alanine-bearing ring of 3,5,3 '-triiodothy- 
ronine with retention of hormonal activity (11). How- 
ever, in no case has a significantly active iodine-free 
molecule been prepared. Brominated thyronines have 
shown moderate activities, but these were too low for 
general acceptance that iodine was not an essential 
component of the hormones (12). The excellent activat- 
ing effects of the 3'4sopropyl group [e.g., 3,5-diiodo-3'- 
isopropyl-L-thyronine, 7 to 12 times as active as L- 
thyroxine (13)] and of 3,5-dibromosubstitution [e.g. ,  
3,5-dibromo-3 '-iodo-DL-thyronine, 1.3 times as active as 
DL-thyroxine (12)] encouraged synthesis in this labora- 
tory of 3,5-dibromo-3 '-isopropyl-L-thyronine (V) as an 
iodine-free thyroxine analog with the potential for 
significant hormonal activity. 


The synthesis was carried out by two routes (Scheme 
I). 3-Isopropyl-4-methoxyphenol (I) was prepared in five 


identical with their counterparts in all respects. In 
particular, NMR spectra which would have detected 
potential isomers of IV (16), were identical for the com- 
pounds prepared by both methods. 


BIOLOGICAL RESULTS AND DISCUSSSION 


The biological potency of V was evaluated in several 
systems (17). It was 7.3 times as potent as L-thyroxine in 
enhancing the resting heart rate of thyroidectomized 
rats. In two variations of the tadpole metamorphosis 
test, as measured by decrease in tail width or length, it 
was 2.0-2.1 times as active as L-thyroxine. In the rat 
antigoiter assay, it was 1.7 times as active as L-thy- 
roxine. It appears that heart tissue in the rat is either 
more sensitive or more accessible to the analog than is 
the pituitary-thyroid system, or to  the factors which 
initiate metamorphosis in the tadpole. 


I1 I11 
(1) H,, Pd-C 
(2) NO(SOIOH) 
(3) CuBr I 


VII 


HCI 


Scheme I 


steps by a method which assured the relative positions of 
all substituents (9). This was condensed with the p-tolu- 
enesulfonyl derivative of N-acetyl-3,5-dinitro-~-tyrosine 
ethyl ester (11) to form the dinitro diphenyl ether (111). 
Reduction to  the diamine, bis-diazotization, and reac- 
tion with cuprous bromide yielded the dibromo ether 
(IV). Hydrolysis with hydriodic acid produced 33-  
dibromo-3'-isopropyl-~-thyronine (V), which was iso- 
lated as the hydrochloride to avoid the presence of io- 
dine. A shorter synthesis of IV was achieved by the reac- 
tion of di(3-isopropyl-4-methoxyphenyl)iodonium io- 
dide (VI) with N-acetyl-3,5-dibromo-~-tyrosine ethyl 
ester (VII) in the presence of copper and triethylamine 
(14, 15). Isomer formation has not been reported in this 
reaction, but the possibility was a source of concern. 
However, both IV and V obtained by both routes, were 


The demonstration that 3,5-dibromo-3'-isopropyl-L- 
thyronine (V) is more potent than L-thyroxine in a 
variety of biological systems, establishes the fact that 
iodine, as a substituent on the thyronine nucleus, plays 
no unique role in hormone action. 


EXPERIMENTAL 


N-Acetyl-3[4-(3-i-propyl-4-methoxyphenoxy)-3,S-dibromophenyl]- 
L-alanine Ethyl Ester ( I V F M e t h o d  A-N-Acetyl-3-[4-(3-i-propyl- 
4-methoxyphenoxy)-3,5-dinitrophenyl]-~-alanine ethyl ester (9) (111, 


2 Melting points were determined in a Thomas-Hoover apparatus and 
are uncorrected. Optical rotations were measured in a Rudolph photo- 
electric polarimeter. Microanalyses by the Microanalytical Laboratory, 
Department of Chemistry, University of California, Berkeley, Calif. 
NMR spectra were determined in CDC13 on a Varian A-60 spectrom- 
eter using tetramethylsilane (6, 0) as internal standard. Chemical 
shifts are reported as 6 values in p.p.m.; J values in C.P.S. 
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4.89 g., 0.01 mole) dissolved in 100 ml. of acetic acid was shaken for 
1 hr. in the presence of palladium-on-charcoal ( lo%, 1.0 g.) and 
hydrogen (45 p.s.i. initial pressure). Hydrogen uptake was 98% of 
theoretical. Concentrated sulfuric acid (15 ml.) was added to  the 
cooled solution, the catalyst removed by filtration through diatoma- 
ceous earth,3 and the solution of the diamine added over 1 hr. to a 
stirred cooled solution (- 5-0") of nitrosylsulfuric acid (prepared by 
adding sodium nitrite, 4.2 g. (0.06 mole) in small portions to  90 ml. 
sulfuric acid at 60", then diluted when cool with 35 ml. acetic acid). 
After addition was complete, the bisdiazonium solution was stirred 
for an additional hour at - 5 " ,  then added in a slow stream to a 
stirred mixture of cuprous bromide (4.8 g., 0.033 mole) in 60 ml. of 
50% aqueous hydrobromic acid and 40 ml. of chloroform. The 
mixture was stirred for 2 hr. at room temperature, 80 ml. of water 
was added, the chloroform separated, and the aqueous layer ex- 
tracted several times with chloroform. The combined chloroform 
extracts were washed in sequence with water, 10% sodium bisulfite, 
water, 5 % sodium bicarbonate, and water, dried over anhydrous 
sodium sulfate, and evaporated to  dryness. The residue was dis- 
solved in chloroform, adsorbed on an acid-washed alumina column, 
and eluted with chloroform. Evaporation and crystallization from 
ethanol yielded 3.3 g. (59%) of colorless crystals, m.p. 109-110"; 


Anal.-Calcd. for Cz3Hz7BrzNOj: C, 49.56; H,  4.89; Br, 28.41. 
Found: C, 49.48; H,  5.15; Br, 28.28. 


Method B-A mixture of di(3-i-propyl-4-methoxyphenyl)iodo- 
nium iodide (9) (VI, 5.0 g., 90 mmoles), N-acetyl3,5-dibromo-~-tyro- 
sine ethyl ester (18) (2.0 g., 50 mmoles), 0.75 ml. of triethylamine 
(50 mmoles), and 50 mg. of copper powder in 60 ml. of methanol 
was stirred at  room temperature for 36 hr. The mixture was filtered, 
the solvent removed in DUCUO, and the residue dissolved in 40 ml. of 
benzene. The benzene solution was shaken with 25 ml. of 3% 
aqueous hydrochloric acid for 5 min. The resulting insoluble trieth- 
ylamine hydrochloride was removed by filtration and the separated 
benzene layer washed twice with water, twice with 10-ml. portions 
of 1 N sodium hydroxide, and with water. The benzene solution 
was dried briefly over sodium sulfate and distilled. The residue solidi- 
fied on trituration with cold petroleum ether and was crystallized 
from ethanol to  yield 1.4 g. (51 %), m.p. 109-110"; [a]: + 56.2" 
(c 2.0 CHC13). No depression of m.p. on mixture with IV prepared 
by Method A. 


[a]? + 57.0" (C 2.0 CHCls). 


Anal.-Found: C ,  49.68; H,  4.83; Br, 28.48. 
The NMR spectra of (IV) prepared by Methods A and B were 


identical: 2,6-protons, singlet at 7.46 p.p.m. ; 2'-proton, doublet at 
6.88 p.p.m. (J ,  3 c.P.s.); 5'-proton, doublet at  6.78 p.p.m. (J ,  9 
c.P.s.); 6'-proton, quartet at 6.56 p.p.m. (J ,  9, 3 c.P.s.); methine 
proton, quartet at 4.88 p.p.m. (J ,  7 c.P.s.); P-carbon-protons and 
methine proton of isopropyl, doublet at 3.13 p.p.m. (J ,  6 c.P.s.); 
amido proton, broad doublet at 6.39 p.p.m.; methoxy proton, 
singlet at 3.81 p.p.m.; ethyl methylene protons, quartet at 4.25 
p.p.m. ( J ,  7 c.P.s.); ethyl methyl protons, triplet at  1.29 p.p.m. 
(J ,  7 c.P.s.); acetyl methyl protons, singlet at 2.04 p.p.in.; isopropyl 
methyl protons, doublet at 1.19 p.p.m. (J ,  7 c.P.s.). 


3444 3-i-Propyl-4-hgdroxyphenoxy)-3,5-dibromophenyl]-~-alanine 
Hydrochloride (V)-A solution of 500 mg. (0.9 mmole) of IV in 
10 ml. of 48 hydriodic acid and 10 mi. of acetic acid was heated 
under reflux for 4 hr. The cooled solution was poured into 80 ml. 
of ice water, and the pH adjusted to  5.5 with aqueous sodium 
hydroxide. The precipitated solid was removed by filtration, washed 
with cold water, heated to boiling with 15 ml. of 0.5 N hydrochloric 


Celite, Johns-Manvilie, New York, N. Y. 


acid, and the hot solution filtered. The filtrate was cooled to yield 
white crystals, 300 mg. (65z),  m.p. 214-218" (dec.). 


From IV by Method A: Calcd. for C18H2eBrzCIN04: C, 42.42; H, 
3.95; Br, 31.36. Found: C, 42.68; H, 3.88; Br, 30.96. [a12 + 34.6 
(c 1.0, ethanol : 1 N hydrochloric acid, 3 : 1). 


From 1V by Method B: Found: C, 42.30; H, 3.85; Br, 31.34. 
[a]: + 35.2 (c 1.0, ethanol : 1 N hydrochloric acid, 3 : 1). 


Samples of V prepared by both methods were identical on de- 
scending chromatography on Whatman No. 1 filter paper. R f  0.88, 
n-butanol-acetic acid-water, 10:1:3; Rf 0.94, isoamyl alcohol 
saturated with 2 N ammonium hydroxide. 
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Table III-Determination of Impurity in Commercial Samples 


Production Impurity Found, Mean Deviation, 
Sample %“ ?z 


A 3.60 &O. 04 
B 3.54 f 0 . 0 2  
C 1.76 f 0 .  06 
D 0.71 ztO.07 


Average of triplicate assays. 


the dipole moment, creating a more intensive absorption band due 
to the greater vibration. Electron-withdrawing groups such as 
halogens have the opposite effect. Table I1 lists the respective fre- 
quencies of acid carbonyl band absorption of 1 % acetonitrile 
solutions of compounds with electron-withdrawing and electron- 
donating substitution ortho to the carboxylic acid group. These 
data indicate that both the presence of intramolecular hydrogen 
bonding and whether ortho substitution is electron-withdrawing or 
donating, contribute to a 40-50-cm.-’ frequency difference. Such 
differences in frequency make impurity determinations by the pro- 
posed method possible. Furthermore, it was observed that electron- 
donating and -withdrawing substitution meta to the carbonyl 
groups has minimal or no effect on the carbonyl band displacement. 


The proposed method can be applied successfully to those samples 
where the contamination is 1 %  or greater (see Table 111). Below 


this amount the accuracy of the method is limited; however, results 
obtained in such cases have shown agreement with those estimated 
by collaborative methods such as TLC and GLC. 


SUMMARY 


A new technique in the field of IR spectroscopy has been de- 
veloped which offers the possibility of quantitative analysis of very 
weak absorption bands appearing as shoulders. These shoulders 
may often be resolved to measurable bands permitting accurate 
evaluations to be made in cases where previously reported tech- 
niques fail to work. 
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Synthesis of Certain N’- and 
N4-(5-Nitro-2-pyridyl) -Substituted Sulfonamides 


S. EL-BASIL, K. M. GHONEIM, M. KHALIFA, and Y. M. ABOU-ZEID 


Abstract The condensation of 2-chloro-5-nitropyridine with a 
number of sulfonamides is described. Sulfadiazine, sulfamerazine, 
sulfathiazole, sulfapyridine, sulfisoxazole, sulfamethoxypyridazine, 
and sulfadimethoxine afforded the N4 derivatives via the applica- 
tion of Banks’ procedure. 4-Homosulfanilamide using Ullmann’s 
and Mangini’s conditions, yielded the N1 and N4 derivatives, re- 
spectively. With benzylsulfonamide and benzenesulfonamide 
adopting Ullmann’s method the corresponding N-substituted 
derivatives were obtained. 


Keyphrases Sulfonamides, N 1 ,  N~-(5-nitro-2-pyridyl)-substituted 
-synthesis Condensation reaction-sulfonamide derivative 
synt he3 is 


In two earlier publications (1, 2 )  the authors reported 
the condensation of 2-chloro-5-nitropyridine with dif- 
ferent amino compounds including sulfaguanidine as a 
representative of the group of sulfonamides. In con- 
tinuation, other sulfonamides were condensed with 
the same halonitroheterocycle, in the hope that the 
introduction of the 5-nitro-2-pyridyl moiety might 
enhance the antimicrobial activity of the parent com- 
pounds (3-7). 


2-Chloro-5-nitropyridine was prepared from 2- 
aminopyridine according to a method described earlier 


(1). Of the sulfonamides: 4-homosulfanilamide and 
benzylsulfonamide were synthesized adopting reported 
procedures. The former compound was prepared from 
benzylamine by acetylation (8-1 l), chlorosulfonation, 
amidation of the sulfonyl chloride, subsequent hydroly- 
sis of the acetylamino group, and finally isolating the 
product as the hydrochloride (12, 13). Benzyl sulfon- 
amide was obtained from benzyl chloride by treatment 
with sodium sulfite, converting the sulfonate thus ob- 
tained to the acid chloride using phosphorus penta- 
chloride and finally to the amide by mixing with excess 
concentrated ammonia (14). 


Several attempts were made to condense 2-chloro- 
5-nitropyridine with the N1-substituted sulfonamides. 
Bobranski’s method (15, 16) did not give satisfactory 
results while Ullmann’s conditions (17-19) were un- 
successful. Likewise, the use of solvents such as pyridine 
(20), pyridine-ethanol, dioxan, and ethylene glycol (in 
presence and absence of potassium carbonate) did not 
improve matters. Nevertheless, the condensation was 
successfully achieved by conducting it in aqueous hydro- 
chloric acid in presence of varying amounts of ethanol 
(to enhance solubility and decrease volatility of 2- 
chloro-5-nitropyridine) following Banks’ directions 
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Table I--N4-Substituted Derivatives of Some Sulfonamides 


Solvent 
of 


crys- 
tal- 


Compound R Time, hr. z tion" Mp., oC.b Formula Calcd. Found 
Reflux Yield, liza- -Anal.,c z- 


I 4-Methyl-2-pyrimidhyl 1 67 A Above ci gHi &GO 8 c ,  49.99 C, 50.33 
H, 4.51 300 H, 4.15 
N, 21.11 N, 20.60 


11 2-Pyrimidinyl 3.5 67 A Above C ~ S H I ~ N G O ~ S  C, 48.35 C, 48.57 
300 H, 3.90 H, 3.77 


N, 20.26 N, 20.60 
111 2-Thiazolyl 4.5 67 A 275-277 Ci4HiiN50nSz N, 16.50 N, 16.21 
IV 6-Methoxy-3-pqridazinyl 2.5 70 A Above ci&4N,OS N, 18.70 N, 18.16 


V 2-Pyridyl 4 .5  67 A 248-250 Cie,Hi3NS04S N, 16.76 N, 16.67 
C, 49.10 C, 49.96 VI 3,4 Dimethyl-5-isoxazoly1 30 67 B 205 C~IHISNSOSS H, 4.15 
H, 3.85 
N, 17.90 N, 17.45 


C, 45.65 VII 4,6-Dimethoxy-2-pyrimidinyl 10 66 B 210-212 CnHi&sOsS C, 45.90 
H, 4.80 H, 3.86 
N, 16.99 N, 17.01 


300 


a A, 95 % ethanol, B: aqueous ethanol. b Melting points were performed by the capillary tube method and are uncorrected. c Analyses performed by 
El-Nasr Co. for Chemicals, U.A.R. 


Table 11-W-Substituted Derivatives of Some Sulfonamides O Z N Q  R 


Com- 
pound 


~ 


R 


Solvent 
Fusion of 
Time, Yield, Crystal- -Anal.,c %- 
min. lizationa M.p., "Cb Formula Calcd. Found 


I p-Acetylaminomethylbenzenesulfonamido 60 60 A 210 Ci4Hi4N40aS N, 16.00 N, 15.54 
I1 Benzylsulfonamido 20 53 B 260 Ci2HiiN304S N, 12.34 N, 11.76 
I11 Benzenesulfonamido 10 50 B 256258 CiiHqNzO$ C, 47.68 C, 47.86 


H, 3.90 H, 4.36 
N, 13.90 N, 14.26 


a A, aqueous ethanol, B 95 % ethanol. b Melting points werc performed by the capillary tube method and are uncorrected. c Analyses performed by 
El-Nasr Co. for Chemicals, U.A.R. 


(21). That the condensation had taken place at the N4 
position was shown qualitatively by the failure of all 
the condensation products to diazotize. 


Condensation of 2-chloro-5-nitropyridine with 4- 
homosulfanilamide afforded either the N 4  or N 1  deriva- 
tive according to conditions. Applying Mangini's 
method (22) which consists in refluxing the reactants 
with absolute alcohol in presence of fused sodium 
acetate yielded the N4 derivative. The same derivative 
was also obtained when the sodium acetate was re- 
placed with one or two equivalents of sodium hydrogen 
carbonate. Applying Ullmann's conditions to N 4  
acetyl homosulfanilamide, on the other hand, afforded 
the N1-substituted derivative. 


The N-substituted derivative of benzylsulfonamide 
was prepared via two different routes: condensation of 
2-chloro-5-nitropyridine with benzylsulfonamide ac- 
cording to Ullmann's conditions or alternatively by 
reacting the potassium salt of the sulfa compound with 
the halonitroheterocycle in presence of dimethyl- 
formamide; which affords a higher yield of the con- 
densation product. 


With benzene sulfonamide, Ullmann's conditions 
(17-19) only were applied, and a complete reaction was 


attained after fusing the reactants for 10 min. However, 
with benzylsulfonamide, 20 min. were required. 


EXPERIMENTAL 


N4-Substituted Derivatives of Some Sulfonamides-General 
Procedure-Compounds I-VII were prepared by refluxing a mix- 
ture of equimolecular amounts of 2-chloro-5-nitropyridine and the 
sulfonamide with hydrochloric acid solution (6 ml. concentrated 
HCI, d. 1.19, in 19 ml. of water and 5 ml. of ethanol) for 1-30 hr. 
(according to the sulfa compound). The product separating from 
the reaction mixture was filtered, and washed with water until the 
washings gave a negative chloride test with silver nitrate T.S. 
The product after being dried was crystallized from the appro- 
priate solvent (see Table I). 


N1-Substituted Derivatives of Some Sulfonamides-General 
Procedure-Compounds 1-111 were prepared by fusing a mixture 
of equimolecular amounts of 2-chloro-5-nitropyridine, the sul- 
fonamide, anhydrous potassium carbonate, and a trace of copper 
powder at 160-180" for 1@60 min. (according to the sulfa com- 
pound). The solid cake resulting was then extracted with 50% 
aqueous ethanol. The deep red extract was acidified with 1 2 z  
acetic acid. The product which was obtained was washed, dried, and 
crystallized from the appropriate solvent (see Table 11). 


'The compounds synthesized have been submitted for a general 
pharmacological screening and the results obtained will be the subject 
of a subsequent communication. 
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N4-(5-Nitro-2-pyridyl)-4-homosulfanilamide-A mixture of 2- 
chloro-5-nitropyridine (0.25 g.), 4-homosulfanilamide hydrochlo- 
ride (0.32 g.), and freshly fused sodium acetate (0.2 8.) was re- 
fluxed with 30 ml. absolute ethanol for 24 hr., after which the reac- 
tion mixture was diluted with water until complete separation. The 
product which was obtained in 60% yield (0.3 g.) melted at 190" 
after being crystallized from ethanol. 


Anal.-Calcd. for CI2Hl2N4O4S: N, 18.30. Found: N, 17.97. 
N-(5-Nitro-2-pyridyl)-benzylsulfonamide-A mixture of 2-chloro- 


5-nitropyridine (0.8 g.), potassium benzyl sulfonamide (0.9 g.) and 
dimethyl formamide (30 ml.) was heated at 110-130" for 3 hr. 
The reaction mixture was then evaporated under diminished pres- 
sure nearly to dryness, and the residue (1 g., 62% yield) was crys- 
tallized from ethanol. It melted at 260" and the melting point 
was not depressed on admixture with a pure specimen prepared by 
Ullmann's method. 
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Simple Assay for Determination of 
Carbonic Anhydrase Activity 


Keyphrases 0 Carbonic anhydrase activity-analysis 0 Carbon 
dioxide-14C liberation, in virro-carbonic anhydrase Scintillom- 
etry, liquid-radioactivity determination 


Sir: 


A method has been developed for the in vitro deter- 
mination of carbonic anhydrase activity. The method is 
based on the principle that the reactions involved in 
attaining equilibrium between bicarbonate ion and 
carbon dioxide in solution are both catalyzed by car- 
bonic anhydrase. Since the function of carbonic an- 
hydrase in vivo is to maintain this equilibrium, the activ- 
ity of the enzyme can be determined in vitro by shifting 
the equilibrium in the desired direction. Carbon diox- 
ide-14C liberated from labeled bicarbonate in a buffer 
system, containing carbonic anhydrase, is trapped on 
alkali-moistened filter paper strips. The radioactivity 
collected on the strips is subsequently determined by 
liquid scintillation counting. A preliminary report of 
this work has been presented (1). 


Figure 1 illustrates the absorption tube used for 
collecting the labeled COz. A 1.59 X 3.81-cm. ("8 X 
1 1/2-in.) strip of Whatman No. 1 filter paper is impaled 


lengthwise on the wire of a tube stopper, and wetted 
with about 100 p1. of 0.5 M NaOH. The incubation 
mixture used consists of 1.2 ml. of phosphate buffer 
(two parts 0.1 M KH2P04 and three parts 0.1 A4 Naz- 
HP04), pH 7.0, 0.2 ml. of enzyme preparation, and 
1.0 ml. of NaHI4CO3 solution (6.25 X M con- 
taining 1.55 pc./mM). The substrate solution is dis- 
solved in water and stored frozen. The enzyme prepa- 
rations employed are listed below at the concentration 
routinely used and the useful range over which linearity 
is known to exist is recorded in parentheses, (a)  0.35 
(0.07 to  0.70) saline solutions of hemolyzed rat or dog 


Figure 1-Absorprion rube used 


bon dioxide. 
for collecting the lubeled car- 
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Two-Phase Method for the Investigation of Interphase 
Transport 11: Experimental Aspects 


S. A. HOWARD*, AKIRA SUZUKIt,  M. A. FARVAR, and W. I. HIGUCHI 


Abstract 0 A series of experiments were conducted to demonstrate 
the validity of the baseline considerations presented in the accom- 
panying communication and the usefulness of the combined experi- 
mental and theoretical approach in more complex situations. The 
experimental apparatus consisted of a water-jacketed chamber with 
controlled agitation. The lipid sink was prepared by saturating a 
filter with either dibutyl sebacate, hexadecane, or a combination 
of these oils with a polymer. A lipid sink made from a polymer-oil 
gel without the filter matrix was also used. A number of solutes 
which included diethyl phthalate, dinitrotoluene, and cholesterol 
were employed. The experimental results were found to be con- 
sistent with the predictions of theory. All solutes followed first- 
order behavior when the oil-water partition coefficient was large. 
For moderate partition coefficient values it was necessary to account 
for the solute buildup in the oil at the interface. In order to explain 
the absorption of cholesterol from a 0.10% aqueous polysorbate 80 
solution of cholesterol, an interfacial barrier was proposed. 


Keyphrases Interphase transport-experimental aspects 0 
Aqueous-to-lipid transport-experimental methods Diagram- 
interphase transport determination aDparatus 0 Scintillometry- 
analysis 0 UV spectrophotometry-analysis 


In Part I (1) of this series the theoretical aspects of a 
two-phase diffusion controlled model designed to 
study aqueous-to-lipid transport was discussed. The 
equations describing this model were developed and 
computations were made which predicted the effects 
of the various parameters involved. In this report 
experiments are described which demonstrate the 
validity and usefulness of the model. 


EXPERIMENTAL 


Materials-Cholesterol1 labeled with 14C or 3H was received as a 
benzene solution. It was placed into aqueous solution (see Procedure 
section), and the assay of this solution was effected by means 
of a liquid scintillation system. The scintillation cocktail for 
aqueous assay consisted of 7 g. 2,5-diphenyloxazole (PPO),3 100 g. 
na~hthalene,~ and spectroquality p-dioxane5 added to a liter of 
total volume. Approximately 10 ml. of this cocktail was added for 
each milliliter of cholesterol solution assayed. 


The diethyl phthalate4 was used as supplied. Assay from the 
aqueous solution was done by utilizing a spectrophotometer6 at a 
wavelength of 239 mp. Using this same instrument at a wavelength 
of 251 mp, the dinitrotoluene solutions were assayed. The 2,4dinitro- 
toluene was recrystallized from a 75 ethanol solution before use. 
Reagent grade dibutyl sebacate4 and spectroquality reagent hexa- 
decane6 were used as supplied. 


The filters used in the lipid phase were epoxy filters? with a pore 


New England Nuclear Corp., Boston, Mass. 
LS-ZOOB, Beckman Instruments, Inc., Fullerton, Calif. 
Packard Instrument Co. Inc., Downers Grove, Ill. 
Eastman Organic Chemicals, Distillation Products Industries, 


6 Matheson Coleman and Bell, Division Matheson Co., Inc., Nor- 


6 Hitachi Perkin-Elmer 139 UV-vis, Hitachi, Ltd., Tokyo, Japan. 
Gelman 37-mm. diameter Versapor TM 6429, Gelman Instrument 


Rochester, N. Y. 


wood, Ohio. 


Co., Ann Arbor, Mich. 


L 


7 


- 


Aqueous Sol. 


Insert - 


Lipid 
Filter 
- 


Figure 1-Schematic diagram showing the apparatus used for the 
pickup experiments. 


size of 0.9 +. The gels were made using poly n-butyl methacrylates 
high molecular weight polymer which was washed with water and 
dried under a vacuum. 


Polysorbate 80 USP was used as supplied and sodium cholate 
was prepared by the reaction of recrystallized cholic acid with 
reagent grade sodium hydroxide. The unreacted cholic acid was 
extracted by the use of chloroform. 


Apparatus-Figure 1 is a schematic diagram of the experimental 
apparatus used in all of the pickup experiments described. The lipid 
phase of the system consists either of an oil saturated filter or a 
lipid-poly n-butyl methacrylate gel. Both of these lipid systems 
have been designed to resist emulsification and interfacial changes 
even in the presence of enough stirring to maintain an aqueous 
diffusion layer in the 100-p range. 


The lipid phase is placed at the bottom of a glass beaker, water- 
jacketed at 30”. A piece of glass tubing, which is labeled “insert,” 
of approximately 5 cm. in length, fits snugly into the 38-mm. 
beaker. This insert is used to push down the filter and hold it in 
place. In the case of the gel, the insert prevents gel on the side of the 
beaker from taking part in the pickup of the solute. 


The beaker is covered by a plastic mount which prevents evapora- 
tion and supports a synchronous motor.g Two holes have been 
drilled in the mount, one of which permits sampling and the other 
of which permits a four-blade glass stirring rod to be inserted into 
the beaker. 


This apparatus provides constant stirring at a fixed geometry 
and therefore the hydrodynamic conditions were expected to remain 
constant for a given beaker from run to run. 


Procedure-As previously mentioned, the lipid phase of the 
model consisted of either an oil-saturated filter or a lipid gel. The 


Elvacite 2044, E. I. du Pont de Nemours, Inc., Wilmington, Del. 
Hurst model CA, Hurst Manufacturing Corp., Princeton, Ind. 
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former, being the simpler and purer system, was used for each 
of the experimental conditions described in the results, while the 
latter was used in only a limited number of situations. 


The saturation of the filters was achieved by first placing steel 
paper clips on the filters. The filters were then suspended from the 
top of a vacuum desiccator by means of an external magnet bar. 
The lipid was placed on the bottom of the desiccator in a Petri 
dish. Using a water aspirator, a vacuum was maintained in the 
desiccator for approximately 30 min. With the vacuum still being 
applied, the magnet was removed and the filters fell into the lipid. 
After about 10 min. the vacuum was released and the filters were 
allowed to soak for at least 6 to 12 hr. The filters were then removed 
from the desiccator and the excess oil was removed by wiping with 
lens paper. Two filters were placed together, rough sides touching, 
wiped, and then pushed down into the beaker with the insert. 


The gels were made by pipeting dibutyl sebacate into a Petri 
dish, and then adding 5 ml. of a 10% poly n-butyl methacrylate in 
acetone solution. The beakers were placed in an oven at approxi- 
mately 50" for 3 days. A glass insert was forced down into the gel 
to prevent the gel, adsorbed on the sides of the beaker, from par- 
ticipating in the experiment. 


After the lipid phase and the insert were in place, the stirrers 
were inserted and the 30 ml. of the aqueous solutions were then 
added. When the solute was either diethyl phthalate or dinitro- 
toluene, 2-ml. samples were taken. When cholesterol was used as 
the solute, 1-ml. samples were removed. In all cases, no replace- 
ment was made for the removed samples. 


w/v 
dinitrotoluene solutions were prepared by stirring for 24 hr. The 
14C labeled cholesterol solutions, on the other hand, were prepared 
by first transferring the appropriate amount of a cholesterol stock 
solution into a volumetric flask. The stock solution of cholesterol- 
14C consisted of 3.75 X 10-3 mg./ml. cholesterol and the 3H labeled 
cholesterol stock consisted of 7 X mg./ml. cholesterol in 15 % 
ethanol and 85 z benzene. The ethanol and benzene were evaporated 
by passing nitrogen gas into the flask. Then 2 ml. of 95 z ethanol 
was added for each liter of solution. This was done in order to 
ensure solution of the cholesterol. After approximately 30 min., 
water or aqueous surfactant solutions were added to volume. Each 
solution was allowed to stand approximately 1 day in the dark before 
use. 


Aqueous diffusion coefficient experiments were carried out in the 
two-flask, magnetically stirred, apparatus described by Desai (2) 
and modified by Goldberg (3). 


Oil-water partition coefficients were obtained using the following 
procedures. Twenty milliliters of a 0.1-mg./ml. dinitrotoluene or 
dibutyl sebacate water solution was added to 5 ml. of hexadecane 
in a test tube. and 20 mi. of water was added to 5 ml. of a 20- 


The 0.01 z v/v diethyl phthalate solutions and the 0.01 
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Figure 2-Experimental semilog plot o f  percent initial concentra- 
tion of diethyl phthalate in water as it goes into filters filled with 
dibutyl sebacate versus time in minutes. There were eight separate 
apparatus used. 
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Figure 3-Experimental semilog plot of the percent initial coiz- 
centration of diethyl phthalate in water as it goes into 2:1 dibutyl 
sebacate-poly n-butyl methacrylate gel-saturatedjilters versus time in 
minutes. 


mg./ml. solution of either diethyl phthalate or dinitrotoluene in 
dibutyl sebacate. These tubes were shaken and centrifuged at 8000 
r.p.m. for 30 min. The aqueous portion was sampled and assayed. 
The partition coefficients involving cholesterol were obtained by 
adding 50 ml. of the aqueous cholesterol solution described earlier 
to 5 ml. of the desired oil in a 100-ml. volumetric flask. After stirring 
with Teflon-coated stirring bars, 10-ml. samples were taken and 
centrifuged at 5000 r.p.m. for 2 hr. Both the oil and water phases 
were assayed using liquid scintillation spectrometer. 


Modification of the Equations-In order to correct for the volume 
changes caused by the removal of samples, Method I1 in the 
previous paper (1) was modified. The aqueous volume term V ,  
was adjusted at each different sampling time. Comparison of the 
modified to the nonmodified computations showed little difference. 
Methods I and 111 do not lend themselves to such a modification 
and were not used in the Do calculations given in the following 
section. 


RESULTS 


The first series of experiments conducted were for the high parti- 
tion coefficient case. Figure 2 shows a plot of the log of the percent 
of the original concentration of a 0.1-mg./ml. diethyl phthalate solu- 
tion as a function of time when the lipid sink was dibutyl sebacate. 
The oil-water partition coefficient was determined to be 598 =t 
3.5 %. Eight separate experimental setups were used and each symbol 
in Fig. 2 represents a different apparatus. These experiments were 
repeated using filters saturated with a 2: 1 dibutyl sebacate-poly 
n-butylmethacrylate gel. The results are shown in Fig. 3 and the 
initial slopes compare favorably with those in the pure dibutyl 
sebacate case. A pure 50: 50 gel, without a filter matrix, was used 
as a sink with diethyl phthalate as the solute. The results obtained 
with this system, as shown in Fig. 4, correlate fairly well with the gel 
filters. 


Figure 5 is a similar plot for dinitrotoluene going into dibutyl 
sebacate, the partition coefficient being 525 f 4%. As with the 
diethyl phthalate, these experiments were repeated using a 2:l 
gel of dibutyl sebacate-poly n-butyl methacrylate, and these results 
are shown in Fig. 6. Just as in the case of diethyl phthalate, the 
initial rates for the gel filter system were essentially the same as 
those when the pure lipid filter was used as the sink. 


As predicted by theory (1) first-order aqueous diffusion control 
governs the pickup in the above situation since the partition co- 
efficients are relatively high. Deviations from the first order, 
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Figure &Experimental semilog plot of percent initial concentra- 
tion ofdiethylphthalate in water as it goes into I:I dibutyl sebacate- 
poly n-butyl methacrylate gels with no filter matrix present versus 
time in minutes. 


especially in the cases of 150 r.p.m. and in gel cases, may well be 
due to a low diffusion coefficient in the gel. 


Using the average of the gel filter and the pure lipid filter results 
for each of the two solutes, the thicknesses of the Fick's diffusion 
layer (h) was calculated from the following formula: 


0%. 1) 


For the €50 r.p.m. case, h was calculated to be 0.0083 cm. for di- 
ethyl phthalate and 0.0087 cm. for dinitrotoluene. For the 50 r.p.m. 
case, h was calculated to be 0.014 cm. for the diethyl phthalate 
and 0.0145 cm. for the dinitrotoluene. When the stirring speed 


DwA 
I1 = ~ (slope/3600)Vw 2.303 
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Figure 5-Experimental semilog plot of percent initial concentra- 
tion of dinitrotoluene in water as it goes into filters saturated with 
dibutyl sebacate versus time in minutes. 
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Figure 6-Experimental semilog plot of the percent initial con- 
centration of dinitrotoluene in water as it goes into filters filled with 
a 2:1 dibutyl sebacate-poly n-butyl methacrylate gel versus time 
in minutes. 


was 10 r.p.m., h was calculated to be 0.033 cm. for diethyl phthalate 
and 0.034 cm. for dinitrotoluene. These calculations were carried out 
using the independently determined aqueous diffusion coefficients 
(ow) of 7.85 X 10-6 cm.2/sec. for diethyl phthalate, and 1.1 X 
10-6 cm. z/sec. for dinitrotoluene. These D, values were considered 
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Figure I-Experimental semilog plot of percent initial concentra- 
tion of cholesterol in water as it goes into dibutyl sebacate-saturated 
filters versus time in hours. The uppermost line is the result of this 
experiment with no lipid sink present. The dotted lines show the ap- 
proximate scatter of data. 
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Figure I-Experimental semilog ploi of percent initial concenira- 
iion of I4C labeled cholesierol in water as it goes inio water-saiurated 
filters versus time in hours. 


accurate to about f lo%, and therefore the calculated h values are 
well within experimental error. Thus, these experiments seem to 
show that for the simple high partition case, the model is repro- 
ducible and conforms to theory. 
The results of experiments for the pickup of 1.5 X 10" g./ml. 


cholesterol-4-14C into a dibutyl sebacate filter sink are shown in 
Fig. 7. The dotted line at the top of the figure is the control run at 
all the various stirring speeds when no filter or oil was present. 
Though there is appreciable variation in the data, the stirring 
effect is very obvious and is in approximately the same ratio as the 
previous diethyl phthalate and dibutyl sebacate experiments. 


A solution containing 8H labeled cholesterol and one containing 
14C labeled cholesterol were mixed and the two tags were run to- 
gether. The results confirmed those previously mentioned. The total 
cholesterol in solution was again 1.5 X 10-8 g./ml. with approxi- 
mately one tenth of that being tritiated sample. There seemed to be 
little to no glass pickup for the tritiated portion. It was found that the 
pure filters themselves adsorbed cholesterol. These filters saturated 
merely with water were used as a sink and the resulting pickup can 
be seen in Fig. 8. Hexadecane-saturated filters were also used as a 
sink and the results of these experiments are shown in Fig. 9. 


The diffusion coefficient of cholesterol could not be obtained 
from the two-flask membrane system used for the other two solutes 
due to adsorption of cholesterol on all of the membranes used. 
Thus another possible use for this model might be the approxima- 
tion of aqueous diffusion coefficients for insoluble materials when 
these values cannot be obtained by conventional methods. 


The average slopes of the results of all of the cholesterol experi- 
ments were used to calculate the D, of cholesterol for each (h) 
thickness obtained from the dinitrotoluene experiments. The D,  
calculated for cholesterol at a stirring speed of 150 r.p.m. is 2.2 X 
10-6  cm.z/sec., for 50 r.p.m. 2.15 X 10-6  cm.2/sec., and 2.0 X lo-' 
cm.*/sec. for 10 r.p.m. The similarity of these values shows that the 
stirring dependence is the same as that of the dinitrotoluene and 
diethyl phthalate cases. The va!ues were lower than the Stokes- 
Einstein approximation for cholesterol (4.1 X lo-' cm. 2/sec.). 


When the partition coefficient is sufficiently low, pickup is no 
longer first-order and aqueous diffusion controlled. Diffusion in 
the oil becomes very important. The symbols in Fig. 10 show the 
pickup of a 0.1-mg./ml. diethyl phthalate solution into hexadecane, 
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Figure 9-Experimental semilog plot of percent iniiial concentra- 
iion of I4C labeled cholesterol in water as ii goes into hexadecane- 
saiuratedfiliers versus rime in hours. 


the o/w partition coefficient being 45 =k 5%.  Figure 11 shows the 
pickup of a 0.1-mg./ml. dinitrotoluene solution by hexadecane, the 
o/w partition coefficient being 20 =k 10%. The solid theoretical 
curves were obtained by a curve-fitting technique in which the 
appropriate aqueous diffusion coefficients, partition coefficients, 
and diffusion layer thicknesses were substituted into the equations 
of the modified Method I1 previously mentioned. Then the best 
value for Do, the diffusion coefficient in the oil, was used to give 
the fit shown with the experimental results. The best fit occurred 
for the same Do value for each stirring speed and by this method 
an approximate effective diffusion coefficient of 10-6  cm.Z/sec. for 
diethyl phthalate in the hexadecane sink and a value of 2 X 10-6 
cm. 2/sec. for dinitrotoluene in the hexadecane sink were obtained. 
The dotted curves in the two figures are for 150 r.p.m., and in Fig. 
10 for a Do of 1.5 X cm. z/sec., and in Fig. 11 for a Do of 2.5 X 
10-6 cm. 2/sec. These dotted curves demonstrate that the method is 
fairly sensitive for the conditions used. If, however, the thickness 
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Figure l&Experiniental semilog ploi of percent initial con- 
centration of dieihyl phthalate in water as ii goes inio hexadecane- 
saturated filters versus rime in minutes. The symbols are ihe ex- 
perirnentalpoinis. The solid curves are theoretical computations where 
Do = I X I O P  cm.s/sec. The dotted curve is ihe iheoretical cal- 
culation for 150 r.p.m. and Do = 1.5 X IO-' cm. 2/sec. 
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Figure 11-Experimental semilog plot of percent initial concentration 
of dinitrotoluene in water as it goes into hexadecane-saturated filters 
versus time in minutes. The symbols are the experimental points. 
The solid curves are theoretical calculations where Do = 2 x 10-6 
cm.2/sec. The dotted curve is the theoretical calculation for I50 r.p.m. 
and DO = 2.5 X 10-6 cm.2/sec. 


of the sink is cut in half, theoretical calculations show that this 
sensitivity no longer exists in the dinitrotoluene case due to backup. 
There is no doubt, however, that this system may be a possible 
method for determining the effective diffusion coefficients in lipid 
filters. Such filters have been used and may be used in future three- 
phase model studies. 


Experiments were conducted using 1.5 X 10” g./ml. I4C-4- 
cholesterol, 0.1 % sodium cholate solutions (buffered by phosphate 
buffer at pH 8) as the aqueous phase. Fig. 12 shows the pickup of 
cholesterol from such a solution when dibutyl sebacate saturated 
filters served as the lipid phase. The dotted lines at the top of the 
figure are the control runs at all the various stirring speeds when no 
filter or oil was present. Similar results were obtained when the 
solution was presaturated with dibutyl sebacate. The pickup rate 
seems to be slowed by the addition of the cholate and it is believed 
that this effect may be caused by association between the sodium 
cholate and cholesterol molecules despite the fact that the concen- 
tration of sodium cholate is well below the “limit one” described by 
Ekwall(4) where association takes place. 


Experiments were also conducted using 1.4 X lo-* g./ml. choles- 
terol-0.1 polysorbate 80 aqueous solutions as the aqueous phase 
and hexadecane saturated filters as the lipid phase. The results of 
one set of these experiments are reported in Fig. 13. The lack of 
good precision and also the nature of the curves make a detailed 
analysis of the data difficult. 
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Figure 12-Experimental semilog plot of percent initial concentra- 
tion of cholesterol in a 0.1% aqueous sodium cholate solution as it 
goes into filters presaturated with dibutyl sebacate versus time in 
hours. 
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Figure 13-Experimental semilog plot of percent initial concentra- 
tion of cholesterol in a 0.1 Z polysorbate 80 solution as it goes into 
hexadecane-saturated filters versus time in hours. The solid curves 
are the theoretical computations when D, = 2.4 X cm.2Jsec. 
and R = 0.15 cm. The dotted curves are the theoretical computa- 
tions when an interfacial barrier is not considered and D, = 0.7 x 
lo-? cm.2/sec. In both cases DO = 0.5 X um2/sec. 


All of these experiments, however, showed that the presence of 
polysorbate 80 slows the rate of pickup by about 40 times when 
compared to the pure cholesterol experiment. It was first thought 
that the expected low diffusion coefficient of the micelles formed 
and the low o/w partition coolkient might well combine to cause 
this effect. However, a theoretical analysis using Method I11 of the 
previous report (1) shows that the experimental results cannot be 
described on the basis of a purely diffusion-controlled process. 
First D ,  and Do were varied until the theoretical curves were in the 
range of the experimental results. The dotted lines in Fig. 13 
represent the theoretical computation when D ,  = 0.7 X lo-’ 
crn.z/sec. and Do = 0.5 X cm.2/sec. It is clear that the 
spread for the various stirring speeds is not at all consistent with 
that for the experimental results. It should also be mentioned that 
this aqueous diffusion coefficient value is probably much lower 
than what would be expected for the polysorbate-cholesterol 
micelles. It is very likely, therefore, that some other process is 
contributing to this reduction in the rate of pickup and that this 
may be some type of an interfacial barrier. 


An interfacial barrier can be treated, mathematically at least, 
as a barrier in series with the primary aqueous diffusion layer (h) .  
Thus, the transport coefficient that is normally D,A/h now can be 
written as D,A/(h + R), where R is the “effective” thickness of the 
interfacial barrier and is equal to D,/P, where P is the perme- 
ability constant for the barrier and D ,  is the diffusion coefficient 
of the micelle in water. 


When D ,  was given the value of 2.4 X lo-’ cm.2/sec., R the 
value of 0.025 cm., and Do the value of 0.5 X cm.2/sec. the 
solid curves in Fig. 13 were obtained. These theoretical curves give 
fairly good agreement at least for the initial portion of the data. 
Both the values for the aqueous diffusion coefficient and the perme- 
abiliky constant that can be obtained from R are reasonable and 
agree fairly weli with other experiments that have been conducted 
with a similar system.10 


The cholate and polysorbate experiments demonstrate some of 
the possible situatiorn and information that this model might be of 
use in handling. It is hoped that the model presented here will be- 
come a useful and successful tool for future experimental investiga- 
tion. 
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Chemical Modifications of Polymeric Film Systems in the Solid State 
I: Anhydride Acid Conversion 


DAVID R. POWELL* and GILBERT S. BANKER 


Abstract 0 I’oly(methylvinyl ether/maleic anhydride) was empioyed 
as a pharmaceutical film coating employing new and unique film 
coating concepts. Films of this polymer, PVM/MA, have excellent 
gloss and clarity, are hard, demonstrate good abrasion resistance, 
and yet are flexible. Half esters of the polymer are reported to 
possess excellent enteric and prolonged-release properties. However 
the anhydride form of the polymer is soluble in organic solvents 
but is slowly soluble in water or gastric media, while the acid water- 
soluble form of the polymer is insoluble in common organic 
solvents. A method is dercribed wherein the polymer is applied 
in the anhydride form from an organic solvent, after which the 
coated tablets are subjected to mild humidity conditioning treat- 
ment to partially convert the polymer to the more soluble acid 
form. Radiographic analysis in man indicated that the complete 
anhydride film disintegrated outside the stomach, in approximately 
3-4 hr. after administration. Films partially converted to the poly- 
acid form disintegrated in the stomach or proximal jejunum in 30-45 
min. compared to 10-30 min. for the uncoated tablets. The rate of 
water vapor transmission through the PVM/MA films was one- 
fourth that observed for a typical cellulosic film. 


Keyphrases Poly(methylviny1 ether/maleic anhydrideetablet 
film coating 0 Polymer modification, solid state-anhydride to acid 
conversion 0 Film solubilities, water vapor transmission rate- 
humidity pretreatment effects 0 In vitro dissolution-filmcoated 
tablets 0 In vivo disintegration times, man-radiopaque, film-coated 
tablets 


Film coating of solid dosage forms, as a means of 
promoting drug stability and esthetic appeal, is one of 
the more recent processes and dosage form modifica- 
tions developed and employed by the pharmaceutical 
industry. Numerous advantages of film-coating tech- 
niques have been listed and contrasted to  the time- 
honored technique or “art” of sugar coating (1, 2). 
There appears to  be, however, one feature lacking re- 
lated to film coating. Regardless of the application 
technique, polymer concentrations, and film additives 
used, coating by this method has been limited to a 
small group of polymer derivatives derived from cellu- 
lose. 


Hydroxypropyl methyl cellulose, alone and in 
combination with ethyl cellulose, and cellulose acetate 
phthalate (CAP) with annealing agents, serve as the 


most widely, if not the only, systems used in the United 
States as soluble film-coating agents designed for sub- 
stantially immediate drug release. Although systems 
of these types have been used for a number of years, 
they are not without disadvantages. The dissimilar 
solubilities of methyl and ethyl cellulose require that 
complex solvent systems be used to  produce compatible 
film coating solutions which can be applied to tablets. 
These two polymers must be used in a balanced ratio 
to  promote the desired film strength, coatability and 
yet retain the proper in uiuo solubility characteristics. 


Similarly, CAP, when used as a rapid-release coating, 
must be combined with high percentages of water 
soluble annealing agents for rapid film disintegration 
under gastric conditions (1). The soluble cellulosic films 
possess a low gloss index and therefore, are often com- 
bined with agents to  produce gloss, or the final product 
must be polished to improve coat appearance and 
esthetic appeal. Yearly, the plastics industry produces 
numerous new and modified polymers, some of which 
may surpass the properties of cellulosic derivatives with 
regard to film coating. It would be advantageous, for 
example, to use a single polymer without the need for 
annealing agents and glossants, which could be prepared 
for coating using a single solvent. The applied film 
must comply with the intended film coating purposes, 
and serve to  protect the drug against environmental 
conditions, yet be readily soluble at gastric conditions. 
This study was therefore undertaken to  search for and 
develop simple, noncellulosic film-coating systems 
which would broaden the selection of materials cur- 
rently available to the pharmaceutical industry. Of 
several classes of polymers investigated, poly(methy1- 
vinylether/maleic anhydride), co-polymer (PVM/MA), 
was shown to possess qualities which might meet the 
objectives. 


Heretofore, this co-polymer, modified by partial 
esterification, has been studied as an enteric or sustained- 
release coating for tablets and granules. Lappas and 
McKeehan (3), studied a series of partial esters of 
PVMIMA and found that the ester chain length and 
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Stereospecific Hydrogenations 111: 
Palladium-on-Poly-r-benzyl-S-glutamate and 
Palladium-on-Poly -b-benzyl-S-aspartate 


ROBERT L. BEAMER, ROBERT H. BELDING, and CAROLYN S. FICKLING 


Abstract 0 Stereospecific hydrogenations were demonstrated 
using palladium-on-poly-y-benzyl-S-glutamate and palladium-on- 
poly-p-benzyl-S-aspartate. The results of the hydrogenation ex- 
periments indicate that the helical conformations of the poly-S- 
amino acid carriers influence the asymmetric induction observed. 
Hydrogenations using palladium-on-poly- y-benzyl-S-glutamate pro- 
duced R( - kdihydro-a-methylcinnamic acid and S( -)-phenyl- 
alanine (after hydrolysis of the hydrogenation product) when 01- 


methylcinnamic acid and a-acetamidocinnamic acid, respectively, 
were used as substrates. When hydrogenations were carried out 
using palladium-on-poly-p-benzyl-S-aspartate as the catalyst and 
the same substrates, S(+)-dihydro-a-methylcinnamic acid or 
R(+)-phenylalanine (after hydrolysis of the hydrogenation prod- 
uct were produced). 


Keyphrases 0 Hydrogenation-stereospecific 0 Palladium-on- 
poly-7-benzyl-S-glutamate and pol y-P-benzyl-S-aspartate-synthesis 


Catalysts-stereospecific hydrogenation 0 1R spectrophotom- 
etry-identity 0 Optical rotation-identity 


The stereospecificity of catalysts prepared from silica 
gels precipitated in the presence of cinchona alkaloids 
has been shown by Padgett and Beamer (1). Beamer 
and Lawson have presented evidence of substrate 
specificity with catalysts prepared from similarly pre- 
pared gels (2). A more recent report described stereo- 
specific hydrogenations using palladium-on-po1y-S- 
leucine (3). 


These studies were based on prior evidence indicating 
the existence of stereospecific and substrate-specific 
centers in palladium-on-charcoal catalysts (4). Also, 
Akabori et al. have demonstrated the stereospecificity 
of palladium-on-silk fibroin ( 5 )  and Beckett et al. have 
shown stereospecific adsorption upon specially pre- 
pared silica gels (6-8). 


The present work is a continuation of investigations 
into the stereospecific hydrogenations observed using 
palladium-on-poly-S-amino acids. The poly-S-amino 
acids chosen for study were poly-y-benzyl-S-glutamate 
and poly-0-benzyl-S-aspartate. These two poly-S- 
amino acids were chosen because of recent reports 
showing a tendency for poly-S-aspartates and poly-S- 
glutamates to form helical conformations of opposite 
senses (9-1 1). 


The poly-S-amino acids were prepared by poly- 
merization of their N-carboxy-a-amino acid anhy- 
drides in uucuo (12). 


The substrates used in the hydrogenation studies were 
a-methylcinnamic acid and a-acetamidocinnamic acid. 


EXPERIMENTAL, 


Reagents--u-Methylcinnamic acid (Aldrich), carbobcn7yloxy- 
chloride (Nutritional Biochemicals), S-glutamic acid (Columbia 


Organic Chemicals Co.), S-aspartic acid (Columbia Organic 
Chemicals Co.), bmzyl alcohol (Fisher Scientific Co.). 


All temperatures are uncorrected. Elemental analyses were 
determined using a C, H, and N analyzer (Hewlett-Packard model 
185). 


N-Carbobenzyloxy-$-aspartic Acid (Ib-This compound was 
prepared according to the Bergmann procedure starting with 13.3 
g. of S-aspartic acid (12). The yield was 14.1 g. representing 53% 
of theory. The product melted from 115-117" [lit. value 116" (1311. 
Dibenzyl-N-carbobenzyloxg-S-aspartate ( I w T h e  dibenzyl ester 


of N-carbobenzyloxy-S-aspartic acid was prepared from the acid 
(I) by the method of Berger and Katchalski (14). When 26.7 g. of 
(I) was used, the yield was 32.6 g. representing 73% of theory. 
The product melted from 65-67" [lit. value 66.5" (14)]. 
P-Benzyl-N-carbobenzyl-S-aspartate ( I IWThe monobenzyl ester 


of N-carbobenzyloxy-L-aspartic acid was prepared by partial hydroly- 
sis of 4.56 g. of the dibenzyl ester (11) according to the directions 
of Berger and Katchalski (14). The yield was 2.5 g. representing 
78.3% of theory, m.p. 106-108" [lit. value 108" (14)l. 


8-Benzyl-N-carboxy-S-aspartate Anhydride (IVb-This compound 
was prepared by treating the carbobenzyloxyamino acid (111) with 
phosphorus pentachloride (14). The yield was 22.5 g. or 90% of 
theory when 35.7 g. of 111 was used in the preparation. The melting 
point was 121-125" (with evolution of gas). The literature value 
was 121 O (with evolution of carbon dioxide) (14). 


Poly-p-benzyl-S-aspartate (V)-The polymerization of the an- 
hydride (IV) was performed irr UUCMO mm. Hg) according to 
the procedure of Katchalski (14). The anhydride (15.0 g.) was melted 
and the polymerization conducted at an oil bath temperature of 
125". A rapid evolution of gas was observed. The hot residue was 
treated with ether with stirring. The residue became a finely divided 
solid which was soluble in dimethylformamide but insoluble in 
water. The resulting compound had [ 0 1 ] 2 D 3 ' ~  -19.1" [C = 10 in 
3 dichloroacetic acid), which corresponds to a literature value of 


The IR spectrum of the product conformed to that given by 
Bradbury et a/ .  for poly-8-benzyl-S-aspartate (9). The yield was 
8.0 g. or 64.7% of theory. The compound softened from 150-155" 
and melted from 207-208'. The literature gives no melting point 
but reports softening at 160" (14). 


Anal.-Calcd. for CnHI,N03: C, 64.38: H. 5.38; N, 6.87. Found: 
C, 63.93; H, 5.32; N, 6.70. 


y-Benzyl-S-glutamate (V1)-The preparation of this monobenzyl 
ester of S-glutamic acid followed the procedure of Hanby et al. 
(16). The yield was 159.0 g. which was 67.0% of theory based on 
147.0 g. of S-glutamic acid. The melting point was 169-170" [lit. 
value 170" (16)]. 
-y-Benzyl-N-carbobenzyloxy-S-glutamate (VIIbThis compound 


was prepared from 23.7 g. of the monobenzyl ester of S-glutamic 
acid (VI) (16). The product melted from 75-78' [lit. value 76-78" 
(16)]. The yield was 25.0 g. (67.5% of theory). 


y-Benzyl-N-carboxy-S-glutamate Anhydride ( V I I I t T h e  an- 
hydride was prepared by treating 37.1 g. of the amino acid (VII) 
with phosphorus pentachloride according to the procedure of 
Hanby et a(. (16). The melting point of the product was from 94-95" 
(in an open tube with gas evolution). The literature value was 96- 
97" [in a sealed tube with decomposition (1611. The yield was 20.1 
g. which was 76.5 


Poly-y-benzyl-S-glutamate ( I X t T h e  polymerization of the 
anhydride (VIII) was carried out using the procedure of Hanby el a[. 
(16). The anhydride (VIII) (15.2 g.) was melted in uacuo ( lW2 
mm. Hg) with evolution of gas. The hot residue was covered with 
100 ml. of ether and the mixture was stirred vigorously until a 
finely divided solid formed. The solid was collected by filtration and 


-18" (1511. 


of theory. 
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Table I-Hydrogenation Studies Using Palladium-on-Poly-ybenzyl-S-glutamate and Palladium-on-Poly-p-benzyl-S-aspartate 


7 r- Xatalyst- ~~ --- Polyglutamate 7 7 Polyaspartate ~~ F 


% Yield Optical Yield "r, Optical 
Substrate (overall) [a17 ' Yield (overall) tff12Y -, Yield 


a-Methylcinnamic 80.4 -1.116 4.12 54.5 $0.300 1.11 
acid -1.112 4.11 +O. 236 0.87 


-1,116 4.12 +0.300 1.11 
-1.124 4.15 +O. 388 1.43 


+0.313 1.16 
+0.312 1.15 


a-Acetamidocinnamic 56.5 -2.881 5.95 56.5 +O. 450 0.93 
acid -2.863 5.92 + O .  430 0.89 


-2.863 5.92 +O. 450 0.93 
-2.900 5.99 + O .  460 0.95 


the powder was taken up in dimethylformamide and precipitated 
with water. The product exhibited a [ ( ~ ] 2 D 3 ' ~  +13.94" (c = 0.954 
in chloroform) corresponding to a literature value of +14" (c = 
0.954 in chloroform). The yield was 10.1 g. representing 79.5% of 
theory. The IR spectrum of the product conformed to that given 
by Bradbury et a/. (9). No melting point has been reported for poly- 
y-benzyl-S-glutamate. The poly-S-amino acid was found to soften 
from 150-1 55" and melted from 207-208". 


Anal.--Calcd. for Cl2HI3NO3: C, 65.74; H, 5.99; N, 6.39. Found: 
C,  65.97; H, 6.09; N, 6.35. 


a-Acetamidocinnamic Acid (X)-This compound was prepared 
by hydrolysis of 47.0 g. of the azlactone, 2-methyl-4-benzilidene- 
1,3-oxazoline-5-one, by the method of Herbst and Shemin (17). 
The yield was 25.5 g. or 49.8% of theory. The product melted from 
190-191.5" [lit. value 191-192" (17)]. 


Preparation of the Catalysts-The catalysts were prepared by 
depositing palladium (from a solution of palladous chloride) upon 
the respective poly-S-amino acids according to Method IT of Beamer 
et al. (3). The catalyst concentration employed was 144 mg. of 
palladous chloride per gram of carrier. 


Hydrogenation Studies-The substrates used in the hydrogena- 
tion studies were a-methylcinnamic acid and a-acetamidocinnamic 
acid. The catalysts employed were palladium-on-poly-y-benzy1-S- 
glutamate and palladium-on-poly-j3-benzyl-S-aspartate. A Parr 
low-pressure hydrogenator was used with an initial hydrogen pres- 
sure of 4.2 kg./cm.2. The usual time for complete hydrogenation 
was 48 hr. (for 0.05 mole of a-methylcinnamic acid or 0.023 mole 
of a-acetamidocinnamic acid). Optical rotation measurements were 
made using a polarimeter (Rhudolph model 200s). 


Hydrogenations using Palladium-on-poly-7-benzyl-S-glutamate- 
Hydrogenations of a-Methylcinnamic Acid-The hydrogenations 
were performed using 8.10 g. (0.05 mole) of a-methylcinnamic 
acid in 100 ml. of absolute ethanol and 1.0 g. of catalyst. 


Following hydrogenation, the catalyst was removed by filtration 
and the ethanol removed by evaporation under reduced pressure. 
The residue was vacuum distilled. The yield of dihydro-a-methyl- 
cinnamic acid was 6.80 g. or 43.0% of theory. The boiling point was 
114"/0.25 mm. Hg [lit. value 160"/13 mm. Hg (IS)]. The average 
[a]y was -1.117" (c = 25 in benzene). The specific rotation 
represented 4.13z of the literature value of 27.06" (18). The IR 
spectrum was identical to that given by Beamer and Lawson (2). 
The neutralization equivalent agreed with that calculated for di- 
hydro-a-methylcinnamic acid. 


Hydrogenation of a-Acetamidocinnamic Acid-Hydrogenation of 
4.8 g. (0.023 mole) of a-acetamidocinnamic acid was carried out in 
100 ml. of absolute ethanol using 1 g. of catalyst. 


Following hydrogenation, the catalyst was removed and the 
solvent was evaporated leaving a white, crystalline residue. The 
residue was treated according to the directions of Akabori (5) by 
refluxing with 30 ml. of 10% hydrochloric acid. 


After acid hydrolysis, the solution was concentrated under 
vacuum to approximately one-half its original volume and treated 
with acetone to precipitate the amino acid hydrochloride. The 
phenylalanine was obtained by adjusting a hydromethanolic (50 % 
v/v) solution of the hydrochloride to the isoelectric point of phenyl- 
alanine (pH 5.4) and collecting the resulting precipitate by suction 
filtration. 


The product weighed 2.6 g. representing a yield that was 73.7% 
of the theoretical. The product melted from 269-271" [lit. value 
271-273" decomposed (19)]. TLC on alumina using 50% V/V 
methanol-water showed the R,  value of the product to be identical 
with that of known phenylalanine. 1 The IR spectra of known phenyl- 
alanine and the product were identical. 


The phenylalanine was dissolved in 2 N sodium hydroxide and 
placed in a 10Qmm. polarimeter tube and the optical rotation was 
determined. The average [a]2D3.' was -2.876" (c = 7.52 in 2 N 
NaOH). The literature value is -48.4 for the specific rotation of 
phenylalanine (21). From these data an optical yield of 5.94% was 
calculated. 


Hydrogenations using Palladium-on-Poly-p-benzyl-S-aspartat- 
Hydrogenation of a-Methylcinnamic Acid--The procedure followed 
was the same as that already described for the polyglutamate 
catalyst. The average [a]2,3" was f0.316 (c = 25 in benzene) 
representing an optical yield of 1.16%. 


Hydrogenation of a-Acetamidocinnamic Acid-The procedure 
followed was the same as that which has already bcen described 
under the polyglutamate catalyst. The [a]? ' of the phenylalanine 
obtained was +0.450 (c = 4.7 in 2 N NaOH) representing an 
optical yield of 0.93 %. 


RESULTS 


The results of the hydrogenation studies were reproducible for a 
series of experiments using a single batch of catalyst, but slight 
variations were seen between batches of catalyst preparation. 
Although some variation was observed between different catalyst 
preparations, the sign of optical rotation was always the same for 
the same catalyst type. Typical results are given in Table I. 


DISCUSSION AND CONCLUSIONS 


The results indicate that the enantioselective hydrogenations 
using palladium-on-poly-y-benzyl-S-glutamate and palladium-on- 
poly-0-benzyl-S-aspartate arise from the chirality (the helical sense) 
of the carrier polyamino acids (secondary structure). The poly-y- 
benzyl-S-glutamate and the poly-8-benzyl-S-aspartate possess 
opposite helical senses (9-1 1 )  and the catalysts prepared from them 
induce the formation of products possessing predominantly 
opposing configurations. 


Poly-y-benzyl-S-glutamate possesses the normal right-handed 
helix of S-amino acids (9). The induced formation of predominantly 
levorotatory dihydro-a-methylcinnamic acid and phenylalanine 
when a-methylcinnamic acid and a-acetamidocinnamic acid were 
used as substrates is the same result reported by Beamer et al. (3) 
who studied a catalyst prepared from poly-S-leucine, a polyamino 
acid possessing the same helical sense as that of poly-y-benzyl-S- 
glutamate (22). 


1 The method used was adapted from that of Peifer (20). Microscope 
slides were sprayed with an aluminum oxide (Brinkman Instruments) 
slurry in water. Following chromatography, the plates were treated with 
iodine vapors in a closed jar for visualization at the phenylalanine spots. 
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The helical sense of poly-0-benzyl-S-aspartate is left-handed and 
is considered an anomalous helical conformation (9-1 1). The op- 
posing helical sense of poly-P-benzyl-S-aspartate from that of 
poly-y-benzyl-S-glutamate apparzntly arises from the steric inter- 
actions resulting from one less m-thylzne group in the side chain 
of the aspartate residues (9). The poly-S-aspartate catalyst induced 
the formation of predominantly dextrorotatory products when a- 
methylcinnamic acid and a-acetaniidocinnamic acid were used as 
substrates. 


One would not expect respective hydrogenation products of 
equal but opposite rotations with these catalysts for two reasons: 
1 .  There should be some contribution to asymmetric induction 
arising from the asymmetric centers in the individual amino acid 
residues (primary structure). 2. The anomalous helical sense of the 
poly-P-benzyl-S-aspartate opposes the normal helical sense of a 
poly-S-amino acid and should cause the polyaspartate carrier to 
possess a lower dzgree of helical formation than the polyglutamate 
carrier. A lower degree of helical formation should result in lower 
optical yields of the products from the asymmetric hydrogenations 
catalyzed by the polyaspartate catalyst than the products resulting 
from the reactions catalyzed by the polyglutamate catalyst. As 
may be seen from Table [, higher optical yields of products are 
obtained from the polyglutamate catalyst than from polyaspartate 
catalyst (a ratio of about 5 :  1). 


The absolute configuration of levorotatory dihydro-a-methyl- 
cinnamic acid is R (23) whik the absolute configuration of levorota- 
tory phenylalanine is S (24, 25). In the enantioselective hydrogena- 
tions using the polyglutamate catalyst, predominantly R( -)-di- 
hydro-a-methylcinnamic acid and S( -)-phenylalanine were pro- 
duced. The polyaspartate catalyst produced a similar result except 
that predominantly S( +)-dihydro-a-methylcinnamic acid and 
R(+)-phenylalanine were formed. Palladium-on-poly-S-leucine 
catalyzes the formation of predominantly R( -)-dihydro-a-methyl- 
cinnamic acid and predominantly S( -)-phenylalanine (3). 


These results indicate that the a-methylcinnamic acid and the a- 
acetamidocinnamic acid are occupying (at least in part) different 
sites on the catalysts prepared from these three polyamino acids. 


SUMMARY 


Palladium-on-poly-ybenzyl-S-glutamate and palladiuni-on-poly- 
P-benzyl-S-aspartate both catalyze asymmetric hydrogenations of 
a-methylcinnamic acid 2nd a-acetamidocinnamic acid. 


The hydrogenations of a-methylcinnamic acid and a-acetamido- 
cinnamic acid using palladium-on-poly-y-benzyl-S-glutamate pro- 
duces R( -)-dihydro-a-methylcinnamic acid and S(-)-phenylalanine 
(after hydrolysis of the hydrogenation product), respxtively. 


The hydrogenations of a-methylcinnamic acid and a-acetamido- 
cinnamic acid using palladiurn-on-poly-/3-benzyl-S-aspartate pro- 
duced S( +)-dihydro-a-niethylcinnamic acid and R( +)-phenyl- 
alanine (after hydrolysis), respectively. 


Results of the hydrogenation experiments indicate cartkipation of 
the helical conformation or secondary structure of the poly-S-amino 
acid carrier in the asymmetric induction catalyzed by palladium- 
on-poly-S-amino acids. 
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N4-(5-Nitro-2-pyridyl)-4-homosulfanilamide-A mixture of 2- 
chloro-5-nitropyridine (0.25 g.), 4-homosulfanilamide hydrochlo- 
ride (0.32 g.), and freshly fused sodium acetate (0.2 8.) was re- 
fluxed with 30 ml. absolute ethanol for 24 hr., after which the reac- 
tion mixture was diluted with water until complete separation. The 
product which was obtained in 60% yield (0.3 g.) melted at 190" 
after being crystallized from ethanol. 


Anal.-Calcd. for CI2Hl2N4O4S: N, 18.30. Found: N, 17.97. 
N-(5-Nitro-2-pyridyl)-benzylsulfonamide-A mixture of 2-chloro- 


5-nitropyridine (0.8 g.), potassium benzyl sulfonamide (0.9 g.) and 
dimethyl formamide (30 ml.) was heated at 110-130" for 3 hr. 
The reaction mixture was then evaporated under diminished pres- 
sure nearly to dryness, and the residue (1 g., 62% yield) was crys- 
tallized from ethanol. It melted at 260" and the melting point 
was not depressed on admixture with a pure specimen prepared by 
Ullmann's method. 
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Simple Assay for Determination of 
Carbonic Anhydrase Activity 


Keyphrases 0 Carbonic anhydrase activity-analysis 0 Carbon 
dioxide-14C liberation, in virro-carbonic anhydrase Scintillom- 
etry, liquid-radioactivity determination 


Sir: 


A method has been developed for the in vitro deter- 
mination of carbonic anhydrase activity. The method is 
based on the principle that the reactions involved in 
attaining equilibrium between bicarbonate ion and 
carbon dioxide in solution are both catalyzed by car- 
bonic anhydrase. Since the function of carbonic an- 
hydrase in vivo is to maintain this equilibrium, the activ- 
ity of the enzyme can be determined in vitro by shifting 
the equilibrium in the desired direction. Carbon diox- 
ide-14C liberated from labeled bicarbonate in a buffer 
system, containing carbonic anhydrase, is trapped on 
alkali-moistened filter paper strips. The radioactivity 
collected on the strips is subsequently determined by 
liquid scintillation counting. A preliminary report of 
this work has been presented (1). 


Figure 1 illustrates the absorption tube used for 
collecting the labeled COz. A 1.59 X 3.81-cm. ("8 X 
1 1/2-in.) strip of Whatman No. 1 filter paper is impaled 


lengthwise on the wire of a tube stopper, and wetted 
with about 100 p1. of 0.5 M NaOH. The incubation 
mixture used consists of 1.2 ml. of phosphate buffer 
(two parts 0.1 M KH2P04 and three parts 0.1 A4 Naz- 
HP04), pH 7.0, 0.2 ml. of enzyme preparation, and 
1.0 ml. of NaHI4CO3 solution (6.25 X M con- 
taining 1.55 pc./mM). The substrate solution is dis- 
solved in water and stored frozen. The enzyme prepa- 
rations employed are listed below at the concentration 
routinely used and the useful range over which linearity 
is known to exist is recorded in parentheses, (a)  0.35 
(0.07 to  0.70) saline solutions of hemolyzed rat or dog 


Figure 1-Absorprion rube used 


bon dioxide. 
for collecting the lubeled car- 
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Figure 2-1nfluence of dichlorphenamide (e) and ucetazolamide (0) 
on carbonic anhydrase activity. 


erythrocytes; (b) tissue homogenates in 0.154 KCI 
containing the equivalent of 3.5 (2.5 to 45.0) mg. of 
rat kidney or 30 (15 to 200) mg. of rat brain; or (c) 750 
(200 to 850) units of a commercial preparation (Nutri- 
tional. Biochemicals, 1,000 units/mg.). The enzymatic 
reaction is linear with time for at least 12 min. In blank 
tubes for the determination of spontaneously evolved 
COz, enzyme is omitted and 1.4 ml. of phosphate buffer 
is used. 


In a typical assay, stoppers with wetted paper strips 
attached are inserted in tubes containing enzyme and/or 


buffer. At zero time substrate is injected through the 
capped sidearms and the tubes are shaken in an ice 
bath on a reciprocating shaker at 75 excursions/min. 
Four minutes after the addition of substrate, the reac- 
tion is stopped by the introduction of 0.2 ml. of 10 M 
NaOH through the sidearm. The tubes are then shaken 
for an additional 10 min. at room temperature. Then 
the stoppers are removed and allowed to stand in an 
inverted position until the paper strips dry. When dry, 
the strips are removed, creased lightly lengthwise, and 
placed in glass counting vials that contain 17 ml. 
of 0.4% PPO (2,5-diphenyloxazole) and 0.1% dimethyl 
POPOP (p-bis-[2-(4-methyl-5-phenyloxazolyl)]benzene) 
in toluene. The count rates of the strips are measured 
in a liquid scintillation spectrometer. 


The procedure is easily adapted to the screening of 
compounds which inhibit the activity of carbonic an- 
hydrase. In inhibition studies either a portion of phos- 
phate buffer is replaced with an equal volume of solu- 
tion containing the suspected inhibitor, or a tissue pre- 
paration from an animal dosed with a suspected in- 
hibitor can be used as the enzyme source. Figure 2 
shows the influence of concentration of two reference 
inhibitors, dichlorphenamide and acetazolamide, on 
carbonic anhydrase activity where Po is product formed 
(as c.p.m.) in tubes containing no inhibitor and Pr 
is product formed in tubes containing inhibitor. In the 
illustrated experiments performed with 750 units of 
commercial enzyme, the I j0  values obtained for di- 
chlorphenamide and acetazolamide were 4.4 X 10W M 
and 5.0 X 10W M ,  respectively. 
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Chemical Modifications of Polymeric Film Systems in the Solid State 
I: Anhydride Acid Conversion 


DAVID R. POWELL* and GILBERT S. BANKER 


Abstract 0 I’oly(methylvinyl ether/maleic anhydride) was empioyed 
as a pharmaceutical film coating employing new and unique film 
coating concepts. Films of this polymer, PVM/MA, have excellent 
gloss and clarity, are hard, demonstrate good abrasion resistance, 
and yet are flexible. Half esters of the polymer are reported to 
possess excellent enteric and prolonged-release properties. However 
the anhydride form of the polymer is soluble in organic solvents 
but is slowly soluble in water or gastric media, while the acid water- 
soluble form of the polymer is insoluble in common organic 
solvents. A method is dercribed wherein the polymer is applied 
in the anhydride form from an organic solvent, after which the 
coated tablets are subjected to mild humidity conditioning treat- 
ment to partially convert the polymer to the more soluble acid 
form. Radiographic analysis in man indicated that the complete 
anhydride film disintegrated outside the stomach, in approximately 
3-4 hr. after administration. Films partially converted to the poly- 
acid form disintegrated in the stomach or proximal jejunum in 30-45 
min. compared to 10-30 min. for the uncoated tablets. The rate of 
water vapor transmission through the PVM/MA films was one- 
fourth that observed for a typical cellulosic film. 


Keyphrases Poly(methylviny1 ether/maleic anhydrideetablet 
film coating 0 Polymer modification, solid state-anhydride to acid 
conversion 0 Film solubilities, water vapor transmission rate- 
humidity pretreatment effects 0 In vitro dissolution-filmcoated 
tablets 0 In vivo disintegration times, man-radiopaque, film-coated 
tablets 


Film coating of solid dosage forms, as a means of 
promoting drug stability and esthetic appeal, is one of 
the more recent processes and dosage form modifica- 
tions developed and employed by the pharmaceutical 
industry. Numerous advantages of film-coating tech- 
niques have been listed and contrasted to  the time- 
honored technique or “art” of sugar coating (1, 2). 
There appears to  be, however, one feature lacking re- 
lated to film coating. Regardless of the application 
technique, polymer concentrations, and film additives 
used, coating by this method has been limited to a 
small group of polymer derivatives derived from cellu- 
lose. 


Hydroxypropyl methyl cellulose, alone and in 
combination with ethyl cellulose, and cellulose acetate 
phthalate (CAP) with annealing agents, serve as the 


most widely, if not the only, systems used in the United 
States as soluble film-coating agents designed for sub- 
stantially immediate drug release. Although systems 
of these types have been used for a number of years, 
they are not without disadvantages. The dissimilar 
solubilities of methyl and ethyl cellulose require that 
complex solvent systems be used to  produce compatible 
film coating solutions which can be applied to tablets. 
These two polymers must be used in a balanced ratio 
to  promote the desired film strength, coatability and 
yet retain the proper in uiuo solubility characteristics. 


Similarly, CAP, when used as a rapid-release coating, 
must be combined with high percentages of water 
soluble annealing agents for rapid film disintegration 
under gastric conditions (1). The soluble cellulosic films 
possess a low gloss index and therefore, are often com- 
bined with agents to  produce gloss, or the final product 
must be polished to improve coat appearance and 
esthetic appeal. Yearly, the plastics industry produces 
numerous new and modified polymers, some of which 
may surpass the properties of cellulosic derivatives with 
regard to film coating. It would be advantageous, for 
example, to use a single polymer without the need for 
annealing agents and glossants, which could be prepared 
for coating using a single solvent. The applied film 
must comply with the intended film coating purposes, 
and serve to  protect the drug against environmental 
conditions, yet be readily soluble at gastric conditions. 
This study was therefore undertaken to  search for and 
develop simple, noncellulosic film-coating systems 
which would broaden the selection of materials cur- 
rently available to the pharmaceutical industry. Of 
several classes of polymers investigated, poly(methy1- 
vinylether/maleic anhydride), co-polymer (PVM/MA), 
was shown to possess qualities which might meet the 
objectives. 


Heretofore, this co-polymer, modified by partial 
esterification, has been studied as an enteric or sustained- 
release coating for tablets and granules. Lappas and 
McKeehan (3), studied a series of partial esters of 
PVMIMA and found that the ester chain length and 
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degree of esterification were directly proportional to  the 
in uitro dissolution pH. Their findings supported the 
objectives of controlling drug release by utilizing the 
pH gradient along the intestinal tract. Animal studies 
revealed that relatively high doses of the polymers were 
nontoxic over a I-year feeding period. Nessel et al. 
(4) successfully employed the n-butyl half ester of PVM/ 
MA to sustain the release of d-amphetamine SO, from 
coated granules. In another study, the isopropyl half 
ester, when applied to nonpariel sugar starters, was 
found to sustain the release of prednisolone (5). 


In all previous studies reported, PVM/MA was modi- 
fied by partial esterification. Apparently, PVMIMA has 
not been considered pharmaceutically useful by itself 
as a coating agent. This investigation therefore, con- 
cerns the potential applications of unesterified PVM/MA 
with regard to tablet film coating. 


EXPERIMENTAL 
Two molecular weight grades of poly(methylvinylether/maleic 


anhydride) were used throughout this study. Of the commercially 
available series, the lowest and highest molecular weight grades 
were selected for use, PVM/MA-1191 and -169,2 respectively. This 
copolymer is a true interpolymer having the following repeating 
structure: 


The materials were used as received from the manufacturer. 
Free Film Preparation and Conditioning-PVM/MA stock 


solutions were prepared by dissolving an accurately weighed amount 
of dry polymei in ethyl acetate or acetone to yield concentrations 
ranging from 4 1 0 %  w/v. The solutions were polished through 
cotton and allowed to solvate at least 24 hr. before film preparation. 
Triacetin was used to plasticize the PVM/MA films and was added 
to the stock solutions just prior to film preparation such that the 
dried films would contain polymer and plasticizer in a ratio of 
8 5 .  


An aluminum foil substrate technique was developed for the 
preparation of free films. With this procedure, film solutions were 
cast on 17.78 X 20.54 cm. (7 X 10 in.) sheets of aluminum foil 
which were smoothly spread over glass plates and affixed by taping 
the foil perimeter to the glass. Film solutions were drawn over the 
leveled substrate using a variable gap doctor blade. The plates were 
covered to retard evaporation and to exclude dust. The films were 
allowed to form at ambient conditions for 6-8 hr. and then were 
separated from the substrate by peeling the foil from the films. 
Films were cut into 1.91-cm. (0.75-in.) or 2.54-cm. (1-in.) disks and 
placed in uacuo for 24 hr. to remove residual solvent. Dried films 
were then stored aver anhydrous calcium sulfate until required. 


Film samples were subjected to a variety of controlled tempera- 
ture-humidity conditions and the effects of film conditioning with 
time were studied with regard to physical film properties. A humidity 
cabinet3 was employed at constant conditions of 40" and 30, 40, 
or 50% R.H. Film exposure to these conditions ranged to 300 hr. 


Evaluation of Free Films-Six film disks of PVM/MA-119- 
triacetin ( 8 5 )  and ten of PVM/MA-169 alone were studied for 
maximum anhydride to acid conversion at controlled temperature 
and humidity. Films were individually weighed as they existed in 
the full anhydride state and were then exposed to humidity treat- 
ment. Weight gain in each film was monitored until equilibrium 
was reached. At this paint the films were cycle$ back to the original 


1 Gantrez-AN-119, Approx. No. Av. Mol. wt. = 56,000. 
2 Gantrez-AN-169, Approx. No. Av. Mol. wt. = 436,000, GAF Corp. 


* Blue M Engineering Co., Blue Island, Ill. 
New York, N. Y. 


storage conditions of 0% R.H. and 25". Moisture desorption was 
monitored by film weight loss until constant weight was obtained. 
The apparent anhydride to acid ratio was calculated on the basis of 
chemically bound water using the co-monomer unit molecular 
weight. 


A semiquantitative procedure, based on a pH-polymer con- 
centration relationship, was used to determine the dissolution 
characteristics of PVM/MA film systems. Standard aqueous solu- 
tions of PVM/MA-119 were prepared in concentrations of 20-1000 
mcg./ml. and pH measurements were made to establish the pH- 
concentration relationship of the dissolved polyacidic material. 
Five pH observations were made on each solution over a period of 
72 hr. using a pH meter.& The readings were repeated on separate 
solutions containing polymer and triacetin in an 8 : 5  ratio. 


The dissolution rates of free films were determined in water using 
double-walled glass cells of 25-1OO-ml. capacity. Constant tempera- 
ture water was circulated in the cells to maintain the dissolution 
medium at a temperature of 37 * 0.1 O. Individual film samples were 
placed in an accurately measured and preheated amount of water 
within the cells and the medium was agitated with a magnetic 
stirrer at 150 r.p.m. The pH electrodes were inserted through ports 
in a large rubber stopper used to seal the cell. The pH measurements 
were recorded with time and converted to concentration of dissolved 
polymer using the standard curve. The effects of polymer state 
(anhydride to acid ratio) on film dissolution patterns were assessed 
by this method. 


Water vapor transmission properties of PVM/MA-169 films in 
the full anhydride form and in the partial polyacidic form were 
determined. In each study, five film disks were used to obtain the 
average transmission rate as milligrams of vapor crossing a film 
barrier of constant area (153.9 mm.2)/hr./0.1-mm. thickness. The 
transmission cells used were similar to those used by Gore et at. (6). 
The relative humidity at 30" within the cells was held at 91 % R.H. 
using a saturated sodium tartrate solution. The distance from the 
solution to the film barrier was 4.75 cm. The external environment 
was held at 0% R.H., using anhydrous calcium sulfate at 30". The 
assembled cells were allowed to equilibrate at these conditions for 
12 hr. prior to initial weight readings. Subsequent cell weights were 
taken at  24-hr. intervals until 5-6 weighings had been made. 


Applied Films-Tablet Coating-Standard convex 0.79 cm. 
(0.31 in.) and 1.12- and 0.65-cm. (0.44- and 0.25411.) diameter 
modified ball tablets were prepared of the following composition: 


Dicalcium phosphate dihydrate 500 g. 
Cornstarch 50 g. 
Amaranth (F.D. & C. No. 2 Red) 11 g. 
Gelatin and acacia solution6 q.s. 
Talc (5% of sized granule weight) 


A small scale immersion coating process was developed, whereby 
individual tablets could be identified after coating and the exact 
amount of material applied to each tablet could be measured. 
Tablets were individually weighed prior to coating. The amount of 
film which was applied was controlled by the viscosity of the coating 
solutions and by the number of immersions employed. Coated 
tablets were dried and stored in the same manner as described for 
the free-films. 


To assess the value of PVM/MA film systems in more conven- 
tional usage, film coating was accomplished using a 38.10-cm. 
(15-in.) diameter pan loaded with approximately 3.5 kg. of tablets. 
Film-coating solutions were applied with airless spraying equip- 
mente from a 0.25-cm. (0.01 1-in.) diameter tungsten-carbide 
nozzle at 1125 p.s.i. nozzle pressure, employing 3-5-sec. spraying 
times and forced warm air drying. 


Evaluation of Film-Coated Tablets-The dissolution-release 
characteristics of the tracer dye from film-coated tablets was 
spectrally determined, with particular emphasis on PVM-MA-169- 
triacetin (8 :5) films varying in anhydride-acid ratio. The use of a 
soluble dye permitted visual observation of the release pattern as 
well as an accurate quantification of dissolution rate, employing 
spectrophotometric analysis at 520 mp. 


Dissolution cells for determining release characteristics were the 
same as those used for studying free-film dissolution rates. Small 
monel wire baskets were used to suspend individual tablets in 100 


4 Beckman Zero-Matic. Beckman Instrument Co., Fullerton. Calif. 
6 USP gelatin, 12 % wlv and 4% wlv USP powdered acacia. 
6 Binks Manufacturing Co., Chicago, 111. 
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Table I-Analysis of Anhydride to Acid Conversion in 
PVM/MA-l19-Triacetin Films (8: 5) 


Moisture 
Bound Theo- 
Follow- retical 


ing % 
0% R.H. Anhy- 


Initial Storage and 25' Theoretical dride 
Film Time, hr. Moisture Recy- Moisture Con- 
Wt., (302  R.H. Sorption, cling, Required, verted 
mg. and 40") mg. mg. mg.a to Acid 


500 


- c 200 - 
8 
E 
0; 


? a 
I 100 - 
r( 


. 
F 
P 


2 
0 z 
0 50-- 
0 


20 -. 


76.6 56 2.7 1.2 5.4 22 
81.7 56 2.7 1.3 5 .8  22 
64.0 96 4 . 0  2.0 4.6 43 
64.7 96 3.9 1.8 4.6 39 
63.6 144 4.0 1.8 4.5 40 
63.1 144 3.8 1 .5  4 . 5  33 


Moisture required to hydrolyze all anhydride groups. 


ml. of distilled water maintained at 37". The distance of the tablets 
above the magnetic stirring bar was 1.91 cm. (0.75 in.), and the 
stirring speed was held at 150 r.p.m. The samples (1.0 ml.) removed 
periodically for analysis, were replaced with an equal volume of 
distilled water, and the necessary concentration corrections were 
made. Tablets tested in this manner included the 1.12- and 0.62-cm. 
(0.44- and 0.25-in.) tablets coated with PVM/MA-169-triacetin. 
(8:5), which were preconditioned for up to 144 hr. at 50% R.H. 
and 40". 


The in oivo disintegration characteristics of tablets coated with 
PVM/MA-169 triacetin (8 :5) were determined using five male 
volunteers. Tablets were prepared in the three sizes previously 
described, substituting X-ray grade barium sulfate for dicalcium 
phosphate in the formula reported earlier. Three tablets of different 
sizes were administered to a given subject with 5 oz. of water at 
1.5-hr. intervals starting at mid-morning. The different size tablets 
permitted their radiographic identification at selected examination 
times post administration. All subjects ate similar breakfasts and 
lunches at the same time of day and ingestion of other foods and 
liquids was prohibited. 


Abdominal X-rays were taken throughout the day to determine 
tablet disintegration time and the location along the gastrointes- 
tinal tract. Control tablets of the same matrix formula but which 
were not coated, were administered to determine the in vivo dis- 
integration times. All X-rays were interpreted by a radiologist.? 


RESULTS 


Anhydride-Acid Conversion-Moisture sorption-desorption 
studies on pure PVM/MA-169 films revealed that approximately 
1 8 z  of the available anhydride groups were hydrolyzed to the 
dicarboxylic acid form at equilibrium by hydrolysis treatment condi- 
tions of 4 0 z  R.H. and 40". In all of the eight films studied, film 
equilibrium moisture content was established within approximately 
300 hr. at 4 0 2  R.H. and 40". At this point, films had absorbed only 
about 50% of the water necessary to hydrolyze all anhydride groups. 
The time required for subsequent desorption of free water at 0% 
R.H. and 25" was 190 hr. Less than half the moisture absorbed 
was found to be chemically bound by the films, resulting in the 18 % 
anhydride-acid conversion. Table I shaws the Lesults of a similar 
study using films of the low molecular weight grade PVM/MA 
plasticized with triacetin (glyceryl triacetate) in an 8:5 ratio. The 
equilibrium moisture content had been established by 96 hr. of 
exposure at 30% R.H. and 40". Further treatment had little effect 
on moisture sorption. Based on initial film weights, an average of 
6.15x moisture was absorbed at equilibrium and 2.78% of this 
moisture was found to be chemically bound. The apparent per- 
centage of anhydride-acid conversion was 38.7 % in these triacetin 
plasticized films ( 8 : 5  ratio), compared to 18% conversion of the 
100 z PVM/MA- 169 films. 


The measurement of the dissolution properties of free-films 
based on the pH-concentration relationship was found to be reli- 
able and reproducible over the polymer concentration range em- 


7 Dr. Paul L. Webster, Purdue University, LafayetteZInd. 
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Figure I-pH statldardization curve for PVMIMA-119 in distilled 
water. 


ployed. The standardization curve from which polymer concentra- 
tion was determined by measurement of pH is shown in Fig. 1. 
The ordinate (mcg./ml.) was plotted on the log scale for ease in 
reading the graph. Each point represents the mean of 5 pH observa- 
tions taken on two separate dilutions of the polymer. pH readings 
maintained consistency over a 3-day period with deviations from 
the means of approximately 0.02 pH units. Dilutions of polymer 
solutions containing triacetin (8 :5 ratio) were shown to have iden- 
tical pH values to those of the polymer alone. 


Ten replicate dissolution assays were made on the 8 :5  films which 
had been stored at 0% R.H. and room temperature since prepara- 
tion. Seven of the films were analyzed in cells containing 25 ml. of 
distilled water and three were analyzed in a cell designed to contain 
100 ml. The results of these assays are listed in Table 11. The re- 
producibility and accuracy of this method proved to be adequate. 
The increased time in the onset of dissolution for those films 
assayed in the 100-ml. cells was attributed to decreased fluid move- 
ment in that the same stirrer speed was used for both the 25- and 
100-ml. volumes. 


pH observations during the assays revealed that the PVM/MA- 
ll%triacetin films remaimd unchanged for the first 1.5-2 hr. Film 
hydrolysis as reflected by visible swelling was noted at approxi- 
mately 2-2.25 hr., with swelling continuing gradually until the 
films fragmented and dissolved. General visual observations of 
film swelling and dissolution corresponded to the pH decrease, with 
the final equilibrium pH coinciding with film disappearance and 
complete dissolution. 


Dissolution rates of PVM/MA-1 letriacetin films were markedly 
affected by the temperature-humidity conditioning at 3 0 z  R.H. and 
40". Dissolution patterns were determined for the six films shown 
in Table I which were used for the moisture sorption-desorption 
study. The effects of mild temperature-humidity conditioning on 
the dissolution rate are shown in Fig. 2. Following the 56-hr. 
treatment period, the time required for 50% of the film to dissolve 
was reduced by approximately 2.5 hr. as compared with nontreated 
films. Further treatment, i.e., 96 and 144 hr. correspondingly in- 
creased the rate of film dissolution. However, these curves differed 
only slightly, indicating that equilibrium was being approached. 
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Table 11-Reproducibility of Dissolution Characteristics of 
PVM/MA-l19-Triacetin Films as Determined by pH 
Measurement 


Coincidence 
Polymer Final pH Expt. U S .  


Sample Content pH at with Calcd. Slope" 
No. mg. 3 hr. time PH pH/hr. 


1 


2 


3 


4 


5 


6 


7 


86 


9 b  


1 0 6  


15.67 


18.89 


16.85 


12.03 


17.96 


19.26 


19.76 


44.16 


40.44 


54.62 


4.42 


4.42 


4.74 


4.73 


4.64 


4.42 


4.42 


5.40 


5.30 


5.40 


3.31 Identical - 1.90 
4.25hr.  
3.30 0.01 Deviation -1.90 
4.25 hr. 
3.37 0.03 Deviation - 2.02 
4.25 hr. 
3.35 Identical - 2.02 
4.25 hr. 
3.33 Identical -2.10 
4.25 hr. 
3.30 0.01 Deviation -2.01 
4 hr. . ~~~. 


3.29 Identical - 2.07 
4.25 hr. 
3.52 0.01 Deviation -2.76 
4.25 hr. 
3.54 Identical - 3.12 
4 hr. . ~.. . 


3.43 0.01 Deviation -2.77 
4.25 hr. 


a Measured at  steepest part of the sigmoidal dissolution curve. * Film 
samples measured in 100-ml. cell. 


These data describe a strong dependency of film dissolution rate on 
the polymer anhydride:acid ratio and show that only about 40% 
of the anhydride groups need to be prehydrolyzed to render the film 
essentially readily water soluble. 


Water Vapor Transmission Analysis-PVM/MA- 169 films which 
were maintained in the maximum anhydride state until being tested, 
showed a gradual increase in the water vapor transmission rate as 
the test proceeded. Figure 3 (Curve -@-) represents the mean of 


100 


1 2 3 
TIME, hr. 


Figure 2-Dissolution of PVMIMA-119 from free firms us affected 
by temperature-humidity preconditioning at 30% R.H. and 40". 
Key: ., 0 hr.; 0 , 5 6  hr.; @, 96 hr.; 0 , 1 4 4  hr. 
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Figure 3-Effects of anhydride to ucid conversion on the wuter 
vapor transmission rate of unplasticized PVMIMA-I69 films. Key: 
Time of preconditioning at 50% R.H. und 40", @, 0 hr.: 0, 48 hr.; 
B, 96 hr. 


five film samples showing this phenomenon. The initial water vapor 
transmission rate, obtained by extrapolating to time zero, was found 
to be approximately 1.0 mgJhrJ0.1 mm. film thickness. The in- 
crease in rate with time was due to the gradual hydrolysis of an- 
hydride groups as water vapor transmitted the film barrier. As more 
acid groups were formed, the film became more polar, causing the 
water vapor transmission rate to increase. Figure 3 (Curve -0-) 
shows similar results but at a later state. In this case the five film 
samples had been preconditioned at 50% R.H. and 40" for 48 hr. 
before the start of the water vapor transmission test. Zero-order 
water vapor transmission rates were not established with PVM/ 
MA-169 films until they had been preconditioned for 96 hr. at  
50% R.H. and 40". These data are also represented in Fig. 3 
(curve -.-). The zero-order transmission rate was found to be 
4.22 mg. of water/hr./O.l mm. film thickness, representing about 
a 4-fold increase over that for the pure anhydride film. 


The addition of triacetin to the 169 films resulted in a 25% de- 
crease in the zero-order water vapor transmission rate as compared 
with the unplasticized films using identical conditions. Methyl- 
cellulose 60 HG-50 cps. films were used for comparative purposes. 
The water vapor transmission rate for unplasticized films was found 
to be 4.51 mg. water/hr./O.l mm. film thickness, or slightly higher 
than the fully hydrolyzed PVM/MA-I 69 unmodified films. 


In Vitro Release From Coated Tablets-Applied films of PVM/ 
MA-169-triacetin were found to exhibit solubility and release char- 
acteristics which were dependent on the anhydride:acid ratio of the 
polymer. Pretreatment storage time at controlled temperature and 
humidity conditions of 40" and 50% R.H. increased film solubility 
and the subsequent tracer dye release rates (Figs. 4 and 5) .  Stan- 
dard convex 1.12-cm. (0.44411.) tablets (Fig. 4) and 0.65-cm. (0.25- 


66 0 
1 2 3 4 


TIME, hr. 


Figure &In vitro release patterns of 1.12-cm. (0.44-in.) tablets 
coated with PVM/MA-169-triacetin (8:5),  as influenced by pre- 
conditioning time at 50% R.H. and 40". Key: @, 48 hr.; 0, 96 hr.; 
0. noncoated tablets. 
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Figure 5-In vitro release patterns of 0.62-em. (0.25-in.) tablets 
coated with PVMIMA-169-triacetin (8:5),  as influenced by pre- 
conditioning time at 50% R.H. and 40". Key: 6, 72 hr. (determina- 
tion in p H  I.2 buffer); 0, 40 hr.; 0, 72 hr.; D, I44 hr.; 0, noncoated 
tablets. 


in.) modified ball tablets (Fig. 5) were film-coated with 45-50 
mg. and 8-10 mg. of film, respectively. Release patterns approached 
that of noncoated tablets as the pretreatment time was increased. 
The delay in release of tablets tested in buffer a t  pH 1.2 as compared 
to the same systems tested in water, was attributed to a lower de- 
gree of hydrogen ion dissociation which effectively reduced the 
solubility rate of the partially converted films. The pK1' of the 
polyacid form of PVM/MA is 4.85 (3). Other lag times in release 
patterns were apparently due to insufficient anhydride hydrolysis 
due to shorter pretreatment times. Lag times were reduced as the 
preconditioning time increased. 


It was thus demonstrated that the hydrophobic polymer (PVM/ 
MA-169) could be applied to tablets from organic solvents and 
transformed to water-soluble films by mild temperature-humidity 
pretreatment to product in uitro release characteristics approaching 
that of noncoated tablets. 


In Vivo Tablet Disintegration-Zn ciuo disintegration times of 
barium sulfate tablets coated with PVM/MA-l69-triacetin systems 
were also observed to be strongly dependent on the chemical form 
of the polymer. Film-coated tablets which were not preconditioned 
but which were allowed to remain in the maximum anhydride state, 
disintegrated outside of the stomach within 3-4 hr. after admin- 
istration. Disintegration occurred in the small intestines in each of 
the three subjects studied. A representative X-ray photograph 
is shown in Fig. 6. Though not yet fully substantiated by exhaustive 
testing, these results suggest a mechanism for enteric release based 


Figure 7-In vivo radiographic illustration of the disintegration oj 
noncoated control tablets. Location: stomach; time: 10 min, (upper 
tablet) and 30 min. (lower granules) after administration. 


on the rate of in uioo hydrolysis and subsequent film solubilization. 
Enteric effects of PVM/MA-l69-triacetin films were eliminated 


after coated tablets had been preconditioned for 144 hr. at  50% 
and 40". These tablets were shown to disintegrate in the stomach 
(jejunum in one case) within approximately 30-45 min. Noncoated 
control tablets disintegrated in 10-30 min. following ingestion; 
indicating that pretreated films impeded tablet disintegration for 
only 15-30 min. Figures 7 and 8 show the location of noncoated 
and coated tablet disintegration, respectively. 


DISCUSSION 


Chemical modification of PVM/MA in the solid state, as a result 
of controlled temperature and humidity treatment, produced marked 
effects on the physical film properties. As the duration of film 
treatment was increased, film solubility in aqueous media increased 
along with a rise in the rate of water vapor transmission. The 
polyanhydride forrri of PVM/MA is soluble in common organic 
solvents but is insoluble in aqueous media, while the polyacid form, 
insoluble in common organic solvents, is readily dissolved by 
aqueous media. Therefore, in order to produce PVMIMA film- 
coated drug products, designed for rapid release, it was necessary 
to modify the films by increasing their polarity after conventional 
deposition from an organic solvent. As was shown, only partial 
polyacid formation 'was needed to promote the desired film dissolu- 
tion and drug release times. Chemical conversion of PVM/MA 


Figure 6-In vivo radiographic illustration of the disintegration of a 
nonpreconditioned PVMIMA-IbPtriacetin-coated tablet. Location: 
iejunum; time: 3.5 hr. afrer administration. 


Figure 8-In vivo rudiographic illustration of the disintegration of 
u preconditioned PVM/MA-I69-triacetin-coated tablet. Location: 
stomach; time: 30 mit?. after administration. 
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films to the partial polyacid form was found to be a nonreversible 
transformation under the conditions studied. That is, films which 
were preconditioned under mild temperature and humidity treat- 
ment did not revert back to the anhydride form upon storage for 
12 months at 0% R.H. and room temperature. 


Pretreatment conditioning for the modification of PVM/MA 
films ranged from 30-50Z R.H. at 40". These conditions, during 
the time required for polyacid formation, would seem to be rela- 
tively mild with respect to moisture sensitive drugs. Free-film 
absorption studies showed that only about 4 6 %  moisture was 
absorbed based on initial film weights. As shown in studies on 
water vapor transmission, the rate of permeation would be lowest 
during the time when films are being chemically modified to pro- 
duce water-soluble films. The time requirement for film modifica- 
tion would be expected to decrease as the temperature and humidity 
conditions are increased. Therefore, depending on the moisture 
sensitivity of the coated drug, chemical (film) conversion could be 
completed in short pretreatment storage times. 


Comp!ete conversion of the polyanhydride to acid was not dem- 
onstrated under the pretreatment conditions used in this study. 
Apparently, aqueous vapor tension was not adequate to complete 
this conversion in the solid state. It was hypothesized that films 
exposed to a given set of temperature and humidity conditions may 
undergo anhydride-acid conversion at the surface only to form a 
layer of the polyacid. This form would be readily capable of hydrogen 
bonding. Thus further moisture absorption would be preferentially 
bonded to the polyacid surface rather than penetrate this layer to 
cleave more of the polyanhydride. Imposing a water vapor gradient 
across polyanhydride films effectively allowed for moisture pene- 
tration resulting in chemical conversion to the polyacid. This con- 
version was reflected in a gradual increase in transmission rate 
until an apparent equilibrium was established and the water vapor 
transmission rate became constant. Unfortunately, films used in this 
study could not be accurately assessed for the percent anhydride 
to acid conversion at equilibrium due to the unexposed perimeter 
held between the cell gaskets. It was estimated that between 50-75x 
of the anhydride units were converted to the acid form during the 
water vapor transmission analysis due to the high aqueous tension 
and vapor pressure gradient. 


In vifro and in uivo release studies from film-coated tablets as well 
as studies on free-film dissolution, illustrated that only partial 
polyanhydride preconversion was necessary to produce film dis- 
solution and rapid release. Unmodified, free, and applied WM/MA 
films which were maintained at the maximum anhydride content 
were shown to possess reliable enteric release in the human sub- 
jects studied. In vivo, enteric release would seem to be mainly a 
function of the exposure to gastrointestinal moisture for a time 
sufficient to cleave and convert the polyanhydride. However, film 
solubility is also affected by pH, but this effect would appear to be 
secondary in significance. 


PVM/MA-triacetin systems offer notable advantages as new 
film-coating agents. Among these are the simplicity of solution 
preparation, the relative ease of application, and the hard, glossy 
mar-resistant films which are formed. Film conditioning to yield 
water-soluble films, did not affect physical appearance. With 
free-films however, it was noted that following the preconditioning, 


the increase in film polarity caused a slight increase in moist tack 
and slight decrease in plasticity. Spray coating with the two molec- 
ular weight grades of PVM/MA revealed that 448% w/v film 
solutions of either could be applied to tablets using the conditions 
described. Neither grade could be effectively applied in the absence 
of triacetin due to the inherent film brittleness resulting in coat peel- 
ing and chipping as a result of attrition and tablet-tablet adhesion. 
The inclusion of triacetin effectively reduced this tendency in the 
high molecular weight grade. Thus, film coating could be carried 
out with relative ease. The prominent, significant difference be- 
tween the low and high molecular weight grades appeared to be 
the high wet tack associated with the low molecular weight grade 
which made coating with this polymer very difficult. 


SUMMARY 


PVM/MA film systems were chemically modified in the solid 
state by mild humidity conditioning to produce water-soluble films. 
In vitro tests on free and applied films illustrated solubility and 
release dependency on the polyanhydride-polyacid ratio, i.e., the 
duration of moisture conditioning. In uiuo studies indicated that 
such films can be classified as soluble when properly preconditioned. 
In the absence of the preconditioning procedure, film systems 
were shown to possess enteric properties which would be mainly 
dependent on film exposure time to body moisture. 
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Infrared Attenuated Total Reflectance (ATR) Method 
for Observing the Water-Mediated Surface Phase Reversion 
of Methylprednisolone I1 to I During Dissolution 


W. I. HIGUCHI*, W. E. HAMLINt, and S. C. MEHTA* 


Abstract 0 The IR attenuated total reflectance spectrophotometric 
technique has been employed to demonstrate the surface reversion 
of methylprednisolone Polymorph 11 to Polymorph I in the presence 
of water. The process occurs rapidly enough (minutes) to account 
for the slower than expected dissolution rates of nondisintegrating 
pellets of Form 11 in water. The unusual effects of agitation upon 
the dissolution rate of Form I1 pellets are also thus explained. 


Keyphrases Methylprednisolone Polymorph 11-surface re- 
version, Polymorph I 0 Polymorphic reversion-methylpred- 
nisolone in water Solubility-methylprednisolone poly- 
morphs 0 Attenuated total reflectance spectrophotometry-poly- 
morph identity 


Recently, studies (1-4) were reported describing the 
dissolution rate behavior of the thermodynamically 
unstable polymorphs of methylprednisolone and sul- 
fathiazole in various solvents. It was deduced from the 
amount dissolved versus time plots that in certain 
solvents the higher energy forms of both sulfathiazole 
and methylprednisolone undergo simultaneous dis- 
solution and reversion to the more stable crystalline 
modifications. This is consistent with the crystal 
growth kinetics data (5) and with the idea that simul- 
taneous dissolution and reversion may take place 
when the crystal growth of the more stable phase 
occurs relatively rapidly near or below the solution con- 
centration corresponding to the solubility of the higher 
energy form. 


One of the systems of particular interest was methyl- 
prednisolone-water. Here (see Fig. 7 of Reference .?) 
the reversion of the unstable modification (11) to the 
stable one (I) appeared to begin immediately but took 
place relatively slowly. It was believed (3) that the 
unusual effects of the rate of medium agitation upon the 
relative dissolution rates of the two polymorphs were 
related to this. The data were attributed to a mixture 
phenomenon and a theory based on such a model was 
proposed. 


It occurred to one of the authors (W.E.H.) that a 
direct way of following the I1 --t I surface transforma- 
tion might be provided by the IR spectrophotometric 
attenuated total reflectance (ATR) technique. It was 
hoped that the method would firmly establish the 
postulated mechanism. 


This report describes the results of the ATR experi- 
ments for the methylprednisolone-water system. The 
data, consistent with earlier deductions, show that in 
the same time periods as in the dissolution rate experi- 
ments the I1 + I reversion occurs at the surface when I1 
is in contact with water. These studies also show that 
the ATR technique may be a powerful, unique tool in 
investigating similar situations in other systems. 


GENERAL CONSIDERATIONS 


According to the theory (3), the formation of a relatively thin 
surface layer of Form I on the surface of a Form I1 pellet should 
markedly affect the dissolution rate of the pellet. This is shown by 
an analysis of the following equation (3): 


Here R is the dissolution rate per unit area of the tablet, D is the 
diffusion coefficient, h is the effective liquid diffusion layer, L is 
the thickness of the Form I layer, E and T are, respectively, the 
porosity and tortuosity of this layer, and C P  is the solubility of the 
Form I1 phase. From Eq. 1 it can be seen that in the limit when 


the pellet should dissolve at the same rate as that for a pure Form 
I pellet. Here the solubility of the Form I phase, C2, 2 C,"/1.7 for 
methylprednisolone in water. Therefore when L = (0.7 e h ) / ~  the 
dissolution rate of an initially pure Form 11 pellet becomes in- 
distinguishable from a pure Form I pellet. 


From the experiments of Higuchi et al. (3) h 4 25 p €or agitation 
speeds around 150 r.p.ni. Reasonable values for E and T are 0.2- 
0.8 and 1.5-3, respectively. Therefore L in the neighborhood of 1- 
10 p should make a Form I1 pellet indistinguishable from a Form I 
pellet. 


The existence of such thin layers would be extremely difficult to 
reproducibly demonstrate by conventional methods (X-ray, IR). 
Thus after consideration of these other techniques the ATR method 
was selected, since penetration of the surface by the IR energy to 
the extent of 5-10 p was expected. 


EXPERIMENTAL 


Sample Treatment-Pellets of methylprednisolone Form I and 
Form I1 were prepared as before (3) by compressing the pure sub- 
stances in a Carver press. The die mounted pellets were exposed to 
water at 37" in the same apparatus as that employed in the dissolu- 
tion rate studies. A stirrer speed of 50 r.p.m was used in all cases. 


At predetermined times the die with the pellet was removed, the 
pellet surface was lightly contacted with lens tissue to remove the 
bulk of the liquid on the surface, and then the die was placed im- 
mediately in a vacuum desiccator. In all instances it appeared that 
removal of water from the pellet surfaces by the vacuum was com- 
plete in less than 1 min. The pellets were permitted to remain in the 
desiccator under vacuum overnight then removed from the die, 
and stored in a desiccator until the ATR experiments were per- 
formed. 


The ATR spectra were obtained with a double beam multiple 
internal reflection attachment (Wilks model 12) (7) and a 2-mm. 
thick internal reflector plate (KRS-5) at a 45' angle of incidence. 
The exposed surface of the pellet was brought into contact with the 
reflector plate in the solid sample holder. A drop of mineral oil at 
the interface of the reflector plate and the pellet surface facilitated 
good contact. The spectra were recorded with a grating IR spectro- 
photometer (Perkin-Elmer model 621). Duplicate spectra were ob- 
tained. 


Powder spectra were also obtained for both polymorphs em- 
ploying the KBr disk method. 
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Figure 3 - A T R  spectra .for ihe water-exposed surfaces of Form II 
pellets of methylprednisolone. Spectra I to IV correspond to exposure 
times o f  0, 2,30, and I20 min., respectively. Specirum V is that fo r  a 
Form l pe(let surface. 
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Figure 1-Powder l R  spectra for ihe two polymorphs of methyl- 
prednisolone obiained using the KBr disk merhod. 


RESULTS AND DISCUSSION 


Powder Spectra (KBr Disk)-Figure 1 shows the powder spectra 
for the two polymorphs obtained by the KBr disk method. These 
agree with those reported by Bernardo (6). Four frequency regions 
showing distinct differences between the two polymorphs have been 
designated A (158@1750 cm.-1), B (1075-1150 cm.-l), C (990- 
1075 cm.-l), and D (88&920 cm.-l) in Fig. 1. 


In Region A Form I shows three strong absorption peaks while 
Form I1 shows four distinct peaks with the two small peaks around 
1600 cm.-l appearing to be a splitting of the single strong absorp- 
tion peak at 1600 cm.-l in Form I. In Region B Form II exhibits 
three peaks of about the same intensity while in Form I a relatively 
strong absorption at around 1100 cm.-l, absent in Form 11, over- 
shadows the one at about 1190 cm.-l. The differences in Region C 
between the two polymorphs are obvious but more difficult to 
describe. The presence of a relatively strong peak at around lo00 
cm.-l in Form I that is absent in Form I1 is the most prominent dif- 
ference. In Region D Form 11 shows two peaks of comparable 
intensity at 890 and 910 cm.-l while Form I shows three peaks at 
810, 900, and 910 cm.-l with intensities increasing with increasing 
frequency. 


There are other differences in the powder spectra for the two 
modifications of methylprednisolone. However, these four regions 
were selected because, as will be seen, the most systematic changes 
occur in these regions of the ATR spectra of the Form I1 pellet 
surface. 


ATR Spectra-Figures 2 and 3 give the ATR spectra obtained 
from the pellets. Spectra I-1V give the typical results for the Form 
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Figure 2-ATR spectra for the water-exposed surfaces of Form II  
pellets of methylprednisolone. Spectra I to IV correspond to ex- 
posure times o f  0,2,30, and I20 min., respectively. Spectrum V is that 
for  a Form I pellet surface. 


I1 pellets exposed 0, 2, 30, and 120 min. to water, respectively. 
Spectrum V gives that for the Form I pellet surface. Most of the 
results obtained for the Form I1 pellets exposed up to 30 min. in 
water were reproducible. Variations in results obtained for longer 
(5 120 min.) exposure time were greater. 


First note that a comparison of Spectra I and V of Figs. 2 and 3 
and those for the powder (Fig. 1) shows the good agreement of the 
major absorption characteristics in the four regions A, B, C, and 
D. Except for some expected distortion in the ATR spectra, I in 
Figs. 2 and 3 agrees well with the powder spectra for Form 11, par- 
ticularly in Regions A, B, and D. Also V of Figs. 2 and 3 agrees well 
with the Form I powder spectra in all regions. The intermediate 
spectra, 11, 111, and IV--corresponding to increasing water ex- 
posure times, show increasing Form I character in all frequency 
regions. Even for the 2-min. exposure (Spectrum 11), there appears 
to be significant Form I character. This shows that appreciable 
conversion of Form I1 to Form I occurred even in this short time 
period. In 30 min. (Spectrum 111) the amount of the Form I1 -+ 


Form I conversion appears to be quite extensive. 
In order to eliminate the possibility that appreciable crystal- 


lization of Form I occurred during the vacuum drying of the pellet 
surface, ATR experiments were carried with pellets that were not 
dried. While the spectra in these instances were not always as well 
defined, the Form I characteristics were found in all experiments in 
good agreement with the above findings. 


While these results can be interpreted only semiquantitatively, 
there is little question that the transformation has occurred in the 
period of minutes. These results, therefore, support the conclusions 
based on the dissolution rate data (Fig. 7 of Reference 3) and the 
theory postulated for the unusual behavior of this system. 
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Mechanisms of Interphase Transport 11: Theoretical 
Considerations and Experimental Evaluation of Interfacially 
Controlled Transport in Solubilized Systems 


A. H. GOLDBERG* and W. I. HIGUCHI 


Abstract 0 Equations were derived to describe the transport rate 
of a solute from an aqueous environment to an oil phase present 
as finely dispersed droplets. The basic diffusion equations included 
the effects of micellar solubilization in the aqueous phase and an 
interfacial barrier at the o/w interface. Two separate experimental 
systems were evaluated by fitting data to the rates predicted theo- 
retically. System I was composed of polysorbate 80 as the surfactant, 
isopropyl myristate as the oil phase, and 2,3-bis-(p-methoxyphenyl)- 
indole as the drug solute. The second system was composed of 
mineral oil as the “sink,” dibutyl phthalate as the solute, and 
polysorbate 80. The aqueous phase of System I1 contained 75z 
sucrose to increase the viscosity. The experimental transport rates 
of the solutes most closely fit the rates predicted by the theory 
which assumes that an interfacial barrier was rate determining. 


Keyphrases 0 Interphase transport, mechanisms--solubilized sys- 
tems Interfacial barrier, effect-transport process 0 Diffusion, 
effects-drug transport rates 0 Oil phase, micron-sized spheres- 
infinite diffusion layer, production 


In a previous report (I)  mathematical relationships 
were presented that allowed predictions to be made for 
rates of transport of a solute from an aqueous solu- 
bilized system to a separate oil phase. The equations 
were based on first principles of diffusion, and con- 
sidered two separate cases. The first case considered 
was that for simple diffusion, while the second case 
considered the diffusional aspects of an electrical 
barrier to the transport process. An experimental 
approach to the study of the rates of transport was 
outlined. This technique, based on the use of micron 
size oil droplets as the “sink,” has a number of advan- 
tages over previously described methods. 


This present report is concerned with another situa- 
tion, that of an interfacial barrier, other than electrical, 
and its effect on the transport process. This report also 
presents the results of experimental studies with two 
different systems, embodying different solutes and 
different oil “sinks.” 


An experimental study of the role of adsorbed gelatin 
between the hexadecane-water interface has also been 
recently reported (2 ) .  


THEORETICAL CONSIDERATIONS FOR INTERPHASE 
TRANSPORT INVOLVING A GENERAL INTERFACIAL 


BARRIER AND MICELLAR SOLUBILIZATION 


In the case where the lipoidal phase consists of oil droplets, the 
barrier to the solute may arise from the interaction of the oil and 
the surfactant used to promote emulsification. The barrier may be in 
the form of monomeric adsorption of the surfactant onto the surface 
of the oil droplets. 


The equations derived for transport through this barrier may be 
presented in a general form so as to provide a means of evaluating 
the magnitude of the barrier without foreknowledge of the existing 
molecular mechanism. This derivation is again based on the steady- 
state diffusion model for the transport of a solute into the spherical 


( C b m  + C b ) .  ( C h  +Cb),  \ ( Cbdm + 


GEF I I t  
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’I 
’ I  
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Figure 1-Illustration of diffitsior2 of free drug plus drug in the 
mirelles from the aqueous phase to an oil droplet “sink” in the pres- 
ence of an interfarid barrier. 


oil droplet. It assumes two rates, GI, the rate through the aqueous 
phase, and Gz, the rate through the interfacial barrier of thickness 1. 
The transport rate through the aqueous phase is denoted by 


GI == 4ar2(Dddcd/dr f DdmdCdm/dr) 0%. 1) 


This equation is integrated between the following limits (see 
Fig. 1): 


C b  J dCdm) (Eq. 2) 
Cdm’ 


drlr2 = 4?r/’G1(Dd scIdb dCn 4- Ddm 1, 
which leads to 


GI = 4?r(a f l)[Dd(Cdb - cd’) f Ddm(cdmb - Cdm’)] (Eq. 3) 


The rate, Gz, through the interfacial barrier can be expressed as 


Gz =: 4ar2(PjddCd/dr + PfdmdCdm/dr) 0%. 4) 


where Pfd, the permeability coefficient of free drug through the 
interfacial film, may be defined as Ddk/l. The k suggests that this 
interfacial film is being treated as a separate phase. Likewise, Pfdn 
may be defined as &&’/I. If only one form of drug (e.g., the free 
drug) passes through the barrier, then the other form of drug (e.g., 
the micellized drug) has a permeability coefficient of zero. Assuming 
that the permeability coefficients are independent of oil droplet 
size and drug concentration, then integration of Eq. 4 from r = a to 


gives 
r = a f 1, c d  = cd’ to c d  = Cds, and Cdm = Cdm’ to Cdm = Cdrn’t 


The utilization of the relationship (3) 


Cdm = KCdCsoa 


and substitution into Eqs. 3 and 5 yields: 


GI = 4?r(a + 1) X 


or 
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By the same mathematical manipulations Eq. 5 becomes 


If Eq. 8 is solved for Cd,,', it is found that 


Substituting this value for the Cdm' of Eq. 9 gives 


Under steady-state conditions, GI = Gz. Therefore, solving for G 
gives 


G =  


Letting 


and 


and substituting these into Eq. 12 yields 


or 


If both the free and micelle-bound drug are capable of passing 
through the film, then r might be defined as 


If only one form of the drug is capable of film penetration, J? might 
be defined as 


If the micelle disrupts upon entering the film, then it is possible to 
use Eq. 17 to define I?, but the definition of P,dm must be modified. 
In any event, r can be used to denote a general interfacial barrier 
constant. 


After substituting the value of G from Eq. 16 into 


where V is volume (in milliliters of oil), the rate of uptake of solute 
by the oil can be expressed as 


When the concentrations of drug in the micelles (cbdm and Csdm) 
are transposed to oil concentration through the use of the apparent 
partition coefficient and a mass balance relationship, Eq. 20 can be 
written as (1) 


= (T) (A + D,,) (a - pCd,) (Eq. 21) 
dt KCwa 


where 


T 
(1 + 1/KC8aa)(l -- a = -  (Eq. 22) 


The T represents the total amount of solute per milliliter of emul- 
sion. The second constant associated with this transformation is 


(Eq. 23) = V/(1 + liKCsaa)(l - V )  + ( p ~  - PCOIW --) 1 1 


This equation can be integrated to 


where A = / 74~a ,  with n representing the number of droplets, 
assuming a monodispersed system. This expression predicts that 
the change of concentration of drug in the oil exhibits the same 
dependency on time as does the aqueous diffusion model equation: 


(from Eq. 29, Reference I) ,  with the exception of the interfacial 
barrier constant, r, in the exponential term. As this constant, r, 
approaches unity, the model approaches the simple diffusion model; 
the greater the barrier to transport, the smaller the interfacial 
barrier constant. 


Experiments may be designed to determine the presence or ab- 
sence of a barrier to the transport of a drug from an aqueous to a 
lipid phase. If no barriers are present, all of the parameters in- 
volved could be independently determined, and theoretical values 
of Cd,, predicted. These predicted values could then be compared 
to the values for Cdo obtained experimentally, and the curves 
matched. If the fit is poor, and it can be shown that there is no 
electrical barrier, then the experimental value of Cdo and its respec- 
tive time reduces Eq. 24 to one unknown which can then be solved 
for r. This value can then be used in Eq. 24 to predict Cdo values 
for other experiments involving changes in the amount of oil used 
as the lipoidal sink, and in the initial drug concentrations. Values 
for r can also be obtained at several surfactant concentrations, and 
the dependence of the interfacial barrier upon surfactant concentra- 
tion examined, at least qualitatively. 


EXPERIMENTAL 


General Considerations-In order to find the operating mech- 
anisms as proposed by the equations presented under Theoreticnl 
Considerations, experimental techniques must be used that would 
allow independent measurement of the involved parameters. These 
parameters may then be fitted to the equations, and theoretical 
values for the amount of drug in the oil can be calculated and then 
compared to those values experimentally determined. 


There are many criteria to be considered in choosing the system 
for detailed study. The system is composed of three parts: the oil, 
the surfactant, and the drug. The oil phase chosen must have the 
ability to form emulsions that are stable over the time range of the 
transport experiments, and should present an uncharged surface 
to the aqueous phase. It is best if it is not solubilized to any great 
extent by the surfactant system chosen, since the volume and size 
of the oil droplets are assumed to remain constant. Also, solubiliza- 
tion of the oil by the surfactant could lead to dual transport rates 
occurring simultaneously; the oil being solubilized, and the solute 
entering the oil. The oil, in order to function as a sink, must be a 
good solvent for the drug being studied. Lastly the emulsion formed 
by the oil should produce uniform droplets of less than 10 f i .  


The size and uniformity of the oil droplets are also a function of 
the surfactant and its concentration. The surfactant employed 
should not only be capable of producing this emulsion, but must 
be insoluble in the oil to prevent any dual transport or carrier 
effects. It must also serve to solubilize the drug. This solubilization 
should be a linear function of surfactant concentration for some 
reasonable range of surfactant. Linearity is necessary in order to 
evaluate the partition coefficient of the drug between the micellar 
and nonmicellar phases. For the initial studies, a surfactant which 
imparts no charge to either the oil or the micelle should be chosen. 


As already mentioned in conjunction with the requirements 
for choosing an oil and a surfactant, the drug chosen must also 
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fit into these requirements. It must be capable of being solubilized 
by the surfactant; its partitioning between the micelle and the 
solvent must be constant; it must exhibit a high o/w partition 
coefficient; it must exhibit low water solubility, and it should be 
uncharged. 


Experimentally, two cases will be examined, the aqueous diffusion 
controlled process and the interfacial barrier controlled process. 
These cases were investigated by the use of two separate systems. 
System I was composed of isopropyl myristate as the oil “sink,” 
the nonionic surfactant polysorbate 80, and the nonionic drug, 
2,3-bi~-(paramethoxyphenyl)-indole.~ Water was the solvent. 
After initial experimentation with this system, it was discovered 
that some isopropyl myristate was being solubilized by the poly- 
sorbate 80. Therefore, the aqueous phase of the system was changed 
from water to a saturated solution of isopropyl myristate in water 
or in water plus surfactant. All data collected independently of the 
rate experiments, as well as the rate experiments, were performed 
with the oil-saturated solvent. Additionally, further initial experimen- 
tation with System I showed that the rate of transport of a drug from 
the aqueous phase to the oil phase would be too rapid to measure 
physically, if the rate is controlled by diffusion through the aqueous 
phase. Assuming this might be true, and in order to facilitate 
physical measurements, a second system was chosen whose rate of 
diffusion through the aqueous phase would be much slower. System 
I1 was composed of mineral oil as the oil “sink,” polysorbate 80 
as the surfactant, and dibutyl phthalate as the drug. The solvent 
used conjisted of water containing 75% sucrose. The sucrose was 
added to increase the viscosity approximately 20-fold. It was hoped 
that this viscosity increase would slow the rate of transport of an 
aqueous diffusion-controlled model enough for physical evaluation 
of the rates of transport. All data for this system, including the rate 
experiments, were collected using a 75% sucrose solution as the 
solvent. 


Analytical Procedures-The only substances that required quan- 
titative analyses were the drugs. The concentrations of both indoxole 
and dibutyl phthalate were determined spectrophotometrically. 


Indoxole exhibits a A,,,. at 294 mp in 95% alcohol, with an 
absorptivity of 100.94 crn.-I (gj’I.)-l. The effect of various solvents, 
including solutions of polysorbate 80 do not significantly alter the 
absorptivity. Therefore, as long as the solvent was accounted for in 
the blank, the absorbance was found to be directly proportional to 
the concentration. The concentrations were calculated from the 
slope of the previously constructed Beer’s law curve. 


The concentrations of dibutyl phthalate were also determined 
spectrophotometrically at 274 mp, its wavelength of maximum 
absorbance. The absorptivity was found to be 4.474 cm.-I (gJL-1. 
Similar to indoxole, the absorbance exhibited the same propor- 
tionality to the concentration, regardless of solvent, provided that 
the solvent used for dibutyl phthalate also appeared in the blank. 


Experimental Methods-The testing of the equations previously 
outlined required that five different parameters be independently 
determined. These are, for both systems: 1. the solubility of the 
drug in both the solvent and the oil; 2. the diffusion coefficient of 
the drug in the solvents; 3. the equilibrium constant of partitioning 
of the drug between the micellar and nonmicellar phases; 4. the 
thermodynamic and apparent partition coefficients of the drugs 
between their respective oils and aqueous phases; 5. the particle 
size distribution of the emulsion; and 6.  the rates of transport. 
Several assumptions, made under “Theoretical Considerations” 
must be shown to be valid. These are: that the particle size dis- 
tribution does not change in the time it takes to complete a rate 
experiment, and that the micellar-nonmicellar partition coefficient 
exists, and is constant below saturation. Rate experiments can then 
be utilized to permit the evaluation of the theory. 


I .  Solubility Studies-An excess of indoxole, plus an excess of 
isopropyl myristate was added to distilled water, and shaken on a 
wrist action shaker2 at 30.0” until equilibrium was attained. A 
portion of the suspension was rapidly filtered through a 1Oo-mM. 
pore size membrane.3 The filtrate was suitably diluted and the ind- 
oxole concentration determined spectrophotometrically versus 
a similarly prepared blank. 


2,3-Bis-(paramethoxyphenyl)-indole is the chemical name of the 
generic drug, indoxole, which was supplied by the Upjohn Co., Kala- 
mazoo, Mich. 


Burrell Corp., Pittsburgh, Pa. 
Millipore Co., Bedford, Mass. 


The solubility of indoxole in isopropyl myristate was obtained in 
the same manner, i.e., equilibration, filtration, dilution, and spectro- 
photometric ana1,ysis. 


The solubility of dibutyl phthalate in the aqueous solvent was 
determined by adding an excess of the drug to 75 % sucrose solution. 
The mixture was shaken at 30.0” on the wrist action shaker until 
equilibrium. A portion of the mixture was then filtered, and the 
concentration of dibutyl phthalate determined spectrophotometri- 
cally after suitable dilution. 


Since dibutyl phthalate is totally miscible with mineral oil (the 
oil “sink”), no direct solubility of the drug in the oil could be ob- 
tained. 


2. Diffirrsion Coefficient Determinations-The integral diffusion 
coefficients were determined from steady-state transport data 
through a membrane. The method used was reported previously 
(4), but was used with several modifications for determining D d m ,  


the diffusion coefficient of the drug in the micelle. For a drug 
diffusing across a membrane, the rate can be defined at steady-state 
as 


G = LDAC (Eq. 26) 


where G is the rate, D the diffusion coefficient, AC the concentra- 
tion gradient, and L the cell constant, derived experimentally from 
the diffusion of a drug for which the diffusion coefficient is known. 


The solvent used for System 11 contained 75% sucrose. There- 
fore, it was necessary to determine if this great viscosity increase 
affected the cell constant. This was done by invoking the Stokes- 
Einstein relationship of the diffusion coefficient to the viscosity. 
This relationship shows the dependency 


where 7 is the viscosity and k the other terms of the Stokes-Einstein 
equation. If this is valid, then 


(Eq. 28) 


The ratio of the viscosities of benzoic acid solution, 0.01 M, in 
75% sucrose and in water was measured, and the theoretical 
diffusion coefficient of benzoic acid in 75% sucrose solution was 
calculated. A diffusion experiment of 0.01 M benzoic acid in 7 5 z  
sucrose solution was performed, and the cell constant, L, calculated, 
employing the theoretical diffusion coefficient previously calculated. 
The cell constants did not appear to be significantly different from 
the cell constants obtained from benzoic acid trials In water. 


3. Determination of the Micellar-Nonmicellur Partitioning Con- 
stant for the Solutes-Previous reports have evaluated this constant 
using either the following relationship (3) or ones similar to it: 


c d m  = KCdc.,, (Eq. 6)  


where K is the pseudo-equilibrium constant. The methods used to 
experimentally determine this constant have all been based on 
equilibrium data, and have assumed that this same K exists and is 
valid at concentrations below saturation. This is a reasonable 
assumption, and will be shown to be valid. 


In order to determine K from saturation data, an excess of drug 
is added to solutions containing various concentrations of surfac- 
tant. At equilibrium, a graphing is made of the total amount of drug 
per volume in solution versus concentration of surfactant. Above 
the CMC, the slope of the linear portion of the curve equals K.Cd, 
where K is the pseudo-equilibrium constant, and C d  is the concen- 
tration of drug solubilized by the solvent without surfactant present. 


For System 11, a different method had to be used to determine the 
approximate solubility of the drug in polysorbate 80 solutions, 
because the polysorbate 80 was soluble in the dibutyl phthalate. 
Ten culture tubes were filled with 10 ml. of solvent (75% sucrose in 
water plus surfactant). Dibutyl phthalate was added in increments 
of milligrams per milliliters of solvent, and allowed to equilibrate 
at 30.0”. At some point, no additional dibutyl phthalate was dis- 
solved, and a cloudiness appeared. The concentration of dibutyl 
phthalate in the last clear tube was assumed to be the solubility 
of the dibutyl phthalate in that solvent. Six sets of these tubes were 
treated in a like manner, representing polysorbate 80 concentrations 
of 0.5 to 3.0%. The K obtained by this method is not the true ther- 


DHzn ? ) S U ~ ~ O S D  ___ = _- 
DSUCrOSE ~ H ? O  
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Table I-Solubilities of Indoxole and Dibutyl Phthalate 


Drug 
Solubility, 


Solvent mg./ml. 
~~ 


Indoxole Water saturated with iso- 6.86 X 
propyl myristate 


Dibutyl phthalate 75 Sucrose soln. 2.57  X lorz Isopropyl myristate 25.67 


Mineral oil Total miscibility 


modynamic value, but represents the minimum that the thermo- 
dynamic value would assume. 


The value for K ,  below solute saturation concentration, can be 
shown to be constant and can be measured through the use of an 
intermediate immiscible phase. If the partitioning of a solubilized 
drug between an oil and a surfactant solution is examined, the ex- 
pression for the apparent partition coefficient can be written as: 


where PC,,,. is the apparent partition coefficient, c d o  CO~CentratiOn 
of drug in the oil, Caq. the concentration of drug in the aqueous 
phase (total surfactant solution concentration). The aqueous phase 
concentration then in turn can be expressed as the sum of the 
concentration found in the nonmicellar phase (Cd) and the concen- 
tration of drug in the micellar phase (Cdm). The reciprocal of Eq. 29 
is 


If the value of Cdm is taken to be that expressed by Eq. 6 then Eq. 30 
can be rewritten to 


The expression (cd/cdo) is actually the reciprocal of the true parti- 
tion coefficient. When a graph is made of the reciprocal of the 
apparent partition coefficient versus the concentration of the sur- 
factant, a straight line should result, hith an intercept equal to the 
reciprocal of the thermodynamic partition coefficient and a slope 
equal to K.Cd/Cd,. If C d  is taken to be the saturation solubility 
of the drug in the solvent without surfactant present, and Cd0  is 
taken as the drug's oil solubility, the value for K can be calculated. 
This value can be obtained at any degree of saturation of the 
aqueous phase. 


4. Determination of the Apparenf Partition Coefficient-Several 
methods exist for determining the partition coefficient of a drug 
between an oil phase and an aqueous phase. The following method 
was chosen. A known volume of oil was added to a known volume 
of aqueous phase containing predetermined concentrations of drug 
and surfactant. This two-phase system was then shaken on a shaker 
a t  30.0" until the drug was equilibrated between the two phases. 


0.3 - 


0 z 


0.1 1 I I f I I I 


1 2 3 4 5 6 
TIME, (HOURS FROM FIRST SAMPLE) 


Figure 2-Diffusion rate data of indoxole in I.O% polysorbnte 80 
through the diffusion cell. 


The aqueous phase was then separated from the oil phase by 
filtration and the drug concentration within the aqueous phase 
determined. The amount of drug initially present, minus the 
amount of drug found in the aqueous phase at equilibrium, repre- 
sents the amount of drug in the oil. This amount divided by the 
volume of oil equals the concentration of drug in the oil at equilib- 
rium. The equilibrium concentration of drug in the oil (mg./ml.) 
divided by the equilibrium concentration of drug in the aqueous 
phase (mg./ml.) is the apparent o/w partition coefficient. 


The thermodynamic partition coefficient is defined as the par- 
titioning of the drug between the oil and the pure solvent. For 
System I, the thermodynamic partition coefficient of indoxole 
between isopropyl myristate and water saturated with isopropyl 
myristate, could not be obtained experimentally due to the ex- 
tremely low water solubility and high oil solubility of indoxole. 
Therefore, this value was assumed to be the solubility (mg./ml.) of 
indoxole in isopropyl myristate divided by the solubility (mg./ml.) 
of indoxole in water saturated with isopropyl myristate. For a 
similar reason, the high oil and low aqueous solubility of dibutyl 
phthalate, the thermodynamic partition coefficient for System I1 
also could not be experimentally determined. In addition, since the 
dibutyl phthalate is completely miscible with the mineral oil, no 
oil solubility could be determined. Therefore the reciprocal of the 
intercept obtained from a graphing of l/PC,,, tiersus C,,, was 
assumed to be the true partition coefficient. 


5. Particle Size Distribution Determination-The particle size 
determinations and the distribution of particle sizes was determined 
using a counter4 and a particle analyzer.6 Mass balance was evalu- 
ated by determining the phase volume of oil present in a given 
volume of sample. The phase volume (@) of the particles can be 
expressed as 


@ = n(V) VdV m. 32) 


where n( V) is the number of particles of volume V. A graph is made 
of n .  V versus V. The area under such a curve represents the total 
volume of particles present, per total volume of sample tested. 


In the systems employed in this study, the particles are formed by 
emulsification of the oil used as the sink. The particle size distribu- 
tion of the emulsion droplets was checked initially, as well as after 
the rate experiments to ensure that the particle size distribution did 
not change. A value for the radius of the particles to be used in the 
theoretical calculations can be determined from the particle size 
distribution. If it is assumed that the emulsion is composed of uni- 
formly sized droplets of that radius, then by 


n . 4/3~r3  = total volume of oil present (Eq. 33) 


a value for the number of particles present can be calculated. 
6. Rate Experiments-In order to perform rate experiments with 


the emulsion systems, a technique was developed that allowed rapid 
separation of the oil phase from the aqueous phase (5 ) .  To perform 
the rate determinations, stock solutions were prepared varying in 
both surfactant concentration and drug concentration. An emulsion 
stock was also prepared. At time zero, an amount of the emulsion 
was added to the stock solution of drug and surfactant in propor- 
tion to the oil concentration desired. The flask was then shaken at 
30.0". Samples of at least 3 ml. were withdrawn at appropriate time 
intervals and immediately fikered. When approximately one-half of 
the sample was filtered, the time was recorded and taken to be the 
time at which the sample was taken. Each sample was then suitably 
diluted, and analyzed for the drug concentration. The amount of 
drug that bad been lost from the aqueous phase was assumed to be 
in the oil phase. That amount of drug, divided by the amount of oil 
present, was denoted as the concentration (mg./ml.) of drug in the 
oil (cdo) at that time. 


In System I, the stock emulsion of 10% isopropyl myristate was 
prepared by adding 3 ml. of isopropyl myristate to 27 ml. of a 1 % 
polysorbate 80 solution, previously saturated with isopropyl myris- 
tate, in a 100-ml. shaking cylinder. After shaking, the emulsion was 
passed three times through a hand homogenizer. The emulsion was 
then placed on a wrist action shaker to permit the completion of 
the rapid phase of coalescence. 


' Coulter Electronics, Franklin Park, Ill. 
6 400 Channel R.I.D.L., Radiation Instrument Development Labora- 


tories, Melrose Park, Ill. 
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Table 11-Data from Diffusion Coefficient Studies 


Concn. G- 1 


Cell Employed, mg./sec. 
Drug Solvent Constant mg./ml. x 106 Dea, sec.-1 Db, sec.-I 


2,3-Bis-(para- 1 % Polysorbate 80 17.07 0.2408 2.889 
methoxypheny1)- saturated with IPMc 17.28 0.2408 3.500 
indole 


H20 saturated with - - - 
I P M  


Dibutyl phthalate 0 . 5  % Polysorbate 80 84.49 0.5454 1.485 
in 75 % sucrose soh. 88.03 0.5454 1.916 


1 . 0 % Polysorbate 80 84.11 1.1120 3.044 
in 75 % sucrose soh. 96.39 1.1120 3.488 


2.0 Polysorbate 80 97.28 2.1234 3.86 
in 75'3, sucrose soh. 102.33 2.1234 4.08 


- - - 75% Sucrose 


7.03 x 10-7 - 
8.41 x 10-7 - 


- 6.38 X 
Mean 7.72 X Mean 7.62 X lo-?* 


3.22 x - 
3.99 x 10-8 - 


Mean 3.13 X Mean 3.61 X 10-8 
- 3.26 x 10-8 


3.25 X - 
Mean 3.26 X 10-8 Mean 3.01 X 


1.87 X 
1.88 x 10-8 


Mean 1.87 X 


- 
- 


Mean 1.74 X 
- 2.30 x 10-78 


Q Calculated from Eq. 26. 6 Calculated from Eq. 34. c IPM = isopropyl myristate. d Calculated from Eq. 35. e Calculated from Eqs. 35 and 
28. 


For the rate determinations, 20 ml. of drug-polysorbate 80 stock 
solution was placed into a 50-ml. volumetric flask. At time zero, 
5 ml. of the emulsion was added to this flask. Samples were with- 
drawn at suitable time intervals and immediately filtered. After 
suitable dilution of each sample, the indoxole concentration was 
determined by spectrophotometric analysis. 


For System 11, the stock emulsion was prepared by adding 150 
ml. of aqueous phase, consisting of 75 % sucrose and 0.1 % poly- 
sorbate 80, to a blender.6 The blender was started and 50 ml. of 
mineral oil was added very slowly. At the end of 5 min., the blender 
was turned off, and the emulsion placed on a wrist action shaker 
(Burrell) for 24 hr. to permit the completion of the rapid phase of 
coalescence. 


For the rate experiments, either 4 ml. of emulsion was added 
to 46 ml. of drug stock solution (2% final oil concentration) or 2 ml. 
was added to 48 ml. of stock solution (1  % final oil concentration). 
The concentration of drug in the stock solution varied with the 
experiment. 


RESULTS AND DISCUSSION 


The results of the experiments of each system will be detailed 
separately. The significance of each result will be discussed sequen- 
tially, but the overall relationships will be presented when the re- 
sults of the rate experiments are discussed. 
1. Solubility Studies-The solubilities of indoxole in the solvent 


(distilled water saturated with isopropyl myristate) and in the oil 
(isopropyl myristate) are shown in Table I. The solubilities of di- 
butyl phthalate in its solvent (75% sucrose solution) and its oil 
phase (mineral oil) is also given in Table I. 


I I 
-1 


100 200 300 400 
TIME, (HOURS FROM FIRST SAMPLE) 


Figure 3-Diffusion rate of dibutyl phthalate in 75 % sucrose soh- 
tion containing 0.5 % polysorbate 80 through the diffusion cell. 


2. Diffusion Coefficient Determinations-The water solubility 
of indoxole is so low as to make experimental determination of its 
diffusion coefficient in water unfeasible. However, the value of Dd 
was computed using the Stokes-Einstein equation 


(Eq. 34) 


where k is the Boltzman constant, T the absolute temperature, q 
the density of the solvent, and r the radius of a single molecule. 
The value of Dd, the diffusion Coefficient of indoxole in the solvent, 
calculated in this manner is 4.38 X 


The diffusion coefficient of indoxole in 1.0% polysorbate 80 
solution presaturated with isopropyl myristate was determined using 
the cells previously described (4). A filter,? 37 mm. and 0.9 p pore 
size, was used as the membrane. The rate of transport of indoxole 
from Flask I1 to Flask I of the diffusion cell is shown in Fig. 2. 
The cell constants, concentration, efc. ,  are tabulated in Table 11. 
The diffusion coefficient, as derived by using the rate of transport 
data in Eq. 26, is really the effective diffusion coefficient. The in- 
tegral diffusion coefficient of the drug in the micelle, Ddm, is cal- 
culated from the following relationship 


cm.2 sec.-l. 


For indoxole in 1 :% polysorbate 80 presaturated with isopropyl 
myristate, D ,  is found to be 7.72 X 10- cm.2 sec.-l, and Ddm 
calculated to be 7.62 X cm. * sec.-l. 


5 '  


4 -  


2 3  - 


100 200 300 400 


Figure &-Diffusion rate of dibutyl phthalate in 75% sucrose solu- 
tion containing 1.0 % polysorbate 80 through the diffirsion cell. 


TIME, (HOURS FROM FIRST SAMPLE) 


6 Waring Products llivision, Winsted, Conn. 
7 Gelman Industries, Ann Arbor, Mich. 
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Figure 5-Diffusion rate of dibutyl plzthalate in 7 5 z  sucrose solu- 
tion containing 2.0% polysorbate 80 through the diffusion cell. 


The water solubility of dibutyl phthalate was also too low for 
experimental determination of its diffusion coefficient; therefore, 
it was calculated by means of Eq. 34. The theoretical value was 
found to be 4.70 x 10-6 cm.2 sec.-l in water. However, the solvent 
employed in this second system is 75 z sucrose solution. By measur- 
ing the relative viscosity of a 75 sucrose solution (20.46) and using 
Eq. 28, the diffusion coefficient of dibutyl phthalate in 75 sucrose 
solution is calculated to be 2.30 X 


The diffusion coefficients of dibutyl phthalate in solutions varying 
in surfactant concentrations were experimentally determined in the 
previously described cells using a silver membrane.* The effective 
diffusion coefficients were calculated using Eq. 26 and rates of trans- 
port data shown in Figs. 3-5. The integral diffusion coefficients, 
calculated using Eq. 35, are reported in Table I1 along with the 
other parameters involved in their determination. 


Before determining the diffusion coefficients, it had been dis- 
covered that the sucrose solutions promoted mold growth upon 
standing. Therefore, since about 3 weeks were required for the 
determination of the diffusion coefficients, all solutions had to be 
sterilized before use. The sucrose was sterilized by ethylene oxide 
gas and the polysorbate 80 solutions of various concentrations by 
passing the solutions through a silver filter of 0.2 p pore size. Under 
aseptic conditions the preweighed sucrose was quantitatively 
transferred to presterilized volumetric flasks, the polysorbate 80 
solutions added, and brought to volume with sterile water for in- 
jection, USP. The cells were sterilized with alcohol, and filled 
aseptically. Sampling was performed, as aseptically as possible, 
using sterile pipets. 


3. Determination of the Micellar-Nonmicellar Equilibrium Con- 
stants-As discussed under Experimental Methods, this constant is 
derived from the slope of the line obtained from equilibrium solu- 
bility studies above the CMC of the surfactant. The results ob- 
tained for the indoxole-polysorbate 80 system are graphically 
shown in Fig. 6. The slope of this line (determined by least 
squares) was found to be 0.532. When this value is divided by C d  
(6.86 X lo-* mg./ml.) it yields the value 775.51. This is the pseudo- 
equilibrium constant for the partitioning of indoxole between the 
micellar and nonmicellar phases. 


The results for the dibutyl phthalate system are depicted in 


cm.2 sec.-l. 
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- 
1.5 


? 
6 1.0 w 


X 
0 
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5 0.5 


POLYSORBATE 80, '% v/v 


Figure &Equilibrium solubilities of iizdoxole as a function of poly- 
sorbate 80 concentrations. 


* Selas Flotronics, Spring House, Pa. Flotronics membrane 37 mm., 
1.2 p pore size. 
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Figure 7-Equilibrium solubilities of dibutyl phtliulate as u furictioiz 
of polysorbate 80 corzcentrutions. 


Fig. 7. The slope of this line (determined by least squares) was 
found to be 2.178. When this value is divided by the solubility of 
dibutyl phthalate in 75 sucrose without surfactant present (2.57 X 
10-2 mg./ml.), it yields the pseudo-equilibrium constant of 84.73. 
The linearity of the data from both systems indicates that above the 
CMC, the additional surfactant increases the number of micelles, 
but does not alter the size and/or shape of the micelles at  the sur- 
factant concentrations employed. 


Evidence for the constancy of these K values below solute satura- 
tion concentrations is presented under the subheading of Deter- 
mination of the Apparent Partition CoeBcierit. 


4. Determination of the Apparent Partition Coefficient--Table 
111 lists the partition coefficients, the volumes of aqueous phase, 
and the initial concentrations used to study the apparent partition 
coefficients of indoxole between isopropyl myristate and various 
concentrations of polysorbate 80. Figure 8 shows the relationship 
between the reciprocal of the partition coefficient to the concentra- 
tion of surfactant employed. The solid line is theoretical, being 
derived from solubility data obtained at saturation. The points 
were experimentally determined from partition coefficient data at  
concentrations below saturation. The fact that the two slopes (the 
theoretical and the experimental) are in agreement indicates the 
validity of the assumption that there exists a K between C,,, and Cd 
that holds below as well as at saturation. The line appears to pass 
through the origin, however, it has an extremely small intercept due 
to the high thermodynamic o/w partition coefficient. This partition 
coefficient is chosen as C,,/C,, and is calculated to be 3.74 X lo4. 


Similarly, the results of the partitioning experiments of dibutyl 
phthalate between mineral oil and 75 sucrose solutions containing 
various concentrations of surfactant is given in Table 111 and Fig. 9. 
Table IV gives the results of a study that shows the constancy of 
the partition coefficients as functions of both drug and oil concen- 
trations. The reciprocal of the intercept of the line in Fig. 9 
denotes the o/w partition coefficient of dibutyl phthalate, and was 
found to be 667.0. This value represents the minimum value, as 
previously discussed under Experimentul Methods. 


5. Particle Size Distribution Determination-The particle sizes 
of the droplets formed when isopropyl myristate was emulsified 
with polysorbate 80 were measured with the counter using a 30-p 
aperture tube and with the particle analyzer using calibrations of 
1.17 p diameter latex particles. The mass balance calculated using 
this data and Eq. 32 was approximately 20% of the oil added; 
thus indicating that 80% of the oil was present as droplets with 
radii smaller than 0.585 p. The largest particles found had radii 
of 1.13 p, but were very few in number (see the 160th channel in 
Fig. 10). This size range was verified by microscopic examination. 
For calculations involving the radii of the particles, it was assumed 







Table 111-Apparent Partition Coefficients for Indoxole and Dibutyl Phthalate 


VOl. of 
Polysorbate 80, Initial Drug Saturation, Aqueous Partition 


Concn., mg./ml. % Phase, ml. Vol. of Oil Phase, ml. Coefficient % 


0.25 
0.50 
0.75 
1 .OO 
1.25 
1.50 
1.75 
2.00 


0.0510 
0.1174 
0.1744 
0.2849 
0.3022 
0.3607 
0.4281 
0.5252 


2,3-Bis-(paramethoxyphenyl)-indole 
56.9 20 
52.7 
49.0 
58.3 
48.6 


20 
20 
20 
20 


47.8 20 
48.2 20 
51.4 20 


0 . 5  
0 . 5  
1 .o 
i . O  
1 . 0  
1 .o 
1.0 
1 .o 


220.72 
81.66 
66.55 
48.81 
34.26 
33.48 
ii .94 
23.62 


Dibutyl phthalate 
0.5 0.2408-0.6021 - 50 (0.1-0.2) 127. I5 
1 . o  0.4816-1.2042 - 50 (0.5-1.0) 60.13 
1.5 1.0838-1.8062 __ 50 (1.0-2.0) 44.90 
2 .0  1.4450-2.4082 - 50 (1.0-2.0) 33.41 - 


that the majority of particles had radii of 0.5 p. Assuming mono- 
dispersity, the number of particles present was calculated using 
Eq. 33 and was found to be 3.9 X 1OlD partides per milliliters of 
emulsion containing 2.0% isopropyl myristate. 


A different emulsion was employed for the dibutyl phthalate- 
mineral oil system, whose particle size was much coarser. The data 
are shown in Fig. 11. A 50-p aperture tube was used, and was cali- 
brated with latex particles having a diameter of 2.05 p. The singlet 
peak appears on the 20th channel, the doublet on the 50th channel, 
and the triplet on the 80th channel (see Fig. 11). The mass balance 
found from the data (Fig. 12) and Eq. 33 was about 67% of the oil 
added. Therefore, only 33 % of the oil present had a particle size of 
less than 1.025 p radius. By dividing the area under the curve (see 
Fig. 12) in half, it was determined that the middle third of the volume 
of oil was composed of oil droplets having radii between 1.025 
and I .215 p. The mean of these values, 1.12 p, was used for calcula- 
tions requiring the radius of the oil droplet. Assuming mono- 
dispersity and using this value in Eq. 33 gives the number of drop- 
lets present as 2.52 X lo9 per milliliter of emulsion for a 2 % mineral 
oil emulsion. 


The ability to reproduce the particle size distribution from one 
emulsion to another is shown in Figs. 13a and 136. The emulsion 
in Fig. 13a was prepared separately from the emulsion shown in 
Fig. 13b. It was also assumed under Theoretical Considerations 
that the particle size distribution remains constant for the duration 
of the rate experiments. A comparison of the size distributions 
obtained at the start of a rate determination, and 2 hr. after the 
experiment, validates this assumption (see Fig. 13c). 


6. Rate Experiments-The results of the rate experiments will 
be discussed in relation to the three mechanisms proposed, i.e., 
the simple diffusion model, the interfacial barrier model. and the 


CASE A-Simple Diffusion-The first studies involved the ind- 
oxole-isopropyl myristate-polysorbate 80 system. Initial rate experi- 
ments presented the first obstacle, dual transport. This is depicted 
in Fig. 14, which shows the rate of loss of indoxole from a 1% 
polysorbate 80 solution to the isopropyl myristate oil droplets. 
The first sample time (10 min.) has the lowest concentration found 
in the aqueous phase. The next several points indicate that the 
indoxole is returning to the aqueous phase, until approximately 
I80 min. have elapsed, when an equilibrium is established. If parti- 
tion coefficient data is used to predict the equilibrium value, the 
predicted value is 48% lower than the equilibrium actually estab- 
lished. When the portion of the curve depicting the reappearance of 
the indoxole in the aqueous phase is extrapolated to time zero, the 
intercept for the concentration of indoxole is exactly that concen- 
tration predicted for the equilibrium value from partition coefficient 
data. From this data it was hypothesized that the isopropyl myris- 
tate was being dissolved by the polysorbate 80 aqueous phase, 
thereby changing the apparent partition coefficient. When this 
experiment was repeated using an aqueous phase presaturated 
with isopropyl myristate, indoxole did not reappear in the aqueous 
phase. Therefore, it was decided that all aqueous solutions should 
be presaturated with isopropyl myristate and used for data collected 
for this system. 


New rate experiments were performed using oil presaturated 
solvents (polysorbate 80, 1 and 2%) and sampled at approximate 
60-sec. intervals. Measurable amounts of indoxole were transported 
into the lipid phase, as depicted in Fig. 15. When the separately 
measured parameters were fitted to Eq. 25 and values for c d o  (the 
concentration of indoxole in the isopropyl myristate) were calcu- 
lated, it was seen that the experimental rate of transport was ex- 


electrical barrier model. AISO, under each of these divisions, the 
indoxole-isopropyl myristate-polysorbate 80 system will be dis- 
cussed separately from the dibutyl phthalate-mineral oil-polysorbate 


Table IV-Data from Dibutyl phthalate partition Coefficient 
Studies 


80 system. 


;II) 0.03 


Partition 
Polysorbate DBPa/mg. Mineral Coefficient, 


80, % 50 ml. Oil, ml. apparent 


0.5 12.04 0.1 
30.10 0 . 2  


1 .o 24.08 0.5 
Mean 


129.36 
124.95 
127.15 
58.22 


~ 


0.5 1.0 1.5 2.0 
POLYSORBATE 80, %. v/v 


Figure 8-Reciprocal of the appareitt partition coeficients of in- 
doxole as a function of polysorbate 80 concentratioit. Key: Solid 
h e ,  theoretical line f rom solubility data; points, experimentally de- 
termined data. 


36.12 1 .o 62.59 
60.21 1 . 0  59.59 


1.5 54.19 1 .o 46.43 
72.25 1 .o 44.13 
90.31 1 .o 48.07 
90.31 2.0 40.98 


Mean 44.90 


Mean 60.13 


~ 


Dibutyl phthalate. 
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Figure %Reciprocal of the apparent partition coeficients of di- 600 
butylphthalate as afunction of polysorbute 80 concentration. 


ceedingly slow as compared to the theoretical simple diffusion rates 


was that Eq. 25 was valid for predicting equilibrium values, thus in- 


9 v )  


400 
(see Fig. 15). In fact, theoretically, equilibration should have oc- 
curred in less than 1 sec. The insight gained from these experiments 


dicating that the limits of integration used in deriving the equation 
200 
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Figure 11-Particle size distribution of the mineral oil emulsion. 


was correct. However, examination of the results of these experi- 
ments with Eq. 25 also indicated that diffusion through the aqueous 
phase was not rate limiting. It was then postulated that there might 
be an interfacial barrier present, that would reduce the rate, and 
would give r, the interfacial barrier constant a value less than one. 
One of the possible barriers conceived of was steric arrangement 03 
the polar portion of the isopropyl myristate molecule. Another was 
an interaction at the surface of the oil droplet between the isopropyl 
myristate and the polysorbate 80. 


To minimize the possible effects of a polar oil, isopropyl myristate 
was changed to mineral oil. Unfortunately, indoxale was not suffi- 
ciently soluble in the mineral oil, thereby necessitating selection of a 


CHANNELS 
4.52 10.54 16.56 22.59 


VOLUME (X 101%) 


Figure lQ-Particle size distribution of the isopropyl myristate 
emulsion. oil emulsion. 


Figure 12-Integral curue used to find the phase volume OJ the mineral 


1348 0 Journal of Pharmaceutical Sciences 







800 


200 


20 40 60 80 100 20 40 60 80 100 20 40 60 80 100 


A )  Emulsion 1, T= 0 B) Emulsion 2 ,  1-0 C) Emulsion 2 ,  T=2 hrs. 
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Figure 13-Comparison of the particle size distributions of a mineral oil emulsion as a function of reproducibility and time. 


new drug which satisfied the requirements listed in the General 
Considerations section of Experimental. Dibutyl phthalate was 
selected as the drug, and the surfactant polysorbate 80 was used 
again in this study. It was also decided to increase the viscosity 
of the aqueous phase to possibly slow the rate to facilitate physically 
measuring the amounts of dibutyl phthalate transported. All param- 
eters such as partition coefficients, solubilities, diffusion coefficients, 
etc., were determined using 75% sucrose as part of the solvent. 
All emulsions were also prepared containing 75% sucrose in the 
aqueous phase. By trial and error it was discovered that emulsions 
prepared with 25% mineral oil in 2.0% polysorbate 80 and 75% 
sucrose in the aqueous phase produced rates of transport too rapid 
to measure. However, when the percentage of polysorbate 80 in the 
aqueous phase was reduced to 0.1 %, rates of transport were 
achieved that were easily measured. This emulsion formulation 
was then used in all further rate determinations. 


All the rate experiments were performed using the wrist action 
shaker to maintain homogeneity throughout the system. The speed 
control handle was set at the 1.5 position. If the chosen setting was 
increased to 3.5, the contents splashed slightly over the top of the 
container. However, when the results of a rate experiment per- 
formed at the 3.5 setting is compared to the results obtained at the 
1.5 setting (Fig. 16) it is observed that there is only a small change in 
rates of transport as a result of a large change in shaking rate. 


Rate experiments involving various concentrations of surfactant, 
drug and oil were conducted, and the results are shown in Figs. 
17-21. The solid lines represent a visual fit of the data points. 
Figure 17 represents the rates of transport of dibutyl phthalate from 
the aqueous phase to the mineral oil which comprises 2% of the 
total volume of the system. The concentrations of dibutyl phthalate 
empfoyed are in the relative concentrations of 1 ,  2, and 4, while the 
surfactant concentrations are about 0.5, 1.0, and 2.0%, respec- 
tively. This combination of relative concentration and surfactant 
concentration was used to keep the percent saturation of the 
aqueous phase constant. The 2.0 % surfactant solution, which 


10 30 60 90 120 330 400 
TIME, min. 


Figure 14-Preliminary study of the rate transport of indoxole 
from 1.0 % polysorbate 80 solution to the isopropyl myristate. 


contains the greatest amount of drug, produces the greatest con- 
centration of drug in the oil. The equilibrium values obtained from 
the rate data fit the equilibrium values predicted from data collected 
independently quite well. However, when the independent data are 
used to solve for theoretical C,,, values based on simple diffusion 
(Eq. 25), there is no agreement, as can be seen by comparing the 
theoretical values (represented by the dashed line, Figs. 17-21) 
and the experimental data. 


Rate data obtained when the concentration of drug is maintained 
constant, while the concentration of surfactant varies, are shown in 
Fig. 18. Equilibrium values again agree with theory. The system 
providing the highesi values for the dibutyl phthalate concentration 
in the mineral oil is the 0.5 surfactant. This equilibrium is governed 
by the apparent partition coefficient. Again the equation, designed 
for simple diffusion (Eq. 25), fails to predict the proper time de- 
pendency for the rate of transport. 


Figures 19-21 show the transport data for dibutyl phthalate from 
the aqueous phase to the mineral oil. At each concentration of sur- 
factant, the drug concentrations were about the same, but the 
volume of mineral oil was changed from 2 to I % of the system’s 
volume. Once again the simple diffusion equation was valid for 
equilibrium conditions. but not for the time dependency of the 
transport prozess. 


From these results, it is evident that the simple diffusion equation 
did not suitably predict the concentration of drug in the oil as a 
function of time, despite the agreement with equilibrium data. 
Since the rate of transport of a drug from a solubilized system to an 
oil phase in the form of small spheres is not controlled by diffusion 


Figure 15-The appearance of indoxole in the oil as a function of 
time. Key: points, experimental data; dashed line, the theoretical 
rate of transport based on diffusion theory; solid line, the theoretical 
rate based on the interfmial barrier theory. 
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Figure l b T h e  appearance of dibutyl phthalate in the oil as a func- 
tion of time and shaking rate. The circles represent the rapid speed, 
the solid line the normal speed of shaking. 
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through the aqueous phase, another rate determining process must 
be considered. 


Case B-Intei:facial Barrier-In the Theoretical Considerations 
section, this “film” is accounted for in the transport rate equation 
by assuming that the solute(s) have some permeability coefficient($ 
for passage through the film. The final equation (Eq. 24) is very 


52 I 


1 I 


120 240 360 480 600 
TIME, sec. 


Figure 17-Comparison of the diffusion model theoretical curves wifh 
experimental data as functions of time, dihutyl phthalate, and sur- 
factant concentration. Key: points, experimental data: dashed line, 
theoretical rate based on diffusion theory: solid line, visuol fit of the 
data. 


similar to the equation previously used to calculate Cdo as a function 
of time for the simple diffusion case (Eq. 25). The difference is the 
interfacial barrier constant, r, in the exponential term. Unlike 
the case of simple diffusion, where all the parameters could be in- 
dependently determined, this r is undefined and leaves the authors 
incapable of independently determining its value. The magnitude 


0 120 240 260 480 600 
TIME, sec. 


Figure 18-Comparison of the diffusion model theoretical curves with 
experimental data as functions of time and surfactant concentration 
for  dibutyl phthalate. Key: points, experimental datir; dashed line, 
theoretical rate based on diffusion theory; solid line, visual fit of the 
data. 


Figure 19-Comparison of the diffusio~i model theoretical curves with 
experimental data as functions of time and oil concentrations at 0.5% 
surfactant Concentration for dibutyl phthalate. Key: points, experi- 
mental data; dashed line, theoretical rate based on diffusion theory: 
solidline, visualfit of the data. 


of r can, however, be determined from the data obtained from rate 
experiments by suitable substitution into Eq. 24. 


The rate data for the indoxole-isopropyl myristate system are 
shown in Fig. 15. The points are experimental and the dashed lines 
the theoretical values of Cdo calculated for simple diffusion using 
Eq. 25. The solid lines are theoretical, based on Eq. 24 which used 
values of r = 1.27 X for the 2 z  polysorbate 80, and r = 
1.85 X for the 1 %  polysorbate 80. These values for r were 
calculated using the experimental Ca, values, their respective times, 
and Eq. 24. There is little more to be said about this interfacial 
barrier due to the lack of additional data for this system. However, 
the magnitude of the barrier is impressive, creating rates of trans- 
port about 6OOO times slower than predicted by simple diffusion. 


Similar treatment is afforded the dibutyl phthalate-mineral oil 
system. In this system, however, the interfacial barrier constant 
that is derived from a single rate experiment is then reapplied under 
varying conditions. Table V lists the surfactant concentrations, the 
dibutyl phthalate concentrations, and the amounts of oil used in 
each case. The results of the rate experiments are shown in Figs. 
22-24 each at a constant surfactant concentration, with the phase 
volumes of oil and drug concentrations varying. 


A single r was calculated from the rate data and Eq. 24 for each 
concentration. This r was then used in Eq. 24 to calculate theoretical 
c d o  values for all the other rate trials performed at that surfactant 
concentration. These results are also shown in Figs. 22, 23, and 24. 
The solid line represents the theoretical Cdo values, the points 
represent the experimental data, and the dashed line the theoretical 
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Figure 2GComprrrisoti of the diffusion model theoretical curces 
with experimental data as functions of time and oil concentrations at 
1.0 surfactant concentrution for  dibutyl phthalute. Key: points, 
experimental data: dashed line, theoretical rate based on diffusioii 
theory: solid line, L;isualJt of the data. 
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Figure 21-Coniparison of the diffusion model theoretical curres 
with experimental data us functions of time and oil concentrutions at 
2.0 % surfactant concentration for dibutyl phthalate. Key: points, 
experimental data; dashed line, theoretical rate based on diffusion 
theory; solid line, visual fit of the data. 


values of Cdo based upon simple diffusion (Eq. 25). In the graph of 
the rates at  0.5 % surfactant (Fig. 22), r was calculated to be 2.84 X 


from Case Al, then reapplied to A1 and C1. Figure 23 depicts 
the rates achieved from a 1 % polysorbate 80 concentration. The r 
value was 2.13 X calculated from Case B2. This value was 
then reapplied to Cases A2, B2, and C2. Figure 24 represents those 
rates performed at a surfactant concentration of 2%. The value of r 
was calculated to be 4.53 X from Case B3. This value was 
then reapplied to Cases A3, R3, and C3. 


The r values were also calculated for each experimental rate 
experiment performed, and are listed in Table V. The variation in r 
at a particular surfactant concentration is large enough to prevent 
distinct separation of the values from one surfactant level to the 
other, but it looks as if r increases with increasing surfactant 
concentration. Despite the deviations in the I' values, when the 
experimental data are compared to the theoretical curves of both the 
simple diffusion model and the interfacial barrier model (Figs. 
22, 23, and 24) there is little doubt as to its better agreement with 
the interfacial barrier model. 


It is important that the deviations found should not be attributed 
solely to the barrier. The term A in the exponential portion of 
Eq. 24 is almost certain to add to the uncertainty of the curve- 
fitted constant. The definition of A is n4m, which is valid only for 
the case of a truly mono-dispersed system. All of the emulsions used 
exhibited a particle size distribution which was not taken into 
consideration. 


The discovery of an interfacial barrier in the dibutyl phthalate- 
mineral oil system was surprising in view of the initial experimenta- 
tion involving a low viscosity medium ~?ersus a high viscosity medium. 
If, however, the required parameters, including the interfacial 
barrier constant; are used in Eq. 24 to calculate Cdo values for the 
case without sucrose, it was shown that at  60 sec., C d o  is already at  
equilibrium, both theoretically and experimentally. The effect of 
removing the sucrose from the aqueous phase increases the 


Table V-Description of Case Notations Used in Rate Experiments 


Rela- Actual Oil 
Case Polysorbate tive Concn., Used, 
No. 80, z Concn. mg./ml. % r 
A 1 0.5(0.475) 1 0.551 2 0.0284 


2 l.0(0.945) 2 1.129 2 0.0196 
3 2.0(1.880) 4 2.260 2 0.0405 


B I 0.5(0.475) I 0.551 2 0.0284 
2 l.0(0.945) 1 0.551 2 0.0213 
3 2.0(1.880) I 0.585 1 0.0453 


C 1 0.5(0.475) I 0.585 1 0.0334 
2 l.0(0.945) 2 1.165 1 0.0336 
3 2.0(1.880) 4 2.335 1 0.1218 


t --z 
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TIME, sec. 


Figure 22-Compari~on between the theoretical curves for the dif- 
fusion model, the interfuciul barrier model, and the experimental 
data at 0.5 z surfaciunt concentration. Key: points, experimental 
data; dashed line, thtvwetirul rule bosed on diffision theory; solid 
line, theoreticul rate bused on interfacial burrier theory. 
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Figure 23-Comprrri::on between the tlzeoretical curces for the d$- 
fusion model, the interfacial barrier model, und the experimental data 
at I.Oz ~ufac tan t  concentration. Key: points, experimental data; 
dashed line, theoretical rate based on diffirsion theory; solid line, 
theoretical rate based on interfacial barrier theory. 
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Figure 24-Comparison between the theoretical curves for  the dif- 
fusion model, the interfacial barrier model, and the experimental 
data at 2.0 surfactant concentration. Key: points, experimental 
data; dashed line, theoretical rate based on diffusion theory; solid 
line, theoretical rate based on interfacial barrier theory. 
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Table VL-Electrical Barrier Effects 


-~ la 1.b A.U.C.c Rate,d 
Kappa (x 108) h, mv. (x 10-6) z 


6 25 25 13.60 85.8 
6 50 50 66.41 17.6 
6 100 100 150.58 9.8 
7 25 25 11.78 98.9 
7 50 50 12.16 95.8 
7 100 100 24.37 47.8 


a The exponential of the reciprocal of Kappa. b Assumed radii of the 
micelles (cm.). c Area under the curve derived by graphing the equation. 
d In comparison to the case where V" = 0 is 11.65 X 108. 


diffiusion coefficients by a factor of 20. The increase in the diffusion 
coefficients should not account for this difference in rates, since the 
interfacial barrier should be rate controlling. The fact that the rates 
are too rapid for measurement indicates that in the absence of 
sucrose either the barrier is small or there is no barrier at all. 


Before attributing the reduction in rates of transport solely to an 
interfacial barrier, the possible effects of an electrical barrier should 
be examined. 


CASE C-Electrical Barrier-Various parameters involved in the 
potential function were evaluated numerically to determine their 
effects on V" (see Eqs. 34 and 42 of Reference 1). The effects of these 
calculated potential functions upon the rate were then graphically 
evaluated for use in Eq. 41 of Reference 1. Table VI lists both, the 
parameters varied to obtain the various magnitudes of V o ,  and the 
expected effects upon rates of transport. 


When zeta-potentials were determined for the oil droplets in the 
viscous media, no electrophoretic mobility was observed. However, 
if the emulsion is diluted several hundred fold in water, the electro- 
phoretic mobility pattern indicates a zeta-potential of -40 mv. 
Neither of these measurements truly represents the surface charge, 
but possibly they serve to indicate the magnitude of the effect of sur- 
face charge. Examination of these results in relation to the theoretical 
effects listed in Table VI indicates that the slow rates of transport 
found could not be predicted from the effects of an electrical barrier. 


SUMMARY AND CONCLUSIONS 


This study was devised to evaluate the effects of diffusion upon 
the rates of transport of a drug, solubilized by a surfactant, from 
an aqueous to a lipid phase. The experimental design was novel 
in that the system involved an oil phase consisting of micron sized 
spheres which produced an infinite diffusion layer. The basic theo- 
retical equations proposed for the diffusion model were later modified 
to describe two other models-the interfacial barrier and the elec- 
trical barrier. Independent experiments were performed to deter- 
mine the parameters involved in the transport process. The con- 


centrations of the drug in the oil were then predicted from the 
appropriate equations using these independently determined param- 
eters. Comparison of these values was made with the experimental 
data derived from rate experiments. 


Two systems were evaluated in this manner. System I was com- 
prised of isopropyl myristate as the lipid phase, indoxole as the drug, 
and polysorbate 80 as the surfactant which served to solubilize the 
drug and also form the emulsion. System I1 was formed with mineral 
oil as the lipid phase, dibutyl phthalate as the drug, and polysorbate 
80 in 7 5 z  sucrose solution as the aqueous phase to facilitate the 
measurement OF rates of transport. 


Theoretically, if diffusion through the aqueous phase was the 
rate determining step in the transport process, then the transport 
of the drug should have occurred at rates too fast for measurement. 
However, the rates of transport were slow enough for measurement 
in both systems. In System I, the rates of transport were 6OOO times 
slower than would have been predicted from diffusion theory, 
while System I1 produced rates about 25 times slower. 


The equation for the interfacial barrier was then used to deter- 
mine the magnitude of the barrier necessary to produce the observed 
rates. A comparison of the barrier expected from electrical effects 
and the experimental data indicated that the electrical barrier 
could not be large enough to produce the low rates of transport 
experimentally determined. The theoretical model for an interfacial 
barrier provided the best agreement with the experimental data 
derived from the rate experiments and therefore is proposed as the 
rate determining mechanism in the transport process. 
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A polymorph is a solid crystalline phase of a given 
compound resulting from the possibility of at least two 
different arrangements of the molecules of that com- 
pound in the solid state. The molecule itself may be of 
different shape in the two polymorphs, but that is not 
necessary and, indeed, certain changes in shape (involv- 
ing dynamic isomerism or tautomerism) involve forma- 
tion of different molecules and hence do not constitute 
polymorphism. Geometrical isomers or tautomers, even 
though interconvertible and reversibly so, cannot be 
called polymorphs although they may behave in a con- 
fusingly similar manner. Shape changes, permissible in 
the molecule crystallizing in two or more polymorphic 
forms, include resonance structures, rotation of parts of 
the molecule about certain bonds, and minor distortions 
of bond distances and angles. These distortions of 
molecular shape result from polarizability effects of 
one molecule on another due to the change in relative 
positions of adjacent molecules in the two different 
crystalline arrangements. 


A safe criterion for classification of a system as poly- 
morphic is the following. Two polymorphs will be 
different in crystal structure but identical in the liquid 
and vapor states. Dynamic isomers will melt at different 
temperatures, as do polymorphs, but will give melts of 
different composition. In time each of these melts 
changes to an equilibrium mixture of the two isomers 
with temperature-dependent composition. Some re- 
ported cases of polymorphism are undoubtedly dynamic 
isomerism, since the two behave quite similarly, espe- 


cially if the equilibrium between the two isomers is very 
rapidly established. 


Polymorphism is the ability of any element or com- 
pound to crystallize as more than one distinct crystal 
species (e.g., carbon as cubic diamond or hexagonal 
graphite). Different polymorphs of a given compound 
are, in general, as different in structure and properties 
as the crystals of two different compounds. Solubility, 
melting point, density, hardness, crystal shape, optical 
and electrical properties, vapor pressure, etc., all vary 
with the polymorphic form. In general, it should be 
possible to obtain different crystal forms of a drug and 
thus modify the performance properties for that com- 
pound. To do so requires a knowledge of the behavior of 
polymorphs. 


Mitscherlich (1) is generally given credit for first using 
the term polymorphism during his work on the iso- 
morphous sulfates of iron (ferrous), cobalt, nickel, 
magnesium, copper, zinc, and manganese. It is, however, 
obvious that the idea was not new at that time, since 
Humphrey Davy in 1809 pointed out that diamond and 
graphite are both carbon and that the two differ only in 
their arrangement of carbon atoms in the solid phase. 
Indeed, Klaproth may have been the first to be aware of 
polymorphism when he observed (1788) that calcium 
carbonate crystallizes both as calcite and as aragonite. 


Since that time a very large number of compounds, 
organic and inorganic, as well as the elements them- 
selves, have been shown to crystallize in two or more 
different crystalline arrangements-chemically identical, 
physically different. Besides graphite and diamond there 
are, to name a few in the mineral field, wurtzite and 
sphalerite (ZnS) ; calcite, aragonite, and vaterite 
(CaC03) ; rutile, brookite, and anatase (TiO,). Most 
polymorphs, especially those of organic compounds, do 
not have special names; instead they are referred to as a, 
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0, y, etc., or I, 11, 111, etc. Many compounds exist in 
five, six, and even ten, eleven, or more different crystal 
forms. Ammonium nitrate has five forms, progesterone 
also has five, water has eight or nine, tripalmitin has 
seven, and some drugs have been found to have ten or 
more different crystal forms. It is now apparent that 
most, if not all, compounds and elements show a 
varity of different crystal forms. Deffet (2) has sum- 
marized the properties of a number of organic systems 
exhibiting polymorphism. 


The subject of polymorphism has also been covered 
in several texts including those by O'Connor (3), 
Hartshorne and Stuart (4), Kofler and Kofler ( S ) ,  
McCrone (6, 7), and Verma and Krishna (8). 


The scientific literature also included numerous 
indications of its importance in pharmaceuticals. 
Several authors have systematically studied different 
classes of drug compounds. In  Austria Kuhnert- 
Brandstatter et al., using thermomicroscopic methods, 
have reported on the polymorphism of steroids (9-1 2), 
barbiturates (13-15), and antihistamines (16). Their 
work probably represents the most intensive study of 
polymorphism and drugs. Similarly. in England, Mesley 
et al., using IR spectroscopy, have described the poly- 
morphism of steroids (17, 18), barbiturates (19, 20), and 
sulfonamides (21). While the subject of polymorphism 
is extensively covered in the scientific literature, there 
are relatively fewer reports regarding its importance in 
the area of pharmaceutics. The following reviews the 
available literature and includes a discussion of how the 
principles of crystal chemistry can be applied to solve 
various dosage form problems arising from misuse or a 
lack of understanding of how the solid state properties 
of a drug substance can affect its stability and availa- 
bility. 


In a 1965 survey, Kuhnert-Brandstatter (22) reported 
that (see Table I), of 48 steroids studied with m.p.'s 
less than 210°, 67 % exhibited polymorphism. Out of 40 
sulfonamides studied, 40 % exhibited polymorphism, 
and out of 38 barbiturates studied, 63 % existed in 
different polymorphic forms. When checking marketed 
products she found that 17 % of the steroids, 23 % of the 
sulfonamides and 11% of the barbiturates were un- 
stable, as a result of polymorphic changes in the system. 


APPLICATIONS OF POLYMORPHISM IN THE 
PHARMACEUTICAL INDUSTRY 


Preparation of Physically Stable Dosage Forms 


Suspensions-Aqueous Vehicles-Due to use of a 
wrong polymorph of a drug, a phase conversion from 
the metastable to stable polymorph may occur. This 
produces : 


(a) Crystal growth, resulting in undesirable particle 
size distribution. This can produce serious problems 
with parenteral suspensions where syringibility of the 
product can become difficult if significant particle 
growth occurs. Biological availabilities of the drug also 
can be altered because phase transitions produce drug 
particles having different solubilities. 


(b)  Caking, producing suspensions that cannot be 
uniformly resuspended by shaking. A good example of 
suspensions in aqueous vehicle is the cortisone acetate 


Table Ia-Polymorphism of Drugs 


z 72 
No. Having of Unstable 


Compd. Studied Polymorphs Samples 


Steroids 48 67 17 
(m.p. less 
than 210") 


Sulfonamides 40 40 23 
Bar bit urates 38 63 11 


a Reprinted from Pure and Applied Chemistry, 10, 136(1965), by per- 
mission of the International Union of Pure and Applied Chemistry 
and Butterworths Scientific Publications. 


suspension. Cortisone acetate was one of the most diffi- 
cult polymorphic problems to solve. Macek (23) ob- 
tained the first patent on stable noncaking aqueous 
suspension of cortisone acetate and methods of prepar- 
ing the same. He described the early attempts to obtain 
a stable aqueous suspension, where cortisone acetate, in 
the form of crystals stable in the dry state, was sus- 
pended in the aqueous medium and allowed to remain in 
the medium for a few hours. It was observed that crystal 
growth of the cortisone acetate invariably occurred with 
subsequent caking and sedimentation. A physically 
stable aqueous suspension was obtained by ball-milling 
cortisone acetate powder, referred to by Macek as 
Form 2, in the aqueous vehicle where a polymorphic 
phase transition occurred, to Form 5. In a later patent, 
Magerlein (24) described two new polymorphs of 
cortisone acetate, Form A ,  which is not stable in the dry 
state, and Form B, which is stable in the dry state. 
Both crystal forms when used in aqueous suspensions 
gave physically stable, noncaking aqueous suspensions. 
The cause of the growth of crystals of Form 5, in the 
early suspensions prepared by Macek, is due to greater 
solubility of Form 2 in the solution phase than Form 5. 
The concentration of Form 2 is greater in the solution 
immediately in contact with Form 5 crystals than the 
solubility of the Form 5. This happens because of the 
dissolution of more soluble Form 2 into the solution, 
resulting in a supersaturated solution with respect to 
Form 5, the stable configuration. 


Creams-When creams are prepared with the active 
ingredient suspended in the cream base, use of the 
wrong polymorph can result in a phase inversion to a 
more stable phase. As a consequence, crystal growth can 
occur in the vehicle yielding gritty, cosmetically un- 
acceptable creams or products in which the active 
ingredient is unevenly distributed. During the prepara- 
tion of a topical cream it is necessary to select the 
correct polymorph of the active ingredient, which when 
suspended is least susceptible to growth in the cream 
base. 


The correct procedure is to choose the polymorphic 
phase which is least soluble in the cream base. When 
a metastable phase with high solubility is suspended in 
the cream base there is a high risk that nucleation of a 
more stable (less soluble) form will eventually occur. 
When this happens, the crystal size distribution in the 
system is altered as the more stable form gradually 
replaces the metastable phase. The usual consequence of 
this process is a substantial increase in the mean crystal 
size of the suspended drug in the formulation. While 
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crystal growth of finely suspended drug particles can 
occur in the absence of such transformations, serious 
consideration should be given to the presence of differ- 
ent polymorphic forms when this type of problem is 
encountered with a formulation. In certain instances, 
the use of the most stable polymorph for suspension in 
liquid or semisolid dosage forms may not be the best 
procedure. For example, phase conversion may be so 
slow in certain ointment bases that a more soluble 
metastable form may be safely used. It is entirely 
possible the use of a more thermodynamically energetic 
form of the drug may result in a more efficacious thera- 
peutic formulation. 


Solutions-One of the first considerations in for- 
mulating a solution is to determine the solubility of the 
drug in its vehicle. If the solubility determination is con- 
ducted using a metastable form of the drug and the 
concentration of the drug in the system exceeds the 
equilibrium solubility of a less soluble form of the 
drug, a thermodynamically unstable formulation re- 
sults. In a sense, this is akin to emulsions which are 
also thermodynamically unstable systems. Some solu- 
tions that are supersaturated with respect to the stable 
form of the drug may remain in this state for relatively 
long periods of time. Chance nucleation of the stable 
form, however, quickly results in crystallization until 
equilibrium is reached with respect to this form. This 
is a frequent problem with sparingly water-soluble 
drugs, such as the steroids, and this phenomenon 
has been frequently encountered in these laboratories. 


Flynn (25) has reported an example of this type of 
problem in the formulation of a parenteral solution of a 
drug. In this instance, determination of the water solu- 
bility of this compound indicated the drug to be ade- 
quately soluble for the concentration required in the 
formulation. Stability studies on the formulation quickly 
turned up the presence of a precipitate. An investigation 
of the problem showed the precipitate to consist of a 
less soluble polymorph of the compound. The problem 
was solved by formulating the product in a vehicle 
containing sufficient cosolvent to solubilize the less 
soluble polymorphic form. 


Suppositories-The polymorphic changes of a sup- 
pository base could result in a product that undergoes 
a change in its melting characteristics. If the suppository 
base is of the type that depends on melting at body 
temperatures to release the active components of the 
formulations a relatively small change in its melting 
point could have severe consequences. If the melting 
point is depressed the product may melt or soften at 
shelf temperatures. If the melting point becomes 
greater than anticipated, the suppository may not melt 
properly when administered. This point could be demon- 
strated by extemporaneous preparations of suppositories 
containing theobroma oil as their base. Theobroma 
oil, like many triglycerides, exhibits polymorphism 
(26). It exists in three different cryslal forms each with 
different melting points. Suppositories are prepared 
by fusion of theobroma oil, when they are melted 
and brought to 60-70”. The melt is then poured into 
molds and quickly chilled in a refrigerator. If sup- 
positories prepared by this method are removed from 
the refrigerator after a short time they will melt at 


30°, which makes their use impractical in the summer, 
and the patients will have difficulty in inserting them, 
since they liquefy in the fingers. If the suppositories are 
prepared by heating the theobroma oil just a few de- 
grees above its melting point, the suppositories will 
have a higher melting point and can be easily handled. 
This method of manufacture permits the crystalliza- 
tion nuclei of the more stable (higher melting point) 
p-forms to remain in the melt, which on chilling favors 
additional crystallization of the p-form. Fused theo- 
broma oil heated to 60-70” when chilled undergoes 
supercooling and a-form crystals develop, which have 
lower melting points. The a-form, being a metastable 
phase, slowly changes to 0’ and to &form. 


Polymorphism and Chemical Stability 
There have been a number of instances where different 


crystalline phases of the same compound have different 
chemical stabilities. One of the authors has observed 
this while working with aqueous suspensions of an 
experimental corticosteroid, when chemical instability 
developed in some of the batches of this compound. 
The raw starting material batches were checked with 
X-ray diffraction and the presence of two different 
polymorphs was confirmed. When these polymorphs 
were further studied for their chemical stability it was 
found that one of these was light-sensitive. Batches 
containing this crystal form then decomposed with 
time and assayed lower than the other batches. This 
chemical sensitivity could be due to solvents occluded or 
absorbed mother liquor, where the latter could effect 
chemical stability, or in cases of polymorphs due to 
different light absorption patterns. The patterns would 
differ slightly and one must absorb a frequency that 
causes a photochemical decomposition. Similarly, 
Macek (27) has reported that the amorphous forms of 
the sodium and potassium salts of penicillin G obtained 
by evaporation from solution, are less stable chemically 
than their crystalline counterparts. For example, 
crystalline potassium penicillin can withstand dry heat 
for several hours without significant decomposition. 
Under similar conditions, the amorphous forms lose 
considerable activity. “This property is important if one 
is interested in depositing penicillin on a solid, as in 
tablet coating. Application from solution in a volatile 
solvent obviously would lead to greater instability, 
whereas deposition of a suspension of the crystalline 
form, even though in a very fine state of subdivision, 
would be expected to result in greater stability” (27). 


In such cases where chemical stability is a problem, 
there obviously is a need for careful control during 
chemical manufacture to assure that the desired poly- 
morphic form is obtained. 


Polymorphism and Generically Equivalent Dosage 
Forms 


If the rate of absorption of the active ingredient in an 
oral preparation is dissolution-rate dependent, the use 
of a compound exhibiting polymorphism may lead to 
good or bad consequences. The successful utilization of 
a polymorph of significantly greater thermodynamic 
activity (Le., solubility) than the stable modification 
may provide, in some instances, therapeutic blood 
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Figure 1-Absorbance ojnouobiocin in 0.1 N HCI at 305 mp. 


levels from otherwise inactive drugs. On the other hand, 
when the existance of multiple crystalline modifications 
goes unrecognized in a particular formulation, this 
may possibly result in unacceptable dose-to-dose 
variations in drug availability to the patient (28). 


Mullins and Macek (29) working on pharmaceutical 
properties of novobiocin identified two forms of novo- 
biocin, one of which is crystalline and the other amor- 
phous. In tablet and capsule formulations novobiocin is 
used as the sodium salt which is active orally but it is 
unstable chemically in a solution, while the insoluble 
forms of novobiocin acid are more stable chemically. 
But the crystalline novobiocin acid is poorly absorbed 
and does not provide therapeutically adequate systemic 
levels following oral administration. The amorphous 
acid is readily absorbed and is therapeutically active. 
This difference in availability is due to differences in 
solubility in aqueous systems. When an excess of 
crystalline or amorphous novobiocin acid in less than 
10-p size were shaken in 0.1 N hydrochloric acid at 25 O ,  


the amorphous solids were at least 10 times more 
soluble than the crystalline acid (see Fig. 1). This differ- 
ence in solubility might be expected to favor the absorp- 
tion of the amorphous solid from the gastrointestinal 
tract. Data showing differences in novobiocin plasma 
levels in drug following oral administration of 12.5 mg./ 
kg. each of amorphous novobiocin and crystalline 
novobiocin acid and the sodium salt are shown in 
Table 11. 


Unless special precautions are taken to maintain the 
solid in suspension in amorphous state by the addition 
of materials to suppress crystallization, amorphous 
novobiocin converts slowly to a crystalline form. The 


Table 11-Novobiocin Plasma Levels in Dogs Following Oral 
Administration of Different Solid Formso 


Amorphous 
Sodium Novobiocin 


Hours Novobiocin, (Acid), Crystalline 
after mcg./ml. mcg./ml. Novobiocin 
Dose Plasma Plasma (Acid) 


0.5 
I 
2 
3 
4 
5 


0 . 5  
0.5 


14.6 
22.2 
16.9 
10.4 


5.0 
40.6 
29.5 
22.3 
23.7 
20.2 


6 6 . 4  1 7 . 5  N.D.b 


Dose = 12.5 mg./kg. * Not detectable. 


1 3  5 7 9 11 24 
hr. AFTER DOSING 


Figure 2-Comparison o j  mean blood serum levels obtained with 
chloramphenicol palmitate suspensions containing varying ratios of 
A and B polymorphs, following single oral dose equivalent to 1.5 g. 
chloramphenicol. (Percent polymorph B in the suspension: M ,  0%; 
N,25Z;O,5OZ;P,  75%;L,IOQZ.) 


formulation becomes less and less absorbable and finally 
loses therapeutic effect entirely. To stabilize the sus- 
pensions they conducted a search for additives that 
would significantly retard or even prevent crystallization 
of aqueous suspensions of amorphous novobiocin, and 
they found that some agents provided adequate protec- 
tion against crystallization for significant periods of 
time. The best agents found were methyl cellulose, PVP, 
and several alginic acid derivatives such as sodium 
alginate and propylene glycol algin. 


Chloramphenicol palmitate exists in four polymorphs, 
three crystalline (30) ( A ,  B, and C), and an amorphous 
one (31, 32). Aguiar et a]. (30) investigated the absorp- 
tion of Polymorphs A and B to determine the effect of 
varying concentrations (percent of Polymorph B was 0, 
25, 50, 75, and 100). After oral ingestion of the suspen- 
sion (equivalent to 1.5 g. chloramphenicol) blood and 
urine specimens were collected for a 24-hr. period. The 
mean blood levels obtained are shown in Fig. 2 and the 
urinary excretion data are given in Fig. 3. In these single 
dose studies the highest mean blood levels were ob- 
tained with suspensions containing only Form B. The 
blood levels decreased proportionately as the concentra- 
tion of Form A increased. These data demonstrate that 
absorption is influenced by the type and concentration 
of the crystal polymorph present. 


0-2 2-4 4-6 6-8 8-12 12-24 
URINE COLLECTION PERIODS, hr. AFTER DOSING 


Figure %Urinary excretion rate of total nitro compound chloram- 
phenicol equivalent following single oral dose of chloramphenicol 
palmitate suspensions containing varying quantities o j  Polymorphs 
A and B. Dose equivalent to 1.5 g .  ojchloramphenicol. (Percent PoIy- 
morph B in the suspension: M ,  0%; N,  25%; 0, 50%; P ,  75x;  
L, loo%.) 


914 0 Journal ojPharmaceutica1 Sciences 







Table 111-Area Under the Blood Serum Level-Time Curve Ob- 
served in Human Studiesa 


Figure &Correlation of 
“peak” blood serum levels 
( 2  hr.) us. percent concenlra- 
tion ofPolymorph B. 


I 
20 40 60 80 100 


% FORM B 


The differences in absorption are even more evident 
in Fig. 4 where the absorption at 2 hr. (“peak” blood 
levels) is plotted cersus the percent of Form B present in 
the suspension. A linear relationship apparently exists 
between the peak levels and concentration of Polymorph 
B. The blood levels increase in a direct relationship to 
the increase of Polymorph B. One year before Aguiar’s 
paper, Anderson (33) of the National Biological Stan- 
dards Laboratory of Canberra, Australia, investigated a 
complaint that a chloramphenicol suspension had had 
an unsatisfactory therapeutic effect. Several commerical 
preparations and powders of chloramphenicol palmitate 
were examined. Of six powders, four appeared to consist 
mainly of the Polymorph A,  the inactive type, and of 
seven samples of suspensions, one contained mainly 
inactive Polymorph A .  


Poole rt u1. (34) reported on physiochemical factors 
influencing the absorption of the anhydrous and tri- 
hydrate forms of ampicillin. They found that aqueous 
solubility of the anhydrous form was 20% higher than 
the trihydrate at 37” (10 and 8 mg./ml., respectively, for 
the anhydrous and trihydrate forms). They also deter- 
mined the effect of the observed solubility differences on 
the in vitro availability of the drug. In the in vitro experi- 
ments they measured the TSO (time required for 50% of 


z: 1.5 


8 1.2 


0 z 


B 
3 


m 
; 0.9 


I I I I 
1 2 3 4 5 6  


HOURS 
Figure 5--Mean blood serum concentrations of ampicillin in human 
subjects afrer oral administration of 250-mg. doses of the oral siis- 
pension. Key: 0, anhydrous: A-trihydrate [reproduced with per- 
mission.fronz Current Therap. Res., 10, 299(1968)]. 


Ratio, 
Formu- Form of Anhydrous- 
lation Ampicillin Area, cm. ITrihydrate 


Suspension Anhydrous 143.5 1.21 
Trihydrate 119.0 


Trihydrate 109.0 
Capsules Anhydrous 127.8 1.17 


~~ ~ ~ 


Q Reproduced with permission from Currenf Therap. Res., 10, 302 
(1968). 


the labeled amount to appear in solution) and they 
found that it was 7.5 and 45 min for the anhydrous and 
trihydrate forms, respectively. They also designed ex- 
periments to correlate the in vitro data with in vivo drug 
availability. Their in vivo experiments were done with 
dogs and human subjects, where the anhydrous and the 
trihydrate form of the drug were given as oral suspen- 
sions or capsules. The anhydrous form produced higher 
and earlier peaks in the blood serum than the trihydrate 
form. This was more pronounced in the suspension 
formulations. Figure 5 shows the mean blood serum 
concentration in human subjects after oral administra- 
tion of a 250-mg. dose of the suspension. With both 
formulations the area under the blood serum level 
versus time curve was greater with the anhydrous form 
(see Table 111), indicating that the anhydrous form is 
more efficiently absorbed. 


Hamlin et al. ( 3 9 ,  using two polymorphs of methyl- 
prednisolone (Forms I and II), prepared constant sur- 
face pellets and determined their dissolution rates by 
four different in vitro methods. These results were com- 
pared with in vivo dissolution rates obtained by implant- 
ing pellets in rats according to the method of Ballard 
and Nelson (36). They found that (see Table IV) in vivo 
the dissolution rate of Form I1 was 1.2 times greater 
than Form I, the thermodynamically more stable form 
at room temperature. While in the in vitro studies where 
the agitation intensity was of a low-order Form I1 had a 
dissolution rate 1.53 times more than Form I when 
studied with the hanging pellet method (37), and when 
studied by pellet holder method in the Wruble machine 
(38) at 6 r.p.m. the dissolution of Form I1 was 1.3 times 
more than Form I. At higher agitation intensities these 
differences disappeared. In a similar study, Ballard and 


Table IV-Results of Dissolution Rate Experiments Performed 
with Constant Surface Pellets of Methylprednisolone Polymorphs I 
and I1 by an in uico and Several in vitro Methods 


Dissolution 


Test Polymorph mg./cm. 2/hr. 


Methyl- 
prednisolone Rate, 


Pellet implant in rats I 0.0179 
I1 0.0302 


Hanging pellet method I 0.091 
I1 0.139 


Pellet holder method I 0.203 
in Wruble machine, 11 0.265 
6 r.p.m. 


Pellet holder method I 0.276 
in Wruble machine, I1 0.275 
12 r.p.m. 


in machine of Souder 
Pellet holder method 


and Ellenbogen (39). 
40 r.p.m. 


I 
I1 


0.630 
0.656 
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Table V-Absorption Rate of Hydrocortisone TBA and Predniso- 
lone TBA 


Absorption Rate 
per Unit Area 


Crystal Modification (mg./hr./cm. a) 


Prednisolone TBA 
Phase I (anhydrous phase) 1.84 x 1 0 - 3  
Phase I1 (monoethanol solvate) 8.70 x 10-3 
Phase IV (hemiacetone solvate) 2.20 x 10-3 


Phase I (monoethanol solvate) 1.83 x 10-3 
Phase I1 (monoethanol solvate) 7.32 x 1 0 - 3  
Phase 111 (hemichloroform solvate) 7.40 x 10-3 
Phase IV (anhydrous) 4.74 x 10-3 


Hydrocortisone TBA 


Biles (40) studied the in vivo absorption rates of hydro- 
cortisone tert-butyl acetate and prednisolone tert-butyl 
acetate and their solvates by the pellet implantation 
technique. They found that solvates affect the solid-drug 
absorption rate (see Table V). With prednisolone 
tert-butyl acetate pellets, for example, the monoethanol 
solvate (Phase 11), had 4.7 times the mean absorption 
rate per unit area of anhydrous phase (Phase I). The 
hemiacetone solvate (Phase IV) had practically the same 
mean absorption rate as the anhydrous phase. With 
hydrocortisone tert-butyl acetate pellets, the mean 
absorption rate for the solvates were all significantly 
different from the mean rate of the anhydrous phase 
(Phase IV). Also, one of the monoethanol solvates 
(Phase 11) had 4.0 times the mean absorption rate of the 
other monoethanol solvate (Phase I), these results indi- 
cate that drug solvates may exhibit dimorphism and 
each form may exhibit different in viuo absorption rates. 
In a comparison of the physical properties and biologi- 
cal activities of some crystalline phases of flupredniso- 
lone, Haleblian and Biles (41) isolated one amorphous 
and six crystalline phases. Two phases were dimorphic 
clathrates containing 1 mole of water. One existed as the 
tert-butylamine dissolvate and three were anhydrous 
trimorphs. Using the Wruble (38) apparatus they 
determined the in vitro aqueous dissolution rates (6 
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Figure &Dissolution rates of the various phases of Jluprednisolone 
in distilled water at 23°C. and 6 r.p.m. Key: 0, Form I ;  0, Form 
III; W, Form II; A, 0-monohydrate; A, a-monohydrate. 


r.p.m. and 23 ") of the anhydrous and hydrated forms as 
seen in Fig. 6 .  It was found that the dissolution rates 
ratio for the highest and lowest energetic phases was 
2.24 where the Form I was the most energetic phase and 
the a-monohydrate the least energetic phase. 


Similar data were obtained by comparing the in vivo 
dissolution rates of the pellets of each crystalline phase 
which had been implanted subcutaneously by the 
method of Ballard and Nelson (36) into male rats. 


The in vivo dissolution rates of different phases of 
fluprednisolone are presented in Table VI. The in vivo 
dissolution-rates ratio between the highest and lowest 
energetic phases was found to be 1.61. Thus, the biologi- 
cal uptake of Form I of fluprednisolone in pellet form 
was 1.61 times that of the a-monohydrate phase. This is 
an illustration of the effect that crystalline phases have 
on biological activity. The in viuo and in vitro dissolution 
rates were also correlated with a pharmacologic re- 
sponse-adrenal cortex atrophy of the rats. The adrenal 
cortex atrophy resulting from the uptake of Form I 
from pellet implants was 1.46 times that of a-monohy- 
drate. Table VII compares the effect of different poly- 
morphs and hydrates on in vitro and in vivo dissolution 
rates and adrenal cortex atrophy. These results suggest 
that care must be taken in the use of raw material when 
polymorphism is a physical characteristic of a particular 
compound. 


In formulating injectable insulin the duration of the 
action is controlled by its crystallinity. Insulin precipi- 
tates as an insoluble complex when reacted with zinc 
chloride and, depending on the pH, it may precipitate 
either as an amorphous or crystalline phase. Prompt 
insulin zinc suspension USP (42) consists of amorphous 
insulin zinc complex. It is readily absorbed when in- 
jected and has a relatively short duration of action. 
Extended insulin zinc suspension USP (42) is made up of 
crystalline zinc complex. It is very slowly absorbed and 
has a longer duration of action. Insulin zinc suspension 
USP (42) is made up of a mixture containing seven parts 
of crystalline and three parts of amorphous insulin zinc 
complex and it is intermediate in duration of action. 
Another difference in the formulations is their particle 
sizes; prompt insulin is made up of small particles and 
extended insulin is made up of large particles. This is 
another example where the rate of absorption and 
duration of action is determined both by particle size 
and crystal form. 


Levy (43) has reported on the comparative dissolution 
and absorption rates of different commercial aspirin 
tablets and indicated that since the initial absorption of 
aspirin occurs from the stomach, and since the rate of 
absorption is proportional to the amount of aspirin 


Table VI-Zn Vivo Dissolution Rate of Fluprednisolone Implants 


Dissolution 
Phase Rate, rng./cm.2/hr. Ratio" 


Form I 0.237 
Form 111 0.209 
Form I1 0.186 
6-Monoh ydrate 0. 162b 


1.61 
i.42 
1.26 
1.10 


&Monohydrate 0. 147b 1 .oo 
a Compared to a-monohydrate. b Corrected for in viuo dissolution 


rate of anhydrous fluprednisolone. 
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Table VII-Comparison of In Vitro and In Viuo Dissolution Rates and Adrenal Cortex Atrophy 
~~~~~~~ ~~~~~~~~ ~ ~ 


In Vitro 
Dissolution In Viuo 


Rate at 23°C. Dissolution Adrenal Cortex Atrophy 
and 6 r.p.m. Rate Ra- (g. Atrophy/g. of Rat wt./ Ra- 


Phase (mg./crn. 2/hr.) Ratioa (mg./cm. 2/hr.) tio hr. X tl0 


Form I 
Form I11 
Form I1 


0.917 
0.804 
0.571 


2.24 
1.96 
1.39 


0.237 
0.209 
0.186 


1.61 
1.42 
1.26 


8.05 
7.09 
6.57 


1.46 
1.28 
1.19 


B-Monohydrate 0.527 1.29 0. 162b 1.10 6.11 1.11 
a-Monohydrate 0.410 1 .oo 0. 147b 1 .oo 5.52 1.00 


0 Compared to a-monohydrate. * Corrected for in uiuo dissolution rate of anhydrous fluprednisolone. 


dissolved in the gastric fluids, the in vivo dissolution rate 
of aspirin in tablet form in the stomach would be re- 
flected. It is possible that polymorphism may also be 
involved with availability from commercial aspirin 
tablets. Tawashi (44) has reported on the dissolution of 
two polymorphic forms of aspirin where Form I1 dis- 
solves 50% faster than Form I. Ballard and Nelson (36) 
have investigated the absorption rate of pellets after 
subcutaneous implantation. Their absorption data on 
anhydrous tetracycline pellets were anomalous since the 
mean weight after implantation was greater than before. 
They observed, “The increase in mean weight could not 
be explained on the basis of ‘ghost’ formation. The 
increase in weight could be satisfactorily explained 
assuming that the anhydrous tetracycline was converted 
to the trihydrate in the body. Thus, the weight loss of 
the pellets due to absorption was more than compen- 
sated for by the increase in molecular weight due to 
hydration. ” 


Polymorphism and Tableting Behavior of Powders 


Shell (45) described the use of different habits of the 
same compound and their effects on tableting behavior. 
(The outer appearance of a crystal is its habit while 
polymorphism is a function of the internal structure of 
crystals.)’ Shell found that the ease or difficulty of 
tableting a powder where the active ingredient makes up a 
large portion is due mostly to “anisotropy of cohesion 
and of hardness which is possessed by organic crystals 
and, therefore, of most pharmaceutically important 
compounds” (45). 


According to Shell (47), polymorphs of the same 
compound, which can crystallize in different habits, 
when forming a large portion of the tableting mixture, 
can exhibit similar problems. The choice of the right 
polymorph, all other conditions being equal, will be the 
one with a habit which can be tableted easily. 


Miscellaneous Applications of Polymorphism 


One other potential application of polymorphism 
which could be used in the pharmaceutical industry is 
preparation of fine particles, about micron size, by 


~~~ 


‘ A  good example in differentiating polymorphism and habit is 
CaCOs. Calcite, one of the p,olymorphs,of CaC03, crystallizes in the 
trigonal system and shows 4 different habits as seen in Fig. 7 (46), where 
each of these habits belong to the same crystal class and are developed 
upon the same internal structure. While aragonite, the other poly- 
rnorph of CaCOs is orthorhombic and does not have the same internal 
structure. 


using the density difference for enantiotropic poly- 
morphs. 


Different polymorphs of the same compound have 
different densities. Due to this phenomenon, when one 
polymorph is heated above its conversion temperature 
to another polymorph, and then cooled to room tem- 
perature, strains can develop in the crystal and produce 
fracturing into finer particles. This type of operation 
would require existence of suitable polymorphic forms 
and that the repeated temperature cycling would not 
produce chemical degradation. This mechanism of 
particle size reduction, in certain instances, might prove 
to be more efficient than present methods of microniza- 
tion. 


Hsiachen and Grabar (48) reported on a novel effect 
of polymorphism in solid-state polymerization. They 
found that tributylvinylphosphonium bromide exists in 
three phases. Of these, Phase I1 is a metastable phase, 
and it polymerizes faster than the other phases, which is 
due to steric and collision factors which are governed by 
crystalline structure. 


Methods Used to Study Polymorphism 


A number of techniques have been used to identify 
different polymorphic phases of a compound. Each of 
these techniques could be successful in identifying the 
phase, but a combination of methods provide a powerful 
means for identification and isolation of each crystalline 
modification (49). 


Microscopy-Optical Crysfallography-Biles (50) in 
his review of crystallography has discussed optical 
crystallography and its application to  identification of 
polymorphs. Different polymorphs of a crystal may 
belong to one of two classes depending on the effect‘of 
the transmission of light in different directions through 
the crystals. These are isotropic and anisotropic classes. 
In the isotropic crystals the velocity of light, or the 
refractive index which depends on the velocity of light, 
is the same in all directions, and in the anisotropic crys- 
tals there may be two or three different light velocities or 
refractive indices. Different polymorphs having dif- 


Vtl b 
Figure 7-Crystal habits of caIcite. 
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ferent internal structures will belong to different crystal 
systems and have different sets of refractive indices. 
Biles (49) reported the optical crystallographic prop- 
erties of some polymorphs of prednisolone and hydro- 
cortisone tert-butyl acetate, while Trivedi et al. (51) 
reported the optical crystallographic properties of 
ouabain hydrates. Eisenberg (52) compiled the optical 
crystallographic characteristics of some N F  drugs 
exhibiting polymorphism. 


Hot Stage Methods-The polarizing microscope 
fitted with a hot stage (or cold stage) is a very useful tool 
for investigating polymorphism. With this combination 
an experienced microscopist can quickly tell (a) whether 
polymorphism exists; (b)  the degree of stability of the 
metastable forms; (c) transition temperatures and 
melting points; (d) rates of transition under all tempera- 
ture and physical conditions; (e) whether to pursue 
polymorphism as a route to an improved dosage form. 
These methods are discussed in detail by the Koflers 
(5) and by McCrone (6, 53). 


X-Ray Powder Diffraction-Crystalline materials 
in powder form give characteristic X-ray diffraction 
patterns made up of peaks in certain positions and vary- 
ing intensities. From the 20 values of these peaks, rhe 
spacing values (d distance) for the different planes of 
the crystal can be calculated using the Bragg equation, 
nX = 2d sin 0, where the wavelength of the X-ray 
source is known. Each powder pattern of the crystal 
lattice is characteristic for a given polymorph. X-ray 
powder diffraction has the advantage over other identi- 
fication techniques in that the sample is examined as 
presented (after size reduction), very small amounts 
of samples ale needed, and the sample can be recovered 
since the method is nondestructive. Since the dif- 
fraction peaks are additive for mixtures of compounds 
care must be taken to  insure that the samples do not 
contain impurities. X-ray powder diffraction is one of 
the most widely used techniques after optical micros- 
copy. Several investigations have used this method to  
identify polymorphs of pharmaceuticals (20, 49, 51, 
54-56). 


Infrared Spectroscopy-In identification of dif- 
ferent polymorphs with IR spectroscopy only solid 
samples (as mineral oil mulls or potassium bromide pel- 
lets) can be used, since in solution polymorphs of a 
compound have identical spectra. Many authors (18, 
20, 54, 57, 58) have used IR spectroscopy to study poly- 
morphism. Kendall (57) claimed that, in addition to 
being rapid, the technique is both quantitative and 
qualitative. Smakula et al (59) reported that when 
different polymorphs of estradiol- 17p were triturated 
as a mull for different time intervals the IR absorption 
spectra for these phases were changed to  a common 
spectrum. 


Differential Thermal Analysis-In differential thermal 
analysis (DTA), heat loss or gain resulting from physi- 
cal or chemical changes occurring in a sample is re- 
corded as a function of temperature as the substance is 
heated at a uniform rate. Enthalpic changes, both exo- 
and endothermic, are caused by phase transitions. 
For example fusion, boiling, sublimation, vaporization, 
crystalline structure inversion, solid-solid transition, and 
water loss generally produce endothermic effects, 
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Figure 8-Dilatometric curves, rheobroma oil, sloit.ly atid rapidly 
cooled. 


whereas crystallization produces exothermic effects 
(60). One of the advantages of DTA is the ability to 
calculate the heats of transition from one polymorph to  
the other. Guillory (61) using DTA, obtained the heats 
of transition of methyl prednisolone and sulfathiazole 
polymorphs. 


Dilatometry-Dilatometry is the measurement of 
changes of volume caused by thermal or chemical 
effects. Ravin and Higuchi (62), using dilatometry, 
followed the melting behavior of theobroma oil by 
measuring the specific volume of both rapidly and 
slowly cooled theobroma oil as a function of bath tem- 
perature (Fig. 8). The sample which was slowly cooled 
exhibited no unusual behavior, while the sample rapidly 
cooled showed an expansion behavior between 16 and 
20" followed by a contraction between 20 and 24". 
The authors suggested that this was probably due to an 
unstable modification, and the expansion followed by 
contraction resulted from the phase conversion from a 
less dense unstable form to a more dense stable form. 


Proton Magnetic Resonance Spectroscopy-Chapman 
et al. (55) working with water-soluble compounds 
such as cephaloridine found that the combination of 
solid-state IR with proton magnetic resonance (PMR) 
measurements on heavy water solutions provided a test 
for polymorphism. In this method, the crystalline form 
is distinguished by solid state infrared and the chemical 
identity by PMR measurements on heavy water solu- 
tions. The PMR measurements not only confirm 
the structure but also yield quantitative information on 
solvent and other impurities, which could be very help- 
ful in establishing the number of moles of solvent sol- 
vated with the compound under study. 


Nuclear Magnetic Resonance Spectroscopy-Rudman 
and Post (63) investigated the NMR spectrum of cyclo- 
octanone over the temperature range - 120 to f25" and 
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I I!". 1I.h. 1 I I V .  I1 /v 2. How stable are the metastable forms, and what are 
the relative degrees of stability for all of the polymorphic 
forms? 


3. Is there a noncrystalline glass state and is it stable 
enough to consider as a dosage form? 


4. Can any metastable forms be stabilized? 
5. What are the temperature stability ranges for each 


6. What are the solubilities of each form? 
7. How can pure and stable crystals of each form be 


prepared? 
8. Will the more soluble metastable form survive 


processing, e.g., micronizing or tableting? 
9. Does the drug react with any other chemical com- 


ponent during processing or final formulation to form a 
molecular addition compound? 


10. If so, what are its physical properties, eg . ,  
stability, solubility, and melting point, and can it exist in 
a desirable metastable polymorphic form or glass? 


Phase Diagram-Before suggesting ways of answer- 
ing some of the practical questions regarding poly- 
morphism, it is worthwhile to review the types of phase 
diagrams shown by systems involving polymorphs (7). 
This will be done first for a simple example of a 
system of two forms only. There will be only one liquid- 
vapor (boiling point) curve in the pressure-temperature 
diagram, since both polymorphs give identical liquid 
phases on melting. Each polyniorph, moreover, has 
its own solid-vapor (sublimation or vapor pressure) 
curve (Fig. 9) and its own solid-melt (melting point) 
curve. The complete diagram, or course, contains the 
melt-vapor, the solid-vapor, and the solid-melt curves 
(Fig. lo), and these can intersect to give either of two 
general possibilities, the melt-vapor curve may inter- 
sect the two solid-vapor curves above or below their 
intersection. I t  is not unknown for the three curves to 
intersect at  the same point. When this occurs, the melt- 
ing points of the two polymorphic forms and the transi- 


crystal form? 


I I 
Temperature Temperature 


(4 (b)  


Figure 9-Sublimation and boiling point curves for  (a) enantio- 
tropic system and (b) monotropic system. 


found that cyclooctanone forms three distinct crys- 
talline phases in the temperature range investigated. 
The results were also verified by X-ray diffraction and 
differential thermal analysis. 


Electron Microscopy-Hamm and Norman (64) 
in their work with organic pigments observed that both 
copper phthalocyanine and indanthrene blue RS can 
exist as crystals of varying shades. These shade dif- 
ferences are the result of differences in the light absorp- 
tion exhibited by the polymorphic phases. They re- 
ported that the polymorphic transformations can be 
readily observed to take place in the electron micro- 
scope. It was found that the new forms of both pig- 
ments, completely stable to the illuminating beam after 
the transformation, can be seen to grow from the vapor 
state at the expense of the original metastable material. 


The polymorphic transformations, especially in 
colored compounds, are almost invariably accompanied 
by changes in color. This is expected because the true 
"body" color of a solid is determined by its crystal 
structure as well as by its chemical chromophoric 
groups. 


Magnetic Anisotropy-Cini et al. (65) identified 
different polymorphs of NH4N03, KNO3, T1N03, 
and AgN03 by following, at different temperatures, the 
variation of magnetic anisotropy of a powdered sample 
contained in a spherical container which is suspended 
by a torsion wire in a uniform magnetic field. 


As the temperature is raised a sharp break of mag- 
netic anisotropy occurs at the transition point of each 
compound (NH4N03, 35, 86, and 127"; KN03, 127.5'; 
TlN03, 77.5 and 147"; and AgN03, 160"). 


Study of Polymorphism 


The polarizing microscope is, by far, the favored tool 
for the study of polymorphism (7, 53, 66-68). X-ray 
diffraction is also useful but the others listed are most 
useful for routine quality control, e.g., DTA, or for 
elucidation of molecular differences between poly- 
morphs, e.g., NMR. Most of the rest of this paper will 
deal with microscopical methods. 


The complete characterization of a compound should 
include a complete phase diagram, preferably plotted as 
a solubility-temperature diagram, and composition 
diagrams for all solid phases of the drug with all other 
components of the formulation. Some of the questions 
the investigator must be able to answer include: 


1. How many polymorphic forms exist? 


Temperature Temperature 


(d ( h )  


Figure 10-Melting point arid transition temperuture ciirws udded 
to the curves in Fig. 9; (a) enantiotropic (b) monotropic. 
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Figure 11-Free energy-temperature curves for  (a) enantiotropic 
and(b) monotropic systems. 


tion temperature coincide at that pressure (e.g., for 
p-naphthol and very nearly for y-hexachlorocyclo- 
hexane, two of whose forms melt only 0.1" apart). 
Figure 10 shows another way that the two melting 
points and the transition temperature may coincide, 
i.e., at higher pressures where the transition curve and 
melting point curves coincide. 


Enantiotropic and Monotropic Systems-It is not 
necessarily true that the melting point and transition 
curves intersect at high pressures, but the possibility 
exists. It is interesting to note that in this case the 
enantiotropic system becomes a monotropic system and 
vice versa. Considering this situation and the general 
fact that most systems do not show an easily determined 
transition temperature, it becomes obvious that these 
two terms, enantiotropic and monotropic, are dangerous 
words indeed. In the first place, the term enantiotropic 
can be used only when the transition temperature has 
been found to be below the melting point. The converse, 
no transition temperature below the melting point, 
cannot usually be interpreted to mean that the system is 
monotropic, because the transition temperature may be 
below room temperature (or below the lowest tempera- 
ture studied), or it may have been unobserved because 
of slow transition. There is no absolutely safe general- 
ization relating enantiotropy and monotropy to the 
properties of the polymorphs, except location of the 
transition temperature. This is best done by direct 
observation, but it may be done indirectly by measuring 
vapor pressure or solubility curves on the two forms 
since both sets of curves cross at the transition tempera- 
ture. The form stable at lower temperatures often has 
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Figure 12-Pressure-temperature diagram for  HMX. The diagram 
is only qualitatively correct except for the intersections on the I-arm. 
pressure line, which are measuredpoints. 


the higher density, and the form stable at the melting 
point always melts higher and has a lower solubility 
and a lower vapor pressure at that temperature. 


Free energy-temperature diagrams at constapt pres- 
sure are another, and perhaps clearer, way oi  showing 
phase diagrams, since the phase having the lowest free 
energy at  a given temperatue is always the stable phase 
at that temperature. The diagrams are based on the 
thermodynamic relationship ( ~ F / C ~ T ) ~  = - S.  The 
free energy F plotted against the temperature T at 
constant pressure P gives a curve for each phase, the 
slope of which at  any temperature will be the entropy S .  
Figure 11 shows hypothetical phase diagrams for 
enantiotropic and monotropic systems. 


The diagrams for systems having three or more 
polymorphic forms can be plotted in the same way. 
Figures 12 and 13 show schematic P-T and F-T dia- 
grams for HMX (cyclotetramethylene tetranitramine). 
Both curves are based on measured transition tempera- 
tures at atmospheric pressure. Except for these points 
the curves are schematic and only qualitatively correct. 


Conventions for Naming Polymorphs-On the matter 
of convention, the various polymorphic forms are best 
designated by Roman numerals: I, 11, 111, IV, etc. 
Form I should be the form most stable at room tem- 
perature. No rigid convention can be laid down for 
use of the higher numerals, since further work is always 
attended by the possibility of discovering an intermediate 
Form (2.5) difficult to designate by Roman numerals 
and to  insert without disrupting the previous assign- 
ments of numerals. A system, as logical as it is simple, 
is to  number the forms in the order of their discovery, 
which should, in general, follow their order of stability. 
Basing the assignment on melting points is not gen- 
erally satisfactory, since these data are not always 
available and, in many systems, cannot be determined. 
The Kofler suggestion that the Roman numeral be 
succeeded by the melting point in parentheses is a logical 
move subject to the preceding limitation. 


Determining the Melting Points of Metastable Poly- 


TEMPERATURE, "C. 


Figure 13-Free energy-temperature diagram .for HMX.  The in- 
tersection temperatures are measured points, but the actual slopes 
are unknown. 
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morphs-One of the obvious problems in studying 
polymorphism is the determination of the melting 
point for a metastable polymorph (70). This is not only 
necessary to characterize the system but may also be 
necessary,to tell which form is stable (higher melting); 
the difference between the melting points is a measure 
of relative stability. If two polymorphs melt less than 
1" apart, then neither is significantly more nor less 
stable and either may be easily obtained on crystalliza- 
tion. If the two melt 25 to 50" apart, the lower-melting 
form will be very difficult to  crystallize and, once crys- 
tallized, will easily transform to the stable phase. 


The closer the two melting points, the more easily the 
unstable form can be obtained, and its melting point 
can usually be obtained easily before a solid-solid 
transformation occurs. The chance of a solid-solid 
transformation can be considerably reduced, however, 
by using very small samples. Individual small crystals of 
even highly unstable forms can often be melted. Such 
preparations can often be produced by sublimation with 
a cold condensing surface. When all else fails, and the 
melting point cannot be determined directly, it may be 
possible to calculate it by using the Le Chatelier equa- 
tion as suggested by Verstraete (69). 


Binary Systems Involving Polyrnorphism-Poly- 
morphs often show up in binary systems, and systems 
involving polymorphs are often more easily studied as 
part of a binary mixture even if this involves a solvent 
as a second component. Again, the microscope is an 
excellent way to study polymorphism in binary sys- 
tems because, on a small scale, many highly unstable 
polymorphs are sufficiently metastable to permit mea- 
surement of melting points, transition temperatures, 
and concentrations. The standard microscopical physi- 
cal chemical procedures are good for composition 
diagrams in which thermodynamic equilibrium is 
established, but the study of polymorphism often 
depends on purposely avoiding thermodynamic equi- 
librium or, at least, studying the rate at which equi- 
librium is established. With the microscope, it is pos- 
sible, in most systems, to determine a complete com- 
position diagram not only between the stable phases but 
also between all possible pairs of stable and metastable 
polymorphic forms. Figure 14 shows the composition 
diagram for two isomers of hexachlorocyclohexane 
(70), the a- and 6-isomers. The &isomer has two 
easily obtained polymorphs, and the two melting 
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Figure 15-Composition diugrum for the three polymorphs of y- 
and the two polymorphs of6-liexucklorocyclohexune. 


points of the polymorphs are easily obtained on the 
pure compound. The transition temperature and the 
two eutectic temperatures are easily determined on 
any mixture of a and 6 ranging from 5 to 30% a. 
The system is therefore a simple-eutectic diagram of a 
with each polymorph of 6, and the &isomer has two 
polymorphs enantiotropic with respect to each other. 
Not all binary systems are so simple. Figure 15, for 
example, shows the relationship between the three 
forms of yhexachlorocyclohexane and the two forms 
of the 6-isomer. The different polymorphs in a given 
system may form isomorphous solid solutions, eu- 
tectics, or molecular addition compounds. I n  fact, dif- 
ferent pairs of polymorphs may show different types 
of composition diagrams. For example, 1,3,5-tri- 
nitrobenzene (I) forms an eutectic with picric acid (I), 
but forms a continuous series of isomorphous solid 
solutions with picric acid (11). Composition diagrams 
in organic systems can be as complex as the familiar 
diagrams for metals and inorganic silicates. Benzal- 
aniline and dibenzyl (71) form an unusual diagram in 
which the two metastable polymorphs of each com- 
pound form a continuous series of solid solutions; 
yet, over a range of composition from about 35 to 
65% dibenzyl, the solid solutions are the stable phase 
(Fig. 16). 


When the binary system shows an addition com- 
pound it is extremely unlikely that any pair of poly- 
morphs in that system will show any other type of 
diagram. An addition compound can itself show poly- 
morphs as in the system, 1,3,5-trinitrobenzene and 
phenanthrene (72) (Fig. 17). 


Determination of Transition Temperatures-- One of 
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Figure 14-Composition diagram for  a- and 6-hexachlorocyclo- 
hexane showing the relationship between the two polymorphs of the 
6 isomer and a. 
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Figure 16-Composition diagram between benzalaniline (A) and 
dibenzyl (B) showing stabilization of  a metastable lattice by solid 
solution formation in the range from E to K. 
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Figure 17-Composition diagram for 1,3,5-trinitrobenzene (A) and 
phenanthrene (B) showing polymorphism of the addition compound. 


the most important problems in studying polymorphism 
in a given system is to determine the transition tem- 
perature (70). This not only helps to characterize the 
system but it also tells which form is stable at low 
temperatures and when the system is enantiotropic. 
The transition temperature is the temperature at  which 
the two polymorphs have identical free energies, and 
hence, at that temperature, both forms have identical 
solubilities in any solvent as well as identical vapor 
pressures. The latter are indicated by the P-T diagram 
in Fig. 10. A corresponding diagram can also be drawn, 
based on the solubility curves (Fig. 18). The transition 
temperature is best determined by observing a solution 
phase transformation and noting the temperature at 
which both forms have the same solubility. 


Solution Phase Transformations-The easy way to 
determine which of two forms is stable at a given 
temperature is to observe the relative solubility of the 
two in a solvent. This is best and most rapidly done by 
observing crystals of both together in a drop of saturated 


115 5°C 


I I I I I I 
100 110 120 130 140 150 160 170°C 


Figure 18-Solubility curces for the four polymorphic forms of HMX. 
Again the ciirces are qualitatice, althoiigh the intersections are based 
on the rneuured transition ternDera'Cltiires. 


Figure 19-Photomicrographs of the same field o f  1,8-dinitroriaph- 
thalene during a solution phase transformation in thymol on a micro- 
scope slide. The lower picture wus taken about 20 min. after the 
upper picture. 


solution under the microscope. The less soluble form 
will grow and the more soluble will dissolve (Fig. 19). 
This is called a solution phase transformation, and it 
progresses more rapidly the higher the solubility and the 
greater the difference in solubility of the two forms. The 
transition temperature is then the temperature at  which 
the solubilities are equal and at which the transforma- 
tion rate in either direction is zero. Above the transition 
temperature one form grows at  the expense of the other, 
and below that temperature the reverse is true. By 
approaching the transition from both sides, the exact 
temperature can usually be determined to within a few 
tenths of a degree. This can often be done using a hot- 
stage microscope if equilibrium is established rapidly. 
In some systems it is more convenient to use an appa- 
ratus which was designed and used to determine the 
transition temperatures for the polymorphic forms of 
HMX (73). A saturated solution containing excess solid 
is agitated in a narrow flat-bottomed tube, itself im- 
mersed in a carefully controlled constant-temperature 
bath (Figs. 20 and 21). The stable crystal phase existing 
at a given temperature can be quickly checked by stop- 
ping the agitator in the long flat-bottomed tube, allowing 
the crystals to settle to the bottom and observing them 
microscopically with the inverted microscope. Figure 22 
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Figure 20-Experimental arrangement for obseraing solution phase 
transformations without disrupting experiment or cooling the sample 
before examination. 


shows a photomicrograph taken through the inverted 
microscope shown in Fig. 20 during an experimental run 
in which a mixture of HMX (I) and HMX (11) had been 
agitated for several hours at 110". The needles of HMX 
(11) are gradually dissolving, showing that HMX (I) 
(which is growing) is the stable phase at that tempera- 
ture. 


(a) Solution Phase Transformation Rates-the rate of 
the solution phase transformation in a given system 
depends on the solubility of each polymorph at that 
temperature, the rates of solution, and the diffusion 
rate of the molecules in solution. The rate is higher the 
higher the solubility and the greater the difference in 
solubilities. The overall rate, of course, is zero at the 
transition temperature where the solubilities of the two 
forms are equal, but the rate increases both as the 
temperature rises and as it falls. However, as the tem- 
perature falls further, two factors cause the rate of 
transformation to decrease again: first, the solubilities 
of both forms decrease, thus lowering the concentration 
in solution; and second, the viscosity of the solution 
increases. Both factors decrease the diffusion rate of 
the molecules in solution and lower the rate of trans- 
formation. The diffusion rate and therefore the trans- 
formation rate can also be increased by agitation of 
the suspension, by using finely divided crystals, and 
by having seed crystals of the stable form present. 


Solid-Solid Transformations-It is sometimes pos- 
sible to determine the transition temperature by ob- 
serving only the solid phase during heating and cooling 


Figure 21-Photogrupl~ ofapparatus shown in Fig. 20. 


in the microscope hot stage. It is necessary, however, 
in this case to repeat the determination several times, 
and during both heating and cooling, since the transi- 
tion usually superheats and supercools at least 1" and 
often many degrees. The solid-solid transformation of 
HMX (I) + HMX (IV) always occurs in the range 175 
to 190" on heating and does not usually reverse on 
cooling. (The transition temperature, measured easily 
by observing the solution phase transformation, is 
165.5 "). Occasionally, superheating and supercooling 
of the solid-solid transformation may be avoided by 
holding a preparation containing both polymorphs in 
physical contact with each other at a series of tempera- 
tures on both sides of the transition temperature and 


Figure 22-Photomirrugraph of' needles of HMX (11) transforining 
in butyrolactone at 110" to H M X  ( I ) .  Photomicrograph taken with 
polaroid camera through the inrerted microscope shown in Figs. 20 
and21. 
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achieve small particle size ; for example, calcium silicate 
can be effectively reduced to very fine particles by pass- 
ing it through the transition temperature. 


Although the microscopical procedures for deter- 
mination of the transition temperature work best 
between -186" and about 2400°, there are admittedly 
other ways of detecting transitions. For example, 
dilatometry may be used to detect the density change on 
transformation, X-ray diffraction will detect phase 
changes due to transformation, and, of course, the 
solubility or vapor pressure curves can be measured for 
the two forms in order to find the crossover temperature 
(the transition temperature). Special methods may be 
used in certain cases; for example, with metals. If an 
electrolytic cell can be set with the two different forms 
acting as the two electrodes, there will be a measurable 
E.M.F at all temperatures except the transition tempera- 
ture. In monotropic systems, the transition temperature 
lies above the melting point of both polymorphs. Hence 
it cannot be located directly, although Schenk (74) has 
used the following relationship to calculate it: 


Tt = (RK2 - FzKi)/(Ki - K2) 


where FI and Fz are the two melting points and Kl and 
Kz are the molar freezing point depression constants for 
the two forms. It may also be possible to locate the 
transition temperature in a monotropic system by 
measuring the solubility curves or the vapor pressure 
curves over a range just below the melting points, and 
extrapolating the curves to their intersection. 


Preparation of Metastable Polymorphs-Methods 
Bused on Thermodynamic Equilibrium-There are two 
general methods for the crystallization of metastable 
polymorphs. The first, based on thermodynamic equi- 
librium, involves holding crystals of one form in the 
temperature stability range of the desired polymorph 
until transformation occurs. If the crystals are wetted 
with a solvent so that a solution phase transformation 
can occur, the change will be much faster; if seeds of 
the desired polymorph can be present, the transforma- 
tion will be even more rapid. The procedure and ap- 
paratus for this are not very different from those de- 


Figure 23-A solid-solid polymorphic transformution taking place 
in a thin crystalline ,film of' vanillin. The darker area (pseudomorph) 
is an area originally unstable and now converted to the stable form. 


observing the direction of movement of the interface 
between the two forms. This is best done in a thin 
crystalline film prepared by crystallization from the 
melt (Fig. 23). The transition temperature of mercuric 
iodide (128") can be measured in this way. In passing, it 
is interesting to note that the transformation rate for 
HgIz and for most other systems (referring only to the 
solid-solid and not to the solution phase transforma- 
tion) is much more rapid the second time than the first. 
In other words, a given crystalline film may both nucle- 
ate and transform slowly, but, once a given area has 
undergone a solid-solid transformation, that region 
can be transformed more readily back and forth. This 
is presumably true for displacive rather than recon- 
structive transformations, since the latter are always 
quite sluggish and the transition temperatures for such 
systems must usually be measured by solution phase 
transformation. 


The solid-solid transformation as carried out above 
can be converted to the always more rapid solution 
phase transformation by the simple expedient of 
touching a tiny drop of a low-boiling solvent to the 
edge of the preparation. Capillarity will draw the solvent 
into the interstices between the crystals and particularly 
along the interface between the two forms. The rate of 
the transformation can be considerably increased in this 
way if the solvent is a good one for the crystals and if the 
solution thus formed is not too viscous. (This is the 
real reason for use of a low-boiling solvent.) 


A transition temperature lying below room tempera- 
ture is more difficult to measure, although with a cold 
stage for the microscope the same techniques can be 
used down to about - 186". The crystals are examined 
microscopically for evidence of pseudomorphs. A 
pseudomorph is a transformed crystal : the external 
shape of the original crystal may be discernible even 
though the internal structure is that of the new form. 
The pseudomorph may be more or less broken up by the 
transition if the density difference between the two 
forms is very great (Fig. 24). Occasionally the pseudo- 
morph may crumble to a dust, even with gentle han- 
dling. This phenomenon can sometimes be turned to 
advantage as a substitute for grinding a substance to 


Figure 24-TNT preparation in which the very unstable form II 
started to crystallize but was almost immediately tramformed to 
form I which nucleated almost simultaneously on the adoanring 
crystal front of II. The remaining melt then crystallized rapidly as 
form I. 


924 0 Journal ofPharmaceutica1 Sciences 







scribed above for the determination of the transition 
temperature (Figs. 20 and 21). It is a help to know the 
transition temperature, so that the solution phase 
transformation can be carried out as far as possible 
from the transition temperature but still in the stability 
range of the desired polymorph. For example, one can 
convert HMX (I) to HMX (11) more rapidly at tem- 
peratures from 160 to  165', whereas HMX (11) would 
best be prepared from HMX (IV) at about 120" and 
from HMX (I) at about 160' [HMX (I) $ HMX (11) = 
115.5', HMX (11) e HMX (IV) = 165.5'1; see Figs. 
12 and 13 (70). This method of preparing a high-tem- 
perature polymorph works, of course, only in enantio- 
tropic systems in which the desired form has a definite 
temperature stability range. 


Methods Based on Preoention of Thermodynamic 
Equilibrium-In monotropic systems it is usually rela- 
tively easy to prepare the metastable forms, but it is 
necessary in so doing to prevent thermodynamic 
equilibrium by working fast and with small quantities 
(67). In  general, a metastable polymorph (in enantio- 
tropic systems as well as monotropic systems) can be 
prepared either by achieving a high degree of super- 
saturation in the vapor or solution state, or by super- 
cooling in the melt state. The general objective is to find 
conditions under which the metastable form can crystal- 
lize before crystals of the stable form appear. Since the 
metastable form will always be more soluble and more 
volatile and will have the lower melting point, it follows 
that supercooling is necessary in order to crystallize the 
metastable form from the vapor, melt, or solution. The 
system must then be supercooled below the melting 
point of the metastable form, and at the same time one 
must prevent crystallization of the more stable form or 
forms. With HMX, for example, it is possible to prepare 
any one of the four crystal forms from the same solvent 
and at temperatures all well within the thermodynamic 
stability range of HMX (I). This is done by supercooling 
the solution rapidly. The faster the cooling, the more 
unstable will the polymorph be. The rate of cooling is 
most readily controlled by varying the volume of the 
solution, since a small volume can be cooled very 
rapidly. 


Solution Phase Preparations of Metustable Phuses- 
The various polymorphic forms of HMX are usually 
obtained by starting with an acetone solution saturated 
with HMX (I) at 63" and with no excess solid present. 
To  obtain HMX (I), 200 ml. of this hot solution is 
cooled spontaneously to room temperature. This gives 
very slow cooling, lower supersaturation, and crystalliza- 
tion of pure HMX (I). To obtain HMX (II), 50 ml. of 
the same hot solution is cooled to room temperature 
with gentle agitation (swirling, to improve heat trans- 
fer). HMX (111) results if 30 ml. of the same hot solution 
is cooled with agitation in an ice-water bath. HMX (IV) 
is formed when 5 ml. of the solution is cooled in a test 
tube by immersion (with shaking) in a dry-ice cooling 
bath or by pouring 5 ml. of the hot solution over 
cracked ice. In every case, the crystals must be filtered 
off rapidly to avoid solution phase transformation to 
HMX (I) which is stable up to 115.5'. Other solvents 
may also be used; however, the cooling rates must be 
changed in accordance with the solubility of HMX in 


that solvent. If HMX is more soluble than in acetone, 
the rates of cooling must be increased; if less soluble, the 
rates must be decreased. 


There are three reasons for this relationship between 
solubility and cooling rates, although all are based on the 
fact that the concentration of the compound is less in 
the poorer solvent. First, in such a solution it is more 
difficult to nucleate any solid phase because nucleation 
is a 2-, 3-, or 4-body collision process and there is less 
probability of nucleation in a dilute solution. The 
necessary degree of supercooling can, therefore, be 
achieved. Second, the high-temperature (low-density, 
more symmetrical, and more open) structures nucleate 
most readily when they can (sufficient supercooling). 
This is the basis for Ostwald's law of successive states, 
which says that a phase change will occur step by step 
by the way of successively more stable phases. Third, 
and finally, in a poor solvent the rate of transformation 
of a metastable to a more stable polymorph is slower. 
Hence a metastable form once crystallized can be iso- 
lated and dried before it is converted by solution phase 
transformation to a more stable phase. 


In some systems the metastable form is extremely 
unstable and may be prepared only with more extreme 
supercooling. This is usually done on a very small scale 
(even a single drop of solution) with high-boiling liquids, 
so that a saturated solution at a high temperature 
suddenly cooled to room temperature will achieve a high 
degree of supersaturation. If, for example, a saturated 
solution of RDX (cyclotrimethylene trinitramine), 
HND (hexanitrodiphenylamine), or ammonium pic- 
rate in a drop of thymol on a microscope slide at 
150-200" is cooled rapidly by placing it on a cold sur- 
face, crystals of the corresponding unstable polymorphs 
will appear (67). In each case, some crystals of the stable 
form may also appear, and a slow solution phase trans- 
formation may occur. The rate of this transformation 
will increase with increasing temperature. 


Preparation of Metastable Phases f rom the Melt-An 
analogous behavior results when a melt rather than a 
solution is supercooled. One of the most interesting sys- 
tems studied thus far (67) is DINA [bis(P-nitroxyethy1)- 
nitramine]. This compound shows four crystalline poly- 
morphs, each of which can be prepared easily from the 
melt and each of which has a measurable melting point. 
The melting points are: DINA (I), 52'; (11), 52"; (111), 
38"; and (IV), 30". DINA (1) melts about 0.05" higher 
than DINA (11). A completely melted sample of DINA 
supercools to room temperature and remains indefi- 
nitely without crystallizing. If, at any temperature below 
52", the glass cover slip is pressed hard into contact with 
the microscope slide, using the side of a teasing needle or 
even a pencil eraser, nucleation usually occurs at the 
point of contact. The temperature of the preparation at 
the time of crystallization determines the degree of 
supercooling and therefore the polymorphic form. 
Below 30", DINA (IV) results; at 30-35", DlNA (111); 
at 40 to  45", DINA (11) is the usual product, although 
DINA (I) or a mixture of I and I1 may appear. Each of 
these forms is reasonably stable on a microscope slide, 
although IV, as would be expected, is least stable. 
DINA (111) usually spontaneously nucleates in Form 
IV within a few minutes. 
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Some compounds show an unstable short-lived 
polymorph when the melt is highly supercooled. Good 
examples are acetanilide and TNT. Both should be 
melted completely and allowed to cool quietly and un- 
disturbed. Within a few minutes for acetanilide, or a 
few hours for TNT, crystallization will occur, but the 
unstable form will immediately and very rapidly trans- 
form to the stable form, leaving an obvious pseudo- 
morph (Fig. 24). As these few examples show, it is not 
difficult to form a sound idea of the relative stability of 
the unstable forms of different compounds. The TNT 
polymorph is probably as unstable as any ever ob- 
served, since it always transforms to the stable form, 
probably in a few hundredths of a second after it forms. 
It is necessary to supercool a number of tiny droplets 
less than 1 to 2 mm. in diameter to observe the TNT 
pseudomorphs, and even then the percentage of crystal- 
lizations showing the phenomenon is less than 1%. 
Acetanilide (11) is somewhat more stable, forming a fair 
percentage of the time from 2 to 3 mg. of melt and with 
an average life of perhaps a second. Again, it is obvious 
as a pseudomorph. The DINA polymorphs are much 
more stable than those of either TNT or acetanilide. 
There is, of course, no possibility of obtaining TNT (II), 
acetanilide (TI), DINA (111) or (IV), RDX (11), HND 
(II), ammonium picrate (II), or HMX (IV) on a macro 
scale. Another interesting example of a highly unstable 
polymorph is picric acid. Form I melts at 121°, and 
Form I1 melts at 75". It is understandably difficult to 
supercool picric acid 46 O without getting crystals of 
Form I, but it can be done in very small preparations 
(0.1 mg.) between a slide and cover slip. It is then nec- 
essary to cause form I1 to  crystallize; this has been done 
by seeding with trinitrobenzene (I), with which picric 
acid (11) is isomorphous. This is obviously best done in a 
fusion preparation by recrystallizing TNB as the stable 
Form I ,  then melting a very tiny amount of picric acid 
at the edge of the cover slip near the TNB so that it is 
absorbed (so to speak) by the TNB melt and forms a 
small pocket of picric acid surrounded on three sides by 
TNB. On rewarming, the picric acid and a portion of 
the TNB are melted, and, on cooling, the unmelted TNB 
(1) seeds the melt including the picric acid. The rate of 
crystallization is very rapid through the TNB (I) but 
slows considerably in the zone of mixing, then speeds 
up slightly in the picric acid (IT). The latter may remain 
for a few minutes or a few seconds, but it always trans- 
forms very soon into picric acid (I) pseudomorphs of 


In general, it becomes more difficult to obtain the 
room temperature stable form as the transition temper- 
ature decreases to within 10 to  20" of room temperature. 
The compound I72,5-trinitronaphthalene melts at 112 to 
113 O (11) but has a transition temperature at about 30". 
AS a result the stable Form I cannot be obtained without 
experiments below room temperature (or 20"). If the 
transition temperature falls below room temperature, 
the low-temperature form will not usually be observed 
unless experiments are carried out at lower temperatures 
within the required temperature range. It is significant 
that a given polymorphic form can often be crystallized 
well below its temperature stability range, but seldom, 
if ever, above it. Presumably this is due to the fact that a 


(11). 


supercooled system will lack the lattice mobility to 
transform; hence an unstable polymorph well below 
the transition temperature may be very stable once it is 
formed. This is useful in telling us that in those cases of 
great instability of one polymorph, e.g., acetanilide, 
RDX, HND, the system is probably monotropic. 


Preparation of Metastable Phases from the Vapor- 
Preparation of metastable forms by sublimation is a 
useful procedure, especially because the individual small 
crystals of the metastable forms are quite stable and can 
be used directly for melting point determinations (5). 
The general procedure utilizes a Kofler sublimation 
block and a temperature at which the compound sub- 
limes readily. The temperature of the cover slip then 
determines the crystal form and size of the sublimate. 
A very small temperature difference between the source 
and the condensing surface will result in condensation 
of the stable form at that temperature. Cooling of the 
cover slip by placing drops of various low-boiling sol- 
vents on the top surface will cause condensation of the 
more unstable forms, the lower temperatures leading to 
the most unstable forms. A vapor phase transformation 
may, of course, occur if two different crystal forms con- 
dense, since each has a different vapor pressure (Fig. 
25). 


Stability, Metastability, and Instability-The idea 
that unstable crystal forms can be readily prepared at 
temperatures far below their normal temperature sta- 
bility ranges is one of the unappreciated ideas in the 
study and handling of polymorphs. It is not inconceiv- 
able that diamonds, now being produced by attaining 
thermodynamic stability, i.e., high temperatures and 
pressures, might some day be made at ordinary pressures 
and quite low temperatures. The requirement, and for 
carbon a tough one, is a liquid solvent at temperatures 
below the range at which diamond changes to  graphite 
by a solid-solid transformation. 


Diamond, of course, is unstable thermodynamically 
at ordinary temperatures and pressures. It is said to be 


Figure 25-Sublimate of two polymorphic forms of picramic acid. 
The unstable form has vaporized in the neighborhood of (and onto) 
the stab/e form. 
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nietastabls, and many such materials are known. Many 
minerals (aragonite, anatase, brookite, etc.), many 
drugs (75)  (atophane, progesterone, estrone, marfanil, 
sulfathiazole, veronal, etc.), and even some important 
metals (copper, silver, zinc, tin, bismuth, and cadmium) 
are used daily in the metastable form. The degree of 
stability of a metastable polymorph varies considerably. 
Diamond is one extreme, although even diamonds often 
transform, on heating, to graphite. At the other extreme 
is TNT, which possesses a metastable form so short- 
lived that no one has even seen it. Only the pseudo- 
morph remains to tell us that a transformation has 
occurred (Figs. 23 and 24). The degree of metastability 
in a given system can be changed to some extent. For 
example, crystal size is a definite factor, and large 
crystals of a metastable form are usually much less 
stable than small crystals. Large crystals of HMX (IV), 
1 mm. or more in large dimension, seldom last longer 
than a few hours before they transform to HMX (I). On 
the other hand, very small crystals of HMX (IV) less 
than 50 pin. long and 10 pm. thick, prepared in 1942, 
are still unchanged more than 25 years later. Physical 
shock, especially grinding, is usually an effective way to 
convert a metastable crystal form to the stable form. 
Presumably this conversion occurs most readily for 
displacive-type transformations (76), since there are 
many metastable systems, such as diamond, that can be 
pounded to angstrom dimensions without transforma- 
tion. Grinding diamond at  elevated temperatures would 
undoubtedly increase the rate of solid-solid transforma- 
tion to graphite. 


Pseudopolymorphism-Pseudopolymorphism is a 
convenient term to use to  describe a variety of phenomena 
sometimes confused with polymorphism. They include 
desolvation, second-order transitions (some of which 
are polymorphism), dynamic isomerism, mesomorphism, 
grain growth, boundary migration (77) recrystallization 
in the solid state, and lattice strain effects. 


Of these, probably the most important is desolvation. 
During heating of a crystalline solid in the microscope 
hot stage, one evidence of polymorphism is a solid-solid 
transformation. This results in darkening of the crystal, 
observed by transmitted light. It is due to the breaking 
up of the crystals (the density change is often 1% or 
more) and light scattering by the many new air-crystal 
interfaces. This change is, in visual detail, duplicated 
when a crystalline solvate gives off solvent of crystalli- 
zation on heating. There is, however, a simple micro- 
scopical procedure to differentiate polymorphism from 
desolvation. The heating experiment is repeated with the 
crystals Completely immersed under a cover slip in a 
liquid immiscible with the possible solvent of crystalliza- 
tion. If, then, desolvation is involved, heat will produce 
the desolvated solid plus a liquid droplet of the solvent. 
If polymorphism is involved, the change will occur as 
before but no liquid phase will appear until the final 
melting point. 


Study of a Compound to Determine whether Poly- 
morphism Exists-It is comparatively easy to determine 
by microscopical procedures whether a given compound 
can crystallize in two or more different crystalline poly- 
morphs. The following are standard procedures designed 
to cause crystallization of the metastable form. 


(a )  Melt completely a small amount of the compound 
between a slide and cover slip and observe the solidifica- 
tion between crossed polars. If, after spontaneous 
freezing, a solid-solid transformation occurs spontane- 
ously or can be induced by seeding or scratching, the 
compound exists in at least two polymorphic forms. 
The problem, in this case, is to prevent crystallization 
of the stable form by inducing supercooling. Four steps 
can be taken to help induce supercooling: First, the 
sample size should be very small; in fact, a number of 
separate droplets under the cover glass, ranging in 
diameter from a few tenths of a mm to 1 to 2 mm., will 
provide the most satisfactory size. Second, the crystals 
should be melted completely by holding the melt for 30 
seconds or so about 10 to 20" above the melting point. 
Third, the melted preparation should be carefully set 
aside for several minutes without physical shock before 
examination. Only under these conditions can the very 
unstable form of TNT be obtained. To a slightly lesser 
extent, formation of the metastable form of acetanilide 
requires the same care. Even in spite of these precau- 
tions, the metastable polymorphs of these two com- 
pounds are seldom observed; only the pseudomorph 
remains as evidence of the formation of the metastable 
form. Finally, one should try rapid cooling of the 
sample using one of the aerosol freezing jets directed 
against the cover slip preparation. These cans of 
fluorocarbon refrigerant (Freon) are available as mar- 
tini glass chillers. 


Pentaerythrityltetranitrate (PETN), carbon tetra- 
bromide, mercuric iodide, ammonium nitrate, and 1, 
3,5-trinitrobenzene (TNB) always crystallize on cooling 
to give the high-temperature form if they are completely 
fused. Of this group, PETN, Hg12, CBr4, and ammonium 
nitrate show spontaneous transformations on cooling, 
but trinitrobenzene must usually be scratched or seeded 
to induce a transformation. 


It is often of value to carry out a meltback (partial 
remelting) and seed the melt with some of the compound 
from the stock bottle (presumably, though not always, 
the stable form). As freezing proceeds, the junction of 
the two crystal fronts is observed for evidence of poly- 
morphism. In general, if the two crystal fronts are 
made up of different crystalline modifications, one of 
them will grow into and through the other on contact. 


(b)  Heat a sample of the compound in a hot stage and 
observe whether a solid-solid transformation occurs 
during heating. A transformation will occur with most 
compounds which show enantiotropic transformations, 
e.g., ammonium nitrate, carbon tetrabromide, and 
ammonium picrate. Many other systems, even though 
enantiotropic, do not readily transform under these 
conditions. The changes are greater the larger the 
preparation; hence 10 to 20 mg. should be used. 


(c) Sublime a small quantity of the compound and 
attempt to induce a solution-phase transformation 
between the sublimate and the original sample by mixing 
the two in a drop of saturated solution of one of them. 
If the two are polymorphs, the more stable will be more 
insoluble and will grow at the expense of the more solu- 
ble metastable form. This process will continue at a rate 
which depends on the difference in solubility and the 
absolute solubility until the metastable form is com- 
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pletely transformed to the stable form. If the two 
samples are not polymorphs but are different com- 
pounds, one may dissolve but the other will not grow 
(except perhaps as the solution evaporates). If the two 
are identical forms of the same compound, no change 
will occur on standing in solution. (Remember that the 
solution in use is, at the beginning, a saturated solution 
of either one of the two samples.) This method works 
only for systems in which the compound condenses on 
sublimation as a polymorph different from the original. 
To increase this possibility, different condensing surface 
temperatures should be tried. A low-condensing surface 
temperature favors the formation of a metastable form. 


(d)  Maintain an excess of the solid compound in a 
small amount of solvent held at a temperature as near 
the melting point of the compound as possible. Hold for 
several hours, then isolate the suspended solid by 
decantation followed by drying at the refluxing tempera- 
ture. Any method of quickly isolating these crystals or, 
at least, keeping the temperature from dropping during 
the entire operation is satisfactory. Test the product with 
a sample of the original compound for solution phase 
transformation as outlined above under (c). This pro- 
cedure works for any enantiotropic system, e.g., 
styphnic acid, HMX, HgL, in which the material can 
be maintained in the temperature range of the high- 
temperature form for a sufficiently long time for the 
solution phase transformation to occur. Using a solvent 
boiling in the desired temperature range solves the 
problems of temperature control and of agitation. 


(e) Recrystallize the compound from a small amount 
of solution by cooling very rapidly (pour onto ice, or 
drop dropwise on a chilled microscope slide, etc.), and 
observe a portion of the precipitate suspended in a drop 
of the mother liquor. The drop may then be seeded with 
the original compound to check for solution phase 
transformation. If the precipitate is a different poly- 
morph, a solution phase transformation should take 
place. This method of obtaining polymorphs has been 
used successfully for hydroquinone and for HMX. 


A very useful modification of this test involves the use 
of high-boiling solvents, such as butyrolactone, thymol, 
benzyl alcohol, and nitrobenzene. If these compounds 
are used, it is possible to carry out the recrystallization 
in a drop on a microscope slide. Under these conditions 
cooling will be very rapid, and it is possible to obtain 
high-temperature polymorphic forms that have not been 
prepared by any other method. For example, RDX and 
HND were found to exist in at least two polymorphic 
forms by recrystallizing from thymol after all other 
methods of detecting the presence of polymorphs had 
failed. 


Are Two Given Samples Polymorphic Forms of the 
Same Compound?-Another general problem is the 
recognition of polymorphism as the relationship be- 
tween two different crystalline solids. Some general 
procedures for achieving this are given below. Because 
many of the phenomena listed above (tautomerism, 
polymerism, strain, etc.) can cause a system to behave 
as though it is polymorphic, it is necessary to eliminate 
these possibilities before concluding in any given case 
that polymorphism is present. In general, if the two 
phases are different crystallographically (as determined 


by X-ray diffraction or petrographically), then crystal 
strain can be eliminated. If the two crystal forms give 
identical melts or solutions at the instant of melting 
or dissolving, then tautomerism and polymerism are 
eliminated. If the two crystal forms are solid (i.e., 
do not flow with pressure on the cover slip), then 
mesomorphism is eliminated. In the entire list of pro- 
cedures to be given below it is assumed that grain growth 
due to strain has been eliminated. 


1. If two samples have different crystal properties, 
Le., axial ratios, refractive indices, densities, and X-ray 
powder patterns, and can be converted into each other 
through a solid phase or a solution phase transforma- 
tion, they are polymorphic forms of the same com- 
pound. 


2. If the two compounds are different in all crystal 
properties, as in ( 1  .), yet melt to give a liquid having the 
same refractive index of the melt and the same tempera- 
ture coefficient of refractive index, the two samples are 
likely to  be polymorphs of the same compound. If the 
two solids are mixed and heated to the first melting 
point and held there, a pair of polymorphs will either 
crystallize completely as the high-melting stable form or 
will melt completely (if both forms melt very close 
together). If the system remains as a mixture of solid 
and melt at that temperature, then the two solids are 
different compounds. 


3.  If a mixed fusion between the two samples shows 
identity, yet the crystal properties are different, as in 
( 1  .), then the two samples are polymorphs of the same 
compound. 


4. If one of the samples is fused and allowed to super- 
cool slightly below the melting point, the melt can be 
seeded at different points with each of the solid samples. 
If the resulting solidification is observed using a low- 
power microscope having crossed polars, observation 
at the junction of the two solids will indicate the pres- 
ence or absence of polymorphism. If, at the junction, 
one of the two forms continues to grow through the 
other solid, the two forms are polymorphs. If the two 
solids grow together with no subsequent change, even 
on rewarming and long standing, then the two samples 
are identical and are not polymorphs (assuming that one 
of the seed crystals did not transform during the seeding 
operation). Seeding alone is not, however, proof that the 
crystal form of the seed material and the growing 
crystals are the same phase or even, necessarily, the 
same compound. Seeding with any material involves 
some physical shock which is often sufficient, by itself, 
to cause nucleation. 


5. If the two samples are mixed dry on a microscope 
slide beneath a cover slip, they can be wetted by allowing 
a liquid to run in under the edge of the cover slip. If 
they are wetted with a saturated solution of either com- 
ponent in a suitable solvent, the occurrence of a solution 
phase transformation means that the two samples are 
polymorphic forms of the same compound. 


6 .  If several crystals of each sample are heated close 
together in a hot stage, a solid-solid transformation of 
one component followed by melting of both at the 
same temperature will strongly indicate (but not prove) 
that the two are polymorphs. If, on heating, one form 
melts first, then resolidifies completely owing to seeding 
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by the other form, followed by uniform melting on 
further heating, the two forms are polymorphs. 


7. There might also be a vapor phase transformation 
during heating of the two samples in intimate mixture. 
This too is characteristic of polymorphism. 


Conclusions-With the foregoing discussion, it is 
clear that probably every organic medicinal can exist 
in different polymorphs and the choice of the proper 
polymorph will determine if a pharmaceutical prepara- 
tion will be chemically or physically stable, or if a 
powder will tablet ornot tablet well, or if the blood 
level obtained will be the therapeutic level to give the 
pharmacologic response desired. Thus, it is time that 
pharmaceutical companies, as a part of their pre- 
formulation studies, identify and study the stability 
of different polymorphs of each potential new drug, 
as they do the melting points or other physical charac- 
teristics. 
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Permanent Cannula-Injection System for Intracerebral 
Injections in Small Animals 


LEE R. GRUNDEN* and GEOFFREY E. LINBURNt 


Abstract The procedure for constructing a simplified cannula- 
injection system for making repeated intracerebral injections in 
conscious, free-moving animals is described. The system is made 
from standard hypodermic needles and polyethylene tubing. The 
absence of screw joints and the small size make this system par- 
ticularly useful for chronic injections in small animals. Additional 
advantages are discussed. 


Keyphrases 0 Cannula-injection system-erebral injections 0 
Intracerebral injections-small animals 0 Brain-localized injec- 
tion 17 Intraventricular injections-rats, chickens 0 Diagram- 
cannula-injection system 


Much interest has developed in recent years in the 
chemistry and pharmacology of the brain. A useful tool 
for studies in the neurological sciences has been the im- 
planted cannula (1). Implanted with a stereotaxic ap- 
paratus for precise localization in a specific area of the 
brain, the cannula permits the introduction of a given 
amount of compound directly into the brain of an un- 
anesthetized animal. The in uivo effects of the compound 
may then be studied with a verifiable knowledge of the 
specific area treated. 


Few detailed descriptions (2-5) of a chronic cannula- 
injection system suitable for small animals are available. 
The cannula-injection system which has been developed 
and described in detail here has several simplifying 
features which make it compact and easy to  construct 
and use. Moreover, the cannula is easily reclaimed for 
repeated implants. 


METHODS 


The system consists of a double-barreled unit. The outer barrel 
is the guide cannula which is implanted steieotaxically and is se- 
cured to the skull with a quick-drying acrylic dental cement.' An 
injection cannula is inserted into this guide cannula at the time of 
injection. Following injection, the injection cannula is replaced by 
a stylet. A tight friction fit is sufficient to hold both the stylet and 
injection cannula in place. The guide cannula, stylet, and injection 
cannula are machined from hypodermic needles2 on a small metal 
lathe.3 The needles are easily mounted in the chuck of the lathe by 
first securing them to an a d a ~ t e r . ~  


The guide cannula is made from a 23-gauge Yale hypodermic 
needle (Fig. 1). The taper of the needle is machined to a cylinder with 
a diameter of approximately 2 mm. The taper should not be ma- 
chined to a distance more than 4 mm. from its tip, since a decreasing 
wall thickness may cause the machined cylinder to break off prema- 
turely if machined further. For better binding by the cement, one or 
two grooves are machined into the cylinder of the 23-gauge needle 
with a fine pointed cutting tool. The cylinder is then cut from the 
body of the syringe sleeve with a small cut-off tool. The cannula is 
finished with a fine file or grinding wheeL6 The opening at the top of 


1 NuWeld L. D. Caulk Co., Milford, Del. 
2 B-D Yalk tvoe. Becton. Dickinson & Co.. Rutherford, N. J. 
J e.g., Unirnac lathe, American Edelstaal Inc., New York, N. Y. 
4 One-way Valve, female Luer-lok to male Luer-lok; Becton, Dickin- 


6 e.g., Hypodermic needle sharpener, Van Waters & Rogers Inc., 
son & Co., Rutherford, N. J. 


Brisbane, Calif. 


the cylinder is flared with a small burr6 for easier insertion of the 
stylet and injection cannula. The shaft of the cannula is cut with wire 
cutters to a length slightly longer than the final length desired; it is 
then ground to the precise length with the grinding wheel. This pro- 
cess reopens the pinched end. The finished product is represented 
diagrammatically in Fig. 2A. The overall length of the guide can- 
nula is determined by the depth of the desired implant site. For 
example, an overall length of 9 mm. is adequate when placing im- 
plants into the lateral cerebral ventricles of 250-g. rats. 


The stylet is made from a 30-gauge Yale hypodermic needle. To 
provide a better fit between the stylet and the guide cannula, the end 
of the syringe sleeve taper of the 30-gauge needle is faced to a flat sur- 
face. The taper is then machined to a cylinder as described for the 
cannula. The machined cylinder of the stylet is cut from the body of 
the syringe sleeve with a hacksaw and is thereby sealed. The needle is 
cut to length with wire cutters, thereby sealing the lumen, and both 
ends are smoothed with the grinding wheel. The tip of the stylet, 
when fully inserted into the guide cannula, should be flush with the 
tip of the cannula (see Fig. 2). For the stylet to fit tightly inside the 
guide cannula, slight crimping of the cannula shaft near the cyl- 
inder with wire cutters may be necessary. 


The injection cannula is also made from a 30-gauge hypodermic 
needle and is machined, initially, like the stylet. Starting approxi- 
mately 1 mm. from the faced surface, the cylinder is then further 


RI  NGE 
€EVE 


Figure 1-Diagram of a standard hypodermic needle with the various 
parts Iabeled. The dotted hies represent the ou the  of the machined 
cylinder. 


6 Unimat accessory. 
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A B C 


Figure 2-Diagranimatic representation of the finished components. 
Key: A, guide cai~m~la, 23G; B, stylet, 30G; C, injection cannula, 
30G, and tubing. 


machined to as small a diameter as possible. The machined needle 
will break from the body of the syringe sleeve when the diameter 
becomes sufficiently small. The resulting cylinder can be titted 
into polyethylene tubing (PE 20). After roughing the surface of both 
the cylinder and tubing with a small file, the two are cemented to- 
gether with epoxy cement. The other end of the tubing is fitted to a 
blunted 25-gauge hypodermic needle which may then be attached to a 
syringe. The injection cannula is cut to length and reopened with 
the method already described for the guide cannula. The tip of the 
injection cannula, like the stylet, should be flush with the tip of the 
guide cannula when fully inserted (Fig. 2). The injection cannula 
can be used with all guide cannulas of a given length. 


A simple adapter for implanting the guide cannulas with any 
standard stereotaxic instrument can be made from 23-gauge and 
30-gauge stainless steel hypodermic needle tubing.’ The 30-gauge 
tubing is inserted inside an 8-cm. length of 23-gauge tubing and 
is secured by crimping at one end. The 30-gauge tubing should 
extend a sufficient length beyond the other end of the 23-gauge tub- 
ing so that when fully inserted into a guide cannula, the two tips 
are flush. 


The adapter with the tightly fitting cannula is mounted like an 
electrode in a stereotaxic instrument. A permanent implant is made 
without any elaborate devices for securing the cannula to the skull. 
A strong bonding of the guide cannula to the skull is achieved by 
tightly threading several small stainless steel machine screws8 to the 
skull and thoroughly drying the surface before applying the cement 
(Fig. 3). After positioning the guide cannula, the exposed portion 
of the cannula is surrounded by acrylic dental cement which is ap- 
plied with a small brush. When the cement has hardened, the 
adapter is removed from the cannula and a stylet is inserted. 


COMMENT 


This cannula-injection system is designed for fluid injections but 
could be readily adapted for the introduction of solids. For fluids, 
microliter volumes are easily injected with a microliter syringe.9 


The authors have used this cannula-injection system success- 
fully for repeated intracerebral and intraventricular injections in 
conscious, unrestrained rats (6, 7) and chickens (Grunden, unpub- 
lished). The system has proven to have several advantages over pre- 
viously used systems. The small size of the guide cannula makes it 
particularly useful for rats and other small animals. Since the cannula 
is completely surrounded by cement resulting in a low-profile im- 
plant, the animal is unable to exert leverage which might lead to loss 
of the cannula. In over 120 animals implanted to date, the cannulas 
have remained useable for periods of up to 11 months. The system 
has proven to be virtually leakproof without the use of screw joints. 
Thus injections are made simply by pulling out the stylet and in- 
serting the injection cannula. 


304 F-hard, seamless; Tubesales, Los Angeles and New York. 
&SO X 0.32 cm. (‘/a in.). 


9 Hamilton microliter syringes, available in sizes as small as 1 pl. 
total volume; Hamilton Co.  Inc., Whittier, Calif‘. 
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Figure 3-Photograph showing a guide cannula ready to be implanted 
in a rat. The cannula isfitted on the adapter which is mounted in the 
electrode holder of’a .\tereotaxic instrument. The tip of the cannula is 
lowered to a predetermined depth through a hole in the skull, and the 
cannula is then secured in place with deiitul cement. Three stainless 
steel screwsarc used to anehor the cement to the shull. 


An added advantage is the ease with which the guide cannula 
may be reclaimed after sacrificing the animal. By immersing the 
embedded cannula in chloroform for a few hours, the acrylic dental 
cement is dissolved away, thereby freeing the metal cannula for use 
in subsequent implants. 
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Comparative Antidotal Effectiveness of Activated Charcoal, 
Arizona Montmorillonite, and Evaporated Milk 


LINCOLN CHIN, ALBERT 15. PICCHIONI, and BRUCE R. DUPLISSE 


Abstract Activated charcoal, Arizona montmorillonite, and 
evaporated milk were compared for their ability to reduce gastroin- 
testinal absorption of three potential poisons. Time-course drug- 
concentration studies were performed on kerosene- and aspirin- 
treated animals. Activated charcoal and Arizona montmorillonite 
reduced blood kerosene level at all time periods studied, whereas 
evaporated milk was effective only during the early time periods. 
Activated charcoal reduced plasma aspirin level at all time periods 
studied, whereas Arizona montmorillonite was slightly effective 
only during the late time periods and evaporated milk was effective 
only during the initial few hours. Activated charcoal, Arizona 
montmorillonite, and evaporated milk reduced liver concentration 
of strychnine, which was analyzed only at the 5-min. time period, by 
approximately 80-90 %. These antidotes also significantly elevated 
the median lethal dose (LDso) of strychnine. Although activated 
charcoal appears to have the greatest adsorptive spectrum, Arizona 
montmorillonite and evaporated milk should be investigated 
further as possible antidotes. 


Keyphrases Antidotal effectiveness-activated charcoal, Arizona 
montmorillonite, evaporated milk Aspirin, strychnine, kerosene 
poisoning-antidotes Arizona montmorillonite, activated char- 
coal, evaporated milk--comparative antidotal effectiveness 


Activated charcoal has a wide spectrum of adsorptive 
activity (1-3) and is frequently recommended for the 
emergency management of ingested poisons (3-9). 
However, despite its effectiveness, there is some reluc- 
tance by the medical profession to use it because of its 
disagreeable appearance and because it stains clothing 
and linen (2). In the present investigation we evaluated 
two antidotes which have greater esthetic appeal than 
activated charcoal for their ability to inhibit gastro- 
intestinal absorption of three potential poisons. 


The first of these candidate antidotes is a clay mineral 
known as Arizona montmorillonite. It is prepared by 
elutriation of bentonite obtained from a clay deposit 
located in Northern Arizona and has the following 
formula (10): 


(Ah ~ I F ~ o . I z M ~ o . ~ ~ ) ( A ~ o  ~ O I ~ ( O H ) ~ I N ~ ~  02(Cao.d2)1 


X-ray diffraction and fluorescence spectroscopy re- 
veal that montmorillonite consists of hydrous aluminum 
silicate. It possesses a high specific surface area which 
has been determined to be approximately 780 m."g. 
The surface carries a high net negative charge and the 
chief cation on the surface is calcium. The cation 
exchange capacity has been calculated to  be 148 meq./ 
100 g. of clay. An aqueous suspension of finely powdered 
montmorillonite yields a preparation that is buff in 
color, is essentially odorless and tasteless, and has a 
slightly chalky texture. 


The second candidate antidote is evaporated milk, a 
commodity which is readily available and is frequently 
found in homes. Evaporated milk is processed from 
fresh whole milk under partial vacuum at a temperature 


range of approximately 55 to 65" and adjusted to the 
legal requirement of 7.9 butterfat and 25.9 % total 
milk solids (11, 12). The typical composition of evapo- 
rated milk is 73.7 
carbohydrate, and 1.5 ash (13). The finished product 
is then hermetically sealed in tins, subjected to heat 
sterilization (1 1, 12), and placed in shaking machines to  
break up the heal-coagulated casein (12). 


Although milk is often recommended as an antidote 
for inhibiting gastrointestinal absorption of poisons (4,5, 
9, 14), there are few reports of experimental studies 
regarding its effectiveness as an adsorbent. One of these 
reports, published by Deaton et al. (15), concerns the 
use of milk to inhibit the gastrointestinal absorption of 
kerosene. 


The primary aim of this investigation is to compare 
the relative effectiveness of activated charcoal, Arizona 
montmorillonite, and evaporated milk in their ability 
to  inhibit gastrointestinal absorption of kerosene, 
aspirin, and strychnine. In addition, the time course 
studies which were performed serve to provide some 
information concerning the possibility of elution of two 
of the poisons from the various antidotes studied. 


water, 7 % protein, 7.9 % fat, 9.9 


EXPERIMENTAL 


Animals employed in this investigation consisted of male 
Sprague-Dawley rats weighing 225 to  275 g. and male mongrel 
dogs weighing 8 to 15 kg. All animals were fasted 24 hr. prior to 
drug administration but were allowed free access to water. 


Kerosene, 8 ml./E.g., was administered by oral intubation to 
four groups of 50 rats each. One minute later three of the groups 
were treated with activated charcoal1 or Arizona montmorillonite, 
3.6 g./kg., or evaporated milk,2 each of which was administered 
orally in a volume of 20 ml./kg. Control rats received no additional 
treatment. Eight or nine rats from each group were anesthetized 
with ether at various time periods and blood was collected from the 
abdominal aorta and analyzed for kerosene according to the method 
of Guertin and Gerarde (16). 


Aspirin, 100 mg./kg. in an aqueous suspension of 3 ml./kg., was 
administered by stomach tube to four groups of eight dogs each. 
One minute later three of the groups were treated with activated 
charcoal or Arizona montmorillonite, 500 mg./kg., or evaporated 
milk, each of which was administered orally in a volume of 10 
ml./kg. Control dogs received no additional treatment. Serial 
blood samples were collected by venipuncture at various time 
periods and analyzed for aspirin by the method of Trinder (17). 


Strychnine phosphate, 20 mg./kg. in a volume of 2 ml./kg., was 
administered by oral intubation to four groups of eight rats each. 
One minute later three of the groups were treated with activated 
charcoal or Arizona montmorillonite, 200 mg./kg., or evaporated 
milk, each of which was administered orally in a volume of 20 ml./ 
kg. Control rats received no additional treatment. Five minutes 
after strychnine treatment each animal was anesthetized with ether 
and the liver was removed and analyzed for strychnine according 


'Activated charcoal, Merck & Co., Inc., Rahway, N. J., was used 


2 Pet Evaporated Milk, Pet Inc., St. Louis, Mo., was used throughout 
throughout this investigation. 


this investigation. 
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Figure 1-The effect of actimted charcoal, Arizona montmorillonite, 
and evaporated milk on blood concentration of kerosene in rats. All 
unirnals were administered kerosene, 8 ml./kg., by oral intubation. 
Each test animal was treated with one of the antidotes I min. later in 
a volume of 20 ml./kg. Key: C, control (kerosene only); AC, anti- 
doted with actiaatedcharcoal, 3.6g.lkg.; AM, antidoted with Arizona 
montmorillonite, 3.6 g./kg.; EM, antidoted with evaporated milk, 
20 ml./kg. 


to the method described by Picchioni et al. (6). 
In addition, the relative ability of the candidate antidotes to 


elevate the median lethal dose (LDjo) of strychnine was compared. 
Strychnine phosphate, 5 to 40 mg./kg. in a constant volume of 2 
ml./kg., was administered orally to groups of eight rats each. One 
minute after strychnine treatment various groups were treated with 
activated charcoal or Arizona montmorillonite, 200 mg./kg., or 
evaporated milk, each of which was administered orally in a volume 
of 20 ml./kg. During the LDSo determinations, each animal was 
individually maintained in a wire-mesh suspended cage and observed 
for death or survival. For each of the test and control studies, at 
least three dosage increments of strychnine which produced mortal- 
ity between 0 and 100% were employed for the graphic calculation 
of the LD,,'s. 


The results of the drug concentration studies were statistically 
evaluated by analysis of variance (18) and the results of the LDjo 
studies were analyzed according to the method of Litchfield and 
Wilcoxon (19). 


The relative effectiveness of activated charcoal, Arizona mont- 
morillonite, and evaporated milk in inhibiting the gastrointestinal 
absorption of kerosene is presented in Fig. I. The mean blood 
kerosene level of rats treated with activated charcoal or Arizona 
montmorillonite is significantly lower than that of control rats at 
all time periods studied. The blood kerosene level in the evaporated 
milk-treated rats is significantly lower than that of control animals 
from the 1- t o  4-hr. time periods. After the 4-hr. time period, the 
mean blood kerosene level of evaporated milk-treated animals in- 
creased so that by the 8-hr. time period the blood concentration 
curve of these test animals coincides with that of the control animals. 


Figure 2 shows the mean plasma aspirin concentration of control 
and test dogs. Activated charcoal significantly decreased the mean 
plasma aspirin level at all time periods, especially during the early 
periods. Arizona montmorillonite failed to decrease plasma level 
of aspirin during the early time periods. However, at the 16- and 
32-hr. time periods plasma aspirin level in Arizona montmorillonite- 
treated animals is slightly but significantly lower than in control 
animals. Evaporated milk significantly depressed mean plasma as- 
pirin concentration only during the 0.5-, I- ,  and 2-hr. time periods. 
From the 4-hr. time period on, the plasma aspirin curve of evapo- 
rated milk-treated animals is identical to that of the control animals. 


Figure 3 shows the mean liver strychnine concentration of con- 
trol and test rats 5 min. after the administration of the drug (4 min. 
after antidotal treatments). Activated charcoal and Arizona mont- 
morillonite are equally effective in decreasing liver strychnine con- 
centration, while evaporated milk is only slightly less effective. 


Figure 4 shows the LDao values of strychnine phosphate for con- 
trol and test rats. Activated charcoal and Arizona montmorillonite 
are equally effective in elevating the LDaa of strychnine, while 
evaporated milk is only slightly less effective. In relationship to the 
liver strychnine concentration observations (Fig. 3), there appears 
to be good correlation between the ability of the various antidotes 
to elevate the LDBo of strychnine and their ability to reduce the 
liver concentration of strychnine. 


DISCUSSION 


The data presented substantiate the results of the previous in- 
vestigations that activated charcoal is highly effective in reducing 
gastrointestinal absorption of various poisons (6, 20, 21). Also, as 
concluded in a previous investigation on a differtnt series of chem- 
icals (20), the flatter declining slopes of the blood kercsenz and 
plasma aspirin curves of activated charcoal.treated animals as 
compared to the respective curves of control animals imply that 
adsorbed chemicals are released from charcoal in the gastrointestinal 
tract, but this effect appears to be of little practical consequence. 


Arizona montmorillonite compares favorably with activated 
charcoal in its ability to reduce gastrointestinal absorption of kero- 
sene and strychnine and in protecting rats against the lethal action 
of strychnine. The binding of chemicals by montmorillonite may 
involve adsorption and/or an ion-exchange reaction (22). The bind- 
ing of kerosene by montmorillonite is likely due to an adsorption 
phenomenon because kerosene is a nonpolar chemical and ion- 
exchange would not be involved. Since Wai and Banker (22) have 
determined that brucine, the dimethoxy congener of strychnine, is 
bound by montmorillonite through adsorption and ion-exchange, 
it is likely that strychnine is bound by Arizona montmorillonite in 
a similar manner. In comparison to activated charcoal, Arizona 
montmorillonite has a poorer affinity for aspirin. The present ob- 
servations on strychnine and aspirin concentration in Arizona 
montmorillonite-treated 6nimals and the previous investigation on 
Arizona montmorillonite (21) support the in cirro findings of Smith 
et al. (23) who reported that Alaskan montmorillonite is as effective 
as activated charcoal in binding certain cations but is inferior to 
activated charcoal in binding anions and organic acids. The blood 
kerosene curve of Arizona montmorillonite-treated rats which has a 
flatter declining slope than that of the control curve suggests that 
moderate elution of kerosene from Arizona montmorillonite oc- 
curs. 


Evaporated milk is also effective in reducing or delaying the gas- 
trointestinal absorption of various chemicals. However, according 
to the kerosene and aspirin time course studies, it does not appear 
to be as persistent in its action as activated charcoal. Release of 
chemicals from evaporated milk apparently occurs. The aspirin and 
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Figure 3-The effect of activated charcoal, Arizona montmorillonite, 
and evaporated milk on liver concentration of strychnine in rats 5 min. 
after drug -administrai’ion. All animals were administered strychnine 
phosphate, 20 mg.Jkg., by oral intubation. Each test animal was 
treated with one of the antidotes I min. h e r  in a volume of 20 ml./kg. 
Key: C ,  control (strychnine phosphate only); AC, antidoted with 
activated charcoal, 200 mg./kg.: AM, antidoted with Arizona 
montmorillonite, 200 mgJkg.; EM, antidoted with evaporated milk, 
20 ml. Jkg. 


detoxification effect of milk is temporary and that the milk-poison 
complex should be removed from the gastrointestinal tract (4, 27). 
The aspirin study in which evaporated milk is used as the antidote 
(see Fig. 2) supports the suggestion that gastric evacuation be per- 
formed when milk is used as an antidote. Another admonition con- 
cerning the use of milk as an antidote is that it must be avoided in 
the management of poisoning caused by fat-soluble chemicals 


L. , , 


12 4 8 16 32 
TIME, hr. 


Figure 2-The effect of activated charcoal, Arizona montmorillonite, 
and evaporated milk on plasma concentration of aspirin in dogs. All 
animals were administered aspirin, 100 mg./kg., by oral intubation. 
Each test animal was treated with one of the antidotes I min. later in 
a volume of 10 ml.lkg. Key: C,  control (aspirin only); AC, antidoted 
with acticated charcoal, 500 mg./kg.; AM, antidoted with Arizona 
montmorillonite, 500 mg./kg.; EM, antidoted with evaporated milk, 
10 ml./kg. 


kerosene curves of evaporated milk-treated animals are depressed 
during the early time period which suggest initial binding of the 
two chemicals by evaporated milk. The subsequent rise in the curves 
and the delayed peaking are suggestive of release of the chemicals 
from milk which resulted in increased gastrointestinal absorption of 
these chemicals. The mechanism by which evaporated milk reduces 
the gastrointestinal absorption of various chemicals is unknown. 
Milk has been presumed to work as an antidote through dilution 
(24), but Ferguson (25) and Henderson et al. (26) demonstrated 
that dilution with water tends to increase the rate and degree of 
gastrointestinal absorption of various chemicals. Hence, it is highly 
questionable that dilution contributes to the effectiveness of milk 
as an antidote. Bensley and Joron (4), on the other hand, suggest 
that the proteins of milk react with many poisons to form insoluble 
compounds. However, the warning has been advanced that this 


Figure 4-The effect of activated charcoal, Arizona montmorillonite, 
and evaporated milk on median lethal dose (LDhJ of strychnine in 
rats. Groups of eight animals were administered strychnine phosphate 
in doses ranging from 5 to 40 mg./kg. by oral intubation. Each group 
of test animals was treated with one of‘the antidotes I min. later in 
a volume of 20 ml./kg. Key: C,  control (strychnine phosphate only); 
AC, antidoted with activated charcoal, 200 mg.lkg.; A M ,  antidoted 
with Arizona montmorillonite, 200 mg.lkg.; EM, antidoted with 
ecaporated milk, 20 nil.Jkg. 
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because of the possible danger of enhanced gastrointestinal absorp- 
tion of such poisons (4). However, the results of the kerosene study 
presented above (see Fig. 1) and the results reported by Deaton 
et al. (15) appear to contradict this view. 


SUMMARY AND CONCLUSIONS 


Of the three antidotes studied, activated charcoal undoubtedly 
has the broadest spectrum of adsorptive activity. Due to its poor 
affinity for anions and organic acids, Arizona montmorillonite 
lacks the breadth of antidotal activity of activated charcoal. But 
because it is highly effective in binding cations, has a surface area 
that compares favorably with that of activated charcoal, and pos- 
sesses greater esthetic appeal than activated charcoal, additional in- 
vestigations need to be performed on Arizona montmorillonite, 
especially with the aim of finding means to increase its spectrum of 
activity. Although evaporated milk appears to be less effective than 
activated charcoal as an antidote for ingested chemicals, its use to 
delay gastrointestinal absorption of poisons would be a practical 
first aid treatment since it does have a significant degree of effective- 
ness, is commonly found in the home, and would receive patient 
acceptance. Further studies of evaporated milk are in progress to 
determine its range of effectiveness and to determine further the 
stability or duration of its detoxification effect. 
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RESEARCH ARTICLES 


Sorption of Labeled Chlor~butanol-*~C by Nylon and Polyethylene 


R. D. SCHOENWALD and P. F. BELCASTRO 


Abstract 0 Labeled chlor~butanol-~*C was synthesized and the 
degree of sorption by polyamide (Nylon 6,6) and polyethylene was 
determined using scintillation spectroscopy. Sorption studies were 
conducted at four concentrations and temperatures and from these 
experiments the magnitude and rate of sorption were determined, as 
well as the standard chemical potentials, heats of sorption, and 
standard entropy values. The sorption data were applied to the 
FI eundlich and Langmuir absorption isotherms with some degree 
of success. 


Keyphrases 0 Chl~robutanol-~~C-synthesis 0 Polyamide, poly- 
ethylene sorption-chl~robutanol-~~C 0 Sorption rates, nylon, 
polyethylene-chlor~butanol-~~C Temperature effect-nylon, 
polyethylene sorption, chlorob~tanol-~~C 0 Scintillometry, liquid- 
analysis 


With the recent advent of unit-dose drug distribution 
systems in hospitals, plastics are being used at an 
increasing rate for packaging various dosage forms. 
Several investigators (1-8) have shown that over ex- 
tended periods of time preservatives or drugs can be 
sorbed from solution by plastic materials. Marcus et al. 
(3) observed that nylon syringes removed parahydroxy- 
benzoic acid, methyl and propylparaben, sorbic acid, 
and 4-chloro-3-methyl phenol from solution. A later 
study by Kim (4) demonstrated that nylon syringes can 
remove such drugs as benzoic acid, m-hydroxybenzoic 
acid, p-aminobenzoic acid, and salicylclic acid from 
solution. 


A significant lowering of the concentration of an 
antibacterial preservative due to sorption by the plastic 
container could subject the ophthalmic solution to 
possible bacterial contamination. Since mathematical 
relationships that predict the degree to which drugs are 
sorbed by plastics have not been proposed, it is neces- 
sary that such interactions be investigated for each 
drug plastic combination. 


Since many ophthalmic preparations are packaged in 
plastic containers and chlorobutanol is a commonly 
used preservative for these solutions, it was the purpose 
of this study to  determine the degree of sorption of 
labeled chlorobutanol- I4C by polyamide (Nylon 6,6) 
and polyethylene as a function of time, temperature, and 
concentration. In view of the analytical limitations in 
detecting minute quantities of chlorobutanol, liquid 
scintillation spectroscopy was used as the method of 
analysis. 


EXPERIMENTAL, 


Synthesis of Labeled Chlor~butanol-~~C-Labeled chlorobutanol- 
14C was prepared by the addition of equimolar quantities of ace- 


tone-1, 3-14C1 and chloroform, using 5 % alcoholic potassium 
hydroxide solution as a catalyst. The procedure of Fishburn (9) 
was followed except that the reaction vessel was designed to prevent 
volatile labeled materials from escaping. Equimolar quantities of 
acetoneZ and chloroform were reacted to provide a higher yield 
based on acetone. The structure of chlorobutanol with the 14C indi- 
cated appears as follows: 


'4CH3 C1 
I /  
I \  


l4CH,-C-C-Cl. 1hHtO 


OH C1 


The synthesized chlor~butanol-~~C and the mean melting point 
range of four determinations (uncorrected) was 78.2-79.5 '. In order 
to verify the purity of the synthesized compound, the mean melting 
point ranges experimentally determined for chlorobutanol, USP 
was found to be 79.5-80.5 (uncorrected) and was in agreement with 
a sample prepared by mixing equal quantities of the synthesized 
chl~robutanol-~~C and chlorobutanol USP (uncorrected) 79.2- 
80.6". 


The method of Fishburn (9) was used to determine the radio- 
chemical purity indirectly by dissolving a known quantity of un- 
labeled chlorobutanol USP in the a ~ e t o n e - ~ ~ C ~ h l o r o f o r r n  mixture 
remaining from the distillation of the synthesized ch lor~butanol -~~C 
and containing about 4.5 mc. of a~etone-~*C. The radiochemical 
purity of the synthesized product was 98.6% when compared to the 
counting activity of the purified unlabeled chlorobutanol. 


Method of Analysis-The measurement of radioactivity, ex- 
pressed as counts per minute, was determined by the liquid scintilla- 
tion method using a scintillation ~pectrometer.~ The activity, more 
correctly designated as disintegrations per minute, was determined 
by the internal standardization method for each sample assayed in 
this study using a sample of standardized t o l ~ e n e - ~ ~ C  having a 
specific activity of 1.77 x 106 pc. The counting error was deter- 
mined using the formula, 


where Y is the counting error at the 95% confidence level, N(s  f 
bg)  the counts per minute of the sample and the background, f ( s  + 
bg) the counting time of the sample and the backbround, Nby the 
counts per minute of the background only, and t h y  the counting 
time of the background only. The counting error ranged from 
*1.40% for the most dilute solution to an error of &0.77% for 
the most concentrated solution of chlorobutanol- lac. 


General Procedure-A known quantity of chlor~butanol-~~C was 
diluted to a specific concentration, adjusted to pH 3.9 with 10% 
HC1, pipeted into culture tubes' supplied with plastic screw caps 
that were previously treated by the investigator with spray Teflon. 
The tubes and their contents were placed in a constant-temperature 
water bath. After allowing sufficient time for the solution to equili- 
brate with the temperature of the water bath, polyamides strips 


1 Supplied by Nuclear-Chicago, Des Plaines, Ill. 
* Specific activity: 24.3 mc./nMole.; radiochemical purity: 97%; 


3 Packard Tri-Carb, model 3 14X, Packard Instrument Co., LaGrange, 


4 Kimax, Kimble Glass Co., Vineland, N. J. 
6 Marketed as  Zytel 42NC10, E. I. du Pont de Nemours, Inc., Wil- 


chemical purity: 97 %. 


111. 


mington, Del. 
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Table I-Effect of Concentration on the Sorption of Labeled Chlor~butanol-~~C" 


r - 4 . 0 5 2  Z (W/V)-- -0.13% (w/v) 
-Nylon---- --Polyethylene--. -Nylon--- 7Polye t hylene- 
hr. Sorbed, hr. Sorbed, % hr. Sorbed, hr. Sorbed, 


13.0 5.7 
23.8 7 .9  
35.5 9 . 8  
47.8 9 . 9  
71.8 11.8 
95.8 13.2 


119.5 13.2 
144.0 13.6 
165.0 13.6 


13.0 1 . o  
23.8 I . 5  
35.5 2 .2  
47.8 3 .2  
71.8 3.0 
95.8 4 .5  


119.5 4.2 
144.0 4.6 
165.0 5.2 


- -0.27% ( w / v ~  - --- Nylon- 7 -Pol yet hylene-- 
hr. Sorbed, hr. Sorbed, 


2 .0  3 .2  
8 .0  6 .9  


11.0 7.9 
24.0 9.7 
32.0 10.8 
42.0 12.2 
48.0 12.5 
56.0 13.3 
68.0 14.8 
80.0 15.5 


128.0 17.0 
161 . O  16.9 


2 .0  0 . 9  
8 .0  2 .3  


11.0 1 .5  
24.0 2.8 
32.0 3.8 ~. 


42.0 5 . 1  
48.0 5 .9  
56.0 5 .3  
68.0 4.8 
80.0 6.7 


161 . O  9 . 0  
-b -5  


r --0 .52 % (w/v)---- - 
-Polyethylene- 


hr. Sorbed, % hr. Sorbed.% 
7- Nylon --- 


10.0 6.5 
21.5 8.6 
33.5 10.0 
46.5 1 1 . 8  
58.0 11.8 
68.5 12.6 
94.5 12.6 


105.0 12.9 
117.0 13.9 
141 . O  14.2 


10.0 4.7 
21.5 4.8 
33.5 5.8 
46.5 6.2 
58.0 7.2 
68.5 7.6 
94.5 8 . 5  


105.0 8 . 1  
117.0 8.3 
141 . O  9 .0  
164.0 9 .0  


3.5 3.1 
10.0 4.7 
21.5 7 . 4  
31.5 7 . 9  
42.0 9.2 
58.0 10.4 
74.5 11.4 
93.0 11.7 


114.5 11.7 
151.5 11.9 


b b 
10.0 3 .3  
21.5 4 .0  
31.5 4 .6  
42.0 4 .6  
58.0 4 .4  


a Each of the following values is the mean of three determinations at the indicated concentration and 38 i 0.1 '. * Not determined. 


measuring 10.001 X .635 X .305 cm. (3.938 X 0.25 X 0.012 in.), 
previously washed and dried according to the method of Kapadia 
( 5 )  and weighing from 0.3054 to 0.3929 g. were immersed in solu- 
tions of chlor~butanol-~~C and replaced in the constant-temperature 
bath. Aliquots of 100 X were withdrawn from the tubes at varying 
time intervals only after the sorption equilibrium of the chlorobuta- 
nol-14C occurred with the nylon. The tubes containing the ali- 
quots were then placed in the scintillation solution6 and counted. 


Polyethylene7 strips, weighing from 1.0703 to 1.5357 g. and measur- 
ing 10.001 X .476 X 3.05 cm. (3.938 X 0.188 X 0.12 in.) were treated 
in the same manner as described above for nylon. However, in 
order to retain the additives that could be removed by the wash- 
ing procedure employed with nylon, the polyethylene strips were 
washed in 50% (v/v) ethanol solution for 10 hr., rinsed and dried in 
a constant-temperature oven at 63 =!= 1.0". A control solution sub- 
jected to the same conditions but without the plastic was included 
and the difference between the amount of chlor~butanol-~~C in the 
control solution and the amount left in the solution was considered 
to be the quantity of chlorobutanol sorbed by the plastics. 


Solutions of chlorobutanol at concentrations of 0.052,0.13,0.27, 
and 0.52% were prepared with distilled water and studied at a con- 
stant temperature of 38 f 0.1 O. Enough solution of chlorobutanol 
at 0.27 % was prepared to continue the sorption study at 34.3 f 0.7, 
43.3 I-t 0.1, and 50.8 =!= 0.2'. 


Test for Hydrolysis of Chlorobutano1.-Studies of chlorobutanol 
hydrolysis have been performed by many investigators indicating 
the stability of the molecule at pH ranges below 5.0 (11, 12). A sim- 
ple volumetric titration was performed to verify that the chloro- 
butanol was not hydrolyzed under the experimental conditions of 
this study. The procedure reported by McRae (13) was followed for 
each sample using a 0.05 N silver nitrate solution for titration 
against chloride ion. No end point was detected with any of the 
samples tested, indicating no measurable hydrolysis. Excess silver 
nitrate solution was added to each sample to detect the formation of 
any flocculent precipitate of silver chloride below the quantity nec- 


One part toluene (AR), three parts 2-ethoxyethanol (AR), three parts 
1-naphthalene (recrystallized from alcohol), 1 % 


Alathon 20 and contaitung 5 % PIB and 500 p.p.m. AOa antioxidant 


p-dioxane (AR), 8 
2,5-diphenazoloazole (PPO). 


by E. I. du Pont de Nemours, Inc., Wilmington, Del. 


essary for visual observation of the pink end point; no precipitate 
was observed. 


RESULTS 


Effect of Concentration on Sorption.-In Table I the percent sorp- 
tion of chlorobutanol as a function of concentration and time is re- 
ported. As the concentration of chlorobutanol is decreased, the per- 
cent of chlorobutanol sorbed by the nylon and polyethylene'in- 
creased. This was true for all but the most dilute solution (0.052 %). 
The data indicates that the sorption of chlorobutanol at different 
concentrations appears to reach a saturation value and can be repre- 
sented by the empirical Freundlich equation, 


where x is the grams of solute adsorbed per gram of adsorbent, rn 
and C is the residual concentration of the solute in solution at equi- 
librium; k and l/n are constants determined by the conditions of the 
experiment. For graphing purposes the equation can be put in the 
logarithmic form: 


X log m = log k + l/n log C 


Figure 1 illustrates a Freundlich plot of the data obtained from the 
sorption of chlorobutan01-1~C by nylon at each concentration. 


Another relationship often used to express sorption data is the 
Langmuir equation which is based on the theory that the solute 
molecules are adsorbed on active sites of the solid to form a layer 
one molecule thick and is represented as follows: 


SkC 
4 = I+kc 


where q is the weight in milligrams of solute adsorbed per gram of 
adsorbent, C is the residual concentration of the solute in milli- 
grams per 100 ml. of solution at equilibrium, S is the saturation 
constant, and k is a mathematical constant. S is the theoretical 
amount of solute which the plastic would sorb if all the sites were 
saturated (6). The equation can be inverted to produce a straight 
line relationship and is written as: l/q = (1 + kC/SkC) and then in 
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Figure 1-Freundlich sorption isotherm of labeled Chlorobutano1-l4C 
inpolyamide at 38.7 f 0.1 '. 


graph form: l/q = ( l /SkC)  + (l/S). If l/q is plotted against 1/C, 
the slope is equal to 1/Sk and they intercept is 1/S. 


Figures 2 and 3 show that when the degree of chlorobutanol sorp- 
tion by the plastics at each concentration is applied to the Langmuir 
isotherm the theoretical straight line fits the points for nylon 
and polyethylene except at the most dilute concentration (0.052 %). 
This inconsistency was reexamined under the same conditions to 
determine if the departure from ideality was due to experimental 
error. The same variation also exists at this dilute concentration. 
The saturation constant ( S )  as determined by the method of least 
squares, only for the linear portion of the curves, shown in Figs. 2 
and 3, is 108 mg. of chlorobutanol per gram of nylon and 18.9 mg. 
of chlorobutanol per gram of polyethylene. 


Effect of Temperature on Sorption.-Table I1 shows the degree of 
sorption, expressed as percent sorption at each temperature studied 
at various time intervals. As the temperature increased the rate and 
percent of sorption for chlorobutanol in nylon and polyethyl- 
ene increased. This is contrary to many drug-plastic interactions; 
an increase in temperature usually results in an increase in sorption 
rate and a decrease in percent sorption. However, other exceptions 
to this phemomena have been reported by Autian (14). 


To more fully understand the magnitude of chlorobutanol sorp- 
tion with the plastics, the standard chemical potential is used as a 
quantitative measure to express the tendency of the solute to be 
sorbed (6).  Assuming the activity of chlorobutanol to be equal to 
the concentration, the standard chemical potential can be mathe- 
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Figure 2-hngmuir adsorption isotherm of labeled chlorobutanol- 
14Cpolyamide at 38.7 f 0.1 '. 


15.0 


0 ?-I 


X 
M 10.0 


2 
E 
V \ - 


55.0 


(0.052°/01 
I 
i 
I 
I 


/ 
/ 


/ 
/ 


10.0 20.0 
/c rng./lOO rnl. 


Figure S-Langmuir adsorption isotherm of labeled chlorobutanol- 
"C inpolyethylene at 38.7 f 0.1 '. 
matically interpreted by the equation: 


CS - AuQ = RT In - 
Cl 


where uo is the chemical potential of the solute to move from its 
standard state in one phase to the standard state in another phase, 
R is the universal gas constant, 1.987 cal./mole degree, T, the ab- 
solute temperature, C,, the concentration of solute in the plastic at 
equilibrium and is expressed as moles/kg. of plastic, and C I ,  the 
concentration of the solute in the solvent at equilibrium and is ex- 
pressed as moles/l. of solvent. The standard chemical potentials for 
chlorobutanol in nylon and polyethylene at various temperatures 
are listed in Table 111. 
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Figure &Heat of sorption for 0.27% (wp) chlorobutanol in poly- 
amide. 
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Table 11-Effect of Temperature on the Sorption of Labeled ChlorobutanoL14Ca 
~~ 


-34.3 f 0.7"C. 7 


-Nylon-- --Polyethylene-- 
hr. Sorbed, % hr. Sorbed, 
10.0 1.9 
21.5 3.6 
33.5 4.3 
46.5 4 .6  
58.0 5.7 
68.5 7.9 
94.5 7.6 


105.0 7.6 
117.0 9.1 
141 . O  9 .3  


10.0 0.3 
21.5 0.9 
33.5 1 .6  
46.5 1 .7  
58.0 2.4 
68.5 2 . 9  
94.5 2.9 


105.0 3 .4  ~.~ 


117.0 3.8 
141 . O  4 .4  
164.0 4.0 


43.3*0.lcC.--- 7 - Nylon --- -Polyethylene-- 
hi. Sorbed, hr. Sorbed, z 


c -38.7 f O.l°C.--- 7 


-Nylon-- -Polyethylene-- 
hr. Sorbed, z hr. Sorbed %, 
10.0 6 .5  
21.5 8 .6  ~~ ~ 


33.5 10.0 
46.5 11.8 
58.0 11.8 
68.5 12.6 
94.5 12.6 


105.0 12.9 
117.0 13.9 
141 . O  14.1 


10.0 4.7 
21.5 4.8 
33.5 5.8 
46.5 6.2 
58.0 7.2 
68.5 7 . 6  
94.5 8 . 5  


104.0 8.1 
117.0 8.3 
141.0 9 . 0  
164.0 9 . 0  


50.8 zk 0 . 2  "C.------- 
7- Nylon-- ---Polyethylene-- 


hr. Sorbed, % hr. Sorbed,% 


4 .5  3.2 
12.0 8.1 
19.5 9 . 6  
26.0 11.5 
38.0 13.2 
50.0 15.6 
59.5 14.5 
72.0 14.5 
89.0 14.6 


4 .5  1.7 
12.0 4.8 
19.5 5.1 
26.0 6.8 
38.0 7.5 
50.0 8.4 
59.5 10.6 
72.0 8 . 8  
89.0 9 .2  


107.0 10.3 


4 . 5  6.2 
12.0 11.8 
19.5 13.1 
26.0 15.1 
38.0 16.4 
50.0 16.1 
59.5 17.2 
72.0 16.9 
89.0 17.2 


4 . 5  4 .0  
12.0 7.9 
19.5 7.5 
26.0 10.9 
38.0 11.3 
50.0 11.6 
59.5 12.3 
72.0 12.9 
89.0 13.2 


107.0 12.7 


~ 


a Each of the following values are the mean of three determinations at the indicated temperatures and 0.27 % (w/v). 


According to Kapadia ( 5 )  the heat of sorption or the difference in 
enthalpy between chlorobutanol in solution and chlorobutanol 
sorbed by the plastic can be obtained by the following relationship: 


-AuO AH --=r+c T 


All terms are as previously defined and assuming that the heat of 
sorption, AH, remains constant over a small temperature range, a 
plot of -AuO/T against 1/T yields a straight line and the slope equal 
to AH. The standard heats of sorption for chlorobutanol in poly- 
amide and polyethylene was calculated by the method of least 
squares and are shown in Table 111. The plots of -AuO/T against 
1/T for each plastic are presented in Figs. 4 and 5. The entropy of 
the system, AS, is defined as the molar energy per degree of absolute 
temperature which is unavailable for work and is obtained from 
the relationship, ALP = AH - TAS. The standard entropy values 
are also included in Table 111. 


DISCUSSION 


The three sites in nylon that account for its polar charac- 
teristics are the amide linkage and to a lesser extent the amine group 
at one end of a long chain and the carboxyl group at the other end 
of the chain (14). 


The magnitude and rate of sorption of chlorobutanol was in- 


Table 111-Standard Chemical Potential, Heats of Sorption, and 
Entropies of Sorption for Chlorobutanol in the Nylon and 
Polyethylene at Various Temperatures 


1~-- Nylon--- 7 


Temperature, A p  Polyethylene 
"C. kcal./mole Apoa cal./mole 


34.3 -1.22 +0.156 
38.7 -1.51 -0.377 
43.3 -1.56 -0,429 
50.8 -1.80 -0.610 


AH = - 1 . I 0  kcal./mole AH = -66.9 cal./mole 
AS = + 1 .33 cal./mole deg. AS = + I  .03 cal./mole deg. 


~~~~ 


a Ai.0 = Standard chemical potential, AH = standard heat of sorp- 
tion, A S  = standard entropy of sorption. 


fluenced by concentration and temperature. In nylon a 11.9 z 
lowering of chlorobutanol concentration occurred at 0.52 z (w/v) 
and 38.7 =k 0.1 O and would probably decrease the ability of chloro- 
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Figure 5-Heat of sorption for 0.27% (w/u)  chlorobutanol in poly- 
ethylene. 
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butanol to preserve an ophthalmic solution, should the container be 
constructed of nylon resin. The quantity of chlorobutanol 
sorbed by pol) ethylene was less than in the case of nylon. 


A Freundlich plot of the data did not conform to the theoretical 
straight line expected from the Freundlich expression for sorption 
by nylon or polyethylene. According to Mantell (16) the Freundlich 
equation is purely empirical and cannot cover the entire isotherm 
range. When log xjm is plotted against log C ,  a short portion of the 
curve appears linear, while the longer portions of the curve appear 
curved, generally concave to the log C axis. Consequently, the iso- 
therm shown in Fig. 1 is restricted to the expression and compari- 
son of sorption data within a narrow range. 


In contrast to the Freundlich isotherm, the Langmuir isotherm 
expressed as y = mx + b states that at infinite concentration there is 
a definite limit to the amount sorbed. This value is the intercept, 
1/S, where S is referred to as the saturation constant. As mentioned 
the most dilute concentration (0.052%) did not correspond to the 
expected value for a Langmuir isotherm and repeating the experi- 
ment only verified the original results suggesting a more complex 
mechanism of sorption. This inconsistency has been reported by 
Berg (8), who investigated the interaction of a group of low molecu- 
lar weight organic acids with the polyamide and found that formic 
and butyric acids did not produce a straight line relationship 
for a Langmuir isotherm. 


As the temperature is increased the percent of chlorobutanol 
sorbed increased. Since this is contrary to most drug-plastic inter- 
actions, additional research data is necessary to support an ac- 
ceptable mechanism of sorption within the plastic under the condi- 
tions described in this paper. 


The standard chemical potential, as reported in Table III, for 
chlorobutanol sorption by nylon and polyethylene increased 
as the temperature increased. A negative standard chemical po- 
tential value resulted for all the data from 0.377 cal./mole to 1.80 
Kcal./mole indicating a spontaneous sorption process. The heats of 
sorption for chlorobutanol sorption by nylon (- 1.10 Kcal/- 
mole) and polyethylene (-66.9 cal./mole) implies that very low 
bond energies exist between chlorobutanol and the plastic and are 
on the order of van der Waals forces. 
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Aldehyde Oxidase Activity during the Perinatal Period 
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WILLIAM K. NICHOLS and ROBERT L. DIXON 


Abstract 0 Aldehyde oxidase activity was studied during the peri- 
natal period. Data indicated that hepatic tissue from nonpregnant, 
pregnant, fetal, and newborn rabbits did not differ significantly in its 
ability to reduce 2,6-dichloroindophenol in the presence of acetalde- 
hyde substrate. In contrast, the placental tissue demonstrated only 
minimal aldehyde oxidase activity. 


Keyphrases 0 Aldehyde oxidase activity-perinatal period 2,6- 
Dicbloroindophenol, acetaldehyde presence-analysis method 0 
Colorimetric analysis-spectrophotometer 


This study concerns the activity of aldehyde oxidase 
during the perinatal period. Johns et al. (1) have demon- 
strated that the folic acid antagonist methotrexate is a 
substrate of liver aldehyde oxidase in various lower 
animals. The level of enzyme activity correlates well 
with differences in toxicity of various species to the 
antifolate. Rabbit liver aldehyde oxidase also has the 
ability to oxidize a wide variety of substrates, many of 
which are commonly used drugs (2,3). Aldehyde oxidase 
appears to be the same as quinine oxidase (2), but dis- 
tinct from xanthine oxidase (4). 


This investigation was undertaken to gain further 
insight into factors altering drug toxicity during the 
perinatal period. Metabolism of a drug usually, but not 
always, results in drug detoxification. These metabolic 
changes may alter not only drug potency, but may also 
change drug distribution. Oxidative processes (Phase I) 
have been found uniformly to be relatively deficient in 
activity in newborn and fetal animals, while conjugation 
and synthetic reactions (Phase 11) are more varied (5). 
Pregnancy and the hormones associated with the con- 
dition have been shown to alter the metabolism of 
certain drugs by both animals and humans (6 ,  7). 
It is also of interest that placental tissue shares many 
of the metabolic functions of the liver during gestation 
(8). Therefore, the authors examined the activity of 
rabbit liver aldehyde oxidase during gestation and in the 
newborn and determined aldehyde oxidase activity in 
the placenta. 


Data to be presented indicate that the activity of 
aldehyde oxidase is very similar when comparison is 
made between liver from pregnant, nonpregnant, fetal, 
or newborn rabbits. However, the placentas from preg- 
nant rabbits at term had very low aldehyde oxidase 
activity. 


EXPERIMENTAL 


Aldehyde oxidase was prepared from livers of nonpregnant, 
pregnant, fetal, and newborn rabbits and from placentas by the 
ammoniacal ammonium sulfate fraction method describzd by 
Johns et ul. (1). This procedure has been estimated to result in a 
10- to 15-fold concentration of enzyme activity. In a few cases the 
enzyme preparations were frozen for subsequent assay. In these 
instances, all the tissues (fetal, adult, and placental) were handled 
in a similar manner. There appeared to be little difference between 


enzyme activity in fresh tissue preparations and those frozen for 
24-48 hr. Enzyme activity was determined by the method of 
Mahler (9) which is based on the fact that 2,6-dichloroindophenol 
is reduced by acetaldehyde in the presence of the enzyme. The re- 
duction of 2,6-dichloroindophenol was followed spectrophoto- 
metrically at 600 mp. Protein nitrogen was determined by a modified 
Kjeldahl method (10) and the enzyme activity was expressed in terms 
of absorbance change per milligram of protein. 


Each experiment consisted of placentas taken from pregnant 
animals, and the livers from nonpregnant, pregnant, and fetal 
New Zealand white rabbits. In most experiments, six to eight placen- 
tas and fetal livers were collected. All pregnant animals were within 
five days of term. The aldehyde oxidase activity present in livers of 
newborn New Zealand rabbits (1 day old) was also determined. 


RESULTS AND DISCUSSION 


The results obtained from five different sets of experiments are 
seen in Fig. 1 .  The ordinate is expressed as change in absorbance 
per milligram of protein nitrogen while the abscissa is time in sec- 
onds. The standard errors indicate that the results were rather vari- 
able. It can be seen that although the hepatic tissue from nonpreg- 
nant rabbits usually had a higher enzyme activity, it was not 
significantly different from the activity seen in other hepatic tissues. 
An experiment utilizing livers from newborn rabbits demonstrated 
aldehyde oxidase activity comparable to that seen for fetal and adult 
livers. There was no significant difference in activity of the enzyme 
prepared from livers of nonpregnant, pregnant, fetal, or newborn 
rabbits. In contrast to these data from hepatic tissues, the placenta 
showed very little enzyme activity in all experiments. 


It is reasonable to conclude that other substrates of aldehyde 
oxidase would be handled in a manner similar to acetaldehyde by 
these same tissues, but such data are not yet available. Studies of 
the hydroxylation of methotrexate by perinatal tissues are now, in 
progress. 


P 
Nonpregnant 


Pregnoni 


Fetal 


4 


- .Placenta . =  
:I 


30 60 90 120 150 180 210 
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Figure 1-Changes in the absorbancesoo per milligram nitrogen are 
plotted along the ordinate and time in seconds is plotted along the 
abscissa. There are no statistically significant differences between 
enzyme activity of nonpregnant (O), pregnant (a), or fetal hepatic 
tissue (A). The placental tissue (e) was essentially devoid of activity. 
Data presented represent the mean (middle symbol) of Jive deter- 
minations (animals) plus and minus ihe standard error (same symbol 
above and below mean). 
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The tissue and subcellular distribution of mammalian aldehyde 
oxidizing enzyme has recently been studied by Deitrich (1 1). 
Activity was found in liver, adrenal, intestine, kidney, ovary, 
testis, adipose tissue, uterus, heart, lung, brain, spleen, skeletal 
muscle, seminal vesicles, and bladder. Liver exhibited the greatest 
degree of activity. Thus, the placenta appears to be unique in not 
having the capacity to oxidize aldehydes. 
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Identification of Low Molecular Weight Aliphatic 
Esters from Rates of Alkaline Hydrolysis 


SY-RONG SUN and KENNETH A. CONNORS 


Abstract 0 The second-order rate constants for the alkaline hy- 
drolysis of 27 low molecular weight aliphatic esters have been 
determined at 25‘ in 37.272 acetonewater solution. These rate 
constants are characteristic of the entire ester molecule, and there- 
fore provide more information for identification purposes than 
do other chemical methods for the characterization of esters. 


Keyphrases 0 Aliphatic esters, low molecular weight-identifica- 
tion 0 Alkaline hydrolysis rates-aliphatic ester identification ‘J 
Rate constants, second-order-ester hydrolysis 


Kinetic measurements provide a potentially powerful 
approach to the characterization of organic compounds 
because rate constants can be very sensitive to minor 
structural alterations. Moreover, the technique is 
simple, inexpensive, and it seldom requires large 
samples. Earlier papers in this series have described the 
identification of alcohols from rates of alkaline hydroly- 
sis of their 3,5-dinitrobenzoate esters (I), of sugars 
from their rates of oxime formation (2), and of ali- 
phatic amines from rates of acylation by cinnamic 
anhydride (3). For this method to be practicable, 
first-order or pseudo-first-order kinetics must be ob- 
served, reaction conditions and the method of analysis 
must be common to all members of a class of com- 
pounds, and a large number of rate constants must 
be determined under these common conditions. This 
note reports rate constants for the alkaline hydrolysis 
of 27 aliphatic carboxylic acid esters of low molecular 
weight. 


1 This paper is part IV in the series “Precise Kinetic Measurements 
Applied to the Identification of Organic Compounds.” For Part 111, 
see Reference 3. 


The reactions were followed by the pH-stat method, 
using a pH meter as a manually operated pH-stat (4). 
The solvent was an acetone-water mixture (see Ex- 
perimental), and the esters studied include all of those 
that are soluble to the required extent in this solvent. 
First-order rate Constants were obtained from Gug- 
genheim plots (5 ) ,  and were converted to second-order 
constants by dividing by the essentially constant con- 
centration of hydroxide ion; the pH meter was used 
merely as an indicator to keep the pH constant, rather 
than as a source of information about hydroxide-ion 
activity (which would be questionable in this solvent). 
It is extremely important to bear in mind the difference 
between second-order rate constants for ester hy- 
drolysis as calculated on the concentration and activity 
bases (6). 


Table I gives the esters, their observed atmospheric 
boiling points, the mean second-order rate constants, 
and the standard deviations (of a single observation). 
The means are based on three to five determinations. 
It is seen that the reproducibility is about I-2% for 
most esters. 


These 27 esters represent only seven different values 
of saponification equivalent, and many pairs of them 
(especially isomers) have similar boiling points. But 
despite these similarities, most of the esters can be dif- 
ferentiated by a combination of boiling point and rate 
constant. Of course, one should submit authentic 
samples to measurement to check these values under 
one’s own conditions, especially when a comparison 
of very similar constants is to be made. The method 
described here is unusual in that it is probably only 
the second general chemical method for characterizing 
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Thin-Layer Chromatography of Procaine Penicillin G 


J. R. FOOKS and G .  L. MATTOK 


Abstract 0 Chromatographic systems are described which are 
suitable for the examination of procaine penicillin G preparations 
which may contain, in addition to procaine and penicillin G, the 
degradation products paminobenzoic acid, ethyl p-aminobenzoate, 
benzylpenicilloic acid, and benzylpenillic acid. Further decomposi- 
tion of penicillin G occurs when alcoholic solutions are used for 
spotting the chromtograms, the corresponding alkyl a-D-penicillo- 
ate being formed, whereas only penicillin G wa? detected when 
freshly prepared aqueous solutions were used. However, in aged 
aqueous solutions the rate of decomposition of penicllin G in- 
creased markedly and two new spots, due to benzylpenicilloic acid 
and benzylpenillic acid, were detected on the chromatogram. 


Keyphrases 0 TLC analysis-penicillin G, procaine 0 Procaine 
penicillin G-decomposition products, detection 


Procaine is used in a variety of pharmaceutical, 
veterinary, and proprietary toilet and cosmetic prep- 
arations. Several thin-layer chromatographic systems for 
the separation of procaine from other local anesthetics 
have been described (1, 2 )  but, as far as the authors are 
aware, there is only one available for the separation of 
procaine and its decomposition products (3). In re- 
sponse to the needs of a program reporting adverse 
side effects of drugs, it was necessary to develop methods 
for the detection of decomposition products in deteri- 
orated samples of procaine penicillin G. In order to  
obtain evidence regarding the nature of secondary spots 
detected on chromatograms of procaine penicillin G, 
solutions of penicillin G (Na) in water and several 
alcohols were examined by TLC. The TLC of procaine 
hydrochloride and some of its decomposition products 
were examined in a similar manner, 


MATERIALS AND METHODS 


Materials-Silica Gel G F  and benzocaine (Merck), p-amino- 
benzoic acid (B.D.H.), procaine HCI (Squibb), and penicillin G 
(Na) and procaine penicillin G (General Biochemicals) were ob- 
tained commercially. Procaine penicillin G injectable preparations 
were sent to the authors by physicians cooperating in an adverse 
side effects-reporting program. hlethanolic HC1 was prepared by 
diluting aqueous N HCI (100 ml.) to lo00 ml. with methanol. 


Preparation of Plates-Chromatoplates (20 X 20 cm.) were 
coated with Silica Gel G or G F  slurries to a thickness of 250 p 
using a Desaga spreader. The plates were air dried for 2 hr. and 
activated at 100" for 30 min. before use on the same day. 


Development of Chromatograms-Aliquots of aqueous, metha- 
nolic, and methanolic HCI solutions, containing 10 mcg. of ethyl p-  
aminobenzoate (benzocaine), p-aminobenzoic acid, penicillin G 
(Na), procaine penicillin G, and procaine HCI, separately and in 
mixtures, were spotted on to the plate. In some cases large amounts 
(> 500 mcg.) of the injectable preparations of procaine penicillin G 
were applied directly to the plates. The following systems (cf. Ref- 
erence 4) were used for the development of chromatograms: A ,  
acetone-acetic acid (95 : 5); B, isoamyl acetate-methanol-formic 
acid-water (65 :20: 10:5) (organic phase). The solvents were allowed 
to rise 15 cm. from the origin. System A required approximately 25 
min. and System B approximately 60 min. for this development. 
Plates developed with System A were dried in a stream of warm air 
and those with System B by heating at 120" for 20 min. 


Table I-TLC of Procaine Penicillin G 
Effect of Solvent and Age of Solution 


Spotting 
Solvent Age A B* 


-- Rp of Spots in System--. 


HzO Fresh 1 .00, 0.10 1.00, 0.00 


0.10 0.00 
MeOH Fresh 1 .oo, 0.10 1 .00, 0.00 


0.10 


HA3 4Days 0 . 7 8 ,  0.43, 1.00, 0.45, 0.26, 


4Days 1.12, 1.00,  1 .32 ,  1.00,O.OO 


MeOH/HCI Fresh 1 .oo, 0.10 1.00, 0.00 
4Days 1.12, 1 . 0 0 ,  1.32. 1.00,0.45, 


0.43, 0.10 0.26, 0.00 


Relative to penicillin G (absolute Rf's: A ,  about 0.7; B, about 0.5). * Chromatogram developed twice with Solent B. 


Location of Spots- The chromatograms were examined under 
UV light and then sprayed with one of the following reagents: (a) 
aqueous ferric chloride (lox, 20 ml.), potassium ferricyanide (5 %, 
10 ml.), and sulfuric acid (20%, 70 ml.) mixed immediately before 
use; (b) aqueous solutions of sodium nitrite (0.1 z), ammonium 
sulfamate (0.5 z), and N-(I-naphthy1)ethylenediamine dihydro- 
chloride (0.1 %) applid in turn. The sodium nitrite solution was 
sprayed liberally on the plate which was then left to stand for 20 
min. to allow complete diazotization. The plates were dried be- 
tween applications of the spray reagents. The colors of the spots 
were recorded immediately after spraying and 30 min. later. 


RESULTS 


TLC of Procaine Penicillin G T h e  relative R f  values of spots 
detected on chromatograms of samples of solutions of procaine 
penicillin G in water, methanol, and the methanol HCI solution 
are given in Table I. Results obtained with solutions which had 
been allowed to stand for 4 days are also given. Relative R, values 
are quoted because there was some variation in the absolute values 
obtained with the acetone/acetic acid (95 :5) solvent, although the 
relative values were reproducible. The relative values are the averages 
of four separate determinations. 


Freshly prepared alcoholic solutions of procaine penicillin G con- 
tain procaine and penicillin G, together with procaine penicillin G. All 
these compounds gave positive color reactions with the potassium fer- 
ricyanide reagent. Zones containing procaine may be identified by the 
red color produced with the N-( I-naphthy1)ethylenediamine spray 
reagent (see Table 11). Penicillin G does not react with this latter 
reagent (cf. Table 11). 'When injectable procaine penicillin G samples 
(> 500 mcg.) were applied directly to the plates and developed with 
Solvent A three spots were detected. One of these (relative R,, 0.10) 
corresponded in R, value and color reactions to procaine.The second 
(relative Rf, 1.00) behaved similarly to authentic penicillin G. The 
spot with the highest relative Rf (1.40) possessed properties of 
procaine and penicillin G in that it gave positive color reactions 
with both the ferricyanide and N-(1-naphthy1)ethylenediamine 
spray reagents. The substance giving rise to this zone corresponds, 
therefore, to procaine penicillin G but further work is contemplated 
to achieve unequivocal identification. It was not present on chro- 
matograms developed with Solvent B (see Table 11). 


TLC of Procaine and Some Decomposition Products-Solvent 
System A gave good separations of p-aminobenzoic acid, procaine 
(spotted as the hydrochloride), penicillin G, and procaine penicillin 
G. System B also completely separated benzocaine from these com- 
pounds. The relative R, values, color reactions, and fluorescence 
characteristics on Silica Gel GF of these compounds are given in 
Table 11. The colors l'ormed by the reactions of the various com- 
pounds with the N-( l-naphthy1)ethylenediamine reagent were less 
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l’able 11-TLC of Procaine Penicillin G and Some Related 
Compounds 


Rfa in System -Colorh with- 
Substance A B NEDc UVd 


Procainee 0.10 0.00 cr d.b. 
Penicillin G (Na) 1.00 1.00 
p-Aminobenzoic acid 1.33 1.19 or -+ br d.b. 
Benzocaine 1.39 1.52 or + r d.b. 
Procaine penicillin GI 1 .40 - cr 


- - 


- 


Relative to penicillin G. * All spots were stained blue by the ferri- 
cyanide reagent. c Abbreviations: NED, N-( I-naphthylethylenediamine) 
reagent; cr, crimson; or, orange; br, brown; r, red; d.b. dark blue. 
d Plates irradiated under UV light (A 254 mp). e Spotted as procaine 
HCI. d Penicillin G and procaine were always detected on the plates 
(cf. Table I). 


intense on chromatograms developed with Solvent B than Solvent 
A .  


TLC of Penicillin G (NaFThe relative Rl values of spots ob- 
tained with the various alcoholic solutions of penicillin G (Na) 
which had been allowed to stand for 4 days at room temperature 
are given in Table 111. 


When samples of the alcoholic solutions of penicillin G (Na) 
were chromatographed using System A ,  two spots were always 
detected. One of these was due to penicillin G (Na). The other had 
a relative Rf  (to penicillin G) of 1.12. The R ,  of the secondary spot 
was the same for all the alcoholic solutions when solvent A was 
used. When Solvent System B was used the secondary spots had 
different Rl values. Four-day-old methanolic solutions gave no 
secondary spot ahead of the main spot when the plate was developed 
once with Solvent B. Ethanolic solutions gave indication of 
spots although these were not completely separated after one de- 
velopment. However, in both cases, two well separated spots were 
detected when the plate was dried and redeveloped with solvent B. 
Two spots were present on the developed chromatograms of peni- 
cillin G (Na) in 1-propanol and 1-butanol after the first development. 
Aqueous solutions of penicillin G (Na) which were less than 1 day 
old showed only one spotwhen samples were chromatographed using 
Systems A or B. Solutions which were 1 day old showed a second 
spot with both solvent systems ( A ,  R f  0.78; B, R,, 0.45). Solutions 
which were 4 days old showed no penicillin G but a new spot (rela- 
tive Rf’s:  A ,  0.43; B, 0.26) was present on the chromatograms. 


DISCUSSION 


TLC is a useful technique for the examination of trace impurities 
in bulk drugs and dosage forms. However, the generation of arti- 
facts with this method must always be considered. Decomposition of 
the drugs may occur during chromatography or “shadow” spots may 
result from interactions between the sample and developing solvent 
(4-6). These effects may be particularly misleading when TLC 
plates are loaded in an examination for trace impurities. Although 
procaine penicillin G in aqueous suspension is quite stable, thin- 
layer chromatograms of procaine penicillin G showed two or more 
spots depending on the spotting solvent, the developing solvent and 
the age of the spotting solution (see Table I). Some of these spots 
may be due to procaine, penicillin G, or their decomposition prod- 
ucts. Three blue spots may be detected on thin-layer chromatograms 
of freshly prepared methanolic solutions of procaine penicillin G 
which have been sprayed with the potassium ferricyanide reagent. 


Table 111-TLC of Aged (4 Days) Solutions of Penicillin G (Na) 


Spotting 
Solvent A 3 Bh(2X) 


---Ria of Spots in Solvent--- 


~ 


Water 0 78, 0 43 0 45, 0 26 0 45, 0 27 
Methanol 1 1 2 , 1 0 0  1 0 0  1 32, 1 00 
Ethanol 1 12, 1 00 1 0 3 ,  1 00 1 41, 1 0 0  
I-Propanol 1 12, 1 00 1 12, 1 00 1 48, 1 00 
1-Butanol 1 12, 1 0 0  1 21, 1 0 0  1 4 6 ,  100  
MethanoliHCl 1 12, 1 00, 1 00, 0 28 1 32, 1 00, 


0 49 0 28 


a Relative to penicillin G. Chromatogram developed twice in same 
direction. 


The three spots correspond to procaine ( A ,  R,, 0.10) procaine 
penicillin G (A ,  R l ,  La), and penicillin G ( A ,  R,, 1.00) (cf. Table 
11). Procaine may exist as the salt of the acid component of the 
developing solvent. This assumption is necessary to rationalize the 
fact that procaine has the same RI when spotted as its hydrochloride 
or penicillin salt. Procaine penicillin G was in fact detected only on 
plates which had been loaded with the injectable preparations and 
developed with Solvent A .  This may be attributed to one or both of 
the following factors which would tend to maintain the intact 
procaine penicillin G (1). The injectable preparation contains 
procaine hydrochloride (20 mg./ml.) which is added to further de- 
press the solubility of the procaine penicillin G (2). The injectable 
preparation contained the preservatives methylparaben (0.12 %) and 
propylparaben (0.014%). The three spots are distinguished by 
their fluorescence characteristics when the chromatograms are 
irradiated with UV light or by their color reactions with the potas- 
sium ferricyanide and N-( 1-naphthy1)ethylenediamin dihydro- 
chloride reagents. The main decomposition product of procaine 
in aqueous solution is p-aminobenzoic acid (8), although it is 
conceivable that ethyl p-aminobenzoate (benzocaine) could be 
formed (9). These substances may be expected, therefore, to be 
present in deteriorated samples of procaine penicillin G although 
they were not found in any of the injectable samples examined. 
They are separated and distinguished from procaine and penicillin 
G by TLC. 


The major reactions of penicillin G in aqueous and alcoholic 
solution are shown below (Scheme I). In aqueous solution the 


s\ R-C-NH-CH-Cd C(CH& I I  I R=C, H5 . C H 2  
NH-CHCOOH 


II 
OyC\O R 


II 1 R o H  


JH+ 
COOH 
I 
CH 


R-C-N-CHCOOH 


I 


II 
Scheme I 


product is penicilloic acid (I). In acid solution, penicillin rearranges 
to penillic acid (11). Penicillin reacts readily with alcohols to form 
the corresponding esters (111). These reactions have been reviewed 
by Schwartz and Buckwalter (10). The chromatographic data 
indicates that these reactions occur in the solutions of penicillin G 
(Na) and procaine penicillin G prepared for chromatography. 


When freshly prepared aqueous solutions of penicillin G (Na) 
were appled to the TLC plates only one spot, i.e., penicillin G was 
detected on the developed chromatograms. Chromatograms of 
samples of the same aqueous solution which had been allowed to 
stand for 1 day showed also a second spot (relative Rf’s: A ,  0.78; 
B,  0.45) which was presumably due to benzylpenicilloic acid (I). 
It has been shown (10) that a small amount of acid lowers the pH of 
penicillin G (K) solutions very rapidly. The increased acidity of the 
reaction mixture which would result from the formation of the D- 
benzylpenicilloic acid would provide conditions suitable for the 
rearrangement of the penicillin G to benzylpenillic acid (11). That 
this does occur is indicated by the presence of a new spot (relative 
Rf’s:  A ,  0.43; B, 0.26) on chromatograms of 4-day-old samples of 
aqueous penicillin G (Na) and supported by the formation of a 
compound with similar R, value in solutions of penicillin G (Na) in 
methanolic HC1 (see below). 


Freshly prepared solutions of penicillin G (Na) in the various 
alcohols gave two spots on their chromatograms. The second spot is 
probably due to the corresponding a-alkyl-a-D-penicilloate (111). 
A different reaction pattern was obtained with solutions of pen- 
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icillin G (Na) in methanolic HCI. In this case, in addition to the 
penicillin G zone, two other spots were detected. One of these (Rf 
1.12 in System A )  corresponded to the methyl a-D-penicilloate spot 
obtained with solutions in absolute methanol, while the substance 
giving the other unidentified spot (Rl ’s :  A ,  0.49; B, 0.28) is pre- 
sumably benzylpenillic acid (11) which is the normal rearrangement 
product of benzylpenicillin in acid solution. Spots corresponding 
in Rf values to I1 have been detected in deteriorated procaine 
penicillin G solutions in water. 


The TLC procedures described should be applicable to the 
detection of procaine and its degradation products in the presence of 
other drugs which are formulated with procaine, e.g., epinephrine, 
ephedrine, morphine, scopolamine, paromomycin, dihydrostrep- 
tomycin. Since these latter compounds and penicillin G do not 
give color reactions with the Bratton-Marshall reagent (12), it 
should be possible to use this reaction as the basis for the assay of 
procaine in the presence of these corrpounds. Although the Bratton- 
Marshall reagent has been used for the assay of procaine penicillin 
G (13), the trethod appears to have been largely neglected by other 
workers. The usefulness of this reagent for the assay of procaine is 
presently being assessed in these laboratories. 
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Pharmaceutical Heterogeneous Systems IV: A Kinetic 
Approach to the Stability Screening of Solid Dosage Forms 
Containing Aspirin 


H. V. MAULDING, M. A. ZOGLIO, F. E. PIGOIS, and M. WAGNER 


Abstract 0 The effect of common tablet excipients and physio- 
logically active materials on the hydrolysis of aspirin in aqueous 
suspension has been studied. The relationship of hydrolytic rate 
to solvent concentration in these systems has been determined. 
The results obtained have been utilized in the stability ranking 
for various tablet mixes. The kinetic ranking is compared to the 
relative stability of tablets and powders. An attempt is made to 
correlate extrapolated kinetic data with stability results for the 
tablets. 


Keyphrases 0 Heterogeneous systems-pharmaceutical 0 Aspirin 
dosage forms-stability screening 0 Stability, aspirin dosage 
forms-kinetic ranking 0 UV spectrophotometry-analysis 0 
Colorimetric analysis-spectrophotometer 


Prior investigations have shown an inverse relation- 
ship between aspirin stability and the presence of mois- 
ture at  ambient or somewhat higher temperatures al- 
though secondary phenomena as the pH of the water 
may alter the rate of degradation (1-6). The deleterious 
action of fatty acid lubricants on acetylsalicylic acid 
has been related to  hydrolysis (4). It has been pre- 
viously mentioned that one may compare an aspirin 
tablet to  an aqueous suspension-approaching but not 
attaining zero water concentration-in order t o  facili- 


tate explanation of this solvolytic degradation (3). 
However, the complexities rendered by the multiplicity 
of variables in heterogeneous systems of this nature 
make interpretation rather more difficult than in, 
for example, solution or homogeneous kinetics where 
the components and species can be accounted for in 
totality in many cases. 


Increased rates of aspirin decomposition in the pres- 
ence of several excipients and antacids have been re- 
ported several times in the literature ( 1 ,  3, 4, 7, 8). 
These agents reported were found to  markedly accele- 
rate salicylic acid formation. 


More recently Guttman (9) has observed considerable 
degradation of buffered aspirin tablets in chloroformic 
solutions and this breakdown is apparently not pro- 
portional to  water content of the chloroform. 


Garrett suggested the possibility that normally first- 
order decomposition processes may become zero-order 
in saturated solutions (6) and this has been corroborated 
by others (3). 


The purpose of this study was the evaluation of the 
effect of some commonly used tablet additives regarding 
their influence on the rate of generation of salicylic 
acid from aspirin. 
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The tissue and subcellular distribution of mammalian aldehyde 
oxidizing enzyme has recently been studied by Deitrich (1 1). 
Activity was found in liver, adrenal, intestine, kidney, ovary, 
testis, adipose tissue, uterus, heart, lung, brain, spleen, skeletal 
muscle, seminal vesicles, and bladder. Liver exhibited the greatest 
degree of activity. Thus, the placenta appears to be unique in not 
having the capacity to oxidize aldehydes. 
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Identification of Low Molecular Weight Aliphatic 
Esters from Rates of Alkaline Hydrolysis 


SY-RONG SUN and KENNETH A. CONNORS 


Abstract 0 The second-order rate constants for the alkaline hy- 
drolysis of 27 low molecular weight aliphatic esters have been 
determined at 25‘ in 37.272 acetonewater solution. These rate 
constants are characteristic of the entire ester molecule, and there- 
fore provide more information for identification purposes than 
do other chemical methods for the characterization of esters. 


Keyphrases 0 Aliphatic esters, low molecular weight-identifica- 
tion 0 Alkaline hydrolysis rates-aliphatic ester identification ‘J 
Rate constants, second-order-ester hydrolysis 


Kinetic measurements provide a potentially powerful 
approach to the characterization of organic compounds 
because rate constants can be very sensitive to minor 
structural alterations. Moreover, the technique is 
simple, inexpensive, and it seldom requires large 
samples. Earlier papers in this series have described the 
identification of alcohols from rates of alkaline hydroly- 
sis of their 3,5-dinitrobenzoate esters (I), of sugars 
from their rates of oxime formation (2), and of ali- 
phatic amines from rates of acylation by cinnamic 
anhydride (3). For this method to be practicable, 
first-order or pseudo-first-order kinetics must be ob- 
served, reaction conditions and the method of analysis 
must be common to all members of a class of com- 
pounds, and a large number of rate constants must 
be determined under these common conditions. This 
note reports rate constants for the alkaline hydrolysis 
of 27 aliphatic carboxylic acid esters of low molecular 
weight. 


1 This paper is part IV in the series “Precise Kinetic Measurements 
Applied to the Identification of Organic Compounds.” For Part 111, 
see Reference 3. 


The reactions were followed by the pH-stat method, 
using a pH meter as a manually operated pH-stat (4). 
The solvent was an acetone-water mixture (see Ex- 
perimental), and the esters studied include all of those 
that are soluble to the required extent in this solvent. 
First-order rate Constants were obtained from Gug- 
genheim plots (5 ) ,  and were converted to second-order 
constants by dividing by the essentially constant con- 
centration of hydroxide ion; the pH meter was used 
merely as an indicator to keep the pH constant, rather 
than as a source of information about hydroxide-ion 
activity (which would be questionable in this solvent). 
It is extremely important to bear in mind the difference 
between second-order rate constants for ester hy- 
drolysis as calculated on the concentration and activity 
bases (6). 


Table I gives the esters, their observed atmospheric 
boiling points, the mean second-order rate constants, 
and the standard deviations (of a single observation). 
The means are based on three to five determinations. 
It is seen that the reproducibility is about I-2% for 
most esters. 


These 27 esters represent only seven different values 
of saponification equivalent, and many pairs of them 
(especially isomers) have similar boiling points. But 
despite these similarities, most of the esters can be dif- 
ferentiated by a combination of boiling point and rate 
constant. Of course, one should submit authentic 
samples to measurement to check these values under 
one’s own conditions, especially when a comparison 
of very similar constants is to be made. The method 
described here is unusual in that it is probably only 
the second general chemical method for characterizing 
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Table I-Second-Order Rate Constants for the Alkaline 
Hydrolysis of Aliphatic Estersa'* 


-lo%oE(M-' sec.-1)- 
Ester B.p., "C. Mean SD 


Methyl formate 
Ethyl formate 
Methyl acetate 
Isopropyl formate 
Ethyl acetate 
Methyl propionate 
n-Propyl formate 
Isopropyl acetate 
Methyl isobutyrate 
sec-Butyl formate 
Isobutyl formate 
Ethyl propionate 
n-Propyl acetate 
Methyl butyrate 
n-Butyl formate 
Isopropyl propionarr 
sec-Butyl acetate 
Isobutyl acetate 
Ethyl butyrate 
n-Propyl propionate 
Isoamyl formate 
n-Butyl acetate 
n-Pentyl formate 
Isoamyl acetate 
n-Butyl propionate 
n-Amy1 acetate 
n-Hexyl acetate 


32 
53 
56.5 
66.5 
77 
79.5 
80 
88 
91 
94 
97 
97 


100.5 
101 
105.5 
1 08 
110 
116 
120 
121 
128 
126 
127 
139 
142 
147 
169 


1690 
976 


352 
15.1 


6.61 
10.82 


1.41 
3.88 


770 


202 
646 


4.65 
4.69 
5.09 


0.785 
0.640 
3.37 
2.02 
2.96 


4.26 


3.34 
2.37 
3.56 
3.15 


697 


528 


556 


32 
18 
0 . 3  
8 
0.13 
0.08 


13 
0.02 
0.05 
8 
9 
0.04 
0.04 
0.08 


0.010 
0.004 
0.05 
0.04 
0.07 


12 
0.09 
2 
0.07 
0.04 
0.05 
0.06 


10 


Q At 25.0" in 37.27 % v/v acetonewater; initial ionic strength 0.32- 
0.37 M .  * Calculated on basis of hydroxide-ion concentration. 


esters that gives a result dependent upon the entire 
ester molecule (the saponification equivalent is the 
other). 


The authors believe that Table I gives the most com- 
plete set presently available of rate constants for the 
alkaline hydrolysis of aliphatic esters under common 
conditions. As such, it should be useful in generating 
substituent parameters for polar and steric effects in 
aliphatic systems, particularly since variations have 
been made in both the acyl and alkyl portions of the 
molecule. 


EXPERIMENTAL 


Materials-Esters were from commercial sources and were 
redistilled before use; boiling points are reported in Table I. 
Water was redistilled from alkaline permanganate through an all- 
glass apparatus. All other chemicals were reagent grade. 


Apparatus (4)-The reaction vessel was a glass-jacketed beaker 
of about 90-ml. capacity. Water thermostatted at 25.0 f 0.05" was 
pumped through the jacket. The vessel was supported over a 
magnetic stirrer. The mouth of the vessel was closed with a rubber 
stopper containing four holes; through one hole passed a 2-ml. 
micrometer buret (Roger Gilmont Instruments), the tip of which 
extended into the reaction solution. Another hole accommodated a 
high-alkaline ranse combination glass-calomel pH electrode 
(Sargent). The third hole held a thermometer. The fourth hole was 
used for flushing the vessel with nitrogen gas before reaction and for 
introducing the ester sample; this hole was stoppered during reac- 
tions. A pH meter was used (Sargent model DR). 


Procedure-A typical experiment was conducted as follows : 
3.0 ml. of standard 1 N aqueous potassium hydroxide, 50.0 ml. of 
0.50 N aqueous potassium chloride, and 30.0 ml. of reagent grade 
acetone were delivered into the reaction vessel, which was flushed 
with nitrogen gas for about 30 sec. The system was allowed to reach 
temperature equilibrium. The reaction was initiated by adding the 
neat ester with a syringe. Timing began when the measured pH 
dropped 0.01 unit below the initial value. When the pH had dropped 
0.01 unit lower, sufficient 1.0 N KOH was added from the buret to 
return the pH to its initial value. The time and volume were re- 
corded. This process was continued, the pH being held at f0.01 
unit. 


The initial composition of the reaction solution depended upon 
the reactivity of the ester; with all acetates, propionates, and buty- 
rates, 1 to 6 (x) ml. of 1 N KOH, (53 - x) ml. of 0.5 N KCI, and 
30 ml. of acetone were taken. For formates, which are faster react- 
ing, 2 ml. of 0.01 N KOH, 51 ml. of 0.5 N KCl, and 30 ml. of ace- 
tone were used. The sample size was about 0.002 ml. of pure ester 
for formates and about 0.2 ml. of ester for all other esters. The 
titrant was 0.01 N KOH for formates and 1 N KOH for the others. 
The initial ionic strength was 0.32 M for the formate studies, and 
it was 0.340.37 M for the other esters. The final ionic strength 
was 0.32-0.39 M. 


The volume of a solution prepared by mixing 53.0 ml. of 0.50 
N KCI and 30.0 ml. of acetone, at 25 O,  was determined to be 80.50 
ml. This value was used in calculating the hydroxide-ion concentra- 
tion in the reaction mixture. 
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icillin G (Na) in methanolic HCI. In this case, in addition to the 
penicillin G zone, two other spots were detected. One of these (Rf 
1.12 in System A )  corresponded to the methyl a-D-penicilloate spot 
obtained with solutions in absolute methanol, while the substance 
giving the other unidentified spot (Rl ’s :  A ,  0.49; B, 0.28) is pre- 
sumably benzylpenillic acid (11) which is the normal rearrangement 
product of benzylpenicillin in acid solution. Spots corresponding 
in Rf values to I1 have been detected in deteriorated procaine 
penicillin G solutions in water. 


The TLC procedures described should be applicable to the 
detection of procaine and its degradation products in the presence of 
other drugs which are formulated with procaine, e.g., epinephrine, 
ephedrine, morphine, scopolamine, paromomycin, dihydrostrep- 
tomycin. Since these latter compounds and penicillin G do not 
give color reactions with the Bratton-Marshall reagent (12), it 
should be possible to use this reaction as the basis for the assay of 
procaine in the presence of these corrpounds. Although the Bratton- 
Marshall reagent has been used for the assay of procaine penicillin 
G (13), the trethod appears to have been largely neglected by other 
workers. The usefulness of this reagent for the assay of procaine is 
presently being assessed in these laboratories. 
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Pharmaceutical Heterogeneous Systems IV: A Kinetic 
Approach to the Stability Screening of Solid Dosage Forms 
Containing Aspirin 


H. V. MAULDING, M. A. ZOGLIO, F. E. PIGOIS, and M. WAGNER 


Abstract 0 The effect of common tablet excipients and physio- 
logically active materials on the hydrolysis of aspirin in aqueous 
suspension has been studied. The relationship of hydrolytic rate 
to solvent concentration in these systems has been determined. 
The results obtained have been utilized in the stability ranking 
for various tablet mixes. The kinetic ranking is compared to the 
relative stability of tablets and powders. An attempt is made to 
correlate extrapolated kinetic data with stability results for the 
tablets. 


Keyphrases 0 Heterogeneous systems-pharmaceutical 0 Aspirin 
dosage forms-stability screening 0 Stability, aspirin dosage 
forms-kinetic ranking 0 UV spectrophotometry-analysis 0 
Colorimetric analysis-spectrophotometer 


Prior investigations have shown an inverse relation- 
ship between aspirin stability and the presence of mois- 
ture at  ambient or somewhat higher temperatures al- 
though secondary phenomena as the pH of the water 
may alter the rate of degradation (1-6). The deleterious 
action of fatty acid lubricants on acetylsalicylic acid 
has been related to  hydrolysis (4). It has been pre- 
viously mentioned that one may compare an aspirin 
tablet to  an aqueous suspension-approaching but not 
attaining zero water concentration-in order t o  facili- 


tate explanation of this solvolytic degradation (3). 
However, the complexities rendered by the multiplicity 
of variables in heterogeneous systems of this nature 
make interpretation rather more difficult than in, 
for example, solution or homogeneous kinetics where 
the components and species can be accounted for in 
totality in many cases. 


Increased rates of aspirin decomposition in the pres- 
ence of several excipients and antacids have been re- 
ported several times in the literature ( 1 ,  3, 4, 7, 8). 
These agents reported were found to  markedly accele- 
rate salicylic acid formation. 


More recently Guttman (9) has observed considerable 
degradation of buffered aspirin tablets in chloroformic 
solutions and this breakdown is apparently not pro- 
portional to  water content of the chloroform. 


Garrett suggested the possibility that normally first- 
order decomposition processes may become zero-order 
in saturated solutions (6) and this has been corroborated 
by others (3). 


The purpose of this study was the evaluation of the 
effect of some commonly used tablet additives regarding 
their influence on the rate of generation of salicylic 
acid from aspirin. 
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Table I-Relative Stability Data for Acetylsalicylic Acid 
in Tablets and Powders"** 


Table II-Relative Rate Data for Salicylic Acid Formation 
from Powder Mixes in Suspension 


Mg. 
Salicylic 


Aci& Rel- 
Formed/200 atived 


Mix mg. Aspirin Rank- 
No. Additive in Sample ing 


C 
F 
A 
B 
E 
D 


C 
F 
A 
B 
E 
D 


Tablets 
10% Hexamic acid 
None 


0.38 1 
0.79 2 


10 Aluminum hydroxide 2.03 5 
5 % Calcium stearate 4.73 12 


10% Magnesium trisilicate 38.43 100 
5% Magnesium stearate 5.93 15 


Powders 
10% Hexamic acid 0.44 1 
None 0.84 2 
10 Z Aluminum hydroxide 2.17 6 
5 % - ~ a ~ c i u m  stearate 4.65 13 
5 % Magnesium stearate 5.98 16 
10% Magnesium trisilicate 36.60 100 


"Time, 45 days, temperature, 40" (=k0.25"). bStored in 30-ml. 
vials sealed with rubber closures and aluminum crimp tops. Salicylic 
acid formation corrected to 1 Ranking based 
on 100 for D with regard to salicylic acid formation and is only relative. 


moisture for all mixes. 


For these comparisons aspirin powder mixes, tablets 
and suspensions were utilized in which a standard-type 
aspirin formulation was employed along with 5 and 
10% of the various excipients and antacids examined. 


EXPERIMENTAL 


Powder Mix-A basic powder mix containing the following rela- 
tive amounts of ingredients was prepared: aspirin (40 mesh), 
200 mg.; microcrystalline cellulose,1 25 mg.; corn starch, 24 mg.; 


0 1 2 3 4 5 6 7 
TIME, hr. 


Figure 1-Apparent zero-order plot for  aspirin hydrolysis at 40" 
in aqueous suspension containing 6 ml. water and 594 mg. Mix A 
(samples equivalent to 400 mg. aspirin). 10% aluminum hydroxide is 
the additiue. 


1 Avicel, American Viscose. 


Mix 
No. Additive 


Mg. Salicylic 
Acida,* 
Formed Relativec 


per Hour Ranking 


F None 0.054 1 
C 10 Hexamic acid 0.075 1+ 
A 10% Aluminum hydroxide 0.329 6 
B 5 Calcium stearate 0.848 16 
E 5 Magnesium stearate 0.978 18 
D 10% Magnesium trisilicate 2.31 (5.70)d 43 (105)d 


"The apparent zero-order rate constant for a one-ml. sample a t  
40" (*0.2"). Sample used equivalent to 400 mg. aspirin. Relative 
ranking based on F as 1. The apparent zero-order rate constant was 
calculated for a 0.1-ml. sample and corrected to 1 ml. assuming satura- 
tion did not occur at  higher volumes (0.5 ml.; Fig. 4). 


stearic acid USP, 11 mg.; lactose (spray-dried), 10 mg.; total, 270 


The basic mix (Mix F, Table I) was stirred for 20 min. on a mixer 
(Hobart) and 2% by weight of water added at a rate of 1 ml./min. 
until it was thoroughly mixed with the other constituents. To this 
powder was separately added 27 mg./270 mg. basic mix or 10% 
of each of three substances: (a )  aluminum hydroxide; (b) magnesium 
trisilicate; and (c) hexamic acid and 13.5 mg./270 mg. basic mix of 
(a)  calcium stearate and magnesium stearate. Weighed samples of 
these powders were sealed in 30-ml. multiple-dose vials with rubber 
closures and aluminum crimp tops. These powder samples were 
stored at 40" and samples periodically removed for assay of sali- 
cylic acid. Moisture content for mixes and tablets were determined 
by the Karl Fischer procedure. 


Tablet Preparation-Portions of the above mixes were tableted 
on a Stokes E machine using a 10-mm. standard punch to give 
300-mg. tablets. No attempts were made to maintain a constant 
hardness due to difficulties with flow of some mixes. The tablets were 
stored in 30-ml. vials under the same conditions as the powder 
mixes and sampled after 45 days for aspirin breakdown. 


Free Salicylic Acid Determination-Samples of powder mixes or 
tablets were carefully and completely removed frcm the 30-ml. 
multiple dose vials in which they were stored. These samples were 
ground thoroughly in a mortar and a quantity equivalent to 200 mg. 
aspirin, along with 100 mg. citric acid dissolved in 10 ml. water- 
saturated chloroform with agitation (1 min.). This solution was 


mg. 


I I I I I I I I 
0 1 2 3 4 5 6 7 8  


VOLUME OF WATER, ml. 


Figure 2-Relationship of salicylic acid geaeration to the uolume of 
water contained in Mix A suspensions. 10% aluminum hydroxide is 
the additiue. Temperature, 40". 
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poured onto a column of 8 g. acid-washed diatomaceous 
earth2. previously mixed with 2% ferric chloride solution (8 ml.). 
The column was eluted with water-saturated chloroform (about 
50 ml.) to remove aspirin and the purple complex eluted into a volu- 
metric flask'with 10% acetic acid in chloroform (10 ml.) followed by 
1 acetic acid in water-saturated chloroform to remove the com- 
plex (10). The concentration of salicylic acid was determined by 
measuring the absorbance of the solution at 310 mp. 


Suspension Studies-Quantities of the powder mixes to which the 
2 x  water had not been added were placed in 30-ml. vials. Varying 
amounts of water from 10 ml. down to 0.1 ml. were added exactly 
and a few glass beads introduced to promote mixing. The vials were 
sealed by rubber closures and aluminum crimp caps and placed on a 
rotating rack (6 r.p.m.) in a water bath at 40" (f0.2"). Samples for 
the free salicylic acid assays were taken in the following manner: 
water was added to the powder mix-water suspensions in the vials 
to give a total volume of water of 10 ml. The rubber closure was 
replaced and the vial vigorously shaken for 30 sec. to dissolve sali- 
cylic acid. A 3 4 .  sample was removed through a pipet with a 
filter on its end (glass wool in rubber tubing) and this added to 3 
ml. of 2% ferric chloride solution in a volumetric flask. The flask 
was filled with distilled water and the solution read against a blank 
of the same volume without the 3-ml. sample solution at 540 mp 
(3). 


RESULTS AND DISCUSSION 


The acceleration of aspirin hydrolysis by various common 
additives in both powders and tablets compressed from these POW- 
ders was observed and the results are listed in Table I after allowmg 
both powders and tablets to stand at 40" (&0.25") for 45 days. The 
initial powder mix (Mix F) had 2 % water added so aspirin degrada- 
tion might proceed at a reasonably rapid and easily measurable 
rate. An attempt was made to use a standard type direct compression 
formulation although difficulties were encountered with flow of the 
two stearate salts and consequently their concentration was re- 
duced to 5%. This had little bearing on the course of the study as 
goals were for relative ranking of various mixes rather than for 
any quantitative results at this time. 


It is readily apparent from Table I that the tablets and powders 
fall into the same order regarding salicylic acid formation and thus 
the relative ranking numbers (between 1 and 100) show considerable 
similarity. The same behavior was demonstrated by samples stored 
at room temperature with the degree of degradation being less 
pronounced. This seems to indicate that the force of tablet compres- 
sion has negligible effect on aspirin stability of the mixtures under 
scrutiny. 


Table I1 gives the apparent zero-order rates with regard to sali- 
cylic acid formation in milligrams per hour for a saturated 1-ml. 
sample of the mixes. The relative ranking is seen to be the same as 
Table I. 


Figure 1 illustrates a typical plot of salicylic acid generated versus 
time for a suspension of Mix A containing 594 mg. powder in 6 ml. 
water. The apparent zero-order rate constant can be obtained as 
usual from the slope of the straight line. Experiments of this sort 
(Fig. 1) were performed where the amount of water present in 
suspension was reduced to approach that of the solid dosage forms. 
Composites of these rate constants versus volumes of water in 
milliliters are shown in Figs. 2 and 3 for Mixes A and C, respectively. 
The tendency toward the anticipated zero rate of reaction at zero 
water concentration is obvious. Figure 4 gives the plots of suspen- 
sions with low water contents (0.1, 0.2, and 0.5 ml.) of the fast- 
reacting magnesium trisilicate system ( D )  in the usual units of 
milligrams salicylic acid (amount) versus time. The slope ratios 
deviate from the 1 :2:5 which is expected from a process following 
the zero-order rate law. The low value obtained from the apparent 
zero-order rate constant in Figure 4 for the higher amount of water 
(0.5 ml.) is probably a result of unsaturation of the system with 
regard to all components. If such a system were saturated a graph 
of rates versus water volume would be linear as is the case in Figs. 
2 and 3. 


~~ ~ 


2 Celite 545, Johns-Manville, New York, N. Y. 
3 When the samples showed considerable degradation a propor- 


tionally greater amount of Celite and ferric chloride solution had to be 
used. 


0.200 


1 0.025 


0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
VOLUME OF WATER, rnl. 


Figure SRelationJhig of rate of salicylic acid generation to the 
volume of water contained in Mix C suspension. 10% hexamic acid 
is the additive. Temperature, 40". 


The comparatively high reaction velocities encountered in systems 
as D as well as Band E(Tab1es I and 11) may be partially accounted 
for by pH phenomcena manifest in the suspension and in moisture 
present in solid dosage forms as previously mentioned by Zoglio and 


0 
2 14.0 
0 
-1 > 
-1 


u) 


0 11.2 
a 


d E 8.8  


5.6 


2.8 


P 


0.0 


0 2 4 6 8 10 12 14 16 18 20 22 24 
TIME, hr. 


Figure &Apparent zero-order plots for aspirin hydrolysis in aqueous 
suspensions containing 594 mg. Mix D (samples equiljalent to 400 mg. 
aspirin). 10% magnesium trisilicate is the additive. Key: 0, slope 
1.16, 0.5 ml. HzO; 0, slope 0.93, 0.2 ml. HzO; A, slope 0.57,O.l ml. 
H20. 
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Kornblum (3). The two mixes containing magnesium trisilicate and 
magnesium stearate result in generation of the freely soluble magne- 
sium salt of aspirin producing a buffer with aspirin ( 3 )  of relatively 
high pH-3.5 and above-which is a poor environment for aspirin. 
When 1.188 g. Mix D was stirred in suspension with 20 ml. water 
the pH increased from 3.5 to 3.85 in 6 hr. while Mix E remained 
constant at  3.45 for the same time period. Over this interval of time 
the magnesium titer of D goes up to three times its initial value while 
E remains approximately at  its original figure. Almost the same 
values hold for simple aspirin-magnesium stearate and aspirin- 
magnesium trisilicate suspensions. This helps explain the increased 
pH as it seems to be a partial result of a large amount of magnesium 
aspirin in solution. The pH profile of acetylsalicylic acid shows there 
is a considerable difference in the rate constants for degradation at  
these two values (3.85 for D and 3.45 for E )  with the ratios being 
2 : l  a t  25" (11) .  The high water content of magnesium trisilicate 
USP probsbly contributes to the degree and rate of Mix D relative 
to the others. It should be pointed out that in systems like these it is 
extremely unlikely that only one variable is operative but that several 
factors are working concomitantly to lead to the observed results. 
The 5% calcium stearate preparation (Mix B)  exhibits somewhat 
less aspirin decomposition than 5 z magnesium stearate which has 
previously been shown to be the case with simpler mixtures ( 3 ) .  
The 10% aluminum hydroxide mixture ( A )  shows relatively little 
aspirin breakdown possibly due to the comparative insolubility 
of the aluminum salt of aspirin thus lowering the pH close to the 
saturation pH of aspirin (about 2.6) which is a fairly stable range for 
aspirin (11). Aluminum hydroxide is also well known as an ad- 
sorbent which may play some role in preventing aspirin decom- 
position. 


The basic mix ( F )  and the 10% hexamic acid (C)  show relatively 
little degradation as might be expected from pH effects (5). 


In Table I the milligrams of salicylic acid formed in the tablets 
and powder mixes are expressed as the amount formed per 1% 
moisture. The adjustment was made when a variation of water 
content was found by Karl Fischer analysis (1.0 to 1.8 %)rather than 
the expected 2z. Corrections were based on the assumption that 
for these systems apparent zero-order rates and therefore amounts 


of salicylic acid formed were directly proportional to moisture con- 
tent. The adjustment to equal moisture levels in this manner pro- 
vided a more successful degree of ranking. 


Implicit in work of this nature is the ultimate aim of stability 
prediction for solid dosage forms from apparent zero-order rates 
obtained from suspension studies along with other pertinent in- 
formation concerning the system under investigation. Long-term 
predictions were not attempted in this study but it is shown that 
relative results comparing powder mixes, tablets and suspensions 
exhibit very good correlation in the systems under observation as 
listed in Tables I and 11. 
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Microculture Assay for the Rapid Determination of Antifungal Activity 


M. B. MRTEK, L. J. LEBEAU, F. P. SIEGEL, and R. G .  MRTEK 


Abstract 0 Determination of hyphal growth rates in microslide 
cultures has been utilized to determine concentrations of griseo- 
fulvin. At concentrations between 0.001 mcg. and 0.01 mcg./ml. 
griseofulvin in Sabouraud liquid medium, the curve showing growth 
rate as a function of log dose is linear. In this concentration range the 
rate of hyphal elongation is constant with respect to time, and 
curling or distortion of hyphae is not seen except at  the upper limit 
of the range. Microculture assays are compared to simultaneous 
assays performed using the current USP agar cup procedure. The 
microslide technique requires a combined incubation and reading 
period of 24 hr. It can be used to determine accuratelyone thousandth 
the concentration of griseofulvin required for the official procedure. 


Keyphrases 0 Antifungal activity, determination-microculture 
slide technique 0 Griseofulvin activity, assay-agar cup cersus 
microculture technique 0 Hyphal growth rates-griseofulvin con- 
centration 


Although chemical assays are available for most 
antifungal agents, microbiological assays are the ac- 
cepted standards for potency determinations (1). Micro- 


biological assays use minute quantities of drugs with 
solvent extraction being the only usual preparative 
step required for dosage forms or biological specimens. 
While compounds possessing analogous chemical 
structure frequently interfere with chemical assay 
methods, this is not a problem with microbiological 
methods, unless the analogs also possess biological 
activity. Microbiological assay techniques have been 
extended to  the determination of compounds possessing 
antifungal activity. Turbidimetric and agar diffusion 
methods have been most widely accepted as antifungal 
assays (1). Although several methods have been de- 
veloped to  observe the growth of fungi microscopically, 
few have been developed sufficiently to be useful as 
assay procedures. The objective of this investigation 
is to  develop the microculture slide technique of 
Elliott et al. (2) as a rapid, sensitive, and efficient assay 
procedure for antifungal agents. Because of its potency 
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Distribution and Urinary Excretion of Furosemide in the Rat 


SETSUYA SENO*, STANLEY M. SHAW, and JOHN E. CHRISTIAN 


Abstract Using %-labeled furosemide, the distribution and excre- 
tion of furosemide was investigated. Emphasis was placed upon the 
possibility of accumulation of the compound resulting from daily 
administration. The excretion and distribution of furosemide and/or 
metabolites (expressed as furosemide) were determined at various 
time intervals after termination of dosing. Of the tissues studied, 
the level of furosemide was the highest in the liver and kidney. 
At the termination of drug administration, furosemide levels in 
liver and kidney of single-dose animals were not significantly dif- 
ferent from levels observed in repeatedly treated rats; however, 10 
days later the retention of furosemide was significantly greater in 
the repeatedly treated rats. The results of the excretion studies in- 
dicated, as did the distribution data, that furosemide may have 
accumulated in repeatedly treated animals. 


Keyphrases Furosemide, 3SS-labeled-distribution, excretion, 
rats 0 Tissue, plasma levels-furosemide Excretion, urine, 
feces-furosemide Accumulation, furosemide-repeated ad- 
ministration 0 Scintillometry, liquid-radioactivity determina- 
tion Autoradiography-furosemide and metabolites 


Furosemide is a sulfonamide derivative of anthranilic 
acid. It is a relatively new diuretic which is chemically 
distinct from organomercurials, thiazides, and other 
heterocyclic compounds. Furosemide has been used 
for the acute and chronic treatment of edema associated 
with various diseases. Considerable literature related 
to  the properties and therapeutic effects of furosemide is 
available (1-1 1). 


The object of this investigation was to study the dis- 
tribution and excretion of furosemide in the rat. Em- 
phasis was placed upon the possibility of accumulation 
of the compound from daily administration. For an 
investigation of this nature, radiotracer techniques offer 
unsurpassed advantages and consequently were utilized 
in the study. 


EXPERIMENTAL 


Female strain albino rats' (175-200 8.) were divided into groups 
of six animals each. Animals were housed individually in stainless 
steel screen wire bottom metabolism cages. Distilled water was 
given ad libitum throughout the experiment. Food was allowed ad 
libitum except for 3 hr. before administration of labeled furosemide. 
Sulfur-35-labeled furosemide2 (1 Wc./mg.) was administered as an 
aqueous suspension in acacia and carboxymethylcellulose at a dosage 
level of 20 mg./rat/day. Radiation dose to the experimental animals 
from the labeled furosemide was calculated and shown to be in- 
significant. 


The investigation involved groups of animals administered either 
a single dose of labeled furosemide or a total of 10 doses of labeled 
compound given over a period of 10 days. Single-dose animals 
received the labeled compound at the same time as the final dose 
was administered to the repeatedly treated rats. From certain 
groups, urine and feces were collected during treatment and for 
varied time intervals following cessation of treatment. For tissue 
distribution studies, groups of animals were sacrificed at varied 


1 Sprague-Dawley, Inc., Madison, Wis. 
Synthesized by Farbwerke Hoechst AG, Frankfurt, Germany, and 


supplied by Hoechst, Cincinnati, Ohio. 


time intervals following the termination of drug administration. 
Tissues were prepared for liquid scintillation counting by adding 2 
ml. of a tissue-solubilizing base mixture3 to approximately 50 mg. 
of tissue contained in counting vials. The vials were heated at 65" 
for 30 min. with occasional shaking. After cooling the sample to 
room temperature, 0.2-0.5 ml. (depending upon coloration) of 30z 
hydrogen peroxide solution was added to decolorize the sample. 
Upon completion of the reaction, 1 ml. of glacial acetic acid and 
15 ml. of the XDC scintillator solution4 were added to the vial. 


Urine samples collected from individual animals were measured 
by volume and diluted to a definite volume with distilled water. 
Accurately measured aliquots of the diluted urine were placed in 
counting vials and mixed with 1 ml. of a solubilizing base mixture. 
The samples were then treated in the same manner as the tissue 
samples. Feces samples were dried at room temperature, weighed, 
and pulverized. Accurately measured aliquots of approximately 
50 mg. of pulverized feces were transferred into counting vials and 
2 ml. of a solubilizing base mixture added. The samples were 
treated in the same manner as the tissue samples except for the 
amount of hydrogen peroxide solution, which was approximately 
1 ml. 


All the samples in this study were analyzed for total 35S activity 
using an automatic liquid scintillation spectrometer5 with a count- 
ing error of 5 %  or less. An internal standard technique, in which 
the samples were counted before and after the addition of a non- 
quenching 3SS furosemide reference solution, was employed to 
obtain absolute disintegration rates. The counting data were 
mathematically treated so as to express the 3QS activity as the con- 
centration or total quantity of furosemide in each sample. The 
average and SD values of each set of six animals data were computed. 
The significance of differences was tested by the Student I test. 
Computations were accomplished with a computer (IBM 7090) 
with Fortran programming. 


RESULTS AND DISCUSSION 


With the exception of a brief urinary metabolite investigation, no 
attempt was made to separate furosemide and metabolites in the 
various samples. The data are expressed as furosemide although 
furosemide and/or metabolites may have been present. 


Distribution-Throughout all experiments, the furosemide level 
in kidney tissue was greater than that observed in other tissues 
studied (Table I). Six hours following final drug administration, the 
level of furosemide in kidney tissue of animals administered a 
single dose of the drug, was 33 mcg./g. of kidney, while the con- 
centration of the diuretic agent for repeatedly treated rats was 54 
mcg./g. of kidney tissue. The relative difference in furosemide 
concentration in kidney tissue between single-dose and repeatedly 
treated animals was approximately 40%, 6 hr. following the final 
dose; however, the difference was not statistically significant. The 
difference was larger and statistically significant (p <0.01) after 
10 days, with the furosemide level in the kidney tissue of repeatedly 
treated rats being three times larger than that of single-dose animals. 
The second highest concentration of furosemide was found in 
liver tissue. The concentration of the diuretic agent for single- 
dose and repeatedly treated animals was approximately 9 mcg./g. 
of liver 6 hr. following final drug administration. Four days later, 
approximately twice as great a concentration of furosemide was 


3 A mixture of three parts of 1 M p-(diisobutylcresoxyethoxyethy1)- 
dimethylbenzyl ammonium hydroxide solution in methanol and one 
part of 30% aqueous potassium hydroxide solution. 


4The XDC scintillator solution consisted of 80 g. of naphthalene, 
10 g. of PPO, and 0.5 g. of POPOP dissolved in 1 1. of solvent prepared 
with one part of xylene, three parts of dioxane, and three parts of 
ethylene glycol monoethyl ether. 


5 Tri-Carb, Packard Instrument Co., Inc., LaGrange, Ill. 
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Table I-Furosemide" in Various Tissues of Single-Dose and Repeatedly Treated Rats 


Sacrifice: 
days Liver Kidney Spleen Brain Muscle Plasma 


Single-DoseE 
0.25 8.  62d 32.82 2.24 0.31 0.63 12.25 


1 1  .31 1 5.64 f0 .91  f 0 .  18 1 0 . 1 8  f 4.39 
4 0.85 8.91 0.29 0.10 0.12 0.27 


1 0 . 8 2  f 9.95 1 0 . 0 5  i0. 06 +0.08 f 0.43 
10 0.19 1.89 0.10" 0.01 0.01 0.04 


f0 .05  f 0.06 5 0 . 0 6  3X0.05 f 0 . 0 4  1 0.01 
15 0.07 0.78 0.05 - 


3X0.03 i 0.21 +0.06 - 
20 0.04 0.43 0.04 - 


1 0 . 0 4  3X 0.08 zt0.04 - 


- - 
- - 
- - 
- - 


Repeatedly Treatedf 
0.25 


4 


10 


15 


8.72 
1 5 . 1 9  


1.60 
3X0.45 


0.87 
3X0.29 


0.17 


53.97 
532 .75  


13.49 


3.96 
zt4.53 


0.80 


0.23 
1 0 . 2 8  


0.25 


0.82 
1 0 . 4 5  


0.14 


6.23 
f 7.44 


n 21 - 
1 1.44 ~ k 0 . 3 3  1 0 . 2 1  f0. 27 1 0.09 


5.98 1.32 0.19 0.00 0.05 + 1.75 +o. 12 + O .  23 f O . O O  f 0.06 
3 ox n 07 - - - _.I. 


- 3X0.03 1 0.57 10 .03  - - 
20 0.09 1.49 0.05 - 


1 0 . 0 7  i 0.25 f0 .05  - 
- - 
- - 


a Expressed as  mcg./g. of tissue. Data expressed as  furosemide may include a certain fraction of metabolic products, as no attempt was made to 
separate furosemide and metabolites. b Time of sacrifice following cessation of treatment. c Animals received a single dose (20 mg./rat) of labeled 
furosemide. dAverage of six animals per group =t SD. .A furosemide level of 0.20 mcg./g. of tissue or less may be regarded as negligible (0.03 
mcg./g. or less for blood plasma). f A  total of 10 doses of labeled furosemide (20 mg./rat/day) administered over a period of 10 days. 


found in the liver of repeatedly treated animals as that found in 
single-dose rats. The difference in the liver drug level was statistic- 
ally significant (p <0.01) in animals sacrificed 10 days after cessa- 
tion of furosemide treatment. 


Furosemide levels in the blood plasma of single-dose and re- 
peatedly treated rats were statistically equivalent throughout the 
investigation. The furosemide concentration diminished quite 
rapidly to an insignificant level within 10 days after final dosing. 
No significant differences in furosemide levels between single-dose 
and repeatedly treated animals were observed in the spleen, brain, 
or muscle tissue. Observations were discontinued 10 days after 
final dosing. 


In Table 11, the data are expressed as furosemide in the entire 
organ. In general, differences in the furosemide content in single- 
dose and repeatedly treated rats are in agreement with the results 
obtained when the data are expressed as furosemide per gram of 
tissue. Although, furosemide found in the liver of repeatedly treated 
rats was significantly higher ( p  <0.01) than that detected in single- 
dose animals 4 days and thereon after termination of treatment, 
statistical significance was not obtained until 10 days after termina- 


Table 11-Furosemide" in Various Organs of Single-Dose and 
Repeatedly Treated Rats 


Time of Sacrifice, daysb - 
Organ 0.25 4 10 15 20 


Single-Dose" 
Liver 53. 70d 4.43 1.34 


ZIZ 9.52 3~ 2.81 f 0.30 
Kidney 49.76 12.10 2.78 


f11.19 f12.11 i 0.93 
Repeatedly Treatede 


Liver 48.17 13.96 7.62 
1 1 1 . 1 5  1 3.48 1 2.64 


Kidney 87 44 24 65 10 66 
1 4 2  40 1 3 15 f 2 99 


0.42 0.26 
1 0 . 1 5  f 0 . 2 4  


1.09 0.62 
3X0.30 f 0 . 1 5  


1.17 0.55 
f 0 . 2 5  1 0 . 3 9  


4.58 2.20 
f 0 . 4 8  1 0 . 2 8  


~ ~~~ ~~~ ~~ ~ ~ _ _ _ _ _  ~_____~_____ ~~ - 


Q Expressed as mcg./organ. Data expressed as furosemide may in- 
clude a certain fraction of metabolic products as no attempt was made 
to separate furosemide and metabolites. Time of sacrifice following 
cessation of treatment. c Animals received a single dose (20 mg./rat) 
of labeled furosemide. dAverage of six animals per group f SD. 
6 A total of 10 doses of labeled furosemide (20 mg./rat/day) adminis- 
tered over a period of 10 days. 


tion of dosing when the data are expressed as furosemide per 
gram of tissue. Similar results may be observed for the kidney. 


It is interesting to note that no significant difference in furose- 
mide content in the kidney or liver was observed between repeatedly 
treated and single-dose animals 6 hr. following the final dose, while 
significant differences occurred in animals sacrificed 4 days or 
later after cessation of treatment. The data suggest a delay in the 
elimination of the drug which was given previous to the final dose 
and which was retained somewhere in the animal, thus suggesting 
an accumulation of minor fractions of furosemide and/or metab- 
olites in the animal. 


Excretion-Exemplitory data describing the excretion of furo- 
semide in the urine and feces of repeatedly treated rats is shown in 
Table 111. Four days after the final dose, 95% of the total furosemide 
administered (200 mg.) during the study had been accumulated in 
the excreta. Of the total furosemide excreted, 47.5 was accounted 
for in the urine while 52.5 


Table IV summarizes the results of the study of furosemide 
excreted in the urine following the termination of single or multiple 


was found in the feces. 


Table ILI-Excretion of Furosemide" in the Urine and 
Feces of Repeatedly Treatedb Rats 


Furosemide Excreted.r-- - 
Time,d mg. 
days Urine Feces Total 


1 6.17 
2 14.27 
3 15.59 
4 15.10 
5 12.65 
6 6.69 
7 6.81 
8 4.21 
9 4.92 


10 2.89 
11 0.77 
12 0.46 
13 0.27 


~ 


2 45 8 62 
3 36 17 63 
3 01 18 60 


10 95 26 05 
12 34 24 99 
14.51 21.20 
15.92 22.73 
12.74 :6.95 
8.28 '13.20 


12 13 15 03 
3 51 1 28 
0.64 1.11 
0 35 0 62 


a Data expressed as  furosemide may include a certain fraction of 
metabolic products as no  attempt was made to separate furosemide 
and metabolites. b A total of 10 doses of labeled furosemide (20 mg./ 
rat/day) administered over a period of 10 days. c Excreta collected at  
24-hr. intervals and data expressed as  the average of six rats. dTime 
after the intial dose was administered. 
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Table IV-Excretion of Furosemide" in the Urine of Single-Dose 
and Repeatedly Treated Rats 


-Single-Doseb-- -Repeatedly Treatecl- 
Urine Urine 


Timed Volume, Furosemide, Volume, Furosemide, 
days ml. mg. ml. mg. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


5 .2  
5.2 
5 .3  
6 .9  
6.6 
9.2 


10.7 
10.3 
11.0 
24.2 
14.0 
12.7 
13.3 
14.0 
12.2 
11.5 
15.2 
10.7 
12.5 
13.0 
12.7 
10.7 
16.2 
12.5 
13.3 
12.0 
12.0 
14.8 
11.8 


4.728 Z!Z 1.432 
0.940 f 0.320 
0.099 f 0.036 
0.024 f 0.006 
0.017 f 0.007 
0.011 f 0.005 
0.009 =!I 0.004 
0,011 =k 0.003 
0.013 =k 0.003 
0.011 f 0.004 
0.010 f 0.003 
0.010 f 0.003 
0.008 f 0.005 
0.007 f 0.003 
0.006 f 0.002 
0.007 f 0.004 
0.003 f 0.002 
0.002 f 0.001 
0.004 f 0.002 
0.003 f 0.002 


20.2 
27.7 
28.3 
30.3 
23.5 
24.5 
23.5 
20.0 
22.2 
30.5 
15.2 
10.8 
13.5 
13.5 
13.8 
13.5 
19.2 
17.3 
13.5 
12.2 
13.0 
11.8 
17.0 
11.7 
16.8 
18.0 
12.7 
9 . 8  


13.0 


3.472 f 0.553 
6.263 f 1.886 
6.572 f 0.946 
61996 f 2.064 
6.926 f 2.354 
6.942 f 2.429 
6.958 If 2.668 
7.119 f 3.170 
6.282 f 2.004 
7.979 f 4.001 
1.845 f 0.678 
0.531 f 0.195 
0.174 f 0.072 
0.128 f 0.047 
0.072 f 0.038 
0 054 f 0.023 
0.082 2 0.040 
0.088 f 0.038 
0.074 f 0.030 
0.077 f 0.038 
0.078 f 0.019 
0.078 f 0.031 
0.068 f 0.025 
0.070 f 0.037 
0.085 f 0.059 
0.045 f 0.024 
0.025 If 0.015 
0.023 f 0.009 
0.021 & 0.007 


a Data expressed as furosemide may include a certain fraction of 
metabolic products as no attempt was made to separate furosemide 
and metabolites. * Single dose of labeled furosemide (20 mg./rat) ad- 
ministered to a group of six animals on Day 9. Data are expressed as 
the average of six rats per group f SD. e A total of 10 doses of labeled 
furosemide (20 mg./rat/day) administered over a period of 10 days to a 
group of six animals, d Time after intial dose was given to the repeatedly 
treated rats. IJrine collected at 24-hr. intervals 


dosing. After the final dose, the amount of furosemide excreted in 
the urine decreased rapidly for 4 days, was maintained at a plateau 
for the next 10 days, and was decreasing at the termination of the 
study. During the entire collection period, higher levels of furo- 
semide were present in the urine of repeatedly treated animals than 
observed in the urine of single-dose rats. As may be seen in Table 
IV, a definite diuretic effect was elicited by furosemide during the 
interval of drug administration. After termination of drug treat- 
ment the daily urinary excretion of furosemide was 5 to 10 times 
higher in the repeatedly treated animals than in single-dose animals, 
although the urinary volume was essentially the same for both 
groups. The larger excretion of furosemide from repeatedly treated 
animals may have resulted from an overlapping effect of the daily 
excretion of the drug given previous to the final dose, or suggests 
that furosemide and/or metabolites may have accumulated in the 
animal. 


After cessation of drug administration for single-dose and re- 
peatedly treated animals, urine volume continued to be elevated 


Table V-Relative Amount of Furosemide and Metabolites in Urinen 


for both groups in relation to that observed in animals previous to 
dosing. The increased urine volume did not correspond to the 
furosemide and/or metabolite level detected in the urine or kidney 
of the single-dose and repeatedly treated rats. In fact, the urine 
volume was essentially equal within 24 hr. after the final dose while 
the amount of furosemide and/or metabolites in the urine of re- 
peatedly treated rats was 5 to 10 times higher than that detected 
in the urine of single-dose rats. The repeated administration of 
furosemide may have resulted in an induction of enzymes respon- 
sible for the metabolism of furosemide, with the enhanced activity 
of the enzymes producing a decrease in active compound and a 
subsequent increase in inactive metabolites. As will be cited later 
in this article, chromatographic analysis of urine excreted from 
furosemide-treated rats showed numerous metabolites of the parent 
compound. Also, repeatedly treated rats had significantly ( p  
<0.01) larger livers than single-dose rats 4 days (8.88 f 1.19 uersus 
5.98 f 1.13 g.) and 10 days (8.75 f 0.38 uersus 6.96 f 0.58 g.) 
after termination of dosing. Increased mean liver weights, for rats 
under stress or pretreatment with drugs, are often used as an in- 
dication of increased enzyme synthesis or a self-stimulating type 
of enzyme induction. Since no attempt was made to differentiate 
between furosemide and metabolites in tissue and urine samples, 
a greater percentage of the radioactivity detected in the urine and 
kidney from repeatedly treated rats may have been present as 
inactive metabolites than in the single-dose rats. Essentially equal 
amounts of active compound may have been present in both groups 
after cessation of drug administration. However, the above data 
and comparisons may indicate that the equal diuresis, yet unequal 
furosemide and/or metabolite levels, resulted from the storage 
of large amounts of inactive metabolite in the rat during the period 
of repeated dosing. 


In a limited study two female rats (212 and 215 9.) were individu- 
ally housed in metabolism cages. A single dose of labeled furose- 
mide (1 hc./mg.) was administered by intubation as an aqueous 
suspension at a dose level of 20 mg./rat. Urine excreted was col- 
lected under toluene at 2, 6, 12, and 24 hr. after dosing. Aliquots 
of urine were applied to thin-layer chromatographic plates pre- 
pared from precipitated silicic acid6 and distilled water. Methanol 
solutions of 65S furosemide and 4-chloro-5-sulfamyl anthranilic acid 
were applied as references. The compound, 4-chloro-5-sulfamyl an- 
thranilic acid is a known metabolite of furosemide (12). Chromato- 
graphic development was conducted in a chromatographic chamber 
containing a solvent mixture of n-butanol-acetone-phosphate 
buffer of pH 6.8 (50 : 20: 30). The separated compounds were located 
by applying a 0 . 2 z  methanol solution of N-dimethyl-cw-naphthyl- 
amine. Autoradiograms were obtained by exposing X-ray film? 
to the developed plates. The adsorbed labeled compounds on the 
thin-layer chromatogram located by autoradiography were scraped 
quantitatively into separate counting vials. Fifteen milliliters of 
scintillator gel8 was added to each vial, the silica gel powder con- 
taining the radioactive sample suspended in the scintillation gel by 
shaking, and cooled previous to counting with a (liquid) scintillation 
spectrometer. The radioactivity in each spot was expressed in 
terms of the percent of the total radioactivity. Total radioactivity 


6 Silica Gel G. 


8 Four Dercent of Cab-0-Sil (Cabot Coru.. Boston. Mass.) in the XDC 
Kodak No-Screen. Eastman Kodak Co., Rochester, N. Y .  


scintillatdr solution. 


Collection6 
Interval, 


hr. 


-Labeled Compound - 
(0.50)" (0. 41)d (0.36) (0.27) (0.24) (0.14) (0.00) 


( R / )  


0-2 
2-6 
6-12 


12-24 
@-2 
2-6 
6-12 


12-24 


~ ~ ~~~~~ ~ 


74. 05e 10.83 1.78 0.44 10.29 1.87 0.75 
69.55 11.14 1.58 0.81 16.10 0.44 0.38 
53.24 23.30 2.15 2.41 17.24 1.05 0.61 
46.95 27.06 2.89 3.12 17.68 1.46 0.84 
55.27" 19.35 2.68 0.81 18.87 2.24 0.77 
57.16 19.96 1.76 1.63 18.47 0.46 0.56 
49.32 23.87 2.40 4.88 18.33 0.67 0.52 
39.18 29.29 2.84 5.56 20.76 1.82 0.55 


a Data expressed as percent of total radioactivity from a sample applied to the thin-layer chromatographic plate. *Time elapsed from furosemide 
administration (20 mg./rat). c Furosemide. dThe metabolite 4-chloro-5-sulfamyl anthranilic acid. e Data from a single rat. 
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was obtained by summation of radioactivity in each spot from a 
sample applied to the thin-layer plate. 


As may be observed in Table V, from five to seven labeled com- 
pounds were separated from urine samples collected at various 
intervals after dosing. The compound at R f  0.50 corresponded to 
intact furosemide while the compound at R f  0.41 was 4-chloro-5- 
sulfamyl anthranilic acid. The remaining labeled compounds were 
not identified. The relative amount of furosemide decreased with 
the passage of time, while metabolites of furosemide increased. 
The 24-hr. urine sample contained 40 to 47% of total radioactivity 
as furosemide and approximately 30 as 4chloro-5-sulfamyl 
anthranilic acid. The labeled compound at R f  0.24 contained up to 
2 0 z  of the total radioactivity in the 24-hr. urine sample. The meth- 
anol solution of 35S-labeled furosemide applied as a reference to 
the chromatographic plate contained 2.5 % 4-chloro-5-sulfamyl 
anthranilic acid as a radiochemical impurity. 


SUMMARY 


The data observed during the investigation of the distribution of 
labeled furosemide would seem to suggest that a portion of the 
diuretic agent and/or metabolites was distributed in various tissues, 
amassed in the body, and released gradually over a period of time. 
The daily administration of labeled furosemide iesulted in in- 
creased concentrations of the drug and/or metabolites in the liver, 
kidney, and urine of experimental animals in relation to rats given 
a single dose of the compound, thus suggesting accumulation in 
the rat from chronic administration. 
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Isolation of the Anti-inflammatory Principles from Achillea 
millefolium (Compositae) 


ARTHUR S. GOLDBERG*, EVANGELYNNE C. MUELLER, EDWARD EIGEN, 
and SALVATORE J. DESALVA 


Abstract 0 An aqueous extract of the dry flower heads of Achillea 
millefolium (yarrow) has been found to possess anti-inflammatory 
activity as measured by the mouse paw edema test. Fractionation 
has resulted in the isolation of a material which reduces inflamma- 
tion by 35 %. This concentrate is water-soluble, nonsteroidal, and 
has a very low order of toxicity. Physical and chemical studies 
show this active fraction to be a mixture of protein-carbohydrate 
complexes. 


Keyphrases 0 Anti-inflammatory constituents-Achillea rnille- 
foIium flower heads 0 Column chromatography-separation, 
identity 0 Electrophoresis, disc-identification 0 Colorim- 
etry-analysis Pharmacological screening-A. millefolium 
extracts 


The isolation, partial characterization, and pharma- 
cology of the water-soluble, nonsteroidal, anti-inflam- 
matory constituents of Achillea millefolium are re- 
ported. 


Achillea millefolium L. (colloquially referred to as 
yarrow) is a wild-growing flowering plant belonging 
to the family Compositae and is found abundantly 
throughout America and Europe (1). The many uses of 
yarrow in folk medicine date back to Achilles who used 


the plant to heal the wounds of his warriors (2). The 
chemical investigation of A .  millefolium for the past 
200 years has led to the isolation of a large number of 
compounds, but the principles responsible for the anti- 
inflammatory properties of the plant are still unknown. 
The volatile oil of A. millefolium has been tested for 
anti-inflammatory activity and found to be inactive (3). 


Preliminary screening in these laboratories of an 
aqueous extract of the flower heads of A .  millefolium 
showed that it possessed both topical and systemic anti- 
inflammatory activity. 


EXPERIMENTAL 


Materials-The Rower heads of A .  millefolium, collected in New 
Jersey during the summer of 1966, were used in this investigation. 


Preparation of the Initial Extract for Biological Testing-The 
initial evaluation of A .  millefolium for anti-inflammatory activity 
was carried out on a cold aqueous extract of the dry flower heads. 
The extract was dried by lyophilization and tested. 


Isolation and Characterization of the Active Principles-The dry 
flower heads of A.  millefolium (1.3 kg.) were extracted with CHCl, 
for 24 hr. in a continuous extraction' apparatus. The marc was air- 


1 Soxhlet. 
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Studies on the Mechanism of Action of Salicylates VII: Effect 
of a Few Anti-inflammatory Agents on 
Uridine-5’-diphosphoglucose Dehydrogenase 


K. H. LEE and MICHAEL R. SPENCER 


Abstract 0 Phenylbutazone, oxyphenbutazone, indomeihacin, 
flufenamic acid, and mefenamic acid, like salicylic acid, inhibit the 
oxidation of uridine-5’-diphosphoglucose (UDPG) competitively 
with nicotinamide adenosine dinucleotide (NAD) and noncom- 
petitively with UDPG. The Km and Ki values of these inhibitory 
agents are presented. 


Keyphrases 0 Salicylates-action mechanism 0 Uridine-5 ’-di- 
phosphoglucose dehydrogenase-anti-inflamrnator y agents effect 0 
UV spectrophotometry-analysis 


It has been known for some time that salicylic acid 
inhibits acid mucopolysaccharide synthesis (1). How- 
ever, its action on molecular level has not been studied 
until recently. Bollet, in 1961, reported that salicylic 
acid and phenylbutazone inhibit glucosamine-6-phos- 
phate synthesis which is one of the first-step reactions in 
mucopolysaccharide synthesis (2). The enzyme in- 
volved is L-glutamine : ~-fructose-6-phosphate amino- 
transferase (EC 2.6.1.16). Bollet’s work was confirmed 
by Schonhofer in 1966 (3). Later, Kalbhen et al. using 
fibroblast tissue culture, demonstrated that salicylic 
acid and a few other antiphlogistic drugs inhibited the 
incorporation of glucosamine-l-14C into mucopolysac- 
charide (4). Their findings suggest that these drugs 
also inhibit mucopolysaccharide formation at a site or 
sites other than glucosamine synthesis. In a previous 
communication, the authors have shown that salicylic 
acid competitively inhibits U D P-glucuron yl-transferase 
(2.4.1.17) reaction (5). The authors also reported that 


PHENYLBUT AZONE I 


salicylic acid most effectively inhibits uridine-5’- 
diphosphoglucose (UDPG) dehydrogenation reaction 
competitively with nicotinamide-adenosine-dinucleotide 
(NAD) and noncompetitively with UDPG (5). The 
enzyme involved is UDPG-dehydrogenase (1.1.1.22). 
The Km and Ki values for competitive inhibition are 
1 X M and 2 X M ,  respectively. The lowest 
concentration of NAD used in the study was 2 X 
M and the activity of the enzyme in the presence of 
1.25 X M of salicylic acid was about 7 4 z  of the 
control. In tissues, the concentration of NAD is in 
the neighborhood of lo-? M .  The authors believe this 
is the main and most sensitive site on which salicylic 
acid acts. It is important to know whether this is the 
common site of action of other structurally unrelated 
anti-inflammatory agents. For this purpose, the effect 
of a few commonly used anti-inflammatory agents, 
namely, phenylbutazone, oxyphenbutazone, indo- 
methacin, flufenamic acid, and mefenamic acid, on 
UDPG-dehydrogenase were studied and the results are 
reported in the present paper. 


EXPERIMENTAL 


Materials and Chemicals-UDPG (sodium salt Sigma grade), 
UDPG-dehydrogenase, type 111; and NAD, grade I11 (Sigma Chem- 
ical Company, St. Louis, Mo.) were used. Phenylbutazone and oxy- 
phenbutazone (supplied by Dr. T. A. Terzakis of Geigy Pharma- 
ceuticals, Division of Geigy Chemical Corp., Ardsley, N. Y.); mefe- 
namic acid and flufenamic acid (supplied by C. V. Winder of the 
Research Laboratories of Parke, Davis andCo., Ann Arbor, Mich.); 


Figure 1-Znhibition of UDPG-dehydrogenase by phenylbutazone. Left: competitiae with NAD. Right: noncompetitive with UDPG. Key: , 
control; @,2 X 10-% M phenylbutazone; 0 , 3  X 10- M phenylbutazonr. 
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Figure 2-Inhibition of UDPG-dehydrogenase by oxyphenbutuzone. Lejt: competitive with NAD. Right: noncompetitive with UDPG. Key: 
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Figure 3-Inhibition of UDPG-dehydrogenase by mefenamic mid. Left: cornpetitice with NAD. Right: noncompetitiae with UDPG. Key: 0 , 
control: @, 2 X M mefenaniic acid: 0.4 X M mefenumic acid. 


and indomethacin (supplied by Dr. W. B. Gall of the Research Lab- 
oratories of Merck, Sharp & Dohme, Div. of Merck and Co., 
Inc., Rahway, N. J.) were also used 


UDPG-dehydrogenase Assay-The method described by Stromin- 
ger et a/ .  was followed with some necessary modifications to adapt 
to the quantities of reactants and reaction mixtures and the spectro- 


Table I-The Ki Values of  Anti-inflammatory Agents as Inhibitors of UDPG-Dehydrogenase 


photometer used (6). The activity of the enzyme was estimated from 
the initial rate of reduction of NAD recorded by a recording spectro- 
photometer (Beckman DB) at 340 mp in silica cells of 1.0 cm. light 
path at  room temperature after the addition of the enzyme. The 
reaction mixture contained, in addition to enzyme, 0.1 p M  UDPG 
and 0.5 p M  NAD in a total volume of 4.0 ml. of 0.1 A4 glycine 


----Competitive with NAD- --Noncompetitive with UDPG--- 
Drugs Km, M Ki, M Km, M Ki, M 


1.08 x 1 0 - 4  2.37 x 10-3  5.51 x 10-5 2.47 x 10-3 
Ovyphenbutazone 1.03 x 10-4 2.71 x 10-3 5 . 3 1  x 10-5 2.60 x 10-3 
Mefenamic acid 1 . 0 5  x 10-4 1 . 3 5  x 10-4 5.62 x 10-5 9.47 x 10-4 
Flufenamic acid 1.03 x 10-4 1.88 x 10-4 
Indomethacin 1.11 x 10-4 I ,  56 x 10-4 5.02 x 10-5 2.64 x 10-4 
Salicylate 0.96 x 10-4 2.10 x 1 0 - 3  


Phenylbutazone 


5.57 x 10-6 


5.40 x 10-5 


7.16 X lod1 


8.70 X lo-' 
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Figure &Inhibition of UDPG-dehydrogenase by flufenamic acid. Left: competitive with NAD. Right: noncompetitive with UDPG. Key: 
control; a, 2 x Mfl~lfenamic acid; 0 , 4  X IF4 Mflufenamic acid. 
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Figure 5-Inhibition of UDPG-dehydrogenase by indomethacin. Left: competitive with NAD. Key: e, control; Q, 2 X 
0 , 5  X 


M indomethacin; 
M indomethacin. Right: noncompetitive with UDPG. Key: e, contro1; Q,O.5 X M; 0, I X M. 


buffer, pH 8.7. A blank without UDPG was used. For the studies 
on mechanism of action, graded concentrations of either NAD or 
UDPG were used. Mefenamic acid, flufenamic acid, and indometha- 
cin were dissolved in 95z ethanol. One-tenth milliliter of each drug 
solution was added to the reaction mixture. One-tenth milliliter of 
95z alcohol was added to each of the controls. Phenylbutazone 
and oxyphenbutazone were dissolved in glycine buffer. 


RESULTS AND DISCUSSION 


The Lineweaver-Burk plots of the inhibition of a few anti- 
inflammatory agents on UDPG-dehydrogenase are shown in Figs. 
1-5 (7). It is obvious that all of the five useful drugs studied behave 
essentially the same way toward UDPG-dehydrogenase as salicylic 
acid. They inhibit UDPG-dehydrogenase competitively with NAD 
and noncompetitively with UDPG. Phenylbutazone and oxyphen- 


butazone exert almost identical effect on the enzyme. The thera- 
peutic potency of these two drugs are about the same. Flufenamic 
acid, mefenamic acid, and indomethacin are more active than 
phenylbutazone, oxyphenbutazone, or salicylic acid. 


The calculated Km and Ki values of these drugs as competitive 
inhibitors with NAD and as noncompetitive inhibitors with UDPG 
are listed in Table 1. The Km and Ki values of salicylic acid are also 
included for comparison. For Competitive inhibition, the Ki values, 
in all cases, are very close to that of the Km which indicates that 
these drugs are very potent inhibitors of UDPG-dehydrogenase. 
These drugs are slightly less effective as noncompetitors of UDPG. 
All of the drugs studied are more potent than salicylic acid in in- 
hibiting UDPG-dehydrogenase. 


These anti-inflammatory agents studied also retard wound heal- 
ing (8). The results presented in this paper support the idea that 
these anti-idammatory agents retard would healing primarily by 
a mechanism which involves mucopolysaccharide synthesis (5). 
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Rate Assay for Estimation of Thiol Affinity of 
Sulf hydryl-Reactive Agents: Estimation of SH-Reactivity 


R. T. LOUIS-FERDINAND 2nd G. C. FULLER 


Abstract 0 An interaction between cysteine SH groups and 8- 
nitrostyrene was suggested from alterations in the ultraviolet spec- 
trum of p-nitrostyrene following the addition of cysteine, but not 
serine. In the presence of p-nitrostyrene or phenylmercuric chloride, 
the rate of color development resulting from the reaction of cysteine 
and DTNB was reduced; increasing the concentration of p-nitro- 
styrene resulted in increased interference in the color development. 
Excess DTNB did not mitigate the influence of p-nitrostyrene on 
color development; however, excess cysteine was found to overcome 
the effects of the 8-nitrostyrene on the development of color. The 
implication of this interference on single point SH content deter- 
minations is discussed. Application of inhibition of the cysteine 
DTNB reaction to estimate SH-reactivity of thiol-reactive agents is 
described. 


Keyphrases 0 Thiol affinity-sulfhydryl-reactive agents 0 Sulf- 
hydryl-thiol affinity-rate assay 0 Cysteine-B-nitrostyrene in- 
teraction 0 UV spectrophotometry-reaction monitoring 


The inactivation of biochemical systems following 
exposure to  sulfhydryl (SH)-reactive compounds and 
the reversal of the inhibition by thiols has been de- 
scribed earlier (1, 2). In vitro estimation of the relative 
affinities of SH-reactive agents for SH groups in such 
biological systems would be facilitated by the availa- 
bility of a suitable model capable of reflecting variable 
SH-reactivity within a given series of compounds. In 
this investigation the ability of a series of SH-reactive 
agents t o  interfere with the rate of a disulfide-thiol 
reaction was examined, and employed to compare the 
SH-reactivity of certain mercurial and nitroolefinic 
derivatives. 


EXPERIMENTAL 


Reagents used were analytical grade or equivalent. 5,5’-Dithiobis- 
(2-nitrobenzoic acid) (DTNB) was used (Aldrich Chemical Co., 


Milwaukee, Wis.). Deionized water was used for all solutions. The 
P-nitrostyrene derivatives were prepared by the Department of 
Pharmaceutical Chemistry, University of Rhode Island. 


The UV spectra of 2-ml. aliquots of P-nitrostyrene solutions 
(0.1 pmole/ml. of 0.1 M phosphate buffer pH 7.3) following the 
addition of 0.1 pmole/ml. solutions of cysteine or serine (0.1-0.2 
ml.), were recorded using a spectrophotometer (Beckman DBG) 
and an accessory linear-log 25.4 cm. (10-in.) recorder. Reaction 
cells were maintained in a 30” thermostat-controlled spectropho- 
tometer chamber during incubation and measurement periods. 


Sulfhydryl reactivity was determined by following the rate of the 
color-forming reaction between cysteine and DTNB (3) in the 
presence and in the absence of the SH-reactive agent. The incuba- 
tion media contained 7 ml. cysteine (0.25 mM), 10 ml. ethylene- 
diaminetetraacetate (EDTA) (0.5 M) adjusted to pH 7.3 with potas- 
sium hydroxide, 5 ml. deionized water, and 6 ml. 0.1 M phosphate 
buffer (pH 7.3). Following the addition of ethanolic solutions of p- 
nitrostyrene or aqueous solutions of mercurials (0.05-O.15 ml.), 
the mixtures were incubated at 30” for 20 min. Twenty-five micro- 
liters of DTNB (4 mg./ml.) (prepared fresh daily in 0.1 M phos- 
phate buffer pH 7.3) were pipeted into the sample cell to start 
color development. The rate of absorbance increase at 412 mp was 
estimated from straight line portions of the recordings, which were 
commenced 5 sec. after the addition of DTNB. 


RESULTS 


Effect of Cysteine on the Ultraviolet Spectrum of 6-Nitrostyrene- 
The effect of the addition of cysteine solutions on the UV spectrum 
of 0-nitrostyrene is shown in Fig. 1. The alterations observed include 
a decrease in the absorption at 300 mp, an increase in the absorption 
at 250 mp, and a progressive shift in the absorption maximum at 230 
mp to shorter wavelengths. Isosbestic points in the family of spectra 
can be seen near 250 and 263 mp. The result of similar additions of 
serine to P-nitrostyrene solutions led to no qualitative spectral 
changes. The quantitative alterations seen with serine were no 
greater than those to be expected from dilution of P-nitrostyrene 
solutions. These data are suggestive of an interaction between 0- 
nitrostyrene and SH groups of cysteine. 


Sulfhydryl Assay-Development of colored reaction product was 
followed by measuring absorption at 412 mp, after the addition of 
DTNB to a solution of cysteine. Enhanced cysteine and product 
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Kornblum (3). The two mixes containing magnesium trisilicate and 
magnesium stearate result in generation of the freely soluble magne- 
sium salt of aspirin producing a buffer with aspirin ( 3 )  of relatively 
high pH-3.5 and above-which is a poor environment for aspirin. 
When 1.188 g. Mix D was stirred in suspension with 20 ml. water 
the pH increased from 3.5 to 3.85 in 6 hr. while Mix E remained 
constant at  3.45 for the same time period. Over this interval of time 
the magnesium titer of D goes up to three times its initial value while 
E remains approximately at  its original figure. Almost the same 
values hold for simple aspirin-magnesium stearate and aspirin- 
magnesium trisilicate suspensions. This helps explain the increased 
pH as it seems to be a partial result of a large amount of magnesium 
aspirin in solution. The pH profile of acetylsalicylic acid shows there 
is a considerable difference in the rate constants for degradation at  
these two values (3.85 for D and 3.45 for E )  with the ratios being 
2 : l  a t  25" (11) .  The high water content of magnesium trisilicate 
USP probsbly contributes to the degree and rate of Mix D relative 
to the others. It should be pointed out that in systems like these it is 
extremely unlikely that only one variable is operative but that several 
factors are working concomitantly to lead to the observed results. 
The 5% calcium stearate preparation (Mix B)  exhibits somewhat 
less aspirin decomposition than 5 z magnesium stearate which has 
previously been shown to be the case with simpler mixtures ( 3 ) .  
The 10% aluminum hydroxide mixture ( A )  shows relatively little 
aspirin breakdown possibly due to the comparative insolubility 
of the aluminum salt of aspirin thus lowering the pH close to the 
saturation pH of aspirin (about 2.6) which is a fairly stable range for 
aspirin (11). Aluminum hydroxide is also well known as an ad- 
sorbent which may play some role in preventing aspirin decom- 
position. 


The basic mix ( F )  and the 10% hexamic acid (C)  show relatively 
little degradation as might be expected from pH effects (5). 


In Table I the milligrams of salicylic acid formed in the tablets 
and powder mixes are expressed as the amount formed per 1% 
moisture. The adjustment was made when a variation of water 
content was found by Karl Fischer analysis (1.0 to 1.8 %)rather than 
the expected 2z. Corrections were based on the assumption that 
for these systems apparent zero-order rates and therefore amounts 


of salicylic acid formed were directly proportional to moisture con- 
tent. The adjustment to equal moisture levels in this manner pro- 
vided a more successful degree of ranking. 


Implicit in work of this nature is the ultimate aim of stability 
prediction for solid dosage forms from apparent zero-order rates 
obtained from suspension studies along with other pertinent in- 
formation concerning the system under investigation. Long-term 
predictions were not attempted in this study but it is shown that 
relative results comparing powder mixes, tablets and suspensions 
exhibit very good correlation in the systems under observation as 
listed in Tables I and 11. 
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Microculture Assay for the Rapid Determination of Antifungal Activity 


M. B. MRTEK, L. J. LEBEAU, F. P. SIEGEL, and R. G .  MRTEK 


Abstract 0 Determination of hyphal growth rates in microslide 
cultures has been utilized to determine concentrations of griseo- 
fulvin. At concentrations between 0.001 mcg. and 0.01 mcg./ml. 
griseofulvin in Sabouraud liquid medium, the curve showing growth 
rate as a function of log dose is linear. In this concentration range the 
rate of hyphal elongation is constant with respect to time, and 
curling or distortion of hyphae is not seen except at  the upper limit 
of the range. Microculture assays are compared to simultaneous 
assays performed using the current USP agar cup procedure. The 
microslide technique requires a combined incubation and reading 
period of 24 hr. It can be used to determine accuratelyone thousandth 
the concentration of griseofulvin required for the official procedure. 


Keyphrases 0 Antifungal activity, determination-microculture 
slide technique 0 Griseofulvin activity, assay-agar cup cersus 
microculture technique 0 Hyphal growth rates-griseofulvin con- 
centration 


Although chemical assays are available for most 
antifungal agents, microbiological assays are the ac- 
cepted standards for potency determinations (1). Micro- 


biological assays use minute quantities of drugs with 
solvent extraction being the only usual preparative 
step required for dosage forms or biological specimens. 
While compounds possessing analogous chemical 
structure frequently interfere with chemical assay 
methods, this is not a problem with microbiological 
methods, unless the analogs also possess biological 
activity. Microbiological assay techniques have been 
extended to  the determination of compounds possessing 
antifungal activity. Turbidimetric and agar diffusion 
methods have been most widely accepted as antifungal 
assays (1). Although several methods have been de- 
veloped to  observe the growth of fungi microscopically, 
few have been developed sufficiently to be useful as 
assay procedures. The objective of this investigation 
is to  develop the microculture slide technique of 
Elliott et al. (2) as a rapid, sensitive, and efficient assay 
procedure for antifungal agents. Because of its potency 


1362 0 JowrvaI of Pharmaceutical Sciences 







and wide clinical acceptability, griseofulvin Was the 
prototype used for this study. 


EXPERIMENTAL 


Culture-Subcultures from a single stock culture of Microsporum 
gypseum on Sabouraud agar were incubated at  34 =!= 1 for 5 days. 
The cultures were stored at  4" for periods up to 2 months before 
further subculturing was required. 


Media-Basal medium was Sabouraud liquid. The pH after 
autoclaving was found to be 5.7. Test media were prepared by in- 
corporating griseofulvin solutions after bacterial filtration into the 
sterile Sabouraud liquid at specified concentrations. A drug solvent 
consisting of dimethylformamide A.R. ( I  %) in 0.1 M phosphate 
buffer pH 8.0 was prepared; the control medium was obtained by 
mixing Sabouraud liquid and 1 % drug solvent. A stock solution 
of authentic griseofulvinl (1.00 mg./ml.) in dimethylformamide was 
prepared. Dilutions of this stock solution were prepared using 
0.1 M phosphate buffer at pH 8.0. These dilutions were added to the 
basal medium through a filter (Millipore) t o  produce test media 
containing 0.001, 0.0025, 0.005, and 0.01 mcg./ml. griseofulvin. 
The p H  of the test media was found to be 6.2. Test media were 
stored a t  4" for periods up to 2 months. Tests for bacterial con- 
tamination were negative. 


Inocula-Individual conidial suspensions were prepared for each 
determination by scraping a number of macroconidia from a 5-day- 
old culture plate with the open end of a sterile capillary tube. A 
drop of the test medium was placed in a depression on a sterile 
spot plate and the conidia were dispersed by stirring with the capil- 
lary tube. The sealed end of the tube was then broken and the sus- 
pension was drawn into the capillary tube. Mixing was effected by 
rotating the tube without inverting it. 


Equipment-Microculture slides were prepared by cutting two 
parallel horizontal grooves in a microscope slide with an egg drill. 
The slides were previously dipped in molten wax to aid in dissipat- 
ing the heat generated by cutting the glass and thus prevent crack- 
ing of the slide. The grooves which extended the full length of the 
slide were about 1 mm. deep and about 2 mm. apart. On the reverse 
side, approximately 30 parallel lines were drawn with a diamond 
pencil perpendicular to the grooves on the opposite face of the 
slide. 


The slides were cleaned to remove all traces of wax by successive 
soaking in benzene, 0.1 N HCI, 0.1 N NaOH, and 0.25 detergent.2 
Each soak was followed by rinsing with deionized water. The slides 
were rinsed several times with distilled water, individually wrapped, 
and sterilized by autoclaving at  15 p s i .  for 20 min. Cover slips 
were rinsed with acetone and autoclaved in individual wrappers. A 
disposable syringe was filled with melted petrolatum which had 
been shown to be free of bacteria viable in Sabouraud medium. A 
sterile No. 22 needle was attached to the syringe and used to place 
a thin ribbon of petrolatum along two parallel edges of each sterile 
cover slip and on a line through the middle perpendicular to the 
edges. Three cover slips were inverted and placed on each slide form- 
ing a total of six microculture chambers per slide. Adequate pressure 
was applied to establish an air-tight seal around three edges of each 
chamber. The cover slips were situated so as to facilitate the ex- 
change of air between the sealed chamber and the external environ- 
ment (Fig. 1). 


Microcultures-The capillary tube containing the conidial 
suspension was placed adjacent to the cover slip and a quantity 
of the inoculum (approximately 0.1 ml.) was drawn into the micro- 


V I 


Figure I-Microculture slide, see text for explanation. 


Table I-Relationship between Dose (A') and Mean Growth 
Rate ( 8) in Microculture Determinations of Griseofulvin 


M eaii Estimate of 
Standard Growtha 


Dose ( X ) ,  Rate (b) Range Deviation from 
mcg./ml. o.u./hr. of s Range 


0.00 0.87 0.80-0.99 0.067 
0.001 0.61 0.50-0.68 0.063 
0.0025 0 .  51 0.43-0.57 0.049 
0.005 0.46 0.35--0.5 1 0.056 
0.010 0 . 3 1  0.18-0.47 0.102 


~~ ~~~~~~ ~ 


a Based 011 N = 8 replicatioils of n = 10 hyphae/dose level ( X ) .  


culture chamber by capillarity. After inoculation, the remaining 
exposed edges of the cover slips were sealed with petrolatum, 
leaving only the grooves open for air exchange. 


Incubation-Inoculated microculture slides were incubated in 
darkness at  34 f 1' in a humidity chamber for 16 hr. prior to the 
determinations. 


Measurement-Individual macroconidia were located with 
respect to the vertical lines on the back of the slide. Only those cul- 
tures containing 40-60 macroconidia, at  least 75% of which had 
germinated by the end of the 16-hr. incubation, were used for the 
determinations. With the aid of an eyepiece micrometer terminal 
hyphae of 10 macroconidia in each culture were measured every 
2 hr. over a 6-hr. period. Rate of hyphal elongation was recorded in 
ocular units/hr. (o.u./hr.). At the magnification used (objective: 
43 X ; eyepiece: 10X) one ocular unit was equivalent to 0.0175 mm. 


Procedure-Using a replicated randomized complete block design, 
data were collected to construct a standard curve for griseofulvin for 
the microculture determinations. The standard curve was prepared 
by plotting log dose uersus growth rate. Similarly, appropriate 
dilutions from the original stock solution (10 mcg./ml. griseofulvin 
in DMF-phosphate buffer) were used to prepare a standard curve 
for the USP agar cup procedure as modified by Knoll et a/. (3). 
Least-squares regression lines for both methods were calculated 
using a univariate inodel (Y = random variable) and tested for 
linearity by analysis of variance. Standard solutions of griseofulvin 
were prepared and assayed by both techniques simultaneously. 
In order to test for any effect due to tablet excipients, the DMF- 
soluble fractions of individual tablets of griseofulvina were as- 
sayed by microculture and agar cup methods. 


RESULTS AND DISCUSSION 


The germination lag period for hyphae in control cultures was 
found to be 4-6 hr., as determined by the appearance of hyphae in 
75 of the conidia in a given culture. The length of this period was 
not affected by the addition of griseofulvin to the medium at the 
test concentrations. 


Growth rate of the terminal hyphae was found to be constant 
between 16 and 24 hr. after preparation of the microculture and to 
show a linear response with respect to the log of gradient concentra- 
tions of griseofulvin. Table I shows the quantitation of this re- 
sponse. Homogeneity of variance as determined from an estimate 
of the standard deviation from the range using the method de- 
scribed by Batson (4) was used to establish the normal distribution 
of the data. This was done to verify the premise for using parametric 
statistics in the analysis of the data. Hyphal abnormalities seen at  
the 0.01 mcg./ml. dose were undoubtedly responsible for a large 
portion of the increased standard deviation observed at  that level. 


The pooled means of cultures treated with griseofulvin were 
used to calculate ar regression line for the microculture procedure. 
The line and its 95% confidence limits are illustrated in Fig. 2. 
The resultant equation for the least squares line of regression is: 
P = 90.75 - 28.5X, where ? is the expected mean value for a 
series of replications at  each level of X .  Inspection of this equation 


* Griseofulvin Micronized (B49589KK) Ayerst Laboratories. 
Calgonite, Calgon Corp., Pittsburgh, Pa. 


Fulvicin U/F 250-mg. tablets (6AUF4 P96678) Schering Corp., 
Bloomfield, N. J. 


Vol. 58, No. 11, Nocember 1969 1363 







Table 11-Comparison of Techniques Using Standard Solutions 
of Griseofulvin 


Dose 
Cal- -Agar Cup- --Microculture-- 


Stand- cu- Dose Dose 
ard lated, Founda Foundb 


Solu- mcg./ mcg./ Dose mcg./ Dose 
tion ml. ml. Found, ml. Found, 


A 10.00 9.80 98.0 9.40 94.0 
101.3 9.80 98.0 B 10.00 10.13 


C 10.00 10.03 100.3 9.93 99.3 
D 10.00 10.83 108.3 10.00 100.0 


97.8 Ifr 2.65 Means 102.0 & 4.45c 


. 


x50 1 
w 4 LL 


I 


1.0 2.0 
LOG (Dose X 104) 


Figure 2-Standard curcje for microculture teclinique. Key: Y = 
90.75 - 28.5X @, value expected from regression equation; A, 
experimental value. 


and Fig. 2 indicates that the response of M. gypseum to griseofulvin 
is linear with respect to log dose and that the dosage response curve 
is continuous when extrapolated to the control. There is good 
agreement between the mean growth rate observed for control (0 
mcg./ml.) cultures with the Y-intercept of th,e regression line. When 
X = 0, the expected value of mean Y (Y) from the regression 
equation is 0.91 o.u./hr.; the observed mean value of Y for control 
cultures was 0.87 o.u./hr. This evidence strongly suggests that 
under the experimental conditions the minimum inhibitory concen- 
tration for M .  gypseum is so small as to be immeasureable. 


Previous investigators (5) have reported minimum inhibitory 
concentrations for griseofulvin with M. gypseum in the range of 
0.42-0.46 mcg./ml. It should be noted, however, that the criteria 
used for those determinations were based on complete inhibition 
of growth for a specified time period in turbidimetric and agar cup 
determinations. This work demonstrates the physiologic effect of 
griseofulvin on M. gypseum at concentrations much below those 
required to produce hyphal curling; indicating that the observation 
of hyphal curling is not necessarily a valid estimate of the onset of 
antifungal activity. Antifungal activity measured from rates of 
hyphal growth is manifest before any apparent hyphal distortion 
occurs. 


Analysis of variance was performed to test for linearity of the 
regression line. F, the ratio of the mean square for regression to the 
mean square for deviations from regression is shown to be highly 
significant ( p  <0.01). 


Data were obtained for the agar cup determinations of griseo- 
fulvin at levels of I ,  5, and 10 mcg./ml. Linearity of the regression 
line was established by analysis of variance. 


The microculture and agar 'cup techniques were compared with 
respect to accuracy by replicated simultaneous determinations of 
standard solutions of griseofulvin. Results of these assays are given 
in Table 11. 


Additional assays were performed to observe the effect of tablet 
additives on each of the assay procedures. Results of these single- 
tablet assays are shown in Table 111. It is apparent by inspection 
that the two assay methods when applied to Tablet A do not differ 
significantly in results. This is also true for Tablet B. Two-tailed "t" 
tests for paired means were not significant. 


Inspection of Tables I1 and 111 reveals no apparent difference 
in the quantitative determination of griseofulvin by the agar cup 
and microculture methods. The accuracy of both techniques is 
established by the results of the assays of standard solutions. The 
precision of the microculture technique compares favorably with 
that of the agar cup technique as demonstrated by the relative values 
of the standard deviations. Similarity in the results shown in Table 
111 for each of two tableted products indicates that tablet excipients 
have no greater effect on the microculture assay than on the agar cup 
assay. 


The microculture technique as an assay procedure is shown to be 
more rapid than the agar cup technique which is now official. It 
can be used to measure a concentration of griseofulvin approxi- 


a Based on 12 measurements at each of three dosage levels. Based on 20 measurements at each of three dosage levels. c Standard devia- 
tion. 


mately one-thousandth that required for the official technique, and 
it is more efficient with respect to equipment and effort required to 
produce equally valid results. 


Using the spectrophotofluorometric method of Bedford er al. 
(61, Weinstein (7) has demonstrated peak serum levels of 1-1.6 
mcg./ml. griseofulvin. The sensitivity of the microculture assay 
is at least lox greater than that of the spectrophotofluorometric 
procedure. Since the microcukure procedure is based on pharma- 
cologic effect and is sensitive in the concentration range at which 
drugs commonly occur in biological fluids, it would be readily 
adaptable for application to problems of drug equivalency and as a 
generalized rapid screening technique for the detection of antifungal 
activity in a wide range of compounds. Work is in progress to 
quantitate the effects of other antifungal agents using this procedure. 
Relative potency among widely different chemical agents can be 
established by the comparison of linear regression coefficients. 


SUMMARY 


1. Quantitative determination of the antifungal antibiotic griseo- 
fulvin has been performed using a microculture technique. 


2. The assay system consists of a suspension of Microsporum 
gypseum macroconidia in Sabouraud liquid medium containing 
nanogram quantities of griseofulvin. 


3. Antifungal activity is determined on specially prepared micro- 
culture slides by measuring changes in the rate of hyphal elongation. 


4. A linear relationship of log dose to hyphal growth rate (X 100) 
is observed in the range of 0.0014.01 mcg./ml. griseofulvin. 9 


5. The useful range of determination using the microculture 
technique extends to dose levels which are approximately l00OX 
smaller than those determined by the USP XVII agar cup assay 
procedure for griseofulvin. In determinations of standard solutions 
of griseofulvin, the microculture technique exhibited precision at 
least equivalent to that of the agar cup procedure. 


6. Analysis of tableted dosage forms of griseofulvin demonstrated 
no significant effect of excipients on the microculture procedure. 


7. This work indicates that physiologic hyphal abnormalities 
(curling) may not be accurate indicators of the onset of antifungal 
activity. Changes in growth rate of hyphae are manifest at con- 
centrations 500x less than the accepted MIC. 


= 90.75 - 28.54X. 


Table 111-Single Tablet Determination of Griseofulvin" 


Dose 
Calcu- --Agar Cup----. ---Microculture-- 
lated,b Dose Dose 
mcg./ Found,c Dose Found,d Dose 


Tablet ml. mcg./ml. Found, mcg./ml. Found,% 


A 9.60 10.03 104.48 9.76 101.66 
B 9.44 9.30 98.52 9.00 95.34 


a Fulvicin U/F 250-mg. tablets (6AUF4 p96678) Schering Corp., 
Bloomfield, N. J. b Based on nominal weight, c Based on 12 measure- 
ments at each of three dosage levels. d Based on 20 measurements at 
each of three dosage levels. 
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Urinary Drug Excretion in Dogs During Therapeutic Doses of 
Different Nitrofurantoin Dosage Forms 


JOHN D. CONKLIN, R. J. SOBERS, and D. L. WAGNER 


Abstract 0 Nitrofurantoin, a urinary tract antibacterial, was ad- 
ministered daily in different dosage forms to dogs using a mul- 
tiple-dose regimen and the urinary drug excretion determined. 
Results are presented which show that two oral dosage forms, 
microcrystalline drug in a tablet or macrocrystalline drug in a 
capsule, are well absorbed. Differences observed in urinary drug 
recoveries and in urinary drug excretion patterns between these 
dosage forms suggest a slower rate of absorption for the macro- 
crystals than for the tablet. Data are also provided which indicate 
that an intramuscular dmage form is very well absorbed and ex- 
creted readily in the urine. 


Keyphrases 0 Dosage forms-nitrofurantoin 0 Nit1 ofurantoin- 
urinary excretion Absorption, nitrofurantoin-parenteral and 
oral administration 


Usually most drugs are administered clinically 
according to a predetermined daily multiple-dose regi- 
men. Although much effort has been directed recently 
toward investigating the relationship between the 
particle size of various drugs and their in vivo absorption 
(l) ,  few of these studies have been conducted using 
multiple doses in therapeutic amounts. It seems reason- 
able to assume that a single dose of a drug may not 
always yield in civo results which reflect accurately those 
encountered during a multiple-dose regimen. Nitro- 
furantoin,’ I-(5-nitrofurfurylideneamino)hydantoin, is 
an antibacterial drug effective in the treatment of uri- 
nary tract infections (2). Results are presented in this 
report concerning urinary drug excretion in dogs during 
daily multiple therapeutic doses of different nitrofuran- 
toin dosage forms. 


EXPERIMENTAL 


Oral Drug Administration-Four healthy, adult male beagle 
dogs were selected on the basis of weight (range 13-16 kg.). A 


~~ 


Furadantin, Eaton Laboratories. 


crossover design was used in which two of the dogs received one 
drug dosage form while the other two dogs received the other 
dosage form. An interval of 15 days during which drug was not 
administered was maintained between crossovers. Nitrofurantoin 
either as microcrystalline drug in a tablet (10- and 50-mg. veterinary 
tablet2) or as macrocrystalline drug (80-200 mesh) in a gelatin 
capsule (10- and 50-mg. veterinary capsule3) was administered 
orally at 4-5 mg./kg. t.i.d. for 10 days (a therapeutic dose and regi- 
men). The drug was administered at 8 a.m., 12 noon, and 4 p.m., 
either as two 10-mg. tablets plus one 50-mg. tablet or two 10-mg. 
capsules plus one 50-mg. capsule, respectively, per dose. Heparin- 
ized blood samples were collected by venipuncture on Days 1 and 
10 at 2 hr. after the second dose of drug. On Days 1 and 10, urine 
samples were collected (voided and/or by catheterization) from 
0-4, 4-8, 8-12, and 12-24 hr. Urine samples were also obtained 
just before initial drug dosage on Day I to serve as controls and on 
Day 10 to serve as drug residue samples. 


Parenteral Drug Administration-Nitrofurantoin sodium4 as a 
solution was administered intramuscularly at about 3 mg./kg. 
b i d .  for 10 days (a therapeutic dose and regimen) to the same dogs 
used in the oral drug study. Drug solutions were prepared by dis- 
solving nitrofurantoin sodium in 5 ml. of sterile water to obtain a 
drug concentration of 36 mg./ml. (pH 9.1). The drug was injected 
into the left vastus lateralis muscle at 8 a.m. and into the contra- 
lateral muscle at 4 p.m. Heparinized blood samples were collected 
by venipuncture 011 Days 1 and 10 at 1 hr. after the second dose of 
drug. Urine samples were collected (voided and/or by catheteriza- 
tion) from 0-4, 4-8, 8-12, and 12-24 hr. on Days 1 and 10. Urine 
samples were also obtained just before initial drug dosage on Day 
1 to serve as controls and on Day 10 to serve as drug residue samples. 
In the intravenous drug study, nitrofurantoin sodium as a solu- 


tion was administered as a single injection at either 3 or 6 mg./kg. 
to the same dogs used previously. A crossover design similar to the 
one described in the oral study was utilized. Drug solutions were 
prepared by dissolving nitrofurantoin sodlum in 15 ml. of sterile 
5Z dextrose solution to obtain a drug concentration of 12 mg./ml. 
(pH 8.6). The drug was injected into the cephalic vein of one leg 
and heparinized blood samples then were collected by venipuncture 
from the contralateral vein at selected intervals. Samples of urine 
were collected (voided and/or by catheterization) from 0-4, 4-8, 


* Veterinary 50-mg. nitrofurantoin tablet, Furadantin Ora-Bol, 


Veterinary macrocrystalline nitrofurantoin, Dantamacrin, Eaton 
Eaton Laboratories. 


Laboratories. 
Nitrofurantoin sodium, Furadantin sodium, Eaton Laboratories. 
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was obtained by summation of radioactivity in each spot from a 
sample applied to the thin-layer plate. 


As may be observed in Table V, from five to seven labeled com- 
pounds were separated from urine samples collected at various 
intervals after dosing. The compound at R f  0.50 corresponded to 
intact furosemide while the compound at R f  0.41 was 4-chloro-5- 
sulfamyl anthranilic acid. The remaining labeled compounds were 
not identified. The relative amount of furosemide decreased with 
the passage of time, while metabolites of furosemide increased. 
The 24-hr. urine sample contained 40 to 47% of total radioactivity 
as furosemide and approximately 30 as 4chloro-5-sulfamyl 
anthranilic acid. The labeled compound at R f  0.24 contained up to 
2 0 z  of the total radioactivity in the 24-hr. urine sample. The meth- 
anol solution of 35S-labeled furosemide applied as a reference to 
the chromatographic plate contained 2.5 % 4-chloro-5-sulfamyl 
anthranilic acid as a radiochemical impurity. 


SUMMARY 


The data observed during the investigation of the distribution of 
labeled furosemide would seem to suggest that a portion of the 
diuretic agent and/or metabolites was distributed in various tissues, 
amassed in the body, and released gradually over a period of time. 
The daily administration of labeled furosemide iesulted in in- 
creased concentrations of the drug and/or metabolites in the liver, 
kidney, and urine of experimental animals in relation to rats given 
a single dose of the compound, thus suggesting accumulation in 
the rat from chronic administration. 
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Isolation of the Anti-inflammatory Principles from Achillea 
millefolium (Compositae) 


ARTHUR S. GOLDBERG*, EVANGELYNNE C. MUELLER, EDWARD EIGEN, 
and SALVATORE J. DESALVA 


Abstract 0 An aqueous extract of the dry flower heads of Achillea 
millefolium (yarrow) has been found to possess anti-inflammatory 
activity as measured by the mouse paw edema test. Fractionation 
has resulted in the isolation of a material which reduces inflamma- 
tion by 35 %. This concentrate is water-soluble, nonsteroidal, and 
has a very low order of toxicity. Physical and chemical studies 
show this active fraction to be a mixture of protein-carbohydrate 
complexes. 


Keyphrases 0 Anti-inflammatory constituents-Achillea rnille- 
foIium flower heads 0 Column chromatography-separation, 
identity 0 Electrophoresis, disc-identification 0 Colorim- 
etry-analysis Pharmacological screening-A. millefolium 
extracts 


The isolation, partial characterization, and pharma- 
cology of the water-soluble, nonsteroidal, anti-inflam- 
matory constituents of Achillea millefolium are re- 
ported. 


Achillea millefolium L. (colloquially referred to as 
yarrow) is a wild-growing flowering plant belonging 
to the family Compositae and is found abundantly 
throughout America and Europe (1). The many uses of 
yarrow in folk medicine date back to Achilles who used 


the plant to heal the wounds of his warriors (2). The 
chemical investigation of A .  millefolium for the past 
200 years has led to the isolation of a large number of 
compounds, but the principles responsible for the anti- 
inflammatory properties of the plant are still unknown. 
The volatile oil of A. millefolium has been tested for 
anti-inflammatory activity and found to be inactive (3). 


Preliminary screening in these laboratories of an 
aqueous extract of the flower heads of A .  millefolium 
showed that it possessed both topical and systemic anti- 
inflammatory activity. 


EXPERIMENTAL 


Materials-The Rower heads of A .  millefolium, collected in New 
Jersey during the summer of 1966, were used in this investigation. 


Preparation of the Initial Extract for Biological Testing-The 
initial evaluation of A .  millefolium for anti-inflammatory activity 
was carried out on a cold aqueous extract of the dry flower heads. 
The extract was dried by lyophilization and tested. 


Isolation and Characterization of the Active Principles-The dry 
flower heads of A.  millefolium (1.3 kg.) were extracted with CHCl, 
for 24 hr. in a continuous extraction' apparatus. The marc was air- 


1 Soxhlet. 
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dry flower heads 


--T--- 


chromatography on cellulose 
(a) n-BuOH- sat. with H20 
(b) H?O 


1 extracted with CHCh 
I 


CHCh 
extract 


(discarded) 


extracted with H2O r 
(I) aqueous 


extract 
marc 


(discarded) 


(a) addition of sat. Pb(0Ac)Z 
(b) centrifugation 


I 


I 
lead precipitate 


(IV) supernatant 
liquid (inactive) 


dried and extracted with 12 1. of water at  65-75". The aqueous 
extract was evaporated under vacuum to a small volume and lyo- 
philized (Freeze-Mobile Virtis model 10). yielding 42 g. of brown 
material (Fraction I). Fraction I gave positive tests with ferric 
chloride, lead acetate, and Prussian blue reagtnts, suggesting the 
presence of phenolic-type compounds. Negative tests with Mayer's 
and Hager's reagents indicated the absence of alkaloids. 


Twenty grams of I was added to 1 I. of water and the insoluble 
residue removed by centrifugation and discarded. A saturated solu- 
tion of Pb(OAc)s was slowly added to the above solution until no 
further precipitation occurred. The precipitate was collected by 
centrifugation and the supernatant was placed on a cation exchange 
column2 to remove any lead present as Pb(OAc)a. The combined 
aqueous and ethanolic eluate (IV) from this column was tested 
biologically and found to be inactive. The lead precipitate was 
washed with distilled water, and decomposed by addition of a 10% 
solution of Na2C03 which was added until a pH of 9 was attained. 
The PbCOJ which resulted was removed by centrifugation. 


The supernatant was placed on a cation exchange column2 
which was eluted with water resulting in a 29% yield of active 
material (11). Elution of the column with 95% ethanol resulted 
in another fraction (111) which was inactive. 


When I1 was tested with ferric chloride, lead acetate, and Prussian 
blue reagents, positive tests were again obtained. This fraction was 
tested, therefore, for the presence of flavonoid compounds using 
the color reactions described by Venkataraman (4). The test re- 
agents used were aqueous sodium hydroxide, concentrated sulfuric 
acid, magnesium-hydrochloric acid, and sodium amalgam followed 


by hydrochloric acid. All of these tests were negative, thereby ex- 
cluding the presence of flavonoid-type compounds. 


It was observed that, when an aqueous solution of I1 was shaken, 
a stable honeycomb froth formed which is characteristic of saponins 
(5). Fraction 11 was then tested for steroidal and triterpenoid 
saponins using the blood hemolysis test of Wall (6). No hemolysis 
of red blood cells occurred, thus eliminating the above classes of 
compounds. 


Chromatography of 11 on a cellulose column3 resulted in two 
fractions (V, VI). Fraction V was obtained by elution with n- 
butanol saturated with water and was found inactive. This was 
followed by elution with water which resulted in a 61 % yield (18% 
overall yield) of active material (VI). 


Fraction VI was chromatographed on a nylon column4 yielding 
four fractions (VII-X). Elution of the column with 100% MeOH 
resulted in VII which was inactive. Fractions VIII-X were obtained 
by elution of the column with MeOH-NH3 (10 : l), MeOH-H20- 
NH3 (5:5:1), and H20-NH3 (lO:l), respectively. They represent a 
combined yield of 34% (6% overall yield), and all were active. 
These fractions were tested with Molisch and Lowry reagents to 
detect the presence of carbohydrates and proteins, respectively. 
Fraction VII gave negative tests with both reagents while VIII-X 
gave positive tests with these reagents. It should be mentioned 
that all of the previous fractions isolated were then tested with 
these reagents. Negative tests resulted with all of the inactive frac- 
tions while the active fractions reacted positively. 


Purification was continued on the most active of the above frac- 


2 Amberlite CG-50, hydrogen form, Rohm C Haas Co., Philadelphia, 
Pa. 


3 MN-2100 cellulose oowder. Brinkmann Instruments. Dist.. West- 
bury, N. Y .  


Dist., New Orleans, La. 
4 Ultramide powder, BASF in Ludwigshafen, Alupharm Chemicals 
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Table I-Amino Acid Analysis of Fraction XI1 


Compounds Present moles/103 moles 


Cysteic acid 
Hydroxyproline 
Methionine sulfoxide 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
G 1 y c i n e 
Alanine 
Valine 
Cystine (.1/2) 


Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Hy droxy lysinee 
Ornithine 
Lysine 
Histidine 
Unknown amino acid 
Arginine 


16.4 
59.1 
9 .4  


130.2 
49.3 
68.6 


125.4 
46.8 


168.6 
64.6 
50.0 
49.8 
4.3 


20.9 
35.4 
10.1 
13.4 
- 
2.3  


24.1 
7.1 


25.0 
19.2 


a Only a trace peak was observed. 


tions (IX), which was isolated in a 13% yield (2.3% overall yield). 
Gel filtration chromatography on synthetic poly~accharide~ using 
distilled water yielded three fractions (XI-XIII), all of which were 
active. The second fraction (XII) eluted from the column possessed 
more than twice the activity of the other two fractions, and charac- 
terization of this material was undertaken. 


Physical and Chemical Characteristics of Fraction XII-Fraction 
XI1 gave positive tests with Lowry and Molisch reagents indicating 
the presence of proteins and carbohydrates, respectively. It also 
gave positive tests with ferric chloride, lead acetate, and Prussian 
blue reagents which may now be attributed to the presence of 
proteins. A negative Benedict's test showed the absence of free 
reducing sugars. Ninhydrin reagent also gave a negative test suggest- 
ing that the presence of free amino acids in Fraction XI1 is unlikely. 
Elemental analysis showed the following results: N, 4.07; P, 0.28; 
S, 1.56%. A pure protein contains an average of 16% nitrogen. 
If the percent nitrogen obtained is attributed only to the presence 
of proteins, then XI1 contains a maximum of 25 protein based on 
this nitrogen value. 


Disc Electrophoresis-Fraction XI1 was subjected to disc electro- 
phoresis (Canalco model 12). Electrophoresis W H S  carried out in 
7.5% acrylamide gel using tris-glycine buffer at pH 8.3 with ionic 
strength of 0.01 and a current of 5 ma. per column. The time required 
for the separations was approximately 35 min. The gels were stained 
with Coomassie Brilliant Blue6 which detects proteins and with 
periodic acid (Schiff reagent) which is used to detect glycoproteins, 
polysaccharides, and high molecular weight carbohydrates. Two 
bands were observed and each gave positive tests with both of these 
reagents. 


A molecular weight for the material comprising XI1 was esti- 
mated between 30,000-70,000 using gel filtration chromatography 
on synthetic polysaccharide G-25, G-50, and G-75' gels. A small 
variation of these range limits is possible, however, since the above 
values were obtained using the fractionation ranges of these gels 
which are based on globular proteins (7). The molecular weights 
of some glycoproteins calculated from calibration curves using 
globular proteins have been found to deviate from their expected 
values (8). 


Amino Acid Analysis--A sample of XI1 was hydrolyzed by 
treating it with 6 N hydrochloric acid in a sealed tube at 110" for 
24 hr. Amino acid analysis was carried out using an automatic 
analyzer (Technicon) and the results are shown in Table I. Seven 
unknown peaks with very short elution times were observed which 


5 Sephadex G-75, Pharmacia Fine Chemicals Inc., Piscataway, N. J. 
6 Mann Research Lab., Inc., New York, N. Y .  


Sephadex. 


absorbed more strongly at 440 mp than at 570 mw. Zacharius 
(9, 10) has shown that such peaks are characteristic of non-ni- 
trogenous compounds related to carbohydrates. 


Sugar Analysis-A sample of XI1 was hydrolyzed with 3 N hydro- 
chloric acid in a sealed tube for 3 hr. at 110". The hydrolysate was 
neutralized by passing it through an anion exchange column8 in the 
carbonate form. Sugar analysis was performed using the automatic 
analyzer according to the method of Catravas (11). The major 
sugars characterized from the chromatogram obtained were 
glucose, xylose, and arabinose. Rhamnose, mannose, and galactose 
were also detected along with five unknown peaks. 


PHARMACOLOGICAL TESTS 


The major portion of the pharmacological tests was carried out on 
intermediate fractions which eventually led to the isolation of the 
most active Fraction XII, and not on this latter fraction. This was 
necessitated because of the large amounts of material needed for 
the various chemical tests. 


Mouse Paw Edema Test-A modification of the method of 
DeSalva and Evans (12) was employed to evaluate anti-inflamma- 
tory activity and to follow the course of fractionation. Female mice 
(Swiss-Webster) (18-25 g.) were injected with 0.125 mg. yeast in 
the left foot pads and immediately thereafter the test solution was 
injected subcutaneously into the scapular area. The assay was 
terminated after 3 hrs. and all animals were sacrificed by cervical 
fracture and their feet were severed at the ankle joints and weighed. 
The greater the difference between the weights of the right and left 
feet, the larger the edema. Eight mice were used for each fraction 
tested. All yarrow fractions were tested at a dose level of 40 mg./kg., 
since initial tests at this dosage of the crude extract produced a 
significant response. 


Mouse Paw Edema Test Results-The activities of the major 
fractions isolated are reported in Table I 1  along with the activities 
of some known anti-inflammatory agents. 


Topical Anti-inflammatory Activity-This was evaluated by a 
modification of the rabbit skin irritation test of Draize (13). Irrita- 
tion was induced with sodium lauryl sulfate using a ratio of test 
material to sodium lauryl sulfate of 5 :20 (mg./ml.). Fraction VI 
produced a 50% reduction of inflammation when subjected to this 
test. 


Effect of Adrenalectomized Mice-Fractions VI and IX were 
tested for activity in adrenalectomized and nonadrenalectomized 
mice following the same procedure used in the mouse paw edema 
test. Identical activity resulted in both types of mice when each of 
these fractions was tested. 


Acute Toxicity Studies-Toxicity studies on VI showed that 
both the oral LDjo and subcutaneous LDso in mice are equal to or 
greater than 1,000 mg./kg. A diuretic effect was also observzd at a 
dose level of 100 mg./kg. and the urine at this dosage was dark 
brown. 


DISCUSSION 


An investigation of A .  millefolium has revealed that the con- 
stituents responsible for the anti-inflammatory properties of the 
plant are present in the aqueous extract of the flower heads. Frac- 
tionation of this extract has led to a number of active and inactive 
fractions. All of the fractions possessing activity are water-soluble 
and give positive tests for proteins and carbohydrates. Tests for 
alkaloids, saponins, flavonoids, and reducing sugars throughout 
the isolation procedure showed that these classes of compounds 
are absent. No proteins or carbohydrates were detected in any of 
the inactive fractions. 


The most active fraction isolated to date (XII) reduced irdamms- 
tion by 35% at a dose level of 40 mg./kg. It is difficult to account 
for the fact that the extensive purification achieved in going from I 
to XI1 did not result in any substantial increase in activity (Table 
11). Two plausible explanations are offered. Denaturation of the 
protein might have occurred during the course of fractionation. 
This assumes that the protein in the active fractions is associated 
with the anti-inflammatory properties of these fractions. It is also 
possible that a contaminant may have been concentrated along with 


8 Dowex 1-X4, J. T. Baker Chemical Co., Phillipsburg, N. J. 
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Table 11-Anti-inflammatory Activities in the Mouse Paw Edema 
Test 


Decrease in 
Inflammation, 


Compound Dose z 


hydrate complexes acting as anti-inflammatory agents. It is hoped 
that future investigations will determine the exact nature of the 
protein-carbohydrate complexes and will lead to a better under- 
standing of the role of glycoproteins and related compounds in the 
inflammatory process. 


Corticotrophin 
Acetylsalicylic acid 
Phenylbutazone 
Dexamethasone-21- 


phosphate 
Hydrocortisone acetate 
Indomethacin 
Fractions“ 


VI’8 
115 


1x14 


x13 
XI13 
XI113 


10 USP units/kg. 
40 mg./kg. 
40 mg./kg. 


10 mg./kg. 
40 mg./kg. 
40 mg./kg. 


40 mg./kg. 
40 mg./kg. 
40 mg./kg. 
40 mg./kg. 
40 mg./kg. 
40 mg./kg. 


- 53 
- 19 
- 26 


- 42 
- 62 
-44 


- 34 
- 29 
- 25 
- 10 
- 35 
- 15 


SUMMARY 


Chemical and pharmacological investigation of the flower heads 
of A .  milfefolium has resulted in the isolation of a number of frac- 
tions which possess anti-inflammatory activity. These fractions are 
water-soluble, nonsteroidal, and appear to be of very low toxicity. 
The most active fraction isolated reduced inflammation by 35z .  
Physical and chemical evidence showed that this fraction is not 
homogeneous but consists of a mixture of protein-carbohydrate 
complexes. 
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the active material and that this material exerted an inhibitory 
effect on the active components. In view of the chemical tests per- 
formed and the isolation procedure used, the latter explanation 
is plausible only if the contaminant was bound to the active com- 
ponents or was very similar in nature to the active material. 


In order to ascertain whether the active principles act as true 
anti-inflammatory compounds or counter irritants, tests were 
performed with both adrenalectomized and nonadrenalectomized 
mice. The results of these studies show that the presence of the 
adrenal glands is not needed for activity. These fractions most 
likely exert a true anti-inflammatory response. If they function as 
counter irritants, the adrenal gland is a critical intermediate site 
of action which may be activated either indirectly by the release 
of ACTH from the hypophysis or directly through an unknown 
mechanism in the adrenal cortex. 


A preliminary characterization of the most active fraction (XII) 
isolated has shown that it contained approximately 25 protein 
based on an elemental analysis for nitrogen (4.07%). Since no 
compounds other than proteins and carbohydrates were detected, 
XI1 should contain a very high percentage of carbohydrates. Disc 
electrophoresis of XI1 gave two bands demonstrating that it was 
not homogeneous. Each of these bands gave positive tests for 
protein and carbohydrates indicating that the protein was linked 
to the carbohydrate. 


Additional evidence to support the linkage of the protein to the 
carbohydrate was the use of nylon chromatography in the frac- 
tionation procedure which eventually led to the isolation of XII. 
Separation of compounds on nylon is based on the different 
hydrogen-bonding affinities of these compounds toward nylon. 
The presence of a mixture of protein and carbohydrate components 
in the same fraction would require that they possess the same 
hydrogen-bonding characteristics toward nylon. Similar hydrogen- 
bonding properties of these compounds are highly unlikely since 
proteins will hydrogen-bond mainly through their amide groups 
while carbohydrates will hydrogen-bond mainly through their 
hydroxyl groups. This strongly suggests that the active principles 
are a number of closely related protein-carbohydrate complexes 
or glycoproteins. The use of the term protein-carbohydrate com- 
plexes is preferred by the authors, rather than glycoproteins to 
describe the active principles because glycoproteins usually contain 
a higher percentage of protein than was found in XII. 


Glycoproteins are known to be involved in the inflammation 
process and have been found to accumulate at the site of inflamma- 
tion (14, 15) but their role is still unclear. Varga (14) has postulated 
that they are retained at the site of inflammation for tissue repair. 
Proteolytic enzymes have also been used as anti-inflammatory 
agents (16). This, however, is the first report of protein-carbo- 
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Rate Assay for Estimation of Thiol Affinity of 
Sulf hydryl-Reactive Agents: Estimation of SH-Reactivity 


R. T. LOUIS-FERDINAND 2nd G. C. FULLER 


Abstract 0 An interaction between cysteine SH groups and 8- 
nitrostyrene was suggested from alterations in the ultraviolet spec- 
trum of p-nitrostyrene following the addition of cysteine, but not 
serine. In the presence of p-nitrostyrene or phenylmercuric chloride, 
the rate of color development resulting from the reaction of cysteine 
and DTNB was reduced; increasing the concentration of p-nitro- 
styrene resulted in increased interference in the color development. 
Excess DTNB did not mitigate the influence of p-nitrostyrene on 
color development; however, excess cysteine was found to overcome 
the effects of the 8-nitrostyrene on the development of color. The 
implication of this interference on single point SH content deter- 
minations is discussed. Application of inhibition of the cysteine 
DTNB reaction to estimate SH-reactivity of thiol-reactive agents is 
described. 


Keyphrases 0 Thiol affinity-sulfhydryl-reactive agents 0 Sulf- 
hydryl-thiol affinity-rate assay 0 Cysteine-B-nitrostyrene in- 
teraction 0 UV spectrophotometry-reaction monitoring 


The inactivation of biochemical systems following 
exposure to  sulfhydryl (SH)-reactive compounds and 
the reversal of the inhibition by thiols has been de- 
scribed earlier (1, 2). In vitro estimation of the relative 
affinities of SH-reactive agents for SH groups in such 
biological systems would be facilitated by the availa- 
bility of a suitable model capable of reflecting variable 
SH-reactivity within a given series of compounds. In 
this investigation the ability of a series of SH-reactive 
agents t o  interfere with the rate of a disulfide-thiol 
reaction was examined, and employed to compare the 
SH-reactivity of certain mercurial and nitroolefinic 
derivatives. 


EXPERIMENTAL 


Reagents used were analytical grade or equivalent. 5,5’-Dithiobis- 
(2-nitrobenzoic acid) (DTNB) was used (Aldrich Chemical Co., 


Milwaukee, Wis.). Deionized water was used for all solutions. The 
P-nitrostyrene derivatives were prepared by the Department of 
Pharmaceutical Chemistry, University of Rhode Island. 


The UV spectra of 2-ml. aliquots of P-nitrostyrene solutions 
(0.1 pmole/ml. of 0.1 M phosphate buffer pH 7.3) following the 
addition of 0.1 pmole/ml. solutions of cysteine or serine (0.1-0.2 
ml.), were recorded using a spectrophotometer (Beckman DBG) 
and an accessory linear-log 25.4 cm. (10-in.) recorder. Reaction 
cells were maintained in a 30” thermostat-controlled spectropho- 
tometer chamber during incubation and measurement periods. 


Sulfhydryl reactivity was determined by following the rate of the 
color-forming reaction between cysteine and DTNB (3) in the 
presence and in the absence of the SH-reactive agent. The incuba- 
tion media contained 7 ml. cysteine (0.25 mM), 10 ml. ethylene- 
diaminetetraacetate (EDTA) (0.5 M) adjusted to pH 7.3 with potas- 
sium hydroxide, 5 ml. deionized water, and 6 ml. 0.1 M phosphate 
buffer (pH 7.3). Following the addition of ethanolic solutions of p- 
nitrostyrene or aqueous solutions of mercurials (0.05-O.15 ml.), 
the mixtures were incubated at 30” for 20 min. Twenty-five micro- 
liters of DTNB (4 mg./ml.) (prepared fresh daily in 0.1 M phos- 
phate buffer pH 7.3) were pipeted into the sample cell to start 
color development. The rate of absorbance increase at 412 mp was 
estimated from straight line portions of the recordings, which were 
commenced 5 sec. after the addition of DTNB. 


RESULTS 


Effect of Cysteine on the Ultraviolet Spectrum of 6-Nitrostyrene- 
The effect of the addition of cysteine solutions on the UV spectrum 
of 0-nitrostyrene is shown in Fig. 1. The alterations observed include 
a decrease in the absorption at 300 mp, an increase in the absorption 
at 250 mp, and a progressive shift in the absorption maximum at 230 
mp to shorter wavelengths. Isosbestic points in the family of spectra 
can be seen near 250 and 263 mp. The result of similar additions of 
serine to P-nitrostyrene solutions led to no qualitative spectral 
changes. The quantitative alterations seen with serine were no 
greater than those to be expected from dilution of P-nitrostyrene 
solutions. These data are suggestive of an interaction between 0- 
nitrostyrene and SH groups of cysteine. 


Sulfhydryl Assay-Development of colored reaction product was 
followed by measuring absorption at 412 mp, after the addition of 
DTNB to a solution of cysteine. Enhanced cysteine and product 
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Figure 1-Effect of cyJteine on the UV spectra of 0-nitroJtyrene 
solutions. Key: UV spectrum of 8-nitroJtyrene solution (BNS) 0.1 
pmolelml. (*): BNS plus 0.10 pmole cyJteine (-A-A-); 
(BNS) plus 0.20 pmole cysteine (-U-n-): BNS plus 2.2 pmole 
cysteine (-0-0-). 


stability was found when EDTA was included in the reaction me- 
dium. The absorbance obtained following the reaction of DTNB 
with cysteine in the presence of 0.18 M EDTA was found to be 
linearly related to cysteine concentration. The molar absorptivity 
for the reaction product, 13,400, was similar to that reported by 
others (3). 


The appearance of colored reaction products as followed by 
absorption at 412 mp following the addition of DTNB to a solution 
of cysteine, is shown in Fig. 2. The absorbance approaches a max- 
imum value within 0.03 min. after commencement of the measure- 
ment period. In the presence of 0.13 mM 8-nitrostyrene, the absorb- 
ance increases more gradually. An excess of DTNB does not in- 
crease the rate at which the absorbance changes in the presence of 
0-nitrostyrene. When cysteine is omitted from the reaction medium, 
the addition of DTNB results in an absorption of 0.012 absorbance 
units with 0.26 mM P-nitrostyrene in the incubation medium with 
no further change in the absorbance. The interference with the 
progress of the reaction increases with increasing P-nitrostyrene 
concentration. In the presence of an excess of cysteine-viz., 
3 mM, the effect of P-nitrostyrene concentrations up to 0.49 mM 
are not discernible. 


The effect of certain nitroolefin derivatives and phenylmercuric 
chloride on the reactivity of cysteine solutions with DTNB is shown 
in Table I. At this cysteine concentration (0.017 mM) the initial 
slope of the absorbance-time recording decreases with increasing 
P-nitrostyrene concentration. The presence of 3.6 parts per million 
phenylmercuric chloride results in a greater degree of interference 
with the development of absorbance at 412 mp than obtained with 
similar concentrations of 8-nitrostyrene. The reciprocal slope of the 
absorbance-time plot was used to simplify comparison of inhibitors. 


Table I-Comparison of the Effect of Certain Nitroolefins 
and Phenylmercuric Chloride on the Development of Color 
Due to the Reaction" Between Cysteine and 5,5'-Dithiobis 
(2-Nitrobenzoic Acid) 


Reciprocal 
Slope, 


Concn., min./OD 
Agent m M  unit 


CPropionoxy 6-nitrostyrene 0.13 10.1 
CPropionoxy P-nitrostyrene 0.43 17.9 
B-Nitrostyrene 0.17 12.3 
P-Nitrostyrene 0.42 23.8 


Phenylmercuric chloride 0.011 143.0 
6-Nitrostyrene 0.88 45.5 


a Concentrations of reagents used were: cysteine 0.017 mM; phosphate 
pH 7.3 buffer 0.026 M ;  5,5'-dithiobis (2-nitrobenzoic acid) 0.084 mM. 
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Figure 2-Effect of 8-nitrostyrene and I-phenyl,2-tritroethune on 
the color development due to the reaction of cysteiiie with 5J'- 
dithiobis (2-nitrobenzoic acid). Cysteine concentration was 0.075 
mM. Key: from left to right: ethanol 0.2 ml.lm1. reaction medium 
(*); I-phenyl,2-nitroelhane 0.24 mM (0-0), 0.53 mM 
(-A-A-): 8-nitrostyrene 0.13 mM (-E-D-), 0.36 mM 
(-V-V-). 


From Table I it is seen that the reciprocal slope in the presence of 
phenylmercuric chloride is approximately 10 times greater than 
that in the presence of P-nitrostyrene. Saturation of the a-@double 
bond of 8-nitrostyrene results in a product in which the ability to 
interfere with the DTNB-cysteine reaction is considerably di- 
minished (Fig. 2). 


The interference by 8-nitrostyrene with the sulfhydryl assay was 
determined in the presence and absence of serine in order to esti- 
mate the specificity of 8-nitrostyrene for thiol compounds under 
the conditions of this assay. The rate of color development result- 
ing from the reaction between cysteine and DTNB is essentially the 
same in the presence or absence of serine. 


The addition of DTNB to aliquots removed from similar incuba- 
tion media from which cysteine had been omitted results in negligible 
absorption at 412 mp. 


DISCUSSION 


These results provide evidence for an interaction between cysteine 
and BNS which interferes with the progress of the reaction in the 
colorimetric DTNB-SH assay procedure described initially as a 
single point determination (3). Such interference may result in the 
underestimation of SH concentration under conditions where the 
cysteine-DTNB reaction has not gone to completion. Color de- 
velopment due to the reaction between cysteine and DTNB is 
progressively delayed with increasing BNS concentration. Similar 
results are obtained when mercaptoethanol is used in place of 
cysteine. Excess cysteine abolishes the effect of BNS on the color 
development while excess DTNB is without effect. Thus it is ap- 
parent that the cysteine concentration is the limiting factor in the 
progress of the color development under the described assay condi- 
tions. 


The specific nature of the interaction is suggested by the absence 
of an interaction between BNS and a structural analog of cysteine 
(serine). Further, the SH reactivity of BNS is considerably reduced 
by saturation of the a-p-nitroolefinic bond. These results suggest 
that the interaction between cysteine and BNS is specific for SH 
groups and the a-0-nitroolefinic bond of BNS. 


The interference with the cysteine-DTNB reaction reflected by the 
observed delay in color development was utilized in this investiga- 
tion as a model system to compare the relative reactivity of a group 
of SH-reactive compounds. Similar effects on the DTNB-SH reac- 
tion have been reported by Gabay et al. (4) who have reported that 
the color development of solutions containing non-protein sulf- 
hydryl material (following addition of DTNB) is delayed in the 
presence of bovine serum albumin. These data also indicate the 
applicability of the rate procedure described here for the estima- 
tion of the affinity of thiol-reactive substances for SH groups. Cor- 
relative studies are currently in progress in which the model system 
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Peyote Alkaloids IX: Identification and Synthesis of 
3-Demethylmescaline, a Plausible Intermediate in the 
Biosynthesis of the Cactus Alkaloids 


GOVIND J. KAPADIA, Y. N .  VAISHNAV, and M. B. E. FAYEZ* 


Abstract 0 The presence of 3-demethylmescaline in the alkaloidal 
mixture of peyote was proven by GLC-mass spectrometry through 
direct comparison. A new synthesis of this compound was realized 
by elaborating the ethylamine side chain onto the appropriately 
substituted benzene residue (with benzyl-etherification of the phenol 
group). The sequence involved transformation of the acid chloride 
successively into the diazoketone, the acid amide, and the ethyl- 
amine. A discussion is given of the possible role of 3-demethyl- 
mescaline and its congeners in the biosynthesis of peyote alkaloids. 


Keyphrases 0 Peyote alkaloids 3-Demethylmescaline-isolation, 
identification 0 Synthesis, 3-demethylmescaline-structure confir- 
mation 0 GLC-separation, identity 0 Mass spxtroscopy- 
identity, structure 


The role of partially methylated phenolic intermedi- 
ates in the biosynthesis of the phenethylamine and 
tetrahydroisoquinoline alkaloids of peyote (Lophophora 
williamsii) may well be anticipated in view of the proven 
(1) involvement of the hydroxylic rather than the meth- 
oxylic phenethylamines. Such partially methylated in- 
termediates of the trioxygenated phenethylamine may 
be envisaged to transform in uiuo into products such as 
mescaline (the principal alkaloid in the plant) by 0- 
methylation and also into several possible tetrahydro- 
isoquinolines by cyclization. A consideration of the 
nature and distribution of substituents in the latter type 
of peyote alkaloids, where several of them carry a hy- 
droxyl group on C-8, suggests that a likely precursor is 
specifically 3-hydroxy-4,5-dimethoxy-~-phenethylamine 
(3-demethylmescaline) (I). The authors (2) have earlier 
identified the N-formyl and N-acetyl derivatives of I 
in the nonbasic fraction of peyote, a fact which 
prompted a search for this relatively simple alkaloid in 
the basic fraction of the plant. 


Inspection by GLC of the phenolic-basic fraction ob- 
tained from peyote revealed the presence of no less than 
ten products which include the previously reported (3) 


hordenine, pellotine, anhalonidine, and anhalamine. 
The presence1 of I in the mixture was demonstrated 
unequivocally by direct comparison in the gas chro- 
matograph and from a consideration of its mass spec- 
trum. The latter contained ions at mje 197 (M+), 168 
(100 %, loss of CH2NH), 167 (hydroxydimethoxybenzyl 
cation), 153 (loss of CH3 from ion mje 168), 137 (loss 
of CHIO from ion mje 168), 125 (loss of CO from ion 
mje 153), and 123 (loss of CH20 from ion mje 153). 


In order to  obtain experimental evidence for the role 
of I in the biogenetic pattern of peyote alkaloids, it was 
necessary to  secure a convenient method for its synthe- 
sis. Several approaches were tried all starting with, 
methyl gallate followed by partial methylation to the 
3,4-dimethyl ether (11). The complexities arising from 
the unprotected phenol group rendered abortive the 
route (6) proceeding by lithium aluminum hydride 
reduction of the methyl ester of I1 to give the benzyl 
alcohol 111. The latter was intended to lead successively 
to the corresponding benzyl chloride and cyanide de- 
rivatives and ultimately to I by reduction. For the 
same reason the diazoketone IV-obtained from I1 via 
the corresponding 0-carbomethoxy derivative and acid 
chloride-failed to give an acid amide upon treatment 
with silver nitrate in ammoniacal solution, in which the 
phenol group was doubtless regenerated. These difficul- 
ties were overcome only by initial benzyl etherification 
of the phenol group in 11. This product (V) was trans- 


1 After the present work was completed, Agurell and Lundstrom (4) 
reported the detection of I in peyote using a similar technique, However, 
the authors identification of 3-demethylmescaline herein reported has 
previously been presented before the Organic Chemistry Discussion 
Group, National Institutes of Health, on October 15, 1968. 


2 A different synthesis of this compound has much earlier been re- 
ported by Spath and Roder (5 ) .  However, due to the difficulties met in 
preparing the starting material (11) and in purifying the aldehyde 
(R = CHO, RI = COOGHj) intermediate in this synthesis in addition 
to the low overall yield of the final product, it was decided that an  alter- 
native route was desirable. 
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Urinary Drug Excretion in Dogs During Therapeutic Doses of 
Different Nitrofurantoin Dosage Forms 


JOHN D. CONKLIN, R. J. SOBERS, and D. L. WAGNER 


Abstract 0 Nitrofurantoin, a urinary tract antibacterial, was ad- 
ministered daily in different dosage forms to dogs using a mul- 
tiple-dose regimen and the urinary drug excretion determined. 
Results are presented which show that two oral dosage forms, 
microcrystalline drug in a tablet or macrocrystalline drug in a 
capsule, are well absorbed. Differences observed in urinary drug 
recoveries and in urinary drug excretion patterns between these 
dosage forms suggest a slower rate of absorption for the macro- 
crystals than for the tablet. Data are also provided which indicate 
that an intramuscular dmage form is very well absorbed and ex- 
creted readily in the urine. 


Keyphrases 0 Dosage forms-nitrofurantoin 0 Nit1 ofurantoin- 
urinary excretion Absorption, nitrofurantoin-parenteral and 
oral administration 


Usually most drugs are administered clinically 
according to a predetermined daily multiple-dose regi- 
men. Although much effort has been directed recently 
toward investigating the relationship between the 
particle size of various drugs and their in vivo absorption 
(l) ,  few of these studies have been conducted using 
multiple doses in therapeutic amounts. It seems reason- 
able to assume that a single dose of a drug may not 
always yield in civo results which reflect accurately those 
encountered during a multiple-dose regimen. Nitro- 
furantoin,’ I-(5-nitrofurfurylideneamino)hydantoin, is 
an antibacterial drug effective in the treatment of uri- 
nary tract infections (2). Results are presented in this 
report concerning urinary drug excretion in dogs during 
daily multiple therapeutic doses of different nitrofuran- 
toin dosage forms. 


EXPERIMENTAL 


Oral Drug Administration-Four healthy, adult male beagle 
dogs were selected on the basis of weight (range 13-16 kg.). A 


~~ 


Furadantin, Eaton Laboratories. 


crossover design was used in which two of the dogs received one 
drug dosage form while the other two dogs received the other 
dosage form. An interval of 15 days during which drug was not 
administered was maintained between crossovers. Nitrofurantoin 
either as microcrystalline drug in a tablet (10- and 50-mg. veterinary 
tablet2) or as macrocrystalline drug (80-200 mesh) in a gelatin 
capsule (10- and 50-mg. veterinary capsule3) was administered 
orally at 4-5 mg./kg. t.i.d. for 10 days (a therapeutic dose and regi- 
men). The drug was administered at 8 a.m., 12 noon, and 4 p.m., 
either as two 10-mg. tablets plus one 50-mg. tablet or two 10-mg. 
capsules plus one 50-mg. capsule, respectively, per dose. Heparin- 
ized blood samples were collected by venipuncture on Days 1 and 
10 at 2 hr. after the second dose of drug. On Days 1 and 10, urine 
samples were collected (voided and/or by catheterization) from 
0-4, 4-8, 8-12, and 12-24 hr. Urine samples were also obtained 
just before initial drug dosage on Day I to serve as controls and on 
Day 10 to serve as drug residue samples. 


Parenteral Drug Administration-Nitrofurantoin sodium4 as a 
solution was administered intramuscularly at about 3 mg./kg. 
b i d .  for 10 days (a therapeutic dose and regimen) to the same dogs 
used in the oral drug study. Drug solutions were prepared by dis- 
solving nitrofurantoin sodium in 5 ml. of sterile water to obtain a 
drug concentration of 36 mg./ml. (pH 9.1). The drug was injected 
into the left vastus lateralis muscle at 8 a.m. and into the contra- 
lateral muscle at 4 p.m. Heparinized blood samples were collected 
by venipuncture 011 Days 1 and 10 at 1 hr. after the second dose of 
drug. Urine samples were collected (voided and/or by catheteriza- 
tion) from 0-4, 4-8, 8-12, and 12-24 hr. on Days 1 and 10. Urine 
samples were also obtained just before initial drug dosage on Day 
1 to serve as controls and on Day 10 to serve as drug residue samples. 
In the intravenous drug study, nitrofurantoin sodium as a solu- 


tion was administered as a single injection at either 3 or 6 mg./kg. 
to the same dogs used previously. A crossover design similar to the 
one described in the oral study was utilized. Drug solutions were 
prepared by dissolving nitrofurantoin sodlum in 15 ml. of sterile 
5Z dextrose solution to obtain a drug concentration of 12 mg./ml. 
(pH 8.6). The drug was injected into the cephalic vein of one leg 
and heparinized blood samples then were collected by venipuncture 
from the contralateral vein at selected intervals. Samples of urine 
were collected (voided and/or by catheterization) from 0-4, 4-8, 


* Veterinary 50-mg. nitrofurantoin tablet, Furadantin Ora-Bol, 


Veterinary macrocrystalline nitrofurantoin, Dantamacrin, Eaton 
Eaton Laboratories. 


Laboratories. 
Nitrofurantoin sodium, Furadantin sodium, Eaton Laboratories. 
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Table I-Urinary Excretion of Nitrofurantoin in Dogs During Oral Dosage of Nitrofurantoin Tablets. 


Nitrofurantoin Excreted, mg. 7 Dose 
Av. Collection Interval - - Recovered, %” 


Dose, 0-4 hr. 4-8 hr. 8-12 hr. 12-24 hr. 0-24 hr. 
Dog mg./kg./ -----Day----, -- Day---- ,-- Day-- -- Day-- -Day---- 
No. day 1 10 1 10 1 10 1 10 I 10 


1 13.0 12.8 16.1 25.3 18.6 20.5 25.5 9 . 6  6.5 32.5 31.8 
2 13.1 11.1 7 . 8  13.1 24.6 20.7 16.0 5.1 10.3 23.8 28.0 
3 15.7 14.8 26.4 12.8 19.8 32.6 19.8 5 .3  0 . 9  31.2 31.9 


Av., -~ mg. 13.4 19.4 16.9 20.8 20.4 20.3 8.7 5.8 28.3 31.6 
4 15.8 15.0 27.3 16.7 20.5 7.8 19.9 14.9 5 .6  26.0 34.9 


SE, mg. 0 . 9  4 .6  2 .9  1 . 3  5.0 1.9 2.3 I .9  2.0 1 .4  
~~~ 


a Nitrofurantoin as microcrystalline drug in a tablet was administered orally at 4-5  mg./kg. t.i.d. for 10 days. * Based on daily dose administered 
(210 mg.). 


Table 11-Urinary Excretion of Nitrofurantoin in Dogs During Oral Dosage of Macrocrystalline Nitrofurantoiw 


Nitrofurantoin Excreted, mg. 7 


I Collection Interval - 7 Dose 
Av. Dose, 0-4 hr. 4-8 hr. 8-12 hr. 12-24 hr. Recovered, Zb 


Dog mg./kg./ -Day---- -Day---- -Day------. -Day-- -- Day-- 
No. day 1 10 1 10 1 10 1 10 1 lo 


1 12.6 10.0 11.0 13 6 16.6 7 . 6  17.0 12.2 10.3 20.7 26.1 
2 13.3 8 .0  8.3 13.5 8 .6  14.3 11.4 13.5 4 . 4  23.5 15.6 
3 15.2 13.3 5.6 11.1 14.2 20.5 16.1 16.5 5.1 29.2 19.5 
4 15.7 9 . 0  15.4 23.6 11.1 14.7 12.9 2 .3  4.4 23.6 20.9 
Av., mg. 10.0 10.0 15.4 12.6 14.2 14.3 11.1 6 . 0  24.2 20.5 


SE, mg. 1 .1  2 .1  2 . 7  1 . 7  2 .6  1 .3  3 . 0  1 .4  1 .7  2.1 


a Nitrofurantoin as macrocrystalline drug in a gelatin capsule was administered orally at 4-5 mg./kg. t.i.d. for 10 days. *Based on daily dose ad- 
ministered (210 mg.). 


and 8-24 hr. Blood and urine samples were obtained just before 
drug dosage to serve as controls. 


Drug Analysis-The urine samples were analyzed for nitro- 
furantoin by the method of Conklin and Hollifield (3), while the 
samples of blood were assayed for drug by a modification of this 
procedure (4). These procedures each have a sensitivity of 2 mg./l. 
and are considered specific for the determination of unchanged 
nitrofurantoin (3-5). 


Statistical evaluation of the results depended on the mean values 
acquired with the same animals. The paired Student’s t test was 
applied to  determine the significance of differences between means 
and the probability estimates were recorded. Standard errors were 
calculated whenever necessary. 


RESULTS 


Oral Drug Administration-Drug was not detectable in any of 
the blood samples collected from each animal a t  2 ht. after the 
second dose of the two nitrofurantoin oral dosage forms on either 
Day 1 or Day 10 (limit of detection, 2 mg. A). In contrast, the uri- 
nary drug excretion data presented in Tables I and I1 show that 
nitrofurantoin was consistently present in the urine during the 
administration of either the tablet or the macrocrystalline drug. 


The average urinary drug recovery (0-24 hr.) encountered in the 
four dogs following I0 days of tablet administration (31.6%) was 


not significantly different ( p  < 0.05) from that obtained on the 
first day of tablet dosage (28.3%). An identical comparison re- 
vealed that there was also nosignificant difference ( p  < 0.05) between 
Day 1 (24.2z) and Day 10 (20.5z) for the macrocrystalline drug. 


Illustrated in Fig. 1 are the average (Days 1 and 10 combined) 
urinary drug excretion patterns obtained in the four dogs for each 
of the oral dosage forms. During administration of the tablet, 
greater amounts of drug were present in the urine (0-12 hr.) than 
were found during dosage of the macrocrystals. In comparison, 
during the succeeding 12 hr. of the day, a smaller amount of drug 
was recovered in the urine (12--24 hr.) after dosage of the tablet 
than following administration of the macrocrystals. The average 
urinary drug recoveries (0-24 hr.) observed with the tablet (Table 
I) are significantly greater ( p  <0.05) than those noted for the macro- 
crystalline drug (Table TI). 


An average of about 0.1 of the daily dose of either the tablet or 
the macrocrystalline drug was present in the urine collected a t  16 
hr. following the final dose of drug on Day 9. No adjustment was 
made for this drug residue in calculating the urinary drug re- 
coveries for Day 10 (Tables I and TI). 


Parenteral Drug Administration-The analysis of blood samples 
collected from each animal at  1 hr. after the second intramuscular 
dose of nitrofurantoin sodium on either Day 1 or Day 10 revealed 
that drug was not detectable (limit of detection, 2 mg./l.). However, 
as shown by the results in Table 111, substantial amounts of nitro- 


Table 111-Urinary Excretion of Nitrofurantoin in Dogs During Intramuscular Dosage of Nitrofurantoin Sodium“ 


Nitrofurantoin Excreted, mg. - 7 Dose Recovered, Z h  Av. Collection Interval 
Dose, 0-4 hr. 4-8 hr. 8-12 hr. 12-24 hr. 0-24 hr. 


mg./kg,/ -Day-- -Day---- -----Day-- -Day-- -DaY-- 
No. day 1 10 1 10 1 10 1 10 1 10 Dog 


I 6.3 14.6 16.4 2.4 0 . 2  14.8 11.6 1 . o  2.9 31.2 29.4 
2 6 .6  19.9 19.2 0 . 2  0 . 4  11.0 7 . 5  1 . 5  0 .3  31.0 26.0 
3 5 . 9  12.3 14.9 2.2 0 .6  13.2 15.3 0 . 9  0.9 33.5 36.9 
4 6 .3  16.6 15.6 0 . 2  0 .2  10.7 11.8 1 .7  1 . 2  34.0 33.6 


15.8 16.5 1.2 0 . 3  12.4 11.5 1 .2  1 . 3  32.4 31.4 
SE, mg. 1.6 0.9 0 . 6  0.1 0 . 9  1 . 6  0 .2  0 .5  0.7 2.3 
Av., mg. 


a Nitrofurantoin sodium as a solution in water (pH 9.1) was administered intramuscularly at about 3.0 mg./kg. b.i.d. for 10 >days. * Based on daily 
dose administered (101 mg. for Dogs 1, 2;  86 mg. for Dogs 3, 4). 
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Table IV-Urinary Excretion of Nitrofurantoin in Dogs 
Following lntravenous Dosage of Nitrofurantoin Sodium' 


~~ 


--Nitrofurantoin Excreted*, mg.-- Dose 
Dose, -- Collection Interval---- Recovered, ZC 


mg./kg. 0-4 hr. 4-8 hr. 8-24 hr. 0-24 hr. 


3 .0  15 .1SE1 .2  0 . 8 S E 0 . 2  0 . 2 S E 0 . 0 4  3 6 . 2 S E 3 . 8  
6.0 2 9 . 8 S E 1 . 7  1 . 2 S E 0 . 4  0 . 3 S E 0 . 0 8  3 4 . 5 S E 1 . 8  


a Nitrofurantoin sodium as a solution in 5 % dextrose (pH 8.6) was 
administered intravenously as a single injection either at 3.0 or 6.0 
mg./kg. b Represents an average for four dogs. c Based on the single 
dose administered. 


furantoin were excreted readily in the urine under these conditions. 
The average uiinary drug recovery (0-24 hr.) obtained in the four 
dogs on the first day of intramuscular dosage (32.4x) was not 
significantly different ( p  < 0.05) from that encountered following 
10 days of intramuscular drug administration (31.42;). Only traces 
of drug were occasionally detectable in the urine collected a t  16 
hr. after the last dose of drug on Day 9. 


For comparison, nitrofurantoin sodium was administered as a 
single intravenous injection at  two different doses to the same dogs. 
As illustrated in Fig. 2, the blood drug concentrations encountered 
were dose related. In agreement with this, a drug dose response was 
obtained in urine (see Table IV). This direct relationship indicates 
that urinary drug excretion may be used as a reliable indicator for 
the in aico absorption of nitrofurantoin. Similar half-lives (average 
for four dogs) for nitrofurantoin in blood were obtained for each 
of the doses used (3 mg./kg.-27 rnin., 6 mg./kg.--34 rnin.). These 
values agree with half-lives reported previously for equivalent 
intravenous doses of nitrofurantoin sodium in dogs (6). 


An average urinary drug recovery (0-24 hr.) of 36.2% was ob- 
tained in the four dogs following the intravenous administration of 
nitrofurantoin sodium at 3 mg./kg. (Table IV). If it is assumed that 
this value represents complete in oioo absorption for nitrofurantoin 
in these dogs, then the average urinary drug recoveries encountered 
during intramuscular drug dosage (Table 111) indicate that this 
dosage form was very well absorbed. An identical comparison of 
the data acquired with the oral dosage forms (Tables I and 11) 
revealed that both dosage forms were well absorbed and that less 
drug was absorbed following macrocrystal dosage than after ad- 
ministration of the tablet. 


DISCUSSION 


Although blood drug concentration is often used to measure the 
in aiao absorption of drug dosage forms, blood drug levels were not 
detectable in the present study following daily parenteral or oral 
multiple therapeutic doses of nitrofurantoin. However, the in- 
fluence of the dosage form of nitrofurantoin becomes apparent 
when the urinary drug excretion results are examined. As antic- 
ipated, the parenteral dosage form was very well absorbed. Both 
of the oral dosage forms were well absorbed although greater drug 
absorption occurred following dosage of the tablet than after 
administration of the macrocrystals. 


Greater average urinary drug recoveries (0-24 hr.) were obtained 
with the tablet dosage form than with the macrocrystalline dosage 
form (Tables I and 11). Less drug was excreted during dosage of 
the macrocrystals than during administration of the tablet (0-12 
hr.), while the drug excretion encountered with the macrocrystals 
usually became greater than that observed with the tablet during 
the final 12 hr. (12-24 hr.) of the day (Fig. 1). Similar results con- 
cerning drug absorption and subsequent patterns of urinary drug 
excretion were obtained in a corresponding study conducted re- 
cently in humans during a daily therapeutic dose regimen with 
orally administered nitrofurantoin, either as microcrystalline drug 
in a tablet or as macrocrystalline drug5 in a gelatin capsule (7). 
These data indicate a difference in urinary drug excretion, ap- 
parently due to in cico availability differences between the two 
dosage forms. It has been suggested, on the basis of data obtained 
previously with single oral doses of nitrofurantoin, that these 


5 Medical macrocrystalline nitrofurantoin, Macrodantin, Eaton 
Laboratories. 
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Figure 1- Urinary excretion of nitrofuruntoin in dogs (uoeruge for 
four dogs), average for Days I and 10 combined, following orul 
administration of either nitrofuruntoin tablets or mucrocrystulline 
nitrofuruntoin at 445 rng./kg. 1.i.d. Key: -, tablet; ---, mucro- 
crystuls. Figures in parentheses represent ihe uceruge urinury excre- 
tion rate in mg./hr. 'The urrows indicate the time of dose. 


characteristics reflect a slower rate of absorption for the macro- 
crystals than for tht: microcrystalline drug (8). 


During the present investigation, the average output of urine 
encountered was about 10 ml./hr. Under in eitro conditions, an 
average minimal inhibitory concentration of 20 mg./l. was ob- 
tained for nitrofurantoin against a number of Escherichiu coli 
strains. Utilizing these values, it is estimated that a urinary excre- 
tion rate of at  least 0.2 mg./hr. would be required for nitrofuran- 
toin to provide effeactiveness against E. coli. Although less drug was 
absorbed following dosage of the macrocrystals than after ad- 
ministration of the tablet, it should be noted that the urinary drug 
excretion rates attained with each of these oral dosage forms were 
usually in considerable excess of 0.2 mg./hr. during a 24-hr. period 
(Tables I and 11). In comparison, consistent urinary drug excretion 
rates greater than 0.2 mg./hr. were only apparent within the first 
4 hr. after administration of the intramuscular dosage form (Table 
111). 


In conclusion, results are presented regarding urinary drug ex- 
cretion in dogs daring daily multiple therapeutic doses of dif- 
ferent nitrofurantoin dosage forms. Data are provided which 
indicate that two oral dosage forms, microcrystalline drug in a 
tablet or macrocrystalline drug in a capsule, are well absorbed. The 
differences observed in urinary drug recoveries and in urinary drug 
excretion patterns between these two dosage forms suggest that 
there is a slower rate of absorption for the macrocrystals than for 
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Figure 2-Disuppeurunre of nitrofurantoin from ihe blood of dogs 
(uueruge for four dogs) following intruuenous administrution of nitro- 
,furuntoin sodium. Key: 0, 3 mg./kg., T1/z 27 min.; X ,  6 mg./kg., 
T1la 34 min. 
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the tablet. Results are also presented which show that an intra- 
muscular dosage form is very well absorbed and excreted readily in 
the urine. 
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Physiologic Surface-Active Agents and Drug Absorption IV: Effect 
of Pre-Micellar Concentrations of Surfactant on Dissolution Rate 


HOWARD WEINTRAUB* and MILO GIBALDI 


~ 


Abstract 0 The influence of a nonionic surfactant and certain 
physiologic surfactants and components of gastric juice on the 
dissolution rate of drug powders was examined. In addition, the 
effects of pre-micellar concentrations of surfactant on the dissolu- 
tion rate of aspirin from commercial dosage forms were determined. 
Low concentrations of polyoxyethylene (23) lauryl ether (POE 
lauryl ether), and lysolecithin markedly enhanced the dissolution 
rate of salicylic acid powder while pepsin and gastric mucin were 
without effect. Sodium glycocholate was found to increase con- 
siderably the dissolution rate of salicylamide powder in pH 6.0 
buffer. Both POE lauryl ether and lysolecithin enhanced the dis- 
solution rate of aspirin from a tablet dosage form but were without 
effect on the dissolution rate of the drug from a capsule dosage 
form. Good correlation was observed between the surface ten- 
sions of the POE lauryl ether solutions and the dissolution rates 
of aspirin from the tablet dosage form in these media. The relevance 
of these data to the design of in aitro dissolution tests is discussed. 


Keyphrases 0 Surfactants, physiologic-dosage form dissolution 
0 Pre-micellar surfactant concentrationdissolution rates 0 Dis- 
solution rates-surfactants, gastric much 0 UV spectrophoto- 
metry-analysis 


There is a strong likelihood tkat certain components 
of the gastrointestinai tract facilitate drug dissolution. 
Biliary secretion results in relatively large concentra- 
tions of highly surface-active materials in the proximal 
intestine. Components of bile such as conjugated bile 
salts and lysolecithin have been found to markedly 
increase the solubility and dissolution rate of various 
poorly water-soluble drugs (1-4). Pekanmaki and Salmi 
(5) report a marked decrease in the absorption of poorly 
soluble phenolphthalein when drainage of bile into the 
rat intestine is prevented. However, the absence of bile 
had no effect on the absorption of the water-soluble 
glucuronide conjugate of phenolphthalein. More re- 
cently Meli et al. (6) note that endogenous bile influences 
the rate of intestinal absorption of ethynylestradiol-3- 


cyclopentyl ether in rats. The rate of absorption of the 
estrogen is considerably lower in bile duct-cannulated 
rats than in control animals. Since the drug is relatively 
water-insoluble, it is reasonable to  consider that the 
presence of bile increases the solubility of the drug in 
the intestinal lumen and thereby enhances the dissolu- 
tion and absorption rate. 


Finholt and Solvang (7) have suggested the presence 
of physiologic surfactants in human gastric fluid. 
Samples of gastric juice obtained from patients under 
examination for diseases of the stomach manifested 
rather low surface tenson values (35 to  50 dynes,/cm.) 
and marked wetting activity as judged by powder dis- 
solution studies. The rates of dissolution of phenacetin 
in diluted gastric juice and in dilute HCI at the same 
pH and adjusted to the same surface tension as gastric 
juice with polysorbate 80 were similar but markedly 
faster than the rates observed‘ in dilute HC1 alone. 


The influence of surface-active agents on the dis- 
solution rates of relatively water-insoluble drugs may 
involve several mechanisms. For example, a surfactant 
may decrease the interfacial energy barrier between the 
drug and the dissolution medium, allowing the drug to 
be “wet” more completely and thereby effectively 
increase the available surface area of the solid. Addi- 
tionally, concentrations of surfactant above the critical 
micelle concentration (CMC) may markedly increase 
the apparent solubility of the drug in the medium by 
means of micellar solubilization and thereby effect an 
increase in the dissolution rate, which is a function of 
diffusional parameters and the hydrodynamics of the 
system (8-10). While the influence of micellar solubiliza- 
tion on dissolution has been studied rather extensively, 
the effect of low concentrations (below the CMC) of 
surface-active agents on the dissolution of drugs from 
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Synthesis and In Vitro Fungistatic Evaluation of Some N-Substituted 
Amides and Amine Salts of Sorbic Acid 


LOIS W. MORGAN*, DALE H. CRONK, and ROBERT P. KNOTT 


Abstract 0 Four N-substituted amide derivatives of sorbic acid and 
two amine salts of sorbic acid were synthesized and tested for 
fungistatic activity against Microsporum canis, Trichophyton menta- 
grophytes, and Candida ulbicans. The compounds were tested by 
the disk-plate method initially and then followed by incorporation 
into polyethylene glycol ointment USP and tested on Sabouraud's 
dextrose agar culture plates. Results were compared with unde- 
cylenic acid and sorbic acid controls. The disk-plate method showed 
activity greater than sorbic acid, but less than undecylenic acid 
only for N-methylfurfurylsorbamide when tested against Micro- 
sporum canis and Trichophyton mentagrophytes. When incorporated 
into ointment, both N-methylfurfurylsorbamide and t-octylamine 
sorbate showed activity comparable to the controls against Micro- 
sporum canis and Trichophyton mentagrophytes. None of the new 
compounds were as effective against Cundida albicans as were the 
controls. 


Keyphrases 0 Sorbic acid, N-substituted amide, amine salts- 
synthesis 0 Antifungal screening-sorbic acid amide, amine 
salts, N-substituted 0 Disk-plate method-antifungal analysis 


Ointments, sorbic acid derivatives-antifungal activity 


Although great strides have been made during the 
last twenty years there is still no completely satisfac- 
tory treatment of either the superficial or the systemic 
mycoses. As Ainsworth and Sussman (1) point out, 
there is yet much to be learned about the requirements 
of the organisms; also how they vegetate between cases 
of human parasitism as well as how they affect human 
tissue as it is being invaded. 


Much of the preliminary screening of new antifungal 
agents must resort to  in vitro testing methods since in uivo 
methods are not readily available. Even though a good 
in vitro test may show activity there is no assurance that 
the same activity can be shown in vivo, since activity 
can be modified by changes in pH, solubility of agent 
in the surrounding media, diffusibility, and/or pene- 
trability of the infected tissue. 


According to Ainsworth and Sussman (2), antifungal 
activity may be due to enzyme inhibition within the 
fungal cell, hence penetration of the cell wall is essential. 
However, not all antifungal activity is demonstrated as 
intracellular enzyme inhibition. Some activities may be 
alteration of cell membrane permeability, alteration of 
some morphological form, or simply an interference 
with some extracellular enzyme which is necessary for 
food utilization. In these latter cases lipoid solubility 
would not be the principal criterion for activity. 


In some early antifungal studies Peck (3) and Wyss 
et al. (4) found that such fatty acids as Cll and CIS 
chain lengths showed antifungal activity. 


In more recent tests (5) it was found that vapors of 
volatile and partially volatile fatty acids up to C'I 
inhibited mycelial growth while longer chains did not. 
The fatty acids up to CI1 in an emulsion form with a 
nonionic detergent inhibited mycelial growth. 


The mechanisms by which the fatty acids act as 
fungistatics have been investigated by Melnick et al. 
(6 )  and Deuel et al. (7) with a special emphasis on sorbic 
acid as a food preservative. In the presence of an excess 
a,P-unsaturated fatty acid, such as sorbic acid, the 
activity of the dehydrogenase systems of the fungi can 
be inhibited. It is this inhibition which is believed to be 
responsible for the antifungal activity of sorbic acid 
and the degree of activity appears to be a direct function 
of dosage. 


Whitaker (8) has postulated that the enzyme in- 
hibition by sorbic acid is due to sulfhydryl enzyme 
inhibition through the formation of a thiohexenoic acid 
derivative. This was demonstrated in the laboratory by 
inhibition of the sulfhydryl enzyme ficin. Substantiation 
of this postulate has been done by York and Reese 
(9) in recent work; certain compounds containing the 
-C=C-N02 grouping have shown antifungal ac- 
tivity. 


McGowan (10) found that compounds in which the 
electrophilic NOz group was attached to an alkene side 
chain appeared to be several times as effective as when 
it was attached to an unsaturated ring. 


Edwards and Pianka (11) in tests on ethylenic com- 
pounds, found that ethoxy carbonyl and methyl car- 
bony1 groups attached to ethylenic bonds were less active 
than nitro groups. 


Goettsch and Wiese (12) prepared several amide 
derivatives of thionaphthene-2-carboxylic acid and 
they were found to have equal or better fungistatic 
action than undecylenic acid. Two of the more effec- 
tive compounds were the morpholine and cyclohexyl- 
amine derivatives. 


Cronk et al. (13) synthesized and tested a number of 
derivatives of sorbic acid for antifungal activity. Two 
of the salts, N-isobutylamine sorbate and morpholine 
sorbate, exhibited a greater antifungal activity than did 
sorbic acid. 


Goettsch et al. (14) prepared and tested a number of 
amide and salt derivatives of sorbic acid. They found 
that N-(2-methylpiperidyl) sorbamide had the greatest 
activity. 


Since some compounds are not water-soluble, 
Hillegas and Camp (15) found alcohol, acetone, and 
propylene glycol to be efficient vehicles for agar plate 
testing. It was noted however, that the solvent itself 
may affect agar penetration and thus affect sizes of 
inhibition zones. 


Zheutlin and Fox (16) in testing sulfonaniides in 
vitro were able to demonstrate poor release of drug into 
aqueous media from greasy-type bases while much 
better release was achieved from water-miscible bases. 


Hopkins (17) has proposed that polyethylene glycol 
bases are more advantageous than emulsion-type 
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bases since they bring the dissolved chemicals in contact 
with the applied surface in a known concentration 
rather than as droplets dispersed in an emulsion. 


Since sorbic acid has been shown to possess anti- 
fungal properties, the objectives of this investigation 
were the syntheses of certain amide derivatives and 
amine salts of sorbic acid and the comparison of their 
in vitro antifungal properties on certain pathogens with 
that of the free acid. 


EXPERIMENTAL PART I 


Sorbyl ChlorideThe chloride intermediate used in the synthesis 
of some of the derivatives was prepared by the direct action of 
thionyl chloride on sorbic acid (2,4-hexadienoic acid) and then 
purified by vacuum distillation as previously reported (14). 


Method 2-The amide derivatives were prepared by the reaction 
of sorbyl chloride with the respective amine as illustrated by the 
following process, using piperonylsorbamide (3,4-methylenedioxy- 
bmzylsorbamide). 


A 1-1. 3-necked flask was assembled with a mechanical stirrer, 
a dropping funnel, and an upright condenser. In the reaction flask 
was placed 25 g. (0.16 mole) of piperonylamine in 100 ml. of an- 
hydrous ether. A solution of 10.5 g. (0.08 mole) sorbyl chloride in 
50 ml. of anhydrous ether was added dropwise to the amine solu- 
tion over a period of 2 hr. A white precipitate began to form im- 
mediately as the reaction proceeded exothermically. Stirring was 
continued for 1 hr. after the addition of the sorbyl chloride solution. 
About 100 ml. of distilled water was added to the reaction flask 
and a part of the precipitate dissolved. The ether was removed 
from the remaining precipitate. The precipitate was then washed 
successively with numerous portions of aqueous 2% hydrochloric 
acid, aqueous 5 %  sodium carbonate, and finally with distilled 
water. Several recrystallizations from ethanol yielded white fluffy 
needle-like crystals which melted at 137-139 '. This product weighed 
6.14 g. or 30.2% of the theoretical yield. 


Method ZZ-The amine salts were prepared by the reaction of 
sorbic acid with the appropriate amine as illustrated by the follow- 
ing process, using t-octylamine sorbate (1,1,3,3-tetramethylbutyl- 
amine sorbate). 


A 1-1. 3-necked flask was assembled as above. Into the reaction 
flask was placed 11.2 g. (0.10 mole) of sorbic acid in 800 ml. of ether. 
A solution of 13.0 g. (0.10 mole) of t-octylamine in 50 ml. of ether 
was added dropwise to the acid solution over a period of 1 hr. A 
clear solution resulted. This was allowed to stand undisturbed for 
1 hr. with little change taking place. Vigorous agitation initiated 
the formation of a precipitate of the amine salt. The ether was 
removed leaving a white, fluffy precipitate. Two recrystallizations 
from ether produced white, fluffy, needle-like crystals which melted 
at 132-136". The product weighed 9.92 g. or 41.2% of the theoretical 
yield. The recrystallization solvents, yields, melting points, boiling 
points, and analyses are given in Table I. 


EXPERIMENTAL PART I1 


For the antimycotic studies, three species of fungi were used 
which are representative of the growth patterns of a number of the 
pathogenic fungi encountered by man. The species used were: 
Microsporum canis No. 650, Trichophyton mentugrophytes No. 9129, 
and Candidu ulbicans No. 10231. The fungi were obtained from the 
American Type Culture Collection, Rockville, Md. 


The compounds which were synthesized and tested are indicated 
by name and number in Table I. 


The culture media were prepared with Sabouraud's dextrose agar 
(Difco) 65 g./l., pH approximately 5.6. The plates were prepared by 
the aseptic addition of 20 ml. of the sterile culture media to each 
9-cm. diameter sterile disposable Petri dish by means of an auto- 
matic pipet (Brewer). The process was carried out in a laminar 
flow hood. 


Ten-day old cultures of the test organisms grown on Sabouraud's 
dextrose agar slants were used to prepare the suspensions that were 
to be used for plate inoculation. 


The suspensions for the Trichophyton mentugrophytes and the 
Microsporum canis were prepared by cutting approximately 4-cm. 
square plugs of the entire colony growth from the agar slant and add- 
ing this to 60 ml. of sterile distilled water in a sterile 120-ml. (4-02.) 
wide mouth bottle. The bottle contained small chips of glass rod 
which, upon agitation of the contents, facilitated breaking up the my- 
celial mat and releasing the spores. The suspension of the Cundida 
albicans was prepared by scraping two 4-mm. loopfuls of the colony 
growth from the agar slant, adding this to 60 ml. sterile distilled 
water, and then agitating vigorously. Each plate was inoculated 
with 0.5 ml. of the spore suspension. The plates were rotated gently 
to spread the suspension over the surface of the agar. 


The compounds used for the first series of tests were prepared as 
2% w/v solutions in acetone, with two exceptions. The 2-sorb- 
amido-5-nitropyridine was not soluble to the extent of 2% in 
acetone, therefore a 1 % solution was prepared. The t-octylamine 
sorbate was prepared as a 2% w/v solution in 90% acetone and 
10% water to facilitate solution. The average amount of drug per 
disk was estimated through numerous weighings to be 1.2 mg. 


Sterile disks (Bacto, 13 mm.) were dipped into the test solutions, 
touched to the side of the container to drain off the excess, then 
placed in the center of the inoculated plates. Five plates were im- 
pregnated with each test solution for each organism. The plates were 
incubated at 28 f 2". They were examined at the end of 7 days. 
The results are recorded in Table I1 as zones of inhibition in milli- 
meters as measured by the clear zone from the outer periphery of the 
disk to the inner periphery of the nearest growth. The average of 
five plates is recorded. 


The second series of tests, intended to measure possible synergistic 
activity, utilized the same techniques as before. In this case, the 
test compounds were prepared as 2 z  w/v solutions in combination 
with 2% w/v of undecylenic acid in acetone. The same exceptions 
due to solubility problems were made in preparing these solutions. 
The suspension of the organisms were prepared from an 11-day 
old agar slant culture. The plates inoculated with the organisms 


Table I-Amides and Amine Salts of Sorbic Acida CH,CH=CHCH=CHCOOH 


Recrystalliza- Yield, M.p. or ---Anal.. %-- 
No. Compd. tion Solvent B.p., "C. Formula Calcd. Found 


I N-  Methylfurfurylsorbamide None 16.6 178-185 CnHijNOe C ,  70.11 C, 69.88 
(10 mm.) H, 7.36 H. 7.03 


2 t-Octylsorbaniide ( I  ,I ,3,3-tetramethyl- 
butyl sorbamide) Ethanol 41.4 121-123 ClJH2$N0 C ,  75.28 C ,  75.43 


H, 11.28 H, 10.92 
3 2-Sorbamido-5-nitropyridine Chloroform 9 . 0  202-205 C11H11N303 C. 56.66 C, 56.12 


H, 4.72 H, 4.55 
4 Piperonylsorbamide (3,4-methylene- 


5 1-Octylamine sorbate (1,1,3,3-tetra- 


dioxy benzylsorbamide) Ethanol 30.2 137-139 CI~HISNOB C, 68.55 C ,  68.19 
H, 6.16 H. 5.84 


Methylbutylamine sorbate) Ethylether 41.2 132-136 Cj4H2iN02 C, 69.66 C, 70.00 
H, 11.28 H, 11.09 


H, 7.68 H, 7.44 
6 N-Methylfurfurylamine sorbate Ethyl ether 42.2 84-86 CnHiiNO3 C, 64.55 C ,  64.56 


~ ~~~~~~~~ 


(1 All analyses were made by Clark Microanalytical Laboratory, Urbana, Ill. 
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Table 11-Width of Zone of Inhibition in Millimetersa After 7-Day 
Incubation Period at 28 =t 2°C. 


Table IV-Zones of Inhibition in Number of Square Millimeters 
of Area After 7-Day Incubation Perioda 


Organisms- 7 


Tricho- 
Micro- phyton 
sporum menta- Candida 


Compd.  NO.^ canis grophytes albicans 


I 7 10 2 
2 0 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 0 0 0 
7 (sorbic acid control) 5 8 5 
8 (undecylenic acid control) 8 13 10 
9 (acetone) 0 0 0 


a Measured from the outer periphery of the disk to the inner periphery 
of the nearest growth. 6 Compounds at  2% w/v concentration. Com- 
pound No. 3 prepared as 1 % w/v concentration. 


and impregnated with the paper disks containing the test solutions 
were incubated at 28 + 2". The results at the end of 7 and 14 days 
are recorded in Table 111. 


The third series of tests was made with the test compounds in- 
corporated into an ointment base. The culture plates were prepared 
and inoculated as before. In this case the 0.5 ml. of culture suspen- 
sion was spread over the surface of the agar plate with the aid of a 
sterile cotton swab. The ointments were made by preparing poly- 
ethylene glycol ointment USP and addding 0.3 mole/kg. of the 
compound to the fused base at 60", then stirring until the base 
congealed. The ointments were added to the inoculated plates in 
two thin strips delivered from a syringe tip (Luer-Lok). Each strip 
was about 2 mm. in diameter, 4 cm. in length, and placed 3 cm. 
apart. An average of 15 such strips indicated that the average 
weight of each strip was 230 mg. Three plates were impregnated 
with each compound for each organism. The plates were incubated 
at 28 f 2" for 7 days. The results were read as zones of inhibition 
in total area measured as approximate square millimeters. The zones 
of inhibition were read by placing the plate on a piece of graph 
paper which was divided into 10-mm. squares, counting the number 
of squares of cleared area and then calculating the total area in 
terms of square millimeters. A partially cleared square was counted 
as one if 50% or more was clear and as zero if less than 50% was 
clear. The results of the tests are recorded in Table IV, as an average 
of three plates. 


DISCUSSION 


Other amides not listed in the Experimental Section were syn- 
thesized but not tested due to a lack of stability or problems with 
purification. They were dicyclohexylsorbamide, 2-sorbamido-5- 
nitrothiazole, and tetrahydrofurfurylsorbamide. The dicyclohexyl 
sorbamide was a waxy, pale yellow solid which, within a few days, 


Table 111-Width of Zone of Inhibition in Millimetersa After 7- 
and 14-Day Incubation Periods at 28 f 2°C. 


Organism -7 


Days 7 


C0mpd.b 7 14 7 14 7 14 


Microsporum Trichophyton 
canis mentagrophytes Candida albica ns 


I 13 0 12 0 10 10 
2 10 0 8 0 8 0 
3 5 0 10 0 10 10 
4 10 0 10 0 7 4 
5 10 0 10 0 5 5 
6 10 0 10 0 12 12 
7 (sorbic acid) 10 0 12 0 12 8 
Undecylenic 


acid alone 10 0 10 0 10 8 


Q Measured from the outer periphery of the disk to the inner periphery 
of the nearest growth. b Compounds at 2 z  w/v concentration combined 
with 2% w/v undecylenic acid. Compound No. 3 prepared as 1 % w/v 
concentration combined with 2 % w/v undecylenic acid. 
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Trichophyton 
Microsporum rnentagro- Candida 


Compd. No. canis phytes albicans 


I 
2 
3 
4 
5 
6 
7 (sorbic acid) 


5300 6358 2033 
0 0 0 
0 130 0 


467 n n 
5733 5050 356 
3967 2867 833 
5922 4750 3200 


8 (undecylenic acid) 6358 6358 6219 
Polyethylene glycol 


base 0 0 0 


Compounds tested at a concentration of 0.3 moleikg. of poly- 
ethylene glycol ointment. 


became a dark, sticky mass having a consistency of honey. There 
was but little visible reaction when the 2-sorbamide-5-nitrothiazole 
was prepared and no suitable solvent was found to separate the 
amide from the unreacted amine. No suitable recrystallization 
solvent was found for the tetrahydrofurfurylsorbamide. 


The purified t-octylsorbamide did not appear to be stable at room 
temperature. After 2 months' storage, the compound developed a 
yellow coloring and the melting point was no longer sharp. Re- 
crystallization from alcohol restored the original characteristics of 
the compound. The other three amides prepared appeared to be 
quite stable, although the liquid N-methylfurfurylsorbamide was not 
subjected to room storage. This compound was packaged immedi- 
ately after vacuum distillation in sealed glass ampuls and stored at 
10" away from light. The two salts showed little change in physical 
appearance after 6 weeks' storage at room temperature, but a 
strong amine odor had developed indicating possible breakdown. 
The melting points did not change during this period, however. A 
more prolonged period of storage would be suggested to establish 
stability. The oxidizing tendency of the fatty acid side chain could 
contribute to the instability of this group of compounds. This has 
been reported for the amine soaps in a technical bulletin (18). 


The techniques employed in the in citro analyses for antifungal 
activity are modifications of the commonly used disk-plate methods 
for evaluating linear growth in the presence of toxicants. Un- 
decylenic acid and sorbic acid were used as controls since both are 
known to possess antifungal activity and much information on their 
in vitro testing has already been published. Since the results of 
in vitro testing are difficult to evaluate quantitatively. it is necessary 
to evaluate the results as a comparison of activity to known com- 
pounds using similar experimental conditions. 


Of the new compounds tested in Test Series 1, only N-methyl- 
furfurylsorbamide showed any activity (see Table TI). This com- 
pound appeared to be slightly more active against the Microsporum 
canis and Trichophyfon me)itugrophytes than was the sorbic acid, 
but not as active as undecylenic acid. Although the results are not 
included in the table, the plates were examined at the end of 14 
days and neither the sorbic acid nor the N-methylfurfurylsorbamide 
exhibited any persisting activity. The undecylenic acid exhibited 
the only activity against Cundida albicans after 14 days' incubation. 
Three out of five of the N-methylfurfurylsorbamide plates inocu- 
lated with Candidu uibicuns remained clear in the 2-mm. zone. 
The N-methylfurfurylsorbamide activity appeared to be only static 
at the concentration tested against the first two species mentioned, 
with some doubt as to the interpretation of the third. 


In the second series of tests (Table 111) the N-methylfurfuryl- 
sorbamide demonstrated a very small advantage in combining this 
compound with undecylenic acid when tested against Microsporum 
ranis and Trichophyton mentagrophy tes. The amine salt, N-methyl- 
furfurylamine sorbate, in combination appears to be slightly 
better than undecylenic acid on Candida albicans although this salt 
exhibited no activity when used alone. 


The third series of tests in which the compounds were incorpo- 
rated into a water-soluble base, polyethylene glycol ointment USP, 
tended to indicate considerably more activity for several of the 
compounds (Table IV). The N-methylfurfurylsorbamide appears 
to be better than any of the other new compounds tested, although 
several of them exhibited activity which was not revealed in the 







disk-plate testing. N-Methylfurfurylsorbamide exhibited activity 
which approaches that of undecylenic acid on Trichophyton menta- 
grophytes and exceeds that of sorbic acid. It demonstrated consider- 
able activity against Microsporum canis as well as Candida albicans. 
The t-octylamine sorbate also exhibited activity against Tricho- 
phyton mentagrophytes and Microsporum ranis which approaches 
that of the controls. The polyethylene glycol ointment control 
indicated no activity on any of the three species. Although the 
results are not recorded in the tables, observation of the plates at 
the end of 14 days’ incubation indicated that the activity of un- 
decylenic acid, N-methylfurfurylsorbamide, and t-octylamine 
sorbate persisted. Sorbic acid and the other compounds which 
exhibited any activity showed a decrease of zone size to almost one- 
half of what was shown at the end of I days. 


A part of the difference in activity in the disk-plate method re- 
sults, and the results when the compounds were incorporated into 
the ointment base can be explained by the increase in concentration 
of drug available. Approximately 460 mg. of base containing 0.3 
mole/kg. of compound was applied to each plate. This represents a 
total concentration per plate from 10 to 25 times that of the disk- 
plate method, depending upon the molecular weight of the com- 
pound. 


The essential interest, however, remains in the activity of the 
compounds with respect to the controls under the same conditions 
of testing. There is perhaps a better relationship of activity when 
compared on a mole-to-mole basis rather than on a weight-to- 
weight basis as was done in the disk-plate method. 


One factor which is limiting in the interpretation of zone size as 
related to antifungal potential is the lack of diffusion of the com- 
pound into the agar media. It was hoped that the surface activating 
and the solubilizing properties of the polyethylene glycol base would 
overcome a part of this problem. Inspection of some of the plates 
indicated that the compounds which were soluble in the polyethyl- 
ene glycol base were apparently dispersed over the surface of the 
plate in the very thin superficial film of the spore suspension. It is 
recommended that further studies be conducted in the presence of 
serum to determine any possible antifungal inhibition by the pres- 
ence of protein matter. 
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Peyote Alkaloids IX: Identification and Synthesis of 
3-Demethylmescaline, a Plausible Intermediate in the 
Biosynthesis of the Cactus Alkaloids 


GOVIND J. KAPADIA, Y. N .  VAISHNAV, and M. B. E. FAYEZ* 


Abstract 0 The presence of 3-demethylmescaline in the alkaloidal 
mixture of peyote was proven by GLC-mass spectrometry through 
direct comparison. A new synthesis of this compound was realized 
by elaborating the ethylamine side chain onto the appropriately 
substituted benzene residue (with benzyl-etherification of the phenol 
group). The sequence involved transformation of the acid chloride 
successively into the diazoketone, the acid amide, and the ethyl- 
amine. A discussion is given of the possible role of 3-demethyl- 
mescaline and its congeners in the biosynthesis of peyote alkaloids. 


Keyphrases 0 Peyote alkaloids 3-Demethylmescaline-isolation, 
identification 0 Synthesis, 3-demethylmescaline-structure confir- 
mation 0 GLC-separation, identity 0 Mass spxtroscopy- 
identity, structure 


The role of partially methylated phenolic intermedi- 
ates in the biosynthesis of the phenethylamine and 
tetrahydroisoquinoline alkaloids of peyote (Lophophora 
williamsii) may well be anticipated in view of the proven 
(1) involvement of the hydroxylic rather than the meth- 
oxylic phenethylamines. Such partially methylated in- 
termediates of the trioxygenated phenethylamine may 
be envisaged to transform in uiuo into products such as 
mescaline (the principal alkaloid in the plant) by 0- 
methylation and also into several possible tetrahydro- 
isoquinolines by cyclization. A consideration of the 
nature and distribution of substituents in the latter type 
of peyote alkaloids, where several of them carry a hy- 
droxyl group on C-8, suggests that a likely precursor is 
specifically 3-hydroxy-4,5-dimethoxy-~-phenethylamine 
(3-demethylmescaline) (I). The authors (2) have earlier 
identified the N-formyl and N-acetyl derivatives of I 
in the nonbasic fraction of peyote, a fact which 
prompted a search for this relatively simple alkaloid in 
the basic fraction of the plant. 


Inspection by GLC of the phenolic-basic fraction ob- 
tained from peyote revealed the presence of no less than 
ten products which include the previously reported (3) 


hordenine, pellotine, anhalonidine, and anhalamine. 
The presence1 of I in the mixture was demonstrated 
unequivocally by direct comparison in the gas chro- 
matograph and from a consideration of its mass spec- 
trum. The latter contained ions at mje 197 (M+), 168 
(100 %, loss of CH2NH), 167 (hydroxydimethoxybenzyl 
cation), 153 (loss of CH3 from ion mje 168), 137 (loss 
of CHIO from ion mje 168), 125 (loss of CO from ion 
mje 153), and 123 (loss of CH20 from ion mje 153). 


In order to  obtain experimental evidence for the role 
of I in the biogenetic pattern of peyote alkaloids, it was 
necessary to  secure a convenient method for its synthe- 
sis. Several approaches were tried all starting with, 
methyl gallate followed by partial methylation to the 
3,4-dimethyl ether (11). The complexities arising from 
the unprotected phenol group rendered abortive the 
route (6) proceeding by lithium aluminum hydride 
reduction of the methyl ester of I1 to give the benzyl 
alcohol 111. The latter was intended to lead successively 
to the corresponding benzyl chloride and cyanide de- 
rivatives and ultimately to I by reduction. For the 
same reason the diazoketone IV-obtained from I1 via 
the corresponding 0-carbomethoxy derivative and acid 
chloride-failed to give an acid amide upon treatment 
with silver nitrate in ammoniacal solution, in which the 
phenol group was doubtless regenerated. These difficul- 
ties were overcome only by initial benzyl etherification 
of the phenol group in 11. This product (V) was trans- 


1 After the present work was completed, Agurell and Lundstrom (4) 
reported the detection of I in peyote using a similar technique, However, 
the authors identification of 3-demethylmescaline herein reported has 
previously been presented before the Organic Chemistry Discussion 
Group, National Institutes of Health, on October 15, 1968. 


2 A different synthesis of this compound has much earlier been re- 
ported by Spath and Roder (5 ) .  However, due to the difficulties met in 
preparing the starting material (11) and in purifying the aldehyde 
(R = CHO, RI = COOGHj) intermediate in this synthesis in addition 
to the low overall yield of the final product, it was decided that an  alter- 
native route was desirable. 
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formed into the acid chloride VI and subsequently into 
the diazoketone VII, the acid amide VIII, the amine IX, 
and finally into the desired product (I) (see Scheme I). 


I x 
Scheme I 


It is possible that 3-demethylmescaline (I) represents 
an important phase in the biogenesis of peyote alkaloids 
and that its turnover takes place with abundance. How- 
ever, its rapid transformation-essentially by cyclization 
and/or 0-methylation-may be the reason for its detec- 
tion in minute amounts in the plant tissue. The authors 
(7) have recently suggested that the N-formyl and N- 
acetyl derivatives of peyote phenethylamines (including 
those of I) may be involved in the pathway leading to 
tetrahydroisoquinolines. More recently, Leete and 
Braunstein (8) also suggested that the N-acetyl deriva- 
tive of I may be an intermediate in the elaboration of 
anhalonidine. It may also be conjectured that the 
methylenedioxy phenethylamine analog (homomyri- 
sticylamine, X) of the anhalonine and lophophorine 
alkaloids may likewise exist in the natural mixture and 
that it may be biogenetically related to them. It does not 
appear too unlikely that X may arise from I-inasmuch 
as anhalonine and lophophorine may arise from an- 
halonidine and pellotine, respectively-since such 
transformation of aromatic substituents is a proven (9) 
biosynthetic event. Currently a special search is being 
conducted for such possible intermediates and also evi- 
dence for their role. 


EXPERIMENTAL 


Isolation of the Phenolic Alkaloids from Peyote-One individual 
plant (196 g.) was homogenized and then exhausted with methanol. 
The residue (5 g.) from the extract was defatted with petroleum 
ether then extracted with 100 ml. of 0.5x hydrochloric acid (cen- 
trifugation). After washing successively with benzene and chloro- 
form, the acid extract was basified with ammonia solution, then 
extracted with chloroform. The residue (0.82 g.) from the latter 
extract was percolated in ethanolic solution through an ion-ex- 
change resin (Amberlite IRA 400) (OH) which was subsequently 
washed with ethanol. A stream of carbon dioxide was then passed 
through a mixture of the resin and ethanol-water and the residue 
(0.183 8.) remaining from the solution was examined by GLC using 
a 1.8-m. X 0.62-cm. (6-ft. X 0.125-in.) column containing 1% 
methyl-phenyl silicone ( 1  :I) on diatomaceous earth3 at 200" with an 
argon pressure of 18 p.s.i. and hydrogen flame-ionization detector. 
Hordenine, pellotine, anhalonidine, and anhalamine were detected 
in this fraction by consideration of their retention times (1.03, 4.31, 
4.87, and 5.25 min., respectively) in comparison with authentic 
samples. In addition, peaks appeared at 1.5, 2.35, 2.81, 3.28, 3.75, 


3 Gas Chrom Q, 100 mesh, Applied Science Laboratories, Inc., State 
College, Pa. 


and 6.56 min. of which the second4 was identical with that of 
authentic 3-hydroxy-4,5-dimethoxy-~-phenethylamine. The mass 
spectrum (determined with an LKB-Producter instrument at 70 ev., 
100 amp. trap current at 3.5 kv. accelerating voltage) of this peak 
was determined and compared with that measured under the same 
conditions for authentic material. 


3-Hydroxy-4,5-dimethoxybenzoic Acid (11)-A solution of methyl 
gallate (120 g.) in 10% sodium hydroxide solution (550 ml.) was 
treated at 5" with dimethyl sulfate (238 g.) added dropwise over 
1.5 hr. (nitrogen atmosphere). After basification with sodium 
hydroxide and heating to 60" for 10 min., a deposit (43 g.) was 
formed which was shown to be trimethyl gallic acid methyl ester, 
m.p. 81-82' (undepressed); reported (10) m.p. 82.5". The alkaline 
filtrate was washed with ether, acidified with hydrochloric acid, 
then extracted with chloroform. The residue from the latter ex- 
tract was methylated with methanol-sulfuric acid (20-hr. reflux) 
and, after neutralization with sodium bicarbonate solution, metha- 
nol was removed and the aqueous concentrate treated with sodium 
hydroxide solution, then extracted with ether to remove trimethyl 
gallic acid methyl ester. A stream of carbon dioxide was passed 
through the alkaline solution followed by extraction with chloro- 
form; this extract was shown (by GLC) to contain essentially 
methyl 4-hydroxy-3,5-dimethoxybenzoate. Acidification of the 
aqueous layer with hydrochloric acid gave 3-hydroxy-4,5-dime- 
thoxybenzoic acid as a precipitate (44 g., with an additional 1.5 g. 
by extraction of the filtrate), m.p. 189-191". Reported (5) m.p. 


3-Benzyloxy-4,5-dimethoxybenzoic Acid ( V F A  solution of 16.36 
g. of Compound I1 in 270 ml. of acetone containing 24 g. of an- 
hydrous potassium carbonate was treated with benzyl bromide 
(32.7 8.) under reflux for 24 hr. After the usual work-up, the product 
(benzyl ester-ether) was saponified with 6 x  methanolic potash 
(7-hr. reflux) and the reaction mixture washed with chloroform. 
The material (20.8 g.) which deposited upon acidification of the 
aqueous layer was crystallized from methanol to give 17.6 g. (an 
additional 1 g. was obtained by chloroform extraction), m.p. 176". 
Reported (5) m.p. 170-172". 


Anal.-Calcd. for C16H16OZ: C, 66.66; H, 5.59. Found: C, 66.60; 
H, 5.61. 
3-Benzyloxy-4,5-dimethoxybenzoyl Chloride ( V I F A  solution of 


V (2.25 g.) in dry benzene (20 ml.) was briefly heated with oxalyl 
chloride (11 ml.) and the mixture then left at room temperature for 
16 hr. The residue remaining after evaporation in uucuo was crystal- 
lized from benzene-light petroleum to give fine needles (2.21 s.), 
m.p. 69-70". A pure sample had m.p. 83-84". 


Anal.-Calcd. for C16H15C104: C, 62.65; H, 4.92. Found: C,62.84; 
H,  4.93. 
3-Benzyloxy-4,5-dimethoxyphenylacetamide ( V I I I F A  solution 


of the acid chloride VI (1.83 g.) in ether (100 ml.) was treated with 
an ethereal solution (50 ml.) of diazomethane (about 1 g.). After 
standing at room temperature overnight and evaporation, an oily 
product (1.9 g.) was obtained which could not be induced to crystal- 
lize. This material (presumably the diazoketone VII) was directly 
treated in a dioxane solution (20 ml.) with concentrated ammonia 
solution (20 ml.) and 10% aqueous silver nitrate solution (2.5 ml.) 
under reflux (steam bath) for 17 hr. After filtration the reaction 
mixture was decolorized with activated carbon (Norite) then con- 
centrated to a small volume. The crude product which deposited 
was repeatedly crystallized from methanol-water then from ben- 
zene to give txisms (0.82 g.). m.D. 117-118". 


193- 194 '. 


Anal.lCa1cd. for CI~H1iNOn:C, 67.76; H, 6.36; N, 4.65. Found: 
C, 67.83: H, 6.35: N. 4.70. 
3-Benzyloxy-4,5-dimethoxy-p-phenethylamine Hydrochloride (M) 


-To a stirred suspension of 1 g. of lithium aluminum hydride in 
ether (70 ml.) was added portionwise a solution of the acid amide 
(VIII, 0.8 g.) in benzene (25 ml.). After 3.5-hr. reflux and standing 
overnight at room temperature, the mixture was worked up in the 
usual manner. The crude product was treated with a benzene solu- 
tion of hydrogen chloride and the material which deposited (0.41 g.) 
was crystallized from benzene to give matted needles. m.p. 15G 
152". 


Anal.-Calcd. for CI7H2,NO,.HCI: C, 63.05; H. 6.84: N. 4.32. 
Found: C, 63.13; H,  6.83; N, 4.29. 


4 This peak is different from that given by 4-demethylmescaline (4- 
hydroxy-3,5-dimethoxy-~-phenethylamine). 
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3-Hydroxy-4,5-dimethoxy-~-phenethylamine Hydrochloride ( I F  
A solution of the benzyl ether 1X (0.3 g.) in acetic acid (15 ml.) con- 
taining 0.1 g. of 10% palladized charcoal was shaken with hydrogen 
(26 psi.) at room temperature for 90 min. After removal of the 
catalyst, the solution was evaporated and the residue crystallized 
from ethanol-benzene to give flat needles (0.195 g.), m.p. and mixed 
m.p. with an authentic sample6 178-179”; identical TR spectra. 


(8) E. Leete and J. D. Braunstein, Tetrahedron Letters, 1969, 
451. 


(9) A. J. Birch, “Chemical Plant Taxonomy,” T. Swain, Ed. 
Academic Press, (1963), p. 141; M. Scribney and S. Kirkwood, 
Nature, 171, 931(1953). 


(10) I. Heilbron, “Dictionary of Organic Compounds,” Oxford 
University Press, 3, 1494(1965). 
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Structure and Conformation of the Cortisone Side Chain 


A. COOPER* and W. L. DUAX 


Abstract 0 The results of a recent crystal structure analysis of the 
4-chloro-derivative of cortisone have been used to describe the exact 
conformation of the C-17 side chain in this molecule. The results of 
this analysis are compared with those obtained from molecular 
orbital calculations. and from optical rotatory dispersion, circular 
dichroism. infrared and nuclear magnetic resonance measure- 
ments. The C-17 side chain shows no evidence of internal hydrogen 
bonding, either with the C-17 or with the C-21 hydroxyl groups, 
and it is shown that such hydrogen bonding is unfeasible, both in 
the crystal and in solution. Evidence regarding the preferred con- 
formation of C-17 acyl side chains in general, is also presented. 


Keyphrases Cortisone side chain-structure, conformation 0 
C-17 side chain conformation---4-chloro-derivative, cortisone 
0 Crystalline structure data-cortisone side chain conformation 


The conformation and relative positions of the func- 
tional groups on the steroid molecules are of particular 
interest in steroid structure studies, in that they are 
thought to be the key to understanding the way in 
which steroids act upon their target organs (1). The 
configuration of the 17-side chain is less restricted than 
the rest of the steroid structure and is open to greater 
speculation. The authors have recently completed a de- 
tailed crystallographic structure analysis of the 4- 
chloro-derivative of cortisone (2) and are now able to 
accurately describe the geometry of the side chain of 
this corticosteroid. 


EXPERIMENTAL 


Conformation of the C-17 Side Chain-From molecular orbital 
calculations on cortisol, Kier ( 3 )  has predicted a side-chain con- 
formation in which the carbonyl oxygen atom (0-20) is situated 
over the D-ring, and is equidistant from both C-13 and C-16 (Fig. 
la). Also, he predicted that the entire side chain, including C-17 
and the @-oriented C-17 hydroxyl group, is planar. 


I 
OH, C-21 


(la) 


(lc) 


Figure 1-Conformation of the C-17 side chain, showing Newman 
projections along the C-l7-C-20 bond; (a) according to Kier (3); 
(b) according to Wellman and Djerassi (4);  (c) thepreferredconforma- 
tion for the C-I7acylside chains (6) .  
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the tablet. Results are also presented which show that an intra- 
muscular dosage form is very well absorbed and excreted readily in 
the urine. 
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Physiologic Surface-Active Agents and Drug Absorption IV: Effect 
of Pre-Micellar Concentrations of Surfactant on Dissolution Rate 


HOWARD WEINTRAUB* and MILO GIBALDI 


~ 


Abstract 0 The influence of a nonionic surfactant and certain 
physiologic surfactants and components of gastric juice on the 
dissolution rate of drug powders was examined. In addition, the 
effects of pre-micellar concentrations of surfactant on the dissolu- 
tion rate of aspirin from commercial dosage forms were determined. 
Low concentrations of polyoxyethylene (23) lauryl ether (POE 
lauryl ether), and lysolecithin markedly enhanced the dissolution 
rate of salicylic acid powder while pepsin and gastric mucin were 
without effect. Sodium glycocholate was found to increase con- 
siderably the dissolution rate of salicylamide powder in pH 6.0 
buffer. Both POE lauryl ether and lysolecithin enhanced the dis- 
solution rate of aspirin from a tablet dosage form but were without 
effect on the dissolution rate of the drug from a capsule dosage 
form. Good correlation was observed between the surface ten- 
sions of the POE lauryl ether solutions and the dissolution rates 
of aspirin from the tablet dosage form in these media. The relevance 
of these data to the design of in aitro dissolution tests is discussed. 


Keyphrases 0 Surfactants, physiologic-dosage form dissolution 
0 Pre-micellar surfactant concentrationdissolution rates 0 Dis- 
solution rates-surfactants, gastric much 0 UV spectrophoto- 
metry-analysis 


There is a strong likelihood tkat certain components 
of the gastrointestinai tract facilitate drug dissolution. 
Biliary secretion results in relatively large concentra- 
tions of highly surface-active materials in the proximal 
intestine. Components of bile such as conjugated bile 
salts and lysolecithin have been found to markedly 
increase the solubility and dissolution rate of various 
poorly water-soluble drugs (1-4). Pekanmaki and Salmi 
(5) report a marked decrease in the absorption of poorly 
soluble phenolphthalein when drainage of bile into the 
rat intestine is prevented. However, the absence of bile 
had no effect on the absorption of the water-soluble 
glucuronide conjugate of phenolphthalein. More re- 
cently Meli et al. (6) note that endogenous bile influences 
the rate of intestinal absorption of ethynylestradiol-3- 


cyclopentyl ether in rats. The rate of absorption of the 
estrogen is considerably lower in bile duct-cannulated 
rats than in control animals. Since the drug is relatively 
water-insoluble, it is reasonable to  consider that the 
presence of bile increases the solubility of the drug in 
the intestinal lumen and thereby enhances the dissolu- 
tion and absorption rate. 


Finholt and Solvang (7) have suggested the presence 
of physiologic surfactants in human gastric fluid. 
Samples of gastric juice obtained from patients under 
examination for diseases of the stomach manifested 
rather low surface tenson values (35 to  50 dynes,/cm.) 
and marked wetting activity as judged by powder dis- 
solution studies. The rates of dissolution of phenacetin 
in diluted gastric juice and in dilute HCI at the same 
pH and adjusted to the same surface tension as gastric 
juice with polysorbate 80 were similar but markedly 
faster than the rates observed‘ in dilute HC1 alone. 


The influence of surface-active agents on the dis- 
solution rates of relatively water-insoluble drugs may 
involve several mechanisms. For example, a surfactant 
may decrease the interfacial energy barrier between the 
drug and the dissolution medium, allowing the drug to 
be “wet” more completely and thereby effectively 
increase the available surface area of the solid. Addi- 
tionally, concentrations of surfactant above the critical 
micelle concentration (CMC) may markedly increase 
the apparent solubility of the drug in the medium by 
means of micellar solubilization and thereby effect an 
increase in the dissolution rate, which is a function of 
diffusional parameters and the hydrodynamics of the 
system (8-10). While the influence of micellar solubiliza- 
tion on dissolution has been studied rather extensively, 
the effect of low concentrations (below the CMC) of 
surface-active agents on the dissolution of drugs from 
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powders and other solid dosage forms has been given 
limited attention. It was the purpose of the present 
study to examine the influence of surfactants, physio- 
logic surfactants and certain components of gastric 
juice on the dissolution rates of drug powders and to 
determine the possible effects of pre-micellar concen- 
trations of surfactant on the dissolution rate of aspirin 
from certain commercial dosage forms of the drugs. 


EXPERIMENTAL 


Powder Dissolution-The dissolution rates of salicylic acid' and 
salicylamidel were determined at 37" according to the methods of 
Finholt and Solvang (7). In each case 100 mg. of salicylic acid or 150 
mg. of salicylamide was passed through a 12-mesh standard sieve 
onto the surface of 200 ml. of dissolution medium contained in a 
250-ml. jacketed beaker. The medium was agitated by means of a 
magnetic stir bar at a rate of about 60 r.p.m. The agitation was of 
sufficiently low intensity to prevent the formation of a vortex in the 
system. 


The dissolution media for the salicylic acid studies consisted of 
0.1 N HCl with various concentrations of additives including poly- 
oxyethylene (23) lauryl ether (POE lauryl ether), ly~olecithin,~ 
gastric m ~ c i n , ~  and pepsin NF.5 The dissolution medium for the 
salicylamide studies consisted of pH 6.0 phosphate buffer (0.05 M 
total phosphate) containing 10 mM sodium glycocholate.6 


After addition of the drug to the dissolution medium, 1-ml. 
samples of the medium were taken periodically with a filter pipet, 
diluted appropriately, and analyzed spectrophot~metrically~ at 
302.5 mp for salicylic acid (in 0.1 N HCI) and at 300 mp for salicyl- 
amide (in pH 6.0 buffer) against an appropriate blank. 


Dosage Form Studies-The influence of low concentrations of 
POE lauryl ether and lysolecithin on the dissolution of aspirin at 
37" from two commercially available preparations was studied using 
a modification of the beaker method (11) as described previously 
(12). The dosage forms consisted of a buffered tablet and hard gela- 
tin capsule each containing 325 mg. (5  grains) of aspirin, and were 
obtained from retail outlets. The dissolution medium consisted of 
400 ml. 0.1 N HCl containing various concentrations of surfactant. 
Agitation was provided by a 7-cm. Teflon blade fitted to a glass 
stirring rod attached to an overhead motor, and maintained constant 
at 50 r.p.m. The depth of the stirring blade in the dissolution medium 
was kept constant with the bottom edge of the blade maintained 
4.5 cm. below the surface of the liquid. 


A problem was encountered in that the capsule, due to its low 
hulk density, floated on the surface of the dissolution medium. 
This was overcome by placing the capsule in a rectangular wire 
frame with all faces open to the dissolution medium. The frame 
provided sufficient weight to prevent floating and did not appear 
to interfere with the flow of fluid about the capsule itself. With 
either dosage form little material was found at the surface upon 
disintegration or disruption and undissolved drug and excipients 
were present in the form of a mound at the bottom of the round- 
bottom flask. 


Preliminary experiments with the tablet dosage form indicated 
a marked difference in the dissolution rate of aspirin depending 
upon which face of the tablet is presented to the dissolution medium, 
i.e., which face is up. When the manufacturer's identifying mark 
(logogram) was facing up the time required to dissolve 50% of the 
drug content ([so%) was about twice that observed when the logo- 
gram was facing down. The dosage form appears to be a two-layer 
tablet; one layer contains the buffering ingredients while the other 
contains the aspirin. The logogram is impressed on the layer con- 
taining the buffering ingredients. Arbitrarily it was decided to eval- 
uate the dissolution rates only when the logogram was facing up and 
all results in this report are based on this experimental condition. 


After introduction of the dosage form to the flask, 1-ml. samples 


Eastman Organic Chemicals, Rochester, N. Y. 
Polyoxyethylene (23) lauryl ether. Generously supplied by Atlas 


Chemical Industries Inc., Wilmington, Del. 
3 Nutritional Biochemical Co., Cleveland, Ohio. 
I< & K Laboratories, Plainview, N. Y. 


5 Fisher Scientific Co. 
6 Mann Research Laboratories, New York, N. Y. ' Hitachi-Perkin Elmer spectrophotometer model 139 
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Figure 1-Effect of pepsin and gastric mucin on the dissolution of 
salicylic acid powder in 0.1 N HCI. Key: (@), control; (A), 0.32% 
w/v pepsin; (A), 0.05% w/v gastric mucin; (O), 0.2% w/v gastric 
m u c k  Data represent means of three to five determinations. 


were taken at appropriate intervals with a filter pipet. One milli- 
liter of 1 N NaOH was added to each sample and the sample was 
then hydrolyzed for 1 hr. at 100". The pH of the hydrolyzate was 
adjusted to pH 1 with HC1 and the sample diluted to volume with 
0.1 N HCl. Total snlicylate was determined spectrophotometrically 
as described above. 


RESULTS 


The dissolution rate of salicylic acid from the surface of 0.1 N 
HCI solution is shown in Fig. 1. Approximately 70% of the material 
dissolves in an apparent zero-order fashion at a constant rate of 
about 4 mg./min. 'This indicates that during the initial course of 
dissolution the effective surface area of the powder is relatively 
constant and there is little permeation or wetting of the solid phase 
by the solvent. Dissolution occurs primarily from the liquid-solid 
interface which is limited in area. Also included in the figure is the 
dissolution data obtained in 0.1 N HCl containing pepsin and gastric 
mu&. The lower concentration of mucin had little effect on the 
dissolution of salicylic acid but the higher concentration of mucin 
as well as 0.32% (vu/v) pepsin inhibited dissolution. 


The influence of surface-active agents on the dissolution of 
salicylic acid is shown in Fig. 2. Both POE lauryl ether and lysolec- 
ithin markedly enhance the dissolution rate of the drug compared 
to that observed in 0.1 N HCl. The results are essentially a function 
of enhanced wetting and increased effective surface area in the sur- 
factant systems since based on equilibrium solubility studies these 
concentrations of surfactant have virtually no effect on drug 
solubility. When the drug is dusted on the surface of the surfactant 
solutions, wetting is observed and the powder rapidly leaves the 
surface and is dispersed in the bulk. 


A similar plot of the influence of 10 mM sodium glycocholate 
on the dissolution of salicylamide in pH 6 buffer is shown in Fig. 3. 
This concentration of glycocholate is comparable to the usual con- 
centration of conjugated bile salts in the proximal intestine (13). 
Salicylamide is about 12.5% more soluble in the glycocholate solu- 
tion than in the buffer solution alone. This difference however can- 
not account for the pronounced increase in dissolution rate. Hence 
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Figure 2-Effect of pre-micellar concentrations of polyoxyetliylene 
(23) lauryl ether and lysolecithin on the dissolution of salicylic acid 
powder in 0.1 N HCI. Key: (O), control; (D), 0.01 w/c POE IauryI 
ether; (A), 0.0025% w/u Iysolecithin; (0), 0.005 % w/c lysolecithin. 
Surfactant data represent means of two determinations. 


the results primarily demonstrate the marked wetting activity of 
physiologic concentrations of conjugated bile salts. 


Comparison of the dissolution rates of aspirin from the tablet 
and capsule dosage forms in 0.1 N HCI at 50 r.p.m. is shown in 
Fig. 4. There is little difference in the initial dissolution rates, and 
the time required to dissolve about of the drug content from 
each dosage form is identical. However after disintegration or dis- 
ruption of the dosage form and formation of a mound, the dissolu- 
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Figure &Effect of physiologic concentrations of conjugated bile 
salt on the dissolution of salicylamide powder in pH 6.0 phosphate 
buffer. Key: (O), control; (0), I0 mM sodium glycocholate. 


Table I-Mean Time Required to Dissolve 50 
Content (&%) from Two Dosage Forms in 0.1 N HCl 
Under Various Experimental Conditions 


No. of 


of the Aspirin 


Dosage Form and Deter- Mean (fSD), 
Conditions of Expt. minations min. 


Capsules4.1 N HCl 5 34.7 (10.5) 
Capsules4.01 % POE lauryl 


ether 4 34.3 (11.2) 
Capsules-O.0025 % 


Table ts4 .1  N HCI 
Lysolecithin 2 48.5 (51, 46) 


3 52.0 (9.9) 
Tablets4.01 % POE lauryl 


ether 5 14.5 (7.2) 
Tablets4.0025z 


Lysolecithin 3 8.2 (5.9) 


tion from the capsule formulation is considerably faster than from 
the tablet formulation. Consequently there is a marked difference 
in the tbo7 values for each dosage form (see Table I). 


w/v POE lauryl ether in the dissolution me- 
dium produces rather interesting results. as may be seen in Fig. 4. 
The surfactant had virtually no effect on the dissolution of aspirin 
from the capsule but markedly increased the dissolution rate of 
drug from the tablet. As shown in Table I the valuein the sur- 
factant solution is reduced to about one-third of tablet control 
levels. Comparison of the dissolution rates of aspirin from the tablet 
and capsule dosage forms in surfactant solution indicated a statis- 
tically significant difference ( p  < 0.01) in favor of the tablet dosage 
form. 


Inclusion of the physiologic surfactant. lysolecithin, in the dis- 
solution medium produced results similar to those observed with 
POE lauryl ether. As shown in Table I. the t a q  value for the cap- 
sule was actually increased somewhat over control values, prin- 
cipally due to a delay in the initial disruption of the gelatin. Lyso- 
lecithin markedly decreased the tso-, of the tablet dosage form from 
a control level of 52 min., to 8 min. 


The influence of POE lauryl ether concentration on the dissolu- 
tion of aspirin from the tablet dosage form is shown in Fig. 5. 
Initial dissolution rates are found to increase as a function of sur- 
factant concentration. This is evident by considering the mean tso% 
values in Table 11. However the effect appears to approach a max- 
imum at about 0.01 w/v which corresponds closely to the CMC 
of 0.01 1 g./lOO ml. at 35' reported by Becher and Arai (14). Also 
shown in Table I1 are the surface tension values for the various 
solutions determined by means of a ring tensiometer* at room 
temperature. Apparently good correlation is observed between 
surface tension lowering and the change in t50 5. 
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200 


3 
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Figure &Effect of 0.01 % w/u polyoxyethylerre (23) lrrrrryl ether on 
the dissolution of aspiriii from a capsule and tablet dosage form in 
0.1 N HCI. Key: controls: (0), capsule: (A). tablet; surfactant soh- 
tion: (0). cnpsule: (2) )  tablet. 


8 Fisher Surface tensiometer model 20, Fisher Scientific Co. 
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Table lI-Relationship Between Surface Tension (7)  of 
Dissolution Medium, and Dissolution Rate ( f 5 , % )  of Aspirin from 
Tablet Dosage Form as a Function of Surfactant Concentration 
in 0.1 N HCI 


I I , I 1 1 


0 10 20 30 40 50 60 
TIME, min. 


Figure 5-Dissolution of aspirin from a tablet dosage form as a 
function of potyoxyefhytewe (23) lauryl ether concentration in 0.1 N 
HCI. Key: (O),  control; (c), 0.005% w/c;  (0). 0.01% w/r;  (A), 
0.03% w/u. 


DISCUSSION 


Although there is a great deal of interest in the development 
of systems to generate dissolution data which may be related to in 
ciuo data on dissolution rate-limited absorption, there has been 
very limited attention given to a consideration of the inclusion of 
surface-active agents in such systems. The presence and role of 
physiologic surfactants in intestinal fluid is well established. The 
presence of physiologic surfactants in gastric fluid has been sug- 
gested (7) but not proven conclusively. Samples of gastric juice 
obtained from patients under examination for gastric disorders show 
a great deal of surface activity. The source of this activity is undeter- 
mined, however. The present studies indicate that neither gastric 
mucin nor pepsin possess a high degree of surface activity as judged 
by powder dissolution studies. On the other hand. conjugated bile 
salts and lysolecithin, both of which may be present in small 
amounts in gastric fluid, demonstrate marked wetting activity and 
their presence may exert a significant influence on dissolution. 
Several investigators (15. 16) suggest a reflux of duodenal contents 
into the stomach. Hence normal gastric fluid may frequently be 
contaminated by intestinal contents which are highly surface- 
active. Lysolecithin may also be present in gastric fluids by virtue 
of the normal turnover and breakdown of gastric mucosal cells 
(16-1 8). 


The possible influence of physiologic surfactants on dissolution 
has been clearly demonstrated in the powder dissolution rate stud>- 
reported previously (7) and in the present study. However, the use 
of systems whereby powder is dusted on the surface of the dissolu- 
tion medium certain]) optimizes the influence of a wetting agent on 
dissolution rate. Moreover, this type of system has no physiologic 
relevance with respect to usual dosage forms. Hence it was of inter- 
est to examine the influence of low concentrations of surface- 
active agents on the disssolution rate of a drug from a dosage form 
using more conventional methodology. The tablet data summarized 
in Table I clearly support the possibility that physiologic surfactants 
play a role in dissolution rate-limited absorption. Low concentra- 
tions of POE lauryl ether or lysolecithin markedly increase the 
dissolution rate of aspirin from the tablet presumably by a wetting 
and/or deaggregation effect, both of which would result in an in- 
creased effective surface area. Based on the data in Fig. 5 and Table 
I1 it appears that the magnitude of this effect increases as a function 
of surfactant concentration and approaches a maximum at con- 
centrations in the range of the CMC. 


Preston (19) studied certain physical properties of detergent 
solutions and observed that striking alterations in the various 
properties occur in the region of the CMC. He finds, for example, 


% (w/v) POlYOXY- 
ethylene (23) Lauryl 


Ether in YY Mean 
0.1 N HC1 dyne cm.-l t50%t mm. 


0.00 
0.005 
0.01 
0.03 


78 
58 
41 
40 


52 
30 
14.5 
11 


that the ability of sodium dodecyl sulfate to lower surface and 
interfacial tension is maximal at the CMC. The term wetting as 
used in various practical situations tends to be defined in terms of 
the effect desired. Usually, however, wetting means that the contact 
angle (0) between a liquid and a solid approaches zero (20). Accord- 
ing to the Dupre equation 


cos e = (yS - YSLYYL 0%. 1) 


where y S  and y L  refer to the surface tensions of the solid and liquid, 
respectively. and YSL refers to the solid-liquid interfacial tension. 
Adamson (20) notes that if good wetting is to be observed, both 
y~ and y s ~  should be made as small as possible. From a practical 
standpoint, this is best accomplished by adding a surfactant to the 
liquid phase, which is adsorbed at the solid-liquid and liquid-air 
interfaces and therefore lowers these interfacial tensions. If the 
surfactant is nonvolatile, it may be presumed not to affect y s .  
It follows, therefore, that wetting is maximal at the CMC. 


The lack of effect. of either surfactant on the dissolution of aspirin 
from the capsule formulation is quite interesting in contrast to the 
effects observed with the tablet formulation. Moreover this differ- 
ential effect may have pertinence in studies attempting to correlate 
in vitro dissolution with in uivo absorption. For example let us as- 
sume that one desires to predict a rank correlation of absorption 
rates of the two formulations. The dissolution data obtained in 0.1 N 
HCI using the modified beaker method (Table I) suggest that more 
rapid dissolution occurs with the capsule formulation. However 
urinary excretion studies in man (unpublished observations) indi- 
cates that the initial absorption rate of aspirin is significantly more 
rapid from the tablet than from the capsule dosage form. Upon 
addition of the surfactant to the dissolution media one finds the 
same rank correlat,ion as observed in vivo. This type of crossover 
phenomenon in in vitro correlation studies is not unique. Similar 
effects have been reported by Levy (21) as a function of pH and 
agitation rate. 


The authors wish to clearly state that it is not the intent of this 
report to propose the arbitrary inclusion of surfactants in dissolu- 
tion test systems. They have attempted to point out the physio- 
logic realities, the potential effects of wetting agents, and, equally- 
important, the complexities of the situation. They propose that the 
presence of physiologic surfactants in the gastrointestinal tract 
and the observed effects of these surfactants on dissolution warrant 
serious consideration in the design of dissolution rate tests for 
predicting drug absorption and availability. 
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Intestinal Absorption of Heparin: A Study of the 
Interactions of Components of Oil-in-Water Emulsions 


R. H. ENGEL” and S. J. RIGGI 


Table I-Concentrations Studied in Composite Design” 
Abstract 0 It was previously reported that intraduodenal ad- 
ministratipn of heparin in an emulsified form to rats and gerbils 
results in the intestinal absorption of heparin and appearance of 
serum clearing factor (lipase) activity. The present studies were 
undertaken to define the effects of the emulsion components on the 
absorption of heparin as measured by clearing factor activity and 
to determine optimum composition of the emulsion. Using a three- 
component composite design, the effects of varying heparin, sur- 
factant (an anionic phosphate ester), and oil (trioctanoin) concentra- 
tions have been studied simultaneously and the characteristics of 
the interrelationships analyzed. Clearing factor activity was directly 
related to the concentration of each of the emulsion components. 
An inverse relationship was evident for heparin and oil such that 
the loss of activity resulting from a lowered heparin concentration 
can, within limits, be compensated for by an increase in the oil 
concentration. The data suggest that heparin absorption is directly 
related to and may vary with the particle size and total surface area 
of the oil droplets. The relationships presented may be unique for 
the particular surfactant and oil chosen. 


Keyphrases 0 Heparin absorption, effects of emulsion composition 
0 Emulsions, oil-in-water-interaction of components 0 Clearing 
factor activity, emulsions 


Trioc- 
Heparin, tanoin, I Surfactant, % 
mg./kg. % 0.01 0.023 0.10 0.435 1.0 


150 3.2 
5.5 


12.5 
28.6 
50.5 


100 3.2 
5.5 


12.5 
I 


6 28.6 
50.0 


55 3.2 
5.5 


12.5 
28.6 


10 


15 


13 


12 


50.0 
30 3.2 


5 . 5  7 


4 


3 


8 


. .. 


12.5 
28.6 
50.0 
3.2 


20 5.5 
12.5 
28.6 
50.0 


It was previously reported (1, 2) that the intestinal 
absorption of heparin could be effected by its intra- 
duodenal administration in an emulsion containing 
vegetable oil and a suitable surfactant. A number of 
possible combinations were described (1). The present 
studies were undertaken to investigate the effects of 
emulsion composition on heparin absorption and to de- 
termine the concentrations of heparin, oil, and surfactant 
necessary to achieve maximum absorption of the poly- 
saccharide. Combinations of emulsion components were 
varied in a factorial manner according to a three- 
factor composite design (3) to take into account pos- 
sible interactions between components. 


14 


a Numbers in italics correspond to points indicated in Fig. 1. 


EXPERIMENTAL 


Materials and Methods-Heparin, sodium (Lederle Laboratories), 
trioctanoin (Eastman), and a phosphate ester surfactant (RE-610, 
Antara Chemicals) were used. Preparation of the emulsions was 
carried out in a single step as previously described (1). Heparin in 
aqueous solution with the surfactant was used as control. Final 
concentrations of the surfactant and trioctanoin and doses of 
heparin are presented in Tables I and 11. The volume of emulsion or 
solution administered was 5 ml./kg. body weight. 


Animals used were male Wistar rats (175-250 g., obtained from 
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Extent of Hydration of Dimethyl Sulfoxide in Aqueous Solution 


HANS SCHOTT 


Abstract 0 The maximum hydration of dimethyl sulfoxide (DMSO) 
in aqueous solution at 25" was investigated by the deviation of 
experimental values of fluidity, dielectric constant, refractive index, 
density, and molar refraction from values calculated by linear 
interpolation between the values of the two pure liquids as a function 
of mole fraction. The maximum deviation in fluidity and dielectric 
constant occurred at the ratio of three water molecules per DMSO 
molecule; this is the maximum hydration. The magnitude of the 
maximum deviation was 203x for fluidity and 4% for dielectric 
constant. The maximum deviation in refractive index and molar 
refraction occurred at water-DMSO molar ratios of 2: 1 and 1 : 1 .  
These two values are shown to be low. 


Keyphrases 0 Dimethyl sulfoxide hydration-aqueous solution 0 
Viscosity-dimethyl sulfoxide-water mixtures 0 Density-di- 
methyl sulfoxide-water mixtures 0 Refractive indexes-dimethyl 
sulfoxide-water mixtures 


Dimethyl sulfoxide (DMSO) is a powerful solvent for 
inorganic ( 1 ,  2) and organic compounds including high 
polymers (3), and is therefore often used as a medium 
for conducting reactions (2-4). In the pharmaceutical 
field, DMSO is unique as a skin penetrant and greatly 
improves the percutaneous absorption of many drugs 
(5). During a study of solutions of organic compounds 
in DMSO-water mixtures, it became necessary to know 
the extent of hydration of DMSO, i.e., the maximum 
number of water molecules associated with a DMSO 
molecule at room temperature. A review of the physico- 
chemical literature on the DMSO-water system revealed 
the need for additional data. Pertinent old and new data 
and their interpretation are presented here. 


THEORETICAL 


Association in a binary liquid system can usually be detected by 
the deviation of the experimental values of an intensive property 
of the mixtures from the additive values of the property. The latter 
is calculated by linear interpolation between the two values of 
that property of the two pure components as a function of composi- 
tion. The stoichiometric composition of a complex formed between 
the two components is often that composition at which this devia- 
tion A reaches a maximum: 


Ap p i 2  r l p t ~ .  - pi2 ci,~cd. = PIZ c.ygtl. - (XIPI + ~ 2 ~ 2 )  (Eq. 1) 


Here, p is the property (density d, refractive index n,  or dielectric 
constant D),  x is the mole fraction, and Subscripts 1, 2, and 12 
refer to water, DMSO, and to their mixtures. 


Molar refractions of the mixtures were obtained from measured 
densities and refractive indexes by 


Calculated molar refractions were obtained by 


where M represents the molecular weights (6). 


The most reliable and sensitive property for obtaining the com- 
position of association complexes is the fluidity '$, which is the 
reciprocal of viscosity. Fluidity deviation has been applied success- 
fully not only to the study of strong association complexes (7, 8) 
but also to weaker ones, such as those formed through hydrogen 
bonding (9-11). The Kendall equation (12) 


log $12 ealed. = XI log '$1 + X2 log $2 (Eq. 4) 


is obeyed by ideal or nearly ideal solutions (7). Association be- 
tween the two liquid components causes the observed fluidity of 
their mixture to be smaller than that calculated by Eq. 4 (7-9). 


This is readily visualized in terms of Eyring's model, according 
to which a liquid consists of solid-like domains and vacancies or 
holes. Flow occurs when a flow unit moves into a hole under the 
action of an applied shear force (13). Single molecules are the flow 
units in nonassociated liquids. Associated liquids have greater 
flow units and require greater holes to flow, which results in in- 
creased viscosity or smaller fluidity. In the DMSO-water system, 
the greatest flow unit exists in the mixture where the greatest 
number of water molecules is associated with each DMSO molecule. 
This is the composition for which viscosity and deviation from the 
Kendall equation are the greatest. 


In order to obtain positive A values for fluidity and molar re- 
fraction, A was obtained by subtracting the experimental values 
from those calculated, contrary to what was done for density, 
refractive index, and dielectric constant (Eq. 1). 


For ideal solutions, A values are usually zero. In the case of 
fluidity, the magnitude of A may be a measure of the magnitude of 
the interaction between the two components (14). 


EXPERIMENTAL 


Materials-DMSO (Crown Zellerbach Corp.) was given three 
fractional crystallizations, followed by prolonged refluxing over 
calcium hydride, and by fractional distillation from calcium hydride 
under reduced pressure in an atmosphere of dry nitrogen. Thorough 
drying was important because traces of moisture affected the 
viscosity strongly. The properties of the purified solvent, MP = 
18.53", n'," = 1.4768, d:' = 1.0957 g . / ~ m . ~ ,  and '$ = 50.0 poise-' 
based on the value of 0.8903 cp. for the viscosity of water at 25", 
are in good agreement with published values (4, 15-17). 


Water was doubly distilled. Water-DMSO mixtures were pre- 
pared in 100-g. batches by weighing out the two liquids to the 
nearest milligram. 


Methods-The temperatures during the measurements were 
maintained constant within j=O.0lo. Viscosities were measured with 
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Figure I-Differences between experimental and calculated refrac- 
rive indexes of DMSO-water mixtures. Key: 0,  Ref. 15; 0, Ref. 17; 
A, Ref. 16; A, this work. 
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Figure 2-Differences between experimerltul arid culculuted densities 
of DMSO-water mixlures. Symbols as in Fig. 1. 


a viscometer (Cannon-Fenske) which had the flow time of 286.4 
sec. for water. The kinetic energy correction was too small to be 
taken into account. Duplicate measurements, made on fresh por- 
tions of the solutions, agreed within 0.2 sec. Densities were deter- 
mined with a pycnometer (Sprengel-Ostwald) of 25-ml. capacity. 
Refractive indexes for the sodium D line were measured with a 
refractometer (AbbC). 


RESULTS 


Figures 1 and 2 are plots of the differences between measured 
refractive indexes (nY) and densities (d,5) of DMSO-water mix- 
tures published in the literature (15-17) and in this paper, and those 
interpolated by means of Eq. 1. The compositions employed in 
this work were chosen to be in the range where this difference goes 
through a maximum, because it is the composition corresponding 
to the maximum difference that is being sought. 


There is good agreement between the three sets of experimental 
refractive indexes, but one of the four sets of experimental density 
values (17) is consistently lower than the other three. This results 
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Figure 3-Differences between culcirluted rind experimentul molur 
refractions of DMSO-wuter mixtirres. Symbols CIS in Fig. 1 .  


60 


m I 
0 
.- 
a 
2 50 


40 
0.10 


~ 


0.20 0.30 0.40 
xz 


Figure &Differences between calculated and experimental Juidities 
of DMSO-water mixtures. Symbols as in Fig. I .  


in high molar refractions [RIl2 exptl and low A[R] values (see Fig. 
3). 


The agreement between the four sets of experimental fluidities 
(Fig. 4) is good. For DMSO mole fractions x2 in the range of 0.50 to 
0.95, there is a linear relationship between fluidity in poise-' and 
x?. The least-squares equation is 


(Eq. 5 )  


Table I lists the compositions at which the maximum differences 
between experimental and observed values occurred, together with 
the percent relative deviations calculated as 


rel. dev. = 100 I PIZ exptl. - P12 eaicd l/P12 exptl (Eq. 6) 


The data for dielectric constants D were taken from Reference 18. 
By far the largest deviation was found for fluidity. The molar 


compositions corresponding to the maximum deviation range from 
one water molecule associated with each DMSO molecule to over 
three, depending on which property IS considered. 


4 1 2  exptl = 7.918 + 4 3 . 4 5 ~ 2  


DISCUSSION 


IR evidence (19) indicates that the sulfur-oxygen link in sul- 
foxides is mainly a covalent double bond (Structure I) with a small 
proportion of the ionic Structure 11. 


HJ CH3 HaC CH, 
\+I 


S 
I I I 


'4 
II 
0 0- 
I I1 111 


Cyclic polymers like 111 have been proposed (2), especially below 
40". The formation of strong hydrogen bonds with water has been 
shown by IR spectroscopy (19). The high heat of mixing of water 
and DMSO (15, 20) indicates that the hydrogen bonds formed be- 


Table I-Compositions of Maximum Deviation between 
Experimental and Calculated Physical Properties in the 
DMSO-Water System at 25", and Magnitude of the Deviations 


Rel. Dev..= 
Property p X3 PlZ expt l .  z 


dz 0.30 1.0881 g./ml. 5 . 6  
n:: 0.34 1 ,4372 3 .9  


0.51 12.012 ml. 0 .7  
0.25 73.5 4.1 + 0.23 30.79 poise-' 202.8 


El 


* Calculated by Eq. 6 .  
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tween the two molecules are stronger than those formed between 
water molecules. 


The heat of mixing tiersus composition curves went through a 
pronounced exothermic minimum at x2 = 0.37, both at 25 and 
70” (15, 20), and the excess free energy of mixing went through a 
shallower minimum at x2 = 0.4. This does not imply that the maxi- 
mum association between water and DMSO occurs at a molar 
ratio of 1.7:1, because water can be bound to DMSO not only by 
hydrogen bonding but also by interaction between the positive 
end of the sulfur-oxygen dipole and the negative end of the oxygen- 
hydrogen dipole (IV). 


H H  ‘4 


This latter interaction would make a small contribution to the 
heat of mixing relative to the formation of hydrogen bonds. Only 
if the functional groups interact with water almost exclusively 
through hydrogen bonding, like the ether group, does heat of 
mixing in the binary system with water give the correct composition 
of maximum interaction (9, 21). 


The permanent dipoles of water and DMSO contribute only to D 
and not to n. D is measured at the low frequency of 106 cycles/sec., 
but n is measured with radiation of 1014 cycles/sec. A permanent 
dipole cannot line up quickly enough to follow an electric field 
alternating with such a high frequency, and therefore does not 
affect ti (22). 


For the same reason, the Lorenz-Lorentz equation (Eq. 2) does 
not reflect the true solution behavior because the total molar 
polarization contains a term which includes the square of the 
dipole moment in addition to the molar refraction term. Therefore, 
deviation from additivity of the dielectric constant rather than of 
the refractive index or of the molar refraction would be expected 
to give the composition of maximum interaction between DMSO 
and water. 


As can be seen from Table I, dielectric constant and fluidity 
have maximum deviations at nearly identical compositions, which 
correspond to the maximum hydration of three water molecules 
per DMSO molecule. This could be represented by Structure IV. 


In the case of water-miscible ethers, the maximum hydration 
was found to be two water molecules per ether group by deviation 
in fluidity. This is the value expected from considerations of elec- 
tronic configurations. Molar refraction and refractive index devia- 
tions gave the maximum hydration as 1.2 water molecules per 
ether link (6, 9, 10). This is low for the same reason as discussed 
above. 


In conclusion, deviation from additivity of dielectric constant 
and of fluidity indicated that the maximum hydration of DMSO in 
aqueous solution was three water molecules per DMSO molecule. 
Of the two techniques, fluidity measurements are to be preferred 
because they require only simple equipment and result in much 
larger deviations. 
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3-Hydroxy-4,5-dimethoxy-~-phenethylamine Hydrochloride ( I F  
A solution of the benzyl ether 1X (0.3 g.) in acetic acid (15 ml.) con- 
taining 0.1 g. of 10% palladized charcoal was shaken with hydrogen 
(26 psi.) at room temperature for 90 min. After removal of the 
catalyst, the solution was evaporated and the residue crystallized 
from ethanol-benzene to give flat needles (0.195 g.), m.p. and mixed 
m.p. with an authentic sample6 178-179”; identical TR spectra. 


(8) E. Leete and J. D. Braunstein, Tetrahedron Letters, 1969, 
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Structure and Conformation of the Cortisone Side Chain 


A. COOPER* and W. L. DUAX 


Abstract 0 The results of a recent crystal structure analysis of the 
4-chloro-derivative of cortisone have been used to describe the exact 
conformation of the C-17 side chain in this molecule. The results of 
this analysis are compared with those obtained from molecular 
orbital calculations. and from optical rotatory dispersion, circular 
dichroism. infrared and nuclear magnetic resonance measure- 
ments. The C-17 side chain shows no evidence of internal hydrogen 
bonding, either with the C-17 or with the C-21 hydroxyl groups, 
and it is shown that such hydrogen bonding is unfeasible, both in 
the crystal and in solution. Evidence regarding the preferred con- 
formation of C-17 acyl side chains in general, is also presented. 


Keyphrases Cortisone side chain-structure, conformation 0 
C-17 side chain conformation---4-chloro-derivative, cortisone 
0 Crystalline structure data-cortisone side chain conformation 


The conformation and relative positions of the func- 
tional groups on the steroid molecules are of particular 
interest in steroid structure studies, in that they are 
thought to be the key to understanding the way in 
which steroids act upon their target organs (1). The 
configuration of the 17-side chain is less restricted than 
the rest of the steroid structure and is open to greater 
speculation. The authors have recently completed a de- 
tailed crystallographic structure analysis of the 4- 
chloro-derivative of cortisone (2) and are now able to 
accurately describe the geometry of the side chain of 
this corticosteroid. 


EXPERIMENTAL 


Conformation of the C-17 Side Chain-From molecular orbital 
calculations on cortisol, Kier ( 3 )  has predicted a side-chain con- 
formation in which the carbonyl oxygen atom (0-20) is situated 
over the D-ring, and is equidistant from both C-13 and C-16 (Fig. 
la). Also, he predicted that the entire side chain, including C-17 
and the @-oriented C-17 hydroxyl group, is planar. 


I 
OH, C-21 


(la) 


(lc) 


Figure 1-Conformation of the C-17 side chain, showing Newman 
projections along the C-l7-C-20 bond; (a) according to Kier (3); 
(b) according to Wellman and Djerassi (4);  (c) thepreferredconforma- 
tion for the C-I7acylside chains (6) .  
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88' 
C-17,C-20 C-17 52' 


(2-21 
OH d21A 


@a) (2b) 
Figure 2-Conformations in ihe side chain of' cortisone, as deter- 
mined in the X-ray structure investigaiion; (a) projection along the 
C-I 7 4 - 2 0  bond; (b)projection along the C-20-C-21 bond. 


On the other hand, Wellman and Djerassi (4), using optical rota- 
tory dispersion and circular dichroism measurements, have as- 
signed Fig. Ib as the preferred conformation for acetyl side chains 
when there is no 16O-ring D-substituent. 


The present investigation confirms the latter assignment, in 
which our observed torsional angle C-l&C-17-C-20-0-20 is -27 '. 
In fact, an examination of crystal structures of steroids, performed 
in this laboratory and by others, shows that the preferred conforma- 
tion of steroids containing the acyl side chain at C-17 is as shown in 
Fig. lc. Of the eleven examples available, the torsional angles for 
nine lie in the range 0-30", and two in the range -40" to -45". 


The exact conformations, obtained in this investigation, for the 
C-17-C-20 and C-20-C-21 bonds are given in Fig. 2. Obviously, 
this conformation about the C-17-C-20 bond, does not allow the 
17a-hydroxyl group to be coplanar with the remainder of the side 
chain, as Kier predicted. It is seen that the side-chain atoms C-20, 
C-21,O-20, and 0-21 are all within 0.02 A. of the plane 0.7867~ + 
0.61 36y + 0.0676~ - 6.946 = 0, and that the 0-21 hydroxyl hydro- 
gen atom (HO-21) lies 0.16 A. out of this plane, with a torsional 
angle, C-20-C-21-0-21-HO-21, of 7", instead of 0"  in the case of 
coplanarity. 


Although Kier's calculations do not agree precisely with the re- 
sults of the present investigation, it is encouraging to note that the 
purely theoretical arguments employed by him produced a model 
in which the C-17-C-20 bond conformation was within about 30" 
of that actually observed. Since intramolecular interactions are of 
great importance in the extended Huckel treatment that he em- 
ployed, Kier's adoption of the infrequently observed C, (a-envelope) 
conformation, instead of the more usual distorted P-envelope con- 
formation, as observed in this molecule, could make enough dif- 


ference in the relationship between the carbonyl group and the D- 
ring, to bring the calculated conformation into closer agreement 
with that actually observed. In passing, it is worth noting that the 
authors' analysis of all accurately known steroid structures shows 
that the preferred D-ring conformation is almost halfway between 
C, (half-chair) and C, (P-envelope) (5, 6). 


Hydrogen Bonding-In view of the importance attached to the 
possibility of hydrogen bonding playing a major role in binding 
cortisone to possible receptors, this possibility is discussed in some 
detail. 


The importance of the 21-hydroxyl group in assuring activity 
of the adrenocortical steroids is open to some speculation. For 
example, since 9a- and 12a-Huoro-l l P-hydroxyprogesterone are 
approximately as active as cortisol in glucocorticoid activity (7, S), 
the presence of the 21-hydroxyl group does not appear to be es- 
sential for this activity. The possibility of very weak receptor- 
C-21 hydroxyl-hydrogen bonding to assist in, or to enhance, an 
already existing receptor-steroid interaction, has been proposed (9). 


A possible reason for the C-21 hydroxyl group not being a strong 
contributor to hydrogen bonding, is that it is already involved in 
intramolecular hydrogen bonding with 0-20 or with the 17a-hy- 
droxyl group. From IR and NMR studies (10). Cole and Williams 
dismiss the second of these factors, but attribute an increase of 3 
cm.-1 in the 20-carbonyl absorption frequency to a weak hydrogen 
bond between 0-20 and the 21-hydroxyl hydrogen. 


The results of this structure investigation of LCchlorocortisone, as 
summarized in Fig. 3, immediately confirm that hydrogen bonding 
between the 17a- and the C-21 hydroxyl groups is impossible. 
However, at first sight, it would appear that 0-20 to C-21 hydroxyl- 
hydrogen bonding is quite feasible. That this is not so, is ap- 
parent from an examination of the exact geometry of the atoms 
0-20-C-20-C-21-0-21-HO-21. As has already been mentioned, the 
first four these atoms are coplanar, but the hydroxyl hydrogen 
lies 0.16 A. out of this plane. This, in itself, is not sufficient reason 
to preclFde hydrogen bonding. However, the distance 0-20-HO-21, 
of 2.26 A,,  is 0.56 A. longer than expected for hydrogen bonding (11) 
and the angle 0-20-HO-21-0-21, of 97", is some 30" smaller than 
the minimum required for hydrogen bonding (12). The fact that, 
even if the hydroxyl hydrogen atom was coplanar with the remainder 
of the side chain, intramolecular hydrogen bonding in this region is 
unreasonable on purely steric grounds, is clearly evident in Fig. 4. 
Here, the van der Waals outline of the side chain of cortisone is 
compared with portion of the salicylic acid molecule. The geometry 
of salicylic acid has also been exactly determined by X-ray crystal- 


Figure 3-Summary of' interatomic bond disfances and angles observed in 4-chlorocortisone. 
crystal is also shown. 


Iritermolecdar hydrogen bonding in the 
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W 
( 4 4  J(b) 


Figure 4-Van der Wuals outlines of (a) portion of salicylic acid, 
showing the presence of strong intramolecular hydrogen bonding; 
(b) the C-17 side chain of cortisone, showing the unfeasibility of 
intramolecular hydrogen bonding. 


lography (1 3), and intramolecular hydrogen bonding has been 
shown to exist. It is quite obvious that the additional atom in the 
hydrogen-bonding hexagon (Fig. 4u) has brought the atoms into the 
correct steric configuration for hydrogen bonding. but in cortisone 
(Fig. 4b) this cannot occur. The conclusion is that there is no in- 
tramolecular hydrogen bonding in the side chain of cortisone and 
that even in solution, the geometry of these atoms will not allow the 
necessary steric relationships to exist in order to effect it. 


Intermolecular hydrogen bonding occurs in the cortisone crystals, 
between 0 - 3  and the 17a-hydroxyl group of adjacent molecules, as 
shown in Fig. 3. There is a possibility of very weak hydrogen bond- 
ing involving 0 -3  and the C-21 hydroxyl group of an adjacent 
molecule, but the geometry of the “bond,” as shown in Fig. 3, is at 
the limit of acceptable values. 
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Action of Adenosine Triphosphate on the Depressed Spontaneous 
Electrical Activity of the Dog Cerebral Cortex 


G. BENZI, E. ARRIGONI, A. FERRARA, and P. MASCHERPA 


Abstract 0 The repeated suppression of the ventilation and the cir- 
culation of the brain in the dog, induces a high depression or a 
silence of electrical activity of the cortical and subcortical centers. 
The recovery of respiratory and circulatory conditions produces 
only a partial spontaneous reversion, which is particularly improved 
by adenosine triphosphate, selectively perfused into the circle of 
Willis. 


Keyphrases Adenosine triphosphate (ATP) activity-xerebral 
cortex 0 Cortical electrical activity depression--ATP effect 
EEG recording-ATP cortical effect 


Many investigators have been interested in the 
modification of the normal or pathological electro- 
encephalogram (EEG) induced by the systemic or local 
administration of drugs to  experimental animals or 
man. However. a number of workers agree that elec- 


trical activity of the cortex is greatly modified by changes 
in blood CO, and 0,. An increase in CO, is associated 
with a shift in energy toward the fast side of the spec- 
trum with a decrease in the total amount of energy; on 
the contrary a low PCO? induces a change in energy to- 
ward the slow side of the spectrum with an increase in 
the total amount of energy. A decrease in amplitude 
with an increase in frequency, as it occurs with high 
CO, values, does not necessarily indicate that less po- 
tential energy is being used, but it may indicate that the 
EEG recording apparatus is less efficient at high fre- 
quencies (1).  Nevertheless, during a condition of short 
asphyxia by suspension of artificial ventilation, an actual 
decrease or suppression of the cerebral electrical activity 
can be induced; restoring artificial ventilation results in 
a normal EEG (2). The acute and severe anoxia in- 
duced by inhalation of 100 % nitrogen gave progressive 
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Intestinal Absorption of Heparin: A Study of the 
Interactions of Components of Oil-in-Water Emulsions 


R. H. ENGEL” and S. J. RIGGI 


Table I-Concentrations Studied in Composite Design” 
Abstract 0 It was previously reported that intraduodenal ad- 
ministratipn of heparin in an emulsified form to rats and gerbils 
results in the intestinal absorption of heparin and appearance of 
serum clearing factor (lipase) activity. The present studies were 
undertaken to define the effects of the emulsion components on the 
absorption of heparin as measured by clearing factor activity and 
to determine optimum composition of the emulsion. Using a three- 
component composite design, the effects of varying heparin, sur- 
factant (an anionic phosphate ester), and oil (trioctanoin) concentra- 
tions have been studied simultaneously and the characteristics of 
the interrelationships analyzed. Clearing factor activity was directly 
related to the concentration of each of the emulsion components. 
An inverse relationship was evident for heparin and oil such that 
the loss of activity resulting from a lowered heparin concentration 
can, within limits, be compensated for by an increase in the oil 
concentration. The data suggest that heparin absorption is directly 
related to and may vary with the particle size and total surface area 
of the oil droplets. The relationships presented may be unique for 
the particular surfactant and oil chosen. 


Keyphrases 0 Heparin absorption, effects of emulsion composition 
0 Emulsions, oil-in-water-interaction of components 0 Clearing 
factor activity, emulsions 


Trioc- 
Heparin, tanoin, I Surfactant, % 
mg./kg. % 0.01 0.023 0.10 0.435 1.0 


150 3.2 
5.5 


12.5 
28.6 
50.5 


100 3.2 
5.5 


12.5 
I 


6 28.6 
50.0 


55 3.2 
5.5 


12.5 
28.6 


10 


15 


13 


12 


50.0 
30 3.2 


5 . 5  7 


4 


3 


8 


. .. 


12.5 
28.6 
50.0 
3.2 


20 5.5 
12.5 
28.6 
50.0 


It was previously reported (1, 2) that the intestinal 
absorption of heparin could be effected by its intra- 
duodenal administration in an emulsion containing 
vegetable oil and a suitable surfactant. A number of 
possible combinations were described (1). The present 
studies were undertaken to investigate the effects of 
emulsion composition on heparin absorption and to de- 
termine the concentrations of heparin, oil, and surfactant 
necessary to achieve maximum absorption of the poly- 
saccharide. Combinations of emulsion components were 
varied in a factorial manner according to a three- 
factor composite design (3) to take into account pos- 
sible interactions between components. 


14 


a Numbers in italics correspond to points indicated in Fig. 1. 


EXPERIMENTAL 


Materials and Methods-Heparin, sodium (Lederle Laboratories), 
trioctanoin (Eastman), and a phosphate ester surfactant (RE-610, 
Antara Chemicals) were used. Preparation of the emulsions was 
carried out in a single step as previously described (1). Heparin in 
aqueous solution with the surfactant was used as control. Final 
concentrations of the surfactant and trioctanoin and doses of 
heparin are presented in Tables I and 11. The volume of emulsion or 
solution administered was 5 ml./kg. body weight. 


Animals used were male Wistar rats (175-250 g., obtained from 
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Table 11-Clearing Factor Activity (Change in Optical Density) of Compositions Studied" 


Hep- Tri- 
arin, octan- 
mg./ om, I 


kg. % 0.01 4.35 
Surfactant, %- 


0.023 0.10 0.435 1 .o 2.0 


275 
190 
150 


100 


55 


30 


20 


9.2 


55 


12.5 
12.5 
12.5 
5.5 


12.5 


28.6 
3.2 


12.5 0.17 f 0.05 


50 
5.5 


12.5 
28.6 
12.5 


3.2 


12.5 0.03 f 0.01 


50 
0 


0.10 f 0.01 


0.04 f 0.02 


0.04 f 0.02 


0.11 f 0.02 


0.28 f 0.06b 
0.31 f 0.08 
0.31 f 0.08 


0.08 f 0.02 
0.25 f 0.06 
0.24 f 0.06 
0.25 f 0.08 
0.19 f 0.07 
0.33 f 0.08 
0.26 f 0.08 
0.12 f 0.06 
0.06 f 0.03 
0.07 f 0.01 


0.10 f 0.04 
0.06 f 0.01 
0.02 f 0.00 
0.03 f 0.00 
0.02 f 0.01 
0.05 f 0.01 
0.03 f 0.01 
0.03 f 0.00 


-0.01 f 0.00 


0.14 f 0.03 
0.36 f 0.06 
0.32 f 0.07 
0.19 f 0.06 


0.48 f 0.06 


0.54 f 0.07 


0.50 f 0.04 0.31 f 0.07 


0.27 f 0.06 
0.23 f 0.07 
0.07 f 0.03 


0.08 f 0.03 


a Rats previously fasted 18 hrs. were given the indicated compositions (5 ml./kg.) intraduodenally and blood samples obtained 30 min. later by cardiac 
puncture. b Values are arithmetic means f SE of eight rats/group and are expressed as decrease in optical density of incubation medium. Initial 
optical densities were approximately 0.75. A - indicates an increase in optical density. 


Royal-Hart Farms). All animals were maintained on Purina labora- 
tory chow and fasted 18 hr. before use. Anesthesia was accomplished 
with 60 mg./kg. sodium pentobarbitall intraperitoneally. The 
duodenum was exposed through a midline abdominal incision and 
a loop of surgical thread loosely placed 1 cm. distal to the pyloric 
sphincter. Emulsions were injected into the duodenum between the 
pylorus and the loop via a blunt needle. The needle was advanced 
distal to the loop and the preparation injected while the duodenum 
was held closed. The loop was pulled tight as the needle was with- 
drawn. This procedure was used to prevent backflow of emulsion to 
the point of needle insertion with possible absorption cia the dam- 
aged capillary bed. Blood samples were obtained by cardiac punc- 
ture 30 min. after dosing. 


Clearing factor activity (4) was determined by a turbidimetric 
assay on serum in 1-ml. spectrophotometer (Coleman) cells. In the 
cell were placed 0.6 ml. 0.05 A4 tris(hydroxymethy1) aminomethane 
buffer (pH 8.5), 0.3 ml. 25 (w/v) bovine albumin Fraction V, pH 
8.5 (Armour), and 0.5 ml. serum. Substrate (0.1 ml. of 6.0% vjv 
lipid emulsion2 in Tris buffer) was added at zero time. The optical 
density at 650 mfi (approximately 0.75) was recorded, the mixture 
incubated at 37", and optical density readings taken 30 min. later. 
Changes in optical density of 0.06 or greater were previously re- 
ported (2) to be indicative of significant clearing factor activity and 
to be directly related to intestinal absorption of heparin from emul- 
sions. The results are reported as decrease in optical density and the 
percentage of animals (eight per group) responding with significant 
clearing factor activity following various treatments. 


Experimental Design-Experimental situations often require a 
study of the effects of varying two or more factors simultaneously. 
In such cases, it is usually not sufficient to vary one factor at a time, 
holding the other constant, as possible interactions between factors 
are not revealed. However, these interactions can be evaluated if, 
after selecting the experimental limits for each variable, one or more 
experiments are performed with combinations of the variables 
chosen in a factorial manner (3). The effect of each factor can then 


1 Diabutal, Diamond Laboratories. 
2 Ediol, Riker Laboratories. 


be determined with the same accuracy as if only one factor at a time 
had been varied whenever there is no interaction, or the nature of the 
interaction is known. 


If the resulting factorial design is too large to lend itself to con- 
venient experimental study, the proposed plan may be divided into 
smaller representative blocks in a particular manner which de- 
scribes the main effects of each variable and their interactions (3). 
This procedure has been used in the present study. 


The experimental design chosen (3) is shown in Fig. 1. The block, 
consisting of Points 1-8, defines all first-order effects and all second- 
order interaction effects. These points were supplemented with the 
central point 15, and six axial points 9-14, which permit estimation 
of quadratic effects (3). Doses of heparin and concentrations of 
trioctanoin and surfactant in the emulsions were varied over the 
ranges indicated in Table I. Compositions corresponding to Points 
1-8 and Point 15 were tested on the same day; Point 15 was tested in 


Heparin 


Figure 1-Schematic representation of experimental design (see 
Table I ) .  
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Figure 2-Clearing factor acticity profiles of hepariii emulsions. 
of animals (eight group) respotiditig with sigiiificant clearitig factor activity with various combinations of emulsion components. 


Values interrupting the contour lines are arc sin meatis of percentage 


duplicate. On the second day, Points 9-14 were tested and Point 15 
was repeated in quadruplicate. The percentage of animals respond- 
ing with significant clearing activity following the various treatments 
was calculated and activity contours plotted using a computer 
(IBM-1130). The arc sin transformation was used. As the character- 
istics of the contours became clearer the technique of local explora- 
tion was used by testing additional axial points displaced toward 
higher heparin concentrations (Table 11). 


RESULTS AND DISCUSSIOlV 


Changes in optical density, i.e., clearing factor activity, following 
treatment with various compositions are summarized in Table 11. 
In agreement with previous studies (2) rats treated with a solution of 
heparin and surfactant (the absence of trioctanoin) had no clearing 
factor activity. 


The interactions of the three emulsion components on heparin 
absorption are summarized in Fig. 2. The data indicate that for 
each concentration of surfactant a range of heparin doses and trioc- 
tanoin concentrations resulted in the same degree of clearing factor 
response. Thus, maximal activity (99% contour line) can be ob- 
tained with combinations of 2 5 1 4 %  oil and 148-220 mg./kg. 
heparin at 0.32% surfactant. 


It is interesting to note that if surfactant concentration and 
heparin dose are held constant and trioctanoin levels raised, clearing 
factor activity increases to a maximum and then decreases. The 


explanation for this phenomenon is unknown but may be related to 
a preference of the absorptive mechanism for oil particles of a par- 
ticular size and a varying of the conditions under which the maxi- 
mum number of these are formed. 


For a given dose of surfactant the optimum concentration of 
trioctanoin varies inversely as the dose of heparin. In other words, 
as the amount of heparin available for absorption is decreased, a 
greater fraction of this amount can be absorbed by increasing the oil 
concentration thus maintaining constant clearing factor activity. 
The degree of compensation for decreased heparin by increasing 
trioctanoin depends, however, on the extent of change in heparin 
dose. It was previously suggested ( I )  that in order for absorption to 
occur, heparin had first to be associated with emulsified trioctanoin. 
This inverse relationship may then represent a mass-action effect 
between heparin, trioctanoin, and the active heparin-trioctanoin 
complex. 


The results also suggest that the total oil surface area generated 
affects heparin absorption. If, in addition to heparin, the concentra- 
tion of trioctanoin is held constant, absorption of heparin continues 
to increase with increasing concentrations of surfactant. This could 
reflect a shift in the total oil surface, the additional surfactant 
allowing for the generation and stabilization of more surface area. 
The result would be a decrease in the average particle size and an 
increase in the total number of particles. 


The relationships presented may be unique for the system con- 
taining trioctanoin and the surfactant used in the present study. 
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Whether or not combinations of other oils and surfactants will 
exhibit activity with different characteristics has yet to be inves- 
tigated. 
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A Simple Dilution Analog Computer for Simulation 
of Drug Distribution Processes 


E. L. ROWE and W. MOROZOWICH 


.4bstraet 'J A simple technique is described which provides plots of 
simulated tandem first-order processes much like the analog com- 
puter. The exponential change in concentration of a solution under- 
going dilution at constant volume provides the basis for simulation 
of first-order processes. A UV-absorbing indicator is introduced into 
the first of a series of connected containers and the solution is rapidly 
pumped through the system. The continuously changing indicator 
concentration in any container can be measured and continuously 
monitored by a spectrophotometer equipped with a flow cell and 
recorder. Several pharmacokinetic models, as in delayed-release 
formulation and in molecular modification, were studied with 
this device and the resulting plots were found to be accurate and 
reproducible. The validity of dilution analog simulation of first- 
order processes is shown mathematically. One of the uses of the 
dilution analog simulator is in teaching and visualizing tandem 
first-order reactions such as pharmacokinetic models. 


Keyphrases 0 Analog computer simulation-drug distribution 
processes 0 Model, three compartment-drug distribution 0 
Kinetic equations-drug distribution model 0 Diagrams-models, 
drug distribution 0 UV spectrophotometry-distribution monitor- 
ing 


The analog computer has been used widely to  simu- 
late and analyze drug distribution models (1-3). This 
report illustrates how first-order dilution techniques 
with the aid of a spectrophotometer can be used in 
place of an electronic analog computer to simulate drug 
transport and distributional systems. In  essence, the 
dilution technique consists of addition of diluent at a 
constant rate to a well-stirred aqueous solution of a 
UV-absorbing indicator in which constant volume is 
maintained by means of an overflow vent. The con- 
centration of indicator decreases exponentially in such 
a system and additional compartments can be added, 
the indicator concentrations of which are also governed 
by exponential laws. 


Nonelectronic analog simulation for the purpose of 
teaching and illustration has been achieved by several 
ingenious but complicated methods. Kriiger-Thiemer 
(3) used the principle of gas diffusion through evacuated 
compartments separated by porous membranes. Wen- 
dell (4) used a hydrodynamic analog in which the ex- 


M O D E L  I 


M O D E L  II 


L > -  


U 
100 m i  


K 1 =  1 15min.l K 2 =  0.172min-1 
A-8-C 


K 1 =  1 15rnin-1 K 2 =  0 172min.l K j =  0 172min.l 
MODEL III A-B-C-D 


ponential decline of hydrostatic pressure produced a 
first-order emptying process. Both methods require 
special equipment and are not easily monitored. 


Dilution analog simulation has few disadvantages 
compared with these systems. The equipment required, 
including a spectrophotometer, is readily available in 
most laboratories. While this study deals mainly with 
systems of tandem first-order processes, the dilution 
analog technique is not necessarily restricted to  such 
simple systems. Variations in the techniques should 
permit the simulation of more complex cases such as 
those involving simultaneously both forward and re- 
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Transesterification Using Hydrogen Bromide in Diethyl 
Ether-A Means of Identifying Components of 
Mixtures of Fatty Esters 


R. T. COUTTS and KAMAL K. MIDHA 


Abstract 0 The literature claim that treatment of methyl acrylate 
with hydrogen bromide in diethyl ether gives methyl 3-bromo- 
propionate exclusively is shown to be erroneous. Transesteri- 
fication occurs and ethyl 3-bromopropionate is also a prod- 
uct of the reaction. In the same way, methyl and ethyl 3- 
bromo-2-methylpropionate were obtained from methyl meth- 
acrylate. This transesterification reaction is of value in identifying 
components of mixtures of fatty esters. Thus, a mixture of six 
butyl esters was converted to one containing the respective ethyl 
esters in the same relative proportions. The presence of small 
quantities of impurities in a commercial mixture of cetyl stearate 
and cetyl palmitate was revealed, and the alcohol component and 
acid components (as ethyl esters) of the two major constituents 
were identified by GLC, rapidly and in the presence of each other. 


Keyphrases 0 Fatty ester mixtures-component identification 
0 Transesterificaticn, fatty esters-HBr in diethyl ether IJ GLC- 
separation, identity IR spectrophotometry-identity 0 
Mass spectroscopy-identity NMR spectroscopy--identity 


Relatively large quantities of the esters, methyl 3- 
bromopropionate (Ia) and methyl 3-bromo-2-methyl- 
propionate (Ib) were required for the synthesis of new 
medicinal compounds. When the preparation of these 
esters was attempted, using a previously reported 


BrCH,CHRCOOR ' CH2 = CHRCOOMe 
I I 1  


a , R = H ;  R'=Me a . R = H  O.R=Me 
b. R=Me; R'=Me 
c ,  R=Me, R'=Et  


method (l), an interesting transesterification reaction 
__ 


2 0  
'Q __ - - - '0- - - 2 0  A 


I I 
I I 


/ I  1 


Figure 1- \ MR spectrum of methyl 3-brorno-2-methylprop1oi1ate. 


9 0  
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6 0  
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3 0  


was observed which has an application in natural prod- 
uct chemistry. This transesterification reaction is the 
subject matter of this communication. 


METHODS 


The preparation of methyl 3-bromopropionate (Ia) and methyl 
3-bromo-2-methylpropionate (Ib) from methyl acrylate (IIa) and 
methyl methacrylate (IIb), respectively, have been reported (1-3). 
The acrylates are treated with hydrogen bromide in various sol- 
vents. The hydrobromination of methyl acrylate in ether is said 
to give methyl 3-bromopropionate exclusively, and in good yield 
(1). When, however, the same conditions were used by the authors 
to hydrobrominate methyl methacrylate, a single product was not 
obtained. A gas-chromatogram of the reaction mixture revealed that 
there were two major components present in approximately equal 
amounts. The mixture was separated by fractional distillation using 
a spinning-band fractionating column. An NMR study (Figs. 1 and 2) 
was successful in identifying the two components as methyl 3-bromo- 
2-methylpropionate (Ib) and the corresponding ethyl ester (Ic). 
The 3-proton singlet at 7 6.32 in Fig. 1 is due to the protons of the 
OCHs group: the 3-proton triplet centered at T 8.73 (overlapped by 
a 2-proton doublet of the 2-methyl group) and the 2-proton quartet 
at T 5.84 in Fig. 2 are ascribed to the methyl and methylene protons, 
respectively, of the OCHzCHs group. Elemental analyses, and com- 
parisons of the NMR and IR spectra of both products with authen- 
tic samples of Ib and Ic confirmed that hydrobromination of methyl 
methacrylate in diethyl ether gives both the methyl and ethyl 
esters of 3-bromo-2-methylpropionic acid. 


The original reaction was then performed for a longer time. 
The yield of the ethyl ester improved at the expense of the methyl 
ester although complete transesterification was not observed. 
When the hydrobromination reaction was repeated using ethyl 
methacrylate, a very good yield of Ic was isolated and was identical 
(b.p., IR, GLC, NMR) with the ethyl ester obtained from the 
methyl methacrylate reaction. 


These results suggested that the claim (1) that methyl 3-bromo- 
propionate was obtained in 84% yield from methyl acrylate, by 


Figure 2-NMR spectrum of ethyl 3-bromo-2-metl1~lpropioi1ute. 
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Table I-Composition of a Commercial Sample of Butyl Stearate 


Retention 
Com- Time, Composi- 


ponent min. tion, Identity 


4 
5 
6 


Before Treatment with HBr/EtsO 
26.7 2.42 Butyl tridecanoate 
28.1 0 .35  Butyl pentadecanoate 
29.9 48.26 Butyl palmitate 
30.8 2.21 Butyl heptadecanoate 
32.4 45.39 Butyl stearate 
34.1 1.31 Butyl nonadecanoate 


22.6 2.62 Ethyl tridecanoate 
24.3 0.38 Ethyl pentadecanoate 
26.1 47.55 Ethyl palmitate 
27.3 2.32 Ethyl heptadecanoate 
28.8 43.59 Ethyl stearate 
30.4 3.71 Ethyl nonadecanoate 


After Treatment with HBr/Et20 


reacting the latter with hydrogen bromide in ether, was erroneous. 
This reaction, therefore, was repeated using the reported condi- 
tions, and, as expected, a mixture of the ethyl and methyl esters of 
3-bromopropionic acid resulted. The ethyl ester, in fact, was the 
major product. 


Higher esters can also be converted with ease to  ethyl esters by 
this method. The transesterification of a pure sample of butyl 
acetate was studied gas-chromatographically. Within 24 hr., 43 % 
of the butyl ester had been converted to ethyl acetate. After 48 hr., 
the conversion was 57 complete. Maximum transesterification 
(63 %) occurred after I50 hr. Complete transesterification was 
possible only if the solvent was removed and replaced with fresh 
diethyl ether containing hydrogen bromide. 


Application of this transesterification reaction to the identifica- 
tion of the components of mixtures of fatty esters was made. A 
commercial sample of butyl stearate was gas chromatographed 
and shown to he a mixture containing two major constituents 
( > 9 0 z  of the total) and four minor components (Table I). The two 
major constituents were collected and their mass spectra recorded. 
B3th spectra were typical of long-chain saturated aliphatic esters 
(4). The more volatile component showed a parent ion, m/e 312; 
the parent ion of the less volatile major constituent had a mass 
(m/e) of 340. These two components are identified as butyl palmitate 
and butyl stearate, respectively. A plot of log retention time of each 
ester component in the mixture uersus number of carbon atoms of 
the corresponding acid gave a straight line (Fig. 3) and in this way 
the minor components of the mixture were tentatively identified 
(Table 1) (cf. 5 ,  6). 


A solution of the commercial butyl stearate in ether was treated 
with hydrogen bromide. The reaction mixture was also gas chroma- 
tographed and this confirmed that all six butyl esters were converted 
at approximately the same rate t o  the corresponding ethyl esters 
(Table I). The plot of retention time of each Component uersus 
the number of carbon atoms of the corresponding acid portion 
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J 
4 
k 
z 
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Z 
W 
k W 
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F 1.4 


$ 1  1.3 


12 14 16 18 20 
CARBON CHAIN LENGTH OF ACID COMPONENT 


Figure 3-Retention times and carbon chuin lengths of A ,  the butyl 
esters present ill; and B, ethyl esters obtuiiied from a commercial 
sumpfe of butyl stearate. 


again gave a straight line (Fig. 3) which substantiated the tentative 
identifications of the butyl esters. The mass spectra of the two 
major ethyl ester components confirmed that they were ethyl 
palmitate (m/e 284) and ethyl stearate (m/e 312). The 1R spectra of 
both esters were virtually identical and were typical of long-chain 
fatty esters. 


This transesterification reaction was also used to characterize a 
mixture of higher naturally occurring fatty esters. The normal 
method employed to  do this is to hydrolyze the mixture of esters. 
separate the acid and alcohol components, convert the acid 'corn- 
ponents t o  their methyl or ethyl esters, and then identify the acids 
(as their methyl or ethyl esters) and the alcohols by gas chroma- 
tographing them separately and comparing their retention times with 
those of reference standards (6). By employing the transesterifica- 
tion reaction, however, the acid and alcohol components of a mix- 
ture of two higher fatty esters were rapidly identified. Separation 
of the acid and alcohol components was not necessary. A commer- 
cial mixture of cetyl stearate was gas chromatographed, hut due to 
the low volatility of these esters this was a lengthy procedure. A 
complete separation of one component from the other was not 
attained (Fig. 4) and the presence of minor components was not 
revealed. A solution of the mixture in ether was treated with hydro- 
gen bromide and the reaction mixture was gas chromatographed. 
The components were readily and rapidly separated and the presence 
of small quantities of impurities revealed (Fig. 4). Fractions A, B. 
and C were collected and a mass spectrum and an IR spectrum of 
each were recorded. The IR spectrum of Fraction A was typical of 
that of a long-chain alcohol. The parent peak (m/e 242) was absent 
from the mass spectrum, but the presence of a relatively abundant 
ion of m/e 224 (M-18) readily identified (7) the alcohol as cetyl 
alcohol (C1,H3;.0H). The IR spectra of Fractions B and C showed 
strong carbonyl absorption bands at 1,740 cm.-l and C-H stretch- 
ing bands near 3,000 cm.-'. Fractions B and C ,  therefore, were 
long-chain fatty esters. Fraction B was ethyl palmitate and Fraction 
C was ethyl stearate; the parent peaks in their mass spectra were 
located at m / e  284 and 312, respectively. The action of ethereal 
hydrogen bromide on these cetyl esters can be depicted as shown: 


FIBr 


EtnO 
CH,(CH,),tCOOCisHa3 CH,(CH2),COOEt + CieHaaOH 


The utility of this transesterification reaction to the identifica- 
tion of small quantities of natural products was demonstrated. 
A 50-mg. sample of the cetyl palmitate/cetyl stearate mixture was 
hydrobrominated for only 10 min., after which time the presence 
in the reaction mixture of cetyl alcohol, ethyl palmitate, and ethyl 
stearate could he readily identified by means of GLC. 


EXPERIMENTAL 


1R spectra were recorded on a spectrophotometer'; all were run 
as thin films. N M R  spectra were determined on an NMR spectro- 
photometer using tetramethylsilane (TMS) as internal standard 
and carbon tetrachloride as solvent. Mass spectra were recorded 
on an instrument:% equipped with a heated inlet system operating at  
approximately 150"; the electron beam energy was 70 eV. For 
GLC determinations, SE-30 (10%) on diatomaceous earth (Diato- 
port S) contained in a stainless steel column 1.82 m. X 0.62 cm. 
(6 ft. X in.) was employed, and unless stated otherwise, retention 
times quoted below were determined when (a )  the column tempera- 
ture was 125"; (b)  the injection port temperature was 150'; and (c) 
the helium flow rate was 60 ml./min. A gas chromatograph4 was 
employed and percentages were calculated by measuring the areas 
under the curve using the triangulation method. 


Reaction of Methyl Methacrylate with Hydrogen Bromide- 
Dry hydrogen bromide gas was passed through a solution of methyl 
methacrylate (50 g.; 0.5 mole) in diethyl ether (200 ml.) at  0" for 
30 min. (weight increase 49 g.). The reaction mixtur? was 
kept at  room temperature for 48 hr., then flash evdporatld to give 
an oil which was dissolved in ether (100 ml.). The ether solution was 
washed with 10% sodium carbonate solution (3 X 25 ml.) and water 
(2 X 25 ml.), then dried (Na2S04). (Acidification of the basic extract 


1 Beckman IR-10. 
2 Varian 60 mc. 
3 A .  E. I .  MS9. 
F & M model 500. 
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with hydrochloric acid gave an aliphatic acid, m.p. 210-215", 
which was not identified.) The ether was removed and the oil 
obtained (96.5 8.) was distilled under reduced pressure. The major 
fraction, b.p. 93-99"/43 mm., was collected. A portion (4 PI.) 
was gas chromatographed, using the general method. Two major 
components were present: Fraction 1 (46.4%), retention time 1.20 
min.; Fraction 2 (53.6%), retention time 1.65 min. 


Fractional distillation of the mixture using a spinning-band 
column separated the two components. Fraction 1, b.p. 69-70"/18 
mm., was methyl 3-bromo-2-methylpropionate [lit. (2) b.p. 67"/17 
mm.]. 


And-Calcd. for C5HoBrOe: C, 33.27; H, 4.97; Br: 44.20. 
Found: C, 32.81; H,  4.62; Br, 44.50. 


Fraction 2, b.p. 78.5-79"/18 mm., was ethyl 3-bromo-2-methyl- 
propionate [lit. (8) b.p. 91L93 '/19 mm.]. 


Anal.-Calcd. for C6HilBrOz: C, 36.92; H ,  5.64. Found: C, 
37.15; H ,  5.68. 


Reaction of Ethyl Methacrylate with Hydrogen BromidtLThe 
method was essentially that described for the methyl ester. The sole 
product, ethyl 2-bromo-2-methylpropionate, had b.p. 125-1 35?/30 
mm. and had a retention time (GLC) of 1.6 min. 


Reaction of Methyl Acrylate with Hydrogen Bromide-The 
method used was the same as that described above for methyl 
methacrylate. In this instance, the two neutral products were 
methyl 3-bromopropionate (38.6%), retention time (GLC) 0.9 
min., and ethyl 3-bromopropionate (61.4%), retention time 1.4 min. 
Their b.p.'s, 1R spectra, and GLC behavior were identical to  those 
of authentic samples. 


Reaction of a Commercial Sample of Butyl Stearatej with Hydro- 
gen Bromide.-A solution of butyl stearate (12.5 g.; 0.04 mole) in 
diethyl ether (150 ml.) was cooled to 0". Dry hydrogen bromide gas 
was passed through this solution for 30 min. (weight increase 
68.5 g.). The reaction mixture was left at  room temperature for 
24 hr. The mixture separated into two layers. The lower layer was 
miscible with ether; the upper layer was miscible with water. The 
latter was diluted with water and extracted with ether, and this 
ether extract was combined with the ethereal lower layer. The 
combined extract (300 ml.) was washed with aqueous sodium 
bicarbonate solution (5 X 100 ml.), then water, aiid dried (Na,SO,). 
The ether was removed and a pale yellow oil ( I  3.1 g.) was obtained. 
Gas chromatography using the general method showed that the 
oil was a mixture of six components (Table I and Fig. 3). 


Reaction of a Cetyl Palmitate/Cetyl Stearate Mixture6 with 
Hydrogen Bromide-A solution of the mixture of esters (25 ml.) 
in diethyl ether (200 ml.) was treated with hydrogen bromide in a 
manner which was essentially the same as that described above for 
the treatment of methyl methacrylate. The final product was a pale 
yellow oil (21.8 6.) which was gas chromatographed using the 
general method and the three major components (Fig. 4) were 
collected. Component A was cetyl alcohol. IR spectrum: 3,330 (m) 
(0-H); 2,865(S), 2955(S) (C-H)cm.-'. Massspectrum: 224 (84%), 
[CH3(CH2)1,CH=CH2]f, m/e (percent abundance relative to  peak 
at m/e 57 = 100). Component B was ethyl palmitate. IR spectrum: 
1,742 (S) (ester C=O); 2,850 (S), 2,920 (S) (C-H) cm.-'. Mass 
spectrum: 284 (14.5%), [CH,(CH2),,COOC2H5]f; 239 ( 7 . 5 7 3  


[CH3(CH2)14CO], m/e (percent abundance relative to peak at  mje 
88 = 100). Component C was ethyl stearate. IR spectrum 1,742 (S) 
(ester C=O); 2,850 (S), 2,920 (S) (C-H) cm.-l. Mass spectrum: 


CO], m/e (percent abundance relative to  peak at m/e 88 = 100). 
Gas Chromatography of the Commercial Sample of Butyl Stearate 


-A portion (5 PI.) of the sample was gas chromatographed using 
the general method and the results obtained are presented in Table 
I. The two major components (retention times 29.9 and 32.4 min.) 
were collected. The former was butyl palmitate. IR spectrum: 
1,743 (S) (ester C=O); 2,850 (S), 2,920 (S) (C-H) c m r l .  Mass 


+ 


312 (16%), [CHa(CHe)ibCOOCzHj]+ ; 267 (5.5%), [CHa(CHz)i6- 


Practical grade, purchased from Matheson, Co!enian & Bet1 cia 
Canadian Laboratory Supplies Ltd., Edmonton, Canada. 


6 The mixture was purchased from a commercial sour:e (I< & I< 
Laboratories, Plainview, N. Y . )  aiid was reputed to be a sample of cetyl 
stearate. 
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Figure 4-Gas cliromutograni of cetyl pulmituie/cetyl steurute mix- 
ture before ( I ) ,  uiid ufter ( I I ) ,  treutment with hydrogen bromide in 
diethyl ether. A, cetyl alcohol; B, ethyl pulmitute; C, ethyl sieuruie; 
X ,  cetyl pulmitute: Y, cetyl steurute. 


spectrum: 312 (23 x), [CH,(CH,)l,COOC.rHo].~, 256 (50%;), 
[CH3(CH2)14COOH]:, m/e (percent abundance relative to  peak at 
m/e 57 = 100). The second major component was butyl stearate. 
IR spectrum: 1,742 (S) (ester C-0); 2,850 (S), 2,920 (S) (C-H) 
cm.-'. Mass spectrum: 340 (11 %) [CH3(CHe)16COOC4H0]t; 
284 (1 6 %). [CHs(CH2)16COOH]t, m j e  (percent abundance relative 
to  peak at  m/e 28 = 100). 


Gas Chromatography of the Cetyl Palmitate/Cetyl Stearate 
Mixture-A small portion (5 hl.) was gas chromatographed using 
the instrument and column previously described. A programmed 
temperature operation was employed (initial column temperature 
250"; temperature increase 4"/min. ; final column temperature 
350" and held; detector temperature 375') and in this way two 
fractions were obtained (Fig. 4). Fraction X was cetyl palmitate. 
IR spectrum: 1,742 (S) (ester C=O); 2,850 (S), 2,920 (S), 2,950 
(S) (C-H) cm.-'. Mass spectrum: 257 (12.5z),  256 (7%); 239 
(7%); 224 (26.5%) m/e (percent abundance relative to  peak at  
rn/e 57 = 100). Fraction Y was cetyl stearate. IR spectrum: 1,742 
(S) (ester C-0);  2,850 (S), 2,920 (S), 2,955 (S) (C-H) cm.-l. 
Mass spectrum: 285 (16%); 284 (10.5%); 267 (6.5%), 224 (44.573, 
rn/e (percent abundance relative to  peak at nrie 57 = 100). 
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2-(3-Biphenylyl)ethylamines: Potential Cardiovascular Agents 


J. SAhl and R. M. SHAFIK* 


Abstract 0 The preparation of a number of substituted 243- 
biphenyly1)ethylamines is described. Blood pressure and nictitating 
membrane responses similar to p-phenylethylamine were noted in 
several compounds. 


Kegphrases 0 2-(3-Biphenylyl)ethylamines-synthesis 0 IR spec- 
trophotometry-structure 0 NMR spectroscopy-structure 0 
Pharmacological screening-2-(3-biphenylyl)ethylamines 


The progress in the field of adrenergic drugs started 
with the elucidation of the structure of epinephrine (I) 
(1) and its synthesis (2, 3). Intensive pharmacological 
investigations thereafter were conducted and a great 
number of related amines were prepared and tested 
in an effort to correlate chemical structure to biological 
activity (4-6). The delineation of the biological prop- 
erties of epinephrine and norepinephrine, the dis- 
covery of the advantageous adrenergic properties of 
ephedrine, and the proposal of the theory of a- and 
P-adrenergic receptors provided an impetus for the 
preparation of more specific adrenergic agents such as 
the CNS stimulants (6) ,  bronchodilators (6) ,  anti- 
allergenic agents (7), nasal decongestants (7), anorex- 
iants (S), a-blockers (9, lo), and P-blockers (10, 11). 


Recently Cantarelli et al. (12) synthesized some 
biphenyl analogs of phenylethylamines and recorded 
their hypotensive and vasodilator effects. In a previous 
report (13) were described some derivatives of 2-(4- 
biphenyly1)ethylamines as possible cardiovascular and 
CNS agents. The present investigation deals with the 
preparation of a series of substituted 2-(3-biphenylyl)- 


Table 1--2-(?-Biphenylyl)ethylamines 


ethylamines (11, Table I) for study in the treatment of 
cardiovascular diseases. 


I I1 


The synthetic routes followed are outlined in Schemes 
I and 11. The preparation of 3-acetylbiphenyl (111) was 
accomplished through the diazotization of 3-amino- 
acetophenone and then coupling with benzene. Re- 
arrangement of 111 with sulfur and morpholine gave 
the N-biphenylylthioacetylmorpholine (IV) which upon 
hydrolysis with sodium hydroxide provided 2-(3- 
biphenyly1)acetic acid (V). Fusion of V with thiourea 
gave 2-(3-biphenylyl)acetamide (VI) which on reduction 
with lithium aluminum hydride yielded the 2-(3-bi- 
phenyly1)ethylamine (V11). 


Conversion of VJI to the guanidine derivative (VIII) 
was accomplished by fusion of the hydrochloride with 
cyanamide. The latter reaction gave, in addition to the 
guanidine derivative, a small amount of N,N’-bis[2- 
(3-bipheny1yl)ethyllurea (XVI). The latter also was 
prepared from the amine hydrochloride (VII) and urea. 


The bromination of 111 provided the bromoacetyl- 
biphenyl (IX). The reduction of IX with sodium boro- 
hydride gave the corresponding bromoalcohol (X) 
which was utilized in the preparation of the N-substi- 
tuted biphenylhydroxyethylamines (XI). 


M.p. “C.  Anal., - 
Yield, (Recrystn. 7--Calcd.-- -- - ---Found---- 


No. R NR‘R” Method % Solvent). Molecular Formula C H Cl N C H CI N 
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Table 11-IR Spectral Data" 


No. Characteristic Bands, cm.-' 


NHL R R 
I11 Iv 


111 
IVb 
V 
VI 


3050 (CH3); 1675 (CzO). 
2930, 2830 (CH,); 1670 (C=S); 1110 (CHZ-GCH?). 
3050' (OH): 2900 (CH?): 1700 (C=O). 1 3400, '320i)'(NH); 3030 (CH;); 1660 (amide 1) .  1620 


(amide IT). 
VII 
VIiI 
IX 
Xb 
X I U  
XIb 
XIC 
XId 
XIe 
X I f  
XIg 
XIh 


2950 (CH;), 195@ (NH3+). 
3300, 3100 (NH); 2950 (CH,); 1650 (C=N). 
2990, 2890 (CH2); 1670 (C=O). 
3350 (OH): 2900 (CH?). 


R R 
VII VI v 


3300 (OHji 
3200 (OH): 


fCHij: 2750 (NHq+). 
2775 (NH;+j: 
2750 (NHz+). 
2770 (NH2+). 
2760 (NHe9. 


3300 (oHjj 
3320 (OH); 
3270 (OH); 
3150 (OH): 2760 (NH,+). 


2770 (NHe+). 
2780 (NHz+); 


CH,CH,NHCNHNH, m - -  3500 (OH?: 2925 
2925 3325 (OH): 


0-CH,) 
1240. I140 


XIi 3360 ?OH); 2900 (CHs); 2770 (NHe+). 
XIj 
XIk 


3225 (OH); 2900 (CH,); 2670' (NH+). 
3250 (OH): 2900 (CH,): 2700. (NH+). R 


VIII 
R = CtiH; 
Scheme I 


XI1 3275 (OH): 2900 (CH?): 27W (NH+). 
XIm 3220 (OH): 2960, '2850(CHz); 265@ (NH+); 1135 (CH?- 


0-CH,). 
XII 2960 (ci-iijt 1775, 1730, 1695 (c=o). 
XIil  
XIV 


3200 (OH); 2820 (CHe); 1660 (C=O). 
3300 (OH): 2950. 2850 (CH?): 1960' (NHz'). Treatment of IX with potassium phthalimide gave 


the phthaliniidoketone (XII) which upon reduction 
with sodium borohydride yielded the phthalimido- 
alcohol (XIII). Hydrolysis of the latter with hydrazine 
hydrate resulted in the formation of the biphenylyl- 
hydroxyethylamine (XIV). IR spectral data of the com- 
pounds reported in this study are summarized in 
Table 11. 


The compounds described in this study were tested 
for blood pressure and nictitating membrane responses. 
Compound Xla produced a blood pressure response 
equivalent to P-phenethylamine, whereas XIV produced 
only one-half the response. The other compounds 
were only weakly active. In terms of effects on the 


XV 3270 (NH); 2950 (CH,); 1640 (amide I),  1550 (amide IT). 
XVI 3325 (NH); 2915, 2850 (CHl); 1650 (amide I). 1570 


(amide 11). 


a The compounds exhibited characteristic aromatic absorption bands 
in regions of 1600-1490 and 1000-695. b Liquid film (crude). *' Broad. 


nictitating membrane, XIa was equivalent to 0-phenyl- 
ethylamine, whereas both VII and XIV were approxi- 
mately twice as potent. 


EXPERIMENTAL' 


3-Acetylbiphenyl ( l I I t M e t k o d  A-The procedure emplobed 
was adapted from that described by Gomberg and Bachmaiiii 
(14) for the preparation of 4-bromobiphenyl. To a suspension of 
33.8 g. (0.25 mole) of 3-aminoacetophenone in 20 ml. of water was 
added 50 ml. of concentrated hydrochloric acid, The mixture was 
heated on a steam bath until solution occurred. Thereafter the 
solution was cooled gradually to G5' while stirring and then 
treated dropwise with a cooled solution of 18 g. (0.26 mole) of 
sodium nitrite in 35 ml. of water. The resulting stirred mixture was 
treated first with 300 ml. of benzene and thereafter with 58 ml. 
of a 5 N sodium hydroxide solution in drops over a period of 30-45 
min. during which time the temperature was kept at about 5" .  
The temperature then was allowed to rise gradually to room tem- 
perature. The benzene layer was separated, washed several times 
with water until free of alkalinity, dried over anhydrous sodium sul- 
fate, and thereafter concentrated under reduced pressure. The 
reddish brown oily residue was then distilled at 128-130'/0.2 mm. 
to give 29 g. (2073 of product. The 2,4-dinitrophenylhydrazone 
derivative was prepared in the usual manner and recrystallized 
from dilute methanol; m.p. 190-192" (lit. (15) m.p. 191-192"). 


Method B-A method similar to that described by Cadogan (16) 
for aromatic arylation was followed. To a solution of 30 g. (0.222 
mole) of 3-aminoacetophenone in 800 ml. of benzene was added 
38 g. (0.324 mole) of isoamyl nitrite. The resulting solution was 
refluxed on a steam bath for 1 hr. and the reaction was then allowed 
to proceed at room temperature for 15 hr. The excess benzene was 


1 1 
n v-N+ 


R 


CHOHCH,NR'R 


R 
XI 


XI1 
I 


1 


1 All melting points were taken in open glass capillaries using a 
Thomas Hoover melting point apparatus and are uncorrected. IR 
spectra were determined on a Perkin-Elmer model 137 infracord spectro- 
photometer using potassium bromide pellets unless otherwise specified. 
NMR spectra were determined on a Varian A-60A spectrometer uslllg 
tetramethylsilane as an internal standard; chemical shifts arc recorded 
as 6 values. 


R 
XI11 


XiV 


R = CFHa 
Sclreme I I  
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removed under reduced rressure and the reddish brown oily residue 
was then distilled at 128-130"/0.2 mm. to give 22.2 g. (5173 of 
3-acetylbiphenyl (111). 
N-(3-Biphenylylthioacetyl)Morpholine (IV)-Utilizing a method 


similar to that described by Sam et ul. (13), a mixture of 29.4 g. 
(0.15 mole) of 3-acetylbiphenyl (Ill), 7.8 g. (0.24 mole) of sulfur, 
and 45 ml. of morpholine was refluxed on a steam bath for 8 hr. 
The product was dissolved in ether and washed several times with 
water till free of alkalinity. The ether layer was dried over anhy- 
drous sodium sulfate and then concentrated under reduced pres- 
sure. The residual reddish brown oil (46 g., 98 %) was hydrolyzed 
without further purification. 


2-(3-Biphenylyl)Acetic Acid (V)-Method C-To a solution of 
21.2 g. (0.1 mole) of N-(3-biphenylylthioacetyl)morpholine (IV) 
in 100 ml. of ethanol was added a solution of 14.2 g. sodium hy- 
droxide in 35 ml. of water. The resulting mixture was refluxed on a 
steam bath for 10 hr. and thereafter the ethanol was distilled under 
reduced pressure. The residual material was diluted with 400 ml. 
of water and acidified to pH 2 with concentrated hydrochloric acid. 
The solid was removed by filtration, washed several times with 
water, and recrystallized from benzene to yield 17.8 g. (84%) 
product, m.p. 135-136". 


Anal.-Calcd. for CI4Ht2OY: C, 79.2; H, 5.7. Found: C, 79.5; 
H, 5.9. 


The NMR spectrum determined in deuterated acetone showed a 
singlet at  3.7, a broad peak a t  6.4-6.9 (exchanged with D,O), and 
a multiplet centered 7.5. The peaks are in the ratio of 2 : 1 :9 and 
represent CH2, OH, and aromatic H, respectively. 


2-(3-Biphenylyl)Acetamide (V1)-Method D-A finely ground 
mixture of 16.1 g. (0.075 mole) of 2-(3-biphenylyl)acetic acid (V) 
and 6 g. (0.079 mole) of thiourea was heated gradually to 200-210" 
and maintained at  this temperature for 1 hr. (13). The dark brown 
reaction mixture was cooled and triturated with 100 ml. of a 5 %  
sodium hydroxide solution. The solid was removed by filtration, 
washed several times with water, and then recrystallized from 
benzene to give 11.7 g. (74%) of product, m.p. 154-155". 


Anal.-Calcd. for CllHLaNO: C, 79.6; H, 6.2; N, 6.6. Found: C, 
79.5; H ,  6.2; N, 6.6. 


The NMR spectrum determined in deuterated acetone showed a 
singlet at  2.8 (exchanged with DD) ,  a singlet at  3.7, and a multiplet 
centered 7.5. The peaks are in the ratio of 2:2:9 and represent 
NH2, CH2, and aromatic H, respectively. 
2-(3-Biphenylyl)Ethylamine Hydrochloride (VIIbMethod E- 


A modification of the procedure described by Uffer and Schlittler 
(17) for the preparation of 2-phenylethylamine from 2-phenyl- 
acetamide was utilized. To a mixture of 7 g. of lithium aluminum 
hydride and 1.5 1. of dry ether was added 10.6 g. (0.005 mole) of 
2-(3-biphenylyl)acetamide (VI). Th: stirred reaction mixture was 
refluxed for 20 hr. and then c3oled in an ice bath. The excess 
hydride was decomposed by the dropwise addition of dilute sodium 
hydroxide solution. The ether layer was then separated, washed 
several times with water until free of alkalinity, and dried over an- 
hydrous sodium sulfate. The amine was isolated as its hydrochloride 
and recrystallized. 
N-[2-(3-Biphenylyl)Ethyl]Acetamide (XV)-Method F-Two 


grams (0.01 mole) of 2-(3-biphenylyl)ethylamine was heated on a 
steam bath with a mixture of 1.2 ml. of acetic anhydride and 0.5 g. 
of anhydrous sodium acetate. The reaction mixture was diluted with 
water and the product extracted with ether. The ether layer was 
washed with water, dried over anhydrous sodium sulfate, and then 
concentrated under reduced pressure. The oily residue that solidi- 
fied on cooling was recrystallized. 


The NMR spectrum determined in deuterated chloroform 
showed a singlet at 1.9, a triplet centered 2.9, a quartet centered 
3.6, a broad peak at 5.7-6.1 (exchanged with DtO), and a multiplet 
centered at  7.5. The peaks are in the ratio 3:2:2:1 :9 and rep- 
resent CH,, CH,, CH,, NH, and aromatic H, respectively. 
[2-(3-Biphenylyl)Ethyl]Guanidine Hydrochloride (VIII)-Merhod 


G-The method used was adapted from that described by Short 
and Darby (18) for the preparation of guanidines. A mixture of I .2 g. 
(0.005 mole) of 2-(3-biphenylyl)ethylamine hydrochloride (VII), 
0.25 g. (0.006 mole) of cyanamide and 3 ml. of water was heated in an 
oil bath at  180" for 3.5 hr. The cooled reaction mixture was tritu- 
rated with hot methanol, and then cooled. The solid that separated 
was removed by filtration and identified as XVI (see Method H). 
The guanidine derivative was precipitated from the filtrate by the 
addition of dry ether and then recrystallized. 


N,N - Bis[2 - (3 - Biphenylyl)Ethyl]Urea (XV1)-Method H-A 
method similar to that described by Davis and Blanchard (19) 
for the preparation of symmetrically disubstituted ureas was utilized. 
A mixture of 0.5 g. (0.002 mole) of 2-(3-biphenylyl)ethylamine 
hydrochloride (VII), 0.062 g. (0.001 mole) of urea, and 1.5 ml. of 
water was heated in an oil bath to 200" for 3.5 hr. The reaction 
mixture was cooled and then recrystallized. 


The NMR spectrum determined in deuterated dirnethylsulfoxide 
showed a triplet centered 2.8, a multiplet centered 3.3, a broad 
peak at 5.6-6.1 (exchanged with DzO), and a multiplet centered at  
7.5. The peaks are in the ratio of 2:2:1:9 and represent CH2, 
CHI, NH, and aromatic H, respectively. 
~~-Bromomethyl-3-biphenylylcarbinol (X&A method similar 


to that reported by Sam et al. (1  3) for the preparation of a-chloro- 
methyl-4-biphenylylcarbinol was followed. A cooled, stirred solu- 
tion of 13.8 g. (0.05 mole) of 3-phenylphenacyl bromide (IX), pre- 
pared according to the method of Cavallini et ul. (20), in 500 ml. 
of ethanol was treated in divided portions with 9 g. of sodium boro- 
hydride. The mixture was stirred at room temperature for 18 hr. 
and the solvent was then removed under reduced pressure. The 
residue was treated with 10% hydrochloric acid and exhaustively 
extracted with chloroform. The extract was washed with water, 
dried over anhydrous sodium sulfate, and then concentrated under 
reduced pressure. The residual yellowish brown oil (90%) was used 
without further purification for the condensation uith amines in 
Method I .  
~-Alkylaminomethyl-3-biphenylylcarbinols (XI)-Method I-To 


a solution of 0.01 mole of a-bromomethyl-3-biphenylcarbinol (X) 
in 50 ml. of ethanol was added dropwise a solution containing 0.6 
g. of sodium hydroxide, 4 ml. of water, 25 ml. of ethanol, and 0.3 
mole of the appropriate amine. The reaction mixture was stirred at  
room temperature for 20 hr. The solvent was distilled under re- 
duced pressure and the residue treated with water and exhaustively 
extracted with ether. The ether extract was washed several times 
with water until free of alkalinity and dried over anhydrous sodium 
sulfate. The amine was converted to a salt in the usual manner and 
recrystallized. 
N-(3-Phenylphenacyl)Phthalimide ( X I I t M e t h o d  J--The pro- 


cedure employed was essentially the same as that described by 
Sam et ul. (13) for the preparation of N-(4-phenylphenacyl) phthal- 
imide. A solution of 21 g. (0.076 mole) of 3-phenylphenacyl bro- 
mide (IX) (20) in 200 ml. of N,N-dimethylformamide was treated 
with 15.3 g. (0.084 mole) of potassium phthalimide. The stirred 
mixture, after remaining at  room temperature for 15 hr., was 
treated with 300 ml. of water and then extracted with chloroform. 
The chloroform extract was washed with dilute alkali and water, 
respectively, dried over anhydrous sodium sulfate, and then con- 
centrated under reduced pressure. The reddish brown oily residue 
which solidified on cooling was washed nith ether and recrystallized 
from dioxane-water to give 8.3 g. (32%) of product, m.p. 159-160" 


And-Calcd. for CYPH,:NO~: C, 77.4; H, 4.4; N, 4.1. Found: 
C, 76.9; H,  4.6: N, 4.3. 


The NMR spectrum determined in deuterated chloroform showed 
a singlet at  5.1 and a multiplet centered at 7.7. The peaks are in the 
ratio of 2: 13 and represent CH, and aromatic H,  respectively. 
N-[2-Hydroxy-2-(3-Biphenylyl)Ethyl]Phthalimide (XIII)-Method 


K--The procedure employed was a modification of that described 
for the preparation of X. To a solution of 10 g. (0.03 mole) of 
N-(3-phenylphenacyl)phthalimide (XII) in 250 ml. of dioxane was 
added alternately and in divided portions 5 g. of sodium boro- 
hydride and 250 ml. of ethanol. The reaction mixture was then 
processed as in the case of X. The residue obtained after the re- 
moval of the chloroform was recrystallized. 
2-Hydroxy-2-(3-Biphenylyl)Ethylamine Hydrochloride ( X I V e  


MethodL-The method described by Sam et al. (13) for the prep- 
aration of 2-hydroxy-2-(4-biphenylyl)ethylamine was modified 
slightly and followed. A solution of 5 g. (0.015 mole) of N-12- 
hydroxy-2-(3-biphenylyl)ethyl]phthalimide (XIII) in 100 ml. of 
ethanol was treated with 10 ml. of hydrazine hydrate (99-1OOz). 
The reaction mixture was refluxed for 96 hr. The solvent was re- 
moved under reduced pressure; the residue was stirrzd for 2 hr. 
and treated with a mixture of 25 ml. of 2 N ammonia, 30 ml. of 
water, and 35 ml. of chloroform. The chloroform layer was sepa- 
rated and extracted with four portions of 75 ml. of N acetic acid. 
The acetic acid solution was treated with excess ammonia and then 
exhaustively extracted witn ether. The ether extract was washed 
several times with water until free of alkalinity and then dried over 
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anhydrous sodium sulfate. The amine was converted in the usual 
manner to the hydrochloride and recrystallized. 
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Guinea Pigs and in Dogs of the 
C-Terminal Octapeptide (SQ 19,844) of Chole&stokinin 


- 


B. RUBIN, S. L. ENGEL, A. M. DRUNGIS, M. DZELZKALNS, 
E. 0. GRIGAS, M. H. WAUGH, and E. YIACAS 


Abstract 0 The synthetic C-terminal octapeptide of cholecystokinin 
(CCK), SQ 19,844, caused CCK-like contractile activities of excised 
gallbladder and ileal strips of guinea pigs, of gallbladder prepara- 
tions in situ in anesthetized guinea pigs, and of gallbladder and 
duodenal preparations in situ in anesthetized dogs. In these prep- 
arations, SQ 19,844 was about 10 and 2.5 times more potent than 
CCK on a weight basis and molar basis, respectively. The duration 
of the effect of SQ 19,844 on the gallbladder was about one-half 
that of CCK. In fasted unanesthetized dogs with gastric pouches, 
the secretory stimulant potency of SQ 19,844 was only about four- 
fifths and one-third that of CCK on a weight basis, and molar basis, 
respectively. The C-terminal tetrapeptide, which was more potent 
than either SQ 19,844 or CCK as a gastric secretory stimulant, was 
considerably less potent in contracting the gallbladder. 


Keyphrases 0 Cholecystokinin-gallbladder-intestinal contraction, 
gastric secretion C-terminal octapeptide-gallbladder-intestinal 
contraction, gastric secretion 0 Gallbladder contraction-C- 
terminal tetrapeptide, protected C-terminal tetrapeptide, pro- 
tected-gastric secretion 0 Peptides, cholecystokinin related- 
gallbladder-intestinal contraction, gastric secretion 


In 1928, Ivy and Oldberg reported (1) that an extract 
of the upper intestinal mucosa promoted contraction 
snd evacuation of the gallbladder. This extract con- 
tained a substance that they named cholecystokinin, 
herein designated as CCK. CCK is a single-chain poly- 
peptide with 33 aminoacid residues (2). The C-terminal 
pentapeptide of CCK is identical (3) with that of gastrin 
(4, 5). Harper and Raper in 1943 (6) and Crick et al. 


in 1949 (7) demonstrated that the mucosa of the upper 
intestine contained a substance that promoted pan- 
creatic secretion of enzymes; they named this substance 
pancreozymin. Mutt and Jorpes (8, 9) have found that 
CCK activity and pancreozymin activity accompanied 
each other during purification; accordingly, CCK and 
pancreozymin may be identical (8-10). Mutt and Jorpes 
(8-10) reported that pure CCK, tested on the guinea pig 
gallbladder, assays at 3,000 Ivy dog units/mg. 


A partial determination of the aminoacid sequence of 
CCK was reported recently by Mutt and Jorpes (10- 
12), who also isolated the C-terminal octapeptide of 
CCK after tryptic digestion (9-12) and noted that it was 
very active in contracting the gallbladder and in promot- 
ing secretion of pancreatic enzymes. This octapeptide 
was synthesized by Ondetti et al. (13) at the Squibb 
Institute and is referred to as SQ 19,844. The sequence of 
aminoacid residues in CCK and in SQ 19,844 is as 
follows: 


Lys . (Alal, Gly,, Prol, Serl). Arg. Val. (Ileul, Metl, Sen). Lys. 
Asn’(Asx1, Glxl, His], Leuz, Pro,, Ser%).Arg. Ileu.(Aspl, Serl). 


Arg.Asp.$yr. Met.Gly.Trp.Met.Asp. Phe.NH2 


SOjH 


Cholecystokinin (CCK)  
SOIH 
I 


Asp. Tyr Met. Gly . Trp . Met . Asp. Phe . NH2 
SQ 19,844 
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Figure 4-Van der Wuals outlines of (a) portion of salicylic acid, 
showing the presence of strong intramolecular hydrogen bonding; 
(b) the C-17 side chain of cortisone, showing the unfeasibility of 
intramolecular hydrogen bonding. 


lography (1 3), and intramolecular hydrogen bonding has been 
shown to exist. It is quite obvious that the additional atom in the 
hydrogen-bonding hexagon (Fig. 4u) has brought the atoms into the 
correct steric configuration for hydrogen bonding. but in cortisone 
(Fig. 4b) this cannot occur. The conclusion is that there is no in- 
tramolecular hydrogen bonding in the side chain of cortisone and 
that even in solution, the geometry of these atoms will not allow the 
necessary steric relationships to exist in order to effect it. 


Intermolecular hydrogen bonding occurs in the cortisone crystals, 
between 0 - 3  and the 17a-hydroxyl group of adjacent molecules, as 
shown in Fig. 3. There is a possibility of very weak hydrogen bond- 
ing involving 0 -3  and the C-21 hydroxyl group of an adjacent 
molecule, but the geometry of the “bond,” as shown in Fig. 3, is at 
the limit of acceptable values. 
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Action of Adenosine Triphosphate on the Depressed Spontaneous 
Electrical Activity of the Dog Cerebral Cortex 


G. BENZI, E. ARRIGONI, A. FERRARA, and P. MASCHERPA 


Abstract 0 The repeated suppression of the ventilation and the cir- 
culation of the brain in the dog, induces a high depression or a 
silence of electrical activity of the cortical and subcortical centers. 
The recovery of respiratory and circulatory conditions produces 
only a partial spontaneous reversion, which is particularly improved 
by adenosine triphosphate, selectively perfused into the circle of 
Willis. 


Keyphrases Adenosine triphosphate (ATP) activity-xerebral 
cortex 0 Cortical electrical activity depression--ATP effect 
EEG recording-ATP cortical effect 


Many investigators have been interested in the 
modification of the normal or pathological electro- 
encephalogram (EEG) induced by the systemic or local 
administration of drugs to  experimental animals or 
man. However. a number of workers agree that elec- 


trical activity of the cortex is greatly modified by changes 
in blood CO, and 0,. An increase in CO, is associated 
with a shift in energy toward the fast side of the spec- 
trum with a decrease in the total amount of energy; on 
the contrary a low PCO? induces a change in energy to- 
ward the slow side of the spectrum with an increase in 
the total amount of energy. A decrease in amplitude 
with an increase in frequency, as it occurs with high 
CO, values, does not necessarily indicate that less po- 
tential energy is being used, but it may indicate that the 
EEG recording apparatus is less efficient at high fre- 
quencies (1).  Nevertheless, during a condition of short 
asphyxia by suspension of artificial ventilation, an actual 
decrease or suppression of the cerebral electrical activity 
can be induced; restoring artificial ventilation results in 
a normal EEG (2). The acute and severe anoxia in- 
duced by inhalation of 100 % nitrogen gave progressive 
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Table 1.-Action of Natural Recovery of Respiratory and Circulatory Conditions, and of the Subsequent Treatment with ATP (5.10-6M 
in Saline Solution) Directly Perfused into the Circle of Willis (0.5 ml./min. for 30 min.) on the Depressed Spontaneous Electrical 
Activity of the Cerebral Cortex in the Dog" 


EEG after 1 hr. of 
Natural Recovery 


and 1 hr. of Perfusion 
with Saline Solution 


-(0.5 ml./min. for 30 min.)- 


EEG after 1 hr. of 
Natural Recovery 


and 1 hr. of 
-Treatment with ATP- 


Total Time Normal Normal Normal 
of Cerebral Con- - Depression - Con- ---Depression--- Con- -Deprzssion- 


Cardiac No. of - Silence -. 
Arrest Dogs Min. Dogs tion Light erate Deep tion Light erate Deep tion Light erate Deep 


No 23 <8 1 - _ _  


EEG after 1 hr. of Natural -- Recovery- - 
To To To 


di Mod- di- Mod- di- Mod- 


1 -  1 _ -  


Yes 21 


5 1 2  1 1 
8-16 4 1 2  1 -  


7 1 1  3 2 
1 1 >16 2 - _  


4 - 1 -  3 
1 <8 1 
1 


- 1 -  2 
1 


8-16 3 
1 1 4 6 
1 2 2 >16 5 - 
1 1 3 5 


- - - 
- -  - 


- 


- 


4 -  1 -  


3 2 1 1  


1 1 1 1  


- 1 - -  


1 3 1 1  


1 2 1 1  


1 3 - - -  


1 1  


1 


1 2  


3 2  


_ -  
- - _  
- _  
- _  


a EEG pattern scale (related to basal values = 100): deep depression = reduction >70%; moderate depression = reduction from 4&70%; light 
depression = reduction from 10-40W. Statistical analysis of the difference between the effect of ATP perfusion and the effect of saline solution per- 
fusion (a) in inducing an improvement of the EEG pattern: x 2  = 10.34 (~0.01~ = 6.64); (b) in inducing a return to normal condition: x 2  = 3.94 
( ~ 0 . 0 5 ~  = 3.84). 


reduction of amplitude and slowing in the EEG, first 
in the theta, then in the delta range. Finally the record- 
ing became flat. When air was breathed after anoxia for 
2 min., the EEG showed normal rhythm (3). 


In the present research prolonged depression of the 
cortical electrical activity was produced by asphyxia, 
and the modifications caused by introducing adenosine 
triphosphate (ATP) directly into the circle of Willis of 
the dog were observed. 
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Figure 1-Action of ATP on the depressed electrical activity of the 
dog's cerbral cortex. The record from top to bottom: pressure (em. 
HzO) in duodenal balloon; blood pressure (mm. Hg): frontal, pari- 
etal, occipital EEG patterns (gV.).  I = basal conditions by  anes- 
thesia, after surgical procedure; between I and 2 = repeated sup- 
pression of the artiJcial ventilation with carotid arteries closure: 
2 = I0 min. later; 3 = 20 min. later: 4 = 24 min. later (note the 
cardiac arrest): between 4 and 5 = 3 rnin. of cardiac arrest [the 
revival was accomplished by direct active myocardial massage and 
by intracardial injection of isoproterenol (50 mcg.); the carotid ar- 
teries were opened with the recovery of the artijicial ventilation]; 
5 = 5 rnin. later: 6 = I 0  min. later: 7 = 20 min. later; 8 = 30 min. 
later; 9 = 60 min. later [rhe perfusion with ATP ( 5 .  IO-= M in saline 
solution) started]; I0 = 5 min. later; I I  = I0 min. later: 12 = 
20 min. later; I 3  = 30 min. later (the perfusion stopped); 14 = 
60 rnin. later; I5 = I20 rnin. later 


METHOD 


The experiments were carried out on 48 dogs (9.6-17.8 kg.) pre- 
anesthetized with urethan (0.4 g./kg. Lp.). Anesthesia was induced 
and maintained in closed circuit by nitrous oxide, cyclopropane, or 
ethyl ether. The animals were given artificial ventilation after 
tracheal intubation by Warne tube, following succinylcholine 
chloride (1 mg./kg. i.v.) administration. The general condition of 
the animals was investigated by the evaluation of the systemic 
arterial blood pressure (from a cannula inserted into a femoral 
artery), and of the tone and motility of both the duodenum and 
small intestine (from a rubber balloon). 


By drilling, monopolar electrodes were set in place in left and 
right frontal, parietal, and occipital areas; in 11 dogs, bipolar elec- 
trodes were set in place in thalamus and in cerebral peduncle. 
Arterial blood pressure, intestinal tone and motility, and cerebral 
electrical activity were recorded by a 12-channel polygraph (Physio- 
script EE 12 Schwarzer). 


The operative procedure for arterial injection into the brain con- 
sists primarily of isolation of the common carotid arteries and of liga- 
tures of all their branches, except the internal carotid arteries and 
the right thyroidea superior artery. The right external jugular vein 
was isolated, and the vertebral vessels were ligated before their en- 
trance into the transverse foramen of CZ or Cs. The numerous 
muscular branches arising from the vertebral vessels, the anastomo- 
sis between vertebral and carotid arteries, the muscular vessels of the 
neck, the vessels running under the carotid arteries and vagus 
nerves, the zygomatic, maxillary, auricolar, and supraorbital vessels 
were occluded by ligature or compression. The isolated thyroidea 
superior artery was cannulated by a polystan tube and con- 
nected with a perfusor (Palmer). Hematocrit, clotting-time, pH, 
and lactic acid were measured with blood samples from a polystan 
tube inserted into the isolated jugular vein; LDH was measured in 
cerebrospinal fluid. The basal electroencephalographic pattern by 
anesthesia, after the surgical procedure, was maintained at fourth of 
Faulconer's levels (4). 


Depression of the cerebral electrical activity was produced during 
treatment with tubocurarine (0.1 mg./kg. every 30 min. i.v.) by 
suppression of artificial ventilation and by the subsequent (5-8 
rnin.) closure of the carotid arteries. This condition induced a series 
of burst suppression patterns in the EEG with ultimate electrical 
silence; myocardial depression began, the animals were given 
artificial ventilation, and the carotid arteries were opened again. 
Spontaneous partial recovery occurred in both EEG and myo- 
cardial activity: after 5 to 15 min. artificial ventilation was sup- 
pressed and the carotid arteries closed again. 
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This procedure was repeated many times (4-8). In 21 experi- 
ments the last myocardial depression became extreme during 2 to 4 
jmin., and revival was accomplished only by a direct, active myo- 
cardial massage and, in 11 dogs, also by injection of 25-50 mcg. of 
isoproterenol into an auricle rather than a ventricle. 


After the last myocardial depression, with or without cardiac 
arrest, both artificial ventilation and carotideal cerebral circulation 
were given for 3 hr. During the second hour in 16 dogs saline 
solution was perfused into the circle of Willis at the rate of 0.5 ml./ 
rnin. for the first 30 rnin., and in 28 dogs ATP ( 5 .  M in saline 
solution) was perfused into the circle of Willis at the rate of 0.5 ml./ 
min. for the first 30 min. 


RESULTS AND DISCUSSION 


The repeated suppression of artificial ventilation, with carotid 
arteries closure, induced a high depression or silence in the EEG, 
with only partial spontaneous reversion after recovery of respira- 
tory and circulatory conditions (Table I) during the time of ob- 
servation. Parallel behavior was shown by the subcortical centers. 
The subsequent treatment with ATP, selectively perfused into the 
circle of Willis, improved the partial spontaneous reversion of the 
EEG depression, as summarized in Table I and exemplified in Fig. 
1, which shows one of the best results obtained. 


It is possible to note also (a )  the lesser natural recovery in EEG 
pattern induced by the cardiac arrest; (b) the inverse correlation be- 
tween the time of cerebral silence and the recovery of the EEG pat- 
tern, with or without ATP treatment; and (c )  the lack of EEG 


modification by intracardiacal injection of isoproterenol during the 
direct active myocardial massage after cardiac arrest. 


During the cerebral asphyxia, with related depression of electri- 
cal activity of the cortex, the blood samples from the jugular vein 
showed no modification of hematocrit and clotting-time, while the 
pH decreased and lactic acid increased. A rise of LDH was detect- 
able in the cerebrospinal fluid. The recovery of respiratory and cir- 
culatory conditions corrected partially the modified values, with a 
possible return to normal conditions after treatment by ATP. 
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Light-Scattering Investigation of Protamine Sulfate 


K. C. YEH*, S. P. LOUCAS, and H. M. HADDAD 


~ ~~ 


Abstract 0 A study of the weight average molecular weight of 
protamine sulfate using light-scattering photometry at 436 mp was 
undertaken. Results obtained indicate a molecular weight of 3600 
for the free base. Dissymmetry and second virial coefficient data are 
discussed relative to solute-solute interactions. 


Keyphrases 0 Protamine sulfatcmolecular weight determina- 
tion 0 Light-scattering spectrophotometry-analysis 0 Refrac- 
tive index increment-protamine sulfate solution 


Protarnine sulfate, a heparin antagonist, is obtained 
from the sperm or mature testes of fish (1) belonging to 
the genus Oncorhynchus Suckley, Salmo Linne, or 
Trutta Jordan et Evermann (Fam. Sulmonidue). Since 
it is derived from animal sources, previous molecular 
weight determinations have led to the reporting of con- 
flicting results. From end-group determinations, Phillips 
(2) assigned a molecular weight of 3800. Unpublished 
data by Callanan (3) attributed a maximal average 
molecular weight of 5000 to salmine on the basis of par- 
ticle weight distribution. 


Since the literature is void of experimental details, 
the discrepancy between number and weight average 
molecular weights caused further study of the light- 
scattering patterns of protamine sulfate solutions. 


EXPERIMENTAL 


Material-samples of protamine sulfate powder were used (lots 
ONPO2E and ONPO2H, obtained from Eli Lilly Laboratories). 
Sulfate and nitrogen elemental analysis (4), on an anhydrous basis, 
gave a 17.7 and 23.3 content, respectively. Triple-distilled sterile 
water was used as solvent for all solutions with an apparent optical 
turbidity of 10-5 cm.-l. All solution concentrations were calculated 
on the dried basis. 


Light-Scattering-Refractive index increments (dn/dc) and weight 
average molecular weight (Mw),  defined as (nSoln - naoln ) /c  and the 
ratio z1NiMi2/ZNiBMi, respectively, were obtained with a dif- 
ferential refractometer (Brice Phoenix) and modified dual photo- 
multiplier type photometer (models 2000), using incident un- 
polarized light of 4358 A. All samples measured gave a dn/dc of 
0.180 f 0.001 ml./g. suggesting minimum sample heterogeneity. 


Temperature control was achieved by circulating thermostated 
water at 25 + 0.1" through a cored light scattering cell table and 
jacket. 


Scattering intensity was measured at 90" to the incident beam 
( I g o )  relative to transmitted light (lo) at 0". Apparent turbidity t ,  
and dissymmetry z,  defined as the angular ratio i45/i135 were carried 
out with a 40 X 40-mm. semioctagonal cell. 


Light absorption at 436 mp, depolarization, and fluorescence 
measurements were negligible with transmittance being greater 
than the limiting value of 63 %. 


The effect of pH on scattering was examined for solutions con- 
taining 12 X 10-3 g.]ml. protamine sulfate in phosphate buffer, 
r/2 = 0.1, pH = 6.9-9.5. Data for all solutions were identical sug- 
gesting the absence of pH effects in this range. 
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Whether or not combinations of other oils and surfactants will 
exhibit activity with different characteristics has yet to be inves- 
tigated. 
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A Simple Dilution Analog Computer for Simulation 
of Drug Distribution Processes 


E. L. ROWE and W. MOROZOWICH 


.4bstraet 'J A simple technique is described which provides plots of 
simulated tandem first-order processes much like the analog com- 
puter. The exponential change in concentration of a solution under- 
going dilution at constant volume provides the basis for simulation 
of first-order processes. A UV-absorbing indicator is introduced into 
the first of a series of connected containers and the solution is rapidly 
pumped through the system. The continuously changing indicator 
concentration in any container can be measured and continuously 
monitored by a spectrophotometer equipped with a flow cell and 
recorder. Several pharmacokinetic models, as in delayed-release 
formulation and in molecular modification, were studied with 
this device and the resulting plots were found to be accurate and 
reproducible. The validity of dilution analog simulation of first- 
order processes is shown mathematically. One of the uses of the 
dilution analog simulator is in teaching and visualizing tandem 
first-order reactions such as pharmacokinetic models. 


Keyphrases 0 Analog computer simulation-drug distribution 
processes 0 Model, three compartment-drug distribution 0 
Kinetic equations-drug distribution model 0 Diagrams-models, 
drug distribution 0 UV spectrophotometry-distribution monitor- 
ing 


The analog computer has been used widely to  simu- 
late and analyze drug distribution models (1-3). This 
report illustrates how first-order dilution techniques 
with the aid of a spectrophotometer can be used in 
place of an electronic analog computer to simulate drug 
transport and distributional systems. In  essence, the 
dilution technique consists of addition of diluent at a 
constant rate to a well-stirred aqueous solution of a 
UV-absorbing indicator in which constant volume is 
maintained by means of an overflow vent. The con- 
centration of indicator decreases exponentially in such 
a system and additional compartments can be added, 
the indicator concentrations of which are also governed 
by exponential laws. 


Nonelectronic analog simulation for the purpose of 
teaching and illustration has been achieved by several 
ingenious but complicated methods. Kriiger-Thiemer 
(3) used the principle of gas diffusion through evacuated 
compartments separated by porous membranes. Wen- 
dell (4) used a hydrodynamic analog in which the ex- 


M O D E L  I 


M O D E L  II 


L > -  


U 
100 m i  


K 1 =  1 15min.l K 2 =  0.172min-1 
A-8-C 


K 1 =  1 15rnin-1 K 2 =  0 172min.l K j =  0 172min.l 
MODEL III A-B-C-D 


ponential decline of hydrostatic pressure produced a 
first-order emptying process. Both methods require 
special equipment and are not easily monitored. 


Dilution analog simulation has few disadvantages 
compared with these systems. The equipment required, 
including a spectrophotometer, is readily available in 
most laboratories. While this study deals mainly with 
systems of tandem first-order processes, the dilution 
analog technique is not necessarily restricted to  such 
simple systems. Variations in the techniques should 
permit the simulation of more complex cases such as 
those involving simultaneously both forward and re- 
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Table I-Comparison of Equations for Drug (Indicator) in the Various Compartments of the Model Involving Two 
Consecutive First-Order Processes 


Compartment In Vivo Dilution-Analog Computer 


Drug in solution in G.I. tract: 


XA = XA"e-kt 
Drug in blood : 


Indicator in solution in first constant 
volume compartment: 


XA = XAO e-(F/VA)t 
Indicator in solution in second constant 


volume compartment: 


Cumulative indicator in third compartment: 
XC = XA" - X A  - XB 


XA, XB, XC = amount of drug (or indicator) in respective compartment at 


XA 


ki, kE 
F 
VA, VB 


time t 


time t = 0 
= initial amount of drug present in Compartment A at 


= first-order rate constants 
= flow rate of fluid 
= fluid volumes of Compartments A and B, respectively 


verse rates between compartments as well as parallel 
pathways. 


THEORY 


The operation of the dilution-analog computer can be described 
by a treatment of the case of two consecutive first-order processes: 


ki k2 


A - B - C  


where Compartments A,  B, and C contain a UV-absorbing in- 
dicator in solution with concentrations CA, CB,  and CC respec- 
tively, and kl and ki are first-order rate constants for transfer 
of the indicator from one Compartment to the next. Model I1 in 
Fig. 1 shows the basic physical arrangement of the equipment for 
the simulation of this case. At time zero, Compartment (bottle) A 
contains all of the indicator in solution while Compartment B is 
filled to a fixed volume with diluent, and Cis empty. The volumes 
of fluid in compartments A and B are maintained constant since 
they are tightly stoppered and the air head space is constant and 
minimal. Solvent is pumped at a constant rate into Compartment A 
forcing out indicator solution at an equal rate into bottle B. The 
overflow from B empties into C .  Compartments A and B are kept 
homogeneous by constant stirring with magnetic stirrers. The pump- 
ing rate is kept constant throughout the experiment. Either com- 
partment A or B can be monitored; in Model I1 the spectrophotom- 
eter cell is in position to monitor the indicator concentration in 
Compartment B. 


Adjustments of the pumping flow rate and volumes of Compart- 
ments A and B can be made to change the rate constants kl and 
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Figure 2-Recorder tracings obtained from dilution analog computer 
set up according to  Models, I ,  I I ,  and 111 in Fig. 1. 


ki. The relationship of these parameters with the rate constants is 
determined by deriving the equations appropriate to the system as 
follows. 


Compartment A-Compartment A contains a fixed volume of 
indicator solution with indicator concentration CA which is 
kept homogeneous by stirring, Dilution fluid (0.1 16% ammonium 
hydroxide in aqueous solution in this study) is pumped at a con- 
stant flow rate (F ml. min.-l) into Compartment A.  Since it is tightly 
stoppered, fluid is forced out of A at the same flow rate F through 
the outlet tube. In any time interval dt,  the flow rate (ml. mh- l )  
multiplied by the time interval dt (min.) gives the volume Fdt (ml.) 
of fluid pumped into and out of A .  The weight ( ~ X A )  of indicator 
pumped out in the time interval dt is obtained by multiplying the 
concentration in A (CA)  by the volume pumped out (CAFU~). Since 
the fluid pumped into A contains no indicator, the net change in 
amount of indicator in A is given by 


(Eq. 1) dxA = 0 - CA Fdt 


or since C A  = XA/VA where XA = amount of indicator dissolved 
in the fluid volume ( VA) in Compartment A 


Integrating : 


(Eq. 3) 
F In XA = - ~ t + constant 
VA 


Evaluation of the constant by equating t = 0, 


or 


where XAO is the initial amount of indicator in compartment A at 
time t = 0. 


Compartment B-Using a similar reasoning process as was done 
for Compartment A ,  the change in weight of indicator in Compart- 
ment B during a time interval dt is 


dxB = CaFdt - CBFdt (Eq. 6 )  


Substituting XA/VA for C A  and XB/VB for CB,  
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100 , 


0 
0 1 2 3 4 5 6 7 8 9  


TIME, min. 


Figure 3-Simulation of blood level of drug vs. time plot applying 
the A kl + B kz + C model to fhe dilution analog computer (kl 
= F/VA = 0.865 min.-l, kz = F/VB = 0.159 min.-l). Key: -, 
experimental recorder tracing; X points calculated from Eq. 8. 


Substituting Eq. 5 in Eq. 7 and integrating: 


Compartment C-The volume of Compartment C is not constant 
but continually increases just as does the cumulative urine in a 
drug distribution process. The complex differential equations are 
actually unnecessary to consider. Instead, the cumulative weight of 
indicator excreted into Compartment C can be easily calculated by 
material balance : 


XC = x A o  - XA - XB (Eq. 9) 


The resultant equations are summarized in Table I and com- 
pared with the usual drug distribution equations for a one-com- 
partment model. The equations for amount of indicator (or drug) 
in Compartments A and B are identical if F/vA is set equal to kl 
and F/VB is set equal to k2. Thus, any set of rate constants can be 
attained by proper selection of the flow rate F and the volumes VA 
and VB. 


EXPERIMENTAL 


The models shown in Fig. 1 were constructed from flint glass 
bottles fitted with two-hole rubber stoppers. The bottles were con- 
nected with 0.16 cm. (0.062) in. i.d. glass and rubber tubing. A 
constant flow rate of fluid was maintained with a peristaltic pump 
(New Brunswick). A 1-cm. flow cell (Oak Ridge, 0.3 ml. volume) 
was connected into the system as indicated in the drawing. The 
absorbance of the liquid in the cell was monitored by a spectro- 
photometer (Beckman DB) at  220 m p  with a strip chart recorder. 
The dilution fluid consisted of 0.116% ammonium hydroxide 
solution and the indicator was 8-nitrotheophylline. The bottles 
were filled to the desired volumes with the dilution fluid, stoppered, 
and the pump started. The flow was set at the proper rate and the 
spectrophotometer was adjusted to a base line of zero. The pump 
was turned off and with the stirrers adjusted to keep the fluids 
homogeneous in the compartments, a concentrated solution of 8- 
nitrotheophylline was quickly injected into Compartment A ,  allow- 
ing about 1 min. to mix with the dilution fluid. The pump and re- 
corder were turned on simultaneously at the beginning of a run. 
Three milliliters of concentrated 8-nitrotheophylline solution were 
injected into the first compartment in each case. Each run required 
about 10 min. 


RESULTS AND DISCUSSION 


The models in Fig. 1 can be used to illustrate simple drug dis- 
tribution systems which consist of consecutive first-order processes. 
The time scale of hours, normal to drug distribution, is reduced to 
minutes in the models for rapid evaluation. In each case, the bottle 
which represents the blood compartment is monitored by the spec- 
trophotometer. 


Model I in Fig. 1 simulates the case of a drug given i.v. with an 
excretion half-life of 4.0 hr. The scaled-down rate constant, kl = 
0.172 min.-l, is obtained by adjusting the pumping rate to 17.2 


A k, B ABSORPTION k, ,C I - m _ _ " - D  
DISSOLUTION 


EXCRETION OF 
ACTIVE DRUG 


k, D 
EXCRETION 


OF METABOLITE 


Figure &-Complex model for simulation of drug distribution with the 
dilution-analog computer. Key: A,B,C, D, C', D', Compartments with 
volumes V A ,  V B ,  etc.; Pi and Pz, pumps with flow rates FI and Fz, 
respectively: ko, kl, ke, ka, and kq, rate constants for  drug transfer. 
ko (ifzero-order) = ( F I  + F~)CA, ko (iffirst-order) = ( F I  + Fz)/VA, 
ki = ( F i  + Fz)/VB, kz = Fi/Vc, k3 = FzIVc, ki = FzIVc'. 


ml. mia-1 and the volume of Compartment A to 100 ml. Thus 
FIVA = 17.21100 = 0.172 min.-l. The experimental curve ob- 
tained is shown in Fig. 2 (Curve I). There is a small lag time due to 
hold-up volume in the lines. 


Model I1 simulates the process of absorption and excretion with 
half-lives of 0.60 and 4.0 hr., respectively. The flow rate of 17.2 ml. 
min.-l divided by the volume of compartment A ,  15 ml., gives the 
required kl of 1.15 min.?. kz is numerically the same as kt in 
Model I. The recorder tracing for this system (Curve I1 in Fig. 2) 
has the typical blood level curve shape. 


Model 111 simulates the case of a drug derivative which undergoes 
absorption, hydrolysis to the parent drug, and excretion, with the 
respective half-lives of 0.60, 4.0, and 4.0 hr. The appropriate rate 
constants are obtained as before by dividing the flow rate by the 
bottle volume, i.e., FIVA = kl, FIVB = kz, FIVC = ka. The spectro- 
photometer is in position to monitor Compartment C ,  and the ab- 
sorbance versus time curve simulates the concentration of parent 
drug in the blood. Curve I11 in Fig. 2 has a prolonged plateau due 
to the inclusion of the slow hydrolysis step. Of course this model 
fits other cases such as first-order dissolution in the gut followed by 
absorption and excretion. The above models show the potential 
of graphic illustration of various pharmacokinetic models by the 
dilution-analog computer. 


The accuracy of the dilution analog computer was checked by 
comparison of an experimental curve from Model I1 with calculated 
points from the equation in Table I for Compartment B. Rate 
constants kl = 0.865 hr.-l and ke = 0.159 hr.-1 were taken from 
an analysis of a clinical study on lincomycin hydrochloride mono- 
hydrate (Lincocin) (5). With a fluid flow rate of 13.0 ml. min.-l, 
FIVA was made numerically equal to kl (changing hr.? to min.-l) 
by adjusting V A  to 15.0 ml. and FIVB was made equal to kz by 
taking the fluid volume of VB at 81.6 ml. Since the experimental 
curve is in absorbance units which is a function of concentration, 
the calculated values for XB which are weights must be multiplied 
by a volume ratio factor, v A / v B ,  to change to a concentration basis 
while maintaining the equality of Eq. 8.1 


Figure 3 shows that the fit of calculated points on the experi- 
mental curve is very good in spite of the possible experimental errors 
involved in measuring concentration, volume, and flow rate. The 
curve approximates very well the actual clinical blood levels. 


Simulation with the dilution-analog computer is not limited to 
these simple systems. Additional consecutive first-order processes 
can easily be added. An initial zero-order process can be simulated 
by pumping a solution of indicator at a constant rate into the first 
fixed volume compartment. Alternate pathways for metabolism and 
excretion resulting in a branched model are easily visualized. Figure 
4 illustrates a more complex model involving an initial zero-order 
rate and a metabolism step which requires one more pump. Revers- 
ible processes require more imagination in design but should be 
entirely possible. Thus, storage compartments with reversible 
pathways to the blood compartment could be simulated by a bottle 
containing an adsorbent or an immiscible solvent for partitioning 
the indicator with the necessary extra pumps. The rate constants 
would be functions of the flow rates, compartment volumes, and 
adsorptive capacities. 


1 To convert XB and XAO in Eq. 8 to concentration units, both sides 
are divided by VA . VB. Algebraic manipulation to keep XB/ VB or CB on 
the left side requires that the right side be multiplied by VAIVB. 
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The authors recognize that the dilution analog computer has 
limitations with respect to ease of manipulation and applicability to 
very complex models. It does have the advantages of simplicity, 
low cost, and availability. 
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Mechanism of Hemolysis by Cationic Surface-Active Agents 


TAMOTSU KONDO and MICHIKO TOMIZAWA 


Abstract 0 A study was made of the mechanism of hemolysis by 
cationic surface-active agents. Phospholipids were found to be re- 
leased from the cell membrane prior to lysis by the cationic agents 
under the conditions of physiological pH and ionic strength, indi- 
cating an important role of electrostatic interaction between the 
surface-active cations and the phospholipid anions in hemolysis. 
The adsorption experiments showed that the binding of surface- 
active cations to the lipoprotein layer of cell membrane is a pre- 
requisite for the hemolysis to take place. The temperature de- 
pendence of adsorption suggested a hydrophobic nature of the 
binding. It was proposed that the adsorbed surface-active cations 
make the channels through which the phospholipid molecules are 
removed out of the cell membrane and that the removal of phos- 
pholipids from the lipoprotein layer causes the alteration of protein 
conformation, thereby allowing the release of hemoglobin into the 
surrounding medium. 


Keyphrases 0 Hemolysis mechanism-cationic surfactants 0 Cell 
membrane phospholipids-surfactant effect [7 Phospholipid re- 
lease-cell lysis 0 Temperature dependence-membrane-surfac- 
tant binding IJ TLC-separation, identification 


Previous reports (1-3) from this laboratory have re- 
vealed that the surface-active cations with alkyl chain 
length from C1 to Clz are able to  cause hemolysis of dog 
red cells under the conditions of physiological pH and 
ionic strength, liberating phospholipids in considerable 
amount from the cell membrane prior to  lysis. This has 
led us to  a hypothesis that the surface-active cations 
strongly interact with the phospholipids in the cell 
membrane to  give rise to hemolysis. 


In this paper an attempt was made to examine the 
validity of the hypothesis in the case of red cells from 
other animal species than dog and to construct a com- 
mon mechanism of hemolysis by cationic surface-active 
agents responsible for all kinds of red cells based on the 
experimental results obtained. 


MATERIALS AND METHODS 


Materials-Alkyl pyridinium iodides were synthesized and 
purified as previously described (4). Alkylamine hydrochlorides 
and polymethylenediamine dihydrochlorides were prepared by 


Table I-Hemolytic Concentrations of Cationic Surface-Active 
Agents (mMfl.) 


Species - 
Compd. Dog Rabbit Sheep 


CizHz5NHzHCl 3.41 X lo-’ 2.75 X lo-’ 5.23 X lo-’ 


CsH17NHzHCI 3.43 X 10 2.23 X 10 4.50 X 10 
CfiHirNHzHCl 4.50 X 102 3.65 X 102 4.58 X 102 


CioHziNHzHCI 2.97 1.88 3.85 


c,~zHzsPyi 6.20 X 10-l 4.72 X 10-1 1.13 
CioHziPyI 5.40 5.89 7.88 
C S H ~ ~ P Y I  3.35 X 10 3.08 X 10 3.45 X 10 


passing dried hydrogen chloride through the benzene solutions of 
the corresponding amines and diamines. The precipitated salts 
were recrystallized from ethanol. 


The red cell suspension for the experiments was prepared as 
follows. Citrated blood from normal, healthy animals (dog, rabbit, 
and sheep) was centrifuged and the cells were washed three times 
with the phosphate-buffered isotonic saline (pH 7.4) or nonbuffered 
isotonic saline. The former was used for the hemolysis experiments 
by alkyl pyridinium iodides, whereas the latter for the ones by 
alkylamine hydrochlorides and polymethylenediamine dihydro- 
chlorides. The washed, packed cells were then suspended in the 
same medium as that used in washing to give a 2.5% v/v suspen- 
sion. The number of cells in unit volume of the suspension was 
counted on a hemocytometer. 


Hemolysis Techniques-The determination of the degree of 
hemolysis was made in the following way. Various dilutions of 
cationic surface-active agents in isotonic buffer or saline were made 
and brought to the required temperature (30”). Two milliliters of 
each dilution at the same temperature was pipeted into small test 
tubes, and then an equal volume of the cell suspension was added. 
The mixtures were allowed to react for 15 min. in the water bath 
with shaking. At the end of this period, the mixtures were im- 
mediately centrifuged to remove the unhemolyzed cells. The degree 
of hemolysis was evaluated by determining spectrophotometrically 
the amount of hemoglobin released in the supernatant liquid with a 
Bausch & Lomb spectrophotometer. The standard for 100% hemol- 
ysis was assumed to be given by an optical density value for com- 
plete hemolysis. Finally, the hemolysis curve was set up by plotting 
percent hemolysis against hemolytic agent concentration. 


Surface Tension Measurements of Hemolytic Agents Solutions- 
The surface tension measurements were carried out using a du 
Nouy tensiometer. 


Adsorption of Surface-Active Cations on Red Cells-The amount 
adsorbed of surface-active cations on dog red cells was estimated 
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anhydrous sodium sulfate. The amine was converted in the usual 
manner to the hydrochloride and recrystallized. 
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Guinea Pigs and in Dogs of the 
C-Terminal Octapeptide (SQ 19,844) of Chole&stokinin 


- 


B. RUBIN, S. L. ENGEL, A. M. DRUNGIS, M. DZELZKALNS, 
E. 0. GRIGAS, M. H. WAUGH, and E. YIACAS 


Abstract 0 The synthetic C-terminal octapeptide of cholecystokinin 
(CCK), SQ 19,844, caused CCK-like contractile activities of excised 
gallbladder and ileal strips of guinea pigs, of gallbladder prepara- 
tions in situ in anesthetized guinea pigs, and of gallbladder and 
duodenal preparations in situ in anesthetized dogs. In these prep- 
arations, SQ 19,844 was about 10 and 2.5 times more potent than 
CCK on a weight basis and molar basis, respectively. The duration 
of the effect of SQ 19,844 on the gallbladder was about one-half 
that of CCK. In fasted unanesthetized dogs with gastric pouches, 
the secretory stimulant potency of SQ 19,844 was only about four- 
fifths and one-third that of CCK on a weight basis, and molar basis, 
respectively. The C-terminal tetrapeptide, which was more potent 
than either SQ 19,844 or CCK as a gastric secretory stimulant, was 
considerably less potent in contracting the gallbladder. 


Keyphrases 0 Cholecystokinin-gallbladder-intestinal contraction, 
gastric secretion C-terminal octapeptide-gallbladder-intestinal 
contraction, gastric secretion 0 Gallbladder contraction-C- 
terminal tetrapeptide, protected C-terminal tetrapeptide, pro- 
tected-gastric secretion 0 Peptides, cholecystokinin related- 
gallbladder-intestinal contraction, gastric secretion 


In 1928, Ivy and Oldberg reported (1) that an extract 
of the upper intestinal mucosa promoted contraction 
snd evacuation of the gallbladder. This extract con- 
tained a substance that they named cholecystokinin, 
herein designated as CCK. CCK is a single-chain poly- 
peptide with 33 aminoacid residues (2). The C-terminal 
pentapeptide of CCK is identical (3) with that of gastrin 
(4, 5). Harper and Raper in 1943 (6) and Crick et al. 


in 1949 (7) demonstrated that the mucosa of the upper 
intestine contained a substance that promoted pan- 
creatic secretion of enzymes; they named this substance 
pancreozymin. Mutt and Jorpes (8, 9) have found that 
CCK activity and pancreozymin activity accompanied 
each other during purification; accordingly, CCK and 
pancreozymin may be identical (8-10). Mutt and Jorpes 
(8-10) reported that pure CCK, tested on the guinea pig 
gallbladder, assays at 3,000 Ivy dog units/mg. 


A partial determination of the aminoacid sequence of 
CCK was reported recently by Mutt and Jorpes (10- 
12), who also isolated the C-terminal octapeptide of 
CCK after tryptic digestion (9-12) and noted that it was 
very active in contracting the gallbladder and in promot- 
ing secretion of pancreatic enzymes. This octapeptide 
was synthesized by Ondetti et al. (13) at the Squibb 
Institute and is referred to as SQ 19,844. The sequence of 
aminoacid residues in CCK and in SQ 19,844 is as 
follows: 


Lys . (Alal, Gly,, Prol, Serl). Arg. Val. (Ileul, Metl, Sen). Lys. 
Asn’(Asx1, Glxl, His], Leuz, Pro,, Ser%).Arg. Ileu.(Aspl, Serl). 


Arg.Asp.$yr. Met.Gly.Trp.Met.Asp. Phe.NH2 


SOjH 


Cholecystokinin (CCK)  
SOIH 
I 


Asp. Tyr Met. Gly . Trp . Met . Asp. Phe . NH2 
SQ 19,844 
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0.00015 0,00031 0.00062 0.00125 0.0031 0.0062 0.0124 0.025 
CONCENTRATION (rncg./rnl. or units/rnl.) 


Figure 1-Peak cotitractile response curves in vitro of SQ 19,844 
arid CCK on gallbladder strips of guinea pigs. Concentrations are 
s h o w  on log-scale. 


The CCK-like activity of SQ 19,844 has been com- 
pared with that of one preparation of CCK obtained 
from Vitrum A/B of Sweden. In some instances, the 
C-terminal tetrapeptide with a benzyloxycarbonyl 
protecting group on the tryptophan component was 
also tested. 


This report describes several effects of these peptides 
on gallbladder contractility, intestinal motility, gastric 
secretion, and systemic blood pressure of either guinea 
pigs or dogs. 


METHODS 


In Vitro Preparations-Gallbladder strips (14) from either male 
or female guinea pigs (weight, 150-200 g.) were mounted in 10-ml. 
tissue baths containing Krebs solution at 36.5" and bubbled with 
95% 02-5z C02. One strip was taken from each animal. Iso- 
metric responses of the strips, initially under 0.5-g. tension, were 
recorded uia force-transducers (Grass FT.03) connected to a dyno- 
graph (Beckman). Treatment time was 3 min. for each peptide. 


In other tests, contractile effects on guinea pig ileal segments were 
studied similarly, except that the initial tension imposed was 2 g. 
and treatment time was 2 min. 


The peptides employed both in vitro and in uiuo were S Q  19,844 
dissolved in 0.5 N NaHC03, CCK (Vitrum No. 211017) dissolved 
in physiological saline, and protected C-terminal tetrapeptide 
dissolved in 10 N,N-dimethylacetamide in saline. The vehicles 
alone caused little or no effect in any of the tests. The peptides 
were added in random order to each tissue bath, each in a volume 
of 0.05 ml. Four washings totaling 25 ml. of peptide-free Krebs 
solution were used after each treatment. The period between addi- 
tions of peptide ranged from 5-15 min., depending on the time 
needed for relaxation of the tissue. Four by four (8-point) factorially 
designed assays were conducted on each gallbladder strip. Bio- 
metrical evaluation2 was performed according to the methods of 
Bliss (1 5). The peak contractile response was the dependent variable. 
The bath concentrations ranged from 0.1 5-1.25 ng./ml. for SQ 
19,844, from 0.0031-0.025 Ivy dog units/ml. for CCK, and from 
0.005-0.5 mcg.jm1. for protected C-terminal tetrapeptide. 


In the case of the ileal contractions induced by the peptides, only 
graphical estimates of approximate potency were made. The bath 
concentrations ranged from 0.20-12.8 ng /ml. for SQ 19,844, and 
from 0.0062-0.40 Ivy dog units/ml. for CCK. 


In Situ Preparations of Anesthetized Guinea Pigs-Male guinea 
pigs each weighing fiom 500-700 g. were fasted overnight and 
anesthetized with urethane, 2 g./kg. S.C. The gallbladder was ex- 
posed after a midline abdominal incision. A silk line was attached 


Tetragastrin, prepared by Dr. M. Ondetti and associates at the Squibb 


I<i.ndly conducted by Mr. A. M. Combs and Dr. R. S. Valand of 
Institute for Medical Research, New Brunswick, N. J. 


Scientific Systems, Squibb Beech-Nut, Inc. 
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Figure 2--E.~ample of in vitro cotztractile effects of SQ 19,844 
(SQ),  1.25 tig./m/., and of CCK,  0.025 Iuy dog uniilml.. on a guinea 
pig gallbladder strip. W = wash. Time marks at I-miti. intervals. 


to the outer wall of the fundus of the gallbladder (16) and connected 
to a force-transducer (Grass FT.03) coupled to a dynograph (Beck- 
man). An initial tension of 2 g. was imposed prior to monitoring 
isometric contractions. In some of the guinea pigs, systemic blood 
pressure was recorded from a carotid artery uia a pressure trans- 
ducer (Statham) coupled to the dynograph. Each randomized dose 
of peptide, given in 0.1 ml. of solution was washed into a jugular 
vein with 0.5 ml. of physiological saline within a period of 10-20 
sec. At least 10 min. elapsed between injections. Factorially designed 
8-point assays of gallbladder contractile activity were conducted 
and biometrically evaluated (15); the peak contractile effect on 
the gallbladder was the dependent variable. The i.v. dose ranges 
were 0.97-7.8 iig./kg. for SQ 19,844 and 0.0635 -0.50 Ivy dog units 
for CCK. 


In Situ Preparations of Anesthetized Dogs-Mongrel dogs of 
either sex, ranging in weight from 10-13.5 kg., were fasted over- 
night and anesthetized with urethane, 1.8-2.2 g./kg.. i.v. A femoral 
vein and the contralateral femoral artery were cannulated for 
injections and blood pressure monitoring, respectively. Blood 
pressure was recorded via a pressure transducer (Statham) con- 
nected to a dynograph (Beckman). The gallbladder and duodenum 
were exposed after a midline abdominal incidon. The dome of the 
gallbladder was cannulated with a flanged polyethylene tube and 
the cystic duct was ligated or clamped, according to the method of 
Ivy and Janecek (17). The intragallbladder pressure was monitored 
continuously with a saline-filled pressure transducer (Statham) 
coupled to the dynograph. If pressure in the gallbladder immediately 
after cannulation was less than 5-10 cm. of water, enough saline 
was added to the system to reach this pressure range. 


A 4-cm. longitudinal incision was made in the duodenum, start- 
ing approximately 2.5 cm. fi om the pylorus. A small latex balloon 
(approximately 2 cm. in diameter x 6 cm. in length), attached to a 
pressure transducer (Statham), was passed caudad for about 20 
cm. through the opening in the duodenum. Pressure in the balloon, 
connecting tubing, and transducer, all filled with water, was ad- 
justed to at least 5-10 cm. of water at the beginning of each test. 
Injections of peptides (1 ml. of solution) were made i.v. at 15-min. 
intervals or longer and washed in with 1 ml. of saline; each injec- 
tion was made within 10-20 sec. The interval between injections 
depended on the time required for the intragallbladder pressure. 
systemic blood pressure, or duodenal-balloon pressure to return 
to or near predose levels. 


The i.v. doses employed in the dog ranged from 8-64 ng./kg. for 
SQ 19,844 and from 0.125-1.0 Ivy dog units/kg. for CCK. A total 
of 12 or 18 injections was made into each dog. Graphical estimates 
of approximate relative potency were determined for the peak 
contractile effects on the gallbladder and duodenum. 


In  Vivo Preparations of Unanesthetized Dogs-Repeated deter- 
minations of the gastric secretory responses after single subcutaneous 
doses (0.10 or 0.20 ml./kg.) of these peptides were determined in 
one dog with a Heidenhain pouch and in one dog with a Pavlov 
pouch, each weighing about 11 kg. These dogs were fasted about 
18 hr. before each test, but were allowed water ad libitum. On the 
day of test, at least two control collections of pouch secretions 
were made at intervals of 0.5 hr. After each S.C. dose. collections 
were made at 0.5-hr. intervals for as long as 5 hr. The volume ( V ) .  
pH (glass electrode Beckman Zeromatic meter), titratable acidity 
to pH 7 (TA), and titratable acidity output (TAO, calculated as 
T A  X V )  were determined on any collection of 0.5 ml. or more. 
V ,  TA,  and TAO were expressed as ml., meq./l., and peq., re- 
spectively. The effective S.C. doses employed ranged from 1.0-4.0 
mcg./kg. for SQ 19,844, from 8-32 Ivy dog units/kg. for CCK, and 


956 0 Jorrrrral of Pharmaceutical Sciences 







S Q  W CCK W 


-111111111 
Figure 3-Example of in vitro contractile effects of SQ 19,844 
(SQ) .  12.8 ng./nd., and of CCK, 0.40 Ivy dog unitlml., on the same 
gninea pig ileal segment. W = wash. Time marks at I-min. 
interculs. 


from 0.4-10 mcg./kg. for protected C-terminal tetrapeptide. 
Neither dog was tested with peptide at  intervals of less than 2 days. 


RESULTS 


In Vitro Preparations--With reference to peak contractile effects 
on the gallbladder strips, 1 mg. of SQ 19,844 was equivalent to 
26,010 Ivy dog units of CCK, with a potency range of 19,574-- 
34,562 units at  the 95% confidence level (Fig. 1). The dose-re- 
sponse curves did not depart from parallelism or linearity at  11 
= 0.05. A representative tracing is shown in Fig. 2. 


The contractile effect of SQ 19,844 on the gallbladder strips 
appeared to develop more rapidly than did that of CCK; also the 
reversibility or relaxation of the strips after washing with Krebs 
solution occurred more rapidly in the case of the octapeptide. 
The average times for the development of peak contractile effects 
ranged from 1.6-2.0 min. for SQ 19,844 and from 2.0-2.8 min. for 
CCK. The average times for 50% relaxation aftei washing ranged 
from 0.25-1.1 min. for SQ 19,844 and from 0.35-1.9 min. for CCK. 
The average times for complete relaxation after washing ranged 
from 0.70-3.5 min. for SQ 19,844 and from 1.1-5.4 min. for CCK, 


As a contractile agent for gallbladder strips, protected C-tet-- 
rninal tetrapeptide was only about l / l O O O  to l / l O O  times as potent 
as SQ 19,844. 


Graphical estimates of contractile activity on excised ileal strips 
of guinea pigs indicated that I mg. of SQ 19,844 was equivalent to 
about 30,000 Ivy dog units of CCK. Unlike the contractile re- 
sponses of the guinea pig gallbladder strips, the rates of develop- 
ment, as well as the reversibility, of the contractile responses of 
ileal strips to SQ 19,844 were similar to those of CCK. The con- 
tractile effects of both SQ 19,844 and CCK were promptly reversed 
after washing the ileal strips (Fig. 3 ) .  


In Situ Preparations of Anesthetized Guinea Pigs-In urethanized 
guinea pigs, 1 mg. of SQ 19,844 was equivalent to 30,304 Ivy dog 
units of CCK, with a potency range of 23,872-38,469 units at the 
95% confidence level (Fig. 4). A representative tracing is shown in 
Fig. 5. 


The reversibility of the contractile effects of SQ 19,844 on guinea 
pig gallbladder in situ was more rapid than that shown by this 


0.00097 0.0039 0.0156 0.0625 0.25 
0.00195 0.0078 0.0312 0.125 0.50 


Figure 4-Peak con~ractile response curves of SQ 19,844 and CCK 
in situ on gallbladders of five urethanized guinea pigs. Doses are 
sl7olvll on log-scale. 
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Figure 5-Example of in situ contractile effects of SQ 19,844 (SQ), 
7.8 ng./kg., and of CCK, 0.25 Ivy dog unit/kg.. on girinea pig gall- 
bladder. Time marks at I-min. interuals. 


sample of CCK. Although the average times required to reach peak 
contractile effects were similar for both peptides, each ranging 
from 1.0-1.2 min., the average times for 50% decrease from peak 
tension ranged from 0.8-1.1 min. for SQ 19,844 and from 1.4-2.3 
min. for CCK. Complete recovery times averaged 1.6-2.6 min. for 
SQ 19,844 and 2.7-5.3 min. for CCK. 


Protected C-terminal tetrapeptide was inactive on guinea pig 
gallbladder at i.v. doses up to 2 mcg./kg.; it was estimated to be 
less than 1/2000 as potent as SQ 19,844 i.v. 


In three guinea pigs in which systemic blood pressure was also 
monitored, dosage with either SQ 19,844 or CCK produced little 
or no gross change in blood pressure. Only at the one or two highest 
doses was a minimal, transient hypotension noted; this was at 
most a decrease of 5 mm. of Hg in blood pressure, lasting about 2 
min. for SQ 19,844 and about 3-5 min. for CCK from the time of 
injection. 


In Situ Preparations of Anesthetized Dogs-Graphical analyses 
of data from urethanized dogs indicated that 1 mg. of SQ 19,844 
i.v. was equivalent to approximately 20,000 Ivy dog units of CCK, 
with reference to both maximum increases in intragallbladder 
pressures and peak duodenal contractile effects (Fig. 6). 


SQ 19,844 i.v. not only produced its peak contractile effect on 
dog gallbladder about 1.5 times faster than did this sample of CCK, 
but this effect of SQ 19;844 wore off about 2 to 3 times more rapidly. 
The average times required to attain peak increases in intragall- 
bladdei pressure ranged from 1.2-1.5 min. for SQ 19,844and from 
2.1-2.5 min. for CCK. The average times needed for 50% recovery 
ranged from 1.4-3.5 min. for SQ 19,844 and from 4.6-9.4 min. for 
CCK. Complete recovery times averaged 4.3-10.6 min. for SQ 
19,844 and 10.6-23.6 min. for CCK. 


SQ 19,844 i.v. produced its peak contractile effect on dog duo- 
denum about one to two times faster than did CCK; this effect 
of the octapeptide wore off about two times faster than did that of 
CCK. The average times required to attain peak contractile effects 
on the duodenum ranged from 0.25-0.76 min. for SQ 19,844 and 
from 0.45-0.69 min. for CCK. These contractions subsided rap- 
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Figure &Peak contractile response curves of S Q  19,844 and CCK 
in situ in four urefhanized dogs. Key: 0 and A, intruduodenul pres- 
sure; a and A, intragullbladder pressure. Doses are shown on log- 
scale. 
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Table I-Mean Gastric Secretory Responses in Fasted Unanerthetized Dogs after S.C. Dosage with Peptides 


-Pavlov Pouch No. 3219--- -Heidenhain Pouch No. PB 383- 
Appro x . Approx. 


V O ~ . ~  Aciditya,.h Duration VOI.,~ Aciditya 3 Duration 
Peptide Dose/kg. ml. ws. hr. N ml. w. hr. N 


Vehicle controld 0.10 ml. 4 . 2  85 0 . 5  2 2.3 45 0 . 5  2 


CCK 8 .0  IDU" 1 . 4  28 0.5 2 2 .8  105 1 .o 2 
16.0 IDU 10.7 895 2 . 0  2 2 . 7  155 1 . 3  2 
32.0 IDU 14.8 1522 3.0 3 7 .3  528 2 .0  2 


SO 19.844 1 . O  mcz. 4 . 3  1 90 1 . 5  2 2.9 160 1 . 3  2 ~~~ ~~ 
~ x - - > -  4. o mci. 11.3 915 2 .3  2 5 .5  3 70 1 .o  2 
Protected C-terminal tetrapeptide 0 . 4  mcg. 8 .2  510 2.0 2 2.1 53 1 . 3  2 


2 .0  mcg. 18.5 2000 2 .5  3 7 . 0  48 5 1 . 3  2 
10.0 mcg. 65.9 8809 5 .0  3 not tested 


a Cumulative totals. b Titratable acidity to pH 7. c Number of tests. d 0.5 N NaHC03 e Ivy dog units. 


idly: the average times for complete recovery ranged from 1.0-2.5 
min. for SQ 19,844 and from 2.2-4.3 min. for CCK. 


Thus, the contractile effects of either SQ 19,844 or CCK on the 
duodenum occurred about two to three times more rapidly than 
did those on the gallbladder. Furthermore, the duration of their 
contractile effects on the duodenum was only about one-fifth 
that of their effects on the gallbladder. 


Slight and transient hypotensive effects occurred in the anesthe- 
tized dogs after the three highest doses of either peptide. Decreases 
in blood pressure of 5-20 mm. of Hg, lasting 1-5 min., occurred 
after injections of the octapeptide; similar decreases, lasting about 
3-15 min., occurred after injections of CCK. 


A representative set of tracings of the recorded responses in one 
of the anesthetized dogs is shown in Fig. 7. 


In Vivo Preparations of Unanesthetized Dogs-The results of S.C. 
administration of these peptides to fasted dogs with a Heidenhain 
or Pavlov pouch are summarized in Table I. These results indicate 
that 4 mcg. of SQ 19,844 were roughly equivalent to 16 Ivy dog 
units of CCK and to 0.40-2 mcg. of protected C-terminal tetra- 
peptide in stimulating pouch secretions in terms of total volumes, 
total titratable acidities, and durations of augmented secretory 
activity. In these tests, 1 mg. of SQ 19,844 S.C. was approximately 
equivalent to 4,000 Ivy dog units of CCK. Furthermore, SQ 19,844 
S.C. was about one-tenth to one-half as potent as protected C- 
terminal tetrapeptide. No gross differences in the durations of 
roughly equivalent secretory effects were apparent, however, among 
these three peptides. 


Rapid intravenous injections of SQ 19,844 were made at  15-min. 
intervals into a normotensive, unanesthetized male beagle (wt. 
8.1 kg.) with indwelling cephalic venous and carotid arterial 


ARTERIAL BLOOD PRESSURE 


I00 
SO 


I ,  
INTRADUODENAL PRESSURE - 


40 


-..- 


Figure I-Example of effects of i.o. S Q  19,844 (SQ), 64 ng./kg., 
und CCK, 1 .O b y  dog unitlkg., on in ~rugallhladder pressure, .femoral 
urterial blood pressure, and intraduodenal pressure it7 the same 
urethanized dog. Time marks at I-min. intercals. 


cannulae.3 Each injection, consisting of 1 ml. of peptide solution 
followed by 0.5 ml. saline, was completed within 20 sec. Blood 
pressure and heart rate were monitored on a dynograph (Beck- 
man) ciu a pressure transducer (Statham) and a cardiotachometer 
(Beckman). 


Eight and 16 ng./kg. of SQ 19,844 had little or no effect on blood 
pressure or heart rate, but 32, 64, 128, 256, and 512 ng./kg. pro- 
duced transient hypotensive effects. These effects, which consisted 
of decreases of 16-36 mm. Hg in mean blood pressure, occurred 
only during the first 1-2 min.; recovery to predose levels of blood 
pressure occurred within the next 2-3 min. At doses of 64-512 
ng./kg., SQ 19,844 also produced transient bradycrotic effects of 
similar duration; these effects consisted of decreases in heart rate 
of 10-46 beats/min. 


DISCUSSION AND CONCLUSIONS 


The synthetic C-terminal octapeptide of CCK, i.e., SQ 19,844, 
caused cholecystokinin-like contractile activities of the gallbladder 
and small intestine of the guinea pig and dog. The log dose-peak 
response curves of SQ 19,844 and of CCK were parallel to each 
other; therefore, the mechanisms of action of SQ 19,844 on these 
tissues or organs presumably are not dissimilar to those of CCK. 


The contractile activities of SQ 19,844 relative to those of CCK 
were similar on the gallbladder and small intestine of the guinea 
pig and dog; in the tests carried out both in oitro and in uiuo, 1 mg. 
of SQ 19,844 was equivalent to about 20,000-30,000 Ivy dog units 
of CCK. Pure CCK (mol. wt. 3,950) represents 3,000 Ivy dog units/ 
mg. (8-10). The C-terminal octapeptide SQ 19,844 (mol. wt. 
1,142) was, on a weight basis and molar basis, about 10 times and 
2.5 times, respectively, more potent than CCK. 


The durations of the contractile effects of SQ 19,844, however, 
were about one-half those of the sample of Vitrum CCK used in 
these tests. Speculatively, the results obtained both in uitro and 
in uioo suggest that the shorter duration of action of SQ 19,844 on 
the gallbladder may be related to (a)  more rapid binding at  the 
contractile receptor sites; (h) more rapid release or diffusion from 
such sites; or (c )  more rapid enzymatic degradation of the octa- 
peptide by peptidases to less active or inactive fragments. Further- 
more, the time needed for enzymatic degradation of the 33 aminoacid 
peptide CCK to smaller active peptides, one of which could possibly 
be the C-terminal octapeptide, could account, at least in part, for the 
longer duration of action of CCK. A different sample of CCK4 
manifested a duration of action similar to that of the Vitrum sample 
of CCK, based on comparative tests on excised strips of guinea 
pig gallbladder and also on the gallblader in situ of the anesthetized 
guinea pig given the polypeptide i.v. 


Protected C-terminal tetrapeptide (mol. wt. 730), on both a 
weight basis and molar basis, was from lj l000 to l j l00 as potent 
as SQ 19,844 in contracting the excised gallbladder strip of the 
guinea pig. Given i.v., this tetrapeptide was even less active on the 
guinea pig gallbladder iiz situ; it was less than 112,000 as potent as 
SQ 19,844 on both a weight basis and molar basis. Protected C- 
terminal tetrapeptide in oifro was from l j l00 to 1/10 and from 


3 This test was conducted by Dr. G. L. Hassert and Mr. A. Peterson 
of the Squibb Institute for Medical Research, New Brunswick, N. J. 
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l/5W to 1/50 as potent as CCK on a weight basis and molar basis, 
respectively; given i.v., this tetrapeptide was less than 11200 and 
less than l!lOOO as potent as CCK on a weight and molar basis, 
respectively, in contracting the gallbladder of the guinea pig. 


Vagne and Grossman (1 8) reported that C-terminal tetrapeptide 
trifluoroacetate, given i.v. to the unanesthetized dog, was 1/24 as 
potent as CCK on a weight basis and ]/I43 as potent on a molar 
basis, with reference to contractile activity on the gallbladder. 
Results from this laboratory in ritro, but not in situ, with guinea 
pig gallbladder are in general agreemznt with those of Vagne and 
Grossman. Each of at least three factors could contribute to the 
difference in activity noted in cico; namely, difference in the form of 
tetrapeptide used, the presence or absence of anesthesia, and the 
difference in animal species. 


CCK-pancreozymin has been reported to inhibit gastric secre- 
tion in the unanesthetized dog with a gastric pouch or fistula when 
the background secretion has been kept at a high level by a prior 
test meal, or by S.C. or continuous i.v. dosage with gastrin or gas- 
trin-like peptide, histamine, or cholinergic agents (19-21). When 
the background secretory level is low, as in fasteddogs, however, CCK 
stimulated gastric secretions (22). The present authors’ results in fas- 
ted dogs with a Heidenhainor Pavlov pouch, which received relatively 
high S.C. dosesof CCK or of SQ 19,844, are in general agreement with 
the latter finding. One milligram of SQ 19,844 S.C. was equivalent to 
about 4,000 Ivy dog units of CCK in augmenting gastric secretions; 
thus, SQ 19,844, on a weight basis and molar basis, respectively, was 
about four-fifths and one-third as potent as CCK. 
In these same fasted, unanesthetized dogs with gastric pouches, 


protected C-terminal tetrapeptide s.c., on a weight basis, was 
from 2 to 10 times more potent than SQ 19,844 in augmznting 
gastric secretions. On a molar basis, the protected tetrapeptide 
was from 1 to 6 times more potent than SQ 19,844. Relative to 
CCK, protected C-terminal tetrapeptide on a weight basis, was 
from 2.5 to  13 times as potent; on a molar basis, protected C-ter- 
minal tetrapeptide was from 0.4 to 2 times as potent. 


No gross differences in the durations of the secretory effects of 
either SQ 19,844, CCK, or protected C-terminal tetrapeptide were 
apparent in these fasted, unanesthetized dogs with gastric pouches. 
The similar durations of secretory effects of SQ 19,844 and of pro- 
tected C-terminal tetrapeptide and their similar molar potencies 
relative to  CCK (range 0.3-2) may be associated with the presence 
of a common unit, the C-terminal tetrapeptide. This is in sharp 
contrast to the wider range of their molar potencies relative to 
CCK (range 0.002-2.5) as contractile agents on the gallbladder. 
This possibly indicates that several more specific aminoacids need 
be added to the N-terminal end of this tetrapeptide in order to 
increase CCK-like activity on the gallbladder (18). Others have 
reported (23), for example, that the C-terminal heptapeptide of 
CCK, like the octapeptide SQ 19,844, is highly potent as a con- 
tractile agent on the gallbladder. 


Other actions of SQ 19,844 remain to be assessed. These include 
effects on (a)  pancreatic exocrine secretion; (h)  gastric secretion 
in animals with a high level of background gastric secretion; and 
(c) motility and tone of different segments of the gastrointestinal 
tract. Further studies on the cardiovascular system also remain to 
be conducted. Thus far, the results indicate that, in the dog, only 
slight and very transient hypotensive effects are produced by SQ 
19,844 after i.v. doses that are from 2 to 64 times greater than the 
doses effective on the gallbladder. 


A reassessment of all these qualitative and quantitative relation- 
ships of the C-terminal octapeptide SQ 19.844, relative to CCK, 


may be needed when pure natural or synthetic cholecystokinin 
becomes available. Meanwhile, the C-terminal octapeptide or 
related peptides may prove to be useful pharmacological, diagnostic. 
or therapeutic agents affecting the biliary, intestinal, and pancreatic 
functions. 
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The authors recognize that the dilution analog computer has 
limitations with respect to ease of manipulation and applicability to 
very complex models. It does have the advantages of simplicity, 
low cost, and availability. 
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Mechanism of Hemolysis by Cationic Surface-Active Agents 


TAMOTSU KONDO and MICHIKO TOMIZAWA 


Abstract 0 A study was made of the mechanism of hemolysis by 
cationic surface-active agents. Phospholipids were found to be re- 
leased from the cell membrane prior to lysis by the cationic agents 
under the conditions of physiological pH and ionic strength, indi- 
cating an important role of electrostatic interaction between the 
surface-active cations and the phospholipid anions in hemolysis. 
The adsorption experiments showed that the binding of surface- 
active cations to the lipoprotein layer of cell membrane is a pre- 
requisite for the hemolysis to take place. The temperature de- 
pendence of adsorption suggested a hydrophobic nature of the 
binding. It was proposed that the adsorbed surface-active cations 
make the channels through which the phospholipid molecules are 
removed out of the cell membrane and that the removal of phos- 
pholipids from the lipoprotein layer causes the alteration of protein 
conformation, thereby allowing the release of hemoglobin into the 
surrounding medium. 


Keyphrases 0 Hemolysis mechanism-cationic surfactants 0 Cell 
membrane phospholipids-surfactant effect [7 Phospholipid re- 
lease-cell lysis 0 Temperature dependence-membrane-surfac- 
tant binding IJ TLC-separation, identification 


Previous reports (1-3) from this laboratory have re- 
vealed that the surface-active cations with alkyl chain 
length from C1 to Clz are able to  cause hemolysis of dog 
red cells under the conditions of physiological pH and 
ionic strength, liberating phospholipids in considerable 
amount from the cell membrane prior to  lysis. This has 
led us to  a hypothesis that the surface-active cations 
strongly interact with the phospholipids in the cell 
membrane to  give rise to hemolysis. 


In this paper an attempt was made to examine the 
validity of the hypothesis in the case of red cells from 
other animal species than dog and to construct a com- 
mon mechanism of hemolysis by cationic surface-active 
agents responsible for all kinds of red cells based on the 
experimental results obtained. 


MATERIALS AND METHODS 


Materials-Alkyl pyridinium iodides were synthesized and 
purified as previously described (4). Alkylamine hydrochlorides 
and polymethylenediamine dihydrochlorides were prepared by 


Table I-Hemolytic Concentrations of Cationic Surface-Active 
Agents (mMfl.) 


Species - 
Compd. Dog Rabbit Sheep 


CizHz5NHzHCl 3.41 X lo-’ 2.75 X lo-’ 5.23 X lo-’ 


CsH17NHzHCI 3.43 X 10 2.23 X 10 4.50 X 10 
CfiHirNHzHCl 4.50 X 102 3.65 X 102 4.58 X 102 


CioHziNHzHCI 2.97 1.88 3.85 


c,~zHzsPyi 6.20 X 10-l 4.72 X 10-1 1.13 
CioHziPyI 5.40 5.89 7.88 
C S H ~ ~ P Y I  3.35 X 10 3.08 X 10 3.45 X 10 


passing dried hydrogen chloride through the benzene solutions of 
the corresponding amines and diamines. The precipitated salts 
were recrystallized from ethanol. 


The red cell suspension for the experiments was prepared as 
follows. Citrated blood from normal, healthy animals (dog, rabbit, 
and sheep) was centrifuged and the cells were washed three times 
with the phosphate-buffered isotonic saline (pH 7.4) or nonbuffered 
isotonic saline. The former was used for the hemolysis experiments 
by alkyl pyridinium iodides, whereas the latter for the ones by 
alkylamine hydrochlorides and polymethylenediamine dihydro- 
chlorides. The washed, packed cells were then suspended in the 
same medium as that used in washing to give a 2.5% v/v suspen- 
sion. The number of cells in unit volume of the suspension was 
counted on a hemocytometer. 


Hemolysis Techniques-The determination of the degree of 
hemolysis was made in the following way. Various dilutions of 
cationic surface-active agents in isotonic buffer or saline were made 
and brought to the required temperature (30”). Two milliliters of 
each dilution at the same temperature was pipeted into small test 
tubes, and then an equal volume of the cell suspension was added. 
The mixtures were allowed to react for 15 min. in the water bath 
with shaking. At the end of this period, the mixtures were im- 
mediately centrifuged to remove the unhemolyzed cells. The degree 
of hemolysis was evaluated by determining spectrophotometrically 
the amount of hemoglobin released in the supernatant liquid with a 
Bausch & Lomb spectrophotometer. The standard for 100% hemol- 
ysis was assumed to be given by an optical density value for com- 
plete hemolysis. Finally, the hemolysis curve was set up by plotting 
percent hemolysis against hemolytic agent concentration. 


Surface Tension Measurements of Hemolytic Agents Solutions- 
The surface tension measurements were carried out using a du 
Nouy tensiometer. 


Adsorption of Surface-Active Cations on Red Cells-The amount 
adsorbed of surface-active cations on dog red cells was estimated 
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il B C D  Table 11-Critical Micelle Concentrations of Cationic Surface- 
Active Agents (M/1) 


Compd. CMC 


CiZH2jNHzHCI 
Ci oH2iNHzHCI 
CnHi,NHzHCI 


14 x 10-3 
48 x 1 0 - 3  
17.5 X 


4 x 10-3 
16 X 
64 x 10-3 


- 


by the method adopted in a previous work (5). Thus, the total 
amount of surface active cations, c,, needed to produce x% hemol- 
ysis after 1 hr. reaction time was determined as a function of cell 
count, N, in unit volume of the system: 


cz = a,N + b, 


The values of ax and b, give the amounts adsorbed and unadsorbed 
of surface-active cations per cell, respectively, and were determined 
by the least-squares method at various degrees of hemolysis. The 
adsorption isotherms were obtained by plotting a, against b,. 


Determination of Amount of Phospholipids Released-The de- 
termination of the amount of phospholipids released from the 
red cell membrane by surface-active cations was made by the 
method described in the previous paper (2). Forty milliliters of 10% 
vjv red cell suspension in the buffered or nonbuffered isotonic saline 
were pipeted into a 100-ml. glass stoppered flask and was added an 
equal volume of surface-active agent solution of a concentration far 
less than the hemolytic concentration. The mixture was then per- 
mitted to react for 15 min. at 30" in a thermostat with continuous 
shaking. At the end of the period, it was centrifuged without delay 
to separate the cells. The supernatant was withdrawn by a pipet 
and placed in a 200-ml. glass-stoppered flask, to which was added 
40 ml. of a chloroform-methanol (2: 1, v/v) mixture. Phospholipids 
were extracted by shaking for 6 hr. at 40". The liquid was centri- 
fuged, followed by separation in a separator. The upper layer 
was discarded, and lower chloroform-rich layer was concentrated 
under reduced pressure in nitrogen atmosphere at a temperature 
not higher than 40" to yield 0.25 ml. of the concentrated extract 
containing phospholipids, 


Aliquots of the extract (usually 100 PI.) were spotted on thin-layer 
plates (0.25 mm. thick) using silica gel with 5 %  binder (Wakogel 
B5, Wako Pure Chemical Industries, Ltd., Osaka) as the ad- 
sorbent, and chloroform-methanol-water (65 :25 :4, v/v) mixture as 
the developing solvent. The plates had been air-dried for 20 min. 
and baked in an oven at 100" for 1 hr. before use. After developing, 
the separated phospholipid spots were colored by spraying with 
4% ammonium molybdate solution in 12% perchloric acid con- 
taining 1 .6x  hydrochloric acid, followed by heating at 105" for 10 
min. 


The amounts of phospholipids on the chromatoplates were de- 
termined by an Atago Ozumar 8 recording densitometer (Atago 
Optical Works Co., Ltd., Tokyo). 


RESULTS 


Hemolytic Concentrations-In Table I are presented the minimum 
concentrations of cationic surface-active agents required to cause 
complete hemolysis for 2.5% v/v red cell suspension. These values 
were graphically evaluated on rhe corresponding hemolysis curves. 


Table 111-Relative Amounts of Phospholipids Released from 
Red Cell Membrane by Alkylamine Hydrochloridesa 


Cephalin 1 .8  1 . 6  1 .5  2.23 1.32 1.18 1.43 1.12 1.08 
Lecithin 2 .4  2 . 4  1 .6  3.34 1.62 1.29 3.72 2.92 1.72 
Sp hingomyelin 3.67 2.23 1.67 


~ ~~~ 


a Data are averages obtained from duplicate determinations. b Taken 
from Reference 2. L Concentration used of alkylamine hydrochlorides 
was 0.01 mM. 


1.0 2.0 3.0 4.0 5.0 6.0 


CnHzbNH2HCI CONCENTRATION 


7.0 8.0 X 
10-4 M 


Figure I-Percent hemolysis versus CjzH25NHzHCI concentration 
curves for  dog red cell  suspension.^ at 30". Key: cell concentration % 
a/V:A,l:B.2:C,3;D,4 


An inspection of Table I clearly indicates the following facts. 
First, the longer the alkyl chain length of surface-active cations is, 
the lower is the hemolytic concentration, irrespective of animal 
species. This results from the increase in surface activity of each 
homologous series with increasing chain length. Secondly, the 
alkylamine hydrochlorides are, in general, more hemolytically 
active than the corresponding alkyl pyridinium salts. However, there 
seems to be no direct correlation between the surface activity and 
the hemolytic activity of these two homologous series since the 
critical micelle concentrations (CMC) as determined by surface 
tension measurements are not In parallel with the hemolytic con- 
centrations. Thus, for example, the CMC values of dodecylamine 
hydrochloride and dodecyl pyridinium iodide are 14.0 and 4.0 
mM, respectively, while the hemolytic concentrations of the former 
are smaller than those of the latter as shown in Table 11. Thirdly, 
the sensitivity of red cells to the surface-active cations is in the order, 
rabbit > dog > sheep, which may reflect the difference in mem- 
brane composition. 


The polymethylenediamine dihydrochlorides studied in this work 
were not hemolytically active enough to produce complete lysis. 
Thus, only dodeca- and decamethylenediamine dihydrochlorides 
could cause 80-90% and 2@30% hemolysis at 30 and 37", re- 
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Figure 2-CizHzjNHzHCI concentration needed for  various degrees 
oj hemolysis, c,, versus cell concentration at 30 '. Key: hemolysis 
percent: A, 100; B, 90; C, 80; D, 70: E, 60; F, 50; G, 40; H, 30; 
I, 20; J, IO. 
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Figure &Adsorption isotherms j o r  alkyl pyridinium iodides, RPyI, 
at 37'. Key: R:  A, Cl2HZs; B, CsH17; C, C4Hs. 
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Figure 5-Effect of temperature on the adsorption isotherm for 
CtHl,NH,HCI. Key: temperrrture: A, 30": B, 37". 


The phospholipid composition of red cell membrane varies from 
one species to another (6 ,  7). Thus, dog and rabbit red cells are 
abundant in cepahlin and lecithin and not in sphingomyelin, 
whereas sheep red cells contain sphingomyelin as a major com- 
ponent. This situation appears to be reflected in the amounts of 
phospholipids released as shown in the table. The alkyl chain 
length affects the amounts released to a certain extent. 


All members of the polymethylenediamine dihydrochlorides were 
also capable of liberating phospholipids from red cells. 


Adsorption of Surface-Active Cations-Figures 1 and 2 show the 
hemolysis curve and hemolytic concentration uersus cell concentra- 
tion curve for dodecylamine hydrochloride at 30". Similar results 
were obtained with other cationic agents employed. 


Adsorption isotherms for alkylamine hydrochlorides and alkyl 
pyridinium iodides are shown in Figs. 3 and 4, respectively. All of 
the isotherms are sigmoid in shape, suggesting a complex nature of 
the adsorption of these agents. The effect of increasing alkyl chain 
length at a fixed temperature is to decrease in stepwise the amount 
adsorbed of the agents necessary to produce lysis. 


The temperature dependence of the adsorption is indicated in 
Fig. 5 for octylamine hydrochloride as a typical example. A rise in 
temperature brings about an increase in hemolytic activity of the 
cationic agents. The same trend was true of all other agents. 


In Table IV are summarized the values of alOO and bloo at 30 
and 37 O for aklylamine hydrochlorides and alkyl pyridinium iodides. 
Both aloO and bloo decrease with increasing alkyl chain length. An 
increase in temperature results in a decrease in a100 and bloo. 


DISCUSSION 


The experimental results reported herein seem to confirm the 
hypothesis that a strong interaction of surface-active cations with 
phospholipids in the red cell membrane causes hemolysis of mam- 
malian red cells. This is most evidenced by the release of phospho- 
lipids in large amount from the cell membrane prior to lysis as 
indicated in Table 11. In order to set up a detailed mechanism of 
hemolysis, however, it is necessary to consider the adsorption of 
surface-active cations on red cells. 


Recent works on the red cell surface (8-10) have established that 
the negative surface charges arise from the carboxyl groups of 
N-acylated neuraminic acids. In view of this fact, the adsorption 
sites of surface-active cations at the outer surface of plasma mem- 







Table IV-Values of alOO and bloo at 30 and 37" (ions/cell) 


-30'- 7 -37"------ 
Compd. a100 bioo a100 bioo 


CizHz6NH2HCI 1.40 X lo8 1.00 X log 1.25 X lo8 7.72 X lo8 


CsHiiNHzHCl 3.11 X 10'0 7.77 X lolo 6.92 X lo9 6.92 X 10'0 
C6HmNHzHCl 3.51 X 10" 8.79 X 10" 1.25 X 10" 8.40 X 10" 


C ~ ~ H ~ , N H ~ H C I  5.71 x 1 0 8  5.64 x 109 4.43 x 108 3.74 x 109 


c ~ ~ H ~ ~ P ~ I  2.39 x 108 1 . 0 8  x 109 2.32 x 108 5.77 x 108 


brane are most likely to be the carboxyl groups. The surface-active 
cations thus adsorbed will neutralize the negative charges, thereby 
concomitantly making the outer cell surface lipophilic by their alkyl 
chains. This will facilitate the surface-active cations in solution to 
concentrate at the cell surface and make them easier to penetrate 
into the inner part of the membrane, even though their surface 
activity is not strong enough to lower the surface tension of water 
to a large extent. This may also cause the aggregation of red cells. 
Actually, in some cases, the formation of aggregates prior to lysis 
was observed on the addition of surface-active cations to red cell 
suspension (3). However, this adsorption does not necessarily pro- 
duce lysis (3) and the total number of surface-active cations ad- 
sorbed per cell to cause complete hemolysis is more than ten times 
the number of carboxyl groups per cell, which ranges from 106 to 
lo7 for all red cells of various animal species thus far obtained (11, 
12). More than 90% of surface-active cations required to cause com- 
plete lysis will penetrate, therefore, into the inner part of plasma 
membrane where they may be adsorbed in a somewhat different 
manner from that at the outer surface. 


A significant role of hydrophobic interaction should be empha- 
sized in the binding of surface active cations to the inner part of 
plasma membrane. This view will be supported by the following 
facts. First, the ratio of the amount adsorbed per cell, a,  to the 
amount remaining in the surrounding medium, b, of surface-active 
cations increases as the temperature rises if the chain length is 
sufficient. Thus, for example, the values of ratio a ~ ~ / b 1 0 0  for dodecyl 
pyridinium iodide and dodecylamine hydrochloride increase from 
0.22 and 0.14 at 30" to 0.40 and 0.16 at 37", respectively, indicating 
the increased affinity of these surface-active cations to the membrane 
at higher temperature. This trend is more favored by hydrophobic 
than ionic bond since the former becomes stronger as the tempera- 
ture increases at low temperatures (13, 14) while the latter is ex- 
pected to be weakened by increase in thermal motion of the mole- 
cules involved. The stronger affinity to the membrane and larger 
temperature effect of the pyridinium salt will be ascribable to the 
presence of an aromatic ring in the molecule. However, in order to 
correlate the hemolytic activity of cationic surface-active agents with 
their chemical structure, much further study will be needed using a 
wide variety of cationic agents. The tendency of surface-active 
cations to remain in the aqueous phase will increase as the chain 
length decreases. This may lead to the inversion of the temperature 
effect. Secondly, the amount adsorbed of polymethylenediamine 
dihydrochlorides is not large enough to give rise to lysis when the 
number of methylene groups is less than 8. Moreover, the ratio, 
a/b, for the higher members increases with temperature. For 
instance, the values of aso/bso for dodecamethylenediamine dihydro- 
chloride increases from 0.06 at 30" to 0.12 at 37", suggesting again 
an important role of hydrophobic bond. 


The surface-active cations adsorbed on the inner part of plasma 
membrane by hydrophobic bond will interact electrostatically with 
the phospholipid molecules in the innermost lipoprotein layer of 
the membrane, which are prevalently in the anionic form under the 
condition of physiological pH. These surface-active cations will 
also turn out to make the channels through which the interacting 
phospholipid molecules move out of the cell membrane. The 
removal of phospholipid molecules to a certain extent from the 
lipoprotein layer may result in the alteration of protein conforma- 
tion to allow the release of hemoglobin into the surrounding me- 
dium. thereby producing hemolysis. 


Recently, a large body of evidence has been accumulated, show- 
ing the predominant binding mode between lipids and protein is 
hydrophobic rather than electrostatic (15-20). The hydrophobic 
bonding established so far implies deep penetration of the hydro- 
phobic region of protein by the hydrocarbon residues of phospho- 
lipid molecules. The surface-active cations adsorbed will exert the 
electrostatic force on the phospholipid molecules to leave from the 
protein chains with a net decrease in free energy of the system. 
Thus, the decrease in enthalpy brought about by the electrostatic 
interaction between the phospholipid molecules and the surface- 
active cations will more than make up for the entropy decrease 
caused by the destruction of hydrophobic bonds, resulting in the 
net negative free energy change. The entropy change due to the 
alteration of protein conformation may compensate in part the 
decrease in entropy mentioned above. 


A plausible explanation for the effect of temperature on hemol- 
ysis may be given by the consideration of entropy change involved. 
An entropy increase will arise from an increase in the number of 
configurations of protein due to temperature rise. The increase in 
entropy will favorably contribute to the net negative free energy 
change in the hemolytic process caused by surface active cations. 
This may in turn lead to enhanced hemolysis at elevated tempera- 
tures. 
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This procedure was repeated many times (4-8). In 21 experi- 
ments the last myocardial depression became extreme during 2 to 4 
jmin., and revival was accomplished only by a direct, active myo- 
cardial massage and, in 11 dogs, also by injection of 25-50 mcg. of 
isoproterenol into an auricle rather than a ventricle. 


After the last myocardial depression, with or without cardiac 
arrest, both artificial ventilation and carotideal cerebral circulation 
were given for 3 hr. During the second hour in 16 dogs saline 
solution was perfused into the circle of Willis at the rate of 0.5 ml./ 
rnin. for the first 30 rnin., and in 28 dogs ATP ( 5 .  M in saline 
solution) was perfused into the circle of Willis at the rate of 0.5 ml./ 
min. for the first 30 min. 


RESULTS AND DISCUSSION 


The repeated suppression of artificial ventilation, with carotid 
arteries closure, induced a high depression or silence in the EEG, 
with only partial spontaneous reversion after recovery of respira- 
tory and circulatory conditions (Table I) during the time of ob- 
servation. Parallel behavior was shown by the subcortical centers. 
The subsequent treatment with ATP, selectively perfused into the 
circle of Willis, improved the partial spontaneous reversion of the 
EEG depression, as summarized in Table I and exemplified in Fig. 
1, which shows one of the best results obtained. 


It is possible to note also (a )  the lesser natural recovery in EEG 
pattern induced by the cardiac arrest; (b) the inverse correlation be- 
tween the time of cerebral silence and the recovery of the EEG pat- 
tern, with or without ATP treatment; and (c )  the lack of EEG 


modification by intracardiacal injection of isoproterenol during the 
direct active myocardial massage after cardiac arrest. 


During the cerebral asphyxia, with related depression of electri- 
cal activity of the cortex, the blood samples from the jugular vein 
showed no modification of hematocrit and clotting-time, while the 
pH decreased and lactic acid increased. A rise of LDH was detect- 
able in the cerebrospinal fluid. The recovery of respiratory and cir- 
culatory conditions corrected partially the modified values, with a 
possible return to normal conditions after treatment by ATP. 
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Light-Scattering Investigation of Protamine Sulfate 


K. C. YEH*, S. P. LOUCAS, and H. M. HADDAD 


~ ~~ 


Abstract 0 A study of the weight average molecular weight of 
protamine sulfate using light-scattering photometry at 436 mp was 
undertaken. Results obtained indicate a molecular weight of 3600 
for the free base. Dissymmetry and second virial coefficient data are 
discussed relative to solute-solute interactions. 


Keyphrases 0 Protamine sulfatcmolecular weight determina- 
tion 0 Light-scattering spectrophotometry-analysis 0 Refrac- 
tive index increment-protamine sulfate solution 


Protarnine sulfate, a heparin antagonist, is obtained 
from the sperm or mature testes of fish (1) belonging to 
the genus Oncorhynchus Suckley, Salmo Linne, or 
Trutta Jordan et Evermann (Fam. Sulmonidue). Since 
it is derived from animal sources, previous molecular 
weight determinations have led to the reporting of con- 
flicting results. From end-group determinations, Phillips 
(2) assigned a molecular weight of 3800. Unpublished 
data by Callanan (3) attributed a maximal average 
molecular weight of 5000 to salmine on the basis of par- 
ticle weight distribution. 


Since the literature is void of experimental details, 
the discrepancy between number and weight average 
molecular weights caused further study of the light- 
scattering patterns of protamine sulfate solutions. 


EXPERIMENTAL 


Material-samples of protamine sulfate powder were used (lots 
ONPO2E and ONPO2H, obtained from Eli Lilly Laboratories). 
Sulfate and nitrogen elemental analysis (4), on an anhydrous basis, 
gave a 17.7 and 23.3 content, respectively. Triple-distilled sterile 
water was used as solvent for all solutions with an apparent optical 
turbidity of 10-5 cm.-l. All solution concentrations were calculated 
on the dried basis. 


Light-Scattering-Refractive index increments (dn/dc) and weight 
average molecular weight (Mw),  defined as (nSoln - naoln ) /c  and the 
ratio z1NiMi2/ZNiBMi, respectively, were obtained with a dif- 
ferential refractometer (Brice Phoenix) and modified dual photo- 
multiplier type photometer (models 2000), using incident un- 
polarized light of 4358 A. All samples measured gave a dn/dc of 
0.180 f 0.001 ml./g. suggesting minimum sample heterogeneity. 


Temperature control was achieved by circulating thermostated 
water at 25 + 0.1" through a cored light scattering cell table and 
jacket. 


Scattering intensity was measured at 90" to the incident beam 
( I g o )  relative to transmitted light (lo) at 0". Apparent turbidity t ,  
and dissymmetry z,  defined as the angular ratio i45/i135 were carried 
out with a 40 X 40-mm. semioctagonal cell. 


Light absorption at 436 mp, depolarization, and fluorescence 
measurements were negligible with transmittance being greater 
than the limiting value of 63 %. 


The effect of pH on scattering was examined for solutions con- 
taining 12 X 10-3 g.]ml. protamine sulfate in phosphate buffer, 
r/2 = 0.1, pH = 6.9-9.5. Data for all solutions were identical sug- 
gesting the absence of pH effects in this range. 
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Figure 1-Plot of Hc/t, - to versus concentration of proromine sul- 
.fate solutions at 25”. 


Weight average molecular weight was obtained from the ex- 
pression Hc/(t ,  - to) = l/M, + 2 Bc, where H i s  an optical con- 
stant in Debye’s equation ( 5 )  when turbidity is used, B is the second 
virial coefficient and a measure of the interactions in solution, and 
( t .  - t o )  represents difference between apparent solution and sol- 
vent turbidity resulting in solute or excess turbidity. Using the 
least-squares method, extrapolation of the equation to zero con- 
centration yields l/Mw. 


RESULTS AND DISCUSSION 


The data illustrated in Fig. 1 give a weight average molecular 
weight of 4350. Taking into account a 17.7% sulfate contribution, 
a value of 3600 is obtained for the free base. These results are in 
agreement with values obtained from end-group and diffusion 
measurements. 


This correlation between number average MN, and weight aver- 
age M, reflects a narrower distribution of molecular weights and 
a lesser degree of polydispersity associated with the protamine used 
as contrasted to the previous cited maximal value. In the case of 
monodisperse systems M ,  = NN.  


Since no increase in turbidity at the lower concentrations is ap- 
parent, which in the presence of large colloidal impurities would be 
followed by a downward curvature, their presence is not indicated. 


mole-ml./g. 2, 


suggests solute-solute interactions with water acting as a poor sol- 
vent for the system (6). This was also reflected by the low solu- 
bility (<3 %) obtained at 25 O. Negative second virial coefficients, 
in salt free solutions, have also been reported for other proteins 
suggesting long range intermolecular attractive forces are operative 
(7). 


The progressive increase of Hc/(t, - to) with decreasing con- 
centration is in accord with the molecular-binding interpretation 
(8) that this ratio increases when net forces acting between two 
components, La., solute-solvent, is repulsive and results in nega- 
tive binding. 


Forward i45 to backward i135 scattering was examined by measur- 
ing the angular distribution at angles symmetrical to 90” as a func- 
tion of increasing concentration. As can be seen in Fig. 2, dis- 
symmetry data show a degree of concentration dependency sug- 
gesting solute-solute interactions are preferred. The extrapolated 
value (Z) ,=,  = 1.08 indicates absence of deficit scattering at 90” 
denoting that the function Hc/(t, - to)  against concentration 
represents a valid two-component extrapolation for the system 
with approximately equal forward to backward scatter. 


The dissymmetry noted is further evidence that protamine is a 


The negative interaction constant ( B  = 2.13 X 
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Figure 2-Dissymmetry ratio of-protanline sulfate in H 2 0  as a 
function of concentration at 43588. 


relatively small particle since the presence of a large entity would 
increase scattering and 2 ratios. Its low order of magnitude does 
not permit particle shape determination since at dissymmetry 
values lower than 1.1 graphical interpretation methods of Z against 
characteristic dimension coincide for coils, rods, and aspheres (9). 
This suggests that protamine is much lower than 436 A. in dimen- 
sion. 
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Nonteratogenicity of Veratrum californicum in Rabbits 


WILLIAM E. JOHNSON and ARNOLD R. MARTIN 


Abstract An attempt to induce teratogenesis in an inbred colony 
of  New Zealand White rabbits with Verarrurn califoruirum has been 
made. The crude plants were ground and pelleted in a 50-50 mix- 
ture with normal rabbit rations and fed to pregnant does for 15 to 
24 days of the gestation period. The incidence of fetal malformation 
and resorptions was found to be not significantly different than the 
established incidence for the colony. 


Keyphrases 0 Veratrum californicum-nonteratogenicity, rabbits 
0 Feeding study, rabbits-V. californicum 


Considerable interest has developed i n  the capacity of 
western hellebore (Veratrum calzfornicum) to  provoke 
congenital deformity in lambs from ewes grazing upon, 
or experimentally fed, the leaves and stems of the plant. 
Head deformities with distortion or absence of some 
facial bones, cyclopian deformity of the eyes, cebo- 
cephalus, microphthalmia, and anophthalmia were re- 
ported in 1964 (I). Fusion of the cerebral hemispheres, 
absence or displacement of the pituitary, hydrocephalus, 
and leg deformities were also noted. Subsequent work 
has determined that gestation Day 14 is the critical 
period of vulnerability and no abnormal lambs were 
produced when ewes were fed the plant on Days 11, 12. 
13, 15, or 16 (2). In the search for the active teratogenic 
ingredient or ingredients from V. californicum, treat- 
ment of ewes with veratramine, a Veratrum alkaloid, re- 
sulted in a 37 .5z  incidence of deformity (3). An unex- 
pected feature of the teratogenicity was the absence of 
cyclopia which had been routinely observed whenever 
the crude leaves and stems were used. The veratramine 
syndrome included bowing of front limbs, knee joint 
flexture, and flaccid skeletal muscle. In 1967 it was re- 
ported that the Veratrum-induced type of malforma- 
tions could be caused in lambs by stomach tube feeding 
of ground Veratrum plants or its roots to  ewes on Day 
14 of gestation (4). A preliminary identification of 
veratramine in the Veratrum plant material under in- 
vestigation was also reported. 


The current high interest in teratogenic substances in 
human medicine lends added interest to  these reports. 
Veratrum alkaloids have been used for a number of 
years in cardiovascular disorders in humans. This re- 
port deals with an attempt to  induce teratogenesis in 
New Zealand White rabbits with V .  californicum. The 
economic advantage of a smaller laboratory animal 
over sheep for teratogenic studies is obvious. 


EXPERIMENTAL 


Stems and leaves of V .  ralifortlicurn were collected in early July in 
Wallowa County, Oregon and in the immediate vicinity of Pullman, 
Washington. Plants were harvested in the early flowering stage 
and quickly dried in direct sunlight. The dried plants were ground, 
mixed with normal rabbit ration, and pelleted in such a way that 
the Veratrum material constituted 50% by weight of the finished 


pellets. New Zealand White does from a local inbred colony were 
grouped and treated as follows : 


Group 1 ( 5  does) were fed the Veratrum ration for 13 days with- 
out breeding to determine the capacity to maintain body weight on 
the unusual feed. 


Group 2 ( 5  does) were given only normal feed, bred, and exam- 
ined on Day 28 of gestation. 


Group 3 ( 5  does) were fed t'ie Veratrum ration for 15 days start- 
ing on the third postcoital day. 


Group 4 (3 does) w x e  fed the Veratrum ration for 24 days start- 
ing on the third postcoital day. 


At 28 days postcoitum each doe was sacrificed with marginal ear 
vein air injection. The entire uterus was quickly removed and the 
young were obsrrved for normal spontaneous motor activity. An 
inspection was made for evternal fetal abnormalities and resorption 
sites. The heart, kidney, intestinal tract, lungs, liver, brain, palate, 
tongue, and orbits were examined for gross anatomic abnormalities. 


The internal organs were removed from each fresh fetus and 
examined for gross abnormalities of structure and general ap- 
pearance. Free-hand section of each organ was performed and the 
tissue sections were visually examined with the aid of a dissecting 
microscope. 


RESULTS AND DISCUSSION 


Control Group 1 had an average body weight of 3.455 kg. im- 
mediately before they were started on Veratrum pellets. After 13 
days on the Veratrum pellets the average body weight was 3.237 kg. 
No animal of the group showed signs of ill health during the course 
of the experiment. Their appetite for the unusual feed was less than 
for normal feed. Control Group 2 produced 43 normal offspring and 
no abnormalities or resorptions were observed. Other more exten- 
sive studies on this same colony of New Zealand White rahbits 
(230 kits) have led to a determination of 0.9% for spontaneous 
malformations and 2.7 for resorptions. Results of experiments 
with Veratrum are tabulated in Table I. 


It is quite apparent from the results of this work that the New 
Zealand White colony of rabbits under investigation are not highly 
vulnerable to the tertatogenic effects of V. ca/ifornicurn. The one in- 
stance of fetal malformation from a doe which had been fed Vera- 
trum ration for 24 days during her gestation period involved 
severely shortened ribs on one side. The failure of the extended (24 
days) Veratrum feeding period to cause resorptions minimizes the 
significance of the approximately 6 resorption incidence in the 
15-day group. Tests for significance of difference between groups 
within the experimental design were made according to  the method 
of significance of difference in proportions of samples from a normal 
distribution (5 ) .  p value calculated for significance of difference in 


Table I-Incidence of Fetal Malformations and Resorptions in 
Verarrum californicum-Treated Rabbits 


Number Number 
Number Number of of 


of of Malfor- Resorp- Muscle 
Treatment Does Kits mations tions Tone 


Normal feed 
(Group 2) 5 43 0 0 Normal 


15:day 
Veratrum 
ration 
(Group 3) 5 50 0 3 Normal 


Veratrum 
ration 
(Group 4) 3 27 1 0 Normal 


24-day 


~ 
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resorptions in Group 3 versus Control Group 2 equals 0.73, in mal- 
formations in Group 4 versus Control Group 2 equals 0.39, and in 
malformations in Group 4 versus Group 3 equals 0.39. In any event 
the incidence of malformations and resorptions is not significant 
compared to the rate of spontaneous fetal failures in this rabbit 
colony. It can be concluded from the study that this strain of 
New Zealand White rabbits is not a suitable animal for further in- 
vestigation of the teratogenicity of V. californicurn. This conclusion 
need be qualified by the report that the toxicity and teratogenic 
agents in V. californicum have shown variation between range areas 
with regard to activity in the ewe (1). 
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New Compounds: Acrylonitrile Derivatives as Potential 
Antineoplastic Agents 


EDWARD 0. MAGARIAN* and W. LEWIS NOBLEST 


Abstract 0 The synthesis of several heterocyclic acrylonitriles and 
the corresponding carboxylic acid derivatives is described. 


Keyphrases 0 Acrylonitriles, heterocyclic-synthesis 0 Carboxylic 
acid derivatives, acrylonitriles-synthesis 


Estrogens have proven to be of clinical value in the 
treatment of prostatic and breast carcinomas (1). It has 
been shown that many acrylonitrile derivatives possess 
excellent estrogenic activity (2). As part of the continu- 
ing search for newer and more effective antineoplastic 
agents, several acrylonitriles and their acid derivatives 
were prepared for biological evaluation. 


The synthesis of 2-(p-methoxyphenyl)-3-(4-pyridyl)- 
acrylonitrile(II1b) was initially attempted in pyridine 
but only the corresponding acid, 2-(p-methoxyphenyl)- 
3-(4-pyridyl)acrylic acid (IVb), was obtained. Subse- 
quently, it was discovered that IIIb, as well as the other 
nitriles, could be conveniently prepared by modifying 
the procedure of Castle and Seese (3). The appropriate 
heterocyclic aldehyde (I) was allowed to condense with 
p-methoxyphenylacetonitrile (11) under basic conditions 
(Scheme I). 


The other carboxylic acids (IVa, c, d) were prepared 
by hydrolyzing the nitriles in aqueous sulfuric acid. 


EXPERIMENTAL 


2-(p-Methoxyphenyl)-3-(2-pyridyl)acrylonitrile (IIIa, Table 1)- 
The procedure described for the preparation of this compound is 
typical. To a solution of 3.0 g. (0.020 mole of p-methoxyphenyl- 
acetonitrile and 2.0 g. (0.022 mole) of 2-pyridinealdehyde in 40 ml. 
of absolute methanol was slowly added an absolute methanol solu- 
tion of sodium methoxide (0.5 g., 0.022 g.-atom of sodium metal in 


RCHO + CH~-@OCH, I -+ 


i!N 
I I1 


IIIa, 2-pyridyl 
IIIb, 4-pyridyl 
IIIc, 6-methyl-2-pyridyl / IIId, 2-quinolyl 


R- CH =C -@ OCH, 
I 


COOH 


IVb, 4-pyridyl 
IVc, 6-methyl-Zpy ridyl 
IVd, 2-quinolyl 


IVU, 2-pyridyl 


Scheme I 


10 ml. of absolute methanol). The mixture was heated at 50-60” 
for 5-10 min., then allowed to stand at room temperature for 30 
min., and finally cooled in an ice bath. The solid was removed by 
filtration, air-dried, and recrystallized from ethanol. 
2-(p-Methoxyphenyl)-3-(6-methyl-2-pyridyl)acrylic acid (IVc, 


Table I t T h e  preparation of the title compound according to the 
following procedure may be taken as typical. To 48 ml. of concen- 
trated sulfuric acid in 65 ml. of water was added 6.0 g. (0.027 mole) 


1 Melting points were determined on a Thomas-Hoover Uni-melt ap- 
paratus and are uncorrected. Elemental analyses were performed by 
Dr. Alfred Bernhardt, 433 Mulheim (Ruhr), Hohenweg 17, West Ger- 
many. For physical and analytical data see Table I. 
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Synthesis of Ketoximino-Esters and -Ethers as Antihypertensive Agents 


MAN M. KOCHHAR, BYRON B. WILLIAMS, and JEN H. FAN 


Abstract 0 In a search for new antihypertensives, a series of 
oximino-esters and -ethers of 4,4’-bis(dirnethylarnino) benzophenone 
oxirne and 4,4‘-bis(diethylamino)bnzophenone oxime were pre- 
pared. The synthesis of oximino-esters and -ethers was accom- 
plished by esterifications and o-alkylations of the above oximes. In 
the course of this investigation, 12 new compounds were syn- 
thesized and evaluated for their antihypertensive activity. 


Keyphrases 0 Esters, ketoximin-synthesis 0 Ethers, ketoximino- 
-synthesis 0 Hypotensive activity-ketoximino esters ethers 0 
IR spectrophotornetry-identity 


Lyon et al. (1) reported the first effective antihy- 
pertensive agent. Since that time, a multitude of com- 
pounds have been prepared and tested for their hy- 
potensive properties. The chemical structure and mech- 
anism of pharmacological action of these drugs vary, 
yet the prominent compounds exert similar therapeutic 
action. Several review articles (2-5) have appeared in 
the literature. Particular attention has been given to the 
series of compounds which demonstrate ganglionic 
blockade action. Reduction of vasoconstrictor impulses 
by ganglionic blockade at sympathetic ganglionic sites 
may provide valuable therapeutic assistance in many 
cases of hypertension. 


The widely used ganglionic blockers can be classified 
as monoquaternary ammonium, bis-quaternary am- 
monium, polyammonium compounds, branched amines, 
inorganic ions, and nonbasic compounds. Most of these 
compounds contain at least a tertiary or a quaternary 
nitrogen atom. In the bis-quaternary series, the greatest 
activity was found to be induced by compounds contain- 
ing the quaternary ammonium group. The substituent 
at quaternary nitrogen or a critical distance between 
two onium centers has led to  highly active compounds. 
It is known that the physicochemical properties of the 
compound can influence the biological activities such 
as accessibility to the site of action, relative distribution 
of the drug between sites of action and site of loss, nature 
of bonding at the site of action, rate of excretion, and 
the ability of penetration through the membrane. 
These observations prompted the investigations re- 
ported in this paper. The object of the present work 
was to prepare and examine some of the oximino- 
esters and -ethers of 4,4’-bis(dimethy1amino)benzo- 
phenone and 4,4’-bis(diethylamino)benzophenone and 
to determine whether they possessed significant anti- 
hypertensive action. According to Kochhar (6) ,  the 
oximino group may undoubtedly alter the partition 
coefficient of the compound and thus influence its dis- 
tribution in the body. In addition, the oximino linkage 
might afTect not only the intrinsic reactivity but also 
the stereochemistry of a given compound as well as its 
susceptibility toward metabolic degradation. A study of 
such compounds may contribute to the understanding of 


hypotensive phenomena from a structure-activity stand- 
point. 


DISCUSSION 


The compounds which were selected for synthesis are the oxi- 
mino-esters and -ethers of 4,4’-bis(dimethy1amino) benzophenone 
and 4,4’-bis(diethylamino)benzophenone (Types I, 11, 111, and 
w. 


0 


Type I11 


Where R = -K \ ’ . *,, -C,Hj 
C,.H, 


OC,H, 


- CH, -0 
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The Preparation of 12 new esters and ethers of Types I, Ir, 111, or 
Iv, starting with 4,4'-bis(dimethylamino) benzophenone and 44'- 
bis(diethylamin0) benzophenone, was accomplished by modifying 
the methods described in the literature (7-9). The reaction condi- 
tions were very critical in the formation of final products. The 
oximes can undergo Beckmann rearrangement with greater ease to 
anilide if reaction conditions are not sufficiently alkaline. Pearson 
(lo), Chapman (111, and Higman (12) had indicated that the rate of 
rearrangement depends partly on the relative tendency of the migrat- 
ing group to donate a pair of electrons to the oximino-nitrogen 
atom. The strong electrophilic influence of dialkylamino groups 
presumably explains the ease of rearrangement of the above oximes 
and their esters and ethers. As this is a symmetrical molecule, the 
end product. amide does not affect syn- or anti- configuration. 
Sufficiently strong bases, e.g., sodium hydroxide, sodium hydride, 
and potassium tertiary butoxide, were applied in oximination, 
esterification, and o-alkylation to prevent Beckmann rearrange- 
ment of the oximes to an amide. The use of strong base was also 
necessary to prevent the formation of 3,4,5-trimethoxybenzoic an- 
hydride in the case of Compounds I1 and V. It is proposed that 
3,4,5-trimethoxybenzoyl chloride is converted to 3,4,5-trimethoxy- 
benzoic acid and that in turn reacts with acyl chloride to yield an 
anhydride. 


A general study of the structural features of the oximino-esters 
and -ethers tested for their effect on blood pressure of experimental 
animals led to the following observations. None of the compounds 
in lower dosage showed any impressive activity. Compounds I and 
IV, the diphenyl carbamates, at dose level of 100 mg./kg. induced 
the most impressive decrease in systolic pressure. Compounds 111 
and VI, the propionate derivatives, showed a significant but lesser 
bypotensive effect at the same dose level. The dimethylamino com- 
pounds in each instance were more effective as hypotensives than 
the corresponding diethylamino compounds. As a general observa- 
tion the oximino-ester exhibited greater activity than oximino- 
ethers. 


Although proof of ganglioplegic activity as the mechanism for 
the vascular effects of these experimental compounds has not been 
provided, certain structural and activity features support the gang- 
lionic site. Affinity for the cholinergic receptor is a characteristic 
of methyl substituted amines and while there are in most cholinergic 
stimulants onium groups with methyl substitution, secondary or 
tertiary amines are capable of binding to the receptor and tertiary 
amines are potent ganglioplegics (1 3). Therefore, the dimethyl- 
amino compounds could conceivably bind to the cholinergic gang- 
lion receptors of vascular innervations. The response from such 
binding could be either activation or blockage. According to Sice 
(14), the blocking effect of methyl substituted ganglionic agents is 
sometimes preceded by a transient stimulation, and Barlow states 
that these are among such ganglionic agents, some which stimulate, 
and some which block (15). It is a recognized characteristic of 
cholinergic activators that the stimulant effect may be reversed by 
a sufficient increase in dose. Such an effect was seen with three of the 
compounds under study here. Compounds 111, VIII, and X, at low 
doses evoked hypertensive effect and at higher doses either caused 
no significant change in blood pressure or lowered it. The diethyl- 
amino compounds evoked no hypertensive effect at either low or 
high dose levels which is consistent with Ing's suggestion that ethyl 
substitution tends to convert stimulant compounds into purely 
blocking agents (16). The greater hypotensive efficacy of the tri- 
methylamino compounds as compared with the triethylamino 
could have resulted from a reduction in receptor affinity effected by 
substitution of the larger group. 


PHARMACOLOGIC EVALUATION 


The synthesized oximino-esters and -ethers were evaluated for 
blood pressure effect on anesthetized normotensive rats. Pento- 
barbital solution (50 mg./kg.) was used for anesthesia as a stan- 
dard. Acacia suspension (1 %) of the oximino-esters and -ethers 
were prepared as test drugs. Blood pressure change was esti- 
mated by standard indirect method using the electrosphygmo- 
graph' which combines a linear core pressure transducer and a 
preamplifier to provide single-channel recordings of occluding cuff 
pressure and superimposed arterial pulsations. The rat previously 


Table I-Effects of Oximino-Esters and -Ethers on the Blood 
Pressure in Normotensive Anesthetized Rats 


- Blood Pressure- 
Dose, Origin, 


Compound mg./kg. mm. Hg Increase, % Decrease, % 


I 40 1 ni - - 
28.7 - 


- - 
- - 7 


100 123 - 15.0 
IV 40 123 


100 132 - 15.9 
V 40 113 


100 110 
VI 40 120 - 10.0 


100 123 - 10.6 
VII 40 1 24 


- - 


- - 
- - 


- - 
~~ 


7.9 100 128 - 


100 110 
6 .9  IX 40 115 


100 136 - 10.3 
X 40 115 20 


100 136 - 


- 
- 


vrrr 40 100 33 
- 
- 


- 
- 


XI 413 
lo0 


XI1 40 
100 


~. ~ 


- - 1 20 
133 
136 
106 


5.9 
9 . 5  


- 
- 
- - 


anesthetized with a subcutaneous injection of pentobarbital 
sodium was placed in a Lucite restrainer box, a tubular occluding 
cuff slipped over the tail, and a pneumatic pulse sensor placed over 
the tail distal to the occluding cuff. Both pulse sensor and cuff 
were connected to the electrosphygmograph to allow simultaneous 
recording of arterial pulsations and cuff pressure. Pressure level at 
point of beginning of tail pulsations as occluding pressure dropped 
was considered to be a reliable estimate of the systolic pressure. 
The pressure was recorded initially, then the drug was administered 
subcutaneously and further blood pressure recordings were made 
at 5-min. intervals during 1 hr. Table I presents the blood pressure 
data so obtained. Replicates were done for the experiments which 
indicated significant activity, and values reported are means of the 
two. 


EXPERIMENTAL2 


Synthesis of Oximes-4,4'-Bis(dimethylamino)benzophenone 
Oxime-A mixture of 4,4'-bis(dimethy1amino) benzophenone (26.8 
g., 0.10 mole), hydroxylamine hydrochloride (27.8 g., 1.10 mole), 
potassium hydroxide (60 g., 1.92 mole), alcohol (600 ml.) and water 
(50 ml.) was refluxed for 3 hr. After standing overnight at room 
temperature, the reaction mixture was poured into ice water (1500 
ml.). The crude product obtained was recrystallized from a mixture 
of benzene and ethanol, yielded colorless needles (21 g.; 74% of 
theory), m.p. 215-216" [lit. (7) m.p. 213-216"l. 


4,4'-Bis(diethylamino)benzophenone Oxime-The above pro- 
cedure was adapted to this preparation. A pure sample of this 
compound melted at 199-201 O [lit. (7) m.p. 200-201 "1 and yielded 
16 g. (41 % of theory). 


Synthesis of Oximino Esters~-4,4'-Bis(dimethylamino)benzo- 
phenone Oxime Diphenylcarbamate (I)-Method A-Sodium hydride 
(0.5 g., 0.011 mole, 55.6% mineral oil dispersion) was added with 
stirring to a solution of 4,4'-bis(dimethylamino)benzophenone 
oxime (2.8 g., 0.01 mole) in tetrahydrofuran (30 ml.) and the 
mixture stirred for 15 to 20 min. till the evolution of gas ceased. 
Diphenylcarbamyl chloride (2.3 g., 0.01 mole) was added to the 
above mixture in small portions and mixture stirred for 2 hr. at 
room temperature and then diluted with water (300 ml.). The re- 
sulting mixture was extracted with ether. The ether layers were 
combined, dried over anhydrous magnesium sulfate, filtered, and 
concentrated under reduced pressure. Repeated crystallization from 


2 Reported melting points are uncorrected. A Thomas-Hoover Uni- 
melt apparatus was used for melting point determination. Galbraith 
Laboratories, Inc., Knoxville, Tenn., conducted the elemental analysis. 


~ 
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Table II-Physical Constants and Analytical Data 


Method Recrystn. Empirical -Anal. %--- 
Compound R or R1 of Prepn. M.p. “C. Solvent Yield, Z Formula Calcd. Found 


r 


I 


I1 


111 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI 


XI1 


A 


B 


A 


A 


B 


A 


C 


C 


C 


C 


c 
C 


209-210 


131-132 


107- 108 


102- 103 


106- 107 


100-102 


147-147.5 


121-122 


160-161 


131 -1 32 


134135 


146147 


Type I 
Benzene 62.0 


Benzene 35.9 


Benzene 13.3 


Type I11 
Benzene-alcohol 78.0 


Benzene-et her 46.9 


Ethanol 28.7 


Type I1 
Benzene 36.4 


Ethanol 6 .0  


Chloroform 13.8 


Benzene 9 . 7  


Type IV 
Ethanol 47.7 


Chloroform 6 . 4  


C, 75.28 
H, 6.13 


C, 67.90 
H, 6.54 


C, 70.79 
H, 7.42 


C, 76.36 
H, 7.16 


C, 69.77 
H, 7.36 


C, 72.85 
H, 8.40 


c, 74.97 
H, 6.25 


C, 68.31 
H, 5.94 
C ,  65.18 
H, 5.68 


C, 77.21 
H, 7.24 


C, 76.36 
H, 7.27 
C, 70.43 
H, 6.96 


C, 75.13 
H, 6.32 


C, 67.70 
H, 6.54 


C, 70.55 
H, 7.35 


C, 76.31 
H, 7.06 


C, 70.07 
H, 7.48 


C, 72.76 
H, 8.36 


C, 75.13 
H, 6.42 


C, 68.14 
H, 5.82 
C, 65.38 
H, 5.91 


c, 77.39 
H, 7.30 


C, 76.49 
H, 7.26 
C, 70.63 
H, 6.78 


benzene afforded the pure product, m.p. 209-210”; yield 3.2 g. 
(62% of theory). Strong bands in the IR at 5.75 and 6.2 p are in- 


0 
II 


dicative of -C-0- and -C=N-, respectively. 
#,#’-Bis(dimethylamino)benzophenone Oxime 3,#,5-Trimethoxy- 


benzoate (Il)--Method B-Sodium hydroxide (3.0 g., 0.075 mole) 
in water (10 ml.) was added with stirring to a solution of 4,4’- 
bis(dimethy1amino) benzophenone oxime (2.8 g., 0.01 mole) in 
acetone (50 ml.) To this mixture was added 3,4,5-trimethoxybenzoyl 
chloride (2.3., 0.01 mole) in small portions. The mixture stirred at 
room temperature for 2 hr. and then diluted with water (300 ml.) 
The above procedure described under the synthesis of Compound I 
was then followed. The solid residue obtained was crystallized 
from benzene to give pure sample (1.75 g., 35.9% of theory), m.p. 


Synthesis of Oximino-Ethers~-#,#’-Bis(dimethylumino)benzo- 
phenone Oxime pBenzonitrife Erher (VII+Method C-Pptassium 
tertiary butoxide ( I  .1 g., 0.01 mole) was added with stirring to the 
solution of 4,4‘-bis(dimethylamino) benzophenone oxime (2.8 g., 
0.01 mole) in dimethyl sulfoxide (20 d,), p-fluorobenzonitrile (1.2 g., 
0.01 mole) in dimethyl sulfoxide (20 ml.) was added dropwise to 
the above mixture. The mixture was stirred for 2 hr. at room tem- 
perature. The resulting mixture was diluted with saturated sodium 
chloride solution (300 ml.). The crude product thus obtained was 
recrystalliLed from benzene which afforded the compound, m.p. 
147-147.5”; yield 1.4 g. (36.4% of theory). It showedno absorption 
in the IR spectrum in the region between 5.54 p. 


1 3 1-1 32 ’. 
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Prazepam Metabolism by Dogs 


FREDERICK J. DICARLO”, MALCOLM C. CREW, MYRIAM D. RZELGAR, and LLOYD J. HAYNES 


Abstract 0 Pra~epam-5-‘~C [7-chloro-l-(cyclopropylmethyl)-5- 
phenyl-lH-1,4-benzodiazepin-2(3H)-one] was primarily eliminated 
with the feces in unaltered form following the oral administration 
of 10 mg./kg. to dogs. Prazepam resembled diazepam and oxaze- 
pam in the low blood levels and extensive fecal excretion. Further 
similarity of prazepam to diazepam was shown by the biotrans- 
formations involving dealkylation and hydroxylation. The major 
urinary metabolite from prazepam is oxazepam glucuronide. 
The possible presence of unchanged prazepam and/or 3-hydroxy- 
prazepam glucuronide as well as 4‘-hydroxy oxazepam glucuronide 
in the urinary excretion is also indicated. 


Keyphrases Prazepam-14C metabolism---dogs 0 Distribution, 
excretion-pra~epam-~~C TLC---separation. analysis 0 Scintil- 
lometry, liquid-analysis 


~~ -~ ~ ~- ~~ -~ 


Prazepam is a new synthetic tranquilizer in the 
benzodiazepin series. The compound shows muscle- 
relaxant, calming, and anticonvulsant activities in 
animals. Additionally, it is well tolerated by humans 
and produces clinical improvement in patients with 
anxiety (1-3). Structurally, prazepam is 7-chloro-l- 
(cyclopropylmethyl) - 5 - phenyl - 1H - 1,4 - benzo- 
diazepin-2(3H)-one. The present investigation had two 
objectives. The first was to determine the absorption, 
excretion, and tissue distribution of prazepam in dogs. 
The second objective was to learn whether prazepam is 
metabolized to oxazepam in order to ascertain whether 
prazepam may serve as a precursor to  other tran- 
quilizing agents by the following oxidative sequences: 


Y 
CHZ 
I 


0 
prazepam 


dealkylation I 
0 


desalkylpraxepam 


Radioactivity Counting-Quantitative assays for 1‘C were per- 
formed using a liquid scintillation spectrometer (Packard Tri-Carb 
model 3324). The external standardization method was used for 
quench corrections. 


Thin-layer Chromatography-The chromatography was run on 
5 X 20-Cm. (2 X %in.) glass plates coated with 250p of Silica Gel G 
bound with calcium sulfate. The unidimensional ascending technique 
was used to develop the chromatograms in the following systems: 
Solvent 1 : chloroform-acetic acid-methanol (15 :1:4); Solvent 2: 
benzene-ethyl acetate-acetic acid (16:4: I); Solvent 3: benzene-ethyl 
acetate (4: 1); Solvent 4: toluene-ethyl acetate-1-butanol-water 
(10 : 5 :2 :2); Solvent 5: heptane-chloroform-ethanol (10: 10: 1); 
Solvent 6 :  benzene. In Solvents 1-5 prazepam and oxazepam had the 
following Rf values respectively, 1: 0.93, 0.74; 2: 0.52, 0.24; 3: 
0.45, 0.04; 4: 0.60, 0.21; 5 :  0.37, 0.02. 


The thin-layer chromatograms were scanned for radioactivity 
with a radiochromatogram scanner (Packard model 7200). The 
area under each peak was determined with a compensating polar 
planimeter (Keuffel and Esser). In this manner, the R, value and the 
relative quantity of each compound were obtained. 


Identification of Benzophenones-The three benzophenones in- 
volved in this study are aromatic amines of sufficiently weak 
basicity to permit their extraction from N-hydrochloric acid with 
ethyl acetate. The intensity of the yellow pigmentation of these 
three compounds is sufficient to permit their location on TLC 
plates visually as well as by radioscanning. 


Additionally, these benzophenones were tested for the presence 
of a primary aromatic amine by running the Bratton-Marshall ( 5 )  
assay directly on the chromatograms. This was done by spraying 
the chromatograms successively with 4 N HCl, 0.5 % sodium nitrite, 
0.5 % ammonium sulfamate, and 0.1 N-(1-naphthy1)ethylene- 
diamine hydrochloride. 


Fate and Metabolism of Ring-labeled Prazepam-Four beagles, 
two of each sex weighing 7.0-8.6 kg., were used. Quantities of 


hydroxylation - 
V 


3-hydroxyprazepam 


dralkylatinn I 
hydroxylation - 


0 
oxazepam 


IIATERIALS AND METHODS 


14C-Labeled Prazepam--Prazepam was synthesized with I4C in 
position 5 of the seven-membered ring (4). The preparation was 
>99% radiochemically pure as judged by TLC and had a specific 
activity of 1.31 mc./g. 


14C-prazepam tagged at C-5 corresponding to 10 mg./kg. body 
weight were weighed into four gelatin capsules, and were fed to the 
dogs. Each animal was placed into a separate metabolic cage and 
was allowed access to food and water. 


Blood samples were withdrawn from the jugular vein of all four 
dogs at 0.5, 1 ,  2, 4, 6 ,  and 24 hr. after drug administration. Portions 
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(4.5 ml.) of blood were mixed with 0.5 ml. of sodium Oxalate SOlU- 
tion, and diluted to 250 ml. with water. Aliquots (1.0 ml.) of the 
diluted solutions were counted for total radioactivity. 


Urine and feces were collected for 24 hr. from all four dogs. 
Each urine collection was diluted to 400 mi., and 1.0-ml. aliquots 
were counted for radioactivity directly. Each fecal Collection was 
washed from the cage with water, dioxane and methanol, held at 
40" overnight, and filtered. The residue was re-extracted three 
times with 50% dioxane, and 1.0-ml. aliquots of the combined 
filtrates (3.0 1.) were counted for radioactivity by scintillation 
spectrometry. 


Two of the dogs (one of each sex) were sacrificed 24 hr. after 
dosing. Their livers, kidneys, and brains were excised. homogenized 
in a blender (Waring) with 50% dioxane, and filtered. In the same 
way, the residues were re-extracted twice. The combined extract 
volumes were 2.5 1. for the livers, and 1.5 1. for the kidneys and 
brains. Aliquots (1.0 ml.) of the extracts were counted for radio- 
activity. 


Collections of blood, urine and feces were made from the remain- 
ing two dogs at 48, 72, and 96 hr., after which these animals were 
also sacrificed to obtain the livers, kidneys, and brains. These 
specimens were treated as described above. 


Urine and feces specimens collected 24 hr. after l'c-prazepam 
administration to Dog No. 3 were studied. The radioactivity of the 
urine was 28.4 X lo3 dpm./ml., and the aqueous dioxane extract of 
feces showed 59 X lo3 dpm./ml. 


A 5.0-ml. portion of the urine was adjusted to pH 7.0 and ex- 
tracted with three equal volumes of ethyl acetate. The aqueous 
layer was brought to pH 5.5 and incubated at 37" for 4 hr. with 
80 mg. of 0-glucuronidase (Mann, specific activity = 50-70 units/ 
mg.). Following incubation, a second extract was prepared using 
three 5.0-mi. volumes of ethyl acetate. All of the extracts were 
counted for radioactivity. In addition, the urine and the ethyl 
acetate extracts were analyzed by TLC. 


A 10.0-ml. portion of the dog urine was hydrolyzed (6) by heating 
with an equal volume of concentrated HC1 for 1 hr. at 100". The 
hydrolysate was cooled and kept at 0-5' during partial neutraliza- 
tion by the addition of 4.4 g. of NaOH (4.8 g. required for neutraliza- 
tion). The acidic solution was extracted with three 5-ml. portions of 
ethyl acetate in order to recover the weakly basic chloroamino- 
benzophenones without extraction of other amines. The extract was 
analyzed by scintillation spectrometry, and TLC followed by 
radioscanning and testing for primary aromatic amine. 


A 100-mi. portion of the fecal extract was diluted with 200 ml. of 
water and extracted twice with 50-ml. portions of ethyl acetate. The 
ethyl acetate extract was concentrated to 2 ml., and hydrolyzed 
with HCI as described above, diluted with eight volumes of water, 
and extracted with ethyl acetate to collect the radioactive reaction 
products. These extracts were assayed for total radioactivity and 
were resolved by chromatography. 


RESULTS 


The 14C levels of the blood of dogs treated with '"2-prazepam 
are shown in Table I. The values, expressed as a percentage of the 
administered dose, were calculated on the basis that the blood 


Table I-Radioactivity in Blood of Dogs After Oral 
Administration of Ring-labeled Prazepam 


I- Dose Radioactivity in Blood%"-- - 
hr. (m,, 7.2 kg.) (m., 8.6 kg.) (f., 8.0 kg.1 (f.. 8.3 kg.) 


0.5 0.12 0.07 0 0 
1 0.21 0.16 0 0 
2 0.24 0.25 0.27 0.14 
4 0.24 0.21 0.33 0.15 
6 0.17 0.19 0.23 0.08 


24 0.06 0.26 0.08 0.06 
48 - 0.03 
72 - 0.03 
96 


Time, Dog1 Dog 2 Dog 3 Dog 4 


0 
0 
0 


- 
- 
- 0 - 


. 


a Based upon blood volume of 90 ml./kg. (7). 


Table 11-Radioactivity in Urine, Feces, and Tissues of Dogs 
After Administration of Ring-labeled Prazepam 


Time, -Dose Radioactivity, %--- 
Specimen hr. Dog 1 Dog2 Dog 3 Dog4 


- Liver 24 0.266 - 2.62 
96 - 0.024 - 0.009 


96 - 0.001 - 0.001 


96 - 0.002 - 0.001 
Urine 24 1.74 4.61 4.59 1.86 


48 - 4.16 - 0.65 
72 - 0.41 - 0.07 
96 - 0.08 - 0.01 


Feces 24 88.69 80.12 79.25 58.91 
48 - 5.47 - 34.36 
72 - 0.84 - 1.95 
96 - 0.26 - 0.12 


Brain 24 0.003 - 0.005 - 


Kidney 24 0.008 -- 0.005 - 


Total recovery 96.7 96.0 86.5 97.9 


volume of the dogs was 90 ml./kg. (7). All of the levels were low; 
the maximum concentrations observed at 2-4 hr. after treatment, 
represented about 0.2 %of the dose. The male dogs seemed to absorb 
this drug faster than the females. Plots of the data showed the mean 
half-life of radioactivity to be approximately 14 hr. 


Table 11 presents the 14C content of the urine, feces, and tissues. 
The recovery of radioactivity was almost quantitative from the dogs 
sacrificed 96 hr. after drug administration, due mainly to very ex- 
tensive excretion with the feces. The urinary excretion of radio- 
activity varied widely, from 1.7-4.6z of the dose in 24 hr. and 
from 2.6-9.3 % in 96 hr. 


The dog urine contained one radioactive component which 
overshadowed the others. This compound ( R t  0.14 in Solvent 1, 
0.07 in Solvent 3, and 0.05 in Solvents 2, 4, and 5 )  was obviously 
neither prazepam nor oxazepam and was readily extracted into 
ethyl acetate only after incubating the urine with /3-glucuronidase. 
Chromatograms of the ethyl acetate extract showed the single major 
tagged component to migrate as oxazepam in five solvent systems. 


The acid-hydrolyzed dog urine showed five radioactive bands 
upon TLC in Solvent 3 (Table 111). The slowest moving bands (at 
Rf 0.01 and 0.36) were colorless and represented 9 and 6%, re- 
spectively, of the total sample radioactivity. The identities of these 
two components are unknown; they may represent products ob- 
tained by incomplete hydrolysis. The three remaining labeled bands 
at Rj 0.45 (8 of the sample 14C), 0.83 (72 z), and 0.95 (4%) dis- 
played the characteristic yellow color of the 2-amino-5-chloro- 
benzophenones. The major band at Rf 0.83 gave a positive Bratton- 
Marshall test and migrated as did 2-amino-5-chlorobenzophenone. 
This ketone is the hydrolysis product expected from oxazepam 
glucuronide and the quantity formed agrees with the amount of 
oxazepam collected by extracting the P-glucuronidase-treated urine. 
Although the band at Rf 0.45 was also a primary aromatic amine 
and corresponded chromatographically to 4'-hydroxy-2-amino-5- 
chlorobenzophenone, additional evidence is needed before this 
ketone can be conclusively considered to be the hydrolysis product 
of 4'-hydroxyoxazepam glucuronide (8). The fastest moving radio- 
active band (R ,  0.95) was not a primary aromatic amine and cor- 
respondeii to 2-cyclopropylmethylamino-5-chlorobenzophenone. 
This ketone suggests that the urine contained some unchanged 
prazepam and/or 3-hydroxyprazepam glucuronide. The results 
obtained with Solvent 6 were confirmatory. The major band (Rf 
0.34) accounted for 7 3 z  of the radioactivity, had a yellow color, 
reacted with Bratton-Marshall reagent, and showed an R, corre- 
sponding to 2-amino-5-chlorobenzophenone. Likewise, the minor 
peaks at Rf 0.06 and 0.62 showed the same properties as 4'-hy- 
droxy-2-amino-5-chlorobenzophenone and 2-cyclopropylmethyl- 
amino-5-chlorobenzophenone, respectively. 


TLC of the feces extract showed one predominant component 
which migrated as prazepam in all five solvents. Hydrolyzed feces, 
however, yielded chromatograms indicating the presence of three 
radioactive components (Table 111). One of these compounds ac- 
counted for 91 of the radioactivity on chromatograms developed 
in both solvents, and this band was identified as 2-cyclopropyl- 
methylamino-5-chlorobenzophenone by its Rf values, yellow color, 
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Table 111-TLC of Hydrolyzed Dog Urine and Feces 


Sample Rf 


~~ 


--Solvent 3-- 7 Solvent L--. 
.x Color" B-Mb Rf .x Color" B-Mb 


2-Amino-5-chlorobenzophenone (ACB) 0.81 
N-Cyclopropylmethyl ACB 0.96 
4'-Hydroxy ACB 0.46 
Hydrolyzed urine 0.01 


0.36 
0.45 
0 .83  
0.95 


Hydrolyzed feces 0 .02 
0.60 
0.98 


Y 
Y 
Y 


9 . 4  
6 . 3  - 
8 .2  Y 


71.7 Y 
4 . 3  Y 
3 . 0  - 
5 . 6  - 


91.4 Y 


__ 
- 


- 
- 


0.34 
0.57 
0.01 
0.01 
0.06 
0 .34  
0.62 


0 .03  
0.57 


- 
- 


- 
12.6 
10.2 
72.7 


3.6 


8.7 
91.3 


Y, yellow band observed; -, no visible color observed. b Primary aromatic amine by Bratton-Marshall assay on TLC plate: +, positive test; 
-, negative test. 


and lack of a primary aromatic amine function. Therefore, the 
feces was concluded to contain unchanged prarepam. The other 
labeled components cannot be identified at this time although one is 
a primary aromatic amine. 


DISCUSSION 


In general, prazepam resembled diazepam (9, 10) and oxazepam 
(6) more than chlordiazepoxide (11) in its absorption and excre- 
tion by the dog. Characteristic of these three benzodiazepins were 
the low blood levels and the extensive excretion into the feces. It 
seems that this group of drugs readily enters the enterohepatic 
circulation, resulting in high fecal elimination even when low doses 
are injected intravenously (9). 


Like diazepam, prazepam is dealkylated and hydroxylated by 
the dog, and subsequent conjugation yields oxazepam glucuronide, 
the principal end product. It is interesting to note that small quan- 
tities of oxazepam glucuronide were also detected in the urine of 
dogs treated with chlordiazepoxide (12). The evidence from experi- 
ments conducted in cico suggested that the main pathway of dia- 
zepam metabolism involves dealkylation followed by hydroxylation 
(9, 10, 13). This view is supported by recent experiments showing 
that diazepam is dealkylated faster than it is hydroxylated in iso- 
lated perfused rat and mouse livers (14). However, it is still not 
clear whether N-alkyl oxazepams are converted more rapidly into 
oxazepam than is desalkylprazepam. This question holds pharma- 
cological interest since the N-alkyloxazepams are more active than 
desalkylprazepam in muscle relaxant, antifighting, and anticon- 
vulsant evaluations (15). 


SUMMARY 


Four dogs were administered a single oral dose (10 mg./kg.) of 
ring-labeled prazepam. Urine, feces, and blood were assayed for 
14C at intervals up to 96 hr. after treatment. The radioactivity in 
selected tissues was determined at  24 and 96 hr. following dosing. 
Most of the radioactivity (79-95 %) was recovered in the feces and 
1.7-9.3 was found in the urine. Although this was not a materials 
balance study (since the animals were not assayed in their entirety), 
the I4C recoveries averaged 89 after 24 hr. and 9775 after 96 hr. 
Unaltered prazepam accounted for 91 of the 14C in the feces. 
Oxazepam glucuronide was responsible for about 72% of the 
urinary radioactivity. Tentatively identified in the urine were un- 


changed prazepam and/or 3-hydroxyprazepam glucuronide, and 
4'-hydroxyoxatepam glucuronide. 
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resorptions in Group 3 versus Control Group 2 equals 0.73, in mal- 
formations in Group 4 versus Control Group 2 equals 0.39, and in 
malformations in Group 4 versus Group 3 equals 0.39. In any event 
the incidence of malformations and resorptions is not significant 
compared to the rate of spontaneous fetal failures in this rabbit 
colony. It can be concluded from the study that this strain of 
New Zealand White rabbits is not a suitable animal for further in- 
vestigation of the teratogenicity of V. californicurn. This conclusion 
need be qualified by the report that the toxicity and teratogenic 
agents in V. californicum have shown variation between range areas 
with regard to activity in the ewe (1). 


REFERENCES 


(1) W. Binns, L. F. James, and J. L. Shupe, Ann. N .  Y.  Acad. Sci., 
111, 571(1964). 


(2) W. Binns, J. L. Shupe, R. F. Keeler, and L. F. James, J. Am. 


(3) R. F. Keeler and W. Binns, Proc. Soc. Exptl. Biol. Med., 123, 


(4) Zbid., 126, 452(1967). 
( 5 )  H. Bancroft, “Introduction to Biostatistics,” Hoeber Medi- 


Vef.  Med. Assoc., 147, 839(1965). 


921( 1966). 


cal Division, Harper & Row, New York, N. Y., 1963. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received January 16, 1969 from the College of Pharmacy, Wash- 
ington State University, Pullman, WA 99163 


Accepted for publication May 15, 1969. 
This project supported in part by Medical and Biological Re- 


search Funds, Initiative No. 171, State of Washington. 


New Compounds: Acrylonitrile Derivatives as Potential 
Antineoplastic Agents 


EDWARD 0. MAGARIAN* and W. LEWIS NOBLEST 


Abstract 0 The synthesis of several heterocyclic acrylonitriles and 
the corresponding carboxylic acid derivatives is described. 


Keyphrases 0 Acrylonitriles, heterocyclic-synthesis 0 Carboxylic 
acid derivatives, acrylonitriles-synthesis 


Estrogens have proven to be of clinical value in the 
treatment of prostatic and breast carcinomas (1). It has 
been shown that many acrylonitrile derivatives possess 
excellent estrogenic activity (2). As part of the continu- 
ing search for newer and more effective antineoplastic 
agents, several acrylonitriles and their acid derivatives 
were prepared for biological evaluation. 


The synthesis of 2-(p-methoxyphenyl)-3-(4-pyridyl)- 
acrylonitrile(II1b) was initially attempted in pyridine 
but only the corresponding acid, 2-(p-methoxyphenyl)- 
3-(4-pyridyl)acrylic acid (IVb), was obtained. Subse- 
quently, it was discovered that IIIb, as well as the other 
nitriles, could be conveniently prepared by modifying 
the procedure of Castle and Seese (3). The appropriate 
heterocyclic aldehyde (I) was allowed to condense with 
p-methoxyphenylacetonitrile (11) under basic conditions 
(Scheme I). 


The other carboxylic acids (IVa, c, d) were prepared 
by hydrolyzing the nitriles in aqueous sulfuric acid. 


EXPERIMENTAL 


2-(p-Methoxyphenyl)-3-(2-pyridyl)acrylonitrile (IIIa, Table 1)- 
The procedure described for the preparation of this compound is 
typical. To a solution of 3.0 g. (0.020 mole of p-methoxyphenyl- 
acetonitrile and 2.0 g. (0.022 mole) of 2-pyridinealdehyde in 40 ml. 
of absolute methanol was slowly added an absolute methanol solu- 
tion of sodium methoxide (0.5 g., 0.022 g.-atom of sodium metal in 


RCHO + CH~-@OCH, I -+ 


i!N 
I I1 


IIIa, 2-pyridyl 
IIIb, 4-pyridyl 
IIIc, 6-methyl-2-pyridyl / IIId, 2-quinolyl 


R- CH =C -@ OCH, 
I 


COOH 


IVb, 4-pyridyl 
IVc, 6-methyl-Zpy ridyl 
IVd, 2-quinolyl 


IVU, 2-pyridyl 


Scheme I 


10 ml. of absolute methanol). The mixture was heated at 50-60” 
for 5-10 min., then allowed to stand at room temperature for 30 
min., and finally cooled in an ice bath. The solid was removed by 
filtration, air-dried, and recrystallized from ethanol. 
2-(p-Methoxyphenyl)-3-(6-methyl-2-pyridyl)acrylic acid (IVc, 


Table I t T h e  preparation of the title compound according to the 
following procedure may be taken as typical. To 48 ml. of concen- 
trated sulfuric acid in 65 ml. of water was added 6.0 g. (0.027 mole) 


1 Melting points were determined on a Thomas-Hoover Uni-melt ap- 
paratus and are uncorrected. Elemental analyses were performed by 
Dr. Alfred Bernhardt, 433 Mulheim (Ruhr), Hohenweg 17, West Ger- 
many. For physical and analytical data see Table I. 
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Table I-Acrylonitriles and Acid Derivatives 
K--CH= C*OCH, 


I 
R’ 


Yield, -Anal., %-- 
M.p., “C. Formula Calcd. Found  NO.^ R R’ z 


Q “Ia 


I 


0 IIIb 


m 
Q 


IIIC 
CH, 


IIId 


N u  


I 


@ IVb 


a I vc 


CHJ 


CN 


CN 13 125-127 Cd12N20 C, 76.25 
H, 5.12  


CN 90 84.9-85.1 C ~ ~ H I ~ N Z O  C, 76.77 
H, 5 .64  
N, 11.19 


CisHiA“0 C ,  79.70 
H, 4 .93  
N. 9.79  


CN 41 103.5-107 


COOH 71 145 decb C , , H I ~ N O ~  C, 70.58 
H, 5.14  
N, 5.49 


Ci sH13N03 C ,  70.58 
H, 5.14  


COOH 87 96 dec.* C I ~ H I S N O ~  C, 71.35 
H, 5.63  
N, 5.20  


COOH 3 210 dec.* 


C,  76.16 
H, 5 .32  
N, 11.76 


C ,  76.39 
H, 5 .14  


C, 76.78 
H, 5.64  
N, 11.19 
C, 79.46 
H, 4 .94  
N, 9.89  
C,  70.81 
H, 5 .25  
N, 5.67  
C, 70.98 
H, 5.35  


C ,  71.64 
H, 5.59 
N, 5.12  
c. 74.57 COOH 84 189 dec.* CicH,&03 c, 74.74 


H, 4.95  H; 5 .10  
N, 4.65  N, 4 .59  


I Vd 


0 All products were recrystallized from ethanol except IVb, which was recrystallized from water. b Temperature at which compound was completely 
melted. 


of the nitrile. The reaction mixture was stirred and heated on a 
steam bath for 3.5 hr. and then was neutralized with 5% aqueous 
sodium bicarbonate. The solid was collected by filtration and re- 
crystallized from ethanol. 
2-(p-Methoxyphenyl)-3-(4-pyridyl)acrylic acid (IVb, Table 1)- 


The following procedure was used in the attempted synthesis of 
Compound IIIb, Table I, but instead the title compound was ob- 
tained as the only isolable product. 


A solution consisting of 100 ml. of pyridine, 50.0 g. (0.55 mole) 
of 4-pyridinealdehyde, 68.0 g. (0.46 mole) of p-methoxyphenylaceto- 
nitrile was refluxed for 16 hr. The solid which precipitated was 
collected by filtration and washed with 30 ml. of cold (0”) ethanol. 
An aqueous solution of this solid was acidic to litmus. The product 
was recrystallized from water. Attempts to isolate additional ma- 
terial failed. 
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Epoxy Resin Beads as a Pharmaceutical Dosage Form 11: Dissolution 
Studies of Epoxy-Amine Beads and Release of Drug 


S. C. KHANNA", M. SOLIVA, and P. SPEISER 


Abstract 0 The dissolution behavior of two different resins ob- 
tained by condensing epoxy compound with 2-amino-2-ethyl-1,3- 
propandiol (amine) in various acidic buffer solutions has been 
studied. The concentration of amine in these resins and pH as well 
as ionic strength of the buffer solutions were observed to have a 
significant effect on the dissolution of the resins. Chloramphenicol 
used as embedded drug model had no effect in lower concentrations 
on the dissolution behavior of these bead formulations. However, 
at higher concentrations, it retarded dissolution of the resins and 
hence release of drug. 


Keyphrases 0 Epoxy resin beads-dosage form 0 Apparatus- 
dissolution studies 0 2-Amino-2-ethyl-l,3-propandiol-epoxy 
beads, dissolution behavior 


In a previous report (1) the method of preparation of 
the epoxy resins in bulk and bead forms and the pos- 
sibilities for their use in pharmaceutical technology 
has been discussed. In selecting the polymeric materials 
for application as protective or enteric coating or as 
sustained-release matrix, their dissolution rates in uitro 
in different buffer solutions, besides toxicity, etc., have 
to be examined. The effects of various additives to the 
polymers on their dissolution rates may serve as an 
important guide for further formulations of such poly- 
mers during the early stages of development. The pres- 
ent investigation was designed to determine the in- 
fluence of the following major factors on the in vitro 
dissolution rate of basic resin beads obtained by con- 
densing epoxy compound with 2-amino-2-ethyl-I ,3- 
propandiol (amine) (1): 


1. Concentrations of 2-amino-2-ethyl- 1,3-propandiol 
in the beads. 


2. pH and ionic strength of the buffer solutions. 
3 Concentrations of chloramphenicol USP in the 


beads. 


EXPERIMENTAL 


Apparatus-The dissolution rate of the beads was determined 
in a modified USP tablet disintegration apparatus consisting of six 
glass cylinders (each 20 cm. long and having 3-cm. diameter) which 
could be closed at both ends with polyethylene caps as illustrated 
in Fig. 1.  The tubes filled with buffer solutions were placed on the 
platform in a water bath and maintained at 37 f 0.5". This plat- 
form was raised and lowered 30 times per minute through a height 
of 5 to 6 cm. 


Beads Used-The materials and the method of preparation have 
already been reported (1). The composition of the beads used in 
this study was as follows: Preparation 1: epoxy compound 67.3%, 
2-amino-2-ethyl-l,3-propandiol 32.7z and Preparation 2: epoxy 
compound 72.0%, 2-amino-2-ethyl-l,3-propandiol28.0 %. Beads of 
Preparations 1 and 2 in presence of 20,35, and 50 chloramphenicol 
USP are designated as 1.1, 1.2, 1.3., and 2.1, 2.2., 2.3., respectively. 


Dissolution Buffers-For studying the dissolution of these beads, 
buffer solutions of pH 1.2 (HCI/NaCl), 2.2, and 3.2 (phosphates), 
respectively, each with ionic strengths 0.1, 0.2, and 0.3 were used 


n 


1 


A 


u 
Figure 1-Apparatus of dissolution studies. 


as eluting liquids. The ionic strength, if required, was adjusted by 
addition of extra sodium chloride. All the substances used were 
of analytical quality. To calculate the necessary quantities of buffer 
substances, the following equations were used (2). 


p = '1% zci ziz (Eq. 2) 


where all the symbols have the same meaning as in Reference 2. 
Dissolution Procedure-One bead of known weight and diameter 


was exposed to 50 ml. of buffer solution. At time intervals selected 
according to the resin and the buffer solution used, the amount of 
the dissolved resin was determined spectrophotometrically as well 
as gravimetrically. As no significant difference was observed in the 
results obtained by these two methods, the gravimetric method was 
adopted for general use due to its convenience. After drying, the 
diameter of the undissolved bead was also determined with a micro- 
gauge of up to 1-p accuracy. This procedure was repeated several 
times by putting the same bead in 50 ml. of fresh buffer solution 
until the bead size was reasonably small. 


Assay Procedure for Chloramphenicol from These Beads-As the 
maximum UV absorption of chloramphenicol and the resins (1) 
in acidic buffer solutions were almost on the same wavelength 
(277-278 mp), the spectrophotometric values were determined at 
two different wavelengths. The amounts of chloramphenicol and 
the resins dissolved where calculated from these readings using 
simultaneous equations. 


RESULTS AND DISCUSSION 


Hixon and Crowell (3) derived a law for the dissolution rate of a 
particle using the formula of Noyes and Whitney (4) in which the 
surface area and concentration were allowed to change in the solu- 
tion with time. For practical purposes the equation was further 
simplified and the surface area was replaced by weight under the 
assumption that density and volume shape factor remained con- 
stant during the dissolution of the particle. This meant that the 
dissolution took place perpendicular to all the planes and, therefore, 
during the dissolution process shape remained unchanged. The 
equation (3) was written as: 


WO1/a - W1/a = k . a . t  (Eq. 3) 


where, 


Wo = initial weight of the particle 
W = weight of the particle at time t 
k = dissolution rate constant of the substance 
a = surface weight factor 
t = time 
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Table I-Dissolution Equations of Epoxy-Amine Beads" 


Dissolu- 
tion 


Prep. Buffers 
No. f i  pH 1.2 pH 2.2 pH 3.2 


1 0.1 .V = 3.8994 - 0.3151 ~(3.7925) y = 3.3519 - 0.1372~(3.3217) y = 3.9996 - 0.0139~(3.8809) 
, y = 4.0306 - 0.0140 ~(3.9485) 
y = 3.1761 - 0.02745~(3.1312) 
v = 3.3189 - 0.02591 ~(3.2970) 


JJ = 3.9263 - 0.2944~(3.8338) 
JJ = 3.4878 - 0.2583~(3.4186) 
JJ = 4.2030 - 0.2421 ~(4.1631) 


y = 3.2784 - 0.1410~(3.2560) 
y = 3.1277 - 0.1574~(3.0917) 
Y = 2.9038 - 0.1564~(2.9040) 


0.2 


0.3 .Y = 3.9482 - 0.1581 ~(3.9465) y = 3.4325 - 0.03634~(3.3548) 
JJ =3.7664-0.1598~(3.7301) ~ = 2 . 8 4 5 2 - 0 . 2 0 5 8 ~ ( 2 . 7 6 5 5 )  y = 3.3428-0.03864~(3.1055) 


y = 3.3275 - 0.1882~(3.3982) 


2 0.1 y = 4.6526 - 0.2550x(4.5830) y = 3.4354 - 0.09646x(3.4148) y = No dissolution 
v = 4.8339 - n.2ux(4.76m v = 3 nh99 - n 1176 rn nw4) _ _  ~ _,_._-_ 


0 . 2  j ,  = 3.iki5 - 0.2395 i(3.ii4ij ) = 3.2770 - 0,1246 ~(3.130% = 3.3160 - 0.01324 x(3.2875) 
JJ = 3.5275 - 0.2286~(3.5180) 
Y = 3.4365 - 0.1786~(3.3186) 
JJ = 3.0967 - 0.2022~(3.0474) 


y = 2.7289 - 0.1377~(2.5484) 
.V = 3.8424 - 0.1508~(3.6332) 
y = 3.3310 - 0.1664~(3.0835) 


y = 3.0292 - 0.01477~(2.9653) 
y = 3.1760 - 0.02362~(3.0293) 
y = 2.9033 - 0,02407 ~(2.7655) 


0.3 


In above equations: Y = cube root of weight (mg.) at time x: x = time in minutes; p = ionic strength; ( ) = experimental cube root of weight 
at time zero. 


Since a and k of the Eq. 3 are constant for a substance of a particular 
shape, the above equation may be written as: 


W,,'/a - W'/a = - K . t  


Hence, if the cube root of the residual weight is plotted against time, 
a straight line should result having slope - K. This - K can be an 
adequate means of comparing the various factors effecting the dis- 
solution of the particle. 


In this study, Eq. 4 was used for comparing the dissolution be- 
havior of epoxy-amine beads in various buffer solutions. To con- 
trol whether the shape of the bead remained spherical or not from 
the beginning to the end of the dissolution study, the multiple regres- 
sion ( 5 )  was used. The volume of the spherical bead was obtained 
from the geometrical mean diameter measured at each interval. 
Since no significant change in the ratio of w/v of the beads at dif- 


(Eq. 4) 
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Figure 2-Dissohtion rates of epoxy-amine beads in uarious buffer 
solutions of 0.1 ionic strength and varying pH. Key: Preparation I :  
@ , p H  = 1.2; A, pH = 2.2;preparation 2: 0 , p H  = 1.2; * , p H  = 
2.2. 


ferent times could be observed during the dissolution process, 
it was concluded that the bead maintained its shape and density. 


The best fitting equations for the regression of the cube root of 
weight against time were calculated using orthogonal polynomials 
(6).  For these calculations, the zero-time data have not been in- 
cluded. The regression coefficients of higher order were not sig- 
nificant. The linear equations obtained for the bead formulations in 
different buffer solutions are shown in Table I. 


It may be observed from Table I that the cube roots of the weights 
at time extrapolated to time zero were lower than the values deter- 
mined before the experiment. These differences were always sig- 
nificant. Therefore, it must be concluded that at the beginning of the 
dissolution process a curvature exists before the data obey the 
Hixon-Crowell law. Figure 2 further illustrates this for the beads of 
Preparations 1 and 2 in buffer solutions of pH 1.2, and 2.2, 
having ionic strength 0.1. This curvature or the slower dissolution 
of the beads at the beginning may be due to traces of silicone oil 
left on the surfaces after preparation (1) which hindered the wetting 
of the beads for the first few seconds. 


Influence of 2-Amino-2-ethyl-1,3-Propandiol Content in Epoxy 
Beads and pH and Ionic Strengths of Buffer Solutions on the Dk- 
solution Behavior-To ascertain the influences of the titled factors 
on the dissolution rates of the epoxy-amine beads, an analysis of 
variance ( 5 )  has been calculated (Table 11). 


From Table 11, it may be concluded that the two preparations 
containing different amounts of amine behaved differently from 
each other if the ionic strength and pH of the buffer solutions were 
changed. Preparation 1 containing a higher amount of amine dis- 
solved in all the buffer solutions more quickly than Preparation 2. 
Hence, the increase of the amine content in the resin enhances the 
dissolution rate in the buffer solutions. 


Table 11-Influence of Amine Content, pH, and Ionic Strengths of 
Buffer Solution on Epoxy-Amine Beads" 


Degree 
of Significance - 


Shm of Free- Level, 
Source Squares dom F test 


Factor A n . m342801 I <1Y 
Fact& B 
Factor C 


0. &652O85 2 < 5 %  
0.27222984 2 <I % 


Interactions 


Interactions 


Interactions 
B.C 0.02861400 4 <I% 


A . C  0.00 105405 2 61% 
A . B  0.00078661 2 <5z>1% 


Interactions 
A . B . C  0.00274454 
Residual O.OO124184 18 
Total 0.31061974 35 


4 <I% - 


a Residual mean square = 0.00006899. A = amine content in 
preparation; B = ionic strength of buffer solution ( p ) ;  C = pH of 
the buffer solution. 
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Table 111-Effect of pH and Ionic Strength of Buffer Solutions on 
the Dissolution Rate of Preparation 1" 


Degree 
of Significance 


Sum of Free- Level, 
Source Squares dom F test 


Factor B 
Linear 0.0013830974 1 < 1  % 
Quadratic 0.oooO300487 1 > 5 %  


Factor C 
Linear 0.1347302592 1 < I  % 
Quadratic 0.0041766060 1 < I  z 


l Y  


Intiractions 
R .  (7 0. 01433x01 78 1 tl ?z .-," . .. - 
B.22 0. oO944384O3 1 <1  z 
B 2 . C  0.0002028854 1 > 5 %  
B2.C2  0,0003846613 1 < 5 %  >1 z 


- Residual 0. 0005135189 9 
Total 0.1652029350 17 


.Residual mean square = 0.0000570576; and B -f C = same as 
Table 11. 


But since the two-as well as three-factor interactions are also 
highly significant, the influence of ionic strength and pH of the 
buffer solutions on the dissolution rate are systematically different 
for the two bead preparations. Therefore, Preparations 1 and 2 
were handled separately in the subsequent calculations, Tables 111 
and IV, respectively, at the quantitative analysis of variance. 


From Table 111, it may be observed that the linear term of the 
main effect of ionic strengths and linear and quadratic terms of the 
effects of pH are highly significant. This indicates that a simple linear 
relationship exists between ionic strength and dissolution rate, 
whereas equations of higher orders will be necessary for an ade- 
quate representation of the dependency of dissolution rate and pH. 
On the other hand, the significant interaction terms show that the 
effects of one factor are not independent of the levels of the other 
factor. The interaction B2.C2  term which is only significant at a p 
of 0.05 indicates a tendency of nonlinearity of ionic strengths 
effects at certain pH levels. 


The results are shown in Figures 3 and 4 for the effect of ionic 
strengths and pH on the dissolution rate, respectively. The change 
in quantitative and qualitative behavior of the dissolution rate can 
be seen from these. 


From Table IV, it may be seen that the linear and quadratic term 
of the effect of pH are highly significant and hence the equations 
of higher orders will be required as for Preparation 1 to have an 
adequate representation of the dependency of dissolution rate on 
pH of buffer solution. On the other hand, though ionic strength 
Is not significant at any term, the significant interaction terms B . C  
and B 2 .  C2 show that the effects of one factor are not independent 
of the levels of the other factor. 


These higher order interactions of the pH and ionic strength seen 
in Tables 111 and IV and reverse effect on the dissolution rate from 


Table IV-Effect of pH and Ionic Strength of Buffer Solutions on 
the Dissolution Rate of Preparation 2" 


Degree 
of Significance 


Sum of Free- Level, 
Source Squares dom F test 


Factor B 
Linear 0 .  000O716385 1 > 5 %  
Quadratic O.oooO888620 I >5% 


Linear 0.1334807227 1 4% 
Ouadratic 0.0006265843 1 > 1 %  < 5 %  


Factor C 


IntCractions 
B . C  0.0032497922 I < I  z 
B . C 2  0.0035580220 1 <1 % 
B 2 . C  0.0001242150 1 >5z 
B 2 . C 2  0 .  oooO580683 1 >5z 


Residual 0.0007281 893 9 
Total 0.1419860943 17 


Residual mean square = 0.0000809099 ; B and C = same as Table 
11. 
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Figure 3-Eflect of' ionic strengths of buffer soIutiotis on dissolution 
rate of epoxy-anline beads. Key: Prepararion I :  0, p H  1.2; A, p H  
2.2; 0, p H  3.2: prepururion 2: 0, p H  1.2; A. p H  2.2; +, p H  3.2. 


pH 1.2 to pH 2.2 and 3.2 at different ionic strengths (Fig. 3) may 
be due to the different ionic species in the relative buffer solution 
of HCl/NaCl and phosphate, respectively. The buffer ions may have 
formed different salts with the amine groups of the resins so chang- 
ing the solubility. 


Furthermore the dissolution rate of the preparations decreases in 
the buffer solution of pH 1.2 with increasing ionic strengths and 
increases in the buffer solutions of pH 2.2 and 3.2.  Thus it is possible 
to have the buffer solution of either pH 2.2 and pH 3.2 with higher 
ionic strength where dissolution rate may be faster for these epoxy- 
amine resins than in the buffer solution of pH 1.2 with same higher 
ionic strength. Such effect has been observed for the dissolution 
rate of Preparation 1 in the buffer solution of pH 2.2 with ionic 
strength 0.3 (Fig. 4). 


0.3 


Y 


\ Q 


\ 


I 0 


0 1.2 2.2 3.2 


Figure &Effect of p H  of buffer solution on dissolution rate of epoxy- 
amine beads. Key: Preparation I :  0, ionic strength 0.1; A, ionic 
strength 0.2; 0,  ionic strength 0.3: preparation 2: 0, ionic strength 
0.1; A, ionic strength 0.2; +, ionic strength 0.3. 
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Table V-Dissolution Equations of Epoxy-Amine Beads 
Containing Chloramphenicol in Buffer Solution 
of pH = 1.2 and Ionic Strength = 0.1 


Preparation Weight’I3 
No. Equation Beginning at 


1 .  ya = 3.8994 - 0.3151 ~b 3.7925 
y = 3.9263 - 0 . 2 9 4 4 ~  3.8338 


1.1. y = 4.1299 - 0.2806 x 4.0916 
v 4.0719 - 0.2906 x 3.9918 ~ ~~~~ 


1.2.  > = 3.9224 - 0.3269 x 3.iisi 
y = 4.8307 - 0.2822 x 4.7874 


1.3.  y = 3.2592 - 0.1278 x 3.5263 
Y = 3.5259 - 0 . 1 7 7 9 ~  3.6508 


2. > = 4.6526 - 0 . 2 5 5 0 ~  4.5830 
2.1. y = 4.6509 - 0.2829 x 4.5586 


y = 3.7627 - 0.2786 x 3,7121 
2.2.  No dissolution 
2.3.  No dissolution 


characterize the dissolution behavior of the beads containing this 
drug. Leaving zero-time value aside, the statistical linearity of the 
cube root of the residual bead weight against time for the experi- 
mental data could be proved. The equations obtained for all the 
preparations are given in Table V and graphically represented in 
Fig. 5 for Preparation 1. 


Preparation 1 showed no significant difference in dissolution 
rate in buffer solution (pH = 1.2 and ionic strength = 0.1) when up 
to 35 % of chloramphenicol was incorporated in this resin (Fig. 5). 
However, inclusion of 50 2 chloramphenicol retarded the dissolu- 
tion significantly. Preparation 2 with 20% chloramphenicol 
showed no significant difference in the dissolution rate compared to 
resin beads without drug. But the same resin with 35 and 50% 
chloramphenicol (Preparations 2.2. and 2.3.) did not dissolve any- 
more in that buffer solution. 


This change of behavior of the resins in the presence of higher 
concentrations of chloramphenicol may be due to the formation 
of a net-work by the drug with the polymers which at this moment 
is not fully understood. 


a y = cube root of weight at Time x .  b x = time in minutes. 
SIJMMARY 


Iduence of Chloramphenicol Embedded in Epoxy-Amine Beads 
on Dissolution Rate-As the epoxy-amine resins are soluble in 
acidic buffer solutions the release of the chloramphenicol embedded 
in these resins should be governed by the dissolution behavior of 
the latter. The homogeneity of the drug in resin beads and the 
process of the drug release from the beads were demonstrated by 
plotting the percent release of drug determined by spectrophoto- 
metric method against percent release of drug by gravimetric 
method. Straight lines passing through the origin were obtained. 
These show that the drug is uniformly distributed in the beads and 
that the release of the drug is completely due to dissolution of the 
carrier resins and not due to any other process. 


As chloramphenicol is also soluble in the aqueous buffer solu- 
tion, the cube root of the residual weight of bead against time should 


1 


2.5 5.0 7.5 10.0 


Figure 5-Dissolution curves of epoxy-amine with chIoramphenicol 
beads in buffer du t ion  of p H  1.2 and ionic strength 0.1. Key: @, 
Preparation I ;  0, preparatiou 1.1; A, preparation 1.2; @, prepara- 
tion 1.3. 


1. In vitro dissolution behavior of epoxy-amine resin beads and 
release of drug (chloramphenicol) embedded in these resins have 
been studied. 


2. With the increase of concentration of 2-amino-2-ethyl-1,3- 
propandiol in the epoxy resins dissolution rate was enhanced. 


3. pH and ionic strength of the buffer solution had significant 
effect on the dissolution of these resins. 


4. Low concentrations of chloramphenicol in such resins did 
not have any effect on the dissolution rate of these, however, dis- 
solution rate decreased as concentration of chloramphenicol in- 
creased. 
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Abstract 0 The dilatometric behavior of two polymorphs of 
chloramphenicol palmitate was studied. The aspects investigated 
were ( a )  the melting behavior of Polymorphs A and B, and the 
delineation of their dilatometric profiles; and (b) the kinetics of 
phase transformation of Polymorph B to Polymorph A. The study 
emphasizes the complexity of the composition of Polymorph B of 
chloramphenicol palmitate. The studies dealing with the kinetics 
of phase transformation showed that the addition of increments 
of chloramphenicol stearate to a 99.9% chemically pure sample 
of Polymorph B of chloramphenicol palmitate slowed the rate of 
reversion to Polymorph A at 80". Chloramphenicol heptadecano- 
ate and nonadecanoate, stearic and palmitic acid, had no effect 011 
the rate of transformation. 


Keyphrases TJ Chloramphenicol palmitate, polymorphic-di- 
latometric behavior 0 Melting behavior-chloramphenicol poly- 
morphs Dilatometric profiles-chloramphenicol polymorphs 0 
Transformation, chloramphenicol polymorphs-kinetics 


Dilatometric techniques have been used extensively in 
the past to detect and analyze phase transitions, particu- 
larly in the field of fats and oils. For example, Vold (1)  
used these techniques to detect several allotropic forms 
of anhydrous sodium palmitate. Singleton (2) studied 
the melting dilation and polymorphism of alpha and beta 
tung oil. He also showed ( 3 )  that stearic acid gave two 
distinct polymorphs, depending on the solvent used, and 
in addition (4), demonstrated that monostearin was 
capable of existing in four crystalline modifications. 
Bailey (5) used dilatometric procedures to study the 
melting behavior of fats and devised a scheme to verify 
the purity of fats from their dilatometric profiles. 


Ravin and Higuchi (6 )  carried out dilatometric studies 
with mixtures of carbowaxes, spermaceti, and cetyl 
alcohol. They also determined the effect of rapid tem- 
perature changes on the phase transitions of mono- 
stearin, distearin, and white petrolatum. Simonelli and 
Higuchi (7) and Wray and Higuchi (8) studied the 
mechanics and kinetics of melting and freezing of 
methyl stearate under various conditions. 


The present report is concerned with dilatometric 
studies of Polymorphs A and B of chloramphenicol 
palmitate. Specifically, two aspects were investigated: 
(a) the melting behavior of Polymorphs A and B, and the 
delineation of their dilatometric profiles; and (b)  the 
effect of impurities on the kinetics of phase transforma- 
tion of Polymorph B to A at 80". The importance of 
polymorphism with regard to  the human absorption of 
chloramphenicol from chloramphenicol palmitate has 
been shown by Aguiar et al. (9). 


MELTING BEHAVIOR 


Figure 1 illustrates the melting behavior of Polymorph A of 
chemically pure chloramphenicol palmitate prepared from 99.9 


~~ 


* Marketed as Chloromycetin palmitate, Parke, Davis & Co. 


chloramphenicol palmitate. Within the interval LM the compound is 
completely solid. The expansion seen within this interval is a sum of 
the thermal expansion of the sample, the confining liquid (mercury), 
and of the glass. Melting of the sample begins at  M and is complete 
at  N. Using Bailey's (5) method, one can represent the melting dila- 
tion by the line NP, which is the vertical intercept at  the melting 
point between the liquid line NO and the solid line LM projected. 
It is apparent that the melting range for this sample is small, begin- 
ning at  94.1 ' and is completed a t  95.8". 


The melting behavior of Polymorph A prepared from a 94z 
chemically pure chloramphenicol palmitate is shown in Fig. 2. In 
this instance, melting begins at 88.2" and is completed at  93.6", and 
reflects the influence of impurities present in the sample. It begins at  
a lower temperature and the melting span is greater than that seen in 
Fig. 1 .  


The dilatometric plot of Polymorph B prepared from the less pure 
sample of chloramphenicol palmitate is illustrated in Fig. 3. For 
convenience of interpolation, only the region between 60 and 90" is 
shown on an expanded scale. The complexity of Polymorph B is 
evident from this plot and it suggests that Polymorph B is a mixture 
of at  least two phases. Krc (10) studying microscopical properties of 
Polymorph B noticed that samples of Polymorph B of chloramphen- 
icol palmitate, such as those used in these dilatometric studies, when 
stored in bulk underwent birefringent changes with time. It has 
however been experimentally established that these birefringent 
changes are not a transformation of Polymorph B to A .  


The section designated LM in Fig. 3 represents the thermal expan- 
sion of the mixture in the solid state, mercury, and glass. The lower 
melting fraction (called Polymorph B' for convenience) begins to  
melt at  M at approximately 69". The exact temperature i s  not known 
since it is possible that the point is approached as a smooth curve 
rather than the straight line shown on the plot. The section M N  
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Figure 1-Dilatometric curve showing the meltiwg dilcrtion of Poly- 
morph A prepared front 99.9 % chemically pure clilorumphenicol 
palmitate. 
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Figure 2--Dilatometric r ime showing the melting dilution of Poly- 
morph A prepared from 94 % chemically pure chloramphenicol 
palmiraie. 


represents the melting of Polymorph B', or its conversion to Poly- 
morph B. At N the slope of the line changes indicating either that all 
of Polymorph B' has melted (or transformed) or Polymorph B also 
begins to melt, which is completed at P. The segment PQ represents 
the thermal expansion of the liquid. 


The melting profile shown in Fig. 3 is much too involved to be 
handled with any pretense of exactness. For example, accurate cal- 
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Figure SDilatometric curve showing the melting dilation of Poly- 
morph B, prepared from 94% chemically pure chloramphenicol 
palmitate. 
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Figure 4-Dilatometric cume of Polymorph B prepared from 99.9% 
chemically pure chloramphenicol palmitate, showing the transforma- 
tion ofPolymorph B to A. 


culations of the phase proportions cannot be made without knowing 
a priori the identity, proportions, and properties of the individual 
components in the sample. However, the curve serves to emphasize 
the complexity of the composition of Polymorph B of chloram- 
phenicol palmitate, which has generally been considered as a single 
phase. 


The melting behavior of Polymorph B prepared from 99.9% 
chemically pure chloramphenicol palmitate is shown in Fig. 4. Un- 
fortunately, due to the instability of the phase, a complete profile 
could not be obtained even using a rapid rate of heating. This is 
evident from the plot where it is shown that on heating the sample, 
transformation to Polymorph A takes place at approximately 77", 
and the sample melts at 96". It should be pointed out that the poly- 
morphic system of chloramphenicol palmitate is monotropic above 
25" at normal pressures. Furthermore studies at temperatures lower 
than 25" have not revealed any transformation of Polymorph A to 
B. It is emphasized that the 77" is not a transition temperature for 
reversion of Polymorph B to A ,  but a temperature at which reversion 
of the metastable B polymorph to the stable modification A ,  is rapid 
enough to be followed easily. 


A comparison of Figs. 3 and 4 emphasizes another aspect. Both 
the dilatometric curves show a definite break in the lines, going from 
L to M to N. This appears to indicate that the presence of at least 
two phases in what was originally thought of as a single form is not 
due to the presence of impurities but is indeed a true characteristic of 
the solid state. 


KINETIC STUDIES 


Most compounds (5) generally contract upon undergoing poly- 
morphic transformations; therefore, it is possible to carry out precise 
kinetic measurements using a dilatometer. It was shown in the study 
dealing with the melting behavior that Polymorph B, prepared from 
99.9 chemically pure chloramphenicol palmitate, transformed 
rapidly on heating to Polymorph A .  This aspect was investigated 
quantitatively. 


The results of a kinetic study to determine the transformation rate 
at 80" of Polymorph B to A (99.9% chemically pure) are shown in 
Fig. 5 as a plot of the ratio H ( t ) / H ( ~ )  versus time where Hct) is the 
dilatometric height at time t and H(o, the height at time zero. This 
ratio is proportional to volume at time f ( V , )  and time zero ( Vo). It is 
apparent that the transformation begins at 80" after an induction 
period of approximately 70 min., and the sample is completely trans- 
formed after 260 min. On the other hand, a sample of Polymorph B 
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Figure 6---Plot sl~owiiig traiisforn~atioii o f  Polymorph B to A of 
cliloramphenicol palmitate (approximately 94 chemically pure), 
e; and effect on the rate oftransformation of adding5Z chlorampheni- 
rol stearate to Polymorph B of 99.9% ckeniically pure chloram- 
phenicol palmitate, X . 
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Figure I--Plot showing the effect of adding I ,  2. mid 3% c.hlorani- 
plienicol stearate on the transformation rate of Polynlorpll B to A 
of 99.9% chemically pure chloramphenicol paltnitutc. Key: @, 
I %; X, 2%;  0, 3% chlorarnphenicol stearate added 


triphenylbenzene decrease the rate of crystal growth of dichloro- 
diphenyl-trichloro ethane. Ferguson and Lutton (1 3)  studying fatty 
acids and glyceride esters of fatty acids state that transformation of 
one polymorph to another is retarded by impurities; however, these 
authors did not carry out kinetic measurements. 


Added increments (up to 5 %) of chloramphenicol heptadeca- 
noate and nonadecanoate failed to affect the transformation rate of 
Polymorph B of 99.9 % pure chloramphenicol palmitate. Stearic and 
palmitic acids also had no effect. It appears therefore that for an 
impurity to be effective as a retardant, it must be not only closely 
related chemically, but also have a favorable spatial configuration 
to fit in the lattice arrangement of the crystal. 


Ferguson and Lutton ( 1  3 ) ,  studying the polymorphic transforma- 
tions of fatty acid glycerides found that only the impurities prepared 
from members of the same homologous series were effective re- 
tardants. Smith (14) working with glyceride esters of long chain fatty 
acids found that compound formation occurs only between near 
members of a homologous series, and states that the second member 
of a binary system tends to slow up the transformation of one poly- 
morphic form to another. Theinhibition of the rate of transformation 
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Figure I-Plot o f  "induction time" .for nudearion of' Polymorplr A 
of chloramphenicol palmitate (99.9 chemically pnre) cersus con- 
centration o f  chloraniphenicol steurate. 
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Figure 9-Equipment used in the dilatometric studies. A, kinematic 
ciscosity bath; B, platinum resistance thermometer; C ,  cathetom- 
t'ter; D, Mueller resistance Bridge; E, milli-microcoltnieter. 


of Polymorph B of chloramphenicol palmitate by chloramphenicol 
stearate and not by the heptadecanoate and nonadecanoate ester, 
nor by palmitic and stearic acids, indicates that the situation de- 
scribed for the glycerides could also apply in this instance. 


The effect of chloramphenicol stearate in slowing the transforma- 
tion rate of Polymorph B of chloramphenicol palmitate to Poly- 
morph A can perhaps be ascribed to the entropy of specific crystal 
structures which in principle can be increased by a variety of ran- 
domizations of mutual orientation of molecules. Ubbelohde ( 1  5 )  
describing this phenomena states that whenever the molecular inter- 
actions occur in the crystal lattice, they are often likely to appear as 
orientational transformations in the crystals. Transitions in solids of 
this kind may be highly sensitive to impurities in solid solutions. On 
the other hand it is conceivable that the orientation of an impurity 
such as the chloramphenicol stearate in the crystal lattice of chlor- 
amphenicol palmitate can increase the energy barrier necessary for 
inducing the nucleation of the thermodynamically stable Polymorph 
A. 


EXPERIMENTAL 


Instrumentation-The volumetric dilatometer used in this study 
was identical to the one described by Ravin and Higuchi (6). A 2- 
mm. constant-bore capillary was used for studies dealing with melt- 
ing behavior. For the kinetic studies, a 1-mm. constant-bore capil- 
lary was used to increase the accuracy of the measurements. 


A viscosity bathZ (Fig. 9) was used in these studies. The bath tem- 
perature was controlled to within f0.005" by a thermotrol tempera- 
ture controller. This controller uses a resistance thermometer as the 
temperature sensing element. When the temperature was changed, 
the new temperature was approached in such a fashion that cyclic 
variations did not exceed the final selected temperature by 0.002". 
The bath was constructed with an outside jacket heated by a separate 
mechanism, thus providing an effective insulation against room 
temperature variations. 


The bath medium used was a mixture of 50z propylene glycol 
and water. The medium was agitated (using a Hallikanien Jet-Stir 
Impeller) which caused the bath medium to flow radially outward at  
a high velocity through the hollow blades as well as in directions 
normal and tangential to the blade surfaces. This provided an effec- 
tive and patternless agitation of the bath medium and enabled quick 
and even distribution of heat. The bath medium was cooled with an 
auxiliary portable cooling unit:: using a 70z propylene glycol-water 
mixture. 


2 Kinematic model 11 15, Hallikanien Instruments, Berkeley, Calif. 
a Blue M Electric Co., Blue Island, Ill., model PCC-13A. 
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For measurements of mercury height in the capillary, a microm- 
eter slide cathetometer4 was used. With this instrument mercury 
heights could be read directly to 0.01 mm. and estimated to 0.001 
mm. 


The temperature was measured using a platinum resistance ther- 
mometer5 and a Mueller resistance bridge.6 A milli-micr~voltmeter~ 
was used as the null-point detector. The resistance on the Mueller 
bridge was read to 0.0001 ohms and the temperature could then be 
computed to 0.001 O. For convenience of interpolation, the resistance 
temperature relationship was programmed on a computer (IBM- 
1401) using the Calendar and Van Dusen formulas (16, 17), and the 
measured resistance could be converted readily to temperature in 
degrees centigrade. 


METHODOLOGY 


Preparation of Samples-The samples were melted on a hot 
metal plate, kept as a melt for 15 min., and then poured into a heated 
casting block. To obtain Polymorph A the block was placed in a 
vacuum desiccator and allowed to solidify slowly at  room tempera- 
ture while the desiccator was being evacuated using a high-vacuum 
pump. To prepare Polymorph B, ice was placed in the bottom of the 
desiccator and a metal plate on top of the ice, and the block contain- 
ing the melt was then placed on the metal plate. The sample was 
evacuated as before. 


The samples were analyzed by X-ray diffraction and IR proce- 
dures to determine the polymorphic type. Due to the great influence 
any Polymorph A seed might have on the rate, the Polymorph B 
samples used for transformation studies were also analyzed using a 
microscope with a hot-stage. The samplc was melted and examined 
for Polymorph A seeds, and only Polymorph B which contained no 
seed after melting was used in the transformation studies. 


Dilatometric Procedure-For studies dealing with melting be- 
havior, exactly 1 g. of the compound in the form of ribbons was 
weighed into the sample tube. The 2-mm. bore dilatometer was as- 
sembled with the sample tube and attached to a vacuum pump. The 
sample was degassed overnight using a vacuum pump.* The next 
morning, residual gases were removed with the aid of an oil diffusion 
pump by evacuating for three additional hours at  a vacuum of 1 X 
10-6 mm. of mercury pressure. After the degassing operation, the 
outlet leading to a mercury reservoir was opened, allowing the mer- 
cury to enter the dilatometer. When the dilatometer was completely 
filled, the stopcock was closed and the pressure was allowed to rise 
slowly until normal atmospheric pressure was reached. 


An identical procedure was followed for the transformation 
studies except in this case 0.3 g. of the sample was used and a 1-mm. 
bore capillary dilatometer was employed. By using ribbons rathei 
than powder, the sample could be degassed efficiently and errors due 
to the presence of voids (air pockets) were effectively eliminated. 


For the melting behavior studies, the temperature of the bath was 
raised slowly at  a rate of 3"/hr. and the dilatometric height readings 
were taken at  intervals of 0.5" using the optic micrometer. Readings 
were taken over a temperature range from 30" to a few degrees 
beyond the melting point of the sample being studied. For the rever- 
sion studies, the bath was preset at  80" and the assembled dilatom- 
eter was placed in the bath. The time was recorded and readings 
were taken at  appropriate intervals of time. 


MATERIALS USED 


The chloramphenicol esters used in the study were specially syn- 
thesized for the dilatometric studies and are not representative of 
chloramphenicol palmitate in commercial products. Both the 94 and 
99.9 pure chloramphenicol palmitate were synthesized from 
palmitoyl chloride prepared from 94 and 99.9% pure palmitic acid.g 
respectively. The chloramphenicol stearate was synthesized from 
99.14 pure stearic acid. The chloramphenicol heptadecanoate 
and nonadecanoate were synthesized from the respective acid 


4 The Gaertner Scientific Corp., Chicago, Ill., model M-349. 
5 Rosemounr Corp., Minneapolis, Minn., model 162C. 
6 James G .  Bidd!e Co., Plymouth Meeting, Pa., model 601003. 
7 Keithley Instruments, Inc., Cleveland, Ohio, model 149. 
8 Duo-Seal, The Welch Scientific Co., Chicago 10, Ill. 
9 Applied Science Labs. Inc., P.O. Box 440, State College, Pa. 


10 C. P. Hall Co., Chicago, Ill. 







chlorides11 having a purity of 99.5%. The palmitic acidI2 used was 
recrystallized twice from chloroform and had a melting point of 
63.2”. The stearic acid was also recrystallized twice from chloro- 
form 2nd had a melting point of 70”. 


The purity of all the samples was determined hq vapor phase 
chromatography. 
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Physiologic Surface-Active Agents and Drug Absorption 11: 
Comparison of the Effect of Sodium Taurodeoxycholate and 
Ethylenediaminetetraacetic Acid on Salicylamide and 
Salicylate Transfer Across the Everted Rat Small Intestine 
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Abstract 0 The effect of sodium taurodeoxycholate (STDC) and 
ethylenediaminetetraacetic acid (EDTA) on the transfer of salicyl- 
amide and salicylate across the everted rat intestine was studied. 
STDC produces a small but statistically significant increase (1 1- 
21 Yc) in the intestinal transfer rate of salicylamide over a concentra- 
tion range of 5-100 m M  but has no measurable effect at a 1 m M  
concentration. There is a small but statistically significant increase 
(about 2 0 5 )  in the intestinal transfer rate of salicylate after the 
intestine has been exposed to 25 m M  EDTA but the chelating agent 
has no significant effect on salicylamide transfer. The results in- 
dicate that both EDTA and STDC alter membrane structure and 
thereby affect permeability but by two different mechanisms. 


Keyphrases 0 Surfactants-drug absorption 0 Salicylate, salicyl- 
amide transfer-EDTA, sodium taurodeoxycholate effect 0 
Everted intestine-transfer rates 0 Colorimetric analysis-spectro- 
photometer 


The previous report in this series concerned the 
effects of sodium taurodeoxycholate (STDC) on the 
transfer rate of salicylate ion across the everted rat 
intestine (1). The bile salt was found to produce a 
change in the permeability of the intestine to salicylate; 
a small increase in transfer rate was noted at concentra- 
tions of STDC near or about the CMC and a much 


larger increase in membrane permeability was observed 
at  STDC concentrations above the CMC. These findings 
were consistent with other reports on the effects of 
bile salts on the canine gastric mucosa (2) and goldfish 
membranes (3). 


The purpose of the present study was to contrast the 
effects of STDC on the membrane transfer of union- 
ized and ionized molecules and to explore the possible 
commonality of effects of disodium ethylenediamine- 
tetraacetic acid (EDTA) and bile salts on drug transfer 
across the everted rat small intestine. Salicylate and 
salicylamide served as model drugs for this purpose. 


EXPERIMENTAL 


Intestinal Transfer Rate Measurements-The cannulated everted 
intestine method developed by Crane and Wilson (4) was used with 
the modifications described previously (1). Male Sprague-Dawle) 
rats (Blue Spruce Farms, Altamont, N.Y) weighing 200-265 g. 
were fasted 20-24 hr. prior to each experiment. Water was allowed 
ad libitum. Each everted intestinal segment, 10 cm. in length, was 
suspended in 80 ml. of mucosal solution at  37” and oxygenated with 
a mixture of 95 oxygen-carbon dioxide. The mucosal solu- 
tion was Krebs-phosphate buffer (KPB) without calcium or mag- 
nesium, at  either pH 6.0 or 7.4, and contained varying concentra- 
tions of sodium taurodeoxycholate (STDC) or disodium ethyl- 
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chlorides11 having a purity of 99.5%. The palmitic acidI2 used was 
recrystallized twice from chloroform and had a melting point of 
63.2”. The stearic acid was also recrystallized twice from chloro- 
form 2nd had a melting point of 70”. 


The purity of all the samples was determined hq vapor phase 
chromatography. 
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larger increase in membrane permeability was observed 
at  STDC concentrations above the CMC. These findings 
were consistent with other reports on the effects of 
bile salts on the canine gastric mucosa (2) and goldfish 
membranes (3). 


The purpose of the present study was to contrast the 
effects of STDC on the membrane transfer of union- 
ized and ionized molecules and to explore the possible 
commonality of effects of disodium ethylenediamine- 
tetraacetic acid (EDTA) and bile salts on drug transfer 
across the everted rat small intestine. Salicylate and 
salicylamide served as model drugs for this purpose. 


EXPERIMENTAL 
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the modifications described previously (1). Male Sprague-Dawle) 
rats (Blue Spruce Farms, Altamont, N.Y) weighing 200-265 g. 
were fasted 20-24 hr. prior to each experiment. Water was allowed 
ad libitum. Each everted intestinal segment, 10 cm. in length, was 
suspended in 80 ml. of mucosal solution at  37” and oxygenated with 
a mixture of 95 oxygen-carbon dioxide. The mucosal solu- 
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Figure I-Effect of I 0  m M sodium tuurodeo.ryc.liolte OIZ sulicyl- 
amide 1ruiiTfefl.r ucross the euerted rut small iiitrstine. Representtitice 
plot shows cumulutioe oinoitnt trunsferred us u fittiction of time ujtrr 
a I lir. incubation in I 0  niM STDC in p H  6.0 buffer soliitioii (a) or 
iii p H  6.0 buffer solution (0). 


enediamine tetraacetic acid (EDTA), 25 mM. Two milliliters of 
serosal solution (KPB)’ at  pH 6.0 or 7.4 were introduced into 
the everted segment. The entire everted intestine was incubated for 
a period of 1 hr. unless otherwise specified. 


After incubation, the segments were thoroughly rinsed with KPB 
(prewarmed to 37”) and placed in fresh KPB at pH 6.0 containing 
either sodium salicylate 2.0 mg./ml. or salicylamide 2.0 mg./ml. 
TWO milliliters of KPB, pH 6.0, were placed in the serosal side of 
the intestinal segment. Serosal samples were withdrawn at ap- 
propriate intervals during the experiment and the serosa was rinsed 
with 2 ml. of KPB. The rinse was combined with the initial sample 
and retained for analysis. Another 2 ml. of KPB was then placed 
in the intestinal segment to serve as serosal solution for the next 
time interval. The serosal fluid was sampled over a I-hr period. 


The drug solutions were maintained at  pH 6.0 since at that pH 
salicylic acid with a pKa of 3 would be essentially 100% ionized and 
the transfer of salicylate ion could be studied. At a pH of 6.0, 
salicylamide with a pKa of 8.3 would be virtually unionized and 
transfer of the unionized, lipid-soluble species could be studied. The 
pH of the solutions were checked before and after each experiment 
and did not vary by more than 0.1 pH unit. All solutions were ad- 
justed to 150 m M  Na+ concentration by the addition of sodium 
chloride. 


The experimental approach outlined above, using incubation 
techniques, was particularly desirable to minimize drug-bile salt 
interactions which could affect the drug transfer rate ( 5 ) .  


Reversibility or Blocking of EDTA and Taurodeoxycholate Effects 
--It was of interest to investigate the possibility that the effects of 
EDTA and STDC on the permeability of the everted intestinal 
membrane could be reversed by incubation of the intestinal segments 
in a solution of divalent cations. After incubation of the intzstinal 
segment in KPB containing 25 mmole EDTA at pH 7.4 for 0.5 hr.2 
or in KPB containing 1 mmole STDC at pH 6.0 for 1 hr., the seg- 
ments were rinsed with KPB (pH 6.0) and placed for 15 min. in a 
solution containing either 154 mmole sodium chloride (control) or 
various concentrations of magnesium chloride or calcium chloride 
plus sufficient Naf to yield a total cation concentration of 154 
mmole. The segmeats were then rinsed, placed in 2 mg.jml. salicylate 
solution at pH 6.0, and the transfer rates were determined as dis- 
cussed above. 


To investigate whether a partially chelated EDTA would “block” 
or reduce the increase in membrane permeability observed with 
EDTA, the intestinal segments were incubated in 25 m M  disodium 
magnesium ethylenediaminetetraacetic acid ( Mg-EDTA) and 
disodium calcium ethylenediaminetetraacetic acid (Ca-EDTA) at  
pH 7.4 for 1 hr. In each case a paired segment was exposed to 25 


1 In some experiments the serosal solution also contained a concentra- 


2 Initial studies showed that incubation of the intestinal segment for 
tion of STDC or EDTA equal to that present in the mucosal solution. 


up to one hour resulted in identical transfer rates. 
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mM EDTA under comparable experimental conditions. Transfer 
rates of salicylate were then determined in the usual manner. 


Assay Procedure-The serosal samples were acidified to pH I by 
the addition of several drops of 6 N HCI. Suficient 0.1 N HCI was 
added to bring the total serosal fluid volume up to 5 ml. After 
appropriate dilutions 5 ml. of Trinder’s reagent (6) was added to 
an aliquot of the serosal fluid and the solution filtered (Millipore 
filter, 0 .45~) .  This solution was analyzed in a spectrophotometer 
(Hitachi-Perkin-Elmer model 139) at a wavelength of 540 nip. 
The amount of salicylate or salicylamide in each sample was 
calculated from standard curves. Neither STDC nor “blank” 
serosal fluid interfered with the assay procedure. Using the incuba- 
tion procedures outlined above, EDTA was also found not t o  
interfere with the assay procedure. This fact was ascertained by 
adding known quantities of salicylate to “blank” serosal fluid from 
intestinal segments previously incubated with EDTA as described. 


Data Evaluation-Repeated determination of transfer rate con- 
stants under various experimental conditions revealed no significant 
differences between the first and second intestinal segment. Ac- 
cordingly, no distinction was made, with respect to segment, in 
evaluating and reporting the data. All experiments were run in a 
cross-over fashion with respect to segments. 


The apparent zero-order transfer rate constants for the transfer 
of salicylate or salicylamide were determined from the linear seg- 
ment of a plot of cumulative amount of drug transferred Cersiis 
time. The steady-state (or linear) region was discerned from rate 
plots as discussed previously (1). 


The data was evaluated statistically by means of Student’s f 
test using both unpaired and paired (control uersiis test condition 
in the two intestinal segments of a single rat) data (7). 


Materials-Sodium taurodeoxycholate (STDC), (Ma) bridge 
Chemical Co., Ltd., North Cornwall, England) chromdtographi- 
cally pure. Ethylene diamine tetradcetic acid, disodium salt (Fisher 
certified reagent grade). Disodiuin calcium ethylenediaminetetra- 
acetic acid and disodium magnesium ethylenediaminetetraacetic 
acid (K and K Laboratories Inc., Plainview, N. Y.) .  All other chem- 
icals used in the study were reagent grade and used as such without 
further purification. 


RESULTS 


Effect of STDC Concentration on Intestinal Transfer Hate of 
Salicylamide-Figure 1 shows a typical cumulative plot of the 
amount of salicylamide transferred (mucosal to serosal) cersiis time 
across a segment pretreated in mucosal solution containing 10 
m M  STDC in KPB, or KPB alone. The rates of salicylaniide trans- 
fer were obtained from a least squares fit of the linear region of the 
cumulative plots. The steady-state transfer rates at various con- 
centrations of STDC are reported in Table I. 


The results show a small but significant increase (paired com- 
parison, p <0.05) in the rate of salicylamide transfer after incuba- 
tion of the intestinal segment in the presence of 5 ,  10, and 100 
mM STDC. Statistical comparison of the ratios of the rate of 
salicylamide transfer after STDC incubation to that after control 
incubation in paired segments revealed no significant difference 
between the effects at  5 ,  10, and 100 mA4 STDC. Transfer rates 


Table I-Effect of Sodium Taurodeoxycholate (STDC) on 
Transfer Rate of Salicylamide Across the Rat Small 
Intestine at pH 6.0 


No. of 
Intes- Mean 


Incubation tinal Transfer Rate 
Medium Segments f SD mcg., min. 


Control, buffer solution 17 129 f 10 
STDC, mucosal, mM 


100 4 149 i 16 
10 5 156 f 1 
5 3 143 f 6 
1 2 113 (120. 106) 


STDC, mucosal-serosal, mM 
1 3 1 3 1  i 6 







Table 11-Effect of EDTA on Transfer Rate of Salicylamide and 
Salicylate Across the Rat Small Intestine" 


No. of Mean Transfer 
Incubation Intestinal Kate 4~ SD 


Medium Segments mcg./min. 


Salicylamide 
Control, KPB,b pH 6.0 6 121 f 8 
EDTA, 25 mM, pH 6.0 6 120* 1 1  
Control, KPB, pH 7.4 4 125 + 4 
EDTA, KPB, pH 7.4 4 129 f 8 


Salicylate 
Control, KPB, pH 6.0 6 30 f 3 
EDTA, 25 mM, pH 6.0 6 34 f 3 
Control. KPB, pH 7.4 4 33 f 3 
EDTA, 25 mM, pH 7.4 4 42 f 6 


a Data grouped according to paired segments. 6 Krebs phosphate 
butfer. 


obtained after pretreatment with 1 mM STDC showed no sig- 
nificant difference from control levels. 


Effect of EDTA on Transfer Rate of Salicylamide and Salicylat+ 
Incubation of the everted intestinal segments in 25 mM EDTA at 
either pH 6.0 or 7.4 resulted in no statistical difference in salicyl- 
amide transfer rates from control values (Table 11). 


In contrast, incubation of the everted intestine preparation in 
25 mM EDTA at pH 6.0 resulted in a small (14z)  but significant 
( p  <0.05) increase in the rate of salicylate transfer based on paired 
comparisons. Incubation of the intestinal segments in 25 mM 
EDTA at pH 7.4 resulted in a larger (29 %) increase in the transfer 
rate of salicylate when compared to control values. Comparison of 
the transfer rates of salicylate after incubation of the sement at 
pH 6.0 and 7.4 in the presence of EDTA resulted in a significant 
difference ( p  <0.05) between the two experimental conditions. 


Influence of Divalent Cation Rinse on the Reversibility of the 
EDTA and Taurodeoxycholate Effects on Salicylate Transfer Rate- 
The data in Table 111 show that rinsing with 100 mM Mg++ after 
exposure to EDTA had little effect in reversing the change in mem- 
brane permeability induced by EDTA. In more limited studies as 
to the effects of a Ca++ rinse after exposure of the intestinal seg- 
ment to 1 mM STDC there was again no indication of reversibility. 
In fact rinsing with 154 mM Ca++ yielded transfer rates in two 
experiments which were somewhat higher than observed in paired 
control segments which were treated with bile salt and then rinsed 
with 154 mM Na+. 


Effect of Divalent Substituted EDTA on Transfer Rate of Salicy- 
late-Incubating the intestinal segments in EDTA, calcium EDTA, 
or magnesium EDTA results in an increase in salicylate transfer 
rates compared to control levels. The data shown in Table 111 in- 
dicate no discernible difference however between the three salts of 
EDTA with respect to their effect on salicylate transfer. 


A reduction in the EDTA effect on membrane permeability to 
salicylate was observed only when the intestinal segment was in- 
cubated in 25 mM magnesium EDTA to which was added an ad- 
ditional amount of calcium chloride to make the solution 25 mA4 
with respect to Ca++. Statistical comparison of the salicylate trans- 
fer rates in intestinal segments exposed to 25 mMmagnesium EDTA 
plus 25 mM Ca++ or 25 mM EDTA indicated that the former treat- 
ment resulted in significantly decreased rates, though the rates were 
still somewhat higher than control levels. The addition of excess 
calcium chloride to 25 mM calcium EDTA resulted in precipitation 
which was due to an interaction between excess Ca++ and the phos- 
phate components of the buffer. 


DISCUSSION 


The effect of various concentrations of STDC on the rate of 
transfer of salicylate across the everted rat intestine has been dis- 
cussed in a previous report (1). There appears to be two levels of 
bile salt effect on the transfer rate of salicylate; a relatively small 
effect at concentrations of STDC below or about the CMC and a 
more pronounced effect at concentrations of STDC above the CMC. 
The results of the experiments with salicylamide at various con- 
centrations of STDC did not show the two levels of effects which 


were observed with salicylate. The increase in salicylamide transfer 
rate was small (11-21Z) and apparently independent of STDC 
concentration from 5-100 mM STDC (see Table I). 


The marked qualitative and quantitative differences in the STDC 
effects on salicylamide and salicylate transfer leads one to suspect 
that the two molecules traverse the membranes in a markedly dif- 
ferent manner. The experimental conditions were such that salicy- 
late existed as the ionized species while salicylamide existed in the 
unionized form. Hence, although the two species have essentially 
the same molecular weight, a major difference exists in their re- 
spective lipid solubilities. The same STDC-induced membrane 
alteration results in a greater than two-fold increase in the transfer 
rate of the ionized species (salicylate) (1) but less than a 25% in- 
crease in the transfer rate of the unionized drug (salicylamide). 
Based on these findings the authors are presently investigating the 
use of bile salts as a probe for differentiating absorption mech- 
anisms. 


In the previous report (1) it was suggested that the below-CMC 
effects of STDC on membrane permeability may be due to a deple- 
tion of membrane calcium by the bile salt similar to the presumed 
mechanism of EDTA-mediated membrane effects. The influence of 
EDTA on both salicylate and salicylamide transfer was therefore 
studied to explore further the possibility of a common mechanism. 
These studies also demonstrated, as shown in Table 11, that altera- 
tion of the membrane produces different effects on the transfer 
rate of the ionized and unionized drugs. Incubation of the in- 
testinal segments in 25 mM EDTA either at pH 6.0 or 7.4 resulted 
in no change in salicylamide transfer rates compared to control 
values. On the other hand, EDTA-incubation significantly in- 
creased salicylate transfer rates. In addition, the effects of EDTA 
on salicylate transfer were significantly greater at pH 7.4 than at 
pH 6.0. This difference may correspond to the increased binding 
capacity of EDTA for divalent ions with increasing pH. Raising 
the level of EDTA to 50 mM at pH 6.0 produced no further in- 
crease in salicylate transfer rates. 


Interestingly, all previous reports on the effects of EDTA on 
the permeability of biologic membranes utilized ionized and/or 
highly water soluble compounds as the absorption tracer. Windsor 
and Cronheim (8) observed an increase in the absorption of heparin 
from the gastrointestinal tract of the rat and of the dog in the pres- 
ence of EDTA. Schanker and Johnson (9) report similar effects of 
EDTA on the absorption of mannitol, inulin, decamethonium. 
sulfanilic acid (at pH 7.4), and edetate ion in the rat. Tidball (10) 
has reported an increase in the absorption of phenol red from the 
rat intestine in the presence of EDTA. The lack of effect of EDTA 
on salicylamide transfer, reported in the present study, suggests the 
possibility that the membrane alteration mediated by EDTA may not 
influence the rate-limiting barrier to the transfer of lipid-solublz 
drugs through the everted intestinal preparation. 


Previous reports indicate a reversibility of the EDTA-mediated 
effect on drug absorption. Tidball (10) was able to reduce the in- 
crease in phenol red absorption in the rat intestine after EDTA 
exposure, by rinsing the intestine with calcium chloride or mag- 


Table 111--Reversibility or Blocking by Divalent Cations of the 
Effects of 25 mM EDTA and 1 mM Sodium Taurodeoxycholate 
(STDC) on Transfer Rate of Salicylate Across the Rat 
Small Intestinea 


Experimental 
Conditions 


EDTA, 154 mM Na+ rinse 
EDTA, 100 m M Mg++ rinse 
EDTA 


Ca-EDTA 
Mg-EDTA 


Mg-EDTA + 25 mM Ca++ 
EDTA 


STDC, 154 mM Na+ rinse 
STDC, 15.4 mM Ca++ rinse 
STDC, 154 mM Na+ rinse 
STDC, 154 mM Ca++ rinse 


No. of 
Intestinal Mean Transfer Rate 
Segments f SD mcg./min. 


6 39 f 7 
6 37 f 5 
4 41 f 4 
2 41 (40, 42) 
2 42 (39, 44) 
4 43 f 7 
4 38 f 8 
I 46 
1 44 
2 39, 35 
2 44, 39 


a Data grouped according to paired segments. 
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Table IV-Effect of Simultaneous Treatment with Sodium 
Taurodeoxycholate (STDC) and 25 m M  EDTA on Transfer 
Rate of Salicylate Across the Rat Small Intestine 


Incubation 
Medium 


No. of Mean 
Intestinal Transfer Rate 
Segments =!= S D  mcg./min. 


STDC, 5 m M  2 (57, 55) 
STDC, 5 m M  + EDTA 2 (76. 61) 
STDC, 50 m M  4 83 =!= 4 
STDC, 50 m M  + EDTA 4 93 =t 8“ 


asignificantly different from results at 50 mM STDC ( p  < 0.05), 
Student’s t test, method of paired comparisons. 


nesium chloride solutions. Magnesium chloride was found to be 
much more effective in this respect. Tidball (10) also found that 
“calcium EDTA” had no effect on the permeability of the rat 
intestinal epithelium to phenol red. Windsor and Cronheim (8) 
report that substitution of a divalent cation (Mg++ or Ca++) for 
monovalent cations (Na+, K+, or NH4+) in the EDTA molecule 
abolishes the effect of EDTA on heparin absorption. Based on 
these data it has been postulated that EDTA alters membrane per- 
meability by depleting magnesium and calcium loosely bound in 
the structure of the membrane which regulate the aqueous permea- 
bility of the intestinal epithelium (10). 


The effects of EDTA on salicylate transfer across the everted 
intestinal preparation were not reversible. Rinsing the intestine 
with magnesium chloride, after initial incubation in EDTA, did not 
modify the enhanced permeability of the membrane to salicylate 
transfer under the experimental conditions (see Table 111). Further- 
more, treatment of the intestinal preparation with magnesium EDTA 
or calcium EDTA resulted in a permeability increase equal in 
magnitude to that observed after incubation in unsubstitued EDTA 
(see Table 111). Thus it appears that the permeability effects of 
EDTA on the everted intestinal preparation cannot be prevented 
or reversed by the addition of a divalent cation. However, a study 
by Cassidy and Tidball ( l l ) ,  in which the cellular mechanisms of 
intestinal alteration produced by chelation depletion were ex- 
amined, showed that the stripped-mucosa content of magnesium 
and calcium was approximately 8 meq. divalent ions/kg. in con- 
trols and 5 meq./kg. in EDTA-treated animals, a change sufficient 
to markedly increase permeability to phenol red. Thus, little di- 
valent cation need be removed to attain changes in permeability. 
It is therefore possible that the monosubstituted divalent EDTA 
still retained sufficient chelating ability to produce an effect on 
salicylate transfer. To investigate this possibility, the intestinal 
segment was incubated in 25 m M  magnesium EDTA and 25 m M  
Ca++. As shown in Table 111, there is a significant decrease in the 
transfer rate of salicylate under these experimental conditions. 


The failure to revzrse the EDTA effect on salicylate transfer by 
a divalent cation rinse prevents a definitive conclusion as to the 
mechanism of membrane alteration in the isolated intestine. Al- 
though apparent saturation of the EDTA molecule with magnesium 
and calcium did reduce the activity, which suggests a possible role 
for divalent cations in the overall mechanism, other possibilities 
must also be considered. For example, edetate ion itself may be 
responsible for the effects on membrane permeability by some dis- 
rupting influence on the organization of the membrane which does 
not involve chelation. Saturation of the binding sites with divalent 
cations may then merely reduce the effective concentration of edetate 
ion. A more attractive hypothesis is that EDTA does function via a 
chelation mechanism but the nature of the intestinal preparation 
itself precludes the possibility of reversibility, perhaps by not pro- 
viding an endogeneous source of mobile calcium. 


Attempts to study the influence of divalent cations on the mem-- 
brane permeability effects of STDC were largely unsuccessful. 
As noted in Table 111, rinsing the prepartion with calcium chloride 
solution, after exposure to STDC, provided no evidence of reversi- 
hility. Addition of CaCC or Mg++ directly to STDC solutions, t c  
effect a blocking, resulted in precipitation of the divalent salts 
of the bile acid. Exposure of the intestinal segment to 5 m M  STDC 
to which was added Ca++ sufficient to just avoid precipitation (4-5 
mM) yielded salicylate transfer rates identical to those observed 
after exposure of the segment to 5 m M  STDC alone. 


Since both EDTA and STDC markedly affect the transfer rate 
of salicylate but have little or no effect on the transfer rate of sa- 
licylamide the possibility arises that they share a commonmechanism. 
To resolve this point, intestinal segments were incubated in solu- 
tions containing 25 m M  EDTA and 5 m M  or 50 m M  STDC, at  
pH 6.0. A paired segment was incubated in bile salt alone. After 
a 1-hr. incubation, salicylate transfer rates were determined in 
the usual manner. The results are shown in Table IV. In each case 
the addition of EDTA to a solution of STDC resulted in a further 
increase in transfer rate of salicylate compared to that observed 
with STDC alone. If EDTA and STDC acted uia the same mecha- 
nism then one would not anticipate an increase in transfer rate since 
25 m M  EDTA and 10 m M  STDC represent the minimum con- 
centrations required to attain maximum changes in permeability 
in the respective systems (1). Based on these findings there probably 
is a difference in the mechanism by which EDTA and STDC affect 
membrane permeability. 


The results of these investigations suggest that: (a )  both STDC i nd 
EDTA increase the permeability of the everted rat small intestine 
to ioiiized drugs but have little or no effect on the transfer of un- 
ionized drugs; (b)  there may be at  least two routes for the transfer 
of drugs across the intestinal membranes; and (c )  EDTA and STDC 
alter membrane permeability by different mechanisms. 
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COMMUNICATIONS 


Bioassay of Endogenous Acetylcholine 
Released by Acetylcholine Releasers 


Keyphrases 0 Ace t y Ic h o 1 i n e, 
guinea pig-endogenous acetylcholine bioassay 


endogenous-bioassay 0 Ileum, 


Sir: 


Cumulative, indirect evidences have shown that some 
cholinergic agents act wholly or partly through the 
release of endogenous acetylcholine (ACh) from nerve 
terminals (1-3). However, because bioassay procedures 
do not differentiate between the ACh released from the 
nerve terminals and the ACh-releasing agents, it is 
extremely difficult to provide direct evidence for the 
release of ACh by cholinergic agents. 


It has been reported that nerve tissue in the guinea 
pig ileum is irreversibly damaged by maintaining the 
ileum in Tyrode's solution without oxygen at  2" for 
20 hr. However, after this treatment, the smooth muscle 
is still responsive to ACh (4). This cooling technique has 
been combined with the superfusion technique to pro- 
duce a method for the direct assay of endogenous ACh 
in the presence of releasing agents. 


Guinea pigs weighing 300 to 500 g. were stunned by 
a blow on the head and the terminal portion of the 
ileum, approximately 3 cm. in length, was excised. 
The ileum was threaded at both ends and was super- 
fused with oxygenated Tyrode's solution (NaC1, 8.0; 
KCI, 0.2; CaCI,, 0.2; MgC12, 0.1; NaH2P04, 0.05; 
NaHCOa, 1 .O; dextrose, 2.0 g./l.) at 10". The superfusion 
technique was essentially the same as that described 
by Gaddum (5).  The rate of flow of superfusion fluid 
was 3-4 ml./min. and was maintained by a motor pump 
(Holter, type R D  45). Drug solutions, tissue extracts, 
or incubation mixtures of drugs and synaptic vesicles 
were injected into the superfusion stream in volumes of 
not more than 0.1 ml. An initial tension of 1.0 g. was 
placed on the tissue and the subsequent tension, de- 
veloped by muscle contraction, was measured in grams 
and recorded on a recorder (Offner Dynograph, type 
RS). The cooling technique described above, was 
used except the ileum was cooled for 24 rather than 
20 hr. 


Figures 1 and 2 show the dose-response curves for 
ACh and nicotine before and after the cooling treat- 
ment. The cooled ileum was about two times more 
sensitive to ACh than the normal tissue (Fig. 1) but 
was inactive to nicotine (Fig. 2). Therefore, this super- 
fused cooled ileum preparation can be used to assay 
released endogenous ACh present in mixtures of tissue 
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Figure I-Dose-response curves of acetylcholine on superfused 
guinea pig ileum. Key: e, control responses of normal ileum: 0, 
responses of cooled ileum. Eachpoint is the mean offive experiments 
and the bars represent standard errors. 


extracts and releasing agents or in incubation mixtures 
of synaptic vesicles and such releasing agents as nicotine, 
carbachol, choline, tetramethylammonium (TMA), 
etc. It is a rapid, sensitive? and accurate method capable 
of detecting as little as 0.0025-0.005 mcg. ACh per 
injection without eserinizing the preparation. 


The nerve tissue in the cooled ileum did not appear 
to be completely damaged after cooling since the cooled 
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Figure 2-Dose-response curves of nicotine on superfused cooled 
guinea pig ileum. Key: e, control responses of normal ileum; 0, 
responses of cooled ileum. Each point is the mean offive experiments 
and the bars represent standard errors. 
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ileum was still responsive to initial injections of nicotine, 
choline, carbachol, and TMA. However, responses to 
the maximum doses of these agents gradually decreased; 
after repeated injections of maximum doses, the re- 
sponses disappeared or were markedly reduced whereas 
the responses to ACh were not altered. It is important, 
therefore, to deplete the minute amount of endogenous 
ACh in the nerve tissue of the cooled ileum with ACh 
releasers before the bioassay is performed. The tech- 
nique has been used to determine ACh released from 
synaptic vesicles by some cholinergic agents (6). 


(1) C. Y .  Chiou and J. P. Long, Proc. SOC. Exptl. Biol. Med., to 
be published Nov. (1969). 


(2) M. Day and J. R. Vane, Brit. J .  Pharmacol., 20, 15q1963). 
(3) R. L. Volle, Phurmacol. Reu., 18, 839(1966). 
(4) P. Th. Henderson, E J. Ariens, and A. M. Simons, European 


J .  Phurmacol., 4,62(1968). 


Investigation 
Blockade and 


of Adrenergic Beta-Receptor 
Mescaline-Induced Bradycardia 


Keyphrases 0 Mescaline-induced bradycardia-adrenergic block- 
ade effect 0 Isoproterenol activity-mescaline effect 0 Ethyl- 
norepinephrine activity-mescaline effect 


Sir: 


Mescaline-induced bradycardia was first observed in 
frogs and cats by Grace in 1934 (1). This activity was 
not affected by vagotomy or by pretreatment with 
atropine in either in vitro or in vivo preparations. In 
1955 Speck reported mescaline-induced bradycardia in 
rats, and suggested a possible mescaline competition 
for epinephrine receptors (2). Recently, in the course 
of studies concerned with the design and standardization 
of an autonomic-cardiovascular screen in dogs, mes- 
caline-induced bradycardia was documented again (3). 
As shown in Table I, bradycardia was seen in the dosage 
range of 6.4-25.6 mg./kg. Dramatic changes in heart 
rate and pressor response to serial intravenous 1- 
epinephrine challenge injections were also documented 
with dosages as low as 0.4 mg./kg. The decrease in the 
epinephrine challenge heart rate suggested that the rest- 
ing bradycardia might be due to  adrenergic beta- 
receptor blockade. The increased epinephrine pressor 
response also seemed to imply this through restricted 
adrenergic alpha-receptor-induced vasoconstriction. 
This postulation is supported by the report that another 
hallucinogen, lysergic acid diethylamide, possesses 
adrenergic beta-receptor-blocking activity in rabbits 
(4). In the present study, mescalinel was tested for 
adrenergic beta-blocking activity using specialized, 
qualitative in uitro and in vivo testing procedures. 


1 Mescaline HCI (lot D3303) was obtained from Mann Research 
Laboratories, Inc., New York, N. Y. All text references are expressed 
in terms of the salt. 


( 5 )  J. H. Gaddum, Brit. J .  Pharmacol., 8, 321(1953). 
(6) C. Y. Chiou, J. P. Long, R. F. Potrepka. and J. L. Spratt, 


to be published (1969). 
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Table I-Effects of Cumulative Intravenous Mescaline on the 
Resting Heart Rate and Epinephrine Challenge in an Intact 
Urethan-Anesthetized Dog 


Mean Percent Change from 
---Pre-Mescaline Control Cyclesu -- 
Resting Epinephrine Epinephrine 


Cumulative Dosage, Heart Heart Pressor 
mg./kg. Rate Rate Response 


0.1-0.2 - 1  - 18 -6 
0.4-3.2 0 - 36 + 56 


- 26* - 52 +97 6.4-25.6 
- 38 +98 51.2 (lethal) - 


During the control cycles (3), the mean stabilized pre-mescaline 
heart rate was 154/min. The mean pre-mescaline pressor response to a 
standardized injection of 4 mcg./kg. of epinephrine was a 44-mm. H g  
elevation from the resting level of 134 mm. Hg. The heart rate slowed 
to 116/min. durnig the peak of the pressor response. The dog was not 
vagotomized. A similar degree of bradycardia was induced by cumu- 
lative intravenous dosages of 0.08-1.28 mg./kg. of propranolol in a 
similar dog preparation. 


The specific in vitro procedure of Levy and Tozzi 
( 5 )  was used in which beta blocking agents are known 
to antagonize isoproterenol-induced relaxation of the 
spontaneously contracting rat uterus. The perfusate was 
Locke's solution, aerated with 9 5 x  O2 and 5 %  COZ 
at 37.5'. Mescaline showed no isoprotereno12 antag- 
onism at tenfold increments between 0.005-5.0-mcg./ml. 
bath concentrations (Fig. 1). The 5.0-mcg./ml. mescaline 
bath concentration produced significant increases in 
uterine contraction rate and contracture without truly 
antagonizing isoproterenol (Fig. 1). These results, 
which were confirmed in another tissue preparation, 
indicated that mescaline, itself, does not possess adren- 
ergic beta-blocking activity at concentrations without 
intrinsic activity. Propranolo13 served as a standard 
reference beta blocker and was shown to be effective 
at bath concentrations of 0.1 mcg./ml. in antagonizing 


2The HCI salt was obtained from the Special Chemicals Dept., 
Winthroo Laboratories. New York. N. Y. All text references are in 
terms oflthe salt (5). ' 


Aysrst Laboratories, New York, N. Y. 
3 Propranolol (Inderal) was kindly supplied by the Medical Dept., 
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Synthesis and Bioactivity of Lincomycin-7-Monoesters 


A. A. SINKULA, W. MOROZOWICH, C. LEWIS and F. A. MacKELLAR 


Abstract [7 A series of linear acyl and alkoxy esters at Position 7 
in the lincomycin molecule were synthesized. None of the esters 
possessed protective properties comparable to those of lincomycin 
when given orally to experimentally infected mice. 


Keyphrases 0 Lincomycin-7-monoesters-synthesis 0 GLC- 
analysis 0 TLC-separation, identification 0 NMR spectroscopy- 
structure Bioactivity, in oiuo, in oitro-lincomycin-7-monoesters 


This paper is a continuation of the effort on the 
chemical modification of lincomycin ( 1 ,  2) for the pur- 
pose of enhancing the pharmaceutical acceptability of 
this antibiotic (taste, absorption) ( 3 ) .  


The lincomycin molecule (I) contains four potentially 
esterifiable hydroxyl groups. The ease of esterification 
of these hydroxyl groups has been discussed previously 


The objective of this project was to  determine if 
lincomycin-7-monoesters would prove suitable as 
candidates for pediatric preparations of lincomycin. 


(3). 


I 
lincomycin 


RESULTS AND DISCUSSION 


Chemistry-The synthesis of lincomycin-7-monoesters is out- 
lined in Scheme I. The reaction of 2,3,4-tris-O-trimethylsilyl linco- 
mycin (11) (5) with an alkyl chlorocarbonate, an acid anhydride, or 
an acid chloride in the presence of pyridine afford the 2,3,4-tris-O- 
trimethylsilyl lincomycin-7-monoesters (111). Treatment of I11 
with HCl or acetic acid at room temperature from 1 4  hr. yielded 
the desired lincomycin-7-monoesters (IV). 


The purification of these compounds is outlined in the Experi- 
mental section of this paper. 


NMR Spectroscopy-The structures of the C7 monoesters of 
lincomycin are readily determined via examination of the NMR 
spectral absorption pattern of the esterified carbinol hydrogen and 
the chemical shift of the Cs methyl doublet. In all cases of C7 
monoesters (Table I), the esterified carbinol hydrogen absorption 
occurs in the 5.2-5.35 6 spectral region. The pattern observed is a 
doublet of quartets, .I,, 8 = 6.1 C.P.S. and .IT. 6 = 3.0 c.P.s., although 
not readily evident in the 60 Mc.p.s. spectra due to overlap with the 
anomeric hydrogen absorption. In all cases of C7 monoesters, the 
c8 methyl doublet is shifted downfield 0.2 p.p.m. from the corre- 
sponding lincomycin doublet. 


At 100 Mc.p.s., the anomeric hydrogen and the esterified carbinol 
hydrogen absorptions are resolved. 


I 


+ 
0 


(CHJ),Si-O 


(CHJ3Si QC"~) 
0 - SiKH,),, 


I1 


acylating agent 


HO 


@SCH3 OH 


IV 
a. R=-(CHJnCH, 
b. R = -O(CH,)nCHJ 


n = l  to15 
Scheme I 


A detailed study of the NMR spectra of lincomycin and its 
degradation products has been published (6). 


Bioactivity-Zit Vitro Test MerhodsThe method used for deter- 
mining in uirro bioactivity of the 7-monoesters of lincomycin was 
the standard-curve plate bioassay described by Hanka et a/. (7). 
The test organism was Surcina Zutea (UC-130) and the assay sen- 
sitivity was 0.31 mcg./mg. The free base of lincomycin had an as- 
signed potency of 1000 mcg./mg. The activities of all the esters were 
calculated and reported as the free base equivalents per milligram 
of antibiotic. 


In Vivo Test Method-The in oivo protection studies reported 
here were performed in CF-1 male albino mice. Groups of 10 mice 
(18-20 g.) were selected randomly from an animal pool and ex- 
perimentally infected by injecting intraperitoneally approximately 
100 median lethal doses (LD50's) of a standardized suspension of 
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Table I-NMR Spectral" Data of 7-Monoesters of Lincomycin 


Esterified C, Methyl 
Instrument Anomeric H Carbinol H Doublet 


Solvent Mc.p.s. (6) (6) ( 5) 


Lincomycin (I) DzOb 60/100 5.34 - 1.14 
I-7-methylcarbonate. HCI DzOb 60 5.37 5.31 1.29 
I-7-hexylcarbonate . HCl DzOb 85" 100 5.41 5.315 1.36 


d,DMF/D,O 100 5.28 5.19 1.34 
I-7-acetate. HCI DzOb 60/100 5.39 5.195 1.28 


Chemical shift in delta (6) units, p.p.m. downfield from internal reference line. b SDSS calibration. Organic solvent calibration with TMS. 


Staphylococcus aureus (UC-76). Maintenance of the culture and 
the method of inducing experimental infections have been de- 
scribed in detail previously (8). 


Treatment of the infected mice with the various monoesters was 
initiated immediately with increment doses of the antibiotic either 
subcutaneously with 0.2 ml. or orally by gavage with 0.5 ml. The 
esters were suspended in 0.25 % methylcellulose.l The mice were 
treated once per day for 4 days. Evaluation of antibiotic activity was 
based after 7 days on the median protective dose (CD6o) of the ester 
compared to the CDSo calculated for a lincomycin-treated control 
group. Calculations were program-computed on the IBM 360 digi- 
tal computer according to the method of Spearman and Karber (9). 


The bioactivities of lincomycin-7-monoesters as they were mea- 
sured in vitro and in Staphylococcus aureus infected mice are sum- 
marized in Table 11. The data show the esters to be of low acivity in 
the standard-curve plate assay. The amount of activity measured as 
lincomycin in this assay (< 10% of ester) could be accounted for as 
lincomycin base released by hydrolysis of the ester by the assay 
organism. 


It was also found that these esters were more slowly hydrolyzed 
iiz ritro by certain ester-hydrolyzing enzymes than their correspond- 
ing 2-esters and this may be the cause of the lower bioactivity ex- 
hibited by the 7-monoesters (4). 


Most of the esters in this series that were in the mouse-protection 
test possessed less activity than lincomycin when administered ria 
the subcutaneous route and none was as active when administered 
cia the oral route. Three of the esters possessed protective prop- 
erties statistically equivalent to that of lincomycin when given sub- 
cutaneously. These were the laurate, hexylcarbonate, and hexa- 
decylcarbonate esters. This observation agreed well with that of the 
iiz viuo activity of lincomycin-2-palmitate (3) but the in viro thera- 
peutic responses of the 2-esters and 7-esters with the palmitate and 
stearate did not parallel. 


The bioactivity of the 7-esters as it related to the substituent 
chainlength is shown in Table I. These data show the subcutaneously 
administered esters were more active as the chain length increased 
until an optimum of 12 carbon atoms was reached. The activity 
decreased with esters containing more than 12 carbon atoms. 


EXPERIMENTAL 


Chromatography-Gas chromatography was run on the silanized 
lincomycin-7-alkyl esters. The silyl ethers were made by mixing a 
pyridine solution containing 1 % of the ester to be silanized, 20% 
hexamethyldisilazane, and 20 % trimethylchlorosilane. One micro- 
liter of this solution was injected into an F & M Model 700 gas 
chromatograph (flame ionization). The column was 0.31 X 43.2 
cm. (0.125 X 17 in.) stainless steel containing 1 % OV-1 on diato- 
maceous earth (100-120 mesh). Oven temperatures ranged from 235 
to 300". 


Thin-layer chromatography (TLC) of the alkoxy esters was con- 
ducted on 500-p layers of Silica Gel G [5.1 X 20.3-cm. (2 X 8-in. 
plates)]. These esters were detected on the plate at Rf - 0.8 using 
PMPI3 spray reagent as spot developer and bromophenol blue spray 


~~~~~~~ ~ ~ 


1 Methocel, Dow Chemical Co. 
2 Gas Chrom Q, Applied Science Laboratories. 
3 PMPI spray reagent: sodium bicarbonate, 10 g; sodium metaperio- 


date, 8 g.; potassium permanganate, 1 g. The salts were dissolved 
in 500 ml. Hz0 and allowed to stand for 12 hr. The resulting white 
precipitate was filtered. Bromophenol blue spray reagent: 0.1 g. of bromo- 
phenol blue was dissolved in 7.45 ml. of Nj50 NaOH and diluted 
with HzO to 250 ml. 


reagent3 as spot fixative. The solvent system conskted of methyl- 
ethyl ketone-acetone-water (140 :40 :22). 


A second TLC system was also used for both acyl and alkoxy 
esters and proved to be the best suited for determination of the 
progress of the reaction and for purity. The chromatographic sup- 
port again was 500-p layers of Silica Gel G. The solvent system was 
hexane-ether-methylpropyl ketone-methanol-ammonia (60 : 20: 
20:9:1). The spot developer was 50% aqueous HzSO,, the plate 
being heated after spraying to char any organic material present. 


NMR Spectra-All spectra were examined as 0.15 M solutions 
in DzO and are calibrated to the internal reference sodium-2,2- 
dimethyl-2-silapentane-5-sulfonate (SDSS). The 60 Mc.p.s. spectra 
were calibrated with internal 1 %  SDSS, the 100 Mc.p.s. spectra 
were calibrated ciu frequency difference between pattern and lock 
signal, and corrected for internal SDSS 0.25 p.p.m. downfield 
from the lock signal. The 100 Mc.p.s. lock signal was provided uia 
hexamethyldisilazane in a sealed capillary inserted into the D 2 0  
solutions. 


Synthetic-Acid anhydrides were preferred for synthesis of acyl 
esters because less color formation occurs in the reaction media. 
Typical examples of reaction conditions are illustrated. Elemental 
analyses are outlined in Table 111. 


Acid Anhydride hlethod--Lincomycin-7-Acetate. HCI-A solu- 
tion of 1.71 g. I1 in 5 ml. of dry pyridine was treated with 2 ml. of 
acetic anhydride. After 16 hr. at R.T. the solution was concentrated 
to a viscous liquid iiz wcuo at 45". The residue was dissolved in 8 
ml. of glacial acetic acid and 2 ml. of water added. After 2.5 hr. 
at R.T. the solvent was removed in uucuo at 60" and the residue dis- 
solved in 25 ml. of water. The solution was adjusted to pH 8 by 
addition of 5 aqueous sodium carbonate. The resulting precipi- 
tate of lincomycin-7-acetate was extracted with four 25-ml. portions 
of chloroform. The chloroform fractions were combined, dried, 
and the solvent removed in uacuo. The residue was dissolved in 100 
ml. of ether and addition of gaseous HCl gave 1.27 g. (87%) of 
white amorphous powder. The compound was dissolved in 6 ml. 
of hot isopropyl alcohol and the solution diluted with 100 ml. of 
acetone. After standing 24 hr. at 4", 1.09 g. (91% recovery) of 
lincomycin-7-acetate .HCI was obtained. 


Table 11-Antibacterial Activity of Lincomycin-7-Monoestersa 


Relative Median 
Protective 


It2 Vitro Dose (CD50P 
Activity, Sub- 


Lincomycin-7-Ester. HCl pg./mg.b cutaneous Oral 


Acetate lO(1.0) 0.08 - 
Butyrate 30(3.0) 0.32 0.36 
Hexanoate 45(4.5) 0.34 0.33 
Valerate 30(3.0) 0.55 0.52 
Octanoate 40(4.0) 0.59 0.55 
Laurate 59(5.9) 1.06 0.55 
Palmitate 20(2.0) 0.01 0.05 
Stearate 9(0.9) 0.01 0.1 
Methylcarbonate 4(0.4) d 


Hexylcarbonate 32(3.2) 0.71 0.64 
Hexadecylcarbonate 42(4.2) 0.86 0.28 


5 Activities calculated as lincomycin base equivalents. b As measured 
on a standard-curve agar assay versus Surcina lutea. Results expressed 
as mcg. of lincomycin base activity per mg. of ester and as percent of 
lincomycin base activity (in parentheses). c Median protective dose 
relative to that of lincomycin (lincomycin = 1 .O). d Data not available. 
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Table 111-Analytical Data Obtained with Lincomycin-7-Monoesters 


Lincomycin-7- Empirical Analysis (Corr. for Water Content), % 
Ester. HCI Formula Mol. Wt. Calcd. Found H20,  %a Yield, % M.p., "C.h 


-Acetate 


-Butyrate (C,) 


-Valerate (C,) 


-Hexanoak (C,) 


-0ctanoate (C,) 


-Laurate (C,Z) 


-Palmitate (CIS) 


-Stearate (CIS) 


-Methyl Carbonate 


-Hexyl Carbonate 


-Hexadecyl 
Carbonate 


CzaH3K3N207S 485.06 


GzHeCN07S 513.09 


CzaHaaCIN20,S 527.13 


C24HasCINz06 541.16 


569.22 


625.27 


681.43 


709.43 


501.04 


571.18 


711.45 


C, 49.52 
H, 7.69 
N, 5.77 
C1, 7.31 
S, 6.61 
C, 51.50 
H, 8.10 
N, 5.46 
S, 6.25 
C, 52.41 
H, 8.22 
N, 5.31 
CI, 6.73 
S, 6.08 
C, 53.27 
H, 8.38 
N, 5.18 
CI, 6.55 
s, 5.93 
C, 54.86 
H,  8.68 
N, 4.92 
S, 5.63 
C, 57.62 
H, 9.19 
N, 4.48 
S, 5.13 
c, 59.93 
H, 9.62 
N, 4.11 
CI, 5.20 
S, 4.71 
C, 60.95 
H, 9.80 
N, 3.95 
S, 4.52 
c, 47.94 
H, 7.44 
N, 5.59 
CI, 7.07 
C ,  52.57 
H, 8.29 
N, 4.90 
C1, 6.21 
S, 5.61 
C, 59.09 
H,  9.49 
N, 3.94 
CI, 4.98 
S, 4.51 


C, 49.29 
H, 7.88 
N, 5.50 
C1, 7.51 
S, 6.60 
C, 51.61 
H,  8.10 
N, 5.65 
S, 6.26 
C, 52.60 
H, 8.14 
N, 5.62 
CI, 6.87 
S ,  6.14 
C, 52.94 
H, 8.29 
N, 4.92 
CI, 6.66 
S, 6.08 
C, 54.81 
H, 8.96 
N, 5.24 
S, 5.71 
C, 57.46 
H, 8.99 
N, 4.80 
S, 5.23 
C, 59.70 
H, 9.94 
N, 4.06 
CI, 5.33 
s, 5.00 
C, 61.15 
H,  9.62 
N, 4.25 
s, 4.53 
C, 48.88 
H, 7.59 
N, 5.63 
CI, 7.46 
C, 52.15 
H,  8.59 
N, 5.36 
C1, 6.26 
S, 5.72 
C ,  58.28 
H,  9.48 
N, 4.20 
CI, 4.85 
s, 4.47 


3.74 


5.99 


5.59 


4.14 


5.22 


4.16 


4.38 


4.68 


1.93 


2.78 


3.99 


87 


83 


90 


85.4 


85 


84.4 


81 


72 


19 


70 


46 


137-1 60 


169-1 75 


165-169 


151-165 


161-164 


168-170 


168-174 


98-101 


133-135 


159-160 


~ ~~ ~ ~ ~ 


6 Percent water determined by Karl Fischer method. b Melting points are of the hydrated samples and were determined on a Thomas-Hoover melt- 
ing point apparatus and are uncorrected. 


Acid Chloride Method-Lincomycin-7-Palmitate. HCI-A solu- 
tion of 2.89 g. I1 in 10 ml. of pyridine was treated with a solution 
of 1.45 g. of palmitoyl chloride in 5 ml. of chloroform. After 1 hr. 
at R.T. the reaction was complete. The pyridine solution was con- 
centrated in vacuo at R.T. to a viscous residue. The residue was dis- 
solved in 15 ml. of chloroform and this solution extracted with 
50 ml. of 0.05 N hydrochloric acid. The organic phase was sepa- 
rated and the solvent removed in uacuo at R.T. The resulting viscous 
residue was dissolved in 40 ml. of 80% aqueous acetic acid and 
stirred at R.T. for 2 hr. The solvent was removed in uacuo at 60" 
and the residue dissolved in 50 ml. of water. This solution was 
treated with 5 g. of sodium carbonate dissolved in  10 ml. of water. 
'The precipitate was extracted with 50 ml. of chloroform and the 
chloroform layer washed with 150 ml. of 0.05 N hydrochloric acid. 
The chloroform was removed in uacuo and the residue dissolved in 
200 ml. of ether. The ether solution was dried with sodium sulfate 
and the addition of gaseous HCI afforded 2.57 g. (94%) of crude 
lincomycin-7-palmitate.HC1. A solution of 2.20 g. of this com- 
pound in a mixture of 2 ml. of water and 15 ml. of acetone warmed 
to 40" was diluted with 50 ml. of acetone to give 1.78 g. (81 % re- 
covery) of crystalline lincomycin-7-palmitate .HCl. 


Alk yl Chlorocarbonate Method-Lincomycin-7-Hexylcarbonate . 
HC/-Lincomycin-2,3,4-tris-O-(tri methylsilyl) ether (15 g., 0.024 
mole) was dissolved in 100 ml. of pyridine (AR). The reaction mix- 


ture was cooled to -35" and 5 g. (-0.03 mole) of n-hexyl chloro- 
carbonate (Eastman White Label) was added dropwise. An addi- 
tional 3 g. of n-hexyl chlorocarbonate was added after 1 hr. The 
reaction mixture was stirred for an additional hour. The mixture 
was poured into 1 1. of ice-water acidified to pH 2 with concentrated 
HCI. The aqueous suspension was immediately extracted with 750 
ml. of ether, dried with anhydrous MgSOo, and the ether removed 
by warming on a Steam bath. The resulting orange syrup was dis- 
solved in 150 ml. of absolute methanol, 75 ml. of water added, and 
2 ml. of concentrated HCl added slowly with good stirring. The 
mixture was stirred for 45 min. and the pH of the solution was in- 
creased to 3 with sodium bicarbonate. All of the solvent was re- 
moved and the resulting gum dissolved, with warming, in 500 ml. 
of acetone. The insoluble NaCl was removed by filtration and the 
filtrate concentrated to 200 ml. Ether was added to the cloud point 
and the solution placed overnight in a refrigerator. A yield of 
9.56 g. (69.7 %) of lincomycin-7-hexylcarbonate.HC1 was obtained. 


Partial Blocking Group Method-Lincomycin-7-Methy/car- 
bonate . HC/-3,4-O-Anisylidene Lincomycin-7-Methylcai bonate-3,- 
4-0-anisylidene lincomycin base (1 5 g., 0.029 mole) was dissolved 
in 375 ml. of acetone. This solution was stirred well and 158 ml. of 
distilled water was added slowly. Methylchloroformate (48 ml., 
0.5 mole) was then added in 5-ml. increments over the period of 1 
hr. The pH of the reaction was monitored with a Beckman Zero- 
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carbonate (as determined by TLC), were pooled and evaporated to 
dryness under vacuum. The resulting amorphous powder (8 8.) 
was dissolved in 100 ml. of methanol, filtered and cooled to 5-10’. 
Distilled water was then added dropwise to the cloud point and the 
solution maintained at 5-10”. Crystals that formed were collected 
and the procedure repeated. 


Anal.-Calcd. for C28H42N209S: C, 57.71 ; H, 7.26; N, 4.81 ; H20,  
0; Eq. wt. 583. Found (corrected for HzO): C, 57.88; H, 6.96; N, 
5.00; HzO, 5.87; Eq. wt. 577. LaxEtoH 226 mg ( 6  13,385). 


3,4-0-Anisylidene lincomycin-7-methylcarbonate (10 g.) was dis- 
solved in 25 ml. of absolute methanol. A 0.2 N HC1 solution was 
added dropwise to this methanolic solution to the cloud point. 
More methanol and HC1 were added until a total of 100 ml. of 
0.2 N HC1 was added. The reaction mixture was allowed to stir for 2 
hr. The pH of the solution was adjusted to 4 with sodium bicarbon- 
ate. Most of the methanol was removed under vacuum at room tem- 
perature and the pH again adjusted to 2 with sodium bicarbonate. 
This aqueous solution was freeze-dried and the reulting white powder 
washed with 200 ml. of absolute ether to remove the anisaldehyde 
formed. The crude lincomycin-7-methylcarbonate (6.1 g.) was dis- 
tributed in a 500 transfer countercurrent distribution apparatus, 
using butanol-water (1 : 1) as the partition system. The material 
from tubes 6&120 contained the pure carbonate (as determined by 
solids analysis) and was recovered by evaporation of the solvent 
under vacuum and freeze drying. It displayed a K-value of 0.25. 
Recovery was 3.5 g. of “Craig-pure” lincomycin-7-methylcarbonate. 


Vapor phase chromatography of lincomycin-7-methylcarbonate 
indicated that a small amount of impurity remained in the sample. 
This impurity was thought to be p-methoxybenzoic acid resulting 
from oxidation of anisaldehyde during one or both of the previous 
synthetic sequences. NMR also indicated a mixture of compounds 
as evidenced from the 5.4 p.p.m. region. Thus, to 550 mg. of linco- 
mycin-7-methylcarbonate was added 24 ml. of 20% w/v sodium 
carbonate solution and the resulting mixture placed in a separator. 
Four 8-ml. portions of methylene chloride were used to extract the 
aqueous portion. The combined methylene chloride extracts (32 
ml.) were then shaken with 96 ml. of sodium carbonate solution in a 
separator. Anhydrous sodium sulfate was used to dry the methy- 
lene chloride extract. After the solvent was removed, the residue 
was dissolved in 25 ml. of dry ether and anhydrous hydrogen 
chloride bubbled through the solution. The resulting white floccu- 
lent precipitate was filtered and washed with 50 ml. of dry ether. 
Recovery of pure lincomycin-7-methylcarbonate was 380 mg. 


3,4-O-anisylidene lincomycin 


0 
II 


CH,OCCI - 


3,4-O-anisylidene lincomycin-7-methylcarbonate 


lincomycin-7-methylcarbona te 


Scheme II-Partial Blocking Group Method 


matic pH meter standardized at pH 4 prior to use. The pH of the 
reaction mixture was allowed to fluctuate between 5 and 7. Sodium 
hydroxide (2 N) was used to maintain the pH within these limits. 
Final pH of the solution was 6.8. Most of the acetone was removed 
under vacuum at room temperature. The remaining aqueous portion 
was extracted with three 300-ml. portions of ether. The ether ex- 
tracts were combined and washed with two 100-ml. portions of 
water. Extracts were then dried over anhydrous magnesium sulfate 
and the ether removed under reduced pressure affording 20 g. of 
amorphous white powder. TLC (alumina-neutral grade, benzene- 
acetone, 4:l) showed the presence of four spots, the major spot 
being anisylidene lincomycin-7-methylcarbonate. Minor spots 
included some dicarbonate and starting material. One minor spot 
was unidentified (see Scheme 11). 


A 2.8cm. X 121.9cm. (1 .I in. X48in.) F and Pchromatography tube 
was packed with 275 g. of Florisil (TLC mesh) using a benzene slurry. 
A linear gradient elution apparatus was set up using acetone (2000 
ml.) and benzene (2000 ml.) as the eluting solvents. A Technicon 
automatic fraction collector containing a 200-tube rack was used to 
collect 12-15 ml. of eluate per tube. Ten grams of crude carbonate 
powder was dissolved in 200 ml. of benzene and passed through the 
column. Elution was started using pure benzene as initial solvent. 
The final eluate composition was acetone-benzene (3:2). A total of 
250 tubes was collected. Fractions 115-170, containing pure mono- 
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Cardiovascular and Gastrointestinal Effects of Bradykinin and Its 
Potentiation by Thiols in Rats 


WILLIAM T. SHERMAN* and RONALD F. GAUTIERI 


Abstract C Cysteine, 2-propanethio1, and 2-mercaptoethylamine 
were founrl to potentiate the action of bradykinin on the rat blood 
pressure. These same thiols were ineffective on the in cirro rat 
ileum, although on the guinea pig ileum only 2-propanethiol was 
observed to be ineffective. The potentiation is presumed to result 
from thiol complexation of the zinc moiety in the active center of 
the carboxypeptidase B-type enzyme (responsible for the lysis of 
bradykinin), hence allowing the nonapeptide to exert a greater 
effect. Thus the results tend to support the hypothesis that this 
enzyme may play an important role in terminating the action of 
bradykinin on rat blood pressure and guinea pig ileum, but in the 
rat ileum other enzyme systems may be involved. 


Keyphrases Bradykinin-gastrointestinal, cardiovascular effects 
0 Blood pressure-bradykinin effect 0 Intestinal segments- 
bradykinin effect 0 Thiols-bradykinin activity potentiation 


Bradykinin possesses a potent stimulating action 
upon the in vitro guinea pig ileum, rabbit intestine, 
rat uterus. stomach and ileum, a relaxant action on the 
rat duodenum and colon (I-4), and produces a pro- 
nounced fall in blood pressure in the rabbit, cat, rat, 
and guinea pig (5-7). The preadministration of carboxy- 
peptidase B has been found to  inactivate, and hence 
block effectively, many of these in vico and in vitro 
actions of bradykinin (8, 9). Additionally, Erdos et al. 
discovered an enzyme in human plasma fraction IV-1 
that also was capable of inactivating bradykinin. This 
enzyme has many of the characteristics of carboxy- 
peptidase B, and though disczrnible from it, was 
termed carboxypeptidase N (9, lo). 


Several investigations have shown that the effects 
of bradykinin on guinea pig ileum, blood pressure, and 
respiration, and rat uterus may be potentiated by a 
variety of agents i.e., 2,3-dimercaptopropanol (BAL), 
EDTA (Versene), thioglycolic acid, cysteine, 8- 
hydroxyquinoline, 2-mercaptoethanol, and 2-mer- 
captoethylamine. These investigations showed a 
consistant potentiation of the normal bradykinin effect 
(save one: 8-hydroxyquinoline) on those tissues and 
systems studied (11-13). It is noteworthy that the 
common property possessed by the aforementioned 
compounds is their ability t o  complex divalent metals. 
The removal of the zinc moiety in the active center of 
carboxypeptidase or its complexation leads to  the 
inactivation of the enzyme (14-16). Consequently, 
the inactivation of carboxypeptidase B-type enzymes 
with sequestering agents allows bradykinin to  exert 
an even greater effect. 


The purpose of the present investigation was primarily 
to  discern whether the cardiovascular and in vitro 
gastrointestinal responses of the male albino rat to  
bradykinin were both qualitatively and quantitatively 
similar to those of the guinea pig and secondarily to  
observe if thiol inactivation of carboxypeptidase is 


modified by the presence of additional functional 
groups. 


EXPERIMENTAL PROCEDURE 


In Vivo Blood Pressure-Healthy male rats of the Sprague-Dawleq 
(Huntington Farms) variety were used in all experiments. The 
rats weighed approximately 350 g. (285-400 g.) and were housed 
in the animal house at  least 24 hr. prior to testing. It was decided 
to utilize a dose of thiol test compound that, by itself, had no ob- 
servable effect on the blood pressure when administered alone; 
in this way control procedures were simplified. The volume of the 
test drug never exceeded 0.25 ml. and was never less than 0.20 ml. 
With the administration of a dose any larger than the determined 
maximum dose, a slight and transitory depression of the blood 
pressure was observed. All thiol test compounds were made to a 
concentration of 4 x mole/l. in distilled water, and only one 
thiol was used in any one animal. 


The only exception to the above procedure was in the case of 
cystine. By virtue of its low solubility in physiologic pH ranges, it 
was necessary to dissolve this amino acid in solvents below pH 2 or 
above pH 11. This was done by weighing an amount of cystine 
that, with proper dilution, would yield a solution of 2 X 10-3 
mole/l. The diluting solution was either 0.1 N HCl or 0.1 N 
NaOH; as soon as pH 2 (or 11) was reached, it was brought to 
volume with distilled water. Glycine, in a concentration of 4 X 


mole/l. adjusted to the above pH values, was utilized, rather 
than acid or base alone as solvent controls, in order to mimic the 
conditions present in the cystine solutions. 


The rats were anesthetized by intraperitoneal administration of a 
50% urethane solution, in a dose of 125 mg./100 g. body weight. 


All test compounds were administered ciu the right jugular vein, 
which was cannulated with tubing (Clay Adams PE 60); all blood 
pressures were taken from the left carotid artery, cannulated with 
tubing (Clay Adsms PE 40) filled with heparinized saline, con- 
nected to a pressure transducer (E & M P-IOOO), and recorded 
on a physiograph (E & M Physiograph “Four”). 


The bradykinin was supplied’ as synthetic bradykinin SBR-640, 
in 1.0-ml. ampule, each containing 0.1 mg. of the active poly- 
peptide. This was diluted with distilled water prior to use so that 
1.0 ml. contained 0.2 mcg. The doses utilized were of the magnitude 
of 0.05-0.15 mcg. A series of doses was used in this range, none of 
which would elicit a maximum response. All drugs were washed 
through the cannula with minimal amounts of normal saline. 


The rat’s blood pressure was allowed to equilibrate for approxi- 
mately 30 min. prior to the infusion of drugs. The decrease in mean 
blood pressure, after the infusion of a control dose of bradykinin. 
was calculated as a percentage of the base line mean blood pres- 
sure. Subsequently, the pressure was allowed to re-equilbrate (about 
3 min.) and the predetermined dose of thiol was infused, followed 
immediately by the same control dose of bradykinin. If increased 
depression of the mean blood pressure occurred, a larger dose of 
bradykinin was chosen to mimic the depression of the thiol- 
potentiated decrease. 


In Vitro Ileum-Male Sprague-Dawley (Huntington Farms) rats 
also were utilized in this part of the experiment, and divided into 
two groups weighing approximately 300 g. (285-360 g.) and 175 
g. (150-185 g.). These were further subdividedinto groups that were 
nonfasted and those that were fasted for 24 hr. The animals were 
sacrificed by cervical dislocation followed quickly by the removi..l 
of three portions of ileum, each about 2 cm. in length. The test 
segment was suspended in a 20-ml. tissue bath with air-bubbled. 


~~~ 


Sandoz Pharmaceutiral, Hanover, N. J .  
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Table I-Compounds Used and Functional Groups Present 


-Functional Groups Present- 
Test Agent -SH NHp- -COOH 


- - 2-Propanet hiol" X 
2-Mercaptoethylamine" X X 
Cysteinec X X X 


X X Cystinec - 


Cont r 01s 
X X Met hionine. - 


X X GI ycinec - 


- 


Table 11-Comparison of Potentiation of Bradykinin by 
Various Test Agents on the Blood Pressure of the Male Rai 


No. Mean 
Ex- Percent 


Compd. ments ferencea f h  Value 
Test peri- Dif- SEM P 


~~~ 


2-Mercaptoethylamine 14 7.03 1.012 0.001 
Cysteine 24 5.90 0.779 0.001 
2-Propanethiol 10 8.61 1.546 0 001 
Methionine 20 0.26 0.600 0.700d 


~~ 


ti Aldrich Chemical Co., Milwaukee, Wis. * Dow Chemical Co., 
Midland, Mich. c Sigma Chemical Co., St. Louis, Mo. All the free 
base. 


~~~ 


a Mean percent difference in depressor response. b Standard error of 
the mean. As computed from paired, t tcst (20). d Not significant. 


atropinized ( I  mg./l.) deJalon solution, which was maintained at  
31 + 1". Those segments that were not used immediately were 
stored in air-bubbled, atropinized deJalon solution at  4", for a 
maximum of up to 2 hr. 


The test segments were allowed to equilibrate for at least 15 min. 
prior to experimentation. After each sequence, the bath was drained 
and filled twice, with approximately 5 min. elapsing until the next 
run. No two thiol compounds were used on any one segment. The 
segments were arranged so that longitudinal muscular contractions 
were recorded oia connection to a microdisplacement transducer 


The same thiol test agents were used as in the iii riuo portion of the 
experiment. They were made to a sufficiently high concentration 
so that by addition of 0.25 ml., a final concentration of 2 X 
mole/l. was reached in the 20-ml. bath. The same SBR-640 syn- 
thetic bradykinin was also used, but it was diluted so that 1.0 ml. 
equaled 2.0 mcg. of polypeptide. 


Small doses of bradykinin, usually 0.5 mcg., were added to the 
bath and the response measured after a contact time of 90 sec. 
The bath was drained, washed twice, and about 5 min. were allowed 


(E & M F-50). 


to elapse until the next run. The process was repeated several times 
in order to obtain an average response for that dose of bradykinin. 
Any tissue segment that did not give consistent responses to  several 
consecutive doses of bradykinin was considered unsatisfactory and 
discarded. After this base line was obtained, the 0.25 ml. of the 
thiol compound was added to the bath and the same dose of brady- 
kinin was added 30 sec. later. If the thiol caused a potentiation, an 
attempt was made to  ascertain how much more bradykinin would be 
needed to mimic the thiol-potentiated dose. The test agents se- 
lected and functional groups present are shown in Table I. 


In addition to their usefulness in possessing varying functional 
groups, they were soluble (except for cystine), relatively stable, 
had similar molecular weights, and were nontoxic to the animal in 
the dose administered. 


RESULTS 


The depressor erect of bradykinin on the rat blood pressure was 
potentiated by 2-mercaptoethylamine to a significant degree (Tables 


Table 111-Comparison of Mimicking Dose of Bradykinin to Potentiated Bradykinin on the Blood Pressure of the Male Rat 


Test No. Percent Increase Mean Percent SEM I, 
Compd. Experiments over Control Difference<' f" lalue; 


2- Mercaptoethylamine 14 50 0.350 0.228 0.20n 


7 50 2.057 0.643 0.02 
2-Propanethiol 10 50 0.430 0.271 0.20" 


Cysteine I I  25 1.809 0.678 0.05 
6 40 0.483 0.665 0.60" 


a Mean percent difference in depressor response. h Standard error of the mean. c As computed from paired t test (20). d Not significant. 


Table IV--Potentiation of Bradykinin by 2-Mercdptoethylamine on the Blood Pressure of the Male Rat 


Bradykinin 
Control Test Agent with Mimicking 
before Test Bradykinin Control Dose of 


Rat Test Agent, -Pressuren Change- Agent, Pressure Change Bradykinin, -Pressuie Change- 
No. mcg. mm. Hg Zb mi. mm. Hg % mcg. mm. Hg W' 


1 0.100 105- 85 
115- 90 
110- 87 


3 0.  100 120-100 
138-120 
132-115 


3 0.050 104- 98 
104- 99 
104- 99 


4 0.100 130-120 
5 0.100 105- 90 
6 0.  100 94- 80 


92- SO 
0.050 110-100 


19.1 0.25 
21.7 
20.9 
16.7 0.25 
13.1 
12.9 
5 . 8  0 .20  
4 .8  
4.8 
7 .7  0.20 


14.3 0 .20  
14.9 0.25 
13.1 
9 . 1  


108- 80 
116- 85 
115- 80 
125- 92 
140-114 
125- 87 
103- 95 
105- 96 
103- 95 
130-113 
108- 83 
102- 76 
95- 77 


108- 92 


25.9 
26.7 
30.4 
26.4 
18.6 
30.4 
7 .8  
8 . 6  
7 . 8  


13.1 
23.2 
25.5 
18.9 
14.8 


0.150 115- 85 
120- 86 
115- 80 


0.  I50 128- 95 
140-115 
122- 85 


0.075 104- 96 
104- 95 
107- 99 


0.150 128-112 
0.150 110- 83 
0.150 105- 77 


102- 81 
0.075 114- 96 


26 1 
28 3 
30 4 
25 8 
17 9 
70 3 
7 7  
8 7  
7 5  


I2 5 
24 6 
26 7 
20 6 
I5  s 


I Change in niean blood pressure. b Percent decrease in mean blood pressure. 
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Table V --Potentiation of Bradykinin by Cysteine on the Blood Pressure of the Male Rat 


Bradykinin 
Control Test Agent with Mimicking 
before Test Bradykinin Control Dose of 


Rat Test Agent, -Pressure" Change- Agent, Pressure Change Bradykinin, -Pressure Change- 
No. mcg. mm. Hg %" ml. mm. Hg  % mcg. mm. H g  z 


1 0.100 90- 75 16.7 0 .20  98- 77 21 .4  0.150 92- 68 26.1 
120-105 12.5 125- 98 21 .6  118- 90 23 .7  
125- I04 16 .8  128-104 18 .8  129-104 19 .4  
130-1 16 10.8 134-110 17 .9  135-1 10 18.5 


2 0.100 92- 76 17 .4  0 .20  90- 72 20 .0  0.  I50 93- 72 22.6 
82- 70 14 .6  88- 72 18.2 87- 71 18 .4  


100- 86 14 .0  94- 79 16 .0  91- 78 19.6 
3 0.100 118-105 11 .o 0 .25  117- 94 19 .7  0.125 114- 97 14.9 


112- 95 15 .2  99- 82 17.2 99- 82 17 .2  
112-101 9 .8  105- 86 18.1 83- 70 15.7 


4 0.  100 107- 95 11 .2  0 .20  100- 86 14.0 0.125 104- 91 12 .5  
112-100 10.7 115- 97 15.7 113- 98 13.3 
107- 96 10.3 105- 89 15 .2  109- 93 14 .7  
120-100 16.7 120- 95 20.8 124- 95 23.4 


5 0.  100 112-105 6 . 3  0.25 110- 98 10.9 0.125 107- 97 9 . 4  
110-104 5 .5  108- 97 10 .2  107- 97 9 . 4  


100- 90 10.0 108- 88 18.5 104- 88 15 .4  
110- 80 27 .3  110- 72 34 .6  110- 78 29.1 


0 .  100 95- 81 14.7 0.20 90- 74 17.8 0.140 94- 78 17 .0  
91- 85 6 . 6  92- 78 15.2 92- 77 16 .3  
93- 79 15.1 95- 79 16 .9  92- 77 16.3 


0.100 120- 95 20.8 0 .20  100- 80 20 .0  0.140 102- 78 23.5 
113- 97 14.2 105- 74 29 .5  110- 77 30.0 
114- 95 16 .7  113- 81 28.3 112- 81 27.7 


6 


7 


a Chanyi. i n  mean blood pressure. * Percent decrease in mean blood pressure. 


I1 and IV). It  was found that the thiol-potentiated value could be 
mimicked by a dose of bradykinin approximately 50% greater 
than that of the control dose (Tables 111 and IV). 


Cysteine was also able t o  potentiate the bradykinin depressor 
effect (Tables 11 and V), but it was found that only about a 40% 
increase in bradykinin over the control dose was necessary to 
mimic this thiol-potentiated response (Tables Ill  and V). 


The vasodilator potential of bradykinin was also potentiated by 
2-propanethiol (Tables 11 and VI) and about a 50% increase in 
bradykinin over its control values was necessary to  mimic the 
potentiated response (Tables 111, VI, and Fig. 1). 


In 20 experiments performed on six rats, methionine (Table VII) 
was shown to exert no significant potentiating effect on bradykinin's 
depressor action on the rat blood pressure (Table 11). 


Unfortunately. the cystine and control glycine solutions gave 
sizeable depressions of the blood pressure, making it impossible to  
distinguish between their action and the drop caused by the brady- 
kinin. I n  an attempt to negate these apparent pH effects, the solu- 
tions were infused several seconds (5-60 sec.) prior to the administra- 
tion of the bradykinin. This modification was not successful, and 
the use of cystine was abandoned. 


Bradykinin was able to  elicit a consistent stirnulatory response 
on the rat ileum. However, none of the thiol compounds that were 
able to potentiate the effect of bradykinin on the rat blood pressure 
were capable of potentiating the stirnulatory action of bradykinin 
on  the ileum. Rats of various weights were tried and the effects of 
fasting and nonfasting were also studied. These variables did not 
alter the effect of the thiols that were observed t o  be active in the 
in vico part of this investigation (Fig. 2, bottom). 


To re-evaluate the authors' method, the procedure of Cirstea 
was used on the guinea pig ileum (13). This investigator had been 


mm 


---YY 4Q- 
T2 B, 80- - 


607.-, . ,  ., ?------hrn -?,A,,d7-.T.7 i l l . l  1 - -  , 


Figure l--Eflect of 2-propanethiol and bradykiniiz on rat blood pres- 
sure. Key: S = saliire, 0.25 ml. TI = 2-propanethio1, 0.25 ml. (76 
mcg.): T: = 2-proputiethiol, 0.20 ml. (60.8 mcg.); BL = bradykinin, 
0.10 incg.: %: = bradykinin, 0.15 mcg.; time intercal = 5 sec.; 
iirtercrtl herween drug adtniiiistmtion = 3 miti. 


previously successful in potentiating the stimulant action of brady- 
kinin with various thiol compounds, including cysteine, in that 
animal. Fasted albino guinea pigs weighing approximately 300 g. 
were used. These animals were sacrificed by cervical dislocation 
and several pieces of ileum were removed, each 2-3 cm. in length. 
The strips were suspended in the tissue bath in atropinized (0.1 
mg./l.) Tyrode's solution and allowed to  equilibrate. The tempera- 
ture of the bath was 35 & 1 '. The same time sequence was followed 
for drug addition as utilized in the rat ileum experiments. 


It can be observed (Fig. 2, top) that 2-mercaptoethylamine was 
able to  potentiate the action of the bradykinin on the guinea pig 
ileum. A similar response was obtained with cysteine. Interestingly, 
2-propanethiol did not potentiate the action of bradykinin on the 


P 


jCM f" 
Figure 2-Top: effect of bradyhinin and 2-mercaptoethylamine oti 
guinea pig ileum. Bottom: efect of bradykinin arid 2-mercapto- 
ethylamine on rut ileum. Key: B = bradykiniti, 0.5 mcg.; T = 2- 
mercuptoethylamine, 0.25 ml. (3.08 mcg.); time interval = 5 sec.: 
interval bet ween drng administration = 5 min. 
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Table VI-Potentiation of Bradykinin by 2-Propanethiol on the Blood Pressure of the Male Rat 
- 


Bradykinin 
Control Test Agent with Mimicking 
before Test Bradykinin Control Dose of 


Pressure Change Bradykinin, -Pressure Change- Rat  Test Agent, -Pressureiz Change- Agent, 
No. mcg. mm. Hg 25 ml. mm. Hg  z mcg. mm. Hg  z 


0.100 103- 85 17 .5  0.20 102- 75 26 .5  0.150 105- 77 26.7 1 
0.100 112- 97 13.4 0.20 112- 79 29.5 0.150 120- 85 29.2 2 
0.100 95- 85 10.5 0 .20  94- 68 27 .7  0.150 98- 70 28.6 3 


107- 89 16.8 112- 78 30 .4  110- 74 31 .7  
4 0.050 102- 92 9 .8  0.20 105- 89 15 .2  0.075 102- 86 15.7 


96- 86 10.4 127-1 08 15.0 132-114 13.6 
5 0.100 100- 91 9 . 0  0 .20  105- 92 12 .4  0.150 108- 93 13.9 


109- 100 8 . 3  113- 97 14 .2  112- 95 15 .2  
6 0.100 100- 86 14.0 0 .20  102- 79 22.6 0.150 99- 76 23.2 


102- 88 13.7 98- 80 18 .4  98- 80 18.4 
- 


Change in mean blood pressure. b Percent decrease in mean blood pressure. 


guinea pig ileum, even though it was active in the rat blood pressure 
experiments. 


DISCUSSION 


The results obtained on the rat blood pressure are qualitatively 
similar to  those of other investigators who potentiated the effect of 
bradykinin on the guinea pig blood pressure with thiol compounds 
(12, 13). The response of the guinea pig ileum also tended to  con- 
firm the observations of Cirstea, Rocha e Silva, and Ferreira (11, 
13). This potentiation could well be attributed to  the inactivation 
of a metallo-enzyme responsible for the destruction of bradykinin; 
however, if this is true, then it is unlikely that the same mechanism 
of inactivation exists in the in Ljirro Sprague-Dawley (Huntington 
Farms) rat ileum, as evidenced by the lack of thiol potentiation of 
the stimulating action of bradykinin on this system. 


The only exception encountered with thiol potentiation of brady- 
kinin’s stimulant action on the guinea pig ileum was in the case of 
2-propanethiol. This could be interpreted on the basis of the chelat- 
ing potency of the three thiols used. Cysteine and 2-mercapto- 
ethylamine have as functional groups both a thiol and an amine, 
2-propanethiol possesses only a thiol. The amine function of 
cysteine and 2-mercaptoethylamine will enhance their chelating 
ability and hence account for the observed potentiation. However, 
2-propanethiol was found to be as effective as cysteine and 2- 


mercaptoetliylamine in their potentiation of the it? Ljiuo rat blood 
pressure. 


In addition to a metallo-enzyme mechanism of bradykinin’s 
inactivation, other mechanisms must then exist to  explain the 
inability of cysteine, 2-mercaptoethylamine, and 2-propanethiol to  
potentiate the stimulatory action of bradykinin on the Sprague- 
Dawley (Huntington Farms) rat ileum. The carboxypeptidase B-type 
enzymes may not be the main method of degredation of bradykinin 
in this rat ileum, and other enzyme systems may be more important 
in this tissue, such as aminopeptidase, prolidase, or chymotrypsin 
(1, 17, 18). In support of this suggestion, Feinstein and Ballin 
(19) investigated the distribution of carboxypeptidase A and B in 
the Sprague Dawley rat and found those enzymes to  be ubiqui- 
tously distributed in this animal, including the intestinal tract. 


Cirstea suggested in his paper ( 1  3) that thiol compounds(thio- 
glycolic acid and cysteine) may cause an increase in the amount of 
bradykinin receptors “following the rupture of disulfide bridges 
and the reversible denaturatior? of the tissue proteins.” The results 
obtained in the present investigation would tend not to  support this 
hypothesis on two counts: 


1. The rat ileum failed to  respond to  a known potentiating 
agent (cysteine) and other agents that were found to  be effective on 
the rat’s in Ljico blood pressure (2-mercaptoethylamine and 2- 
propanethiol). 


2. 2-Propaiiethiol could not potentiate the action of bradykinin 
on the guinea pig ileum. 


Table VII-Action of Methionine on Bradykinin’s Effect on  the Blood Pressure of the )Male Rat 


0.100 


0.100 


a. 20 


0.20 


Bradykinin Control Pressure” Test Test Agent with Bradykinin 
Rat before Test Agent, -----Change------- Agent, Control Pressure Change 
No. mcg. mm. Hg  %b ml. mm. Hg  z 
1 0.100 105-90 14.3 0 .20  97-83 14.4 


102-90 11.8 90-80 1 1 . 1  
105-88 16.2 104-90 13.5 
I 10-95 13.6 106-90 15.1 
88-65 26.1 85-61 28.2 
86-68 20.9 85-68 20 .0  
86-68 20 .9  78-62 20.5 
91-72 20 .9  100-80 20 .0  
86-74 14 .0  86-76 11.6 
86-70 18 .6  85-68 20 .0  
94-78 17 .0  85-68 20.0 
95-78 17.9 96-77 19 .8  


4 0.100 93-85 8 . 6  0 .25  75-70 6 . 7  
82-75 8 . 5  88-80 9 . 1  
89-82 7 .9  96-85 11 .5  


5 0.100 88-76 13.6 0 .20  88-74 15.9 
95-76 20.0 95-75 21.1 


101-79 21.8 101-77 23.8 
6 0.100 105-78 25.7 0.20 103-73 29. I 


1 1 6 8 5  22.7 1 15-98 14 .8  
~ 


Change in mean blood pressure. b Percent decrease in mean blood pressure. 
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AMethionine was found to be ineffective as a potentiating agent for 
bradykinin in the rat blood pressure experiments. This amino 
acid differs from the cysteine used, in not having a free sulfhydryl 
group present, which indicates that the -SH group is necessary if 
the compound is to be effective as a potentiator of bradykinin. 


SUMMARY AND CONCLUSIONS 


1. Cysteine, 2-propanethiol and 2-mercaptoethylamine were 
found to potentiate the action of bradykinin on the rat blood pres- 
sure to varying degrees. 


2. Increased doses of bradykiniii were chosen to  mimic the 
depression of the thiol-potentiated decrease of the rat blood pres- 
sure. 


3. The same.ihiols were found to be ineffective on the in uifro rat 
ileum. 


4. The use of cystine was abandoned when it was found that the 
acid or base needed for its dissolution would cause a depressor 
response on the rat blood pressure. 


5. Experiments on guinea pig ileum were performed to confirm 
the experimental procedure, and it was found that cysteine and 2- 
iiiercaptoethylamine were capable of potentiating the stimulating 
action of bradykinin. 2-Propanethiol was still found to be inef- 
fec t ive. 


6.  The results of this investigation tend to support the hypothesis 
that a carboxypeptidase B-type enzyme may play a major role in 
terminating the action of bradykinin on rat blood pressure and 
guinea pig ileum; but in the rat ileum, this does not rule out the 
involvement of other enzyme systems, such as aminopeptidase, 
prolidase, or chymotrypsin. 


7. The inability of 2-propanethiol to potentiate the effect of 
bradykinin on the guinea pig ileum may be due to a lack of an 
a m i x  group, which reduces its ability t o  chelate the zinc in the 
active center of the carboxypeptidase. 
8. Methionine was found to be ineffective as a potentiator of the 


effects of bradykinin; this is probably due to the nonavailability of 
the sulfur group for chelation of zinc. 
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ileum was still responsive to initial injections of nicotine, 
choline, carbachol, and TMA. However, responses to 
the maximum doses of these agents gradually decreased; 
after repeated injections of maximum doses, the re- 
sponses disappeared or were markedly reduced whereas 
the responses to ACh were not altered. It is important, 
therefore, to deplete the minute amount of endogenous 
ACh in the nerve tissue of the cooled ileum with ACh 
releasers before the bioassay is performed. The tech- 
nique has been used to determine ACh released from 
synaptic vesicles by some cholinergic agents (6). 


(1) C. Y .  Chiou and J. P. Long, Proc. SOC. Exptl. Biol. Med., to 
be published Nov. (1969). 


(2) M. Day and J. R. Vane, Brit. J .  Pharmacol., 20, 15q1963). 
(3) R. L. Volle, Phurmacol. Reu., 18, 839(1966). 
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Investigation 
Blockade and 


of Adrenergic Beta-Receptor 
Mescaline-Induced Bradycardia 


Keyphrases 0 Mescaline-induced bradycardia-adrenergic block- 
ade effect 0 Isoproterenol activity-mescaline effect 0 Ethyl- 
norepinephrine activity-mescaline effect 


Sir: 


Mescaline-induced bradycardia was first observed in 
frogs and cats by Grace in 1934 (1). This activity was 
not affected by vagotomy or by pretreatment with 
atropine in either in vitro or in vivo preparations. In 
1955 Speck reported mescaline-induced bradycardia in 
rats, and suggested a possible mescaline competition 
for epinephrine receptors (2). Recently, in the course 
of studies concerned with the design and standardization 
of an autonomic-cardiovascular screen in dogs, mes- 
caline-induced bradycardia was documented again (3). 
As shown in Table I, bradycardia was seen in the dosage 
range of 6.4-25.6 mg./kg. Dramatic changes in heart 
rate and pressor response to serial intravenous 1- 
epinephrine challenge injections were also documented 
with dosages as low as 0.4 mg./kg. The decrease in the 
epinephrine challenge heart rate suggested that the rest- 
ing bradycardia might be due to  adrenergic beta- 
receptor blockade. The increased epinephrine pressor 
response also seemed to imply this through restricted 
adrenergic alpha-receptor-induced vasoconstriction. 
This postulation is supported by the report that another 
hallucinogen, lysergic acid diethylamide, possesses 
adrenergic beta-receptor-blocking activity in rabbits 
(4). In the present study, mescalinel was tested for 
adrenergic beta-blocking activity using specialized, 
qualitative in uitro and in vivo testing procedures. 


1 Mescaline HCI (lot D3303) was obtained from Mann Research 
Laboratories, Inc., New York, N. Y. All text references are expressed 
in terms of the salt. 


( 5 )  J. H. Gaddum, Brit. J .  Pharmacol., 8, 321(1953). 
(6) C. Y. Chiou, J. P. Long, R. F. Potrepka. and J. L. Spratt, 


to be published (1969). 
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Table I-Effects of Cumulative Intravenous Mescaline on the 
Resting Heart Rate and Epinephrine Challenge in an Intact 
Urethan-Anesthetized Dog 


Mean Percent Change from 
---Pre-Mescaline Control Cyclesu -- 
Resting Epinephrine Epinephrine 


Cumulative Dosage, Heart Heart Pressor 
mg./kg. Rate Rate Response 


0.1-0.2 - 1  - 18 -6 
0.4-3.2 0 - 36 + 56 


- 26* - 52 +97 6.4-25.6 
- 38 +98 51.2 (lethal) - 


During the control cycles (3), the mean stabilized pre-mescaline 
heart rate was 154/min. The mean pre-mescaline pressor response to a 
standardized injection of 4 mcg./kg. of epinephrine was a 44-mm. H g  
elevation from the resting level of 134 mm. Hg. The heart rate slowed 
to 116/min. durnig the peak of the pressor response. The dog was not 
vagotomized. A similar degree of bradycardia was induced by cumu- 
lative intravenous dosages of 0.08-1.28 mg./kg. of propranolol in a 
similar dog preparation. 


The specific in vitro procedure of Levy and Tozzi 
( 5 )  was used in which beta blocking agents are known 
to antagonize isoproterenol-induced relaxation of the 
spontaneously contracting rat uterus. The perfusate was 
Locke's solution, aerated with 9 5 x  O2 and 5 %  COZ 
at 37.5'. Mescaline showed no isoprotereno12 antag- 
onism at tenfold increments between 0.005-5.0-mcg./ml. 
bath concentrations (Fig. 1). The 5.0-mcg./ml. mescaline 
bath concentration produced significant increases in 
uterine contraction rate and contracture without truly 
antagonizing isoproterenol (Fig. 1). These results, 
which were confirmed in another tissue preparation, 
indicated that mescaline, itself, does not possess adren- 
ergic beta-blocking activity at concentrations without 
intrinsic activity. Propranolo13 served as a standard 
reference beta blocker and was shown to be effective 
at bath concentrations of 0.1 mcg./ml. in antagonizing 


2The HCI salt was obtained from the Special Chemicals Dept., 
Winthroo Laboratories. New York. N. Y. All text references are in 
terms oflthe salt (5). ' 


Aysrst Laboratories, New York, N. Y. 
3 Propranolol (Inderal) was kindly supplied by the Medical Dept., 
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Figure 1-Effects of mescaline (MS)  on isoproterenol (IP) blockade 
of spontaneous contractions of the rat uterus. Key: Left, 0.5 mcg./ml. 
bath concentration of MS versus 0.001 mcg./ml. of IP; Right, 5.0 
mcg./ml. of MS versus 0.001 mcg./ml. of IP; tissue washings( W). 
Time markings: I min. 


Table 11-Effects of Cumulative Intravenous Propranolol and 
Mescaline on the Resting Heart Rate and Isoproterenol and 
Ethylnorepinephrine Challenges in Intact Urethan- 
Anesthetized Dogs 


Mean Percent Change from 
--Pre-Drug Control Cycles-- 


Cumulative Resting Isopro- norepinephrine 
Ethyl- 


Dosage, Heart terenol De- 
Compound mg./kg. Rate Depressor pressor Pressor 


Propranolol 0.005-0.160a -14 -43 -51 - 
+3  Propranolol 0.320-2.560 - 28 -99 - 


Mescaline 0.10-3.200 - 1 1  +6 +29 - 
Mescaline 6.40-12.8 -21 +2 +38 - 
Mescaline 25.6 (lethal) - - - - 


a During the pre-propranolol control cycles, the mean stabilized heart 
rate was 136/min. The pre-propranolol mean depressor response to a 
standardized injection of 4 mcg./kg. of isoproterenol intravenously was 
a 23-mm. Hg fall and to 50 mcg./kg. of ethylnorepinephrine a 16-mm. 
Hg fall. * During the pre-mescaline control cycles in the second dog, 
the mean stabilized heart rate was lgO/min. The pre-mescaline mean 
depressor response to a standardized intravenous injection of 4 mcg./kg. 
of isoproterenol was a 49-mm. Hg fall and to 25 mcg./kg. of ethyl- 
norepinephrine a 33-mm. Hg fall. 


the uterine relaxant activity of isoproterenol without 
having any intrinsic activity of its own (Fig. 2). 


The in vivo cardiovascular test of  Levy and Ahlquist 
(6) was then used in order to test the possibility of 
beta blockade by mescaline through its conversion into 
a pharmacologically active metabolite. In this test, 
adrenergic beta-blocking agents have been shown to 
produce a loss and reversal of the blood pressure de- 
pressor responses of dogs to isoproterenol and ethyl- 
norepinephrine2 challenges, respectively. As shown in 
Table IT, a characteristic propranolol-induced brady- 


Figure 2-Propranolol antagonism of isoproterenol blockade of spon- 
taneous contractions of the rat uterus. Key: 0.1 mcg./ml. bath 
concentration of propranolol (PR) versus 0.01 mcg./ml. of isopro- 
terenol (IP); tissue washings ( W). Time markings: 1 min. Typical 
isoproterenol controls are not shown here, but were documented both 
before propranolol incubation and after propranolol had been washed 
from the tissue (5). 


cardia was demonstrated along with a loss of the iso- 
proterenol depressor responses and a small, but definite, 
reversal of the ethylnorepinephrine depressor responses. 
Mescaline-induced bradycardia was confirmed (Table 
II), but this activity did not involve either isoproterenol 
antagonism or ethylnorepinephrine reversal. 


On the basis of these results it is concluded that the 
bradycardia produced by mescaline (in vitro and in 
vivo testing) or its metabolites (in vivo testing) is not 
due to  simple adrenergic beta-receptor blockade. 


(1) G. S. Grace, J. Pharmacol. Exptl. Therap., 50, 359(1934). 
(2) L. B. Speck, ibid., 119, 78(1957). 
(3) J. J. P. Morton and M. H. Malone, Lloydia, 30, 269(1967). 
(4) L. Goldstein, Federation Proc., 21, 337(1962). 
(5)  B. Levy and S .  Tozzi, J.  Pharmacol. Exptl. Therap., 142, 178 


(6) B. Levy and R. P. Ahlquist, ibid., 133,202(1960). 
(1 963). 
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Interference by Surface-Active Agents with the 4-Aminoantipyrine 
Determination of Hexachlorophene and Other Phenols 


K. F. BROWN*, D. E. GUTTMANt, and A. S. ANDERSON 


Abstract 0 The colorimetric method for the estimation of phenols 
which is based on oxidative condensation with 4-aminoantipyrine 
(4-AAP) yielded erroneous results when performed in the presence 
of nonionic surfactants and related materials. For example, solu- 
tions of hexachlorophene gave greatly diminished responses when 
the color-forming reaction was conducted in the presence of Brij 
30, Brij 35, Pluronic F108, PEG 6o00, and bovine serum albumin. 
This effect appeared to result from the binding of hexachlorophene. 
Apparently only free hexachlorophene was capable of reaction. 
In contrast, solutions of o-chlorophenol yielded significantly 
higher absorbance values in the presence of Brij 35 than in its 
absence. This was shown to result from an effect on the spectrum 
of the condensation product caused by the presence of surfactant. 
The spectral effect was observed with a number of phenolic com- 
pounds. Only p-substituted phenols, however, were found to exhibit 
significantly reduced reactivities with 4-AAP in the presence of sur- 
factant. The specificity of reaction inhibition by surfactants per- 
mitted a determination of phenol in the presence of hexachloro- 
phene. 


Keyphrases Hexachlorophene, phenols analysis-4-aminoanti- 
pyrine method 0 Surfactants, interference-hexachlorophene, 
phenols analysis 0 Structure effect-phenol-dye interaction 0 
Colorimetric analysis-spectrophotometer 


The colorimetric reaction between phenols and 4- 
aminoantipyrine (4-APP) was first described by Emerson 
et al. (1-4). The reaction involves the oxidative con- 
densation of phenols with 4-AAP, in basic solution, to 
produce intensely colored pyrazolone dyes. The general 
reaction can be written (Scheme I): 


H 


/ H C  1 


0 
Scheme I 


Emerson (2) recommended that potassium ferricya- 
nide be used as the oxidant. However, Ochynski (5) 
found that potassium persulfate was also suitable. 
Reaction conditions must be sufficiently basic to  prevent 
the formation of antipyrine red, a dye formed from the 
oxidation of AAP by potassium ferricyanide at pH 
values below 8.5 (6). Absorption maxima for reaction 
products formed with most phenols are reported to be 
between 460-600 mp (6-8,19,20). 


Emerson and Beegle (3) outlined the structural re- 
quirements which are prerequisite for a positive 4-AAP 
test. In general, phenols which are unsubstituted in the 
para position or those which are substituted in thepara 
position with halogen, hydroxyl, sulfonic acid, or carbox- 
ylic acid groups give a positive reaction. It was theo- 
rized that the para substituents are expelled in the reac- 
tion. Para substitution by alkyl, aryl, nitro, or aldehyde 
groups blocks the reaction, although Gottlieb and 
Marsh (8) pointed out some exceptions to these empiri- 
cal rules. 


A number of reports have appeared in the literature 
describing the application of the reaction to  the quanti- 
tative estimation of phenols (5-21). These include a 
number of extensive reviews of methodology (6,7,9,21). 
Assay methods based on the reaction are claimed to 
possess specificity, sensitivity and convenience. 


The 4-AAP method has been applied to  the estima- 
tion of hexachlorophene in a variety of products (7, 
22-24). However, there have been reports that the 
method gave unreliable results for the analysis of 
hexachlorophene in the presence of soaps (26-28). The 
present investigation was prompted by an observation, 
by one of the authors (A.S.A.), that the 4-AAP reaction 
gave strikingly low estimates for hexachlorophene when 
applied to  preparations which contained nonionic sur- 
factants. The rather interesting nature of the inter- 
ference prompted a detailed investigation and, as will be 
seen, the results demonstrate that surfactant binding 
was responsible for the observed effect. 


EXPERIMENTAL 


Materials-Bovine serum albumin, fraction V, B grade (BSA) 
was obtained from Calbiochem Laboratories (lot 801274). Poly- 
ethylene glycol (PEG) 6000 was purchased from Ruger Chemical 
Co., Inc. (lot B777). The nonionic surfactants used were: Brij 
30SP [polyoxyethylene (4) monolauryl ether], Brij 35SP [poly- 
oxyethylene (23) monolauryl ether], obtained from Atlas Chemical 
Industries (lots 8406BB and 1340B, respectively), and Pluronic F108 
(a polymer containing 20% polyoxypropylene and 80 % poly- 
oxyethylene of molecular weight 16000), obtained from Wyandotte 
Chemicals Corp. (lot D-50056-R). Hexachlorophene was re- 
crystallized from chloroform, m.p. 160.5-162.5. Anhydrous sodium 
carbonate, potassium ferricyanide, and phenol were purchased 
from Fisher Scientific Co. 4-Aminoantipyrine, 4-chloro-3-methyl 
phenol, 4-chloro-3,5-dimethyl phenol, o-chlorophenol, p-chloro- 
phenol, 2,4,6-trichlorophenol, m-hydroxybenzoic acid, and p-  
hydroxybenzoic acid were obtained from Eastman Organic Chemi- 
cals. 0-Cresol, m-cresol, m-xylenol, 2,4dichlorophenol, 2,2'- 
methylene bis-(4-chlorophenol) (dichlorophene), 4,4'-isopropylidene 
diphenol, and salicylanilide were purchased from Aldrich Chemical 
Co. With the exception of hexachlorophene, all materials were used 
as received. 


Procedure-Reaction solutions were prepared in glass-stoppered 
test tubes. Suitable concentrations of phenol and (where appro- 
priate) surfactant or related materials were included in the form of 
concentrated stock solutions. All aqueous media were buffered 
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Figure 1-A plot showing the inhibitory effects of various additices 
on the coupling reaction between hexachlorophene and 4-amino- 
antipyrine. Key: A, aqueous buffer; 17 6% PEG 6000; A, 0.02% 
Brij35; 0 0.1 % Pluronic F108. 


with 0.03 % anhydrous sodium carbonate and the solution volume 
was adjusted to 25 ml. with distilled water. The final pH of the 
solution was 10.4. Stock solutions of potassium ferricyanide 
(16%) and 4-aminoantipyrine (2%) were prepared in distilled 
water and stored protected from light. After thorough mixing of 
the reaction solution 0.25 ml. of 4-AAP solution was added and 
after further mixing, 0.25 ml. of potassium ferricyanide solution. 
These reagent volumes were constant throughout the study and 
calculations for the concentrations of the solution components were 
based on a final volume of 25 ml. The reagent concentrations used 
were based on the recommendations of previous authors (7, 8, 
21). 


Equilibrium Dialysis-Hexachlorophene was dialyzed between 
aqueous buffer solutions and buffered solutions of Pluronic F108 
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Figure 2-A plot showing the inhibitory effects of oarious additires 
on the coupling reaction between hexachlorophene and 4-amino- 
antipyrine. Key: A, aqueous buffer; 0, 0.003% Bro 30; 0. 0.02% 
bocine serum albumin. 
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Figure &-A plot showing the influence of surfactant concentration 
on the coupling reaction bet ween hexachlorophene and 4-amino- 
antipyrine. Key: 0% Pluronic F108 with I.4 X hexachloro- 
phene; 0, Brij35 with 1.2 X hexachlorophene. 


at pH 10.4. Dialysis bags were prepared from seamless Visking 
cellulose tubing (Union Carbide Corp.). The tubing was cut into 
22.86-cm. (941-1.) lengths and pretreated by heating at approxi- 
mately 70" for 4 hr. in several changes of distilled water. After 
thorough rinsing with distilled water, each length was double- 
knotted at one end and dried with paper towelling. Twenty-five 
milliliters of buffer solution containing Pluronic F108 and hexa- 
chlorophene was placed in the bags which were then sealed by 
knotting and partially immersed in 50-ml. volumes of aqueous 
buffer, contained in 250-ml., covered conical flasks. The flasks were 
agitated for 12-14 hr. on a reciprocal shaker. Preliminary experi- 
ments demonstrated that equilibration occurred within this time 
period. No apparent leakage of Pluronic F108, from the bags was 
observed. The bags were removed and the contents collected. 
Ten-milliliter samples of both surfactant and aqueous solutions 
were taken and subjected to the dye-forming reaction by treatment 
with 0.1 ml. of 4-AAP stock solution and 0.1 ml. of potassium ferri- 
cyanide stock solution. 


The absorbance of each solution was measured on a Beckman DU 
spectrophotometer equipped with a Gilford photometer and power 
supply. Spectra of the dyes were measured with a Beckman DB 
recording spectrophotometer equipped with a Sargent model SR 
recorder. All spectral measurements were made using an appropri- 
ate reference solution. 


RESULTS AND DISCUSSION 


Figures 1 and 2 summarize the results obtained when various 
hexachlorophene-containing systems were treated with CAAP and 
potassium ferricyanide. Here absorbance, determined at a wave- 
length specific for the pyrazolone dye, is plotted as a function of the 
hexachlorophene concentration for an aqueous sodium carbonate 
solution and corresponding solutions containing various nonionic 
surfactants, PEG 6OOO. and bovine serum albumin. It is apparent 
from these data that inclusion of colloidal materials in the reaction 
solution caused a considerable reduction in dye production. Figure 3 
illustrates the effect of varying concentrations of Pluronic F108 
and Brij 35 on the absorbance produced by fixed concentrations of 
hexachlorophene. The data of Figs. 1-3 demonstrate marked inter- 
ference with the dye-forming reaction and indicate that the relative 
magnitude of the interference was dependent on the nature and 
concentration of the additive and on hexachlorophene concentra- 
tion. 


It is important, in order to gain an insight into the mechanism 
of the interference, to note some significant characteristics of the 
reaction between phenols and 4aminoantipyrine. The generation of 
dye in both the presence and absence of additive was extremely 
rapid with maximum and stable absorbance values being attained 
in a matter of seconds following the addition of oxidant. The order 
in which reagents are mixed is an important determinant of the 
amount of dye which is formed (6, 7, 11). Thus, addition of potas- 
sium ferricyanide to solutions of LCAAP in the absence of phenol, 
rapidly and irreversibly oxidizes the 4-AAP. No dye is produced 
with subsequent addition of phenol. Similarly after 4-AAP con- 
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Figure &Spectra of dye formed by the reaction of hexachlorophene 
with 4-aminoantipyrine. Key: A, dye generated in aqueous buffer; 
B, dye generated in aqueous buffer and Pluronic FIOB added, to a 
concentration of OX%, after completion of reaction. 


denses with phenol, the excess CAAP reagent is rapidly destroyed 
and no further color formation occurs with further additions of 
phenol. From a consideration of these facts and the data of Figs. 
1-3 it is proposed that binding of hexachlorophene by the interfering 
materials was responsible for the interference. It is suggested that 
the bound hexachlorophene possessed negligible or greatly dimin- 
ished reactivity and that during the dye-forming reactions, the 
overall rate of release and condensation of bound hexachlorophene 
was slower than the rate of consumption of CAAP by the oxidant. 
Based on this hypothesis, the concentration of hexachlorophene 
indicated by the CAAP method should approximate that free in 
the system. It was thought that equilibrium dialysis experiments 
could conveniently test this possibility and Pluronic F108 was 
chosen as the surfactant for this purpose primarily because of its 
molecular size which can be retained by a cellophane membrane. 


Prior to conducting dialysis experiments, the influence of sur- 
factant on the spectral characteristics of preformed hexachloro- 
phene-4-AAP dye was investigated. Figure 4 illustrates a typical 
result by comparing the spectra of dye in the absence and presence 
of Pluronic F108. It is apparent that the presence of surfactant, 
incorporated after dye formation, resulted in a hypsochromic shift 
with concomitant hyperchromism in the spectrum of the dye. 
These spectral effects are similar to those reported by Becher (29) 
and Martin and Standing (30) which were encountered in a study 
of the association of an azo dye, benzopupurin-4-B. with nonionic 
surfactants. Thus two modes of interference, acting in different 
directions, are operant in hexachlorophene-surfactant systems 
exposed to the CAAP assay: (a)  a decrease in the amount of dye 
generated and (b)  an increase in the absorptivity, at the A,,,., of the 
dye which is formed. Relative to the latter effect, it was found that 


4 A . Q  


IiuFe(CN)‘ 


pH 911 I 
4-AAP oxidation product 


Table I-Comparison of the Concentration of Hexachlorophene 
Involved in Dye Formation, with the Concentrations of Free and 
Bound Hexachlorophene in Solutions Containing Pluronic F108 


Fraction 
of Bound 


Hexac hloro- 
Pluronic phene 


F108 -Hexachlorophene Concentration,- Resulting 
Concentra- % x 1 0 3  in Dye- 


tion. Bound Free Reactivea Formation 


0.1 1.68 0.293 0.432 0.085 
2.66 0.390 0.572 0.069 
3.67 0.480 0.720 0.096 
4.18 0.592 0.800 0.049 
4.82 0.662 0.845 0.038 
5.25 0.800 1 .Ooo 0.038 
5.97 0.845 1.027 0.035 
6.60 0.920 I .  172 0.038 


0.2 I .96 0.140 0.410 0.139 
3.06 0.180 0.515 0.109 
4.07 0.230 0.600 0.091 
4.64 0.300 0.640 0.073 
6.92 0.340 0.775 0.063 
7.51 0.401 0.835 n ow 


a Concentration of hexachlorophene responsible for dye formation in 
surfactant solution. 


Beer’s law was obeyed for systems containing a constant concentra- 
tion of surfactant which was added after dye-formation had oc- 
curred. 


The results of equilibrium dialysis studies are summarized in 
Table I. The concentration of free hexachlorophene was deter- 
mined by assaying the outside, surfactant-free, solution of the 
dialysis system by the CAAP method and interpolating the concen- 
tration of hexachlorophene from a standard curve. The concentra- 
tion of bound hexachlorophene was calculated from a knowledge 
of the total and free concentrations. The concentration of “reactive” 
hexachlorophene was determined by assaying the surfactant-con- 
taining solution inside the dialysis bag by the CAAP method and 
interpolating the concentration from the appropriate standard 
curve. It is evident that the concentration of “reactive” hexachloro- 
phene is somewhat greater than the concentration of free species. 
It is, however, significantly and markedly lower than the total 
concentration of hexachlorophene on the surfactant side of the 
membrane. In fact, as shown by the table, the fraction of bound 
hexachlorophene which resulted in generation of dye was usually 
less than 0.1. It should be noted that another surfactant, Brij 35, 
is much more effective in inhibiting dye formation and can, at a 
sufficiently high concentration, completely inhibit the reaction. It 
would appear that in the Pluronic F108 system, some bound hexa- 
chlorophene was released during the course of the reaction and had 
the opportunity to condense with CAAP in competition with the 
reaction which resulted in oxidative destruction of 4-AAP. 


Based on these observations, Scheme I1 is suggested to explain the 
basis of surfactant interference in the determination of hexachloro- 
phene by the CAAP method. 


A number of other phenols were examined to determine whether 
or not the extent and nature of the interference by surfactants de- 
pended on the structure of the phenolic compound. For each com- 
pound, spectra of three differently prepared systems were deter- 


hexachlorophene-surfactaiit dye-surfactant 


surfact a nT 


+ 
surfactant 


+ 
dye 


K,Fe(C N I,, 
pH 9-11 


+ hexachlorophene - 


Scheme I1 


Vol. 58, No. 11, Nocember I969 0 1395 







Table II-Effect of Brij 35 on Dye Formation and on the Spectral Properties of Dyes Produced by Various Phenols 


Concentra- -Apparent Molar Absorptivity X A,,,., nip---- 
tion, Molecular Aqueous Brij 35 Brij 35 Aqueous Brij 35 Brij 35 


Phenol g./L X lo3 Weight Solutiona (2 %)b ( 2 7 3  Solutiona ( 2 7 3  ( 2 7 3  


500 
506 


Hexachlorophene 8.0 407 29.1 0.00 39.8 507 


4,4'-Isopropylidene 
516 diphenol 8.0 228 19.7 2.57 21.2 532 


o-Chlorophenol 4.0 129 16.8 23.6 23.6 538 516 516 
p-Chlorophenol 4.0 129 11.6 9.19 12.9 531 514 520 


9.38 7.95 14.3 539 515 515 
- 530 530 


2,4-Dichlorophenol 4.0 163 
2,4,6-Trichlorophenol 40.0 197 Unstable 0.86 2.66 
o-Cresol 4.0 108 9.72 11.5 11.7 528 506 506 
m-Cresol 4 .0  108 10.8 14.2 14.2 524 498 498 
m-Xylenol 12.0 122 5.82 5.59 6.20 590 566 566 
p-Chlorometacresol 8 .0  143 10.4 11.1 14.1 528 487 486 
p-Chlormetaxylenol 16.0 157 6.31 4.61 6.79 587 586 584 
m-Hydroxybenzoic acid 4.0 138 8.56 10.7 10.9 553 553 553 
p-Hydroxybenzoic acid 4.0 138 15.9 17.6 17.6 532 515 515 
Salicylamide 4.0 21 3 18.7 30.5 32.5 544 536 536 
Phenol 3 .2  94 13.5 14.8 14.8 530 518 514 


- 
_- Dichlorophene 8 .0  269 13.4 0.84 20.7 534 


- 


Q No surfactant added. b Brij 35 included in the reaction mixture. c Brij 35 added to a solution of the preformed dye. 


mined and compared; A ,  the dye was generated in aqueous carbon- 
ate buffer; B, the dye was generated in aqueous carbonate buffer 
containing 2% Brij 35; and C, the dye was generated in aqueous 
carbonate buffer to which was added, after dye formation, sufficient 
Brij 35 to yield a 2% solution. Thus, comparison of Spectra A and C 
provides a measure of the influence of surfactant on the spectral 
characteristics of the dye, while a comparison of Spectra B and C 
provides an indication as to whether surfactant influenced the 
reactivity of the phenolic compound in the condensation reaction. 


Typical results are represented by spectra for o-chlorophenol and 
p-chlorophenol which are shown in Fig. 5. It is seen that the B and 
C systems for the ortho compound yielded coincident spectra 
demonstrating that inclusion of surfactant in the reaction solution 
caused no inhibition of dye formation. A comparison of these 
spectra with those of System A ,  however, shows that the presence 
of surfactant caused a hypsochromic shift with concomitant marked 
hyperchromism. Spectra for the para compound show a somewhat 
different pattern. Neither the shift nor the hyperchromism was as 
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marked. There were, however, large differences in the relative 
absorbances produced by Systems B and C indicating that some 
inhibition of dye formation occurred. Table I1 summarizes spectral 
data obtained, in the previously described manner, for a variety of 
phenols. It is interesting to note that while the presence of sur- 
factant affected, to a greater or lesser degree, the spectral charac- 
teristics of dyes formed from all of the phenols, reactivity in the 
condensation reaction was reduced in only a few instances. This 
may be interpreted to  mean that some phenols are less strongly 
bound to surfactant than others and that the rate of release from 
surfactant association is faster. Alternatively, the differences 
can be explained on the basis of intrinsic reactivity in the 
dye-forming reaction, i.e., some phenols react so rapidly with 
4-AAP that a slowing of reaction rate due to a reduction in 
reactant concentration does not result in a detectable reduction 
in the yield of dye. However, with others the rate of reaction 
is somewhat slower so that a decrease in readily available reactant 
slows the reaction to such an extent that dye-formation no longer 
competes as effectively with the oxidative side reaction for 4-AAP. 
The data of Table I1 offer some support to the latter possibility 
in that those phenols which produced decreased yields of dye in the 
presence of surfactant are substituted in the position para to the 
hydroxyl group. Emerson and Beegle (3) proposed that para 
substituents must be expelled in order for condensation to occur and 
it seems likely, therefore, that the intrinsic reactivity of phenolic 
compounds in the dye-forming reaction depends on the ease of 
expulsion of the p-substituent.' Thus, Brij 35 inhibited dye forma- 
tion with all of the p-chloro compounds but not with phenols which 
were unsubstituted in the para position. It is notable that surfactant 
inhibition was not detected with p-hydroxybenzoic acid and sug- 
gests, perhaps, that in this reaction mechanism the carboxyl group 
is a more effective leaving group than chlorine. 


Previous authors (31) have studied the effect of the nonionic 
surfactant Triton XlOO [polyoxyethylene(9-5)diisobutylphenyl 
ehter] on the kinetics of dye formation from the oxidative coupling 
of 4-chloro-1-naphthol with 3-methyl-4-amino-N,N-diethylaniline. 
In this system the coupling reaction also involved elimination of the 
p-chloro group from the coupler (32). It was found that 2.5% of the 
surfactant caused a two-fold reduction in the rate constant for the 
reaction. In this system, however, dye formation was not antag- 
onized significantly by a competitive side reaction. 


The marked increase in molar absorptivity of dye caused by the 
presence of surfactant is of interest and suggests that, for some 
compounds, incorporation of surfactant in the reaction mixture 


"." 
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WAVELENGTH. mu. . -  _ _ ~  - 
1 The reviewer kindly brought to the authors' attention the publica- 


tion of K. H. Muller. B. Christ. and M. Schneider. Arch. Pharm.. 293. Figure 5-Spectra of dyes formed by the reaction of  4-amiiloanti- . -  
pyiine wit11 &h[orophenol -, and p-chlorophenol 1 - -. Key: A, 
dye formed in aqueous buffer; B, dye formed ill buffer con- 
taining 2% Brg 35; C ,  dye formed in agueous buffer and Brg 35 
added, to a concentration of 2%, after completion of reaction. 


567( 1960). These authors presented evidence to' indicate that' with 
p-substituted phenols, dye formation can occur by o-condensatlon. 
This suggests an alternative explanation of the observed differences: 
that dye-formation involving o-condensation normally proceeds at a 
slower rate than that involving p-condensation. 
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Table 111-Estimation of Mixtures of Phenol and Hexachlorophene 
by the 4-AAP Reaction Using 2 % Brij 35 


Phenol Concentration, Hexachlorophene Concentra- 
tion, % X lo3 % x 103 


Added Recovered Added Recovered 


0.0 2.0 4.0 6.0 8.0 
PHENOL CONCN. ~ 1 0 4 %  


Figure 6-A plot illustrating the basis for a differential assay for 
phenol and hexachlorophene. Key: A, a Beer’s law plot for phenol in 
the presence of 2% Brij 35 and 4 X IU-4z hexachlorophene (0) 
and 8 X IU-4z hexachlorophene (0); B, the phenol concentration 
was maintained constant at 0. I 6  X 1U-4% and the hexachlorophene 
concentration was varied as indicated by the upper abscissa Dalues. 


might be usefully employed to increase the sensitivity of’ assays 
using the CAAP method. For example the addition of 2% Brij 
35 to dye produced by salicylamide (Table 11) causes an apparent 
increase of 7 4 z  in molar absorptivity. This almost doubles the 
assay sensitivity. 


It may be seen from Table I1 that while the reaction of hexa- 
chlorophene was completely quenched by the presence of Brij 30, 
the reactivity of phenol was not affected by the surfactant. This 
suggests the possibility of using this system to estimate phenol in 
the presence of hexachlorophene. Preliminary studies to this end are 
summarized in Fig. 6 where absorbance data for phenol in phenol- 
hexachlorophene systems are plotted. Curve A represents a Beer’s 
law plot for phenol in the presence of 2% Brij 35 and two concentra- 
tions of hexachlorophene. The linearity of this plot suggests that the 
absorbance due to phenol was not influenced by the hexachloro- 
phene. Curve B represents the absorbances of solutions containing a 
single small concentration of phenol and a wide range of hexachloro- 
phene concentration. These data indicate that dye formation was 
due only to the concentration of phenol and that hexachlorophene 
made a negligible contribution to the absorbance. If the absorbance 
produced by reacting a mixture of the two phenols is determined 
first in the presence of surfactant, added after dye generation, and 
then in solutions in which the surfactant was included in the reac- 
tion mixture it may be possible to estimate both substances simul- 
taneously. The absorbance value of the first system represents the 
sum of contributions by each compound. The second value repre- 
sents phenol only, while the difference between the two measure- 
ments is directly related to the hexachlorophene concentration. 
The concentration of each component may be obtained by refer- 
ence to the appropriate Beer’s law plot. 


Table I11 compares results for such determinations. In general 
good recoveries were obtained for phenol. However, the recoveries 
for hexachlorophene tended to be low. The low recoveries of hexa- 
chlorophene may have resulted from non-adherence of the systems 
to Beer’s law because of the relatively high total phenol concentra- 
tions encountered in the study. 
In spite of the fact that the extent to which surfactants interfere 


with the 4AAP reaction is not necessarily a quantitative measure 
of binding behavior, some qualitative insights concerning the bind- 
ing of hexachlorophene can be interpolated from Figs. 1 and 2. 


0.160 0. I58 0.200 0.200 
0.160 0.160 0.800 0.740 
0.160 0. I60 0.200 0.198 
0.160 0.160 0.400 0.385 
0.160 0.160 0.600 0.565 
0.080 0.085 0. 100 0. loo 
0.320 0.325 0.200 0.190 
0.080 0.087 0.400 0.387 
0.320 0.325 0.400 0.350 
0.800 0.087 0.600 0.525 


It is apparent, for example, that bovine serum albumin (BSA) 
strongly binds hexachlorophene since no dye-formation occurred 
until a critical concentration of hexachlorophene was present in the 
system. The shape of the BSA curve strongly suggests that this 
concentration was almost sufficient to saturate binding sites on the 
protein. PEG 6000 was found to be a relatively weak inhibitor 
and indicates that interaction between the phenol and polyoxy- 
ethylene chains was not primarily responsible for the binding 
indicated by this experimental method. Micellar solubilization is 
probably the mechanisms giving rise to the marked effects observed 
with Brij 30, Brij 35, and Pluronic F108. The former compounds 
were significantly more potent in their inhibitory action than the 
latter and might reflect a lower CMC and/or the generation of 
micelles better able to incorporate the hexachlorophene. It is in- 
teresting to note that the curves characterizing the behavior of the 
Biij compounds indicate saturable binding whereas those for PEG 
6000 and Pluronic F108 indicate a cooperative effect where initial 
binding appears to promote subsequent binding. 
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New 1,2,4(H)-Triazole Derivatives as Diuretic Agents 


M. H. SHAH, M. Y. MHASALKAR, V. M. PATKI, C. V. DELIWALA", and U. K. SHETH 


Abstract 0 Sixty-three new 1,2,4(H)-triazole derivatives have been 
prepared and their diuretic activity studied in rats. Sequential 
screening showed 14 compounds possessing significant diuretic 
activity. 3-Phenyl-4-allyl-5-mercapto-l,2,4(H)-triazole and 3-0- 
chlorophenyl-4-allyl-5-mercapto-1,2,4(H)-triazole were the most 
potent compounds in the present series. 


Keyphrases 0 Diuretic activity-l,2,4(H)-triazole derivatives 0 
Mercapto-triazoles-synthesis 0 Structure-activity relationship- 
triazole rings 


In a previous communication (I), the authors reported 
the diuretic activity of some 1,2,4(H)-triazoles (I). 
Recently, Yale and Piala (2) have also reported the 
diuretic properties of some s-triazole derivatives 
amongst which 3-(p-aminophenyl)-s-triazole-5-thiol (I, 
R = p-NH2-C6H4 and R'  = H) has been claimed to 
possess good diuretic activity. In view of these interest- 
ing results the work has now been extended to some 
more 3,4-disubstituted-5-mercapto-1,2,4(H)-triazoles. 


I 
R' 


I 


The mercapto-triazoles were synthesized from the 
corresponding thiosemicarbazides by cyclization with 
sodium hydroxide or sodium carbonate. Some triazole 
derivatives were obtained directly in one step from acid 
hydrazides and the isothiocyanates by heating in ex- 
cess alkali. When this reaction was carried out at room 
temperature, it proceeded only as far as the formation 
of the 1,4-disubstituted thiosemicarbazides. 


The list of triazoles prepared, their melting points, 
yields, analytical data, and diuretic activity are given 
in Table I. 


The requisite thiosemicarbazides were obtained by 


the reaction of acid hydrazides and isothiocyanates by 
literature methods. The new thiosemicarbazides are 
listed in Table I1 along with their melting points and 
analytical data. 


Since many sulfamoyl compounds are being used 
clinically as potent diuretics, the conversion of some of 
the 5-mercapto- 1,2,4(H)-triazoles into the corresponding 
5-sulfamoyl derivatives was attempted by the usual 
oxidative chlorination followed by the action of am- 
monia ( 3 ,  4). The 5-sulfamoyl derivatives were obtained 
in two cases while in some other instances the desired 
compounds could not be isolated due to extensive de- 
composition. Moreover, the two sulfamoyl derivatives 
thus obtained showed activity of lower order than the 
parent mercapto compounds, CJ Yale and Piala (2), 
hence the preparation of other sulfamoyl derivatives 
was not pursued. 


PHARMACOLOGY 


All the 3,4disubstituted-5-mercapto- 1,2,4triazoles were screened 
for the diuretic properties in rats at their optimal responsive dose 
levels by the sequential method of Modi et at. (5).  


Method-Albino rats (male) weighing about 18G200 g. were 
taken in groups of four in each cage per test dose. Prior to the ex- 
periment the rats were allowed food and water ad libitum. During 
the experiment each group of four animals was housed in an im- 
proved metabolism cage described by klodi et al(6) .  One group was 
used as untreated control and received orally the vehicle only. 
consisting of 0.5 ml. of 2% starch solution. Another group re- 
ceived hydrochlorothiazide (2.5 mg./kg.) as reference compound. 
suspended in the vehicle. The other groups received the various 
test compounds in the same vehicle. The urine was collected for 24 
hr. If the total volume of urine in Cage I exceeded 19.3 ml., the 
compound was considered active and if below 3.7 ml., inactive. 
However, if the volume was in between these two values, a further 
evaluation with another cage of four rats was made. If the total 
volume of urine in Cages I plus I1 exceeded 30.8 ml. the compound 
was considered active but if less than 15.2 ml. it was considered 
inactive. In case the volume was again between the two limits a 
third cage was taken and similarly a fourth one if necessary as per 
criteria in Table 111. 


The compounds that did not meet activity criteria in the fourth 
cage experiment were given up as not sufficiently active. 


Among the compounds with acceptable activity, those which 
produced urinary volumes more than 125 of controls were selected 
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Sequential Polypeptides: Synthesis of N-Protected, C-Activated 
Peptides from C-Terminal Residues of Amino Acids 


A. KAPOOR and L. W. GERENCSER 


-~ 


Abstract A modified mixed anhydride method is reported from 
which satisfactory yields are obtained by the coupling of N-car- 
bobenzoxy amino acids with di- and tripeptide pentachlorophenyl 
active ester hydrochlorides. This method provides a convenient 
approach which limits the degree of racemization during the syn- 
thesis of N-protected, C-activated peptide units used for the prep- 
aration of sequential polypeptides. 


Keyphrases Polypeptides, sequential-synthesis IJ N-Carbo- 
benzoxy amino acids, coupling-di- and tripeptide pentachloro- 
phenyl active ester hydrochlorides 0 IR spectrophotometry- 
structure 


Pentachlorophenyl esters, which are among the 
most active esters (I), have been successfully used in 
the synthesis of peptides and polypeptides with a 
known sequence of amino acids (2, 3). Polymerization 
of amino acid sequences, simulating the active site of 
enzymes, leads to model compounds which are useful 
for comparative biological studies with the parent 
enzymes. In addition, high molecular weight poly- 
peptides with known repeating sequences of amino acids 
are of great interest for conformational studies of 
proteins. Retention of the optically active centers during 
the synthesis of biologically active peptides and poly- 
peptides is a major concern. I t  was recently reported 
that in order to eliminate the problems such as race- 
mization and transpeptidation associated with the use of 
alkali during peptide synthesis, pentachlorophenyl 
active esters of N-carbobenzoxy amino acids could be 
coupled to amino acids and peptides C-protected by 
dicyclohexylamine (4, 5). The peptide chains were 
lengthened from C-terminal residues of amino acids 
(5 ) .  This approach, in addition to affording better 
yields, would further limit the degree of racemization 
through oxazolone formation, since the N-protected, 
C-activated component used would always be a single 
amino acid (5-8). In previous work on polypeptides 
with known sequence of amino acids, the N-pro- 
tected peptide units were converted into their penta- 
chlorophenyl esters (OPCP) with dicyclohexylcar- 
bodiimide and pentachlorophenol ( 3 ) .  This approach 
leads to  racemization, particularly of the C-terminal 
residue of the amino acid in the peptide chain (6-8). 
However. if the C-terminal residue is incorporated as 
active ester hydrochloride and the peptide chain ex- 
tended stepwise by coupling through suitable activation, 
such as the mixed anhydride method, this problem can 
be okercome as shown in Scheme 1. 


Hz/Pd 


HCI 
Z-- A-OPCP ___f HC1.H-AI-OPCP 


IBC 
Z-A 1 -OM + HCI.H-A,-OPCP Z-Aa-A4-0PCP 


H?/Pd 


HCI 
Z p . 4  --A4 OPCP HC1.H-Aj-AJ-OPCP 


IUC 
2-Az-OH + HCl.H-A3-A&-OI’CP A 


Z-Az-A,-An-OPCP 
Hz/Pd 


HCI 
Z-Az-A3-A,-OPCP - HCI . H-A2--A~-An--OPCP 


IRC 
2-AI-OH + HCl.H-A~-A3-A~-OPCP 


Z-A~--A~-AI-AI-OPCP 


A,, Az, Az, and An, represent amino acid residues in a peptide 
sequence. 


0 
I1 


2 = CtjHs-CHZ -0-C- 
OPCP = oCGC15 
TEA = triethylamine 
IBC = isobutylchloroformate 
DMSO = dimethylsulfoxide 


Scheme I 


Sequential polypeptides synthesized according to  
Scheme I, would have the advantage of (a) excluding 
the use of alkali; (6) providing the activation for poly- 
merization from the onset of the synthesis; and (c) 
activation for coupling would be for single amino 
acids only. When the synthesis of N-protected, C- 
activated peptides was attempted, following the classical 
experimental conditions for mixed anhydride coupling 
(9, lo), it was observed that the yields for coupling of 
N-protected amino acids with single amino acid penta- 
chlorophenyl active ester hydrochlorides were quite 
satisfactory (5). However, when di- and tripeptide 
pentachlorophenyl active ester hydrochlorides were 
coupled to  N-protected amino acids, an appreciable 
loss in yields was noted. This was attributed to the 
possible formation of diketopiperazine derivatives or 
cyclic and linear polypeptides (5). 


For successful completion of a synthesis according to  
Scheme I, the main problem was to  limit the side 
reactions, mainly intramolecular and polycondensa- 
tions of the active ester hydrochlorides. The purpose of 
this paper is to  report a detailed study of mixed an- 
hydride coupling of N-protected glycine with model 
pentachlorophenyl ester hydrochlorides, which led to  
satisfactory reaction conditions for extending the chains 
of N-protected, C-activated peptides from C-terminal 
residues of amino acids. 


RESULTS AND DISCUSSIONS 


Normally, acylation with active esters such as p-nitrophenyl (1 1) 
and pentachlorophenyl esters (3) leads to optically pure peptides. 
However, considerable loss of optical activity can occur during the 
preparation of these active intermediates (12, 13). The problem of 
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Table I-Preparation of N-Carbobenzoxy and N-Carbobenzoxy OPCP Esters of Homologs of Glycine 


Compd.” 
- 


M.p., “C. Yield, 
Anal., ____-- > 


Calcd. Found 


1-Gly-OH I 1 19-120b 85 


Z-8-Ala-OH I11 105-10Cid 80 
Z-Gly-OPCP I1 133-134‘ 75 


Z-P-Ala-OPCP IV 117-119 76 C, 43.30 c ,  43.35 
H, 2.51 
N, 3.11 


H, 2.57 
N, 2.97 


Z-y-A bu-OH V 66e 
Z-y- Abu-OPCP VI 1 34f 69 
Z-6-Ava-OH VII 101 80 C, 62.17 C ,  62.25 


H, 6.77 H, 6.69 


Z-6-Ava-OPCP VIII 96 


Z-e- Aca-OH IX 55 


Z-e- Aca-OPCP X 82 


Z-w-Acap-OH XI 8 1-82 


Z-w-Acap-OPCP XI1 79-80 


N; 5.57 
68 C ,  45.69 


H, 3.23 
N, 2.80 


78 C, 63.38 
H,  7.22 
N, 5.28 


65 C ,  46.77 
H, 3.53 
N, 2.73 


65 C, 65.51 
H, 7.90 
N, 4.77 


65 C, 48.78 
H, 4.09 
N, 2.58 


N, 5.61 
C, 45.73 
H, 3.18 
N, 2.87 
C,  63.41 
H, 7.29 
N, 5.20 
C, 46.69 
H, 3.61 
N, 2.81 
C, 65.58 
H, 7.97 
N, 4.69 
C, 48.81 
H, 4.16 
N, 2.63 


a Abu = aminobutyric; Ava = aminovaleric; Aca = aminocaproic; Acap = aminocaprylic. * Reference 17. c Refererice 3 .  d Reference 18 
e This compound was purchased from Nutritional Biochemicals Corp., Cleveland 28, Ohio, i Reference 19. 


racemizatioii in the case of N-protected dipeptide p-nitrophenyl 
esters was circumvented by Goodman and Stueben (11) by the 
coupling of N-protected amino acids to amino acid p-nitrophenyl 
esters using the dicyclohexylcarbodiimide (DDC) method. This 
coupling can also be carried out by other faster procedures of 
acylation such as mixed anhydride (14). The mixed anhydride 
method was selected because of the easy removal of side products. 
Since the mixed anhydride coupling of N-carbobenzoxy amino acids 
with OPCP ester hydrochlorides of amino acids proceeded in 
satisfactory yields and because low yields were obtained only when 
di- or tripeptide OPCP ester hydrochlorides were used for coupling, 
it was reasonable to assume that the low yields were mainly due to 
intramolecular cyclization rather than intermolecular polymeriza- 
tion. The chances for cyclization to relatively unstable “three- 
membered” lactams from amino acid OPCP ester hydrochlorides 
would be much less, as compared to fairly stable diketopiperazines 
in the case of dipeptides and “nine-membered” cyclic structures 
from tripeptide OPCP ester hydrochlorides. In all the above cases, 
the chances for linear polymerization would be less favored due 
to the fairly dilute concentrations used for mixed anhydride cou- 
pling. 


To gain further information as to the possible reason of low 
yields involving intramolecular cyclization, it was considered worth- 
while to investigate the coupling by mixed anhydride of N-car- 
bobenzoxy glycine with homologs of glycine OPCP ester hydro- 
chlorides. Using the standard conditions for mixed anhydride 
reaction, Z-Gly-OH(I)l was coupled with OPCP ester hydro- 
chlorides of glycine(XIII), P-alanine(XIV), y-amino butyric acid- 
(XV), &amino valeric acid(XVI), €-amino caproic acid(XVII), and 
a-amino caprylic acid(XVII1). The yield in the case of &amino 
valeric acid OPCP ester hydrochloride should be the lowest of the 
series due to the formation of the relatively more stable “six- 
membered” 6-valero lactam. This observation was confirmed as 
demonstrated in Scheme 11. As the number (n) increases, the chances 
of intramolecular cyclization of the hydrochloride active ester would 
also increase, reaching a maximum when n = 4. 


1 All the abbreviations employed are in accordance with the Recom- 
mendations of the IUPAC-IUB Commission on Biochemical Nomen- 
clature [Biochemistrjj, 5 ,  2485(1966)]. All amino acids used in this work 
were of L-configuration. 


0 
1UC’ 


0 


Z - N H - c d - O H  + H a .  H,N-(cH,)8,-LoPcP-----t TE 1 


0 0 
1 1  I 1  


Z-NH-CHJ-C-NH-(CHZ)rA-C- OPC P 
desired product 


0 
I1 


[-NH-(CH2)n-C-]p 
linear polymer 


HNY!7H*)n 
C=O 


intramolecular 
cyclization 


yield, “/, 
83 


2 = 6-alanine 81 
3 = y-amino butyric acid 76 
4 = &amino valeric acid 65 
5 = t-amino caproic acid 74 
7 = w-amino caprylic acid 76 


where n = 1 = glycine 


Scheme II-Mixed anhydride coupling of N-carbobenzoxy glycitze 
with homologs of glycine OPCP ester hydrorhlorides. 


From the above results, it appeared logical to carry out a syste- 
matic study of the reaction conditions for mixed anhydride COU- 
pling in order to increase the yields of N-carbobenzox) glycine 
coupling with 6-amino valeric acid OPCP ester hydrochloride. It 
was felt that the chances of intramolecular cyclization of the active 
ester hydrochloride would be considerably limited if it were added 
slowly to the N-protected mixed anhydride activated portion. 
This would always provide a relative excess of the N-protected 
mixed anhydride-activated portion which would compete for 
coupling with the amino group liberated by triethylamine neutraliza- 
tion of the active ester hydrochloride. Normally, mixed anhydride 
coupling is carried out at -5”. However, further Iouering of this 
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Table 11-Preparation of OPCP Ester Hydrochlorides of Glycine Homologs 


Compd. 


HCI.H-Gly-OPCP XI11 225 94 C ,  26.70 
H, I .40 
N, 3.89 


HCI .H-P-Ala-OPCP XIV 214 93 C, 28.87 
H, 1.89 
N, 3.75 


HCI .H-y-Abu-OPCP XV 181 94 C, 30 96 
H ,  2.34 
N, 3.61 


HCI .H-&Ava-OPCP XVI 172- 173 87 C ,  32.87 
H, 2.76 
N, 3.48 


HCI .H-c-Aca-OPCP XVII 185-187 83 C, 34.65 
H, 3.15 
N. 3.37 


HCI .H-w-Acap-OPCP XVIII 144-1 46 81 C ,  37.87 
H, 3.86 
N, 3.15 


C ,  26.68 
H, 1 43 
N, 3 91 
C ,  28 69 
H, 1 81 
N, 3 81 
C, 30.82 
H, 2 28 
N, 3 69 
C, 32 68 
H, 2 71 
N. 3 53 
c, 34 74 
H, 3 11 
N, 3.42 
C ,  37 79 
H. 3 91 
N, 3 21 


reaction temperature should decrease the possibilities of undesira ble 
reactions. 


Anderson ef a/. recently reported an extensive reinvestigation 
of the mixed carbonic anhydride method in the synthesis of pep- 
tides (15).  In line with their findings, ethyl acetate was selected as 
the solvent. isobutylchloroformate as the activating reagent, and a 
reaction temperature of -15". In the authors' initial work ( 5 ) ,  
triethylamine was used for the mixed anhydride formation, as well 
as for liberating the amino groups from the active ester hydro- 
chlorides. The use of amines with reduced "basicity," such as N- 
methylmorpholine, has been suggested to  limit the degree of racemi- 
zation during mixed anhydride coupling( 15). Results from this 
laboratory indicate that N-methylmorpholine is a strong enough 
base not only to neutralize ethyl ester hydrochlorides as reported by 
Anderson (15) but i s  also strong enough to neutralize active ester 
hydrochlorides. Therefore, it was decided to use N-methylmor- 
pholine as a base both for the mixed anhydride formation and for 
liberation of the amino groups of the active ester hydrochlorides. 


After many attempts, suitable reaction conditions were worked 
out and yields, previously obtained as 65%, were raised to 85% in 
the case of mixed anhydride coupling of N-carbobenzoxy glycine 
with &amino valeric acid OPCP ester hydrochloride. The best 
results were obtained when N-carbobenzoxy glycine(1) was acti- 
vated with two equivalents of N-methylmorpholine and one 
equivalent of isobutylchloroformate in ethyl acetate at - 15". After 


5 min. of activation an additional equivalent of N-methylmorpholine 
was added to the reaction mixture. This was followed by an equiva- 
lent amount of N-methylmorpholine and a suspension of the calcu- 
latedamount of &amino valeric acid OPCP ester hydrochloride(XV1) 
in ethyl acetate, added alternately in 10 equal portions over a period 
of 1 hr. One hour after the final addition, the reaction was brought 
t o  10" and worked up as described in the Experimental sectioit, to 
afford 85 % of N-carbobenzoxy glycyl-&amino valeric acid OPCP 
ester(XXI1). 


Following the same reaction conditions, N-carbobenzoxy glycine 
was coupled with other homologs of glycine OPCP ester hydro- 
chlorides in yields ranging from 86 to 92%. Tables 1-111 summarize 
the experimental data. 


In order to establish the applicability of modified mixed anhj- 
dride coupling conditions, a number of N-protected, C-activated 
tri- and tetrapeptides were synthesized in satisfactory yields, ac- 
cording to Scheme I. This was demonstrated by the synthesis of 
Z-Gly-Gly-Ala-OPCP(XXVII1) and Z-Ala-Gly-Ala-Ala-OPCP- 
(xxxr r r ) .  


Synthesis of Z-Gly-Gly-Ala-OPCP (XXVII1)-2-Gly-OH( 1) was 
coupled with HCI . H-Ala-OPCP(XXV) through the modified 
mixed anhydride method to afford Z-Gly-Ala-OPCP(XXV1) in 
95% yield. XXVI was hydrogenated in the presence of one equiva- 
lent of hydrogen chloride in anhydrous methanol to afford HC1.H- 
Gly-Ala-OPCP(XXVI1) in 9 4 z  yield. XXVII was coupled with 


Table 111-Coupling of N-Carbobenzoxy Glycine with OPCP Ester Hydrochlorides of Glycine Homologs Through Modified Mixed 
Anhydride Method 


Hydrochloride 
Component 


Reaction 
Product 


--- Anal., :<----- 
M.p., "C. Yield, % Calcd. Found 


XI11 Z-Gly-Gly-OPCP XIX 160" 92 C, 41.98 
H. 2.53 
N, 5.44 


XIV Z-Gly-P-Ala-OPCP XX 145" 90 C ,  43.14 
H, 2.84 
N, 5.30 


xv Z-Gly-7-Abu-OPCP XXI 92 87 C ,  44.24 
H, 3.13 
N, 5.16  


XVI Z-Gly-6-Ava-OPCP XXII 128" 85 C ,  45.28 
H, 3 41 
N, 5.03 


XVIl 2-Gly-c-Aca-OPCP XXIII 119" 86 C ,  46.28 
H, 3.68 
N, 4.91 
C ,  48.12 
H, 4.68 
N, 4.18 


XVIII Z-Gly-w-Acap-OPCP XXIV 1 I 2--114 89 


C, 41.92 
H. 2.48 
N, 5.51 
C .  43.21 
H, 2.90 
N. 5.41 
c, 44.33 
H, 3.21 
N. 5.23 
C ,  45.31 
H. 3.52 
N, 5.13 
C .  46.21 
H,  3.72 
N, 5.03 
C .  48.32 
H, 4.31 
N, 4.71 
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2-Gly-OH(l), using modified mixed anhydride conditions and the 
desired tripeptide, 2-Gly-Gly-Ala-OPCP(XXVII1) was isolated 
in 85% yield. 


Synthesis of 2-Ala-Gly-Ala-Ala-OPCP(XXXII1)-The dipeptide 
Z-Ala-Ala-OPCP(XX1X) was prepared by modified mixed anhy- 
dride reaction of Z-Ala-OH and HCI 'H-Ala-OPCP(5) in 91 % yield. 
Hydrogenation of XXIX afforded 94 of HCI .H-Ala-Ala-OPCP 
(XXX) which was coupled by the modified mixed anhydride method 
with Z-Gly-OH and the tripeptide Z-Gly-Ala-Ala-OPCP(XXX1) 
was isolated in 86% yield. Upon hydrogenation of XXXI, HC1.H- 
Gly-Ala-Ala-OPCP(XXXI1) was obtained in 94 % yield. Coupling 
of Z-Ala-OH uiu modified mixed anhydride method with XXXII 
produced 2-Ala-Gly-Ala-Ala-OPCP(XXXII1) in 87 % yield. 


This work presents the incorporation of simple amino acids in 
N-protected, C-activated peptides, synthesized from C-terminal 
residues of amino acids, as units for sequential polypeptides. How- 
ever, the combination of modified mixed anhydride and penta- 
chlorophenyl active ester methods as described above has been 
successfully extended in the synthesis of sequential polypeptides 
incorporating polyfunctional amino acids and these results will be 
presented in forthcoming papers. 


EXPERIMENTAL2 


N-Carbobenzoxy derivatives reported in this work were prepared 
by the sodium bicarbonate method (16). N-Protected pentachloro- 
phenyl esters were prepared by DCC, and pentachlorophenyl ester 
hydrochlorides were prepared by hydrogenation in the presence of 
anhydrous methanol containing hydrogen chloride, axording to the 
procedures previously reported (3). 


Modified Mixed Anhydride Method for the Coupling of N- 
Carbobenzoxy Amino Acids with Pentachlorophenyl Ester Hydro- 
chlorides of Amino Acids and Peptides-Preparation of N-Cur- 
bobenzoxy Glycyl-&Amino Valerie Acid Pentachlorophenyl Ester 
(XXZWA solution of 2.09 g. (10 mmoles) of N-carbobenzoxy 
glycine in 100 ml. of ethyl acetate was chilled to - 15" with stirring. 
To this was added 2.2 ml. (20 mmoles) of N-methylmorpholine 
followed by 1.35 ml. (10.5 mmoles) of isobutylchloroformate. Five 
minutes later 1.1 ml. (10 mmoles) of N-methylmorpholine was 
added to the reaction mixture. This was followed by 1.1 ml. (10 
mmoles) of N-methylmorpholine and a suspension of 4.02 g. (10 
mmoles) of &amino valeric acid OPCP ester hydrochloride(XV1) 
in 20 ml. of ethyl acetate, added alternately in 10 equal portions 
over a period of 1 hr. The reaction temperature during the above 
additions was maintained at -15". After additional stirring for 1 
hr. at -15', the reaction mixture was allowed to warm to loo, 
then extracted three times each with 30-ml. portions of 1 N hydro- 
chloric acid, water, 5% aqueous sodium bicarbonate, and water. 
The ethyl acetate was dried over anhydrous sodium sulfate. The 
solvent was removed by evaporation in DLICUO, leaving a residue 
which was crystallized from methanolkther-n-pentane to yield 
4.67 g. (85z) of N-protected active ester XXII, m.p. 128". The IR 
spectrum showed a peak at 5.61p, characteristic of pentachloro- 
phenyl esters. 


N-Protected active ester derivatives reported in Table 111, were 
prepared using the above procedure. 


Preparation of N-Carbobenzo-yy Glycyl-Glycyl-Alanine Penta- 
chlorophenyl Ester(XXVZZ+Glycyl-alanine pentachlorophenyl 
ester hydrochloride(XXVI1) was prepared in 94% yield by hy- 
drogenation of N-carbobenzoxy-glycyl-alanine OPCP ester (5) 
in the presence of anhydrous methanol containing hydrogen 
chloride. according to the procedure previously reported (3) m.p. 


And-Calcd. for CI1HlnCI6NzO1: C, 30.63; H, 2.32; N, 6.50. 
Found: C, 30.51; H, 2.28; N, 6.41. 


Modified mixed anhydride coupling of 2.09 g. (10 mmoles) of N- 
carbobenzoxy glycine with 4.31 g. (10 mmoles) of dipeptide active 
ester hydrochloride XXVII, afforded upon crystallization with 
ethyl acetate-ether, 4.9 g. (84%) of N-protected tripeptide active 
ester, XXVIII, m.p. 174-175". The IR spectrum showed peaks at 
6 . 0 5 ~  (amide I), 6 . 5 1 ~  (amide 11) and 5 . 6 ~  (OPCP ester). 


198-199 O. 


* All melting points are uncorrected and were taken on a Hoover Uni- 
Melt apparatus. The microanalyses were carried out by Drs. G. 
Weiler and F. B. Strauss, Oxford, England. IR spectra were determined 
in I<Br pellets with a Beckman IR 8 spectrophotometer. 


And-Calcd. for C21H18C15N~06: C, 43.04; H, 3.07; N, 7.17. 
Found: C ,  43.18; H, 3.11; N, 7.02. 


Synthesis of N-Carbobenzoxy Alunyl-Glycyl-AlanyGAlu~~ine 
Pentnchlorophenyl Ester(XXXZZZ)-Modified mixed anhydride 
coupling of 4.46 g. (20 mmoles) of N-carbobenzoxy alanine with 
6.77 g. (20 mmoles) of alanine OPCP ester hydrochloride (5)  was 
carried out in the manner described above, The N-protected di- 
peptide active ester XXIX was crystallized from methanol-ether- 
n-pentane. Yield 9.85 g. (91 %), m.p. 202-203". 


Anal.-Calcd. for CzoHliCl~NzOs: C, 44.24; H, 3.13; N, 5.16 
Found: C, 44.08; H, 3.19; N, 5.22. 


Carbobenzoxy protection of dipeptide XXIX, was removed b] 
hydrogenation in the presence of anhydrous methanol containing 
hydrogen chloride and alanyl-alanine pentachlorophenyl ester hy- 
drochloride(XXX) was obtained in 94% yield, m.p. 180-181 '. 


And-Calcd. for ClzHl2CI~N~O3: C, 32.36; H. 2.70; N, 6.29. 
Found: C ,  32.12; H, 2.68; N, 6.32. 


N-Carbobenzoxy glycyl-alanyl-alanine pentachlorophenyl ester- 
(XXXI) was prepared by modified mixed anhydride coupling of 
3.14 g. (15 mmoles) of N-carbobenzoxy glycine and 6.68 g. (15 
mmoles) of dipeptide active ester hydrochloride (XXX). Recrystal- 
lization from methanol-ether afforded 7.75 g. (86%) of the tri- 
peptide (XXXI), m.p. 146-147". IR spectrum showed peaks at 6 . 0 4 ~  
(amide I), 6 . 5 ~  (amide II), and 5.59,~ (OPCP ester). 


Am/.-Calcd. for C2?H2oClsN3O6: C ,  44.04; H,  3.34; N, 7.01. 
Found: C, 44.15; H, 3.28; N. 6.93. 
Hydrogenation in the presence of anhydrous methanol containing 
hydrogen chloride of N-protected tripeptide active ester (XXXI), 
afforded glycyl-alanyl-alanine pentachlorophenyl ester hydrochlor- 
ide (XXXII), in 94% yield, m.p. 151-153". 


And-Calcd. for C,,H15C1,Na04: C, 33.47; H, 2.99; N, 8.37. 
Found: C, 33.42; H, 2.91; N, 8.27. 


From modified mixed anhydride coupling of 2.23 g. (10 mmoles) 
of N-carbobenzoxy alanine and 5.02 g. (10 mmoles) of tripeptide 
active ester hydrochloride XXXII, 5.83 g. (87%) of N-carbobenzoxy- 
tetrapeptide-OPCP ester XXXIII, was isolated after crystalliza- 
tion from ethyl acetate-ether, m.p. 192-193". IR spectrum: 6 .05~ 
(amide I), 6 . 4 9 ~  (amide II), and 5.6,~ (OPCP ester). 


And-Calcd. for C2sH2jCljN40i: C ,  44.74; H, 3.73; N, 8.35. 
Found: C, 44.69; H, 3.76; N, 8.29. 
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Release Rates of Salicylates from Cocoa Butter I 


AARON L. WEISS and BARTLEY J. SCIARRONE 


Abstract The release of N-methyl salicylamide, methyl salicy- 
late, and salicylic acid across a hydrophobic membrane from cocoa 
butter to an aqueous layer was studied at a temperature of 37". The 
release of the drugs at the interface was diffusion-controlled. The 
Higuchi model was modified to account for the fact that the release 
rates were not constant, but varied inversely with the respective 
partition coefficients. Since the transference across the interface 
was a function of the partition coefficient, it was found that as the 
partition coefficient decreased, the release rate appeared to approach 
a limiting value. 


Keyphrases Salicylates-release rates, cocoa butter 0 Partition- 
ing salicylates-cocoa butter-water 0 Release rates, salicylates- 
continuous flow cell 0 UV spectrophotometry-analysis 


Cocoa butter has long been used as a base for sup- 
positories, but the manner by which drugs are released 
from this base has not been shown. In the absence of a 
suitable model, several empirical relationships (1, 2) 
have been developed for the determination of the safe 
and efficacious amount of drug to be incorporated into 
the base; yet none has proven to be totally satisfactory. 


The continuous release of salicylic acid, N-methyl 
salicylamide, and methyl salicylate from cocoa butter 
was tested for the applicability of the Higuchi model 
(3) to these systems. These compounds were chosen 
because (a)  the difference between their respective 
diffusion coefficients should be insignificant, and (b) 
they have a range of solubilities in the cocoa butter. 
The partition coefficients of these drugs were studied to 
determine any effect on the release pattern of this sys- 
tem. 


EXPERIMENTAL 


Measurement of Partition Coefficients-A direct method was 
used to determine the partition coefficient of the drugs between 
cocoa butter and water. The aqueous phase was adjusted to a pH at 
least two units below the pKa value of the drug to limit the form 
of the partitioning drug to a single species. Deionized water was 
used for methyl salicylate, while N-methyl salicylamide and salicylic 
acid required HC1-adjusted solvents to pH 4 and 1, respectively. 


Equilibrium was attained in from 24-48 hr.; however, with time, 
some of the cocoa butter became dispersed in the water phase re- 
sulting in a cloudy appearance. Therefore, contact time of the 
two phases should be minimized. The portion of drug which was 
expected to be in each phase upon reaching equilibrium was dis- 


solved in the cocoa butter and water separately. The two immiscible 
solutions were combined and shaken well. The two phases quickly 
separated and were then maintained for 12-15 hr. in a constant- 
temperature gyrotory water bath' at 37 f 0.1 '. After equilibration, 
the phases were placed in separate containers and assayed for 
drug content. 


As much cocoa butter as possible was removed from the aqueous 
layer which was placed in a conical flask, covered with a poly- 
ethylene film to limit evaporation, and allowed to remain at 20" for 
5 hr. A pipet (T.C.), with its tip covered with fine glass wool, was 
used to withdraw a sample of solution. The sample was discharged 
into a 100-ml. volumetric flask and the pipet washed repeatedly 
with the appropriate solvent directly into the flask which was then 
filled to volume. The solutions were then analyzed at 302 and 360 
mp spectrophotometrically. Two wavelengths were required to 
correct the drug analysis for the cocoa butter. This was accomplished 
by taking the absorbance at 360 mp, where only cocoa butter ab- 
sorbed light, and from a predetermined calibration curve for cocoa 
butter alone obtaining its absorbance contribution at 302 mp where 
the drugs also absorbed light. By difference, the absorbance due to 
the drug was obtained at 302 mp. The absorptivities using the 
Beer-Lambert equation for a 1-cm. cell were 0.2349 for methyl 
salicylate, 0.2039 for N-methyl salicylamide, and 0.5 170 for salicylic 
acid. The concentration was expressed in mg./100 ml. 


Each drug in the cocoa butter was assayed by a nonaqueous 
titration procedure similar to the one described by Fritz (4) and 
previously shown to be accurate to within 1%. To remove the 
water which remained in the liquefied cocoa butter. anhydrous 
sodium chloride was added and the mixture was shaken and centri- 
fuged. The oleaginous layer was decanted and powdered anhydrous 
sodium sulfate added. This was shaken for a period of 2 min., 
centrifuged, and placed in a 40" oven for 1 hr. The cocoa butter was 
finally decanted into a tared flask and weighed. Ninety milliliters of 
pyridine was added for the titrimetric determination of methyl 
salicylate and N-methyl salicylamide, using azo-violet as the in- 
dicator. In the case of salicylic acid, 100 ml. of chloroform was 
added with thymol blue as the indicator. In all cases standardized 
sodium methoxide (0.1 N) was used as the titrant. The concentra- 
tion of drug in the base was calculated in terms of mg. of druglg. of 
drug-cocoa butter solution. 


Release Rate Determination-A continuous-flow met hod similar 
to that of Sjogren and Ervik ( 5 )  was utilized to study the release 
rate of each drug from cocoa butter. A continuous-flow cell3 was 
used in the monitoring spectrophotometer. The partitioning cell 
(Fig. 1) and a pump (model T-8 Sigma) were connected to the 
continuous-flow cell by means of tubing [Tygon, 0.635-cm. ( 1/4-in.) 
i.d.1. 


1 Model (3-76, New Brunswick Scientific Co.,  New Brunswick, 
2 Beckman DK-2 recording spectrophotometer. 
3 Beckman model No. 92522 continuous-flow cell. 
4 Loaned from the Sandoz Pharmaceutical Corp., Hanover, N. J. 


N. J. 
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New 1,2,4(H)-Triazole Derivatives as Diuretic Agents 


M. H. SHAH, M. Y. MHASALKAR, V. M. PATKI, C. V. DELIWALA", and U. K. SHETH 


Abstract 0 Sixty-three new 1,2,4(H)-triazole derivatives have been 
prepared and their diuretic activity studied in rats. Sequential 
screening showed 14 compounds possessing significant diuretic 
activity. 3-Phenyl-4-allyl-5-mercapto-l,2,4(H)-triazole and 3-0- 
chlorophenyl-4-allyl-5-mercapto-1,2,4(H)-triazole were the most 
potent compounds in the present series. 


Keyphrases 0 Diuretic activity-l,2,4(H)-triazole derivatives 0 
Mercapto-triazoles-synthesis 0 Structure-activity relationship- 
triazole rings 


In a previous communication (I), the authors reported 
the diuretic activity of some 1,2,4(H)-triazoles (I). 
Recently, Yale and Piala (2) have also reported the 
diuretic properties of some s-triazole derivatives 
amongst which 3-(p-aminophenyl)-s-triazole-5-thiol (I, 
R = p-NH2-C6H4 and R'  = H) has been claimed to 
possess good diuretic activity. In view of these interest- 
ing results the work has now been extended to some 
more 3,4-disubstituted-5-mercapto-1,2,4(H)-triazoles. 


I 
R' 


I 


The mercapto-triazoles were synthesized from the 
corresponding thiosemicarbazides by cyclization with 
sodium hydroxide or sodium carbonate. Some triazole 
derivatives were obtained directly in one step from acid 
hydrazides and the isothiocyanates by heating in ex- 
cess alkali. When this reaction was carried out at room 
temperature, it proceeded only as far as the formation 
of the 1,4-disubstituted thiosemicarbazides. 


The list of triazoles prepared, their melting points, 
yields, analytical data, and diuretic activity are given 
in Table I. 


The requisite thiosemicarbazides were obtained by 


the reaction of acid hydrazides and isothiocyanates by 
literature methods. The new thiosemicarbazides are 
listed in Table I1 along with their melting points and 
analytical data. 


Since many sulfamoyl compounds are being used 
clinically as potent diuretics, the conversion of some of 
the 5-mercapto- 1,2,4(H)-triazoles into the corresponding 
5-sulfamoyl derivatives was attempted by the usual 
oxidative chlorination followed by the action of am- 
monia ( 3 ,  4). The 5-sulfamoyl derivatives were obtained 
in two cases while in some other instances the desired 
compounds could not be isolated due to extensive de- 
composition. Moreover, the two sulfamoyl derivatives 
thus obtained showed activity of lower order than the 
parent mercapto compounds, CJ Yale and Piala (2), 
hence the preparation of other sulfamoyl derivatives 
was not pursued. 


PHARMACOLOGY 


All the 3,4disubstituted-5-mercapto- 1,2,4triazoles were screened 
for the diuretic properties in rats at their optimal responsive dose 
levels by the sequential method of Modi et at. (5).  


Method-Albino rats (male) weighing about 18G200 g. were 
taken in groups of four in each cage per test dose. Prior to the ex- 
periment the rats were allowed food and water ad libitum. During 
the experiment each group of four animals was housed in an im- 
proved metabolism cage described by klodi et al(6) .  One group was 
used as untreated control and received orally the vehicle only. 
consisting of 0.5 ml. of 2% starch solution. Another group re- 
ceived hydrochlorothiazide (2.5 mg./kg.) as reference compound. 
suspended in the vehicle. The other groups received the various 
test compounds in the same vehicle. The urine was collected for 24 
hr. If the total volume of urine in Cage I exceeded 19.3 ml., the 
compound was considered active and if below 3.7 ml., inactive. 
However, if the volume was in between these two values, a further 
evaluation with another cage of four rats was made. If the total 
volume of urine in Cages I plus I1 exceeded 30.8 ml. the compound 
was considered active but if less than 15.2 ml. it was considered 
inactive. In case the volume was again between the two limits a 
third cage was taken and similarly a fourth one if necessary as per 
criteria in Table 111. 


The compounds that did not meet activity criteria in the fourth 
cage experiment were given up as not sufficiently active. 


Among the compounds with acceptable activity, those which 
produced urinary volumes more than 125 of controls were selected 
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N-N u If 
R-C, ,C-SH v 


I Table I-3,4-Disubstituted-5-mercapto-l,2,4(H)-triazoles R 


Diuretic Activity 
opt. 


Compd. Yield, M.p., Molecular -Nitrogen, %- Res. 
No. R R' % "C. Formula Found Calcd. Dose Status 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 


3-OHCiH; 
3-OHCGH4 
3-OHCsHa 
3-OHCfiH4 
3-OHCsH4 
3-OHCsH4 
3-OHCsH4 
3-OHCsH4 
4-OHCsH4 
4-OHCaH4 
4-OHCsH4 
4-OHCeH4 
4-OHCfiH4 
4-OHCAHA 
4-OHC;H; 


2-OH-5-BrCsHa 


COHCfiH4 
2-OH-5-CICsHa 


2-OH-5-BrCfiHZ 
2-OH-5-BrCfiH3 
2-OH-% RrCSH, 


3,4,5-(CHaOhCfiHs 
3-Pyridyl 
3-Pyridyl 
3-Pyridyl 
3-Pyr idyl 
4-Pyridyl 
4-Pyridyl 
4-Pyridyl 
CPyridyl 


CzHs 


n-C3H7 
iso-CoH7 
n-CdH4 


CHCH=CHZ 


iso-C4H9 


ca5 
CzHs 
CHzCH=CH, 
n-C3H7 
iso-C3H7 
n-C4Hg 
iso-C4H9 


C6HIl 


C6HlI 
CCH, 
CiH; 
iso-C4H9 
H 


C2Hs 
iso-C4Hg 
CEHll 
4'-CICeHa - .  


CzHs 
CHzCHXHz 
n-C3H7 
iso-CaH7 
n G H 9  
iso-C4Hs 
CfiHii 
C6H5 
CzH5 
CHzCH=CH2 
n-C3H7 
iso-C3H7 
n-C4H9 
iso-CdHP 


90 
85 
85 
95 
50 
83 
84 
87 
87 
85 
86 
89 
91 
82 
93 
88 
77 
71 
66 
93 
84 
92 
76 
79 
85 
76 
89 
78 
67 
65 
73 
76 
82 
55 
85 
83 
62 
59 
77 
81 
82 
60 
85 
87 
72 
61 
67 
57 
58 
73 
76 
65 
80 
77 
89 
57 
84 
92 
95 
80 
89 
83 
90 


141-142 
12&121 
127-1 28 
193-194 


178-179 


277-278 


147-148 


130-131 


193 


194195 


166-167 
206-208 
154-155 
157-1 58 
2 1 9-220 
21 9-221 
1 59-1 60 
138-1 39 


203-204 
193-195 
192-194 


286 


273 dec. 
290 
247-248 
195-196 
171-172 
286-287 
179-1 8 1 
152-153 
187 
212-213 
1 6 - 1  88 
201-202 
263-266 
247-248 
2 12-21 4 
168-169 
178-181 
285-286 
185-186 
21 7-2 19 
247-249 
267-268 
239-240 
205-206 
163-165 


192-193 
22 1-225 


20Ck204 


16131 63 
285 


204-206 


295 dec. 


202-203 


290 


199-200 


228-230 


177-178 


224-226 


231-233 
238-239 
298 dec. 


20.99 
19.27 
18.82 
19.64 
18.13 
18.19 
16.01 
16.77 
17.31 
16.50 
16.35 
16.66 
15.49 
15.45 
14.42 
14.50 
18.25 
15.56 
19.62 
17.42 
15.78 
14.40 
17.33 
21.08 
19.29 
16.84 
15.33 
13.97 
18.88 
18.30 
17.67 
17.84 
16.62 
16.64 
15.04 
15.70 
19.25 
17.63 
17.70 
17.64 
16.96 
17.13 
15.34 
15.35 
14.08 
13.84 
13.41 
13.22 
12.48 
11.98 
11.98 
15.45 
14.04 
12.83 
11.86 
31.76 
26.76 
24.34 
21.22 
30.93 
26.70 
23.66 
21.12 


20.48 
19.35 
19.18 
19.18 
18.02 
18.02 
16.21 
16.60 
17.54 
16.70 
16.57 
16.57 
15.70 
15.70 
14.31 
14.61 
17.54 
15.70 
19.86 
17.54 
15.70 
14.31 
17.07 
21.76 
19.00 
16.87 
15.27 
13.83 
19.00 
18.02 
17.86 
17.86 
16.87 
16.87 
15.27 
15.61 
19.00 
18.02 
17.86 
17.86 
16.87 
16.87 
15.27 
15.61 
13.84 
14.00 
13.46 
13.38 
12.80 
11.87 
12.07 
15.73 
14.23 
13.00 
12.03 
31.46 
27.18 
23.93 
21.54 
31.46 
27.18 
23.93 
21.54 


3 
5 
3 


13 
20 
0.6 


11 
5 
3 


10 
10 
6 
6 
3 
3 


10 
6 
3 


12 
6 
7 


12 
7 


20 
3 


20 
7 


6 
3 
5 


13 
5 


3 
13 
20 
7 
6 


20 
14 
13 
10 
10 


6 
3 
5 
7 


12 
6 
4 
7 
6 
7 
0.7 
6 
6 
6 
7 


12 
6 
8 


- 


- 


- 


Active 
Active 
Active 
Active 
Active 
Active 
Active 
Active 
Inactive 
Active 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Active 
Inactive 
Inactive 
Inactive 
Inactive 


Inactive 
Inactive 
Inactive 
Inactive 
Active 


Active 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 


Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Active 
Inactive 
Inactive 
Inactive 
Active 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 
Inactive 


- 


- 


- 


for further studies on electrolyte excretion. The results are presented 
in Table IV. 


Results and Structure-Activity Relationship-Among the 63 
compounds screened 14 were found to  possess diuretic activity. 


The introduction of a phenyl group in Position 3 of the triazole 
ring gave the most active compounds in the present series. The 
introduction of suhstituents in this phenyl (except chlorine in ortho 
position) or the replacement of the phenyl with pyridyl group re- 
duced the activity considerably. Substitution in Position 4 did not 
srgnificantly alter the activity. 


3-Phenyl-4-allyl-5-mercapto-l,2,4(H)-triazole (2) and 3-o-chtoro- 
phenyl-4-allyl-5-mercapto-l,2,4(H)-triazole (10) were the most 
active compounds in the present series. 


EXPERIMENTAL 


3- (3',4',5' - Trimethoxyphenyl) - 4 - ethyl - 5 - mercapto - 1,2,4(H)- 
triazole (53)-1-(3 ',4',5 '-Trimethoxybenzoyl)-4-ethylthiosemicar- 
bazide (4.7 g.,  0.015 mole) was dissolved in 1 N sodium hydroxide 
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Table II-1,4 Disubstituted Thiosemicarbazides 


R-CO-NH-NH-CS-NH-R ' 


Compd. Molecular -Nitrogen, %-- 
No. R R' Yield, M.p., "C. formula Calcd. Found 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 


3-Pyridyl 
3-Pyridyl 
3-Pyridyl 
4-Pyridyl 
4-Pyridyl 
4-Pyridyl 


94 
89 
76 
83 
80 
80 
91 
87 
79 
80 
86 
73 
82 
64 
87 
61 
89 
72 
85 
87 
86 
66 
72 
78 
73 
75 
69 
69 
71 
68 
75 
65 
82 
85 
80 
84 
73 
83 
78 
68 
78 
88 
74 
67 
83 
58 
68 
87 
74 
71 
86 


192-193 
172-173 
163-164 
154-1 55 
177-178 


163-1 64 


161-162 
157-158 
131-132 
161-162 
161-162 
139-141 
185-186 
195-1 96 
203-201 
193-194 
215-216 
213-214 
242-244 
164-166 
192-1 94 
199-201 
209-2 10 
208 
204-205 
21 1-212 
193-194 
201-202 
2 14-21 5 
202-203 
204-205 
1 88-1 89 


203-204 
185-186 
175-176 
209-21 0 
212-214 
200-202 
189-190 
197- 199 
186-1 87 
167-168 
163-1 65 
173-1 75 


170-172 


165 


190-191 


190-192 
230-23 1 
207-208 
218-219 


18.83 
17.87 
17.72 
16.73 
16.73 
15.16 
16.31 
15.58 
15.47 
15.47 
14.71 
14.71 
13.48 
13.74 
16.31 
14.71 
16.31 
14.71 
13.48 
15.91 
17.57 
15.73 
14.33 
13.06 
17.57 
16.73 
16.60 
16.60 
15.73 
15.73 
14.33 
14.63 
17.57 
16.60 
15.73 
14.33 
14.63 
13.06 
13.20 
12.13 
11.29 
11.47 
13.41 
12.31 
11.44 
25.00 
22.22 
20.15 
25.00 
22.22 
20.15 


18.91 
17.62 
17.65 
16.48 
16.68 
14.80 
15.90 
15.38 
15.65 
15.21 
14.53 
14.66 
13.35 
14.04 
16.42 
14.18 
16.50 
14.43 
13.85 
16.08 
17.77 
15.51 
14.14 
13.52 
17.48 
16.87 
16.32 
16.46 
15.21 
15.91 
13.96 
14.67 
17.20 
16.33 
15.80 
14.42 
15.05 
13.32 
13.24 
12.26 
11.11 
11.74 
13.02 
12.03 
11.25 
25.25 
22.07 
20.17 
24.51 
23.34 
20.51 


(25 ml.) and the solution was heated under reflux for 1 hr. At the 
end of this period, the reaction mixture was filtered, the filtrate was 
cooled and acidified with hydrochloric acid. The white solid that 
separated was filtered after 30 min., washed with water, and dried 
to give 3-(3',4',5'-trimethoxyphenyl)-4-ethyl-5-mercapto-l,2,4(H)- 
triazole; (3.56 g . ,  SO%), m.p. 199-200". 
3-Phenyl-4-cyclohexyl-5-mercapto-1,2,4(H) - triazole (7)-To 1 - 


benzoyl-4-cyclohexylthiosemicarbazide (1 g., 0.0036 mole) was 
added 5 aqueous sodium carbonate (25 ml.) and the mixture re- 


Table 111-Criteria for Judging Diuretic Activity 


Cumulative Urine Cumulative Urine 
Volume Required Volume Required 


for Acceptable for Rejection 
Cages Activity in ml. in ml. 


I 19.3 or more 3.7 or less 
I + I1 30.8 or more 15.2 or less 
I + I1 + I11 26.7 or less 
I + I1 + I11 + IV 38.1 or less 


42.3 or more 
53.7 or more 


fluxed for 4 hr. It was then worked up as described above to give 
3-phenyl-4-cyclohexy1-5-mercapto-1,2,4(H)-triazole (0.792 g., 84 %) 
and crystallized from ethanol-water (1 : I ) ,  m.p 193". 


1-Salicyloyl-6-cyclohexylthiosemicarbazide (23CTo a solution of 
2-hydroxybenzhydrazide (3.04 g., C.02 mole) in ethanol (20 ml.) was 
added cyclohexylisothiocyanate (2.85 ml., 0.02 mole). followed by 
aqueous sodium hydroxide (10 ml. of 2 N ,  0.02 mole). This reaction 
mixture was stirred for 3 hr. at room temperature and was left for 36 
hr. It was then filtered and the filtrate acidified with hydrochloric 
acid. The white solid that precipitated was collected, washed with 
water, and dried to  get 1-salicyloyl-4-phenylthiosemicarbazide (4.22 
g., 7 2 z )  which on crystallization from 7 0 z  ethanol melted at 192- 
194 '. 
3-Phenyl-4-n-butyl-5-mercapto-l,2,4-(H)-triazole (5tBenzhydra- 


zide (2.72 g., 0.02 mole) was dissolved in ethanol (25 rnl.) and to this 
soltuion was added n-butylisothiocyanate (2.3 g., 0.02 mole) fol- 
lowed by sodium hydroxide solution (25 ml. of 2 N ) .  The mixture 
was heated to reflux on a water bath for 5 hr. and then poured into 
cold water. On acidification with hydrochloric acid 3-phenyl-4-n- 
butyl-5-mercapto-l,2,4(H)-triazole separated (2.31 g., 50%). On 
crystallization from ethanol the product melted at 130-131". The 
mixed melting point with the product obtained on cyclization of 
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Table IV-Diuretic Effect after Administration of the Compounds 
Orally to Rats; Values in Urine as 


Compound No. Volume Na+ K+ CI- 


of Control 


1 125 121 219 277 
2 163.5 772.5 118 378.5 
4 125.5 182 141.5 296 
5 152.5 138 280 287 
6 141.5 520.0 162.5 323.0 
7 133.5 90 158 266 
8 154.5 276.0 164 255 
10 155.8 lo00 139.3 410 
Hydrochloro- 166 lo00 250 538.5 


thiazide 


I-phenyl-4-n-butylthiosemicarbazide was not depressed. 
3-p-Chlorophen yl-6-ioprop yl- 1,2,4(H)-triazole-5-sulfonamide-A 


stirred mixture of 3-pchlorophenyl-4-isopropyl-5-mercapto-1,2,4- 
(H)-triazole (5.0 g.), water (135 ml.), and ferric chloride solution 
(0.7 ml. of 60%) was stirred and cooled to 0". Chlorine gas was then 
passed into the mixture for 1 hr. maintaining the temperature be- 
tween 0-5". The reaction mixture was allowed to stand at this tem- 
perature for 15 min. more and then filtered. The solid was pressed on 
filter paper and immediately added to aqueous ammonia (150 ml. of 
20%). This solution was left at room temperature for 6 hr. and then 
filtered. The filtrate was acidified with hydrochloric acid to pH 6. 
The white solid that separated, on purification by redissolving in 
alkali and precipitating with acid followed by crystallization from 


ethanol, gave 3-p-chlorophenyl-4-isopropyl-l,2-4(H)-triazole-5- 
sulfonamide (2.8 g.), m.p. 214-215". 


amide was obtained in 32 % yield, m.p. 240". 


Anal.-Calcd. for CllHI3CIN4O2S: N, 18.64. Found: 18.69. 
Similarly, 3-o-chlorophenyl-4-phenyl-1,2,4(H)-triazole-5-sulfon- 


Anal.-Calcd. for C14H11CINn02S: N, 16.74. Found: N, 16.53. 
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D R U G  S T A N D A R D S  


Analysis of Metronidazole 


MURRAY M. TUCKERMAN and TATJANA BICAN-FISTER" 


Abstract 0 The literature on the identification, assay, and use of 
metronidazole has been surveyed. Based on published information, 
private communications, and laboratory experimentation, qualita- 
tive tests and quantitative assays have been developed for metro- 
nidazole, metronidazole suppositories (vaginal tablets), and metro- 
nidazole tablets. Extraction of metronidazole from suppositories 
and tablets is with hot acetone. Assays are based on titration of 
metronidazole in acetic anhydride with 0.1 N perchloric acid in 
glacial acetic acid, using malachite green indicator. The visual 
endpoint coincides with that determined potentiometrically. 
Supporting data is presented, including UV and IR spectra. 


Keyphrases 0 Metronidazole dosage forms-analysis 0 Colori- 
metric method-identity 0 UV spectrophotometry-identity 0 
IR spectrophotometry-identity 


Metronidazole,l CSHSN303; mol. wt. 171.15, is 2- 
methyl - 5 - nitroimidazole - 1 - ethanol or 1 - (2 - hy- 
droxyethyl)-2-methyl-5 nitroimidazole. It was recog- 
nized in "Addendum 1964" of the BP 1963 (1) as the 


Flagyl, G. D. Searle & Co., Chicago, 111. 


drug and in the form of tablets. These two forms and 
the suppository have been admitted to USP XVIII. 
The structural formula may be represented as 


02N-C-N-CH2-CH2-0H 
\ I //C--C"3 


HC-N 


EXPERIMENTAL 


Physical Properties-Metronidazole occurs as white to pale 
yellow crystals or crystalline powder, stable in air, but darkening 
on exposure to light. It is sparingly soluble in water, in alcohol, 
and in chloroform, and is slightly soluble in ether. The melting 
range is 159-163 ". 


Identity Tests-A.-Heat about 10 mg. in a water bath for 5 min. 
with 1 ml. of water, 0.25 ml. of hydrochloric acid, and 10 mg. of 
zinc powder, filter, cool, add 1 ml. of freshly prepared sodium 
nitrite solution (1 in 100), then remove excess nitrite by addition of 
1 ml. of freshly prepared sulfamic acid solution (1 in 100). To 1 ml. 
of this solution add 1 ml. of betanaphthol T.S. : an intense red color 
is produced. (This differs from the BP test in that the reaction takes 
place in an acid medium.) 
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Release Rates of Salicylates from Cocoa Butter I 


AARON L. WEISS and BARTLEY J. SCIARRONE 


Abstract The release of N-methyl salicylamide, methyl salicy- 
late, and salicylic acid across a hydrophobic membrane from cocoa 
butter to an aqueous layer was studied at a temperature of 37". The 
release of the drugs at the interface was diffusion-controlled. The 
Higuchi model was modified to account for the fact that the release 
rates were not constant, but varied inversely with the respective 
partition coefficients. Since the transference across the interface 
was a function of the partition coefficient, it was found that as the 
partition coefficient decreased, the release rate appeared to approach 
a limiting value. 


Keyphrases Salicylates-release rates, cocoa butter 0 Partition- 
ing salicylates-cocoa butter-water 0 Release rates, salicylates- 
continuous flow cell 0 UV spectrophotometry-analysis 


Cocoa butter has long been used as a base for sup- 
positories, but the manner by which drugs are released 
from this base has not been shown. In the absence of a 
suitable model, several empirical relationships (1, 2) 
have been developed for the determination of the safe 
and efficacious amount of drug to be incorporated into 
the base; yet none has proven to be totally satisfactory. 


The continuous release of salicylic acid, N-methyl 
salicylamide, and methyl salicylate from cocoa butter 
was tested for the applicability of the Higuchi model 
(3) to these systems. These compounds were chosen 
because (a)  the difference between their respective 
diffusion coefficients should be insignificant, and (b) 
they have a range of solubilities in the cocoa butter. 
The partition coefficients of these drugs were studied to 
determine any effect on the release pattern of this sys- 
tem. 


EXPERIMENTAL 


Measurement of Partition Coefficients-A direct method was 
used to determine the partition coefficient of the drugs between 
cocoa butter and water. The aqueous phase was adjusted to a pH at 
least two units below the pKa value of the drug to limit the form 
of the partitioning drug to a single species. Deionized water was 
used for methyl salicylate, while N-methyl salicylamide and salicylic 
acid required HC1-adjusted solvents to pH 4 and 1, respectively. 


Equilibrium was attained in from 24-48 hr.; however, with time, 
some of the cocoa butter became dispersed in the water phase re- 
sulting in a cloudy appearance. Therefore, contact time of the 
two phases should be minimized. The portion of drug which was 
expected to be in each phase upon reaching equilibrium was dis- 


solved in the cocoa butter and water separately. The two immiscible 
solutions were combined and shaken well. The two phases quickly 
separated and were then maintained for 12-15 hr. in a constant- 
temperature gyrotory water bath' at 37 f 0.1 '. After equilibration, 
the phases were placed in separate containers and assayed for 
drug content. 


As much cocoa butter as possible was removed from the aqueous 
layer which was placed in a conical flask, covered with a poly- 
ethylene film to limit evaporation, and allowed to remain at 20" for 
5 hr. A pipet (T.C.), with its tip covered with fine glass wool, was 
used to withdraw a sample of solution. The sample was discharged 
into a 100-ml. volumetric flask and the pipet washed repeatedly 
with the appropriate solvent directly into the flask which was then 
filled to volume. The solutions were then analyzed at 302 and 360 
mp spectrophotometrically. Two wavelengths were required to 
correct the drug analysis for the cocoa butter. This was accomplished 
by taking the absorbance at 360 mp, where only cocoa butter ab- 
sorbed light, and from a predetermined calibration curve for cocoa 
butter alone obtaining its absorbance contribution at 302 mp where 
the drugs also absorbed light. By difference, the absorbance due to 
the drug was obtained at 302 mp. The absorptivities using the 
Beer-Lambert equation for a 1-cm. cell were 0.2349 for methyl 
salicylate, 0.2039 for N-methyl salicylamide, and 0.5 170 for salicylic 
acid. The concentration was expressed in mg./100 ml. 


Each drug in the cocoa butter was assayed by a nonaqueous 
titration procedure similar to the one described by Fritz (4) and 
previously shown to be accurate to within 1%. To remove the 
water which remained in the liquefied cocoa butter. anhydrous 
sodium chloride was added and the mixture was shaken and centri- 
fuged. The oleaginous layer was decanted and powdered anhydrous 
sodium sulfate added. This was shaken for a period of 2 min., 
centrifuged, and placed in a 40" oven for 1 hr. The cocoa butter was 
finally decanted into a tared flask and weighed. Ninety milliliters of 
pyridine was added for the titrimetric determination of methyl 
salicylate and N-methyl salicylamide, using azo-violet as the in- 
dicator. In the case of salicylic acid, 100 ml. of chloroform was 
added with thymol blue as the indicator. In all cases standardized 
sodium methoxide (0.1 N) was used as the titrant. The concentra- 
tion of drug in the base was calculated in terms of mg. of druglg. of 
drug-cocoa butter solution. 


Release Rate Determination-A continuous-flow met hod similar 
to that of Sjogren and Ervik ( 5 )  was utilized to study the release 
rate of each drug from cocoa butter. A continuous-flow cell3 was 
used in the monitoring spectrophotometer. The partitioning cell 
(Fig. 1) and a pump (model T-8 Sigma) were connected to the 
continuous-flow cell by means of tubing [Tygon, 0.635-cm. ( 1/4-in.) 
i.d.1. 


1 Model (3-76, New Brunswick Scientific Co.,  New Brunswick, 
2 Beckman DK-2 recording spectrophotometer. 
3 Beckman model No. 92522 continuous-flow cell. 
4 Loaned from the Sandoz Pharmaceutical Corp., Hanover, N. J. 


N. J. 


980 0 Journal of Pharmaceutical Sciences 







In the partitioning cell, the sample was separated from the 
aqueous phase by a membrane. The membrane found most suitable 
was a hydrophobic fluorinated vinyls of 0.45-p pore size. Water was 
unable to penetrate the membrane; however, the drug passed 
through readily. This allowed the area in contact between the 
phases to be held constant. 


Sufficient water (138 ml.), adjusted to a specific pH, was placed 
in the system so that the membrane barrier was submerged to a 1-cm. 
depth. A rotating stirring bar in the lower chamber of the partition 
cell was used to prevent a stagnant layer of drug from forming at 
the membrane interface. The sample of liquefied cocoa butter 
containing dissolved drug was introduced on top of the membrane 
barrier after 1 hr. of pre-equilibration time at 37 f. 0.1 ’. 


RESULTS AND DISCUSSION 


Partition Studies-A linear distribution coefficient isotherm of 
N-methyl salicylamide, salicylic acid, and methyl salicylate be- 
tween cocoa butter and water was established. The partition co- 
efficient, K ,  is defined as: 


where C,, is mg. of drug/ml. of water, C C b  is mg. of drug/g. of 
drug-cocoa butter solution, and n is the degree of association of 
the drug in the cocoa butter. Taking the logarithm and rearranging, 
Eq. 1 becomes: 


(Eq. 2) 


A representative log-log plot for Ceb uersus C,, is shown in Fig. 2. 
Using the method of least squares (6), the degree of association 
was found to be 0.8787 f. 0.1126 (SD), 0.9958 =t 0.1176, and 0.9932 
+ 0.3827, for N-methyl salicylamide, salicylic acid, and methyl 
salicylate, respectively. Considering the experimental error in- 
volved and the fact that any value less than one would have no 
physical meaning, the degree of association was taken to be 1.0, 
thus indicating no dimerization. 


The partition coefficient used is the mean of the individual values 
obtained when the concentration in the cocoa butter is divided 
by the concentration in the water. These values are 4.90 f 0.148 
(SD) ,  30.1 i 0.95, and 280 =!I 25.5, for N-methyl salicylamide, 
salicylic acid, and methyl salicylate, respectively. 


Release Rate Studies-T. Higuchi (3) derived an equation for 
the release rate of drugs from an ointment base. W. Higuchi (7) 
subsequently simplified the equation to: 


where Q is the amount released/100 ml., CO is the initial concentra- 
tion of drug in mg./g. of solution, and D is the diffusion coefficient 
of the drug in the base. The simplified equation applies when less 
than 30% of the contained drug is released. This model is based on 
the assumption that: (a) only a single drug species is important 
in the base; (b) the diffusion coefficient is constant with respect to 
both time and position in the base; (c )  the drug alone is allowed to 
diffuse out of the base; and (6) the drug is rapidly removed upon 
reaching the interface. All assumptions should be valid for the 
system in this study. 


Furthermore, the model also assumes that the phase receiving 
the drug is a “perfect sink.” The experimental system used in this 
study complied with this stipulation since at no time did the con- 
centration of drug in the bulk phase exceed 0.002%. 


The system also complied with the restriction imposed above 
in order to simplify the equation since the maximum amount of 
drug released at any time was less than 1 of the total amount in 
the base. 


Before the model could be tested to see if it applied to this sys- 
tem, the effect of the rate of flow of solvent had to be determined. A 
preliminary study showed that the release rate increased slightly 
when the flow rate was changed from the slowest to the fastest 
setting on the Sigma pump. It was observed visually that the 
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Figure 1-Cross-sectional diagram of the partitioning cell. Key: 
A, upper chamber containing cocoa butter solution; B, lower chamber, 
“sink”; C ,  water jacket; D, collar-holding membrane; E, membrane; 
F, stirring bar. 


pulsating flow of the solvent due to the Sigma pump caused the 
membrane to move up and down. The movement was greatest at 
the center since the membrane was fixed at the perimeter. It was 
thought that the movement of the pulsating membrane might have 
produced a constant rate of exchange of components at the inter- 
face which would account for the dependence of the rate of release 
of drug on the flow rate. Therefore, the rate of flow of the system 
was arbitrarily set at 75 ml./min. 


To test the hypothesis that the diffusional migration of drug in 
the base is the rate-controlling step, the amount of drug released/100 
ml. was plotted cersus d / t a s  represented in Fig. 3 when methyl 
salicylate was used. The resulting curve was linear as long as no 
cocoa butter leaked through the membrane. This indicated that the 
application of this model appeared valid. When cocoa butter did 
leak through the membrane, the increase in the surface area in 
contact at the interface increased the release rate. This fact had to 
be accounted for in each release run since some leakage always 
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Figure 2-Log-log plot of the concentration of N-methyl salicyl- 
amide in the cocoa butter (mg. MSAIg. cocoa butter) versus con- 
centration in the aqueousphase (mg. MSAIml. water). 
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Figure S P l o t  of’ the amount of methyl salicylate released (mg. 
MSjlOO nil. water) versus the square root of time (min.’/2). Key: 
initial concentrations (rng.jg. cocoa butter solution): A, 161.8; 
B, 124.8; C, 96.1; D, 84.6; E, 71.4; F, 61.7. 


eventually occurred. To negate the leakage effect, the lower points 
of the plots of concentration cersus d/twere weighed more heavily 
in determining linearity. Similar linear release patterns were ob- 
tained for N-methyl salicylamide and salicylic acid. 


It should be pointed out that in all cases, plots of amounts of 
drug released Denus d i d i d  not pass through the origin as the 
theory for the model predicts. The model of Koizumi and Higuchi 
(8) also exhibited a lag time for the release of a drug across an 
artificial membrane. They were able to show mathematically that 
the lag time was partially due to the lower diffusion coefficient 
within the membrane as compared to the bulk phase. In the experi- 
mental system studied here the effective diffusion coefficient of the 
drug within the membrane should also be lower than in the bulk 
phase. Thus, as in the Koizumi-Higuchi model, the lag time of the 
system could be attributed to the presence of the membrane separat- 
ing the bulk phase and sink. This is supported by the fact that the 
lag time is independent of pH of the receptor phase and the initial 
concentration of drug in the cocoa butter. 


Partition Coefficient-Release Rate Relationship-Inspection of 
Eq. 3 shows that the T. Higuchi model is independent of the parti- 
tion coefficient. This equation can be rearranged to: 


The left-hand side of Eq. 4 should remain constant regardless of 
the partition coefficient. To test this, the release “rate” ( Q l t f d )  
divided by the initial concentration of drug in the cocoa butter 
(CO) was plotted as a function of the inverse of the partition co- 
efficient (Fig. 4). Rather than the straight line, with zero slope, which 
Eq. 4 predicts, a curved line was obtained which appears to approach 
a plateau at low partition coefficients. A review of the simplified 
Higuchi equation was required in an attempt to explain such be- 
havior by this model. 


In Eq. 4, the only variable not accounted for was the diffusion 
coefficient. However, the data indicates that it would have to in- 
crease by a factor of 3.7 to account for the variation in release rate 
between methyl salicylate and N-methyl salicylamide. This is 
unlikely, owing to the insignificant difference in size and shape of 
these molecules. Furthermore, this order of magnitude could not be 
accounted for by a difference in the degree of solvation of the 
niolecules in the cocoa butter. Thus, it appears that this model is 
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Figure 4-Plot of the release rute/Co versus the incerse oj the par- 
tition coeficient. 


not totally adequate to explain the mechanism of the release of 
drugs in this system. 


In reviewing other possible models it was noted that the release 
rate was proportional to the partition coefficient when a diffusional 
barrier was present in the receptor phase (3). In the derivation of 
his equation for the diffusion of a drug to the interface, T. Higuchi 
assumed that upon reaching the interface the drug was rapidly 
removed. Thus, it appears that for the authors’ experimental system 
the model of T. Higuchi must be modified to include a diffusional 
barrier in the aqueous phase. To aid in the understanding of the 
role of the partition coefficient, it may be looked upon as the ratio 
of the rate of release of solute from the oil into the water to the 
rate at which it returns. A small partition coefficient indicates that 
the first rate predominates as in the case of the rapidly released N- 
methyl salicylamide. The second rate would prevail for a drug with a 
high partition coefficient as is the case with methyl salicylate. 


Support is given to this interpretation of the data by the relatively 
small increase in release of salicylic acid at a high pH. Since the 
reverse rate of N-methyl salicylamide is relatively small, eliminating 
this rate should increase the release rate only slightly. The release 
rate of salicylic acid increased from 1.1 X when 
a phosphate buffer of pH 6.8 (9) was used as compared to 2.5 X 


for N-methyl salicylamide. This could be accounted for by 
high dissociation constant of salicylic acid, thus effectively eliminat- 
ing the return rate. 


to 3.1 X 
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Present day pharmaceutical and medicinal chemists 
employ a wide array of experimental techniques. The 
complexity of the problems encountered with biochem- 
ically important systems and the success of the methods 
utilized are indeed impressive. One is almost hesitant to 
suggest that a technique which really consists of trickling 
electrons in or out the end of a wire could contribute 
anything significant to this difficult area. It is true that 
modern electrochemical practice has grown to a high 
level of sophistication. The instrumentation compares 
with the best, or, perhaps, the most complex available. 
But the inherent simplicity lightly referred to above 
offers certain advantages. With their simplicity, electro- 
chemical techniques frequently offer an incisive and re- 
vealing approach to the properties of molecules. 
Chemists are interested in the properties of molecules, 
no matter what their brand names. 


Although there has been no general adoption of 
modern electrochemistry into the pharmaceutical and 


medicinal fields, two monographs dealing with applica- 
tions have been available for some time. The first, by 
Brezina and Zuman (1) of the Czechoslovakian polaro- 
graphic school, deals almost exclusively with analysis via 
the dropping mercury electrode. The book by Purdy (2) 
is an excellent introduction to a wide variety of electro- 
analytical methods. 


The present article attempts to introduce the basic 
principles of voltammetry and to show how it is used 
with a variety of electrode systems. Detailed theory is not 
given-the approach is primarily experimental. Hope- 
fully, the examples chosen will illustrate both the po- 
tentialities and shortcomings of electrochemistry ap- 
plied to (a )  oxidation-reduction systems of general 
biological significance ; (b)  physical properties and inter- 
actions of drug systems; and (c) practical analysis of 
pharmaceutical compounds. Rarely is the electro- 
chemistry self-sufficient and a variety of spectroscopic 
and other physicochemical techniques which are part of 
modern electroanalytical practice are included. 


FUNDAMENTALS OF VOLTAMMETRY 


Voltammetry, the measurement of current-voltage 
curves, constitutes the single most important measure- 
ment in electrochemical methods. One requires a basic 
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feel for these measurements and their broad range of ap- 
plications. An intuitive and experimental approach is 
given herein. For a more detailed development of the 
theory, particularly applied to the study of organic 
electrochemical processes, the reader is referred to a 
monograph which has recently appeared (3). 


Voltammetry can be introduced by comparing it to  
classical potentiometry. The latter has been applied 
widely to biochemical systems and is, of course, familiar 
to all chemists. It will be interesting to see that classical 
potentiometry is, in reality, a rather special case of the 
less familiar but more general voltammetry. 


Comparison of Potentiometry and Voltammetry- 
When measuring the oxidation-reduction (redox) po- 
tential of a hypothethical solution which was le3 M in 
Fe(III), M in Fe(II), and perhaps 1 M in sulfuric 
acid, a supposedly inert electrode, like a platinum (Pt) 
wire, and a reference half-cell, typically the saturated 
calomel electrode (SCE) would be used. These elec- 
trodes would be immersed in the above test solution 
(well stirred) and now it only remains to choose a poten- 
tial measuring apparatus. Here the “generation gap” 
must be remembered for most of the younger crowd 
would suggest “attach the electrodes to a pH meter on 
the millivolt range and read the potential”-and rightly 
so, for the pH meter is convenient and accurate. But 
many old-timers will recall the use of a so-called student 
potentiometer. Figure 1 shows one form of such a cir- 
cuit which has by no means outlived its usefulness. 


In Fig. 1, the top portion of the apparatus comprised 
of the battery, B, and the variable resistance, R,  is en- 
closed in broken lines because it is a very important and 
fundamental circuit in electrochemistry. It is properly 
called a voltage divider but commonly is known as a 
potentiometer. (Actually, the variable resistor, when 
used in the configuration of Fig. 1, is itself called a po- 
tentiometer. In radio and electronic parlance the termi- 
nology is often shortened to pot. There is no known 
relationship between this and the more pharmacologi- 
cally importaiit “pot.”) For electrochemical applications, 
typical values of B and R are 3-6 v. and 10-50 ohms, 
respectively. 


The purpose of the voltage divider is to supply a 
source of continuously adjustable voltage between 
points 0 - X  (Fig. 1) by varying the position of the ad- 
justable tap on R .  ( R  can be a simple slidewire resistor, a 
wire-wound radio pot, or one of the many forms of 
linear potentiometers). The variable voltage, which can 
be read on voltmeter, V, is applied to the electrochemical 
cell (Pt-SCE). 


If the voltage divider is adjusted by momentarily 
closing the switch (tapping key, K )  until the galvanom- 
eter, G, shows no current deflection, then the voltage as 
read on V must be equal and opposite to the un- 
known voltage of the Pt-SCE electrode system, E,. 
(In the “true” student potentiometer the variable vol- 
tage was ordinarily calibrated via a Weston standard 
cell. Increments along R represented some regularly in- 
creasing and precise fraction of the total voltage applied. 
Usually, instead of a voltmeter reading, the standardized 
position of R was used.) 


1 Helipot. 
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Figure 1-Simple circuit for potentiometry and voltammetry; see 
text for explanation of symbols. 


The measurement above is made at essentially zero 
current drain from the electrodes, provided the switch is 
not closed for too long a time at off-balance conditions. 
This type of null-point measurement is called classical 
potentiometry. In the present case, the potential of the 
Pt electrode is observed to be +0.44 v. versus SCE. This 
is EO’, the formal redox potential of the system Fe(III)/ 
Fe(1I) in 1 M sulfuric acid. (The convention in this 
article is the analytical or European convention in which 
reduction potentials are used. Thus, for the processes 
Ce(1V) + e e Ce(1II) and Zn(I1) + 2e $ ZnO, the re- 
duction potentials are + 1.44 and -0.76 v. versus the 
hydrogen electrode, respectively. This is the convention 
used most frequently in biochemical studies. It is also 
invariably used in voltammetry. The SCE is almost the 
universal reference electrode in voltammetry and po- 
tentials are rarely referenced back to the hydrogen 
electrode. Unless otherwise noted, all potentials in this 
article will be in volts uersus SCE. On the reduction 
scale, the potential of the SCE uersus hydrogen is 
f0.246 v.) For a more thorough discussion of potential 
conventions, formal potentials, etc., the reader is re- 
ferred to References 3 and 4 .  


The Nernst equation expresses the relationship as 
measured above between the potential of the Pt elec- 
trode and the bulk concentrations of Fe(II1) and Fe(I1) 
in solution as: 


(Eq. 1) 


where EO’ = +0.44 v. versus SCE. (This is for the 1 M 
sulfuric acid medium. In general, formal potentials vary 
with the overall solution composition but are useful 
constants for any fixed set of solution environment.) 
Whenever the bulk concentration ratio of [Fe(III)]/ 
[Fe(II)] is changed, Eq. 1 demonstrates Ept must vary. 
This is the basis of classical potentiometric titrations, 
where the bulk concentrations are changed by interac- 
tion with either an oxidative or reductive titrant. 


There is another way in which the concentrations can 
be varied-by direct “electron titration” of the interface 







region close to the Pt surface. In this case the bulk con- 
centrations do not vary, only those concentrations at or 
very close to the electrode surface are altered and a 
slightly modified Nernst equation holds: 


where x = 0 indicates the concentrations at  the electrode 
surface and x is the distance from the electrode usually 
expressed in centimeters. This process is voltammetry 
and can be carried out with exactly the same equipment 
as in Fig. 1. 


Now consider what happens if one simply locks the 
tapping key closed. If the voltage divider is set exactly at  
+0.44 v., no current will flow since this is exactly the 
condition of the potentiometric zero current measure- 
ment. If, however, the applied voltage is made less posi- 
tive than +0.44 v., considerable current will flow. (In 
fact, the current may be too large for a galvanometer 
and we may wish to substitute a microammeter or even a 
milliammeter. This is really the only modification we 
need make in the circuit to change from a classical po- 
tentiometric to a voltammetric measurement.) 


The reason for the current flow is clear. If one assumes 
that E P ~  is now held less positive than Eo’ (+0.44 v.), 
then it is clear that Eq. 2 cannot be satisfied unless: 


The only possible way this can happen (in the absence of 
an externally added reductant) is for electrons to be 
transferred to the Fe(II1) species. This constitutes a cur- 
rent flow through the ammeter circuit and corresponds 
to a cathodic reduction of Fe(II1) species. Note it is not 
necessary to alter the bulk concentration-only the con- 
centration ratio at  the electrode surface, i.e., at x = 0, 
needs be changed to satisfy the value of Ept which is ap- 
plied uiu the voltage divider. 


In an exactly analogous fashion, if Ept is set at  values 
more positive than +0.44 v., current will again flow- 
this time in the opposite direction. Now it is necessary 
that the ratio: 


to satisfy Eq. 2, and Fe(I1) is oxidized at  the interface 
corresponding to an anodic oxidation. Voltages more 
positive than the Eo’ are spoken of as anodic and the 
current flow is designated anodic or oxidation current. 
Similarly, cathodic voltages are less positive (more nega- 
tive) than Eo’ and the corresponding current is cathodic 
or reduction current. [Note that it is not necessarily the 
sign of the applied voltage which determines the direc- 
tion of current flow, but rather its value with respect to 
Eo’ of the redox system. For example, Brz can undergo 
reduction at  fairly high positive voltages (about +0.7 
v.), and many reductants are oxidizable at quite nega- 
tive (with respect to zero) voltages. Throughout the 
discussion above the author has used the expression vol- 
tage-whereas in voltammetry one most frequently 
sees the term potential. It is actually the potential of the 


electrodes which is of interest. The real potential differs 
from the applied voltage by the amount of iR drop in the 
voltage divider, reference electrode-solution resistance 
network. The iR drop is a necessary evil of the finite cur- 
rent flow. With low resistance ( R )  solutions and circuits, 
the iR drop can be made small and the terms can be used 
interchangeably. In any event, one can always correct 
(either uia instrumentation or arithmetic) applied 
voltage to potential. From here on the author will 
assume such corrections and refer to current-potential 
relationships.] 


If plotted, this current-potential data would look like 
Fig. 2A. The three points with the smooth curve indi- 
cated can be reasonably connected. If one continues to 
move more cathodic from EO’, the current could either 
(a) increase indefinitely or (b) reach some limiting value. 
A little reflection will indicate the second possibility is 
most likely. 


If, for instance, the applied potential is several tenths 
of a volt less positive than EO’, then: 


Thus, it is evident the concentration of Fe(II1) at  the 
electrode must decrease to a value negligibly small with 
respect to that in  the bulk of the solution, or: 


+ 0.44v. 


i = O  .q--+- 0.6 0.5 0.4 ’ 0.3 


E v s S C E ( v . )  + (-) 


i 1 0  


Figure 2-Current-poteutial curves for ferric-ferrous system; A, 
B, C :  see text. 
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Thus, 


[Fe(III)J,=o + 0 


If, under these conditions, the Fe(1II) at  the electrode 
surface is approaching zero, to sustain continual and in- 
creasing current flow fresh Fe(II1) must be transported 
from the bulk of the solution by some mass transfer 
process, be it diffusion, electrical migration, stirring, or 
whatever. Ordinarily this mass transfer becomes current 
limiting-in fact, in most voltammetric applications we 
arrange the mass transfer conditions so it does limit the 
current. Hence, both the anodic and cathodic currents 
can be expected to show a leveling off as indicated in 
Fig. 2B. Since the limiting current is due to mass transfer 
from the bulk of the solution (the concentration of 
Fe(II1) or Fe(I1) at x = 0 is essentially zero in this po- 
tential region) we can reasonably expect that these 
limiting currents will be proportional to the bulk con- 
centrations of Fe(II1) and Fe(I1). The exact quantitative 
relationships for the limiting currents will depend on the 
electrode area, type of mass transfer involved, and other 
factors to be examined later. 


If the applied potential is extended even more, it is 
possible to increase the current beyond that obtained by 
the ferric-ferrous system. This, of course, must occur by 
reducing or oxidizing additional species in the solution. 
The next most easily reducible and oxidizable species 
undergo electron transfer, which in 1 M sulfuric acid 
would be : 


2H- + 2e e H1 at more cathodic E,,,. 


2H20 e OJ 4H+ + 4e at more anodic E,,, 


Since this represents electrolysis of the solvent or “back- 
ground” solution, present in high concentrations, these 
currents are large and represent the limits (or cut-off) of 
the available potential range. The total range of poten- 
tial depends on the solvent and supporting or back- 
ground electrolyte. This complete current-potential 
curve looks like that of Fig. 2C. 


The plot of Fig. 2C is called a current-potential curve, 
polarograni, polarographic wave, or voltammogram. I n  
this case, it represents a mixed anodic-cathodic polaro- 
gram. If only Fe(II1) or Fe(I1) had been present, only the 
cathodic reduction or anodic oxidation waves, respec- 
tively, would have been obtained. 


In summary. the essential difference between a classi- 
cal potentiometric and a voltammetric measurement is 
that in the former method great care is taken to exclude 
current flow at the electrodes. Just the opposite is true in 
the voltammetric technique where the current is the es- 
sential response of the system. Notice Eq. 2 is appli- 
cable to both processes-it is essentially concentrations at  
electrode surfaces which are meaningful. In the potenti- 
ometric case, with zero current flow, electrode surface 
concentrations are identical with those in the bulk of 
solution and the “classical” Nernst expression of Eq. 1 is 
interchangeable. 


If this is the only important difference in the two 
methods, one might justifiably ask, “who needs voltam- 
metry?” There are a variety of advantages which it is 
hoped will become apparent in later sections. At this 
point merely consider the following problem. Suppose 
we wished to determine the EO‘ of the redox couple 


p-phenylenedianiine (PPD) and its conjugate oxidant 
p-phenylenediimine (PDI), in  pH 4 buffer solution. 
Even the most elegant experimentalist will find it im- 
possible to prepare a stable solution of PDI-it under- 
goes rapid hydrolysis and coupling reactions and classi- 
cal potentiometric measurements are not feasible. Even 
oxidative potentiometric titration of PPD and evalua- 
tion of the Eo’ from the 5 0 z  titrated point is unreliable. 
Some form of discontinuous titration, using extrapola- 
tion of potential to zero time of reagent addition, is re- 
quired to offset the decomposition reactions of PDI. 
Such systems eluded the best potentiometric techniques 
of the late W. M. Clark et al. whose work on biological 
redox systems is monumental and should be required 
reading for any young upstart in electrochemistry (5). 


With fast voltammetric techniques, the effects of 
chemical reactions coupled to the electron transfer (fol- 
lowup reactions) are qualitatively and quantitatively 
reflected in the current-potential curves. Often the 
chemical reactions can be by-passed by high speed mea- 
surements. This is rarely desirable for they are of utmost 
interest. With proper selection of voltammetric condi- 
tions, the coupled chemical reactions can be “tuned in” 
for precise characterization and rate measurements. 
Thus, the criticism of classical potentionietry in studying 
organic redox systems is only that it by-passes a wealth 
of information. 


So far only one type of voltammetric procedure has 
been discussed. In the next section the most important 
voltammetric responses as a function of the experi- 
mental variables will be examined to see how each can be 
applied to the study of organic systems. 


Response Characteristics of Electrodes-Assuming 
that one is exercising control over the applied potential, 
there are a variety of electrochemical responses which 
can be obtained. The diversity depends on the fact that 
the output response is controlled by: (a)  nature of the 
mass transfer process-quiet or stirred solution, type, 
and nature of the working electrode (the working 
electrode is the one at which the electrode reaction of 
interest occurs); (b)  type of applied potential signal 
(Eapp). E,,, may be constant, linearly varied with 
time, or have any other convenient and useful time de- 
pendence. 


The three main modes of mass transport encountered 
are migration, convection, and diffusion. 


Mass transfer by migration results from the influence 
of the electrical field at the electrode on charged (ionic) 
electroactive species. It is of no interest whatsoever in 
voltammetry. It can be rendered negligible by using an 
excess of background or supporting electrolyte. A sup- 
porting (background) electrolyte is simply one which is 
not electroactive in the region of interest. This was the 
purpose of the 1 M sulfuric acid in the author’s earlier 
example. Supporting electrolytes typically include salts, 
acids, bases, and buffer solutions. If the background 
electrolyte is 10-100-fold greater than the electroactive 
species migration effects can be neglected. From here on 
proper supporting electrolytes are assumed to be present 
and migration plays no part in the voltammetry. 


Two types of convective mass transport can be distin- 
guished. The first, due to natural convection, arises from 
thermal or mechanical disturbances, as well as density 
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gradients in the solution. It is nonreproducible. Fre- 
quently, measurements are restricted to times <60 sec. 
which limits density and vibration disturbances. 


On the other hand, forced convection, which really 
means stirring, can be made very reproducible and is an 
important mass transfer mode in voltanimetry. The 
most reproducible convective mass transport is achieved 
with rotated electrodes of special design known as ro- 
tated disk electrodes (RDE). 


Diffusion is the most widely studied mass transport 
process and many voltammetric experiments are de- 
signed so it is the only one operative. Diffusion occurs as 
a result of the concentration difference developed be- 
tween the electrode surface and the bulk of solution as 
soon as electrolysis is initiated. I t  is the predominant 
form of mass transport in quiet solutions. 


It is inituitively easy to appreciate that the overall rate 
of convective mass transport normally exceeds that of 
the diffusion counterpart. Therefore different responses 
can be expected if rapidly varying signals are applied to 
the two processes. In general, the convective transport 
will usually “keep up” with the applied signal and the 
response will be a steady state or time invarient current. 
On the other hand, currents and current-potential re- 
sponses are normally time dependent in quiet solutions. 
This survey of voltammetric methods will begin with a 
process of the latter type, since it is fundamental to an 
understanding of all the other methods. 


STATIONARY ELECTRODES I N  QUIET SOLUTION 


Chronoamperometry-In the chronoamperometric 
(also called potentiostatic) measurement, one suddenly 
applies a constant potential to a working electrode in 
quiet solution and observes the current as a function of 
time. The experiment obviously can be carried out with 
the apparatus of Fig. 1. However, since we will wish to 
record current-time curves, the apparatus will be up- 
graded to a design which will fit all later experiments. 
Figure 3 shows such an instrument. 


The basic voltage divider is still present, but now it is 
arranged so the variable tap can be driven or scanned by 
a synchronous motor, SM.  One can thus hold a con- 
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Figure 3-Simple recording polarograph; see texr for explaiiation of 
symbols. 
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Figure &Stationary electrode desiguc: A. precise linear diffusion 
electrode: B, practical linear diffkioir elerrrode: C ,  electrical con- 
nector wire; H, electrode holder, usually glass, Teflon, etc.; E, elec- 
trode surface, Pt,  carbon, etc. 


stant potential or provide any suitable variation with 
time. The current is now measured as the iR drop across 
a standard resistance, Rs. and fed to the pen axis of an 
X-time recorder. The scan rate of the voltage divider can 
be synchronized with recorder chart speed, or, in other 
applications, provide a signal for the Y axis of an X-Y  
recorder. Figure 3 is now a recording polarograph of 
limited versatility. (The simple voltage divider polaro- 
graph will not suffice for high speed koltammetry and 
precision applications. In all modern instruments, it is 
replaced by an operational amplifier potentiostat. The 
potentiostat does the same thing as the circuit of Fig. 3- 
only better. This type of instrumentation is discussed 
briefly later.) 


For the potentiostatic experiment, let one assume a 
quiet solution containing only M Fe(I1) in 1 M 
sulfuric acid. The working electrode is now chosen to 
provide linear diffusion as the only mode of mass trans- 
port. True adherence to linear diffusion conditions re- 
quires an electrode with a shielding mantle (which pre- 
vents edge diffusion) as shown in Fig. 4A. It is difficult to 
construct and use. Unshielded electrodes like those of 
Fig. 4B are used on a practical basis for most forms of 
stationary electrode applications. They provide rather 
close correlation with linear diffusion theory. Details of 
practical electrode construction can be found in Refer- 
ences 3 and 6.  


If one applies a potential several tenths of a volt 
anodic to the Eo‘ at t = 0 and follows the current-time 
curve for about 45 sec. (longer times will allow natural 
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convection to interfere) it can be verified that the cur- 
rent will decay with time according to the well-known 
Cottrell equation: 


In Eq. 3, IZ = number of electrons, here unity for the 
Fe(I1) oxidation; F is the Faraday; A ,  the electrode 
area; D, the diffusion coefficient of Fe(I1); and C, the 
bulk concentration. The other symbols have their usual 
significance. For a rigorous derivation of Eq. 3, see 
Reference 6 ; for an experimental interpretation, Refer- 
ence 3. 


The instantaneous current at any time is proportional 
to the bulk concentration and could be used for analy- 
sis. However, the transient response makes it an incon- 
venient analytical tool. The chronoamperometric mea- 
surement is a precise and convenient means of calculat- 
ing the diffusion coefficient of an electroactive species, 
provided the number of electrons, n, is known. (This is 
not a trivial piece of data for organic compounds and 
often limits D value measurements.) For molecules of 
biological interest, this is a relatively simple means of 
obtaining the diffusion coefficient. For high concentra- 
tions of supporting electrolyte, the electrochemical 
values can be shown to be in reasonable agreement with 
those obtained by tracer and capillary diffusion mea- 
surements (3). 


Eq. 3 is really the most fundamental of all relation- 
ships in voltammetry where diffusional control is opera- 
tive. If the electrode is spherical, or cylindrical, rather 
than planar, extra terms are added to Eq. 3 to account 
for the additional mass transport from the other diffu- 
sion paths. In many instances, these more complex ex- 
pressions can be reduced to Eq. 3. The Ilkovic equa- 
tion for the instantaneous current at  a dropping mercury 
electrode is obtained by merely substituting for the area 
of the expanding mercury sphere in terms of experi- 
mental quantities like m, the mass of mercury falling in 
mg./sec. and t, the drop time. 


Chronoamperometry, when it is applied to a simple 
electron transfer like the oxidation of Fe(II), is really 
pretty dull. However, the picture is very exciting when 
chemical follow-up reactions are present. Consider the 
following oxidative electrode reaction : 


A B + nle at potential El 
k 


B + Z - + C  


C s D + n2e at potential Ez 


This is commonly called an ECE reaction because it con- 
sists of an electron transfer-a chemical interaction- 
and another electron transfer. The initial product B in- 
teracts with some component of the solution or solvent 
itself, Z, to produce the intermediate C. It very fre- 
quently happens that C is more easily oxidized than the 
starting material, A (E, < El). Hence, at the applied 
potential El, it is immediately further oxidized to D in a 
nz electron transfer. 


Such a process is typical of the oxidation of a hydro- 
quinone (A) .  The resulting quinone (B)  may undergo a 
rapid 1,4-addition with a nucleophile (Z)  to give a sub- 
stituted hydroquinone (C). If the nucleophile is electron 


donating, C will be more easily oxidized than A .  These 
processes in biochemically important quinones have 
been discussed by Pullman and Pullman (7). The reac- 
tant 2 can be electron withdrawing or other factors can 
lead to species C being slightly more difficult to oxidize 
than A ,  but this increase is rarely greater than 100-200 
mv. in a variety of systems examined to date. The ECE 
process is very widespread in organic electro-oxidations 
and there are many counterparts in reduction processes 


Now, with an applied potential of Ez (or El, if suffi- 
cient), analyze the current-time (i-t) behavior for the 
ECE process. First, consider the i-t curve if only the first 
oxidation were to  take place. This is the situation if k for 
the intervening chemical reaction is very small. The cur- 
rent will decay inversely with t'I2 according to Eq. 3 


(3). 


. nlFAD1/2C 
3r 1 / 2 t  1 / 2 


I =  


or: 


The corresponding equation in which both electron 
transfers occur was given by Alberts and Shain (8) as: 


If k is very small, Eq. 4 reduces to 3a, i.e., the process 
corresponds only to the simple oxidation of A if no 
chemical step takes place. This is also the case if k is 
finite, but t is very short, since for short times, A is es- 
sentially the only oxidizable component present. How- 
ever, for long times, ( L ) ,  Eq. 4 becomes: 


corresponding to the direct oxidation of A to D. At 
intermediate t's, the current varies between the two 
limits and the switch-over point is determined by the 
value of the chemical rate constant, k. 


In order to facilitate the determination of k, Alberts 
and Shain divided Eq. 4 by Eq. 5 to obtain: 


Since very often n1 = n2 for ECE processes, this reduces 
to the remarkably simple relation: 


A dimensionless working curve can be constructed from 
Eq. 7 by merely assigning values to kt and plotting 
against calculated ratios of it'/2/ita''z. Experimentally, 
one evaluates this latter ratio and for each such mea- 
surement obtains a value of k. Alternately, several 
values of kt can be plotted versus t and k evaluated from 
the slope of the resulting linear function. The value of 
it,'12 is determined under conditions where kt is large. 
However, if k is small, this requires long times where 
natural convection disturbs the proper measurement of 
current-time curves. Hence, an alternate (and usually 
preferable) method is to determine an it,'"2 value in a 
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medium where the chemical reaction cannot occur, i.e., 
k = 0. Then, if n1 = n2, is simply twice this value. 
This assumes that the diffusion coefficients are not ap- 
preciably altered by the change in medium (usually an 
alteration of pH). 


A wide variety of analyses are now available for ECE 
processes, including first- and second-order chemical 
steps, dimerizations, etc. (8-12). Evaluation of the data 
has been greatly simplified by the digital simulation 
techniques of Feldberg, which are now summarized (13). 
There are several so-called “nuances” to the ECE reac- 
tion not discussed above. If the intermediate, C, is more 
easily oxidized than starting A ,  then it is clear the chem- 
ical oxidation: B + C $ D + A can occur along with 
electro-oxidation of C. This type of reaction has been 
called the ECC process and, when taken into account, 
slightly modifies the working curves. The net electro- 
chemical effect is still the same-in the limit (HI + nz) 
electrons are transferred. Several ECE systems of 
pharmaceutical interest have been studied by the 
chronoamperometric method and these are discussed 
later under applications. 


Single Sweep Peak Voltammetry-With quiet solu- 
tions, an experiment more common than the chrono- 
amperometry of the previous section is the application of 
a linear potential sweep to  the working electrode. In 
fact, the technique is often called linear potential sweep 
chronoamperometry. It also has been termed oscillo- 
graphic polarography. The more descriptive name of 
peak voltammetry seems most appropriate. 


The conditions of the experiment are the same as be- 
fore. Shielded electrodes give strict adherence to theory, 
but the practical variety work very well. Potential sweep 
rates vary from 1 or 2 to several hundred volts per 
minute. The most common range is 2-50 volts per 
minute. With sweep rates less than about 20 volts per 
minute the current-potential curve can be fed to a pen- 
and-ink recorder. Higher rates require oscillographic 
presentation. The present status of the theory and prac- 
tice of peak voltammetry is largely due to the studies of 
Nicholson and Shah  (14). 


The output response is a peak shaped current-poten- 
tial curve called a peak polarogram or peak voltammo- 
gram. This is an example of electrode response in quiet 
solution depending on the rate of application of the 
applied potential. The current naturally increases with 
the applied potential sweep and would reach a steady 
state limiting value (as in either the cathodic or anodic 
position of Fig. 1B) if convective mass transport con- 
stantly replenished the supply of electroactive species. 
With only diffusion operative, the current instead 
reaches a maximum and then decays with the character- 
istic t1 /2  dependence of Eq. 3-hence, the peak be- 
havior. 


A typical example, and one of interest in pharma- 
ceutical work, is that for the reduction of the important 
antibiotic, chloramphenicol (Chloromycetin) shown in 
Fig. 5. The maximum or peak current is given by: 


ip = kn‘/zAD’/zV’/zC (Eq. 8) 


Here, V is the potential sweep rate in volts per second 
and the other symbols have their previous significance. 
The constant, k, is called the Randles-Sevcik constant 
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Figure 5-Peakpolarogram for reduction of chloramphenicol. 


after Randles and Sevcik, who independently first prac- 
ticed this work as oscillographic polarography (3, 6). 
The peak current of Eq. 8 is normally expressed in arn- 
peres. Two useful expressions in terms of microamperes 
(pamp.) are: 


ip(pa,,rp.) = 269 X 1O6nnl/zAD‘/2V’/zC (Eq. 8a) 


where C is in moles/l. or M 


or: 
ip(pnmp.) = 269 X 103n3/2AD‘/2V’/2C (Eq. 86) 


where C is in mmoles/l. or mM. 


The value of the Randles-Sevcik constant has now been 
established by the rigorous calculations of Nicholson 
and Shain as 269 (14). 


The curve may be characterized by the peak potential, 
E,, or the half-peak potential, EPl2. The latter is simply 
defined as the potential where i = ip/2. It has no special 
thermodynamic significance, but is easily related to the 
more conventional El/,  and Eo’ values (3, 6). The peak 
polarogram of a reversible redox system is narrow and 
occupies a potential interval of about 0.12 v. for a I -  
electron system. The increment between E, and E,,, for 
a reversible process is given by: 


0.057 volts Epiz 1 = 


Equation 8 predicts that the ratio ip/V’/2 should be 
constant and independent of I/ for a simple electron 
transfer with no coupled chemical reactions. If an ECE 
process occurs, as the sweep rate decreases, more time is 
available for the homogeneous chemical reaction and 
the second electron transfer, hence, ip/ V’l2 will increase. 
This is indeed a valuable diagnostic criterion for ECE 
reactions. Quantitative relationships of peak voltam- 
rnetry are very useful in elucidating the nature of elec- 
trode processes (3). 


One of the most valuable applications of peak voltam- 
metry is in analysis. The sensitivityis excellent. Equations 
8a and 8b show that a 1 m M  solution of an electroactive 
species with n = 1 and an average D = 4 x lop6 cm. ,/ 
sec. will produce about 150 pamp. of current at a 1 cm., 
electrode using sweep rates of about 6 v. min. Most elec- 
trodes used to date have averaged about 0.2 cm.2 in area 
and peak currents of about 40-50 pamp. for a 1 mM 
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solution are common. This may be compared with the 
dropping mercury electrode where a 1 m M  solution of a 
l-electron reduction produces about 4-6 pamp. Both 
electrode areas and sweep rates can be increased con- 
siderably to give higher sensitivity (ip a A,V’/’) although 
a practical limit on sweep rates is set by charging cur- 
rent (6) .  


In  general, any compound which can be reduced by 
conventional dropping mercury polarography works 
well in peak voltammetry. The hanging mercury drop 
electrode and a variety of mercury plated surfaces are 
used. It should also be noted that a great many reduc- 
tions in nonaqueous media (acetonitrile, N,N-dimethyl- 
formamide) occur easily at  platinum or gold electrodes. 
Platinum and various carbon electrodes are used for 
anodic oxidations. A thorough survey of the electrodes 
and methodology of peak voltammetry can be found in 
the comprehensive biannual reviews by Hume (1 5). A 
complete and continuing coverage of the voltammetry of 
organic compounds, including pharmaceutical mate- 
rials, is contained in similar reviews started by Waw- 
zonek and continued by Pietrzyk (16-18). 


A modification of peak voltammetry known as in- 
verse or stripping voltammetry is particularly suited to 
trace metal analysis in biological materials. Here a con- 
trolled potential electrolysis concentrates the metal in a 
hanging drop, mercury film, or other electrode surface. 
Then, the potential is swept anodic to give an oxidative 
“stripping” peak. The sensitivity has been estimated at 
lo-” M ,  but higher practical limits (as in most trace 
determinations) are usually set by impurities in reagents, 
etc. The latest review by Hume summarizes some of the 
applications of stripping voltammetry (1 5). 


Cyclic Voltammetry-The single, most fruitful, elec- 
trochemical approach to studying chemical reactions 
coupled with electron transfers is the technique of cyclic 
voltammetry (CV). In CV one employs a stationary 
working electrode in quiet solution and applies a 
repetitive, triangular (isosceles) wave potential sweep 
between it and an auxiliary or reference electrode. The 
sweep interval can include the whole potential range of 
interest, i.e., for an aqueous media from about + 1.2 to 
-0.2 v. uersus SCE, or be limited to shorter intervals of 
interest. The sweep rates which are compatible with pen 
and ink recording vary between about 1-20 v./min. 
Much higher rates are widely used in oscillographic 
recording. One records the anodic and cathodic currents 
as a function of the applied triangular potential sweep, 
usually on an X - Y  recorder (with at  least l-sec. pen 
response). 


CV is really peak voltammetry with rapid and repro- 
ducible reversals of the potential sweep. Since the solu- 
tion is quiet and the time interval between sweep rever- 
sals is short, the products generated in a reduction are 
available near the electrode surface for reoxidation as 
the triangular wave reverses. In a simple, rapid electron 
transfer with no chemical complications, one obtains 
anodic and cathodic peak polarograms in which the 
ratio of anodic to cathodic peak currents, i,,,a/ip.c is 
unity. The potentials of the two peaks are separated by a 
small increment: 


This behavior is seen in Fig. 6A for a reversible system. 
With less reversible electron transfer, the peaks are more 
rounded and the separation is greater, Fig. 6B. With 
marked irreversibility, the individual peaks may be 
reduced in size and widely separated as in Fig. 6C. 


(The ambiguous terms reversible, quasi-reversi ble, 
irreversible, etc., have clouded the minds of several gen- 
erations of readers. If the electrochemical establishment 
had a shred of social conscience, it would ban their 
usage. The alternatives are actually not so simple. The 
quantitative measure of reversibility is embodied in the 
heterogeneous rate constant for the electron transfer 
process. This rate constant, given a variety of symbols 
like k,, kaIb kel or k”,  and expressed in centimeters per 
second, can be measured and quoted for many systems. 
However, k,, per se, is not an index of observable revers- 
ibility. Rather, the latter depends on the magnitude of k, 
compared to the average mass transfer rate, V,,, of the 
measuring technique. 


Lady Godiva riding Man-0’-War would have been 
just a blonde blur. The same lady astride her slow pacing 
steed indeed must have been “something else.” So it is 
with reversibility-if k ,  is much faster than Vmt of the 
measuring technique, it is said that the system appears 
reversible. Only the slower V,, can limit the current and 
the system obeys what we expect for the Nernst equa- 
tion. Such behavior is also frequently termed Nernstian. 
If k, and Vmt are competitive, the voltammetry appears 
partially or quasi-reversible. If k, is quite small with 
respect to Vme, the former is limiting and marked irrevers- 
ibility is observed. Hence. observable reversibility de- 
pends on the speed of the measuring technique. With a 
fast enough electrochemical technique, it is theoretically 
possible to make any redox system appear irreversible, 
i.e., k, can be measured. In CV, the apparent reversi- 
bility will vary with sweep rate. Measurements of k. 
constitute an important area of electrochemical investi- 
gation (3, 6). For the present purposes, we need only 
appreciate that the general shapes and peak separations 


Figure 6-Cyclic polarogram., of carious redox systems; A, fast 
electron transfer rate (reversible); B. intermediate electron transfer 
rate (quasi-reversible); C ,  slow elerfron transfer rate (irreversible). 
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Figure 7-Oxidation of adreimline in strong acid about I mM adren 
aline in 1 M sulfuric acid. 


of redox couples will vary with the systems and the 
sweep rate. This behavior is, i n  a way, a nuisance. How- 
ever, it is discernible and not to be confused with 
changes which occur as a result of chemical reactions 
coupled to the electron transfer.) 


Although the cyclic polarograms of Fig. 6 may look 
quite different, they have one factor in common. They 
are essentially the same no matter how many cycles are 
examined. There is always a slight decrease in peak 
heights during the first few cycles. This is due to slight 
adjustments of the concentration profiles near the 
electrode surface to steady state conditions. But no 
major changes in shape or number of peaks occur. An 
approximate steady state is reached after some 5-10 
cycles. Usually only the first and the next two or three 
cycles are of interest. 


The situation is very different when a chemical follow- 
up reaction is present. This is strikingly shown in Figs. 
7-9 for the oxidation of adrenaline (epinephrine). Figure 
7 represents the oxidation of about 1 m M  adrenaline in 
strong acid (1 M sulfuric or perchloric acid). Only one 
cycle is shown, but, other than minor changes, subse- 
quent cycles are the same. The CV obviously represents a 
partially reversible electron transfer. It can be shown to  
correspond to the 2-electron oxidation of the protonated 
adrenaline to  its open chain quinone form: 


OH - om + 2HC + 2e 
0 


H’ ‘CH, H’ ‘CH, 


In 0.3 M acid, although the adrenaline/adrenaline- 
quinone system is considerably more irreversible, as seen 
in Fig. 8, the picture is still essentially the same. Note 
there is no  major difference between the first and second 
forward sweeps marked 1F and 2F in Fig. 8. A forward 
sweep is one in the same direction as the initial potential 
sweep. The only real difference between Figs. 7 and 8 is 
that the electron transfer rate of the catechol/quinone 
system has become considerably slower. For qualitative 
comparison, the reversibility lies somewhere between the 
systems represented in Figs. 6B and C .  (The reversibility 
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Figure 8-Oxidation of adrenaline in 0.3 M acid solution about I mM 
adrenaline in 0.3 M sulfuric acid. 


of most hydroquinone/quinone and catechol type sys- 
tems decreases with decreasing acidity). 


At pH 3 the picture seen in Fig. 9 is significantly dif- 
ferent. Starting with the first forward sweep, l F ,  adrena- 
line is initially oxidized (Peak A )  with an E, at about 
+0.6 v. On the reverse, cathodic sweep some adrenaline- 
quinone is still seen at  Peak B. An even greater peak 
separation between A and B exists at this lower acidity. 
Now, however, there is an additional reduction peak at  
C. Further, on the second forward sweep, 2F, the pat- 
tern is entirely different. A new oxidation peak, D ,  not 
present on the first sweep, is now observed. The semi- 
reversible redox system represented by Peaks C and D 
can be identified with the couple leucoadrenochrome/ 
adrenochrome by comparison with the CV of an authen- 
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Figure 9-Oxidation of adrenaline in p H  3 buffer solution about 1 
mM adrenaline in Britton and Robinson, p H  3 buffer. 
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tic sample of adrenochrome. As the pH is lowered, suffi- 
cient concentration of the unprotonated adrenaline- 
quinone develops to  allow the intramolecular 1,4 
(Michael) addition to occur as: 


“,m”” E r n ” ”  
H’ ‘CH, I 


CH3 


“,m”” E r n ” ”  
I 


CH3 


Because the cyclized product, leucoadrenochrome, is 
more easily oxidized than adrenaline itself, it is rapidly 
oxidized further to  adrenochrome : 


E@-JoH = 0 O m 0 ”  + 2H+ + 2e 


I I 
CH, CH, 


Comparison of Figs. 7-9 shows immediately how 
powerful a tool CV is in identifying follow-up chemical 
reactions. Whenever there is a distinct change between 
the first and subsequent cycles, a chemical follow-up 
reaction has occurred. Often a tremendous amount of in- 
formation about the overall electrode reaction can be 
obtained in a very short time by such simple, qualitative 
CV experiments. If follow-up reactions do occur, fre- 
quently the new products and intermediates can be 
identified via comparison of the CV with known, au- 
thentic samples. This is rarely satisfactory proof and 
every physicochemical technique which can be brought 
to bear is used for positive identification. Such tech- 
niques include electron spin resonance, UV, visible, and 
fluorescence spectroscopy, as well as chemical identifica- 
tions. Although precise measurements of the rates of the 
coupled chemical reactions can be made via quantitative 
CV, it is often more advantangeous to use chronoam- 
perometry or other techniques, once the basic pattern 
has been established. 


In the adrenaline case, the reaction is a clear case of 
the ECE process discussed previously. (Actually, due to 
the ease of oxidation of leucoadrenochrome, it is also 
chemically oxidized by the initially formed open-chain 
adrenalinequinone-the ECC mechanism mentioned. 
Precise evaluation of the cyclization rates by chrono- 
amperometry verifies this, but the reaction is written 
here as an ECE.) Finally, Peak E in Fig. 9 can be iden- 
tified as belonging to the oxidation of 5,6-dihydroxy-N- 
methylindole formed by a subsequent slow dehydration 
of leucoadrenochrome. Its presence is not pertinent to  
this discussion. The cyclization rates of various catechol- 
amines is discussed later. 


A complete description of the instrumentation and 
experimental details of CV has been given and a variety 
of applications to electron transfers with coupled 
chemical reactions are summarized (3). Authoritative 
theoretical treatments of CV, including the measure- 
ment of rate constants for coupled chemical reactions 
are available (19-22). Used alone, CV is by far the most 
rapid means of obtaining a generalized picture of an 
overall electrode transfer process. With the theoretical 
interpretations of Nicholson and Shain at hand, no 
electrochemical group can afford to  be without CV 


capabilities. It is also pertinent that it is perhaps the 
easiest of the electrochemical techniques for investi- 
gators new to the area-because the output information 
is so intuitively satisfying. Consider the application to  
adrenaline oxidation. One can study this reaction by 
classical potentiometry and, from rates of change of 
potential with time, deduce the cyclization rates. In- 
deed, Ball and Chen (23) in 1933 produced elegant data on 
this reaction by a potentiometric flow technique. With 
CV, each and every intermediate of the coupled elec- 
tron transfer and cyclization process appears on the 
chart paper or oscilloscope screen for detailed investiga- 
tion. CV is far more sensitive and precise than classical 
potentiometry for measuring the occurrence and rates 
of coupled chemical reactions. Only relatively slow 
chemical events have been discussed herein. With 
fast CV very rapid chemical processes can be in- 
vestigated as desired. 


There are a number of other electroanalytical 
techniques applied to quiet solutions which are ad- 
vantageous for certain situations. Many are specialized 
adaptations of methods covered here. There is, in 
addition, a whole segment of methods in which current, 
rather than potential, is controlled (chronopotentio- 
metric or galvanostatic techniques). For a thorough 
treatment of these the reader is referred to several 
monographs (2,3,6) and the reviews on “relaxation 
methods” by Reinmuth (24), and “electroanalysis and 
coulometric methods” by Bard (25). In addition, 
amperometric methods, while usually carried out in 
stirred solution, embody the principles of voltammetry 
discussed in the previous sections. The extensive re- 
views by Stock (26) on “amperometric titrations” 
should be consulted for pharmaceutical applications. 


ELECTRODES WITH FORCED CONVECTION 


Rotated electrodes, or those set in stirred or flowing 
solutions, were among the first used. Approximate 
treatments of their response have been available for a 
long time. Rigorous equations are of recent origin. 
Their development is summarized in the English transla- 
tion of Levich’s monograph, “Physicochemical Hy- 
drodynamics” (27). 


In forced convection both diffusion and convection 
are operative. Unless fast sweep rates are used, the 
current-potential response is independent of the sweep 
rate. The current is a steady-state limiting current, iL, 
as was shown in Fig. 2B. The transient response follow- 
ing initiation of the applied potential, which is im- 
portant in some studies, is not considered here. 


The derivation of convective voltammetry equations 
requires consideration of the solution hydrodynamics. 
Precise descriptions of the hydrodynamic flow at several 
stationary electrodes are available. Stirred solutions 
are not so easy to characterize accurately. Ordinary 
(e.g., magnetic) stirring is not a particularly efficient 
means of providing high rates of convective mass 
transport. 


The limiting current equations of most convective 
electrodes will be functions of the general form: 


(Eq. 11) iL = f (C,  D’/J,  V-‘ /S ,  L, V’/p, etc.) 


1180 0 Journal of Pharmaceutical Sciences 







where C is the bulk concentration of electroactive 
species. (Migration is considered absent by virtue of ex- 
cess supporting electrolyte.) Note the D'I3 dependence 
in contrast to the D'/2 of linear diffusion. A typical hy- 
drodynamic property of the solution, the kinematic vis- 
cosity, v, usually appears to  the indicated power. (In 
ordinary aqueous solutions, kinematic viscosity is about 
0.01 cm.2/sec.). L represents a characteristic length or 
geometry of the electrode. The solution velocity, U, 
ordinarily has the one-half power dependence. It may 
appear disguised in another factor in many iL equations. 
Other hydrodynamic and geometric parameters pertain 
to  specific situations. 


Rotated Disk Electrodes-The rotated disk electrode 
(RDE) is by far the most successful and practical of the 
convective mass transport electrodes. A theoretical 
RDE consists of a thin circle of metal (or other elec- 
trically conducting surface), large enough in diameter 
that its edges can be neglected. It is rotated at constant 
angular velocity about an axis or shaft perpendicular to 
the center of the disk. Practical RDE's often are of the 
form shown in Fig. 10, where the disk is surrounded by a 
glass or plastic shroud. Figure 10 also shows the ap- 
proximate fluid flow patterns as the electrode rotates. 
Liquid close to the disk surface acquires a rotational 
motion and is swept away from the disk center with a 
radial and tangential velocity. Liquid which thus moves 
horizontally away from the disk must be replenished by 
an upward, axial flow. In addition to  this basic con- 
vective mass transport pattern, one imposes the con- 
ditions of electrochemical reaction uia the usual ap- 
plied potential. RDE surfaces can be made of platinum, 
gold, mercury-coated metals, carbon, and other sur- 
faces. Precision devices for varying rotation rates 
(2-80 r.p.s. are common, but many R D E s  operate at 
much higher rates) and maintaining speed control to 
f0.5 to 1 are readily available. For a full description 
of practical RDEs,  see References 3 and 28. 


The current-potential curve at the RDE is typical of 
that shown in Figs. 2B and C. With high rotation rates, 
Vmt can reach the level where irreversible polarograms 
are obtained. Such effects often distort the i-E curves at 
high rotation rates. They are used to  advantage to 
measure k,. However, these measurements are beyond 
the interest of the present review which concentrates 
on the limiting current behavior of the RDE. 


The iL at the RDE is given by Levich (27) as: 


where iL = current in milliamps; A = electrode area 
in cm.2; v = kinematic viscosity in cm.2/sec.; C = 
bulk concentration in moles/l. or M.; w = angular 
velocity of disk. 


The angular velocity of the disk, w = 2aN, where 
N = r.p.s. The kinematic viscosity is the ratio of 
viscosity to density. Note that iL is given in milliamperes. 
The sensitivity of the RDE is excellent for low level 
analyses. As a typical example, an ordinary RDE with 
A = 0.2 cm.2, operated at 10 r.p.s. (a relatively small 
and slowly rotating electrode) gives approximately 
200 pamp. of current for a 1 mM solution (1-electron 


TO ROTATOR 
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Figure 10-Typical rotated disk electrode. 


process). Compare that with the 3-4 pamp. of the 
dropping mercury electrode! 


Furthermore, i L ' s  at the RDE can be measured 
routinely with a precision of f 1 and, in many cases, 
in agreement with the theory of the Levich equation 
to f 1-2z. It is a remarkably successful electrode, 
relatively easy to  construct and simple to use. 


The most important use to date of the RDE is in the 
study of the mechanism of electron transfers and par- 
ticularly ECE processes. For this purpose one studies 
the variation of iL with w,  contrary to the analytical 
applications which operate at any convenient, fixed ro- 
tation speed. The application of the RDE to ECE pro- 
cesses is intuitively simple and satisfying. Recall the 
ECE reaction described previously under Chrono- 
amperometry where the product of the intermediate 
chemical reaction, C, was more easily oxidized than 
starting material, A .  If one assumes the chemical step 
has a moderate rate and a potential corresponding to 
the iL plateau region is applied, it may be possible to  ro- 
tate the disk so rapidly that all of C will be spun away 
from the electrode surface too rapidly for it to undergo 
the second oxidation step (n2). Hence, iL will correspond 
to  only n1 electrons. On the other hand, at slow rotation 
rates, most or all of C is at the disk surface long enough 
to  give rise to  currents corresponding to  (nl + nz) elec- 
trons. Thus a plot of iL uersus w1l2 should be greater 
than that for a n1 process at slow speeds and tend 
toward nl behavior at high speeds. How much of the 
total variation is seen depends, of course, on the rela- 
tive magnitudes of the chemical rate constant and the ro- 
tation rate. Precise measurements of dimerization rates 
in the range 102-104 I. mole-' sec.-l have been measured 
with the RDE (29, 30). Further details of this technique 
have been reviewed (3). 


Electrodes in Flowing Solution-A number of investi- 
gations have yielded rigorous hydrodynamic iL equa- 
tions for electrodes in flowing solution. Jordan et al. 
developed the conical microelectrode, shaped much like 
a pencil point. This electrode was used at very high 
solution flow rates to measure the kinetics of electron 
transfer processes (31, 32). Blaedel et al. developed 
tubular platinum electrodes (TPE) in which a seam- 
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less joint between the electrode and the inner surface 
of a glass tube provides laminar flow control (33, 34). 
Recently a series of catalytic reactions were studied at  
the TPE with excellent results (35). Oesterling and Olson 
(36) developed simple mercury-coated TPE’s and 
studied their chronoamperometric behavior. The TPE 
is ideally suited to flow stream monitoring and possible 
use for in uiuo applications. Further details of the use 
of flowing solution electrodes have been summarized 


Coulometric Methods-Coulometry, both at constant 
potential and with constant current (coulometric titra- 
tions) is usually carried out in stirred solution and 
should be considered in this section. These techniques 
are capable of excellent sensitivity and accuracy in 
analysis. Purdy’s monograph gives a thorough coverage 
of these methods (2). 


Instrumentation-As mentioned earlier, the simple 
voltage divider polarograph applied to a two electrode 
system will not suffice for fast and precise voltammetric 
measurements. It is necessary, for such work, to ac- 
curately control the real potential at the working elec- 
trode to within a few millivolts. This is done with a 
potentiostat, which, as its name implies, holds the 
potential static (constant) as desired. For dynamic 
operations, the potentiostat is controlled by a suitable 
sweep circuit-and it accurately and rapidly maintains 
any desired potential as a function of time. A three- 
electrode system is used-working and auxiliary elec- 
trode and a reference electrode. The entire polarograph 
is usually constructed from operational amplifiers 
and these circuits are commonplace in electrochemical 
measurements. Detailed discussions of operational 
amplifier polarographs are to be found in the litera- 
ture (15, 25) and in a review of a special symposium 
on such instrumentation (37).2 


(3, 27). 


POTENTIALITIES AND SHORTCOMINGS OF 
ELECTROANALYTICAL TECHNIQUES 


Having examined the basic techniques of modern 
electrochemical practice, the purpose of this section 
is to review briefly some of the applications that have 
been made and to evaluate critically the potentialities 
of electrochemistry applied to compounds of pharma- 
ceutical systems. No attempt is made to  cover ex- 
haustively the existing literature. Rather, examples are 
chosen to identify certain interesting and important 
areas. 


Analytical Applications-There is no real shortage of 
applications of electroanalytical techniques to com- 
pounds of pharmaceutical interest. For instance, a brief 
perusual of the 1968 review on “Organic Polarog- 
raphy” (18) reveals at  least fifty publications dealing 
with pharmaceuticals. This does not include studies of 
closely related interest. While many of these investiga- 
tions use conventional dropping mercury electrode 
polarography, there appears to be an increasing num- 
ber employing fast sweep techniques. It is particularly 
this area which certainly deserves further attention. As 


2 Commercially available instruments of this type include those 
manufactured by Heath, Bendix, Beckman Instruments, and Chemtrix, 
among others. 
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has been pointed out in the previous sections, both 
single sweep peak voltammetry and RDE methods 
possess distinct advantages over the dropping electrode 
in sensitivity, usually not at the expense of accuracy. 
Further, increasing attention should be paid to  the use 
of other than mercury electrodes, i.e., for anodic 
oxidation work. As investigators become more ac- 
quainted with the anodic possibilities, this area should 
prove fruitful. There are a large number of drug systems 
with amino, phenolic, and niercapto functions-all 
potentially oxidizable. The previous reluctance to  use 
anodic voltammetry stems from a distrust of solid 
electrodes. There is no disputing that the constantly re- 
newable dropping mercury electrode is difficult to sur- 
pass in surface qualities. Nevertheless, expertise in 
handling solid electrode surface conditions is now well 
established. Although platinum electrodes are trouble- 
some in aqueous media due to surface oxidation, they 
behave very well, with minimum cleaning, in non- 
aqueous solvents for both reductions and oxidations. 


The use of nonaqueous solvents is particularly ad- 
vantageous-aiding, in  many cases, both solubility and 
electrochemical characteristics. Recent studies by Wood- 
son and Smith (50) of the a.c. and d.c. polarography 
and CV of some 15 pharmaceutically important com- 
pounds in acetonitrile (including reserpine, steroids, 
barbiturates, etc.) shoued excellent response in almost 
all cases. 


The carbon paste electrode, with its very low residual 
current, is excellent For oxidative work in aqueous 
media. Renewing carbon paste electrodes, or cleaning 
metal surfaces after each run or several runs is not that 
difficult, once the reasons for it are clear. It seems a small 
effort, especially when it opens up an entire new area of 
electrochemical operations on the oxidation side. 


Illustrative of the kind of anodic analytical work that 
can be done is the data of Fig. 11. Investigations of a 
variety of neurotransmitters and hallucinogens have 
been in progress in this laboratory for some time. 
Mescaline was merely picked out at  random from a 
series of these hallucinogens to illustrate the potentiali- 
ties of peak voltammetry for its analysis. Figure 11 
clearly shows i, is lineally proportional to  concentra- 
tion over a reasonable range. These data were taken in 
one-hour’s work and no attempt was made to  look for 
optimum conditions or to improve the straightforward 
measurements (38). 


One recent innovation in electrochemical instrumenta- 
tion is the use of digital readout for peak and limiting 
currents. This is particularly useful for routine analyses. 
Commercial instrumentation with digital readout is al- 
ready available. 


A serious shortcoming of electrochemical techniques 
in analysis is the lack of selectivity. Not by any stretch 
of the imagination can electrochemistry compete with, 
say, spectroscopy in selecti5ity. The effect of substitu- 
ents on Ellis, etc., simply is not great enough to offer 
the differentiation of spectroscopic methods. Switching 
from more classical to  modern techniques is of little 
value in most cases. Howeker, the derivative techniques 
of Perone, Mueller et a/. applied to peak voltammetry do  
help in this respect and, in addition, enhance sensitivity 
(3 9-4 1). 







Oxidation-Reduction Studies of Pharmaceutical In- 
terest-This is the area in which the fast, dynamic elec- 
trochemical techniques really show promise-and 
should replace classical potentiometry and polarog- 
raphy. Many applications have already appeared in the 
literature and the review mentioned previously indicates 
quite a few (42). 


Chronoamperometry, CV, and RDE techniques, with 
their special relevance to the measurement of ECE pro- 
cesses, are essentially new and distinct ways of eliciting 
fundamental information on the electron transfer 
characteristics of organic systems. In addition, they can 
be used to study quantitatively the interactions of either 
an oxidized or reduced state with its environment, in- 
formation of fundamental interest about any molecule. 
A few examples will illustrate the potentialities. 


How rapidly would you like to  look at  the interac- 
tions of a drug system with its environment‘? While you 
may need moderately fancy electronics (and know how 
to use them), if you follow Perone, you can apply CV 
as rapidly as 2000 v./sec. and study processes in the 
100-psec. time scale. Perone has coupled such tech- 
niques to flash photolysis (43). At slightly “slower” 
sweep rates of 100-500 v./sec. Perone and Kretlow (44) 
showed they could handle with confidence the fast 
(about lo3 set.-'), irreversible hydration reactions 
coupled to the oxidation of ascorbic acid. 


Using simple potentiostatic techniques and CV, as 
described earlier, one can oxidize any of the catechol- 
amines and study their rapid cyclization to indole-like 
structures. Such studies may be criticized as having 
little relation to in uivo behavior of  this important class 
of biogenic amines-since, for instance, adrenochrome 
formation is not observed in the body. However, the 
relative cyclization rates of adrenaline and noradrenaline 
(adrenaline is about 140 times faster than noradrenaline 
under comparable conditions) is perfectly consistent 
with the relative amounts of short-lived open-chain 
quinone involved in interactions with DPNH, etc. 
(45, 46). Using similar techniques one can oxidize 
catechols, producing the biologically important (but 
unstable) o-quinone structure, and study the rate of 
interaction with a variety of nucleophiles. Precise 
measurements of the rate of 1,4 additions of a series of 
amines and amino acids to  electrolytically generated 
o-benzoquinone and 4-methyl-o-benzoquinone have 
been made (47). Davis and Orgeron (49) employed CV 
to determine ligand substitution rates in iron porphyrin 
complexes. Many more examples can be cited. 


If one wishes to employ simple iL measurements at 
the RDE for dimerization rates, treatments for rates 
up to about 103-104 1. mole-’ set.-' are available (32). 
The most recent issue of Analytical Chemistry describes 
the determination of dimerization rates from a simple 
cyclic polarcjgram (48). 


The remarks of this section are enthusiastic and 
optimistic and are clearly designed to  be so. But they 
also are not intended to suggest electrochemistry as a 
pot of gold for the pharmaceutical chemist. However, 
one of the main interests in pharmaceutical chemistry is 
the interaction of drug systems with their environment. 
Modern electroanalytical techniques offer some exciting 
possibilities of studying these interactions and should, 


0.5 1 .o 1.5 2.0 
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Figure 11 -Calibration curve for determination of mescaline by 
anodic peak aoltammetry; in about 0.5 M sodium sulfate-acetic 
acid solution, p H  about 3, scan rate 4 u.lmin., carbon paste electrode. 


where applicable, be considered. There is no need to 
get too involved in electrochemical theory or instru- 
mentation-the state of the art is well-developed and 
available in usable form. 
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pH-Partition Behavior of Tetracyclines 


JOHN L. COLAIZZI and PAUL R. KLINK” 


Abstract 0 The apparent partition coefficients between n-octyl 
alcohol and aqueous buffers (ranging from pH 2.1 to 8.5) were 
determined for several tetracyclines. Using the previously suggested 
microscopic dissociation constants for tetracycline, the relative 
amounts of each microscopic ionic form of tetracycline theoret- 
ically present at each pH were calculated. The zwitterionic form, 
- O+ (tricarbonyl methane system ionized, phenolic diketone 
moiety unionized, dimethylammonium cation postively charged), 
which was present in highest concentration in the pH range from 
4 to 7, appeared to be the most lipid soluble form, its reduced 
polarity possibly resulting from an intramolecular type of ion-pair 
formation. Possible relationships between the biological activity 
of the various tetracycline analogs and their pH-octanol solubility 
profiles have been discussed. 


Keyphrases 0 Tetracyclines-pH-partition behavior 0 Apparent 
partition coefficients-tetracyclines between n-octanol, aqueous 
buffers 0 Biological activity relationship, tetracyclines-pH-octanol 
solubility profiles 0 UV spectrophotometry-analysis 


The work of Pindell et al. (1) has demonstrated that 
tetracycline is fairly rapidly absorbed from the duo- 
denum of the dog and that some absorption can also 
occur from the stomach when gastric emptying is de- 
layed. However, only a surprisingly small amount 
(3.1 %) of the total administered dose was actually ab- 
sorbed in 1.5 hr. The amounts of tetracycline absorbed 


were directly proportional to the dose over a tenfold 
range. These factors have suggested that tetracycline 
absorption is a passive diffusion phenomenon. 


Structural modifications have been shown to alter the 
gastrointestinal absorption of the tetracyclines. For 
example, one recent study showed that the extent of 
minocycline absorption from the gastrointestinal tract of 
dogs was two to three times greater than with tetra- 
cycline (2). Doxycycline has been shown to produce 
nearly identical initial plasma levels as demethylchlor- 
tetracycline upon oral administration to fasting hu- 
mans, even though the dose of the latter was three times 
as great (3). Structural modifications can likewise in- 
fluence the renal clearance of tetracyclines. Although 
they are bound to protein to nearly the same extent, 
doxycycline has been shown to have a 12 of creatinine 
clearance in man while demethylchlortetracycline was 
shown to have a 27 of creatinine clearance in the same 
study (3). The general structural formula for the tetra- 
cycline analogs is shown as Fig. 1, and the structures of 
the analogs discussed in this paper are listed in Table I 
and explained in terms of the general structure in Fig. 1.  


The tetracyclines are ionized throughout the physio- 
logical pH range, existing in cationic form at more acidic 
pH values, in anionic form at more alkaline pH values, 
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Table IV-Diuretic Effect after Administration of the Compounds 
Orally to Rats; Values in Urine as 


Compound No. Volume Na+ K+ CI- 


of Control 


1 125 121 219 277 
2 163.5 772.5 118 378.5 
4 125.5 182 141.5 296 
5 152.5 138 280 287 
6 141.5 520.0 162.5 323.0 
7 133.5 90 158 266 
8 154.5 276.0 164 255 
10 155.8 lo00 139.3 410 
Hydrochloro- 166 lo00 250 538.5 


thiazide 


I-phenyl-4-n-butylthiosemicarbazide was not depressed. 
3-p-Chlorophen yl-6-ioprop yl- 1,2,4(H)-triazole-5-sulfonamide-A 


stirred mixture of 3-pchlorophenyl-4-isopropyl-5-mercapto-1,2,4- 
(H)-triazole (5.0 g.), water (135 ml.), and ferric chloride solution 
(0.7 ml. of 60%) was stirred and cooled to 0". Chlorine gas was then 
passed into the mixture for 1 hr. maintaining the temperature be- 
tween 0-5". The reaction mixture was allowed to stand at this tem- 
perature for 15 min. more and then filtered. The solid was pressed on 
filter paper and immediately added to aqueous ammonia (150 ml. of 
20%). This solution was left at room temperature for 6 hr. and then 
filtered. The filtrate was acidified with hydrochloric acid to pH 6. 
The white solid that separated, on purification by redissolving in 
alkali and precipitating with acid followed by crystallization from 


ethanol, gave 3-p-chlorophenyl-4-isopropyl-l,2-4(H)-triazole-5- 
sulfonamide (2.8 g.), m.p. 214-215". 


amide was obtained in 32 % yield, m.p. 240". 


Anal.-Calcd. for CllHI3CIN4O2S: N, 18.64. Found: 18.69. 
Similarly, 3-o-chlorophenyl-4-phenyl-1,2,4(H)-triazole-5-sulfon- 


Anal.-Calcd. for C14H11CINn02S: N, 16.74. Found: N, 16.53. 
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D R U G  S T A N D A R D S  


Analysis of Metronidazole 


MURRAY M. TUCKERMAN and TATJANA BICAN-FISTER" 


Abstract 0 The literature on the identification, assay, and use of 
metronidazole has been surveyed. Based on published information, 
private communications, and laboratory experimentation, qualita- 
tive tests and quantitative assays have been developed for metro- 
nidazole, metronidazole suppositories (vaginal tablets), and metro- 
nidazole tablets. Extraction of metronidazole from suppositories 
and tablets is with hot acetone. Assays are based on titration of 
metronidazole in acetic anhydride with 0.1 N perchloric acid in 
glacial acetic acid, using malachite green indicator. The visual 
endpoint coincides with that determined potentiometrically. 
Supporting data is presented, including UV and IR spectra. 


Keyphrases 0 Metronidazole dosage forms-analysis 0 Colori- 
metric method-identity 0 UV spectrophotometry-identity 0 
IR spectrophotometry-identity 


Metronidazole,l CSHSN303; mol. wt. 171.15, is 2- 
methyl - 5 - nitroimidazole - 1 - ethanol or 1 - (2 - hy- 
droxyethyl)-2-methyl-5 nitroimidazole. It was recog- 
nized in "Addendum 1964" of the BP 1963 (1) as the 


Flagyl, G. D. Searle & Co., Chicago, 111. 


drug and in the form of tablets. These two forms and 
the suppository have been admitted to USP XVIII. 
The structural formula may be represented as 


02N-C-N-CH2-CH2-0H 
\ I //C--C"3 


HC-N 


EXPERIMENTAL 


Physical Properties-Metronidazole occurs as white to pale 
yellow crystals or crystalline powder, stable in air, but darkening 
on exposure to light. It is sparingly soluble in water, in alcohol, 
and in chloroform, and is slightly soluble in ether. The melting 
range is 159-163 ". 


Identity Tests-A.-Heat about 10 mg. in a water bath for 5 min. 
with 1 ml. of water, 0.25 ml. of hydrochloric acid, and 10 mg. of 
zinc powder, filter, cool, add 1 ml. of freshly prepared sodium 
nitrite solution (1 in 100), then remove excess nitrite by addition of 
1 ml. of freshly prepared sulfamic acid solution (1 in 100). To 1 ml. 
of this solution add 1 ml. of betanaphthol T.S. : an intense red color 
is produced. (This differs from the BP test in that the reaction takes 
place in an acid medium.) 
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Figure 1-UV spectrum of I: 10,000 dispersion of metronidazole in 
0.1 N hydrochloric acid. 


B.-Dissolve about 30 mg. in 2 ml. of sodium hydroxide T.S. 
with the aid of gentle heat: an intense red-violet color is produced 
that changes to yellow on the addition of excess dilute hydrochloric 
acid and again turns red-violet on the addition of an excess of so- 
dium hydroxide T.S. 


C.-Dissolve about 150 mg. in 10 ml. of 0.1 N sulfuric acid and 
add 10 ml. of trinitrophenol T.S. After standing for about 30 
min., wash the precipitate formed with several small portions of 
cold water, using suction, and dry at 105” for 1 hr. The trinitro- 
phenolate melts between 148 and 152”. 


D.-A 1 in 10,ooO solution in 0.1 N hydrochloric acid exhibits an 
absorbance maximum about 277 mp (absorptivity about 3.8). 
The spectrum is shown in Fig. 1. 


E.-The IR spectrum of an approximately 1% dispersion in 
potassium bromide is shown in Fig. 2. 


Method A.-Assay of Metronidazole-Dissolve about 150 mg. 
of metronidazole, accurately weighed, in 20 ml. of acetic anhydride, 
warming slightly to effect solution. Cool, add two drops of malachite 
green indicator and titrate with 0.1 N perchloric acid in acetic acid 
to a yellow-green end-point. Perform a blank determination and 
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Figure 2-IR spectrum of approximately I % dispersion of metroni- 
dazole in potassium bromide. 


make any necessary corrections. Each milliliter of 0.1 N perchloric 
acid is equivalent to 17.12 of C&N303. 


Malachite green indicator is prepared by dissolving 1 g. of mala- 
chite green oxalate in 100 ml. of glacial acetic acid. 


Method B.-Assay of Metronidazole-Same as Method A except 
that the sample is dissolved in 40 ml. of hot acetone and diluted with 
40 ml. of acetic anhydride. 


Method C.-Assay of Metronidazole Tablets and Suppositories- 
Weigh and finely powder not less than 20 metronidazole tablets or 
suppositories. Weigh accurately a portion of the powder equivalent 
to about 150 mg. of metronidazole and transfer to a coarse-frit 
sintered-glass funnel. Extract with four 10-ml. portions of hot 
acetone, mixing the solid material well with each portion, then 
draining with the aid of gentle suction. To the combined acetone 
extracts add 40 ml. of acetic anhydride and two drops of malachite 
green indicator, and titrate with 0.1 N perchloric acid in acetic acid 
to a yellow-green end-point. Perform a blank titration and make any 
necessary correction. Each milliliter of 0.1 N perchloric acid is 
equivalent to 17.12 mg. of C6H9N303. 


RESULTS 


Assay in triplicate of metronidazole by Method A gave values 
of 100.2 =!= 0 . 2 z  (range 100.1-100.4%). 


Assay in triplicate of metronidazole in acetone-acetic anhydride 
by Method B gave values of 100.2 =!= 0.2% (range lOO.Cr100.497,). 


Replicate assay of the same powdered tablet sample by Method C 
gave recoveries of labeled claim of 100.5 =!= 0.2% (range 100.2- 
100.7 z). 


Assay in triplicate of the same powdered suppository sample by 
Method C gave recoveries of labeled claim of 98.79 2~0.96% 
(range 98.06-99.88 %). 


DISCUSSION 


The synthesis of metronidazole was reported in 1960 (2) and a 
claim made for antiprotozoal activity and low toxicity. Antipro- 
tozoal activity, particularly against Trichomonas uaginalis, was 
reported by a number of investigators (3-6) and a dosage regimen 
established. The oral dose is 250 mg. three times a day for females 
and twice a day for males, for 10 days. The vaginal dose is 500 mg. 
daily, combined with 250 mg. twice a day taken orally. Labeling 
approved by the Food and Drug Administration provides no range 
from that above. 


A widely used method of assay for metronidazole, particularly 
in biological fluids, is polarography in a variety of media (7-10). 
The half-wave potential is dependent on the acidity of the medium. 
Colorimetric methods involving reduction of the nitro group to 
amine, diazotization, and coupling have been reported (9, 11). 
This serves as a basis for Identity Test A. Spectrophotometric de- 
termination has also been used (1 1). This serves as a basis for Iden- 
tity Test D .  


The BP (1) uses nonaqueous titration in acetic acid with p-naph- 
tholbenzein as the indicator. The authors found that the indicator 
change was not sharp and there was some precipitation prior to the 
end-point. Malachite green did not give a sharp end-point in glacial 
acetic acid. A sharp end-point in a clear solution containing acetic 
anhydride which agrees with the result of potentiometric titration 
was obtained by the suggested method. 


The BP assays metronidazole tablets by nonaqueous titration of 
a suspension of ground tablets in glacial acetic acid. The method 
suggested in this paper is more conventional for the United States, 
involving separation of the organic base from possible basic inor- 
ganic constituents of the tablet. Hot acetone is used instead of the 
tetrahydrofuran suggested in a private communication (12). It is 
necessary that the acetone be hot, as the rate of solubility of metro- 
nidazole in cold acetone is low. Time is saved by not evaporating 
the acetone, but simply adding an approximately equal volume of 
acetic anhydride and titrating in the mixed solvent system. Extrac- 
tion on the sintered-glass funnel saves time over the more usual 
centrifugation. 
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TECHNICAL ARTZCLES 


Shear Cell Measurements of Powders: Proposed Procedures for 
Elucidating the Mechanistic Behavior of Powder Beds in Shear 


E. N. HIESTAND and C. J. WILCOX 


Abstract 0 A variety of procedures for the use of a shear cell are 
devised in hopes of elucidating mechanistically the behavior of 
powders in shear. The processes considered are plastic deforma- 
tion at regions of true contact and structural changes in the powder 
bed. Possible structure changes are: (a) consolidation or dilation; 
(b) blockage to resist the continuation of motion in the same direc- 
tion; and (c) particle orientation. A series of pulls to just initiate 
shear is used. These are made either monodirectionally, i.e., all 
pulls in the same direction, or bidirectionally, i.e., consecutive 
pull directions reversed. A series of pulls proceeds until a steady 
state or plateau condition exists. A relative shear force, M, is 
defined as M = ( P I  - p p ) / p p ,  where p1 and p p  are the respective 
friction coefficients using first pull and plateau data. The retention 
of plateau-condition-shear-strength upon removal of the applied 
load is obtained by measuring the shear force for the first pull after 
reducing the load. An index of retention value is defined. Also, an 
indication of the relative extent of conditioning at plateau condition 
for various loads is based on a comparison of the shear force ob- 
served for one additional pull after increasing the load to an arbi- 
trary constant value. 


Keyphrases 0 Powders-shear cell measurements 0 Shear cell- 
procedures for use 0 IP patterns 0 Forces shear-reduced and 
increased load 0 Structural changes-powder bed 


In this communication a series of procedures will be 
proposed, then the experimental use of these will be 
described. The objective is to develop a mechanistic 
interpretation of the resistance to shear of powder beds. 
New parameters and indices will be defined when needed 
for simplification of the discussion. 


The procedures are based on variations of shear 


cell studies reported previously (1). The primary refer- 
ence values are the friction data in the form of a plot of 
the shear force, 7, versus the applied load, mg. The 
simple friction law, Eq. 1, adequately describes these 
friction data. 


(Eq. 1) 


where 7 = force required to initiate shear, p = friction 
coefficient, mg = load normal to the shear plane, and 
h = “apparent” cohesion. 


As stated in the earlier publication, the observed 
values of p and h depend somewhat upon cell design, 
operational procedure, and the history of the powder 
bed. Reproducible values are obtained readily when a 
specific cell and a standard procedure are adopted. 
The values obtained are useful for making comparisons 
or detecting changes in the properties of a powder. 
However, p and h alone are not adequate to indicate 
many of the characteristics of a powder bed. Additional 
meaningful properties must be identified and measured. 


Occasional reference will be made to the properties 
that are associated with good flowability. It is recog- 
nized that flowability is not a uniquely defined property. 
It has meaning only in reference to the conditions under 
which flow is to occur. Nevertheless, no matter how 
elusive its precise definition may be, common usage has 
established a qualitative, intuitive understanding of its 
meaning. Hereinafter flowability is used in this qualita- 
tive connotation. 


7 = Amg + h) 
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Dissolution Behavior of Polymorphs of Chloramphenicol 
Palmitate and Mefenamic Acid 


ARMAND0 J. AGUIAR and JOYCE E. ZELMER 


Abstract Relative rates of dissolution and solubilities of three 
polymorphic forms of chloramphenicol palmitate in 35 % tertiary 
butanol-water mixture and two polymorphs of mefenamic acid in 
dodecyl alcohol were measured. The thermodynamic relationships 
involving the transition of the metastable polymorphs to the stable 
one were examined. The heats of solution, enthalpy, entropy, free 
energy differences, and transition temperatures were calculated. 
The relative stability of the polymorphs in the dissolving media is 
shown. The significance of free energy differences between the 
polymorphs and their absorptivity as reflected by blood levels in 
humans is discussed. 


Keyphrases Chloramphenicol palmitate polymorphs-dissolu- 
tion, tertiary butanol-water 0 Mefenamic acid polymorphs-dis- 
solution, dodecyl alcohol 0 Thermodynamic values-chloram- 
phenicol palmitate, mefenamic acid polymorphs dissolution UV 
spectrophotometry-analysis 


The importance of polymorphic forms of relatively 
insoluble drugs in regard to their biological availability 
and stability has been discussed (1-4) and recently 
reemphasized (5 ) .  Measurements of thermodynamic 
properties such as heats of solution, entropy, and 
enthalpy relationships of the polymorphs often aid in 
the proper selection of the desired crystalline modifica- 
tion of the drug. 


The present communication deals with the solubility 
and dissolution behavior of three polymorphs of 
chloramphenicol palmitate and two of mefenamic acid 
[N-(2,3-xylyl) anthranilic acid]. The thermodynamic re- 
lationships involving the transition of the metastable 
modifications to the stable one are examined. It is postu- 
lated, from a comparison of the in vivo absorption data 
in humans and the thermodynamic parameters, that 
when the free energy differences between the poly- 
morphs are small, there may be no significant difference 
in their absorptivities as measured by blood levels. 
When the differences are large, they might affect the 
absorption profiles. 


THEORETICAL CONSIDERATIONS 


The Nernst equation (6), which relates the rate of concentration 
increase to the solubility of a dissolving solid, is commonly written 
as : 


where A is the area of the dissolving interface of the solid, D is the 
diffusion coefficient of the solute in the solvent, V is the volume of 
the solvent, 11 is the thickness of the diffusion layer and C, and Ct 
are concentrations at saturation and at time t ,  respectively. 


Equation 1 reduces to: 


dc 
d t  


for the experimental conditions where C, >> Ct.  Since D is a prop- 
erty of the solute molecule and the solvent, it is independent of the 
solid state form. The experimental conditions can also be selected 


such that A ,  V, and 11 in Eq. 2 can be maintained the same in 
measuring the dissolution rates of different polymorphic forms. 
The dissolution rate then is directly proportional to C,, the satura- 
tion solubility, and differences in the solubility of the polymorphs can 
be related to their free energy differences. 


EXPERIMENTAL 


Apparatus and Procedure-The method used in studying the 
solubility profiles of the polymorphs followed closely that of Shefter 
and Higuchi (4), who showed that the method, though simple, gave 
reproducible results. 


A weighed sample of the polymorph, approximately three times 
the concentration necessary to saturate the solution was added 
rapidly to a fixed volume of the solvent, 350 ml. for the dissolution 
of mefenamic acid and 400 ml. for chloramphenicol palmitate, 
maintained at a constant temperature. A stopwatch was started and 
3-ml. samples were withdrawn from the system at measured time 
intervals. The samples were filtered through Millipore filters (pore 
size 0.45 p)  using a Swinney syringe adapter. 


The concentration of mefenamic acid was measured spectro- 
photometrically at 350 mp, after dilution in 95 % methanol-0.01 N 
HC1 solution. A spectrophotometer (Beckman DU-2) was used for 
the analysis. The concentration of chloramphenicol palmitate was 
also measured spectrophotometrically at 278 mp using a recording 
spectrophotometer (Carey model 11). 


Materials used-The dissolution and solubility determinations of 
polymorphic forms of chloramphenicol palmitate were carried out 
in 35 % tertiary butyl alcoholl-water mixture. Dodecyl alcohol2 was 
chosen as the solvent for the studies with mefenamic acid. These 
solvents were selected because of the relative ease of obtaining 
measurable concentrations of the drug in the medium. Aqueous sys- 
tems such as buffers and tertiary butanol-water mixtures were not 
suitable for use with mefenamic acid because of the polar nature of 
the drug. 


Polymorph I of mefenamic acid was prepared by saturating 50 
ml. of acetone with the drug. The undissolved drug was filtered off 
and the saturated acetone solution was cooled slowly by packing 
ice around the flask containing the solution. The flask was left in 
this medium overnight, and the crystals were harvested the next day 
by filtration. The sample was washed three times with water and 
dried at room temperature. 


Polymorph I1 of mefenamic acid was prepared by dissolving 30 g. 
of mefenamic acid in 50 ml. of N,N-dimethylformamide. The solu- 
tion was warmed on a steam bath to 60" and stirred to facilitate 
dissolving. When all the mefenamic acid was in solution, the hot 
dimethylformamide containing the drug was poured rapidly into a 
beaker previously cooled to -40". The cooling medium was a bath 
of acetone and dry ice. The solution was maintained at this tempera- 
ture until most of the mefenamic acid had crystallized out. The 
beaker was then transferred to a water bath maintained at room 
temperature. When the crystalline yield had warmed sufficiently to 
be fluid enough to pour, the crystals were filtered using a medium- 
porosity sintered-glass funnel. The crystals were then washed three 
times with water and allowed to dry at room temperature overnight. 


Two lots of chloramphenicol palmitate were employed in the 
studies. One was synthesized from 93 pure palmitoyl chloride, the 
other from 99.8%. The methods utilized for preparing Polymorphs 
A and B of chloramphenicol palmitate were essentially those de- 
scribed by Tamura and Kuwano (7). Polymorph C was prepared by 
a procedure (8) similar to that used for making Polymorph I1 of 


1 Tertiary butyl alcohol m.p. 24-25". Eastman Kodak Co., analytical 


2 Eastman Organic Chemicals, Distillation Products Industries, 
grade. 


Division of Eastman Kodak Co. 
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Figure 1-X-Ray diffractograms for Polymorphs I (top) and I1 
(bottom) of mefenamic acid. 


mefenamic acid, except absolute methanol was employed instead of 
dimethylformamide. 


The X-ray diffraction patterns and the IR spectra of Polymorphs 
I and I1 of mefenamic acid are shown in Figs. 1 and 2. The diffrac- 
tion patterns and spectra for Polymorphs A ,  B, and C of chloram- 
phenicol palmitate were reported previously (5). 


RESULTS AND DISCUSSION 


The solubility and dissolution behavior of Polymorphs A and B of 
chloramphenicol palmitate at 30 and 38" are shown in Fig. 3. 
These plots show the concentration attained in solution for each 
polymorphic form as a function of time in the presence of an excess 
of the solid phase and under essentially constant agitation. It is 
apparent from the data that Polymorph B has a faster dissolution 
rate than Polymorph A and yields solutions approximately four 
times more concentrated at equilibrium. Although part of the 
greater dissolution rate and higher saturation concentrations of the 
metastable Polymorph B may be due to geometric factors, it is evi- 
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Figure 2-IR spectra of Pol.vmorpli I (top) tint1 PoI.vmorpli I 1  (hot- 
tom) of mefenanlie acid. 


dent that the higher free energy content of this form plays a sig- 
nificant role. 


The solubility and dissolution curves for Polymorph C of chlor- 
amphenicol palmitate at 30, 20, 15, and 6" are shown in Fig. 4. 
Qualitatively, it is apparent that the dissolution rate and the con- 
centration in solution at equilibrium obtained with this form are in- 
termediate between those of Polymorphs A and B. The higher ther- 
modynamic activity associated with Polymorph C apparently is the 
major contributing factor causing the initially greater dissolution 
rate observed for this modification. After the maximum concentra- 
tion plateau is reached, there is an apparent first-order decline in 
the amount of drug dissolved. The limiting value of this decrease was 
found to be the solubility of Polymorph A .  The complete reversion 
to Polymorph A at this stage was confirmed by X-ray diffraction 
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Table I-Thermodynamic Values Calculated for Polymorphs A ,  
B, and C of Chloramphenicol Palmitate 0.20 
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Figure 4-Dis~ohrtion curves for  Polyniorph C of clilnrainphenicol 
palmitate in 35% rertiary-butanol and water at 30, 20, I5 and 6". 
K e y : 3 0 ° , M ; 2 0 " , U - H ;  15",A-A; 6", 0-0. 


analysis of powders isolated after the lower plateau levels were 
reached. 


The solubility profiles obtained with polymorphs prepared from 
99.8 pure chloramphenicol were identical to the ones obtained 
with the less pure material. 


It is apparent from the dissolution behavior that the maximum 
values obtained were good approximations of the true solubility of 
these crystals. Therefore, it would be possible from measurements 
made at several temperatures to calculate the thermodynamic 
quantities involved in the transitions of the metastable forms to the 
stable one. Measurements over the temperature range 6 to 38" are 
plotted in the classical van't Hoff fashion in Fig. 5. It is apparent 
that in the temperature regions studied a straight line relationship 
exists. The values for the heat of solution for each crystalline form, 
calculated from the slopes, are given in Table I. 


At constant temperature and pressure, the free energy difference 
AGT between the Polymorphs A and B is given by: 


C, Polymorph A 
C,  Polymorph B LGT = RTIn ~ (Eq. 3a) 


and for Polymorphs A and C 


(Eq. 36) 
C,  Polymorph A 
C, Polymorph C 


~ G T  = RT 111 . _ _ - ~  


These equations relate the solubility, C,, of two polymorphic 
forms at a particular temperature, T, to the free energy differences. 
The values calculated for the free energy differences between 
Polymorphs B and C with respect to A at 30" (303" K) are shown 
in Table I. The free energy difference is a measure of the free energy 
change in the conversion of the Polymorphs B or C to A .  


The enthalpy change, AH for the transition of Polymorph B to  A 
and Polymorph C to A can be obtained by subtracting the heats of 
solution derived for the stable form from that of the metastable 
modification. Thus, the enthalpy change in the transition from 
Polymorph C to A (i.e. AHc-A) is -4592 cal./mole. That from B to 
A is -6352 cal./mole. 


At a particular temperature, T, the entropy for the transition of 
Polymorph B to A and C to A can be evaluated by the following 
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Figure 5-Ttie raii't Hoff type plot for Polymorphs A, B, and C of 
rhlorampheiiicol palniitate. Key: Polymorphs A --f ; B 0-0; and 
c 0-4. 


Transi- 
tion 


Temp. 
("C.) 


to Heat of 
Poly- Form Solution, AGT, As303 lStrons 


morph A kcal./mole cal./molea e.s.u. e.s.u.a 


~ - - 21.8 - A 
B 88 15.4 - 774 - 18 - 17 
C 50 17.2 - 465 - 13 - 14 


~ ~~ 


Q Calculated for the conversion to Polymorph A .  


relationships : 


The values computed for the reversion of Polymorph B to A 
and C to A are included in Table I. 


At the transition temperatures for the reversion of Polymorphs 
B to A and C to A ,  the free energy difference, AGT, is equal to zero 
and the entropy change, AS,,,.,, can be calculated using Eq. 4a 
and 4b neglecting the ACT term. The entropy changes at the transi- 
tion temperature are given in Table I. 


All the thermodynamic relationships discussed are based on the 
assumptions that Henry's law is obeyed and the values obtained are 
independent of the solvent used. In order to test the latter hypothe- 
sis, dissolution experiments were carried out in tertiary butanol- 
water systems containing 45 and 55% of the alcohol. The values 
derived were very similar to the ones presented for the 35% tertiary 
butanol-water system. The 35% mixture was chosen because it pro- 
vided a suitable solubility range and ease of analysis. 


The dissolution behavior of Polymorphs I and I1 of mefenamic 
acid in dodecyl alcohol at various temperatures is shown in Figs. 6 
and 7. It is apparent from the data that Polymorph I1 has a higher 
saturation solubility than Polymorph I and the difference is appa- 
rently related to the higher free energy content of the metastable 
Polymorph 11. 


The data also stress the instability of Polymorph I1 of mefenamic 
acid in the dissolving medium. For example at 50" (Fig. 7) after the 
maximum concentration is reached, there is an apparent first-order 
decline in the amount of drug dissolved. The limiting value was 
found to be the solubility of Polymorph I. Similar behavior is also 
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14.0 r Table 11--Thermodynamic Values Calculated for Polymorphs I 
and I1 of Mefenamic Acid 
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Figure I-Dissolution curves for Polymorphs I and I1 of mefenamic 
acid in dodecyl alcohol at 40". Key: Polymorph I, 0- - -0; Poly- 
morph I I ,+  -0. 


evident at 30, 35 and 40". The complete reversion of Polymorph I1 
to I was confirmed by X-ray diffraction analysis of the powder iso- 
lated after the lower plateau levels were reached. 


From the van't Hoff plot shown in Fig. 8, the transition tempera- 
ture was estimated to be about 89". The heat of solution calculated 
from the slopes was 6.7 kcal./mole for Polymorph I and 5.7 kcal./ 
mole for Polymorph 11. The free energy difference ACT at 30", be- 
tween Polymorphs I and 11 of mefenamic acid calculated using the 
relationship shown in Eq. 3u, was found to be -251 cal./mole. 
The enthalpy change A H  for the transition of Polymorph I1 to I 
was estimated to be -1031 cal./mole. At 30" the entropy for the 
transition of Polymorph I1 to I ,  evaluated from Eq. 4, was found to 
be -2.6 e.s.u. The entropy change at the transition temperature was 
-2.8 e.s.u. 


The thermodynamic values calculated for Polymorphs 1 and I1 of 
mefenamic acid are summarized in Table 11. 


An analysis and comparison of the thermodynamic data presented 
for polymorphs of chloramphenicol palmitate and mefenamic acid 
is of some interest. For example, although the Polymorph I1 of 
mefenamic acid has a higher saturation solubility than Polymorph 
I, the difference between their heats of solution is small. On the 
other hand, the difference between the heats of solution of Poly- 
morphs A and B of chloramphenicol palmitate is fairly large. 
Similarly the free energy difference between Polymorphs A and B of 
chloramphenicol palmitate is - 774 cal./mole while the difference 
between the polymorphs of rnefenamic acid is only -251 cal./mole. 


The absorption studies in humans of Polymorphs A and B of 
chloramphenicol palmitate have been reported recently (5). The 
studies showed that suspensions containing Polymorph B of chlor- 
amphenicol palmitate gave blood levels approximately ten times 
higher than suspensions of Polymorph A .  The differences in the 
human absorption shown by the polymorphic forms of chloram- 
phenicol palmitate may involve the free energy difference between 
Polymorphs A and B of the drug. The relatively large (-774 cal./ 


\. i.8 t- ... 


..4 I- \' 


27 29 31 33 35 37 
1 


TEMP 
- 


Figure &The van't Hoff type plot for Polymorphs I and I1 of 
mefenamic acid in dodecyl alcohol. Key: Polymorph I, M; 
Polymorph II,.-0. 


Transi- 
tion 


Temp. 
"C. 
to 


Poly- Heat of ACT at 
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morph I kcal./mole cal./molea e.s.u.* e.s.u." 


- - - 6.7  - I 
11 89 5 . 7  -251 -2.6 -2.8 


a Calculated for the conversion to Polymorph I .  


mole) free energy difference between Polymorphs A and B of chlor- 
amphenicol palmitate could manifest itself in the significantly higher 
and faster absorption observed with Polymorph B in comparison to  
Polymorph A .  If this hypothesis is valid, one would predict from 
the smaller free energy difference (-231 cal./mole) observed be- 
tween Polymorphs I and I1 of mefenamic acid that there should be 
no significant difference in their absorption. 


To test the above hypothesis, the absorption profiles of Poly- 
morphs I and I1 of mefenamic acid were evaluated in a crossover 
comparative trial using 12 male normal human subjects. The sub- 
jects were administered a single oral 500-mg. dose of each poly- 
morph of mefenamic acid. The drug was given in capsules. The 
blood level data presented in Fig. 9 show that Polymorphs I and 
I1 of mefenamic acid gave almost identical blood levels, with peak 
times at about 1.5 hr. and peak levels between 5 and 6 mcg./ml. 


It has been postulated (9) that the packing in the crystal of an 
organic compound is determined by its molecular geometry, and 
the closest packed arrangement has the minimum free energy. The 
basic parameter affecting the free energy is apparently the packing 
density achieved by inserting the atoms of one molecule among 
those of its neighbor. Furthermore, it has been assumed (9) that the 
internal energy of an organic crystal depends mainly on the packing 
density and the symmetry of the molecules affects only the entropy. 


The larger free energy differences and high entropy values of 
polymorphic forms of chloramphenicol palmitate can perhaps be 
ascribed to the difficulty of obtaining close packing of the molecules 
in the crystal lattice and lack of symmetry. The comparatively large 
fatty acid chain in the chloramphenicol palmitate molecule ap- 
parently prevents a close packing arrangement in the crystal lattice. 
In contrast, the mefenamic acid molecules being much smaller and 
more symmetrical are apparently able to pack closer in the crystal 
lattice. The free energy difference of the polymorphs of mefenamic 
acid is therefore much smaller as is the entropy change noted. 


SUMMARY AND CONCLUSION 


Measurements of dissolution behavior of polymorphic forms of 
relatively insoluble drugs are a convenient way of measuring the 
thermodynamic parameters. Knowledge of the thermodynamic 
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Figure 9-Mean plasma lerels following a single 500-mg. orul dose 
of Polymorphs I (lefr) and I1 (right) of mefenamic acid administered 
as capsules to I2 male normal human subjecfs. 


986 0 Journal of Pharmaceutical Sciences 







values allows a rational selection of the more energetic polymorphic 
forms of these drugs for pharmacological absorption studies, and 
also gauges their probable stability in various dosage forms. 


It is suggested that large differences in the free energy content of 
the polymorphs, as was demonstrated in the case of chlorampheni- 
col palmitate may affect significantly the absorption and resulting 
blood levels. On the other hand, a small difference as was seen with 
mefenamic acid does not appear to affect the absorbability of the 
drug. 


It is hoped that future studies with polymorphs of other drugs 
will allow a closer correlation between the free energy differences 
and drug availability of the polymorphs. 
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Quantitative Determination of Dantrolene Sodium and 
Its Metabolites by Differential Pulse Polarography 


PHILLIP L. COX”, J. P. HEOTISI, DONALD POLIN, and GORDON M. ROSE 


Abstract A differential pulse polarographic method has been 
developed for the simultaneous determination of dantrolene sodium 
and its nonreduced and reduced metabolita. The compound and its 
metabolites are extracted from urine or plasma with ethyl acetate 
and the ethyl acetate removed by evaporation. The compounds are 
dissolved in a small quantity of N,N-dimethylformamide and diluted 
with 0.2 M pH 4 acetate buffer. Dantrolene sodium plus the re- 
duced and nonreduced metabolites are quantitatively determined 
by the polarographic reduction of the azomethine linkage at a cell 
potential of -0.86 v. The nitro compounds are quantitatively de- 
termined as dantrolene equivalents by the reduction of the nitro 
group at a cell potential of -0.26 v. The difference between the two 
determinations represents the reduced metabolites. Levels as low as 
0.1 mcg./ml. can be determined by the reduction of the nitro group 
or the azomethine linkage. 


Keyphrases 0 Dantrolene Na and metabolites-analysis 0 Plasma, 
urine-dantrolene, metabolite determination 0 Polarography, dif- 
ferential pulse-analysis 


Dantrolene sodium, 1- { [5-(p-nitrophenyl)furfuryli- 
denelamino ] hydantoin sodium salt hydrate, was re- 
ported by Snyder et al. (1) as a muscle relaxant of po- 
tential clinical usefulness. The compound is currently 
undergoing clinical investigation. 


Research in these laboratories has shown that dan- 
trolene sodium is metabolized by nonreductive and re- 
ductive pathways (Fig. 1). Via the latter route the nitro 
group is reduced to the amine (F-405), and in some ani- 


mals, including man, the amine is acetylated (F-490). 
By the nonreductive pathway the compound is me- 
tabolized to a metabolite designated A .  Metabolite A 
spontaneously degrades to Compound B. Both Me- 
tabolite A and Compound B retain the nitro group and 
the azomethine linkage. 


Metabolite A 
\o CHI--C 


F-405 I 


Compound B I /  


\O 
CH,-C 


F.490 


Figure 1-Metabolic pathway of dantrolene sodium. 
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pH-Partition Behavior of Tetracyclines 


JOHN L. COLAIZZI and PAUL R. KLINK” 


Abstract 0 The apparent partition coefficients between n-octyl 
alcohol and aqueous buffers (ranging from pH 2.1 to 8.5) were 
determined for several tetracyclines. Using the previously suggested 
microscopic dissociation constants for tetracycline, the relative 
amounts of each microscopic ionic form of tetracycline theoret- 
ically present at each pH were calculated. The zwitterionic form, 
- O+ (tricarbonyl methane system ionized, phenolic diketone 
moiety unionized, dimethylammonium cation postively charged), 
which was present in highest concentration in the pH range from 
4 to 7, appeared to be the most lipid soluble form, its reduced 
polarity possibly resulting from an intramolecular type of ion-pair 
formation. Possible relationships between the biological activity 
of the various tetracycline analogs and their pH-octanol solubility 
profiles have been discussed. 


Keyphrases 0 Tetracyclines-pH-partition behavior 0 Apparent 
partition coefficients-tetracyclines between n-octanol, aqueous 
buffers 0 Biological activity relationship, tetracyclines-pH-octanol 
solubility profiles 0 UV spectrophotometry-analysis 


The work of Pindell et al. (1) has demonstrated that 
tetracycline is fairly rapidly absorbed from the duo- 
denum of the dog and that some absorption can also 
occur from the stomach when gastric emptying is de- 
layed. However, only a surprisingly small amount 
(3.1 %) of the total administered dose was actually ab- 
sorbed in 1.5 hr. The amounts of tetracycline absorbed 


were directly proportional to the dose over a tenfold 
range. These factors have suggested that tetracycline 
absorption is a passive diffusion phenomenon. 


Structural modifications have been shown to alter the 
gastrointestinal absorption of the tetracyclines. For 
example, one recent study showed that the extent of 
minocycline absorption from the gastrointestinal tract of 
dogs was two to three times greater than with tetra- 
cycline (2). Doxycycline has been shown to produce 
nearly identical initial plasma levels as demethylchlor- 
tetracycline upon oral administration to fasting hu- 
mans, even though the dose of the latter was three times 
as great (3). Structural modifications can likewise in- 
fluence the renal clearance of tetracyclines. Although 
they are bound to protein to nearly the same extent, 
doxycycline has been shown to have a 12 of creatinine 
clearance in man while demethylchlortetracycline was 
shown to have a 27 of creatinine clearance in the same 
study (3). The general structural formula for the tetra- 
cycline analogs is shown as Fig. 1, and the structures of 
the analogs discussed in this paper are listed in Table I 
and explained in terms of the general structure in Fig. 1.  


The tetracyclines are ionized throughout the physio- 
logical pH range, existing in cationic form at more acidic 
pH values, in anionic form at more alkaline pH values, 
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Table I-Structure of Tetracycline Analogs Employed 
in This Study 


Analog R '  R 2  R 3  R4 


Tetracycline 
Oxytetracycline 
Chlortetracycline 
Demethylchlortetracycline 
Methacycline 
Doxycycline 
Minoc ycline 
6-Demethyl-6-deoxy- 


tetracycline 


OH H 
OH OH 
OH H 
OH H 


OH 
H OH 
H H  


H H  


and in zwitterionic form at relatively neutral pH values. 
As several review articles on drug absorption mecha- 
nisms have noted (4, 5), it is difficult to explain the gas- 
trointestinal absorption of organic ions in general and 
tetracyclines in particular on the basis of passive diffu- 
sion and the pH-partition hypothesis. Doluisio and 
Swintosky (6) showed that tetracycline was too polar to 
be transferred through a model lipid phase of cyclo- 
hexane. When the more polar lipoidal barrier of n-octyl 
alcohol was employed, tetracycline transfer occurred at 
pH 5.2 and 7.4, but not at pH 2.0. This led the authors to 
suggest that some ionized drugs may show sufficient 
lipid solubility to be absorbed passively in viuo. 


Even in the absence of a definite mechanism explain- 
ing the absorption of organic ions like the tetracyclines, 
nevertheless, evidence does suggest that lipid solubility of 
such compounds influences gastrointestinal absorption 
and renal clearance. The objective of this investigation 
was to study the pH-partition behavior of various tetra- 
cyclines in an attempt to determine the relative lipo- 
philicity of the zwitterionic, cationic, or anionic forms, 
and thus to determine the probable form or forms in 
which these antibiotics are predominantly absorbed. 


EXPERIMENTAL AND RESULTS 


Materials-Samples of the various tetracycline analogs were 
obtained from the pharmaceutical manufacturers.' Melting point 
determinations and UV and IR spectra indicated that the com- 
pounds were of a high degree of purity. All of the phosphate buffers 
used had an ionic strength 0.1. The buffers of pH 2.1, pH 3.0, and 
g H  3.9 were prepared with sodium phosphate monobasic2 (NaHz- 


Figure 1-General structural formula for the tetracycline antibiotics. 


~~ 


'The authors are especially grateful to Dr. James H. Boothe of 
Lederle Laboratories, Pearl River, N. Y. ,  who supplied samples of 
tetracycline HCI, chlortetracycline HCI, demethylchlortetracycline 
HCI, 4-dedimethylaminotetracycline, 6-demethyl-6-deoxytetracycline, 
tetracycline methiodide, minocycline, and 9-dimethylamino-6-de- 
methyl-6-deoxytetracycline. They also thank Charles Pfizer Laboratories 
Groton, Conn., for providing samples, of oxytetracycline HCI, metha: 
cycline HCI, doxycycline hyclate, and isotetracycline hydrochloride. 


2 Analytical reagent grade, Mallinckrodt Chemical Works, St. Louis, 
Mo. 


PO,. HzO), and phosphoric acid2 (H3P04). The total molar buffer 
concentration was 0.05, and sodium chloride2 (NaCI) was used to 
adjust the ionic strength. The buffers of pH 5.6 and 6.6 were pre- 
pared with anhydrous sodium phosphate dibasic2 (Na2HPO4) and 
sodium phosphate monobasic. The total molar buffer concentration 
was also 0.05, and sodium chloride was used to adjust the ionic 
strength. For the buffers of pH 7.5 and 8.5, it was not necessary 
to add sodium chloride to adjust the ionic strength to 0.1, because 
using anhydrous sodium phosphate dibasic and sodium phosphate 
monobasic in the ratios required, provided buffers of 0.1 ionic 
strength at total molar buffer concentration of 0.0367 and 0.0337 
for pH 7.5 and 8.5, respectively. All pH values were checked at 25" 
using a suitably standardized pH meter.3 


The water used in these experiments was prepared by passing 
distilled water through two glass percolator columns containing a 
mixture of cationic and anionic exchange resins.4 The ion content of 
the water was such that conductivity was below 0.1 p.p.m. (as 
sodium chloride) as determined with a purity meter.5 


Procedure for Determination of Apparent Partition Coefficients of 
the Tetracycline Analogs-Exactly 5.203 X moles of the 
particular tetracycline analog under study was dissolved in sufficient 
buffer solution to give a total volume of 100 ml. and thus provide a 
stock solution which was 5.203 X M in tetracycline analog. 
Exactly 10 ml. of n-octyl alcohol6 was then placed into each of four 
50-ml. conical flasks. Exactly 10 ml. of the previously prepared 
5.203 x 10-4 M tetracycline analog solution was added to each. 
The flasks were stoppered and placed in a metabolic shaking in- 
cubator,? regulated to 25" (&O.l"), and set to maximum shaking 
speed. Ten minutes after the samples were placed in the constant 
temperature shaker, they were vigorously shaken by hand to insure 
rapid distribution between the two solvent phases. The flasks were 
then immediately placed back in the constant temperature shaker. 


One hour after the flasks were originally placed in the shaker, a 
2-ml. sample of the aqueous phase was withdrawn from each flask 
with a suitable pipet, care being taken to maintain the flask in the 
shaker at 25" during the withdrawal of sample. The 2-ml. sample of 
equilibrated aqueous phase was then transferred into a 25-ml. volu- 
metric flask, and buffer solution (which had been previously saturated 
with n-octyl alcohol) was added to volume. The absorbance of this 
solution was determined with a spectrophotometers against a 
saturated buffer blank. This procedure was carried out for each of 
the four test flasks. It had been previously determined that the 
period of time the flasks remained in the shaker was sufficient for 
achieving equilibration. 


The absorbance readings for each analog at each pH were deter- 
mined at the wavelength of maximum absorbance that occurred 
within the range 345 to 380 mp. (The only exception to this occurred 
with isotetracycline hydrochloride which gave absorption maxima 
within the range 275 to 286 mp.) 


A standard tetracycline solution was prepared under the same 
experimental conditions as described for the sample flasks. The 
standard solutions consisted of 10 ml. of a 5.203 x 10-4 M solution 
in octanol-saturated buffer. The standard solutions were maintained 
in the shaker for the same time period as the corresponding flasks 
containing the two immiscible phases. At the appropriate time, a 
2-ml. sample of solution was withdrawn and appropriately diluted, 
and an absorbance value obtained on the spectrophotometer. 


Based on the absorbance values obtained for each sample solution 
and its corresponding standard, it was possible to determine the 
concentration of tetracycline analog in the octanol phase and in the 
aqueous phase at each pH. The octanol/aqueous buffer apparent 
partition coefficients determined in this manner are summarized in 
Table 11. The results are expressed graphically, in a manner that 
facilitates comparisons among certain analogs, in Figs. 2 through 
6. 


Isotetracycline hydrochloride showed no transfer from the aque- 
ous phase to the organic phase at any pH. Tetracycline methiodide 
exhibited no transfer at any pH except at pH 6.6, at which it re- 
sulted in an octanol/aqueous buffer apparent partition coefficient of 
0.010. 


3 Model DR, E. H. Sargent and Co., Chicago, Ill. 
4 Rexyn AG 501, Fisher Scientific Co., Pittsburgh, Pa. 
6 Barnstead Still and Sterilizer Co., Boston, Mass. 
6 Certified Reagent Grade, Fisher Scientific Co., Pittsburgh, Pa. 
7 Dnbnoff, Precision Scientific Co., Chicago, Ill. 
* Model DB-G, Beckman Instruments, Inc., Fullerton, Calif. 
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Table 11-Apparent Partition Coefficients (Octanol/Aqueous Buffer) of Tetracycline Analogs 


Analog pH 2.1 p H 3 . 0  p H 3 . 9  p H 5 . 6  p H 6 . 6  p H 7 . 5  pH8.5 


Tetracycline hydrochloride 
Oxytetracycline hydrochloride 
Chlortetracycline hydrochloride 
Demethylchlortetracycline 


hydrochloride 
Methacylcine hydrochloride 
Doxycycline hyclate 
6-Demethyl-6-deoxytetracycline 
Minocycline hydrochloride 
9-Dimethylamino-6-demet hyl- 


LCDedimethylamino- 
6-deoxytetracycline 


tetracycline 


0.014 0.0069 
0.0035 0.018 
0.15 0.18 


0.13 0.10 
0.69 0.72 
0.52 0.70 
0.82 0.73 
0 


0 


10.6 10.0 


0.044 
9.078 
0.27 


0.19 
0.82 
0.85 
0.76 
0.051 


0.034 


8.48 


0.056 
0.075 
0.41 


0.25 
0.91 
0.95 
0.83 
1.11 


0.40 


14.33 


0.052 0.036 
0.087 0.025 
0.32 0.13 


0.19 0.050 
0.82 0.43 
0.92 0.60 
0.96 0.83 
1.48 


0.77 


5.79 0.64 


0.010 
0.0086 
0.071 


0.021 
0.16 
0.32 
0.45 
0.36 


0.36 


0.17 


DISCUSSION 


Ionization Pattern of Tetracyclines-Employing tetracycline as an 
example of the class: Fig. 7 describes the complete ionization scheme 
for the tetracycline antibiotics as described in the paper by Leeson 
et al. (7). The upper portion of the figure indicates the three macro- 
scopic dissociation constants (expressed in terms of the pKa's) 
which may be considered as localized in various portions of the 
tetracycline molecule. As indicated, the first macroscopic dissocia- 
tion constant is associated with the tricarbonylmethane system, the 
second with the phenolic diketone moiety, and the third with the 
dimethylammonium cation. However, the unqualified assignment 
of a macroionization constant to any specific functional group may 
not provide a complete description of what is really occurring in the 
ionization scheme. In order to completely characterize the ioniza- 
tion scheme for dibasic, tribasic, or polybasic acids in general, it is 
necessary to take into account all of the microscopic forms and 
microscopic ionization constants that make up the macroscopic 
constants (8). The microscopic forms and microscopic constants 
associated with the ionization of tetracycline are shown in the lower 
portion of Fig. 7. The most protonated species of tetracycline, as it 
exists in acidic media, is represented as OO+. If the first ionization 
resulted in the loss of a proton from the tricarbonyl methane system, 
the resultant microscopic form could be represented as -O+. If, 
on the other hand. the proton had been lost from the phenolic 
diketone moiety, the resultant form would have.been 0- +. Initial 
proton loss from the dimethylammonium cation would have resulted 
in the microscopic form OOO. It should be noted that each of these 
different microscopic forms has a net change of zero. Each of the 
respective microscopic ionizations is characterized by the rnicro- 
scopic constants kl, kt. or ka. Together, these constants make up the 
macroscopic ionization constant. 4, which may be expressed in 
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Figure 2-Plot showing effect of p f f  on the n-octyl alcohollaqueous 
buffer apparent partition coeecients for  5.203 X 10-4 tetracycline 
analog at 25". Key: 0 ,  tetracycline; 0 oxytetracycline. 


terms of concentration expressions for the microscopic constants as 
indicated by the following equations 


Lesson et al. (7) indicate, however, that for tetracycline, 4 may be 
considered as essentially equal to kl. Therefore, kz and k3 may be 
omitted from consideration, and the apparent first macroscopic 
dissociation constant for tetracycline may be taken as 


As can be observed from an examination of the microscopic 
ionization scheme in Fig. 7, the microscopic constants kit and k13 
will be the only microscopic constants contributing to the KZ dis- 
sociation. 
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Figure %-Plot showing effect o fpH on the n-octyl alcohol}aqueous 
buffer apparent partition coefficients for 5.203 X 10-4 tetracycline 
analog at 25". Key: B, tetracycline; 0 ,  demethylchIortetracycliiie; 
0, chlortetracyche. 
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Figure 4-Piot showing effect of pH on the n-octyl alcoho//nqireous 
buffer. npprirent partition coPfficierits for 5.203 X terrncyclinr 
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cycline. 


Thus the two microscopic molecular forms resulting from the 
second ionization are - - + (both the tricarbonyl methane and the 
phenolic dikctone groups ionized) and -00 (both the tricarbonyl 
methane and the dimethylammonium groups ionized), each of which 
has one net unit of negative charge. The numerical values for the 
microscopic constants shown in Eqs. 6 and 7 are those indicated by 
Leeson er a/.. and they indicate that k12 contributes about 10 times 
as much to the overall K2 as does k13. The numerical value for K2 
given in Eq. 8 is the potentiometric value given by Leeson et al. 


Similarlq. the third step in the ionization scheme of tetracycline 
is made up of two microionization steps as explained by the follow- 
ing equations. 


2 4 6 8 
PH 


Figure 5-Plot showing effect of p H  on the n-octyl alcohollaqueous 
buffer apparent partition coefficients for  5.203 X tetracycline 
analog at 25". Key: 0 ,  tetrueyclille: , 6-demethy~-&&oxytetra- 
cycline; m, minocycline; 0, 9-dimethylamino-6-demethyl-6-deoxy- 
tetracycline. 
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Figure 6-Plot showing effect of pH on the n-octyl alcohol/aqueous 
buffer apparent partition coefficients .for 5.203 X 10- tetracycline 
analog at 25". Key: 0, doxycyclinr: 0 . 4-dedirnethy/aminotetra- 
cycline. 


Converting Eqs. 1, 6, 7, 9, and 10, into logarithmic form the 
authors obtain 


Additional relationships involving the microscopic constants which 
become apparent are 


.............................. 
i H  


................................... 
PKAz= 7.7 


Figure 7-Top portion of figure shows rhe rliree functional groups 
associated with each of the macroscopic dissociation constants of 
terrarycfine. Bottom portion of figure giws ;he complpre io~iizntion 
scheme for  tetracycline wirh the microscopic dissociation constants 
indciuted. 
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Table HI-Ratios of Concentrations of Various Microscopic Forms of Tetracycline at 
Different pH Values at 25” 


2.1 0.0589 a 


3.0 0.468 a 


3.9 3.72 a a 


5.6 186 1 . 1 5  0.00631 0.100 
6 .6  1860 115 0.0631 10.0 Q 0.126 
7 . 5  14,800 7250 0.501 760 0.0501 63.1 
8 . 5  148,000 72,5000 5.01 76,000 0.501 63,100 0.440 0.0871 0.871 


(I a (I a 


a a (I e a n (I 


0.0871 


a Ratio is small enough to be considered insignificant. 


[H+12 [- - + I  
P + l  


[H+l [ - 001 
[W+l 


[H+]’ [- -01 
[-0+l 


[H+I3 [- -01 
[OO+l 


kikiz = 


klklt = 


k12k123 = 


kikizkizt = 


Expressing Eqs. 17-20 in logarithmic form we obtain 


[- - + I  PH = ‘ 1 2  pki + ‘12 pklz + ‘/z log - - - ~  
[00+1 


pH = ‘/z pkl + ‘/z pk13 + ‘/z log [*Oo] 
loo+] 


pH = ‘ 1 2  pklz + ‘/z pk123 + 1/2 log [--Ol 
[-Of1 


[- -01 PH = ‘/3 (pkl + pklz + p k m )  + ‘13  log - [@)+I 
Based on the nine different ratios of one microscopic species to 
another which are expressed in Eqs. 12-16 and 21-24, and on the 
numerical values for the microscopic k values taken from the work 
of Leeson et a/., it is a simple matter to calculate the ratios for each 
of the experimental pH values employed in this study. These ratios 
are summarized in Table 111. All the values are for 25 O. 


From the values for the ratios which are given in Table 111, it 
is possible to calculate amounts of each microscopic species present 
at each pH. For the first three pH values this can be calculated 
directly from Eq. 12. The amounts for the other pH values may be 
obtained by using simultaneous equations as is illustrated for pH 
6.6. At pH 6.6, some of the calculated ratios from Table I11 may be 
expressed as 


[-O+] = 1860 [00+] (Eq. 25) 


[--+I 1 115 [00+] (Eq. 26) 


[-001 = 10 [Oo+] (Eq. 27) 


[- -01 = 0.126 [OO+] 0%. 28) 


Since all of the significant microscopic forms at pH 6.6 must add up 
to the number of moles of tetracycline present in the experimental 
solubility flask (5.2 X moles), then 


and the number of moles of the other contributing microscopic 
forms can be calculated from Eqs. 25-28. 


Similar calculations were made for each of the experimental pH 
values and the percentage concentrations of each of the microscopic 
forms of tetracycline at each pH are listed in Table IV.9 A plot of 
the percent of each microscopic species as a function of pH is shown 
in Fig. 8. 


Partitioning Behavior of the Microscopic Forms of Tetracycline 
Although the specific mechanism by which tetracycline is absorbed 
is not known, some evidence suggests that its absorption pattern 
resembles a passive diffusion process and thus might be explained 
on the basis of the pH-partition hypothesis (1,  6). The pH-partition 
hypothesis maintains that pH influences absorption because it deter- 
mines the fraction of drug present in the unionized, lipid-soluble 
form. As the preceding discussion has shown, tetracycline is ionized 
at all pH values, so it is obviously not absorbed in an unionized 
form. Schanker ( 5 )  has suggested several possible ways in which 
organic ions might penetrate the gastrointestinal-blood barrier. He 
indicates that they might be slowly diffused through the lipid areas 
of the barrier through a limited number of large pores; or that they 
might penetrate the barrier in the form of a less polar complex 
formed with some material present in the lumen. 


Comparison of Figs. 2 and 8 reveals that tetracycline transfer into 
n-octyl alcohol occurs for the most part when the drug is present in 
the zwitterionic form, -O+. This indicates the more lipophilic 
nature of the zwitterionic form. It is interesting to note that tetracy- 
cline antibiotics exhibit their optimum antimicrobial activity at 
between pH 5.5 and 6 (9). Thus it would appear that optimum anti- 
microbial activity occurs within a pH range providing for the maxi- 
mum concentration of zwitterion, -O+, as Fig. 8 indicates. This 
would also be (as Fig. 2 shows) the pH range of the maximum lipid 
solubility of tetracycline. Pindell et a/. (1) showed that rates of 
tetracycline absorption were markedly greater from the ileum and 
duodenum of the dog as compared with the stomach or colon. It is 
interesting to note that the pH of the ileum and duodenum would 
generally coincide with the pH range of greatest tetracycline solubil- 
ity in n-octyl alcohol, and would, of course, also coincide with the 
pH range of greatest zwitterion concentration. 


It is possible that in the zwitterionic form of tetracycline, the 
positively charged dimethylammonium group “interacts” with the 
negative charge associated with the tricarbonylmethane system to 
produce an effective cancellation of charge within the molecule. This 
would account for the obviously greater lipid solubility of the 
zwitterionic form and might also facilitate absorption. This possi- 
bility is in some way related to the suggestion that the absorption of 
ionic compounds might be explained on the basis of the formation of 
less polar complexes with other substances. Recently, Irwin et a/ .  


[00+l + [-0+1 + [--+I + [-OOI + [--01 = 5.2  X 10Wmoles 
-( [-0+1 = 1860[00+]) 


-( 1-00] = 10 [00+l) 
-( [--+I = 115[00+]) 


-( [--01 = 0.126 [00+]) 


When Eqs. 25-28 are subtracted from Eq. 29, as indicated above, 
we obtain 9 The authors are indebted to Dr. Paul J. Niebereall of the Philadelohia 


College of Pharmacy and Science, Philadelphia,-Pa., who designed a 
computer program to check the values which appear in Table IV. His 1986.13 [00+] = 5 . 2  X 10-6 (Eq. 30) 
work showed that the peak percentage value for the zwitterionic form, 


[00+] = 2.61 X moles (Eq. 31) -O+, occurs at pH 5.5. 
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Table IV-Calculated Percent of Each Microscopic Species of 
Tetracycline Present in Aqueous Solution at Each 
Experimental pH at 25 O 


PH W+ -0+ --+ -0o --o 
~~ 


2.1 94.2 5.6 
3.0 68.1 31.9 (1 


3.9 21.2 78.8 
5.6 0.5 98.7 0 . 6  Q 


6 . 6  0 .1  93.3 5.8 0 .5  LI 
7.5 a 64.6 31.7 3 . 3  0.3  


(I 14.4 72.1 7 .2  6 .3  8 . 5  


e 


a a 


(1 Less than 0.1 Z. 


(10) have shown that trichloroacetate can enhance both the lipid 
solubility and the absorption of the quaternary ammonium com- 
pound, isopropamide, presumably through ion-pair formation. 
Perhaps the observed lipophilicity of the zwitterionic form of 
tetracycline which has been observed in this study might be ac- 
counted for on the basis of an intramolecular type of ion-pair 
formation. Ion-pair formation could occw between tetracyclines 
and adjunctive substances such as glucosamine. It is interesting to 
note that although the ability of certain additives to clinically 
enhance the absorption of tetracyclines has been the subject of 
much controversy, nevertheless, glucosamine has been shown to 
enhance the gastrointestinal absorption of tetracycline in man even 
when the presence of excipients was carefully controlled and ac- 
counted for (1 I). 


Effect of Structural Modifications on Tetracycline Lipophilicity- 
The ionization scheme described for tetracycline is generally ap- 
plicable to other tetracycline group antibiotics (7) unless alteration 
of one of the acidic functions of the molecule had occurred as with 
4-dedimethylaminotetracycline, isotetracycline, or tetracycline meth- 
iodide. Figs. 2 and 3 indicate that tetracycline, oxytetracycline, 
chlortetracycline, and demethylchlortetracycline all produce a 
similar pH-octanol solubility profile, but that chlortetracycline and 
demethylchlortetracycline are considerably more lipophilic. In 
general, demethylchlortetracycline is more active than tetracycline 
or oxytetracycline (9). It also produces higher plasma levels after 
oral administration. Chlortetracycline activity also appears to be 
generally more active against bacteria than tetracycline or oxy- 
tetracycline, but its marked chemical instability makes meaningful 
comparisons difficult (9). Fig. 4 shows that although methacycline 
and doxycycline both resemble the general pH-partition profile of 
the parent compound oxytetracycline, they differ in that they are 
nearly 10 times more lipid soluble. Both methacycline (12) and 
doxycycline (3) show enhanced absorption over tetracycline or 
demethylchlortetracycline, and are effective clinically in lower doses. 
Fig. 5 indicates that minocycline attains greater maximum lipid 
solubility than the structurally related compounds 9-dimethylamino- 
6-demethyl-6-deoxytetracycline or 6-demethyl-6-deoxytetracycline. 
As might be expected, the presence of an additional dimethylamino 
cationic group markedly decreases lipid solubility at low pH. 
Apparently, however, its presence at Position 7 enhances lipo- 
philicity at neutral pH values. In this respect it might be interesting 
to compare the absorption of 6-demethyl-6-deoxytetracycline from 
the acidic environment of the stomach with other tetracyclines. The 
greater lipid solubility of minocycline at neutral pH values, which 
is evident in Fig. 5, is in agreement with the work of Kelly and 
Kanegis ( 1  3) which showed that minocycline was unique among the 
tetracycline family of antibiotics in that it showed therapeutically 
desirable increased tissue penetration rate in the brain, thyroid 
gland and fat. Figure 6 indicates that 4dedimethylaminotetracy- 
cline, which has an altered acidity function in relation to the other 
tetracyclines, exhibits lipid solubility of a very different magnitude. 
Isotetracycline and tetracycline are likewise diRerent from the 


100 c ---+--. 


20 - 


I ? I  
1 2 3  4 5 6  7 8  


PH 
Figure 8-Plot showing percent of various microscopic forms of 
tetracycline in aqueous solution as a function of pH at 25”. Key: 
0 ,  00+; A, -0+; U, - -+; 0, -00. The species - -0, which is 


present in significant amounts at about pH 7 and aboce, is not shown 
in thisfigure. 


other tetracycline analogs in regard to pH-partition profiles. 
In general, it appears that octanol solubility is a relevant con- 


sideration in understanding the structure-activity relationships of 
the tetracycline antibiotics. 
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TECHNICAL ARTZCLES 


Shear Cell Measurements of Powders: Proposed Procedures for 
Elucidating the Mechanistic Behavior of Powder Beds in Shear 


E. N. HIESTAND and C. J. WILCOX 


Abstract 0 A variety of procedures for the use of a shear cell are 
devised in hopes of elucidating mechanistically the behavior of 
powders in shear. The processes considered are plastic deforma- 
tion at regions of true contact and structural changes in the powder 
bed. Possible structure changes are: (a) consolidation or dilation; 
(b) blockage to resist the continuation of motion in the same direc- 
tion; and (c) particle orientation. A series of pulls to just initiate 
shear is used. These are made either monodirectionally, i.e., all 
pulls in the same direction, or bidirectionally, i.e., consecutive 
pull directions reversed. A series of pulls proceeds until a steady 
state or plateau condition exists. A relative shear force, M, is 
defined as M = ( P I  - p p ) / p p ,  where p1 and p p  are the respective 
friction coefficients using first pull and plateau data. The retention 
of plateau-condition-shear-strength upon removal of the applied 
load is obtained by measuring the shear force for the first pull after 
reducing the load. An index of retention value is defined. Also, an 
indication of the relative extent of conditioning at plateau condition 
for various loads is based on a comparison of the shear force ob- 
served for one additional pull after increasing the load to an arbi- 
trary constant value. 


Keyphrases 0 Powders-shear cell measurements 0 Shear cell- 
procedures for use 0 IP patterns 0 Forces shear-reduced and 
increased load 0 Structural changes-powder bed 


In this communication a series of procedures will be 
proposed, then the experimental use of these will be 
described. The objective is to develop a mechanistic 
interpretation of the resistance to shear of powder beds. 
New parameters and indices will be defined when needed 
for simplification of the discussion. 


The procedures are based on variations of shear 


cell studies reported previously (1). The primary refer- 
ence values are the friction data in the form of a plot of 
the shear force, 7, versus the applied load, mg. The 
simple friction law, Eq. 1, adequately describes these 
friction data. 


(Eq. 1) 


where 7 = force required to initiate shear, p = friction 
coefficient, mg = load normal to the shear plane, and 
h = “apparent” cohesion. 


As stated in the earlier publication, the observed 
values of p and h depend somewhat upon cell design, 
operational procedure, and the history of the powder 
bed. Reproducible values are obtained readily when a 
specific cell and a standard procedure are adopted. 
The values obtained are useful for making comparisons 
or detecting changes in the properties of a powder. 
However, p and h alone are not adequate to indicate 
many of the characteristics of a powder bed. Additional 
meaningful properties must be identified and measured. 


Occasional reference will be made to the properties 
that are associated with good flowability. It is recog- 
nized that flowability is not a uniquely defined property. 
It has meaning only in reference to the conditions under 
which flow is to occur. Nevertheless, no matter how 
elusive its precise definition may be, common usage has 
established a qualitative, intuitive understanding of its 
meaning. Hereinafter flowability is used in this qualita- 
tive connotation. 


7 = Amg + h) 
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Figure I-Schematic arrangement of apparatus. Key: A, bottom 
plate; B, powder bed; C ,  top plate; D, tow line; E, strain gauges 
(both are connected when bidirectional pulling is used); F, jack. 


PROPOSED PROCEDURES 


Apparatus-The shear cells' for this work have been described 
previously (1). Only a few relevant aspects will be repeated here. 
Figure 1 shows the cell arrangement diagrammatically. The powder is 
located between two solid surfaces, analogous to a sandwich filling. 
Two differentsandwichesareshown in Fig. 2-uiz.; (a)  thesandpaper- 
powder-sandpaper (SPS cell) and (b) the tablet-powder-tablet 
(TPT cell). In the figure the top plate is inverted to show its surface 
texture. 


Experimental Procedure-All of the data reported in this ar- 
ticle have been obtained with the shear cell. However, numerous 
variations of procedure are used. To facilitate the discussion of 
these data, a somewhat complex set of symbols has been developed. 
The symbols were chosen to be both concise and mnemonic. Often 
the experimental procedure for obtaining the data is coded into 
the symbol. The complete meaning of the symbols are given in the 
text as they are introduced. For the reader's convenience, a table 
of nomenclature is included at the end of the text. In some instances, 
the orderly evolvement of the symbol is explained for mnemonic 
purposes. 


Most of the proposed procedure is the same as reported pre- 
viously. The shear force is observed for a sequence of pulls, each of 
which just initiates shearing of the powder bed.2 Eventually a con- 
stant value of the shear force is obtained for each sequential pull. 
This shear force is called the plateau value, rp. The symbols rpc will 
be used to indicate the plateau condition shear force observed when 
the applied load is equal to c.  


IP Patterns-The recorder chart record of the shear forces for 
the sequence of pulls between the initial and plateau condition is 


Figure 2-Two designs of shear cells used: SPS, sandpaper-powder- 
sandpaper; TPT, tablet-powder-tablet. 


1 Three cells were described. The selection of the preferred one is 


2 Dynamic friction coefficients could be determined, also, but only 
based on experience. Usually the SPS cell is satisfactory. 


static yield forces are considered in this discussion. 


1 4  8 12 1 6 2 0  2 4 1 4  8 12 1 4  8 12 
NO. OF PULLS 


I-IP D-IP P-IP 


Figure 3-Recorder chart patterns produced in the sequence of pulls 
when going from the initial to plateau condition of the bed. Key: 
I-IP, increasing shear strength from initial to plateau; D-IP, decreas- 
ing shear strength from initial to plateau; P-IP, peak shear strength 
between initial andplateau. 


called the IP pattern. The three general types of IP patterns ob- 
served (1) are shown in Fig. 3. I-IP designates increasing shear 
forces for the sequence of pulls, D-IP refers to decreasing forces, 
and P-IP indicates that a peak value of shear force occurs between 
the initial and plateau condition of the bed. 


The sequences of pulls are made in two different ways-viz.; (a)  
all pulls in the same direction (monodirectional pulling); and (b)  
each consecutive pull is made in the opposite direction to alternate 
the direction of pull (bidirectional pulling). When using bidirec- 
tional pulling with certain powders, the force at which shear is 
initiated may not be identifiable; but usually bidirectional data may 
be obtained. Bidirectional pulling requires care in alignment of the 
top cell element between the two strain gauges so that a twisting 
or rocking3 motion is not induced. 


Usually, but not always, the IP patterns are of the same type for 
both mono- and bidirectional pulling. The respective plateau 
shear force values are identified as r p l d  and T p 2 d .  


Reduced Load Shear Forces-Measurements of the shear force 
determined by first obtaining a plateau condition with some rela- 
tively large applied load, then removing some or all of the applied 
load, and finally pulling one additional time to produce shear are 
referred to as reduced load shear values, 7,. Both mono- and bi- 
directional plateau conditions may be used to obtain r V 1 d  and rr2d 


values, respectively. The only Tr2d values considered herein are 
those obtained by making the direction of the reduced load pull 
opposite to that of the last pull used to obtain the plateau condition 
bidirectionally. 


Three different procedures for obtaining reduced load values 
may be followed. These are: 


1. The applied load is reduced to various values always from the 
same plateau condition obtained at a selected, constant value of the 
applied load. crrx will be the generalized designation, e.g., 2OOr,x 
designates a series of values obtained by reducing the load by differ- 
ent amounts from the plateau condition obtained using a 200-g. 
total applied load.4 


2. The applied load is reduced by a constant amount from 
various plateau conditions obtained with different applied loads, 
XTcr .  


3. The applied load is reduced to a constant value from various 
plateau conditions obtained with different applied loads, x r c .  


All of these provide an indication of the degree of retention after 
load reduction of properties produced by shear at the larger applied 
load. The last of these is considered by the authors to be the most 
useful for the purpose of this communication. Based on it, a method 
of assigning numerical values to the retention of shear strength 
induced at larger loads (designated by index of retention), will be 
described in a later section. The first two procedures are useful to 


a The cell design places the tow line slightly above the plane of shear. 
Intuitively, this seems undesirable; but the authors have observed that 
when the top plate tilts after repeated pulling in the same direction, 
the leading edge of the plate always is higher than the trailing edge. 
Lowering the tow line to the shear plane would increase the tendency to 
tilt in this direction. Therefore, the tow line was not lowered to the 
plane of shear. 


4 These measurements are not identical to but correspond in principle 
to the "yield loci" curves obtained with the Jenike shear cell (2). 
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provide additional insight into the retention under various loads. 
They are mentioned here for completeness and one example is 
given in the experimental section. 


Increased Load Shear Forces--The IP patterns arise from changes 
in shear strength produced by shearing the bed, i.e., shear-induced 
conditioning occurs. However, these patterns do not indicate 
whether the plateau conditions at all loads are beds of identical 
condition. An indication of relative effect of conditioning may be 
obtained by first attaining a plateau condition at some load, x ,  then 
increasing the load to c and making one additional pull. This last 
shear force, X T I C ,  may be compared with r lc  (see Footno/e 5 )  and 
rpc. If X T I C  equaled rlc, it would appear that no conditioning effect 
on the shear force occurred as a result of reaching plateau condi- 
tions with load x. If X T Z C  equalled rpc, it would appear that plateau 
conditions with load x was identical to plateau conditions with 
load c. 


A convenient reference value for c is the largest load used in the 
study. For example, if lo00 g. is the largest load used, then by deter- 
mining x ~ z l O 0 0  for several values of x and by plotting the xrIlo00 
values versus the x values, a comparison with r 1 1 O 0 O  and ~ , lOoo 
may be made. These data can be plotted on the same graph as the 
friction data. 


Both mono- and bidirectional values are useful. The bidirectional 
values used are those obtained by pulling after increasing the 
applied load in the direction opposite to the last pull direction used 
when attaining the plateau condition with the lesser load. 


Obviously many variations of these increased load studies are 
possible and other methods of plotting could be used. However, 
the authors have chosen the above-described method because of 
its simplicity and ease of interpretation. 


Numerical Representation of Data-IP Patterns-The three types 
of IP patterns provide a qualitative classification of powder bed 
properties. A more quantitative representation can be obtained 
from these by application of Eq. 2. 


or its equivalent 


where M is called the relative IP value, p1 is the friction coefficient 
based on first pull shear forces q x ,  p p  is the friction coefficient 
using plateau shear forces T,X, and hl and h, are the respective 
apparent cohesion forces. 


The IP value, M ,  compares the initial to plateau friction co- 
efficients so that M is positive for materials of good flowability, 
i.e., for Type D-IP; is negative for those of poorer flowability, i.e., 
for Type LIP; and may be either negative or positive for Type P-IP 
patterns. These numbers are useful indicators but of course the 
precision is limited by the ability of the investigator to form the 
powder bed in a reproducible manner. Failure to do so will produce 
variations in p1 but has no significant effect on p,. 


When considering the P-IP patterns, an indication of the peak 
shear force can be given by using an M’ value defined in Eq. 3. 


P P  


where p‘ is the friction coefficient obtained by plotting peak values 
of the shear force. 


Index of Retention-Values of the reduced load shear force 
obtained by Method 3 may be plotted against the T~ value at the 
load from which the reduction was made, i.e., xrrc versus T,X. If no 
effects of the larger load are retained, the xrTc values are all equal 
and such a plot would have a slope of zero. If all the X T ~ C  values 
are equal to the T,X values, the corresponding slope would be 
unity. This would correspond to complete retention of shear forces 
produced by the larger load. The authors have chosen to refer to the 
slope of the plot of XT,C versus T,X with c = (weight of disk or top 
tablet) as the index of retention. Because the plot is not linear, the 
index of retention is not a single value. Usually the largest values are 


6 TIC refers to the first pull value of the shear force with applied load 
equal to c .  


observed for small reduction of load and the magnitude of these 
values correlate at least qualitatively with poor flowability. 


Mechanistic Processes of Shear in Powder Beds-Before discussing 
real cases, it will be useful to list in one place a number of mech- 
anisms that have been considered to influence the shear force. The 
following is not claimed to be an exhaustive list but is believed to 
include the most important considerations : 


I .  Structural Changes in the Powder Bed-(a) Consolidation or 
dilation that alters the average area of true contact between par- 
ticles in the shear plane; (b) Mechanical blockage or pile-up that 
resists continuation of motion in the same direction; (c) Particle 
orientation and alignment that lead to differences between shear 
forces when motion is continued in a given direction and when the 
direction is reversed. 


2. Changes in /he Area of True Contact between Particles Resulting 
from Plastic Deformation of Par/icles at Contact Regions. If only 
one of these mechanisms were occurring in a given powder bed, 
the interpretation of the data would be relatively simple. It is 
instructive to consider these simple cases in which only a single 
process is occurring.6 


Case I(a)-Consolidation induced by load and shear would lead 
to an I-IP pattern with no differences between the mono- and bi- 
directional shear forces. The corresponding M value would indicate 
the relative change of friction coefficient for this consolidation. 
Increased load studies would indicate the relative differences in 
extent of consolidation with various applied loads. The index of 
retention would relate to the force necessary to return the powder 
bed to the more expanded condition characteristic of the very 
small load. 


A powder bed that dilates each time it is sheared would not 
exhibit shear conditioning. Therefore, M would equal zero. The 
index of retention would be zero, also; and the increased load 
studies would yield a value of one for the relative conditioning. 


Case I(b) differs from l(a) in that the monodirectional shear 
forces will be larger than the bidirectional forces. The monodirec- 
tional patterns would have a negative M value and the bidirectional 
a zero value. The index of retention would be zero for bidirectional 
pulling but could have a large value for monodirectional pulling 
if the strength of the “blockage” is a function of the load. Increased 
load studies could provide insight into this dependence on load. 
Since interparticle forces that could contribute to blockage would 
not be directional, it is not expected that mechanism l(b) could 
exist except concurrently with mechanism l ( a ) .  


Case I(c)-Selective orientation of anisometric particles will 
occur during shear if the forces required to randomize the orienta- 
tion are larger than the shear forces between the oriented particles, 
i.e., if shear occurs before the particle is turned from its preferred 
orientation. Consequently, the shear force would be expected to 
decrease as the orientation occurs. Since bidirectional pulling would 
disrupt the orientation process, a larger friction coefficient would 
be observed for the bi- than for monodirectional pulling. M should 
be positive for mono- and zero for bidirectional pulling. The in- 
creased load studies would indicate the dependence of the extent 
of orientation on the applied load. 


Possibly, particle orientation could increase the conformation 
between particles and a much stronger powder bed would result 
from the alignment. However, the shearing process must disrupt 
the bonds to form a region of shear. Probably a thin shear plane 
would develop and the bed would behave as two compacts sliding 
over one another. 


Case 2-Unfortunately, the plastic deformation contribution to 
the shear forces cannot be distinguished from the simple consolida- 
tion case of l(a) by the procedures outlined here. The same charac- 
teristics would be observed as in l(a) unless plastic deformation is 
not increased by shearing the bed. In this case, M = 0 for both 
mono- and bidirectional pulling. If measurement of bed volume 
change were made as the powder bed yields to initiate shear, Case 
l (a)  would be accompanied by a dilation of the bed. Dilation need 
not accompany shear in Case 2. However, the present apparatus 
does not provide for measurements of bed dilation, and the re- 
quired sensitivity to make such a measurement useful has not been 
estimated. 


8 Recall that both increased load and reduced load data are obtained 
after a plateau condition has been established. However, the M, M’, 
PI, p’, and ~11000 values depend at least in part on nonplateau condi- 
tions of the bed. 
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Figure 4-Spray-dried lactose. Key: main graph: 0, monodirec- 
tional rp,  SPS cell; 0,  monodirectional xr11000, SPS cell; m, bi- 
directional rp ,  SPS cell; 4, bidireciional xr11000, SPS cell; A, 
monodirectional rp,  TPT cell, vibrated I sec. between each pull: 
t, ~11000, SPS cell; insert graph: 0, monodirectional ~ 7 ~ 2 0 ,  SPS 
cell; m, bidirectional ~ 7 ~ 2 0 ,  SPS cell; A, monodirectional xr,13, 
TPTcell, uibraied I sec. between each pull. 


In a previous communication (l), the very large increases in 
friction coefficient produced by standing with the load applied and 
also by vibrational forces were illustrated. Relaxation of forces and 
plastic deformation over long periods is a common phenomenon 
and, therefore, it is reasonable to assign these shear strength changes 
to deformation growth of areas of true contact. However it is not 
simple to prove that no structural changes resulting from particle 
rearrangement within the bed have occurred. 


Chlorphenesin carbamate was shown to double its resistance to 
shear upon standing with load applied for approximately 24 hr. 
(1). To produce a comparable effect by a reduced load-type of 
measurement, one must reach a plateau condition at four times the 
load if an index of retention of 0.5 applies or at 40 times the load 
if the index of retention is 0.05: Therefore, if one is to argue that 
consolidation alone accounts for the increase of shear strength, 
it appears to be equivalent to the degree of consolidation that 
would be produced by reaching plateau conditions with 40 times 
the applied load. Therefore, the authors prefer to assign the changes 
primarily to deformation. Theoretical aspects relating to plastic 
deformation have been considered by Krupp (3). 


Shear processes with real powders most certainly will involve 
several of the above processes simultaneously. Unequivocal inter- 
pretation may not be possible. However, considerable insight may 
be obtained. Experimental data obtained with real powders are 
reported in the following paragraphs. 


EXPERIMENTAL RESULTS 


A large number of powders of pharmaceutical interest have been 
investigated in this laboratory. Five examples have been chosen 
for inclusion here in order to illustrate the variety of results ob- 
tained. Some of the measurements described in the preceding para- 
graphs are illustrated with only one example. However, a minimum 
set of six plots are given for each-viz., T=, xr11O00, and index of re- 
tention for both mono- and bidirectional pulling. Some special 
studies of the effects of milling are included, also. Because these 
studies have extended over a protracted period of time and various 


7 The experimental value reported herein is approximately 0.05. 
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lots of the same chemical compound were used, some apparently 
disparate values are reported. However, these are believed to be true 
differences in sample properties. Also, some small variation may be 
encountered when TPT values are compared with SPS values. It 
was reported previously that both the experimental procedure and 
history of the specific sample affect the results of shear cell measure- 
ment (1). 


Spray Dried Lactose-The values observed with the NF ma- 
terial using the SPS cell and the usual procedures are given in 
Fig. 4. (For the moment ignore the TPT values for a sample vibrated 
for one second between each pull that are included in this graph.) 
The very low values of the index of retention are believed to indicate 
that the particle-particle interactions are predominantly elastic, 
i.e., unstressed large areas of true contact do not develop from 
plastic deformation. This is consistent with the free-flowing proper- 
ties of this powder. The negative values of the index of retention 
for the bidirectional case were unexpected. The negative slope 
could result from either a decreased degree of bed consolidation at 
plateau conditions with larger loads or from increased disruption 
of the particle-particle bonds upon removal of the larger loads. 
The small negative slope of the XT110002d line would be more con- 
sistent with the former explanation. The xr110o0, the r,loOO, and 
~11000 values all fall within a very limited range, so the degree of 
consolidation doesn’t seem to be grossly dependent on the applied 
load. However, both the xr11000,d line and the monodirectional 
index of retention have small positive slopes. This suggests some 
small changes with load. 


The mono- and bidirectional friction coefficients essentially are 
equal. Therefore, it is assumed that no structure develops that 
resists the continuation of motion in the same direction. Two oppos- 
ing mechanisms producing equal but opposite effects could be 
occurring but no suggestion of orientation of these irregular-shaped 
particles is detected and the small consolidation effects make this 
alternative seem improbable. 


From the above observations it is concluded that spray-dried 
lactose particles undergo predominantly elastic interactions and 
only minor packing changes occur upon shearing the bed. 
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Figure 5-Spray-dried lactose; monodirectional with TPT cell. 
Comparison of screened, milled, and unmilled samples. Key: main 
graph: 0, unmilled, rp; diam. <325 mesh; 0, milled, rp; diam. >325 
<230 mesh: A, milled, rp; diam. <325 mesh; insert graph: @, un- 
milled, xr,IO; diam. <325 mesh; U, milled, XT,IO; diam. >325<230 
mesh; A, milled, xrJ0; diam. <325 mesh. 
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Figure 6-Chlorphenesin carbamate; SPS cell. Key: main graph: 
0, monodirectional rp; 0, monodirectional ~ ~ 1 1 0 0 0 ;  W, bidirec- 
tional 7,; +, bidirectional ~ ~ 1 1 0 0 0 ;  t, ~11000; insert graph: 0, 
monodirectional xr,20; H, bidirectional xr,20. 


In a special study the powder bed was vibrated by means of an 
electric vibrator* attached to the laboratory jack supporting the 
TPT cell. The vibration was applied for 1 sec. between each mono- 
directional pull. The friction coefficient increased to 0.72. The IP 
pattern changed to Type LIP with M = -0.2; and the index of 
retention became slightly negative. Possibly, vibration-produced 
consolidation was inhibited by the larger applied loads. Unfor- 
tunately this work was done before the importance of increased load 
studies was recognized. Therefore, the xrz1ooO plot was not deter- 
mined. The reduced load studies do not indicate that plastic de- 
formation is a significant factor. Therefore, the larger friction 
coefficient of the vibrated material is believed to reflect a higher 
degree of consolidation. 


i n  still another study with spray-dried lactose, the effects of 
milling were observed. The sample was milled in a small laboratory 
ball mi119 for 6 hr. Selective screenings provided the particle size 
range desired. Figure 5 compares the results of the TPT cell studies 
of milled and unmilled material. Because it often has been demon- 
strated that small particle size contributes to the cohesive properties 
of powders (4), the authors were particularly interested in the com- 
parison of a milled material screened to pass through a 230 mesh 
and retained on 325 mesh ((230)325) screen with unmilled ma- 
terial that passed through a 325 mesh screen. For the milled sample, 
I-IP characteristics were observed but the smaller particle size 
unmilled sample retained the P-IP shape. The friction coefficient 
was changed slightly by milling and the index of retention increased 
markedly. 


The fraction from the mill that was retained on the 120 mesh 
screen (not shown in Fig. 4) appeared to have passed through the 
mill unchanged, as judged by the absence of changed in IP, p, 
and index of retention values. However, the smallest size fraction 
of the milled material had an increased friction coefficient and an 
index of retention several times larger than the unmilled material. 


These results do not imply that particle size is unimportant. 
However, they indicate that other properties also are important. 


* Syntron Electric Vibrator, Type V-4, Style 1518, Syntron Co., 


9 Utility jar mill, United States Stoneware Co., Akron, Ohio. 
Homer City, Pa. 


Milling has altered the powder in some manner so that it is less 
flowable. Probably a change of particle shape, texture, or of surface 
mechanical properties could produce these results. 


Chlorphenesin Carbamate-The SPS cell experimental results 
with crystalline chlorphenesin carbamate in the form used in 
pharmaceutical products is shown in Fig. 6. Some TPT cell measure- 
ments have been made, also, and the results are shown in Fig. 7. 
The latter will be discussed first. However, comparison of the 
monodirectional values indicates only small differences between 
Figs. 6 and 7, even though different lots of material and different 
cell types were used for the measurements. 


When subjected to shearing action, chlorphenesin carbamate is 
observed to act as a plastic solid, For example, it is difficult to 
prevent it from bonding to the die and punch of a tableting machine. 
Also, difficulty was experienced in milling it at room temperatures. 
However, compression without shear does not produce strong 
interparticle bonding. This last observation suggests elastic inter- 
actions between particles. 


A small sample was ground in a mortar and pestle by mixing it 
with dry ice. The ground sample had a BET surface area of 4.35 
m.2/g., which is larger than the 3.49 mz/g. measured before grinding. 
It was not fractionated and the size distribution of particles was not 
determined. 


With ground material a true plateau condition was not obtained. 
The shear force value of the third pull after the peak was selected 
arbitrarily as representative of the plateau. Probably the error was 
small because the decrease of shear force became very small after 
the third pull. Also, this approximates the same number of pulls 
used to obtain the plateau condition with unground material. 
Only monodirectional values were determined. 


The ground sample P-IP values were M = 0.2 and M' = 0.4. 
For unground material they were M = 0.15 and M' = 0.20. The 
friction coefficient for the ground sample was determined to be 
0.72, considerably larger than the 0.46 value of the unground 
sample. The index of retention for the ground sample ranged be- 
tween 0.3 for reduction from small loads to about 0.1 for reduction 
from larger loads. Both the SPS and TPT data show index of re- 
tention values for the unground material to be less than 0.05; 
in fact, for the TPT data a zero slope was obtained. Qualitatively, 
the unground powder was a free-flowing powder and the ground 
material was not. 


It would require additional work to establish the cause of the 
change in properties. However, grinding has either introduced 
enough fine particle size material to produce this effect or it has 
altered the surface properties of the solid so that the particle- 
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Figure 7-Chlorphenesin carbamate; monodirectional with TPT 
cell; change by grinding. Key: main graph: 0, unground, rp; 0, 
ground, r,; insert graph: @, unground, xrJ4; +, ground, xr,14. 
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Figure &p-Sitosterol, monodirectional with TPT cell; detailed 
reduced load shear force data. In the main graph the solid lines to 
the right of the rP plot tie together points obtained by reducing the 
load from a given rp value. Each dashed line ties together the XT,, 
values for a single value of c. Key: 0, rp; 0, X710or; A, xrz0or; 


particle interactions and/or consolidation have increased. The 
latter explanation would be consistent with both these results and 
those for lactose. Of course, both factors could be contributing 
to the large change in properties of this material. 


In Fig. 6 are shown both mono- and bidirectional SPS friction 
plots, increased load shear forces, and reduced load results. Note 
that the bidirectional friction coefficient is larger and the index of 
retention values smaller than the respective monodirectional values. 
The increased load, xr11O00, shear lines indicate that the shear- 


0, XT400r; 0, TBX VS. ~ ~ ~ 1 3 .  
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Figure 9-/3-Sitosterol, SPS cell. Key: main graph: 0, monodirec- 
tional rp; 0, monodirectional xr11000; m, bidirectional rp; +, 
bidirectional ~ ~ 1 1 0 0 0 ;  t, ~11000; insert graph: 0, monodirectional 
xr,20; U, bidirectional xr,20. 


induced conditioning is dependent on the load at smaller loads and 
becomes independent of the load at larger loads. For the smallest 
loads the bidirectional xr11000 values are between the 7’1000 and 
~ ~ 1 0 0 0  values. 


The IP values are M1d = 0.14, Mfld = 0.10, M2d = 0.057, and 
M ’ z ~  = 0.10. These Mvalues confirm the conclusions based on the 
increased load values, i.e., they indicate that conditioning occurs 
with both mono- and bidirectional pulling and that the conditioning 
is different for the two cases. The very low index of retention values 
indicate that neither consolidation nor plastic deformation is 
contributing grossly to the shear-induced conditioning. 


The above observations suggest that the particle-particle inter- 
actions are predominantly elastic and that the orientation of par- 
ticles is largely responsible for the changes in shear force and for 
the differences between mono- and bidirectional values. This effect 
must overcome any tendency to develop structure that resists the 
continuation of motion in the same direction. Otherwise, p2d < pld. 


Microscopically, platelet crystals are observed. 
The cause of differences between the TPT and SPS value for 


both M’ld and the index of retention are not obvious. With the 
TPT arrangement the peak shear force usually was reached on the 
second pull. However, with the SPS arrangement, four or more 
pulls were required to reach a peak value. Also, the area of the top 
plate is smaller in the TPT cell. Possibly some of these factors have a 
small influence on the results. 


(3-Sitosterol-Powdered p-sitosterol was prepared by mixing 
coarse material (NF grade) with crushed dry ice and passing the 
mixture through a hammer mill.1o The TPT data in Fig. 8 were 
obtained with a different lot of material than the SPS data in Fig. 9. 
Because this powder has a large index of retention, it is an excellent 
material for illustrating more completely the retention of shear 
strength after reduction of applied load. In Fig. 8 the crrx values 
are connected by solid lines appearing as branches to the left of the 
r p  plot. The same points are used for the xTCr lines shown connected 
with dashed lines. 


The extra retained shear strength acts only on the first pull. 
On the second pull after reducing the load the shear strength is 
essentially equal to the plateau value at the reduced load. 


The data in Fig. 9 provide additional insight into the properties 
of these powder beds. M1d = -0.44 and M2d = -0.32; also the 
index of retention values are >0.2 over the entire range of loads 
studied. The increased load lines indicate that the extent of shear- 
induced conditioning increases nearly linearly with load for the 
monodirectional case but undergoes decreased rate of change in 
conditioning at larger loads with bidirectional pulling. 


Previously the authors (1) reported on the increase of friction 
coefficient of spray-dried lactose and chlorphenesin carbamate 
produced by moderate levels of vibration. Use of the same proce- 
dure with p-sitosterol produced no detectable increase of friction 
coefficient. Possibly the magnitude of forces produced by the vibra- 
tion was inadequate to overcome the strong bond between par- 
ticles. 


The above observations suggest that either the interactions 
between the particles are predominantly plastic or that consolida- 
tion proportional to applied load occurs. Differences between 
mono- and bidirectional results indicates that orientation and/or 
structure develops that resists resumption of motion in the same 
direction. However, the latter effects are the dominant ones in 
determining the flow properties of this powder. 


The large friction coefficient for this material suggests strong 
interactions between the particles. However, it may result either 
from weaker interactions at large areas of true contact or stronger 
interactions at smaller areas of true contact. Consolidation must be 
accompanied by an increase in contact area to produce such a large 
friction coefficient. The authors conclude that the evidence for 
plastic deformation producing large areas of true contact is domi- 
nant but not unequivocal for this material. 


Calcium Carbonate-Of interest, also, are the results of measure- 
ments made with a precipitated calcium carbonate that was judged, 
qualitatively, to have poor flowability. This material was of special 
interest because it is the only material discussed here that did not 
bond under pressure to form a compact of sufficient strength to be 
removed intact from the die. Therefore, it was assumed that the 
calcium carbonate was an elastic solid undergoing only limited 


10 Mikro Pulverizer, Type CF, Pulverizing Machinery Div., Metals 
Disintegrating Co., Inc., Summit, N. J. : 0.025-cm. (0.010-in.) herring- 
bone screen. 
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Figure 1CCalcium carbonate; SPS cell. Key: main graph: 0, 
monodirectional rP; 0, monodirectional xr11000; m, bidirectional 
rP; 0, bidirectional ~ ~ 1 1 0 0 0 ;  t, ~11000; insert graph: 0, monodirec- 
tionalx7,20; =, bidirectional ~ 7 ~ 2 0 .  


plastic deformation under compression forces larger than normal 
for the shear cell. 


The results are shown in Fig. 10. M = -0.1 for monodirectional, 
-0.03 for bidirectional pulling. The latter procedure produces a 
P-IP pattern with M’ = 0.05. Hence less shear-induced conditioning 
occurs with bidirectional pulling. The unusual index of retention 
plots show large, abrupt changes from a value large enough to 
indicate poor flowability to a value associated with good flowability. 
The nearly flat increased load line indicates that this slope change is 
not due to differences in the shear-induced conditioning in the load 
range studied. Also, the similarity of the index of retention values 
for mono- and bidirectional pulling show that the effect is nearly 
direction independent. The difference in the monodirectional, 0.73, 
and the bidirectional, 0.59, friction coefficients indicate some form 
of direction-dependent resistance to shear. Also, the M values 
show that the shear-induced conditioning is more extensive for the 
monodirectional pulling. Particle orientation could account for a 
change in both p and the index of retention. However, the index of 
retention remains approximately the same. Therefore, it is hypo- 
thesized that the calcium carbonate shear-induced conditioning is 
not primarily particle orientation but the development of structure 
that resists continuation of motion in the same direction. It seems 
that consolidation and/or plastic deformation of surface contact 
regions occurs at small loads with elastic deformation becoming 
dominant at larger loads. l 1  Probably plastic deformation con- 
tributes significantly to the conditioning at small loads since the 
mono- and bidirectional index of retention values are equal and 
large in this region but the increased load lines are nearly flat. 


Magnesium Stearate-Portions of Fig, 11 correspond to Fig. 13 
of Reference 1 and show anomalous friction plots obtained with 
magnesium stearate. Here, both the 200 T ~ X  and the loo0 T ~ X  lines 
obtained with the TPT cell have been added. As indicated pre- 
viously, the regions of decreased shear forces are believed to be the 
result of shear-induced conditioning of the tablet in TPT studies 
and of caking onto the sandpaper followed by similar conditioning 
for the SPS studies. With the SPS cell anomalous results occurred 
only with load in excess of lo00 g. In Fig. 11, note that when the 
load is reduced from a value above the inflection point, the crrx 


The relationship of true contact area to volume of solid stressed 
elastically is an important consideration in determining whether elastic 
rebound or removal of load will break the “bond” between particles. 
An analogy with the critical load in burnishing and polishing might be 
useful ( 5 ) .  
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Figure 11-Magnesium stearate, monodirectional with TPT cell. 
Key: 0, rP (*slope based on additional data not shown in this graph); 
e, 200 TrX; m, 1000 TrX. 


line is below the friction plot. However, when reduced from a load 
value less than the anomalous region, a typical reduced load plot is 
obtained. This confirms that irreversible changes are occurring 
with shear and larger applied loads. Perhaps this anomalous region 
results from the same property of magnesium stearate that accounts 
for its lubricant properties in tablet dies. 


Since the onset of the anomalous results with the SPS cell occurs 
at loads in excess of loo0 g., results comparable to those reported 
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Figure 12-Magnesium stearate, SPS cell. Key: main graph: 0, 
monodirectional, T,,; 0, monodirectional, ~ ~ 1 1 0 0 0 ;  M, bidirectional, 
rP; +, bidirectional, ~~11000; t, ~11000; insert graph: 0, mono- 
directional, ~ ~ ~ 2 0 ;  =, bidirectional ~ 7 ~ 2 0 .  
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for the other powders could be obtained. These are shown in Fig. 
12. The friction coefficients for mono- and bidirectional pulling 
are 0.76 and 0.74, respectively. The patterns are I-IP for mono- 
directional pulling, M = -0.13 and P-IP for bidirectional pulling, 
M = -0.12 and M’ = 0.01. Therefore, the consolidation of the 
powder with bidirectional pulling must occur either at a different 
rate or by a different route than with monodirectional pulling. 
Even though the friction coefficients ( p p )  are essentially equal, the 
monodirectional and bidirectional plateau conditions seem to be 
different conditions of the bed since the reduced load lines, xrrc 
are quite different. The increased load line shows the degree of 
consolidation to be dependent on the applied load. The index of 
retention obtained by reduction from lower loads indicates that 
the magnesium stearate will not have good flow properties. How- 
ever, the retention effect is larger for inducing shear in the same 
direction than for the reversed direction of pull. 


CONCLUSIONS 


Although the results of this extended series of studies provides 
only limited evidence of the mechanics of powder shear, the study is 
believed by the authors to provide extensive, new insight into 
differences among powders and to provide new parameters other 
than friction coefficient to express these differences. These param- 
eters are believed to indicate whether or not a powder will flow 
readily and also to indicate the changes that may occur as the forces 
normal to the shear plane are varied. Additional work must be 
done to show whether or not quantitative correlations with flow- 
ability under specific conditions can be established. 


NOMENCLATURE 


IP = Initial to plateau shear forces used in describing patterns 
obtained in the series of pulls from first pull to plateau conditions. 


I-IP; D-IP; and P-IP = Increasing, decreasing, and peaking 
(showing a maximum), respectively, shear forces in the IP patterns. 


p = Friction coefficient based on Eq. 1 .  
P I ,  pP, and p‘ = First pull, plateau, and peak values, respectively, 


of friction coefficient. 
M = (Capital letter p )  defined by Eq. 2 and expresses quantita- 


tively the change in shear force from the initial to plateau pull. 
M1d and M z ~  = M value calculated using data obtained with 


monodirectional and bidirectional (alternating direction) pulling, 
respectively. 


M’, ld’M and 2d’M = Analogous to corresponding M values 
(see Eq. 3) but compare peak values of shear force with plateau 
condition values. 


r = Shear force. 
T I ,  rp,  and 7’ = Shear force for first pull, plateau, and peak 


T ~ I ~  and r p ? d  = Plateau condition shear force for monodirectional 
value (for P-IP case), respectively. 


and bidirectional pulling, respectively. 


rpc and 7’0 = Corresponding shear forces for a specific value, c, 


rr = A reduced load shear force. 
Trld and r t 2 d  = A r1 value obtained with monodirectional or 


bidirectional pulling, respectively. 
crrx = A series of reduced load shear force values, each obtained 


from the same plateau condition, rPc, by reducing the load by 
different amounts, x. The c to x order implies that the plateau 
condition load was held constant, c, for all measurements but the 
load after reduction, x, was varied. The symbol could be considered 
a contraction of symbols for a two-step process, i.e., T ~ C  - T?X 
contracted to crrx. 


xr,c = A series of reduced load shear force values, each obtained 
by always reducing the load to the same value, c, from various plateau 
conditions, r p x .  The symbol could be considered a contraction of 
symbols for a two-step process, i.e., rpx - rrc contracted to xr,~. 


xrer = A series of reduced load shear force values in which each 
value of the series is obtained by reducing the load by a constant 
amount (cr for constant reduction) after obtaining a plateau condi- 
tion. Obviously various applied loads must be used to reach plateau 
conditions for this to become a series of values. 


71 = An increased load shear force; the shear force observed for 
the first pull after increasing the load from a value used to obtain a 
plateau condition. 


 TI^^ and 7 / 2 d =  T I  values for monodirectional and bidirectional 
pulling, respectively. 


XTIC = A series of increased load shear force values, each ob- 
tained by always increasing the load to the same value, c, from 
various plateau conditions, rpx .  This symbol could be considered a 
contraction of symbols for a two-step process, i.e., - T I C  


contracted to x r ~ .  


of the applied load. c may be specified in grams, e.g., rplOOO. 
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values allows a rational selection of the more energetic polymorphic 
forms of these drugs for pharmacological absorption studies, and 
also gauges their probable stability in various dosage forms. 


It is suggested that large differences in the free energy content of 
the polymorphs, as was demonstrated in the case of chlorampheni- 
col palmitate may affect significantly the absorption and resulting 
blood levels. On the other hand, a small difference as was seen with 
mefenamic acid does not appear to affect the absorbability of the 
drug. 


It is hoped that future studies with polymorphs of other drugs 
will allow a closer correlation between the free energy differences 
and drug availability of the polymorphs. 


REFERENCES 


(1) J. D. MullinsandT. J. Macek, J.  Am. Phurm. Assoc., Sci. Ed., 


(2) L. Almiranti, I. De Carneri, and G. Coppi, Farmaco (Pavia) 


( 3 )  W. I. Higuchi, P. K. Lau, T. Higuchi, and J. W. Shell, J. 


(4) E. Shefter and T. Higuchi, ibid., 52, 781(1963). 


49, 245(1960). 


Ed. Prat., 15,471(1960). 


Phurm. Sci., 52, 15q1963). 


( 5 )  A. J. Aguiar, J. Krc, Jr., A. W. Kinkel, and J. C. Samyn, 


(6) W. Nernst,Z. Physik. Chem. (Leipzig), 47,52(19@4). 
(7) C. Tamura and H. Kuwano, J .  Pharm. SOC. Japan, 81, 775 


(8) J. Krc, Jr., and A. J. Aguiar, “Polymorphism and Meso- 


(9) A. 1. Kitaigorodskii, “Organic Chemical Crystallography,” 


ibid., 56, 847(1967). 


(1961). 


morphism of Chloramphenicol Palmitate,” to be published. 


Academy of Sciences Press, Moscow, U.S.S.R., 1955, p. VIII. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 16, 1969, from the Product Development Depart- 
ment, Division of Medical and Scientific Affairs, Parke, Davis & 
Company, Detroit, MI 48232 


Accepted for publication May 14, 1969. 
The authors thank Dr. Takeru Higuchi and Mr. J. Krc, Jr., for 


helpful discussions relating to the problem, Dr. A. Kinkel and Dr. 
E. Holmes for the human absorption studies shown in Fig. 9, and 
Mrs. C. Johnson for help in analyzing the chloramphenicol palmi- 
tate solutions. 


Quantitative Determination of Dantrolene Sodium and 
Its Metabolites by Differential Pulse Polarography 


PHILLIP L. COX”, J. P. HEOTISI, DONALD POLIN, and GORDON M. ROSE 


Abstract A differential pulse polarographic method has been 
developed for the simultaneous determination of dantrolene sodium 
and its nonreduced and reduced metabolita. The compound and its 
metabolites are extracted from urine or plasma with ethyl acetate 
and the ethyl acetate removed by evaporation. The compounds are 
dissolved in a small quantity of N,N-dimethylformamide and diluted 
with 0.2 M pH 4 acetate buffer. Dantrolene sodium plus the re- 
duced and nonreduced metabolites are quantitatively determined 
by the polarographic reduction of the azomethine linkage at a cell 
potential of -0.86 v. The nitro compounds are quantitatively de- 
termined as dantrolene equivalents by the reduction of the nitro 
group at a cell potential of -0.26 v. The difference between the two 
determinations represents the reduced metabolites. Levels as low as 
0.1 mcg./ml. can be determined by the reduction of the nitro group 
or the azomethine linkage. 


Keyphrases 0 Dantrolene Na and metabolites-analysis 0 Plasma, 
urine-dantrolene, metabolite determination 0 Polarography, dif- 
ferential pulse-analysis 


Dantrolene sodium, 1- { [5-(p-nitrophenyl)furfuryli- 
denelamino ] hydantoin sodium salt hydrate, was re- 
ported by Snyder et al. (1) as a muscle relaxant of po- 
tential clinical usefulness. The compound is currently 
undergoing clinical investigation. 


Research in these laboratories has shown that dan- 
trolene sodium is metabolized by nonreductive and re- 
ductive pathways (Fig. 1). Via the latter route the nitro 
group is reduced to the amine (F-405), and in some ani- 


mals, including man, the amine is acetylated (F-490). 
By the nonreductive pathway the compound is me- 
tabolized to a metabolite designated A .  Metabolite A 
spontaneously degrades to Compound B. Both Me- 
tabolite A and Compound B retain the nitro group and 
the azomethine linkage. 


Metabolite A 
\o CHI--C 


F-405 I 


Compound B I /  


\O 
CH,-C 


F.490 


Figure 1-Metabolic pathway of dantrolene sodium. 
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Figure 2-DifferentiuI pulse polarogram. 


The nitro group of dantrolene, Metabolite A ,  and 
Compound B can be reduced polarographically at a 
cell potential of -0.26 v. The azomethine linkage, 
which is common to dantrolene, its metabolites, and 
the degradation product, can be reduced polarographi- 
cally at a cell potential of -0.86 v. Figure 2 shows 
polarograms characteristic of each compound as de- 
termined by differential pulse polarography in pH 4 
acetate buffer. The peak height is proportional to con- 
centration. 


The nonreduced metabolites are measured as dantro- 
lene equivalents based on the assumptions of equiva- 
lent molecular polarographic response, and relatively 
minor difference in molecular weight. The metabolite 
has not yet been isolated and characterized, due to  its 
instability and low urinary excretion. 


40 
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Q 
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Figure 3-Standard curues for: A, dantrolene (at -0.26 u.); B, 
F-490 (at -0.86 c..); in urine. 
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Figure 4-Sfiaidurd curL'es for: A, daiitrolene (at -0.26 u.); B, 
F-490 (at -0.86 u.); inplasma. 


F-405 (the amine) has not been detected in human 
urine or plasma but the acetylated metabolite (F-490) 
is present. Also present in human samples are dantro- 
lene, Metabolite A ,  and traces of Compound B, but the 
major materials are Metabolite A and F-490 (the acet- 
amido compound). Advantage was taken of the well- 
separated reduction potentials of the nitro group and 
the azomethine linkage for the development of a dif- 
ferential pulse polarographic procedure to determine 
simultaneously the nitro compounds and F-490. 


EXPERIMENTAL 


Instrument and Reagents--A pulse polarographic analyzer 
(Melabs CPA-3) was used in the differential pulse mode, in which 
pulses of uniform amplitude are superimposed on the voltage sweep 
and the combination applied to the cell during a series of mercury 
drops. This instrument uses three-electrode, controlled-potential 
circuitry with potentials referred to a saturatedcalomel reference 
electrode. Measurements were performed at room temperature. An 
automatically controlled mercury drop rate of 2 sec. per drop was 
used. Solutions were deoxygenated by bubbling prepurified grade 
nitrogen through the solution for 5 min. and then maintaining an 
atmosphere of nitrogen over the surface of the solution. 


Reagents included: spectroquality ethyl acetate; reagent grade 
N,N-dimethylformamide, anhydrous sodium acetate, glacial acetic 
acid, and sodium tungstate. 


Procedure-Dantrolene, its reduced and nonreduced metabolites, 
and its degradation product were extracted from aqueous solution 
with ethyl acetate. To determine simultaneously the nonreduced 
compounds and F-490 in urine, 5-ml. samples were adjusted to pH 7 
using either 1 N HCI or NaOH. Approximately 2 g. of granular 
sodium chloride was added to prevent formation of emulsions 
and the samples were extracted with 5 ml. of ethyl acetate Four and 
one-half milliliters of the ethyl acetate phase were removed and 
evaporated to dryness. 


N H2SOI  
followed by the addition of 3 ml. of 10% sodium tungstate to pre- 
cipitate the proteins, which were removed by centrifugation. The 
samples were extracted with 20 ml. of ethyl acetate and 15 ml. of 
the ethyl acetate phase was removed and evaporated to dryness. 


After the evaporation of the ethyl acetate, the residue from urine 
or plasma samples was dissolved in 0.2 ml. of N,N-dimethylform- 
amide and mixed with 5 ml. of 0.2 M pH 4 acetate buffer. The 
samples were deoxygenated by bubbling nitrogen through the buf- 
fered solutions for approximately 5 min. The voltage scan was then 
recorded from 0 to - 1.0 v. using the differential pulse mode of the 
polarographic analyzer. 


Five milliliters of plasma was mixed with 20 ml. of 
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Table I-Simultaneous Recovery of Dantrolene and F-490 from 
Human Urine 


Table 11-Simultaneous Recovery of Dantrolene and F-490 from 
Dog Plasma 


-Added, mcg./ml.- -Recovered, mcg./ml.- 
Dan- Dan- 
tro- tro- 
lene F-490 lene SD F-490 SD 


0.10 0.10 0 09 f0 .006  0.11 3~0.009 
0.10 1.00 0.10 f0 .002  1.03 f0 .031  
0.10 5.00 0.10 10.015 4.96 f 0 . 0 8 6  
0.10 10.00 0.11 f0 .007  10.83 10 .079  
1.00 1.00 1.02 f 0 . 0 8 2  1.06 f 0 . 0 3 0  
1.00 5.00 1.04 10.036 5.11 f 0 . 0 5 9  
1.00 10.00 1.03 f0 .017  10.58 10.118 
5 .00  1.00 5.17 10 .405  0.97 f 0 . 0 9 3  
5.00 5.00 5.11 f0 .069  5.51 10 .225  
5.00 10.00 5.03 f 0 . 3 5 4  11.27 f0 .116  


The concentration of dantrolene and Metabolite A plus Com- 
pound B was determined and expressed as dantrolene by comparing 
the height of the nitro peak at -0.26 v. to the appropriate standard 
curve for dantrolene in plasma or urine. The azomethine linkage and 
the nitro group produced peaks of equal height at their respective 
potentials for all the nonreduced compounds. Since the nitro peak 
and azomethine peak were of equal height for the nonreduced com- 
pounds, the azomethine peak at -0.86 v. less the nitro peak at 
-0.26 v. represented F-490. The F-490 concentration was deter- 
mined by comparing the corrected azomethine peak height to the 
appropriate F-490 standard curve in plasma or urine. 


Standard curves for dantrolene and F-490 were determined by 
adding to control plasma and urine samples varying concentrations 
of dantrolene and F-490 from 0.1 to 5.0 mcg./ml. and treating the 
samples as described in the procedure. 


Standard curves are shown in Fig. 3 for dantrolene and F-490 in 
urine determined by assaying urine samples with varying concen- 
trations of dantrolene or F-490 from 0.1 to 5.0 mcg./ml. The lower 
slope for the F-490 standard curve is due to its higher molecular 
weight and a slightly lower partition coefficient into ethyl acetate. 


Figure 4 shows standard curves for dantrolene and F-490 deter- 
mined in plasma. The standard curves are linear from 0 to 5 
mcg./ml. in both urine and plasma. At higher concentrations the 
polarographic response starts to deviate from linearity, making it 
necessary to dilute the final buffer solution to stay within the linear 
response of the polarographic assay. All dilutions must be made 
with a 1 :25 mixture (by volume) of N,N-dimethylformamide and 
0.2 M pH 4 acetate buffer. 


RESULTS 


The recovery of dantrolene and F-490 from urine samples con- 
taining varying ratios of the two compounds is presented in Table I. 
These data are based on three determinations for each combin tion. 
The data show that low levels of dantrolene can be determined in 
the presence of high concentrations of the reduced metabolite. 
This is due to the detection of the nitro group of dantrolene or the 
nonreduced compounds by the reduction potential at -0.26 v. It 


-Added, mcg./ml.- -Recovered, mcg./ml.- 
Dantrolene F-490 Dantrolene F-490 


0.10 0.10 0.11 0.10 
0.10 1 .OO 
0.10 5.00 
1 .OO 1 .OO 
1 .00 5.00 


o . i i  1.16 
0.11 5.53 
0.96 1.02 
1.06 5.78 


5.00 1 .OO 5.08 1.18 
5.00 5.00 4.93 5.68 


is not possible to accurately determine the reduced metabolite at 
very low concentrations in the presence of high concentrations of 
the nonreduced compounds since this involves showing a very small 
change in a large peak for the reduction of the azomethine linkage 
at -0.86 v. 


The simultaneous recovery of dantrolene and F-490 at various 
levels from plasma samples is shown in Table 11. Each value is 
based on a single determination. These recoveries compare favor- 
ably with the recoveries from urine samples (Table I). 


SUMMARY 


A differential pulse polarographic method has been developed 
for the simultaneous determination of dantrolene and its nonre- 
duced and reduced metabolites. The compound and its metabolites 
were extracted from urine or plasma with ethyl acetate and the 
ethyl acetate removed by evaporation. The compounds were dis- 
solved in a small quantity of N,N-dimethylformamide and diluted 
with 0.2 M pH 4 acetate buffer. Dantrolene plus the reduced and 
nonreduced metabolites were quantitatively determined by the 
polarographic reduction of the azomethine linkage at a cell po- 
tential of -0.86 v. The nitro compounds were quantitatively deter- 
mined by the reduction of the nitro group at a cell potential of 
-0.26 v. The difference between the two determinations represents 
the reduced metabolite. Levels as low as 0.1 mcg./ml. can be deter- 
mined by the reduction of the nitro group or the azomethine 
linkage. 
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Determination of the Degree of Crystallinity in Solid-Solid Equilibria 


D. J. ALLEN and K. C. KWAN 


Abstract 0 A method based on dissolution rates was developed for 
estimating the ratio of crystalline drug to that dispersed at the 
molecular level within a carrier. In two diverse systems, it was shown 
that under appropriately chosen conditions, the dissolution rate of 
the drug was linearly related to its degree of crystallinity. 


Keyphrases IJ Crystallinity-solid-solid equilibria 0 Polymorphic 
forms-indomethacin, sulfathiazole 0 Indomethacin-PEG sys- 
tems-dissolution rates Sulfathiazole-urea systems-dissolu- 
tion rates 0 Dissolution rates-surface area relationship 


The use of solid solutions’ and eutectic mixtures to 
effect an increase in the dissolution rate of sparingly 
soluble drugs has been described (1-5). Systems which 
form eutectic mixtures and true solid solutions may be 
characterized by their phase diagrams which, in the 
temperature regions of solid-liquid equilibria, can 
usually be determined by conventional techniques of 
thermal analysis (6).  However, in the temperature 
regions below that of solid-liquid equilibria, the prob- 
lem of analysis becomes more complex. It cannot be 
assumed that in the case of substances which form solid 
solutions, the composition of the solid solutions 
deposited from the fused mass remains unchanged in 
the solid state as the temperature is lowered (7). Since 
the region of solid-liquid equilibria is frequently well 
above normal temperatures, the nature of the solid 
phases which exist at  room temperature may be quite 
different. Of course, the time required for the estab- 
lishment of equilibrium may be, and for most systems 
probably is, quite substantial. However it is important 
to recognize that one may be dealing with an unstable, 
or at best, a metastable system. The question then arises 
as to  how to  determine phase changes within a solid 
matrix. Qualitatively, X-ray diffraction studies and 
microscopic examination may be fruitful. However, 
the latter cannot be used to quantitatively describe 
the system, and there appears to be some doubt as 
to the capabilities of X-ray analysis in this connection, 
particularly if the disperse phase is present at a low 
concentration. 


Systems which supercool or those which exhibit 
a series of polymorphic changes do not lend themselves 
to accurate quantitative analysis, even in the tenipera- 
ture regions of solid-liquid equilibria, by conventional 
methods. A laborious “quenching method” has been 
described (8) for systems which exhibit excessive super- 
cooling, but the nature of the solid phases at  lower 
temperatures remains an enigma. 


It  is therefore sometimes difficult to decide whether 
a drug is distributed at the molecular level when the 


1 The term “solid solution” is used loosely in this paper to describe 
any solid system in which one component is dispersed at  the molecular 
level within another. 
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fused drug-carrier system is congealed and cooled to 
room temperature, or whether it is present in its normal 
solid state as a physical mixture with the carrier. This 
dilemma is more pronounced when the drug and carrier 
are mutually miscible in the fused state. 


In this study, an attempt was made to  develop 
methodology for determining the ratio of crystalline 
drug to that dispersed at the molecular level: (a)  in a 
drug-polymer system which behaves as a supercooled 
liquid solution; and (b)  in a drug-carrier system which 
apparently forms true solid solutions. 


EXPERIMENTAL 


The systems chosen for this study were indomethacin2-polyethy- 
lene glycol (PEG)3 and sulfathiazole-urea. 


Indomethacin-Polyethylene Glycol System-In this system, 
indomethacin was present at a 1 0 2  wlw concentration in PEG, 
both as a physical mixture (A) and as a supercooled liquid solution 
( B )  which was a solid at room temperature. Mixture A was pre- 
pared by intimately blending finely powdered PEG 6ooo with 
microatomized indomethacin, while Solution B was made by 
simply dissolving indomethacin in the fused polymer, congealing, 
and cooling to room temperature. Attempts to reduce B to a fine 
powder invariably resulted in some crystallization of indomethacin 
within the PEG matrix. Dissolution rates were measured from 
controlled surface areas of these preparations in distilled water at 
25”. The dissolution apparatus used in this study is similar to that 
described by Milosovich (9) and is shown in Fig. 1. It consists of a 
tablet die holder machined so that it will fit securely to the base of a 
2-1. stainless steel beaker. Four tablet dies may be mounted on the 
holder in fixed positions. The beaker is fitted with sleeves which 
serve as guides for positioning the die holder and which secure the 
positions of inlet and outlet for in-line spectrophotometric analysis. 
A pump4 was used to circulate the 750 ml. of solvent through 
the spectrophotometer at a fixed rate of 400 ml. min.-l and the 
amount of drug dissolved was recorded5 automatically as a func- 
tion of time. The system was agitated by a 200-r.p.m., 3-blade 
impeller, centrally mounted so that the blades were opposite the 
surfaces being examined. 


Smooth surfaces of Preparation A were made in a 0.95-cm. (3/8- 
in.) tablet die in accordance with the procedure developed by 
Milosovich (9). However, since the powder was self-lubricating, 
the die walls were not pretreated. A pressure of 50,000 p.s.i. was 
found satisfactory for the production of a uniform surface. Under 
higher pressures the die tended to ”ride” up the punch. 


Smooth surfaces of Preparation B. the “solid solution” of in- 
domethacin in PEG, were prepared by congealing the fused mate- 
rial in a 0.95-cm. (3/~in.)  tablet die. Each die was stoppered on one 
end and sufficient molten material introduced so that an excess 
existed. Immediately prior to a determination, the excess was 
sliced away with a razor blade to give a smooth, uniform surface. 


Initially, the dissolution rate of indomethacin from these prepara- 
tions was measued as a function of their surface areas exposed to 
the solvent. This was accomplished by studying the dissolution of 
indomethacin from one, two, three. and four dies containing a 
particular preparation and using a corresponding number of blank 
dies to maintain the hydrodynamics of the system constant (for all 
intents and purposes). 


~ ~~ 


ZIndocin, Merck & Co., Inc., Rahwa), N. J. 
3 Carbowax, Union Carbide Corp., Ne% York, N. Y. 
4 Ministaltic, Manostat Corp., New York, N. Y. 
5 Atomic Accessories Inc., Valley Stream, N. Yi 







Figure 1-Dissolirtiori apparrctirs. 


Information on the dissolution behavior of surfaces correspond- 
ing to 75% A ,  25% B ;  5Oz A. 5 0 7  B ;  and 25% A ,  75% B was 
obtained by subjecting all remaining combinations of these prepara- 
tions to the test. For example. for 75 ?A.  25% B, three dies con- 
taining Preparation A and one containing Preparation B were 
placed in the die holder and tested. 


Sulfathiazole-Urea System--In this jlstem, previously described 
by Sekiguchi and Obi (1) and b j  Goldberg et al. (3), sulfathiazole 
was present in urea both as a 5% w ‘w physical mixture (C)  and as a 
5% w/w solid solution (D). Preuaration C was made by reducing 
urea to a fine powder and intimatelk mixing it with sulfathiazole. 
D was prepared by dissolving sulfathiazole in fused urea on a sand 
bath, congealing the solution, and pulverizing. 


The experiments described for the indomethacin-PEG system 
were then performed; however, die aalls were lubricated with a 1 
solution of stearic acid in methqlene chloride and smooth surfaces of 
C and D were made under a prebsure of 80,000 p.s.i. An additional 
impeller, identical to the first and spaced 2.54 cm. (1 in.) above it on 
a common shaft, was used. 


Since in this system, the solid solution D could be pulverized, 
apparently without inducing cr>stallization of sulfathiazole, it was 
possible to physically mix Preparations C and D so that additional 
data could be obtained when the! were in intimate contact with 
each other, as opposed to being in separate dies. Thus physical 
mixtures of C and D were prepared to correspond to the degrees of 
crystallinity of sulfathiazole obtained by using combinations of 
these preparations in separate dies. 


RESULTS 


General-As has been previouslj observed with this type of 
apparatus (LO), plots of amount of drug dissolved uersus time were 
linear in the region where the concentration of drug in the bulk 
solution was much lower than its equilibrium solubility. Dissolution 
rates could therefore be obtained directly from the recorder chart 
paper as absorbance units min.-’ and transformed to concentration 
min.-l using the appropriate predetermined a .  


Indomethacin-PEG System-The data shown in Fig. 2 represent 
the dissolution rate of Preparation A as a function of its surface 
area. Some difficulty was experienced in reproducing these data. 
Since the rate was rather slow. it was felt that most of the error was 
due to recorder drift. Also shown in Fig. 2 is a similar plot for 
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Figure 2-Dissolution rate of iridomethacin versus surface area of 
system. Key: A, Preparation A; 0, Preparation B. 


Preparation B, and it confirms that under the test conditions, B 
obeys the well known relationship: 


Rate = kS, (Eq. 1) 


where S is the surface area exposed to  solvent action and k is a 
proportionality constant involving the hydrodynamics of the 
system and the equilibrium solubility of the compound being 
measured. From Fig. 3 it is evident that the nature of the total 
surface area exposed to the solvent is linearly related to the observed 
dissolution rate. From these data it is a simple matter t o  write the 
equation expressing the dissolution rate of “unknowns” as a func- 
tion of the degree of crystallinity of the drug within the carrier. 


0 0.25 0.5 0.75 I .o 
DEGREE OF CRYSTALLINITY 


Figure 3-Dissolutioti rate versus degree of CrystalIinity of indo- 
metliacin it7 indomethacin-PEG system. 
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Figure &Dissolution rate of sdfathiazole versus surface area of 
system. Key: A, Preparation C; 0, Preparation D.  


Sulfathiazole-Urea System-Preparations C and D were also 
shown to obey Eq. 1 under the test conditions (Fig. 4). Figure 5 
shows the linear relationship of the nature of the surface being 
tested to the observed dissolution rate, determined by using com- 
binations of the prepared surfaces in separate dies. Also shown in 
Fig. 5 are the data obtained when C and D were intimately mixed 
in corresponding ratios, compressed, and subjected to the test. 


DISCUSSION 


Indomethacin occurs as two crystalline polymorphs, arbitrarily 
designated as Form I and Form 11, which melt at 160 and 154”, 
respectively. The fused drug will supercool in the absence of nuclei 
to a brittle amorphous mass which melts at about 67”. 


Preparation B, a potential candidate for a dosage form, could be 
qualitatively characterized by polarized light microscopy and 
X-ray analysis. Slow crystallization of indomethacin in this system 


I I , 
0 .25 .50 .75 I .o 
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Figure 5-Dissolution rate versus degree of crystallinity of sd- 
fathiazole in suIJathiazole-urea system. Key: 0, separate dies: A, 
premixed. 
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WT % S  100 0 


Figure &Phase diagram for sulfathiazole-urea system. Key: U, 
urea; S ,  suuathiazoleCfrom References I and 3). 


manifested itself as an opacity or “bloom” which adversely affected 
the aesthetic quality of the product and might possibly have had 
more far-reaching ramifications in its biological activity. Because of 
excessive supercooling, it was not possible to determine the tem- 
perature-composition relationship for this system, even in the 
region of solid-liquid equilibria, by conventional thermal analysis. 
The procedures described in this study made it possible to quanti- 
tatively determine the extent to which crystallization had taken 
place in the system. 


X-ray studies indicate that indomethacin crystallizes from PEG 
solution as the lower melting polymorph, Form 11. It was shown 
that Form I1 did not revert to Form I during preparation and com- 
pression of the physical mixture with PEG, and the two poly- 
morphs were indistinguishable in the dissolution test. In order to 
ensure that all of the indomethacin was dispersed at the molecular 
level in B, the preparation was subjected to the test at various time 
intervals after congealing. The striking reproducibility of the data 
up to  approximately 1 hr. after solidification, provided sufficient 
evidence to support this fact. 


As already mentioned, it was not possible to test intimately 
mixed A and B in known ratios, in order to provide a more realistic 
model to correspond to “unknowns.” In such a model it is probable 
that indomethacin from the rapidly dissolving system B could be 
redeposited on the crystalline drug in A. In order to investigate this 
possibility and to determine the general applicability of the method, 
the sulfathiazole-urea system was chosen for further study. The 
phase diagram for this system as illustrated first by Sekiguchi (1) 
and as reproduced by Goldberg et al. (3), is shown in Fig. 6. It is 
evident that apart from the eutectic composition, little can be said 
about the nature of the solid phases present below about 112”. 
Since it is not valid to assume, a priori, that the solid solutions 
which are deposited from the fused mass remain unchanged as the 
temperature is decreased (7), how can one be reasonably sure that 
all or at least part of the sulfathiazole is present as a molecular 
dispersion in urea at  room temperature? Upon initial cooling to 
lower temperatures it seems reasonable that the sulfathiazole would 
remain in solution, even if the phase diagram dictated the contrary, 
since one can hardly conceive of diffusional processes in solid 
systems as being anything but slow. However, it is important to 
recognize that the equilibrium situation may be quite different and 
to appreciate the approach to equilibrium. 
In the sulfathiazole-urea system, a 5% w/w level was chosen so 


that, at least initially, all of the sulfathiazole would be in solid solu- 
tion in Preparation D .  This was substantiated by repeated dis- 
solution tests at various intervals after solidification. The repro- 
ducibility of the data suggests the absence of crystallization of 
sulfathiazole. Since it was possible to pulverize D and blend it with 
C, a more realistic model was used in constructing the dissolution 
rate versus degree of crystallinity curve. It can be seen from Fig. 5 
that little or no interaction results from this blending and these data 
may be used to estimate the degree of crystallinity in “unknowns” 
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of the same chemical composition as the model system. Of course, 
if the drug being investigated exists as different polymorphs, and 
these are sufficiently different energetically, it is important to 
identify the crystal form which may separate from solid solution 
and to use this polymorph in constructing the standard curve. 


CONCLUSIONS 


Although the method developed in this study has its obvious 
drawbacks and limitations, it has been shown to be useful for esti- 
mating the degree of crystallinity in two diverse systems of known 
chemical composition. In the design of these experiments, it was 
necessary to choose conditions under which (a) the observed dis- 
solution rate was directly proportional to the surface area and 
(6) a reasonably large difference existed between the dissolution 
rate of the physical mixtures and their corresponding solid solutions. 
In the case of the indomethacin-PEG system, for example, 0.01 M, 
pH 7.2 phosphate buffer could not be used since this difference was 
small and could easily lead to erroneous results. Data published 
by Goldberg et al. (4) appears to substantiate the usefulness of the 
method. Studying the dissolution characteristics of a griseofulvin- 
succinic acid system they reported, “Although it may be fortuitous, 
the eutectic mixture which consists of 60% solid solution shows a 
rate at 3 min. which is just 60% that of the solid solution.” This 
result is not surprising in view of the fact that the dissolution rate 
of the physical mixture is much slower than that of the solid 
solution. 


Various other applications of the method come to mind. It may 
be interesting to determine the dissolution rate of drug-carrier 


systems which form solid solutions as a function of drug concen- 
tration. In this way it may be possible to use this technique to con- 
struct phase diagrams in regions of solid-solid equilibria. It is 
expected that more data will be forthcoming when this and other 
applications have been investigated. 
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5 (or 4) -[ 3,3-Bis (2-chloroethy l) -1 -triazeno] imidazole-4 (or 5) -carboxamide: 
A Titrimetric Determination of Its u-Triazolinium 
Transformation Product and Studies of Its Stability 


RUBY H. JAMES, PAUL D. STERNGLANZ, and Y. FULMER SHEALY 


Abstract 0 The transformation product, a u-triazolinium salt, of 
5(or 4)-[3,3-bis(2-chloroethyl)-1-triazeno]imidazole-4(or 5)-carbox- 
amide (I, NSC-82196) is sufficiently acidic to be titrated with 
standard base. Titrations of typical specimens of the triazene (I) 
indicate that they contain 2.5-4.2 % of the transformation product. 
The titration method was used to estimate the rate of change of I 
to its transformation product in methanol and aqueous methanol 
solutions; for example, in 60% methanol at 25” the half-life of I 
is estimated to be about 25 min. 


Keyphrases 0 Triazenoirnidazoles 0 u-Triazolinium salts-analysis 
0 5(or 4)-[3,3-Bis(2-chloroethyl)-l- triazeno]imidazole-4(or 5)- car- 
boxamide-stability 0 Titrimetry-analysis IJ IR spectrophotom- 
etry-identity 


5(or 4)-[3,3-Bis(2-chloroethyl)-l -triazeno]imidazole-4- 
(or 5)-carboxamide (I, NSC-82196) has demonstrated 
interesting antineoplastic activity in animal tumor sys- 
tems (1-4). The triazene undergoes a change in  solution 
and, very slowly, in the solid state at room temperature 
to a transformation product (11) containing ionic chlo- 


ride (1, 5). A u-triazolinium salt structure (6) was con- 
sidered (1, 5 )  to be one of the likely candidates for the 
structure of 11, and this structure has recently been 
assigned to I1 on the basis of an X-ray crystal structure 
analysis’ (7). Once a pure specimen of I1 had been ob- 
tained, the quality of specimens of the triazene (I) 
could be estimated qualitatively from distinctive differ- 
ences in the IR spectra of I and I1 (5). A titrimetric 
method for the determination of 11-and, indirectly, 
of I-is now reported together with additional infor- 
mation on the stability of the triazene (I). A colori- 
metric (10) and a microbiological (11) method of assay- 
ing I were recently reported. The possible formation of 
I1 from I was not mentioned in those reports, and it is 
not clear whether the material being assayed was I, TI, 
or a mixture. 


1 Good chemical evidence for the formation of u-triazolinium salts in 
the benzenoid series has been reported by Mohr and Hertel (6). This 
type of structure has also been assigned (8,9) to other phenyl derivatives, 
but evidence that would distinguish the u-triazolinium structure from 
alternative structures was not presented. 
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NOTES 


Preliminary Phytochemical Investigation of the 
Stem Wood of Suriana maritima Linn (Simarubaceae) 
BENJAMIN R. HERSHENSON and MAYNARD W. QUIMBY" 


Abstract 0 A study of the stem wood of Suriana 'maritima L. 
(Simarubaceae) has indicated the presence of a high molecular 
weight alkane fraction, psitosterol, and a soluble form of lignin, 
a Brauns' native lignin. No previously reported investigation of this 
species has been reported in the literature. 


Keyphrases 0 Suriana maritima stem wood-phytochemical in- 
vestigation 0 Alkane hydrocarbons, s. maritima-extracted [7 
8-Sitosterol-isolation, identification 0 Lignin, Brauns'-isolation, 
identification 0 IR spectrophotometry-identity 0 UV spectro- 
photometr y-identit y 


The family Simarubaceae comprises approximately 32 
genera and 200 species of tropical and subtropical woody 
plants closely related to the Rutaceae. The range of vari- 
ation within the Simarubaceae has caused certain 
taxonomists to split the family into six subfamilies (1). 
Suriana is a monotypic genus and some authors have 
placed it in the family Surianaceae (2). However, the 
present authors have followed the system of Engler (3) 
and consider the genus Suriana as a member of the 
Simarubaceae. 


Suriana maritima (bay-cedar) is a much branched 
shrub or small tree with simple, alternate, and pubescent 
leaves. It is found growing abundantly along the coasts 
of the New and Old World tropics. The stems are quite 
pubescent and exude a reddish-brown resinous material 
on their cut surfaces. The wood of this plant is extremely 
hard and dense with considerable secondary xylem 
development. The flowers are yellow and occur in short 
clusters and the achene-like fruits are pubescent on all 
parts. 


The native inhabitants of several West Indian islands 
have used the flowers and stems of this plant for medic- 
inal purposes. The flowers have been used to treat blood 
disorders (4) and the stems have been employed in treat- 
ing high fevers. Infusions of these parts are made with 
water and taken by mouth. 


Extraction and fractionation of a large sample of the 
ground wood devoid of any bark tissue yielded a pe- 
troleum ether fraction from which a mixture of alkane 
hydrocarbons and p-sitosterol was isolated. The petro- 
leum ether-exhausted marc was reextracted with 95 % 
ethanol and this fraction yielded a type of lignin iden- 
tified as a Brauns' native lignin. This was subsequently 
degraded in alkali. The degradation mixture was sub- 
jected to TLC and was found to consist of vanillin, 
syringaldehyde, and several aromatic acids, 


EXPERIMENTAL 


Materials and Methods-The plant material used in this investiga- 
tion was collected in the Rock Sound area of Eleuthera, Bahamas, 
during March 1966, and consisted of the above-ground stem from 
which the bark was later removed. Voucher specimens were pre- 
pared at the time of collection and were authenticated at the Gray 


Herbarium of Harvard University, Cambridge, Mass. TLC was 
performed using Silica Gel G plates of 250p thickness. 


Preparation of Fractions (see Table 1)-Two kilograms of the 
ground stem devoid of bark tissue was placed in a large percolator 
after being moistened with a sufficient quantity of petroleum ether. 
The extract was collected over a period of 72 hr. to yield a total 
volume of 6 1. This extract was allowed to evaporate spontaneously 
to yield 4.3 g. of a yellowish-brown residue, which was labeled Frac- 
tion I. The petroleum ether-exhausted marc was removed from the 
percolator for extraction with 95 % ethanol. Extraction was carried 
out as above and a total of 6 1. was collected. This extract was 
evaporated in cucuo using a water aspirator to yield 215.6 g. of a 
dark red powder. This extract was labeled Fraction 11. 


Isolation of Alkane Fraction-Four grams of Fraction I was 
refluxed on a steam bath for 2 hr. with 70 ml. of a 10% alcoholic 
solution of potassium hydroxide. The alcohol was removed by 
evaporation on a steam bath and the residue was transferred to a 
separatory funnel with the aid of hot, distilled water and extracted 
with three 50-ml. portions of ether. The ether extracts were com- 
bined and washed with three 75-ml. portions of 10% sodium hy- 
droxide and finally with distilled water until the washings exhibited 
a neutral pH. The purified ether extract was allowed to evaporate 
spontaneously and, after drying over calcium sulfate for 2 days, 
yielded 0.5 g. of a residue melting at 60-95O.1 This unsaponified 
residue was recrystallized from 95% ethanol to yield 0.275 g. of a 
white, waxy substance; m.p. 6466".  A negative Leibermann- 
Burchard test ( 5 )  indicated that the isolate was not steroidal in na- 
ture. The IR spectrum2 was that of a typical hydrocarbon with no 
functional groups present. An elemental analysis gave a result3: C, 
84.8; H, 14.5, which is indicative of high molecular weight alkanes. 
Compounds of this type have been previously isolated from other 
plant sources (6). A separation of the components of this fraction 
has not yet been attempted. 


Isolation of p-Sitosterol-This compound was isolated from the 
ethanol filtrate from the above recrystallization of the alkane frac- 
tion. Upon slow evaporation of the ethanol filtrate at room tem- 
perature during several days gray crystals were deposited. These 
crystals were collected, and, after drying over calcium sulfate for 2 
days, 0.175 g. of off-white crystals, m.p. 115-122", were obtained. 
Several recrystallizations from an ethanol-methanol mixture (50 : 50) 
yielded 0.105 g. of a white, crystalline substance, m.p. 134-136". The 
literature value for 0-sitosterol is 137.5-138.5" (7). This compound 
gave a positive Liebermann-Burchard test indicating this material to 
be steroidal. TLC of this compound, and of a reference sample of 
p-sitosterol, was run in two systems, chloroform-isobutanol, 148 : 
1.5, and cyclohexaneeethyl acetate-water, 60:40: 1. The results 
indicated the presence of only one sterol. The IR spectrum of the 
isolate was identical with that of reference 0-sitosterol. The optical 
rotation determined in chloroform was [a]? -40°.4 


Anal.-Calcd. for p-sitosterol (C29H5~0.0.5 HzO): C ,  82.2; H, 
12.1; 0, 5.7. Found: C, 81.6; H, 12.5; 0,6.1. 


Isolation of Lignin Fraction-This compound was isolated from 
Fraction 1I (ethanolic). Twenty grams of this fraction was dis- 
solved in 400 ml. of 9 5 z  ethanol and 200 ml. of acetone with 
slight warming. After cooling, a sufficient amount of chloroform 
was added to the solution to cause the precipitation of a light brown 
amorphous material which was collected and found to weigh 19 g. 
The elemental analysis showed C, 66.94; H, 4.91 ; and 0, 27.87, and 
the molecular weight determined by the freezing point depression of 


I Determincd using ii Mel-Temp apparatus,  uncorrected. 
Determined i n  K B r  using a Perkin-Elmcr lnfrword spectrometer, 


' Analysis performed by SchwsrLkopf .Vicroan.ilyticiil Laboratories, 


4 Determined utilizing :I Bendix Ericsson ETL-NPL Automatic 


model 137 B. 


Woodside, N. Y. 


Po1nrimetc.r Control Unit, Type 143-A. 
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Table I-Preparation of Fractions 


Ground drug (2 kg.) 


petroleum ether extract 
(fraction I )  


1 .  evaporate to 
dryness 


2. saponify with 
10% alcoholic KOH 


residue 


95 ethanol I 
alcohol extract residue 


(fraction 11) 


compound 111 
I 


I I 
saponifiable nonsaponifiable 


fraction fraction 


compounds I and 11 


benzene was approximately 2000. UV absorptionj: X ethanol 
maxima at 275 and 310 mp. The IR spectrum showed a broad 
band at 3400 cm.? (hydroxyl); other peaks were noted at 1725 
cm.-l (ester or acid carbonyl); 1660 cm.-l (aldehyde or ketone car- 
bonyl); 1510 cm.-l (aromatic); and 1440 cm.? (aliphatic). The UV 
and IR data compared favorably with similar data reported by Hess 
et al. (8) and tentatively identified the isolate as a lignin-like mate- 
rial. According to Varner (9) there are several types of lignin based 
upon their solubility characteristics. Lignin extracted by or soluble in 
alcohol is referred to as Brauns’ lignin, native lignin, or soluble lig- 
nin. 


Degradation Studies-Three hundred milligrams of the above frac- 
tion and 1.3 g. of copper hydroxide were placed in a Parr stainless 
steel bomb (15-ml. capacity) along with 10 ml. of 2 N sodium 
hydroxide solution. The bomb was placed in an oil bath which had 
been preheated to 175 ”. After 3 hr. the bomb was removed from the 
bath and cooled to room temperature. The reaction mixture was 
filtered and the dark brown filtrate was acidified to pH 2.0 with 
concentrated hydrochloric acid, placed in a separatory funnel, and 
was extracted with chloroform. The chloroformic extract was evapo- 
rated spontaneously and the residue was dissolved in 95 ethanol 
and subjected to TLC. The eluant was benzeneglacial acetic acid 
9:1 (10). The chromatogram was air-dried and sprayed with 2,4- 
dinitrophenylhydrazine yielding two burnt-orange spots at R f  0.44 
and 0.29, respectively. Reference samples of vanillin (m.p. 79-81 ”) 
and syringaldehyde (m.p. 110-1 12”) were subjected to TLC as above 
and similar Rf’s were obtained; vanillin, 0.45 and syringaldehyde 
0.29. 


Hydrolysis of the lignin fraction was accomplished by treating 10 
g. of the compound with 50 ml. of 5 N sodium hydroxide at 35 O for 2 
hr. The reaction mixture was cooled to room temperature and was 
acidified to pH 2.0 with concentrated hydrochloric acid. The solu- 
tion was extracted with several portions of ether and the combined 
ethereal extracts were evaporated spontaneously to dryness. Twenty 
milligrams of the ethereal extract was subjected to TLC using an 
eluant of benzeneglacial acetic acid-hydrochloric acid-water, 
5:7:2:3. The chromatogram was viewed under longwave UV light 
and then sprayed with 1 ferric chloride. A duplicate run was made 
and the chromatogram was sprayed with Millon’s reagent. In both 
instances, six aromatic acids were detected. In order to ascertain the 
identity of the unknown acids, Rf’s of thirteen reference aromatic 
acids‘ were determined in several different solvent systems and were 


6 Determined on a Beckmann-DB spectrophotometer with 1-cm. 
silica cells. 


6 Syringic, vanillic, gentisic, g-hydroxybenzoic, 2,3-dihydroxybenzoic, 
2,4-dihydroxybenzoic, o-melilotic, cinnamic, 3,4-dihydroxycinnamic, 
ferulic, o-coumaric, o-acetoxycinnamic acid, and o-hydroxyphenylacetic 
acids. 


compared to the Rf’s of the unknown aromatic acids run in the same 
systems. The six aromatic acids were identified as syringic acid (33- 
dimethoxy4hydroxybenzoic acid), vanillic acid (4-hydroxy-3- 
methoxybenzoic acid), p-hydroxybenzoic acid, gentisic acid (2,5- 
dihydroxybenzoic acid), cinnamic acid, and 3,4-dihydroxycinnamic 
acid. 


SUMMARY 


A phytochemical investigation of the stem wood of Suriana 
maritima has resulted in the isolation of an alkane hydrocarbon 
fraction, p-sitosterol, and a soluble lignin fraction or a Brauns’ 
native lignin. 


REFERENCES 


(1) I. E. Webber, Am. J. Botany, 23, 577(1936), 
(2) N. L. Britton and C. F. Millspaugh, “The Bahama Flora,” 


Hafner, New York, N. Y., 1920, p. 209. 
(3) G. H. M. Lawrence, “Taxonomy of Vascular Plants,” 


Macmillan, New York, N. Y.,  1951, p. 558. 
(4) S. V. R. Altschul and R. E. Schultes, “Field Notes of Interest 


From Over 5000 Herbarium Specimens,” unpublished. 
(5) L. F. Fieser, “Chemistry of Natural Products Related to 


Phenanthrene,” Reinhold, New York, N. Y., 1949, p. 100. 
(6) N. R. Farnsworth, H. Wagner, L. Horhammer, and H. P. 


Horhammer, J. Pharm. Sci., 56, 1369(1967). 
(7) D. Lavie and I. A. Kaye, J.  Chem. Soc., 1963, 5001. 
(8) C. L. Hess, Tappi, 35, 312(1952). 
(9) J. C. Varner and J. Bonner, “Plant Biochemistry,” Academic, 


(10) G. H. N. Towers and W. S. G. Mass, Phytochemistry, 4, 
New York, N. Y.,  1965, p. 609. 


57( 1965). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 14, 1969 from Massachusetts College of Phar- 


Accepted for publication July 17, 1969. 
Presented at the Annual Meeting of the Society for Economic 


Botany, April 14-16, 1969, Longwood Gardens, Kennett Square, 
Pa. 


Abstracted, in part, from a thesis submitted by Benjamin R. 
Hershenson, to the Massachusetts College of Pharmacy, in partial 
fulfillment of the Doctor of Philosophy degree requirements. 


This investigation was supported by a grant from the Edward J. 
Breck Foundation, Springfield, Mass. 


* Present address: School of Pharmacy, University of Mississippi, 
University, Miss. 


macy, Boston, MA 02115 


1412 0 Journal of Pharmaceutical Sciences 












Re-evaluation of pH and Tonicity of Pharmaceutical 
Buffers at 37" 


ANTHONY J. CUTIE and BARTLEY J. SCIARRONE 


Abstract 0 Commonly employed isotonic buffer mixtures of phar- 
maceutical interest were studied at body temperature with emphasis 
placed on the tonicity and pH of these preparations. Tonicity data 
interpreted from vapor pressure osmometer data are presented for 
the official phosphate buffers, boric acid buffer, and Palitzsch buffers. 
Human serum was also checked at this temperature to validate the 
accepted base line of 0.90% as being isoosmotic with body fluids. 
Interesting discrepancies between freezing point depression data and 
vapor pressure osmometer data are discussed. Reformulated iso- 
tonic Palitzsch and boric acid buffers at 37" are presented. A critical 
assessment of accepting tonicity values at 0" and extrapolating 
them to body temperature is attempted. 


Keyphrases 0 Buffers, pharmaceutical-pH, tonicity Isotonicity 
determinations-37" 0 Serum, human-NaC1 solution osmotic 
equivalency Freezing point depression, tonicity values com- 
pared-37 ' experimental values 0 Vapor pressure osmometer- 
analysis 


Pharmaceutical solutions which are intended for 
parenteral injection or are to be applied to  delicate mem- 
branes of the body are routinely adjusted to be approxi- 
mately isotonic with body fluids to  avoid discomfort 
and possible injury. More often than not the methods 
used to  make solutions isotonic (really isoosmotic) 
with body fluids employ sodium chloride equivalent 
values which have been determined cryoscopically 
(1, 2). The objective of this investigation was to make a 
serious attempt at refining tonicity determinations by 
investigating the colligative properties elicited by body 
fluids and solutions that come in contact with body 
fluids at 37". Performing this study at  body tempera- 
ture allowed the collection of tonicity data at simu- 
lated body conditions and eliminated the need for tem- 
perature extrapolations, something intrinsically dis- 
advantageous to the freezing point depression tonicity 
data (FPD). 


It was felt that the most immediate attention be de- 
voted to isotonic buffered diluting solutions because of 
their routine use in pharmaceutical compounding and 
because these solutions represent the greatest portion 
of ophthalmic and parenteral preparations. Specifically 
the isotonic buffers re-examined and re-evaluated, 
when necessary, for both pH and tonicity in this study 
were the boric acid buffer, the Sorensen buffer, and the 
Palitzsch buffer. However, prior to this re-evaluation, 


Table I-Vapor Pressure Osmometer Data on Human 
Blood Serum at 37" 


Subject Tonicity 


0.88 
0.87 
0.88 
0.87 
0.88 


human serum was checked at  37" to  verify the com- 
monly accepted reference value of 0.90% sodium 
chloride as being the osmotic equivalent of blood ( 3 ) .  


EXPERIMENTAL 


Human Serum Samples-The human serum used in this study 
was obtained from unadulterated whole blood taken from five male 
volunteers. The whole blood was placed into absolutely dry test 
tubes from syringes that had the needles removed to avoid hemoly- 
sis on transfer. The blood was allowed to clot undisturbed at room 
temperature and the serum was removed. 


Preparation of Buffer Mixtures and Determination of pH-All 
chemicals used were reagent grade quality and de-ionized water was 
used throughout the investigation. The buffer mixtures, usually 
100-ml. samples, were prepared analytically from prescribed form- 
ulas (4) and divided into two unequal portions-one part, ap- 
proximately 30 ml., for pH determinations, and a larger part for 
osmometric measurements. The pH was checked at 25 and 37" 
with a pH meter (Corning model 12) operated on expanded scale. 
The electrode system was a calomel reference electrode (Corning) 
and indicating glass electrode. A water bath (Sargent) was used to  
maintain constant temperature within =t0.5" during the pH deter- 
minations. 


The isotonic buffers were prepared by simply weighing out a 
quantity of sodium chloride suggested by the literature (4) into 50-ml. 
volumetric flasks and making up to volume with the remaining 
portion of the buffer mixture. This procedure was repeated in re- 
formulating the isotonic buffer mixtures at 37" with the only dif- 
ference being the quantities of sodium chloride added. 


Determination of Osmotic Concentration of Buffer Mixtures and 
Human Serum-A vapor pressure osmometer (VPO, Mechrolab 
model 301A) was used for determining the tonicity of buffer mix- 
tures and human serum because unlike most classical colligative 
property measuring devices, it can be used at various temperatures 
(5). The instrument was thermostatically controlled at 37.0 f 0.2' 
and a matched pair of aqueous thermistors (Hewlett Packard) were 
used as the detection probes (6890 ohms). The VPO was used in 
the following manner for determining the tonicity of human serum, 
buffer mixtures and isotonic buffer mixtures. Four to five stan- 
dard solutions of sodium chloride ranging from 0.30 to 1.50% were 
prepared and tested daily with the VPO. From this data a plot of 
instrumental reading AR (ohms) uersus percent sodium chloride was 
constructed and employed as a calibration curve. Once the calibra- 
tion curve was constructed, the colligative effect elicited by subse- 


Table 11-Sodium Chloride Equivalents" of Buffer 
Components at 37" 


NaCl Equiv. at 
Stock Concentration 


Buffer Component Solution, g./l. Used 


Boric acid 17.700 0.51 (0.47) 
Boric acid 12.404 0.51 (0.49) 
Sodium tetraborate 19.108 0.45 (0.35) 
Sodium acid phosphate 


(monohydrate) 9.208 0.43 (0.40) 
Sodium phosphate 


(anhydrous) 9.470 0.54 (0.53) 
Sodium carbonate 


(monohydrate) 
Potassium chloride 


24.801 0.63 (0.58) 
2.857 0.77 (0.76) 


a Values in parentheses are E values determined at 0" (see References 
1 and 2 ) .  
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Table III-Re-evaluated pH and Tonicity for Modified Palitzsch Buffer Mixtures" 


pH at Tonicity of 
0.05 M Sodium --Buffer Mixtures-- 


Lit." Exptl. (37") 
25 V E x p t l .  pH-- 0.2 M 


Boric Acid 37" Tetraborate 
25 


6.93 6.92 0.68 0.63 
0.63 6.77 7.25 0.68 7.27 
0.64 7.09 


7.49 0.68 7.51 
0.64 7.36 


7.71 0.67 7.74 
0.64 7.60 


0.66 7.90 7.87 7.78 
8.06 8.02 0.66 0.65 7.94 
8.18 8.14 0.65 0.66 8.08 


0.65 0.67 8.24 8.28 
0.69 8.20 


0.64 8.42 8.41 8.48 
8.60 8.64 0.63 0.71 8.57 
8.69 8.71 0.63 0.73 8.64 


0.76 8.84 8.84 8.76 
0.79 8.98 8.96 8.88 
0.83 10 90 9.11 9.10 8.99 


Solution, ml. Solution, ml. (Lit.*) 


3 
6 


10 
15 
20 
25 
30 
35 
45 
55 
60 
70 
80 


97 
94 
90 
85 
80 
75 
70 
65 
55 
45 
40 
30 
20 


0.62 
0.61 
0.60 


a Formula: Boric acid solution(0.2 M ) :  boric acid, 12.404 g.; de-ionized water up to 1000 ml. (pH 4.96 at 25").  Sodium tetraborate solution(0.05 M): 
NazB407 lOHzO(borax), 19.108 g.; de-ionized water up to 1000 ml. (pH 9.22 at 25"). b Original values reported in Reference 6. The original formula- 
tion contained 0.2 M sodium chloride in the boric acid solution. c The tonicity was calculated by Goyan and Hind (4). 


quent solutions of unknown tonicity was readily interpretable in 
terms of percent sodium chloride. The sodium chloride equivalents 
of the buffer components were also checked individually at dif- 
ferent concentrations in a similar manner. 


RESULTS AND DISCUSSION 


Human Serum Studies-In this study it was found that human 
serum has an average osmotic concentration equivalent to a 0.88 % 
sodium chloride solution at 37". For a breakdown of individual 
values and the extent of individual variation, Table I should be re- 
viewed. The average value obtained corresponded quite well to the 
officially accepted work of Krough er a/.  (3) and thus for practical 
compounding purposes the commonly accepted reference value of 
0.90% sodium chloride was employed throughout this study as the 
base line for preparing isotonic solutions. 


Palitzsch Borate Buffer-The components of the modified 
Palitzsch Buffer (0.2 M boric acid and 0.05 M borax) were studied 
individually at their stock solution concentration at 37" to note the 
colligative effect elicited by these components at this temperature. 
The sodium chloride equivalent value ( E  values) determined from 
VPO data and reported from FPD (1, 2) for these two components 
can be found in Table 11. Table 11 shows that the E value of boric 
acid determined in this study at 37" is only slightly higher (approxi- 
mately 6 z  higher) than that determined at 0". However, the E 
value determined for sodium tetraborate using the VPO differs 
quite substantially with the values reported from cryoscopic data. 
The E value at 37" is approximately 0.45 at the stock solution's 
concentration while the E value at 0" assigned to sodium tetraborate 
at the same concentration is 0.35. This indicates that there are ap- 
proximately 20 to 25% more particles in solution at 37" than at 0". 
It therefore follows that a solution of sodium tetraborate that is 
prepared isotonic from FPD data will in effect exhibit considerable 
hypertonic activity when used ophthalmically. Because sodium 
tetraborate in solution exists as different aggregates depending on 
concentration (E  values at 0" vary from 0.48 at 0.5% and 0.37 at 
2 . 6 z )  and temperature, this behavior is expected since the extent of 
solute aggregation as a general rule is less at elevated temperatures. 


Table IV-Test of Reported Tonicities of Modified Palitzsch Buffers" 


The 14 modified Palitzsch buffers generated from these two stock 
solutions were re-evaluated for pH and tonicity at 37". Table 111 is a 
compilation of the pH and tonicity values reported in the literature 
and determined experimentally for the specified Palitzsch buffer 
mixtures that were modified by Goyan and Hind (4). A comparison 
of the literature values cited by Goyan and Hind with the experi- 
mental values elucidates two apparent discrepancies. The dis- 
crepancy that exists between pH values cited in the literature and 
those determined experimentally can be attributed to the fact 
that the values reported were not experimentally determined but 
rather transcribed from the original formulation (6). In their tran- 
scription the authors (4) retained the original pH values but dimin- 
ished the concentration of sodium chloride found in the acid stock 
solution from 0.2 M to a concentration calculated for isotonicity. 
Diminution of sodium chloride naturally increased pH values as 
demonstrated experimentally because of the decreased ionic 
strength. The Debye-Huckel theory predicts such a change. Table 
I11 also indicates that the pH at 25 and 37" differs slightly with the 
lower pH mixtures which have little or no temperature effect while 
higher pH values have a slightly negative coefficient due to increased 
concentration of borax. 


In Table 111 it can be seen that the tonicity values of the buffer 
mixtures calculated by Goyan and Hind (4), using freezing point 
depression data, disagree with experimental data collected at 37 2 .  


In fact, the two authors predicted a decrease in tonicity when a por- 
tion of boric acid was replaced with borax. However, as can be 
seen, experimental evidence indicates just the opposite. Experimen- 
tal tonicity data show that a mixture, predominantly boric acid 
(97 to 3 ratio) had a lower tonicity value than that calculated and, as 
already indicated, increased rather than decreased tonicity with the 
replacement of boric acid with borax. It should be pointed out that 
an increase in tonicity upon the replacement of a 0.2 M boric acid 
solution by a 0.05 M borax solution requires that borax must dis- 
sociate to such an extent that it generates at least four times the 
number of species than that to which boric acid dissociates. Since 
both the literature values and experimental tonicity values change 
in magnitude for each buffer mixture but opposite in direction, 
there is a point where the literature and experimental values approxi- 


0.2 M Boric 0.05 M Sodium Tonicity of NaCl to Render Tonicity of 
Acid Tetraborate -Buffer Components- Isotonic( Lit .)c -Resulting Solution- 


Solution, ml. Solution, ml. Lit.b Exptl. (mg./I 00 ml.) Lit.< Exptl. (37") 


94 
85 
70 
40 
10 


6 
15 
30 
60 
90 


0.68 0.63 
0.67 0.64 
0.65 0.66 
0.63 0.73 
0.60 0.82 


220 
230 
250 
270 
300 


0.9 0.86 
0 .9  0.87 
0 .9  0.91 
0.9 0.99 
0 .9  1.11 


a Formula: Boric acid solution (0.2 M) : boric acid, 12.404 g. ; de-ionized water up to 1000 ml. (PH 4.96 at 25 "). Sodium tetraborate solution(0.05 M )  : 
NazBa07 lOHzO(borax), 19.108 g.; de-ionized water up to 1000 ml. (pH 9.22 at 2 5 " ) .  b The reported tonicity was calculated by Goyan and Hind (4) 
using a method devised by Wells (7). c The amount of sodium chloride added to make the mixture isotonic was determined by Goyan and Hind (4) 
by merely subtracting the calculated buffer mixtures' tonicities from 0.9 % sodium chloride, but was not experimentally validated. 
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Table V-pH and Tonicity Values for Palitzsch Buffer Mixtures Corrected to Be Isotonic" 


0.05 M Sodium Revised 
0.2 M Boric Acid Tetraborate NaCl Added, Tonicity of Revised ---Exptl. pH---- 


Solution, ml. Solution, ml. mg./100 ml. Buffer at 37" 25 37" 


97 
94 


3 270 
270 
270 
260 
260 
250 
240 
230 
210 
190 
180 
140 
110 
70 


0.91 
0.90 
0.91 
0.90 
0.90 
0.90 
0.89 
0.90 
0.89 
0.90 
0.90 
0.90 
0.90 
0.90 


6.82 
7.16 
7.44 
7.67 
7.85 
7.98 
8.12 
8.23 
8.43 


6.80 
7.13 
7 41 


6 
10 90 


85 
80 


15 
20 
25 


. . . _  
7.64 
7.81 
7.95 75 


70 
65 
55 
45 
40 
30 
20 
10 


30 
35 
45 


8.11 
8.20 
8.39 
8.54 
8.62 
8.76 


55 
60 
70 
80 
90 


8.60 
8.67 
8.81 
8.95 
9.08 


8.88 
8.99 


a Formula: Boric acid solution (0.2 M ) :  boric acid, 12.404 g.; de-ionized water up to 1000 ml. (pH 4.96 at  25"). Sodium tetraborate solution (0.05 
M):  NazBaO.i.lOHzO(borax), 19.108 g.; de-ionized water up to 1000 ml. (pH 9.22 at  25"). 


mate each other. This occurs at a 75-25 mixture of boric acid- 
sodium tetraborate. This unforseen reversed trend of tonicity 
values for the buffer mixtures indicates clearly that experimental 
data is essential in evaluating complex borate systems such as 
Palitzsch buffer mixtures. 


Table IV represents selected modified Palitzsch buffer rendered 
isotonic using the calculated quantities of sodium chloride sug- 
gested by Goyan and Hind (4). It should be noted that the resulting 
mixtures, supposedly rendered isotonic, varied, from being hypo- 
tonic to hypertonic. Table V lists the modified Palitzsch buffer re- 
formulated to be isotonic using VPO data. The pH values at 25 and 
37" for the newly formulated buffers are also listed in Table V. 


Boric Acid Buffer-The official buffer was found to be hypertonic 
at 37", having a tonicity of 0.95 at the concentration suggested in 


the pharmaceutical compendiums (8, 9). To adjust the buffer to be 
isotonic with body fluids, an E value was determined at 37" from a 
series of solutions of different concentrations of boric acid. The E 
value at this temperature was unchanged over a concentration range 
of 0.5 to 3.0% and was equal to 0.51. On the other hand the re- 
ported E values determined from FPD (1, 2) vary with concentra- 
tion (E  value at 0.5% is 0.51 and at 1.9% is 0.47) and is equal t o  
0.47 at the concentration suggested to be isotonic at 0" by the of- 
ficial compendiums (8, 9). From the E value determined with the 
VPO, 17.7 g. instead of the officially recommended 19.0 g. should 
render lo00 ml. of water isotonic with body fluids. Experimentally 
it was found that a 1.77% boric acid solution is equivalent to 0.90% 
sodium chloride at 37". The pH of this newly formulated isotonic 
boric acid buffer was found to be 4.96 at 25' and 4.85 at 37". 


Table VI-Sorensen Buffer Re-evaluated for pH and Tonicitya 


Acid Stock Alkaline Stock pH at 25" Exptl. pH at -- Tonicity- 
Solution, ml. Solution, ml. Lit.b Calcd. Exptl. 37" Exptl. at 37" LiLC at 0" 


90 
80 
70 
60 
50 
40 
30 
20 
10 
5 


10 
20 
30 


5.91 5.92 5.90 
6.24 6.25 6.25 
6.47 6.47 6.47 


5.88 
6.23 
6.45 


0.41 0.38 
0.42 0.39 
0.43 0.40 


40 
50 
60 
70 
80 
90 
95 


6.64 6.64 6.65 
6.81 6.80 6.81 
6.98 6.96 6.98 
7.17 7.14 7.19 
7.38 7.36 7.42 
7.73 7.70 7.79 
8.04 8.02 8.13 


6.64 0.44 0.41 
6.81 0.45 0.42 
6.97 0.46 0.44 
7.17 0.47 0.45 
7.41 0.49 0.46 
7.77 0.50 0.47 
8.13 0.51 0.48 


a Formula: Acid stock solution: sodium acid phosphate (monohydrate), 9.208 g.; de-ionized water up to 1000 ml. Alkaline stock solution: sodium 
phosphate (anhydrous), 9.470 g.; de-ionized water up to 1000 ml. b Values reported by Sorensen (10) in 1909. c Values determined cryoscopically by 
Goyan and Hind (4). 


Table VII-Modified Sorensen Buffer Re-evaluated for pH and Tonicity" 


NaCl Added t o  
Render Solution 


Acid Stock Alkaline Stock Isotonic(Lit.)h --pH at 25"-- pH at 37" Tonicity 
Solution, ml. Solution, ml. (mg./100 ml.) Calcd. Exptl. Exptl. at 37'c 


90 
80 
70 


10 
20 
30 


520 
510 
500 


5.81 5.76 
6.15 6.12 
6.37 6.35 


5.74 
6.10 
6.33 


0.92 
0.92 
0.92 


60 40 490 6.56 6.54 6.53 0.92 
50 50 480 6.72 6.72 6.71 0.92 
40 60 460 6.89 6.89 6.88 0.92 
30 70 450 7.08 7.09 7.08 0.92 
20 80 440 7.30 7.33 7.32 0 92 
10 90 430 7.65 7.70 7.69 0.92 
5 95 420 7.97 8.07 8.05 0.92 


a Formula: Acid stock solution: sodium acid phosphate(monohydrate), 9.208 g.; de-ionized water up to 1000 ml. Alkaline stock solution: sodium 
phosphate (anhydrous), 9.470 g.; de-ionized water up to 1000 ml. * The amount of sodium chloride added to make the mixture isotonic was deter- 
mined by Goyan and Hind (4) by merely subtracting the calculated buffer mixtures' tonicities from 0.9 Z sodium chloride, but was not experimentally 
validated. c Literature value assumed to be 0.90 by Goyan and Hind (4). 
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Sorensen Buffer-Table VI lists the literature and calculated 
values along with the experimentally determined values of pH for 
the 10 official phosphate buffer mixtures. It can be seen that the 
pH values reported by Sorensen (10) and cited by Goyan and 
Hind (4) in their formulation of isotonic phosphate buffer mixtures 
which have been transcribed into the USP (8) and NF (9) agree 
quite well with the experimental values obtained in this study at 
25". However, it should be pointed out that the pH values found in 
the USP (8) and NF (9) are somewhat ambiguous since they do not 
represent isotonic buffers' pH values as they might lead one to sus- 
pect; but instead represent the buffer mixtures' pH before the 
addition of the appropriate amounts of sodium chloride needed to 
render the solution isotonic. A rigorous approach involving all 
phosphate equilibria, mass balance, and charge balance was em- 
ployed in calculating the pH. Because of the complexity of the re- 
lationship that results from such a rigorous approach, a computer 
(IBM-1130) was used to perform the required Newton-Raphson 
iteration. It can also be noted in Table VI that tonicity values 
calculated from freezing point depression data of the buffer mix- 
tures are somewhat lower than those determined experimentally 
with the osmometer at 37". This seems to indicate that at higher 
temperatures the ability of phosphate species to associate is slightly 
diminished. This was found to  be true when the phosphate salts' E 
values were reviewed. Table I1 illustrates that the E values of both 
phosphate salts are 5 to 10% higher at 37" than at 0". The pH 
values of the buffer mixtures at 37" are also included in Table VI. 


The compilation of the data obtained in the re-evaluation of the 
official isotonic phosphate buffer found in Table VII demonstrates 
that the 10 buffer mixtures that were calculated to be isotonic at 0" 
are slightly hypertonic at 37". The resulting solutions were hyper- 
tonic due to the low tonicity values assigned to the buffer mixtures 
which dictated the quantities of sodium chloride that would be neces- 
sary to render the buffers isotonic. The pH values for these buffer 
mixtures at 25 and 37" are listed in Table VII. The USP (8) and N F  


(9) do not list such values; however, it was thought more important 
to know the pH of the resulting mixtures than the pH of the buffer 
mixture itself. 
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Determination of Micellar Weights for Di-Alkyl Sodium 
Sulfosuccinates in Anhydrous and 


SYLVAN G. FRANK* and GEORGE ZOGRAFI 


Abstract 0 Previous studies have demonstrated that di-(2-ethyl- 
hexyl) sodium sulfosuccinate, dissolved in various hydrocarbon 
solvents, is capable of solubilizing large amounts of water, whereas 
closely related compounds such as the di-n-octyl and di-n-hexyl 
derivatives exhibit negligible solubilizing capacity. In view of these 
observations the micellar size of these three compounds in n- 
octane was measured by light scattering. Large differences in micelle 
weight between di-(2-ethylhexyl) sodium sulfosuccinate in n-octane 
(13,000) and the other compounds (about 200,000) suggested a 
significant role for the 2-ethyl side chain. The active participation 
of water in the organization of these micelles is suggested by signif- 
icant changes in micellar weight, well in excess of that accounted 
for by the added amount of water. The influence of different hy- 
drocarbon solvents on micellar weight also was found to be quite 
significant. 


Keyphrases 0 Di-Alkyl Na sulfosuccinates-micellar weights 0 
Micellar weight determination-anhydrous, hydrous hydrocarbon 
systems 17 Cohesive energy-micellar size Light scattering spec- 
trometry-micellar weights Refractive index-micellar solutions 


The present study is part of an overall effort to gain an 
understanding of the complex equilibria produced 


Hydrous Hydrocarbon Solutions 


when relatively large amounts of water and lipids or 
oils are dispersed in the presence of surface-active 
micelle-forming molecules. Of particular concern, 
presently, is the ability of surface-active agents to 
solubilize water in nonpolar solvents. Pharmaceutical 
situations where this may be important include the 
formula t ion  of clear oil-soluble liquids or gels to be 
applied to the skin, or the formulation of nonaqueous 
solutions for the depot injection of water-soluble al- 
lergenic extracts and vaccines. More basic still is the 
application of such knowledge toward an understand- 
ing of the properties of water at interfaces, particularly 
biological interfaces such as membranes. 


Previous studies have demonstrated that di(2-ethyl- 
hexyl) sodium sulfosuccinate' dissolved in various hy- 
drocarbon solvents is capable of solubilizing relatively 
large amounts of water (1-4), comparable to that 
solubilized by lecithin (5) and the more complex micro- 


1 Supplied commercially as Aerosol OT by the American Cyanamid 
co. 
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of the same chemical composition as the model system. Of course, 
if the drug being investigated exists as different polymorphs, and 
these are sufficiently different energetically, it is important to 
identify the crystal form which may separate from solid solution 
and to use this polymorph in constructing the standard curve. 


CONCLUSIONS 


Although the method developed in this study has its obvious 
drawbacks and limitations, it has been shown to be useful for esti- 
mating the degree of crystallinity in two diverse systems of known 
chemical composition. In the design of these experiments, it was 
necessary to choose conditions under which (a) the observed dis- 
solution rate was directly proportional to the surface area and 
(6) a reasonably large difference existed between the dissolution 
rate of the physical mixtures and their corresponding solid solutions. 
In the case of the indomethacin-PEG system, for example, 0.01 M, 
pH 7.2 phosphate buffer could not be used since this difference was 
small and could easily lead to erroneous results. Data published 
by Goldberg et al. (4) appears to substantiate the usefulness of the 
method. Studying the dissolution characteristics of a griseofulvin- 
succinic acid system they reported, “Although it may be fortuitous, 
the eutectic mixture which consists of 60% solid solution shows a 
rate at 3 min. which is just 60% that of the solid solution.” This 
result is not surprising in view of the fact that the dissolution rate 
of the physical mixture is much slower than that of the solid 
solution. 


Various other applications of the method come to mind. It may 
be interesting to determine the dissolution rate of drug-carrier 


systems which form solid solutions as a function of drug concen- 
tration. In this way it may be possible to use this technique to con- 
struct phase diagrams in regions of solid-solid equilibria. It is 
expected that more data will be forthcoming when this and other 
applications have been investigated. 
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5 (or 4) -[ 3,3-Bis (2-chloroethy l) -1 -triazeno] imidazole-4 (or 5) -carboxamide: 
A Titrimetric Determination of Its u-Triazolinium 
Transformation Product and Studies of Its Stability 


RUBY H. JAMES, PAUL D. STERNGLANZ, and Y. FULMER SHEALY 


Abstract 0 The transformation product, a u-triazolinium salt, of 
5(or 4)-[3,3-bis(2-chloroethyl)-1-triazeno]imidazole-4(or 5)-carbox- 
amide (I, NSC-82196) is sufficiently acidic to be titrated with 
standard base. Titrations of typical specimens of the triazene (I) 
indicate that they contain 2.5-4.2 % of the transformation product. 
The titration method was used to estimate the rate of change of I 
to its transformation product in methanol and aqueous methanol 
solutions; for example, in 60% methanol at 25” the half-life of I 
is estimated to be about 25 min. 


Keyphrases 0 Triazenoirnidazoles 0 u-Triazolinium salts-analysis 
0 5(or 4)-[3,3-Bis(2-chloroethyl)-l- triazeno]imidazole-4(or 5)- car- 
boxamide-stability 0 Titrimetry-analysis IJ IR spectrophotom- 
etry-identity 


5(or 4)-[3,3-Bis(2-chloroethyl)-l -triazeno]imidazole-4- 
(or 5)-carboxamide (I, NSC-82196) has demonstrated 
interesting antineoplastic activity in animal tumor sys- 
tems (1-4). The triazene undergoes a change in  solution 
and, very slowly, in the solid state at room temperature 
to a transformation product (11) containing ionic chlo- 


ride (1, 5). A u-triazolinium salt structure (6) was con- 
sidered (1, 5 )  to be one of the likely candidates for the 
structure of 11, and this structure has recently been 
assigned to I1 on the basis of an X-ray crystal structure 
analysis’ (7). Once a pure specimen of I1 had been ob- 
tained, the quality of specimens of the triazene (I) 
could be estimated qualitatively from distinctive differ- 
ences in the IR spectra of I and I1 (5). A titrimetric 
method for the determination of 11-and, indirectly, 
of I-is now reported together with additional infor- 
mation on the stability of the triazene (I). A colori- 
metric (10) and a microbiological (11) method of assay- 
ing I were recently reported. The possible formation of 
I1 from I was not mentioned in those reports, and it is 
not clear whether the material being assayed was I, TI, 
or a mixture. 


1 Good chemical evidence for the formation of u-triazolinium salts in 
the benzenoid series has been reported by Mohr and Hertel (6). This 
type of structure has also been assigned (8,9) to other phenyl derivatives, 
but evidence that would distinguish the u-triazolinium structure from 
alternative structures was not presented. 
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Table I-Titration of 1, 11, and Synthetic Mixtures Table 111-Stability of I in Methanol-Water Mixtures 


Calcd. % of I1 in 
Synthetic Mixture" % of I1 Found 


-Solvent Mixture--. Temp., Approximate 
Methanol, Z Water, % "C. Half-Life 


No I1 added 
3 .8  
5.0 
7 . 3  
9.5 


10.4 
11.7 
25.7 
35.9 
37.0 
46.8 


17.90 lactose 
19.6" 1 present 


l00f 


2.5-4.2b. 
4 . 7  
6 . 3  
8 . 4  


10.7 


100 0 25 4 f 0 . 2  h,r. 
58 =I= 10 rmn. 75 25 25 


60 40 25 26 f 5 min. 
60 40 0 17 f 3 hr. 


25 16 f 5 min. 40 60 
i 0 . 3  
11 .6d 
24. 9d 
35.3d 
38. Oe 
46.4* 


100 =I= 2c 
18.3h 
20.2h 


Calculated from milligrams of I1 actually added + milligrams of I1 
(found by acidimetric titratlon) introduced as an impurity when I 
was added to the synthetic mixture. b Typical values for different speci- 
mens of NSC-82196 were 2.5, 3.2, 3.3, 3.4, 4.1, 4.2% CSolvent for 
specimens was either absolute methanol or 75 % methanol. Solvent 
for mixture was absolute methanol. Titration time = 33 min. f Speci- 
mens of pure 11. 4.16 mg. of I1 added + 25 rng. of I containing 4.2% 
of I1 + 330 mg. of lactose; 4.16 mg. + 1.05 mg. = 5.21 mg. of 11. 
Percent = 5.21 X 100/29.16 = 17.9%. h Reversed procedure. 4.8 mg 
of I1 + 25 mg. of I containing 4.2 % of I1 + 330 mg. of lactose; 19.6% 
of I1 calculated as in g. 


The change of I to I1 results in the formation of a 
more acidic compound, pKa' = 7.4, that can be titrated 
with standard base. The endpoint in a methanol- 
water mixture (3 : 1) occurs at an apparent pH of about 
9 ;  pure specimens of I1 gave assay values of 100 * 2%. 
The method can be used to determine the percentage of 
I1 in specimens of I, but the preparation of the solution 
of I and the titration should be performed rapidly and at 
5-10' in order to minimize the error that may be in- 
troduced by the generation of additional I1 during the 
determination. Excessive speed, however, may also 
introduce an error due to the failure of the solution or the 
electrodes to reach equilibrium. Typical specimens of 
I that were shown by their IR spectra (especially at 
1515 cm.-l) to contain only small amounts of I1 (e.g., 
Fig. 3, Reference 5 )  gave values of 2.5-4.2% of I1 by 
acidimetric titration in methanol-water (3 : 1) at ice- 
bath temperatures. Results of the titration of synthetic 
mixtures were in reasonably good agreement with the 
calculated composition (Table I). These results, in- 
cluding those from one experiment in which the titra- 
tion time was deliberately prolonged, indicated that 
very little I1 is formed under the conditions used for the 
determination. As shown in Table I, the presence of 
lactose, a potential formulating agent for oral adminis- 
tration, does not interfere with the titration of 11. 


Table n-Decomposition of I in the Solid State at 21 


Storage Time, 
Days Z I1 Found 


Zero 
4 
8 


11 
14 
18 
35 
56 


126 


4 .9  
5 . 5  
7.0 
8.8 
7.7 


10.0 
20.7 
49.1 
95.0 


0 n 


I I 


I1 


Previously, the formation of I1 from I in the solid 
state at room temperature had been observed by IR 
spectroscopy (5 ) .  This change has been followed by 
acidimetric titration of portions of a specimen of I 
stored at 21" during a period of about 4 months. 
The titrimetric data are summarized in Table I1 and 
indicate approximately 20 and 95 % conversion after 
35 and 126 days, respectively. IR spectra, determined 
each time a portion was titrated, also revealed the in- 
creasing concentration of I1 and were consistent with 
the titration data. In absolute methanol solution at 
0", Compound I was essentially unchanged after 3 hr.; 
the initial and final percentages of I1 found were 2.5 
and 3.4, respectively. At 25 O ,  the half-life in methanol, 
as determined by acidimetric titration, is approxi- 
mately 4 f 0.2 hr. Information on the stability of I 
in aqueous media is of greater relevance to biological 
or clinical studies, but the solubility of I in pure water 
is too slight to permit a meaningful determination. 
Application of the titrimetric method to aqueous 
methanol solutions of I yielded the approximate half- 
lives recorded in Table 111. These data suggest that the 
triazene (I) would be rapidly inactivated if it were ad- 
ministered at ordinary temperatures in a homogeneous 
aqueous vehicle. (In animals, it has been administered 
as a suspension.) 


NMR determinations showed that Compound I 
was also converted to I1 in DMSO-d6 and in acetone-& 
DzO, a solvent combination chosen because of evidence 
(5) of considerable solubility of I in acetone-H20. How- 
ever, in anhydrous trifluoroacetic acid, the NMR 
spectrum of I (the recording of which was started within 
3 min. of the addition of the solvent) was different 
from that of I1 and consistent with the triazene struc- 
ture (I). The spectrum was unchanged after 4 hr. (tem- 
perature about 37 "), an observation indicating a 
stabilizing effect of protonation on I. In the less acidic 
medium provided by acetic acid (deuterated or glacial), 
the change of I to I1 could be observed by means of the 
chemical shifts of the 2-imidazole protons and pro- 
ceeded somewhat more slowly than it does in the 
aqueous methanol solutions studied.2 


* The rate of change in acetonitrile, DMSO, and an unspecified sol- 
vent of a bis(2-chloroethyl)triazene of the phenyl series to a transforma- 
tion product, presumably a u-triazolinium salt (see Footnote I),  has 
been estimated from NMR data (9). 


~~~~~~~~ 
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EXPERIMENTAL 


Potentiometric Titration of I1 in I-A combination electrode is 
precooled in an ice bath to about 5", and the pH meter is standard- 
ized with buffers precooled to the same temperature. After stan- 
dardization, the electrode is again immersed in the ice bath so 
that thermal equilibrium is maintained at all times. The sample 
(about 20 mg.) is dissolved quickly in 15 ml. of anhydrous meth- 
anol precooled to 5" and 5 ml. of precooled water is added. Titration 
is performed with standard 0.01 N NaOH as fast as possible. The 
end-point is found, as usual, at the point where the ratio ApH/Aml. 
is the greatest and occurs at an apparent pH of about 9. Typical 
results of titrations of I, 11, and synthetic mixtures are shown in 
Table I. 


The sample dissolves faster in methanol than in methanol-water 
mixtures, but water is added because electrode response in methanol 
alone is slow. Nevertheless, titrations done in methanol alone agree 
well with those done in the 3: l  methanol-water mixture (cf. 
Table I). Care is taken that the temperature remains around 5" 
and under no circumstances rises above 10". The titration should 
proceed as fast as the electrode response permits. Typical titration 
times were 5-8 min.. but obviously less time is required when small 
amounts of I1 are present. Excessive speed in a titration might cause 
inaccuracy due to incomplete mixing and nonequilibrium condi- 
tion of the electrodes. Since the time factor cannot be eliminated, 
some transformation product may be generated during the titra- 
tion. Evidence that the error due to decomposition is relatively 
small is as follows: (a)  when a synthetic mixture containing 37% 
(calculated) of I1 was determined by deliberately prolonging the 
titration time to 33 min., the value found was 38% (Table I); 
(6)  the stability data for methanol or 60% methanol solutions at 
0" indicate that the change of I to I1 is slow at the ice-bath tempera- 
ture used for the titration; (c) the purity of a sample of I determined 
by a noiiaqueous method4 was 97 i l%, and the amount of I1 
found by titration of the same sample in 75 % methanol with stan- 
dard base, as described above, was 3 %. 


Titration of mixtures of I (25 mg.) and lactose (330 mg.) necessi- 
tated a reversal of the order of adding solvents. First, 5 ml. of cold 
water is added to the sample and then 15 ml. of cold methanol, 
and the titration is carried out rapidly as described before. If the 
order of solvent addition is not reversed, too much undissolved 
lactose is present. and the electrodes respond poorly. The reversed 
procedure was also used to titrate I alone. Results obtained by the 
reversed procedure are almost identical with those from the regular 
procedure. 


pKa' Value of 11-The pKa' value was determined by titrating 
about 0.15 meq. of I1 with 0.06 N NaOH and taking pH readings 
when I/,, and a/4 of I1 was neutralized. The pKa' value, cal- 
culated from the three readings by using the Henderson-Hassel- 
bach equation, was 7.4. 


Stability Determinations-A crystalline specimen of I was stored 
in a sealed (screwcap) brown bottle in a constant-temperature 
room at 21 i I "  and 65% relative humidity. Portions were re- 
moved at intervals for titration; results are shown in Table 11. 


The triazene (I) is too insoluble in water for a determination of the 
rate of change of I to I1 in completely aqueous media; the apparent 
(slow) dissolution of I in water is due chiefly to the conversion of I 
to 11. However. determination of approximate rates of conversion 
of I to I t  in aqueous methanol is feasible because Compound I 
dissolves quickly in amounts adequate for titrimetric determination 
of 11. A specimen of I (usually 25 mg./100 ml.) was dissolved at 
either 25 or 0" in methanol or the specified methanol-water mixture, 
aliquots aere removed and rapidly adjusted to 5" ,  and the titration 


~~~~ ~~ ~ 


3A Beckman model 76 or a Corning model 12 pH meter and a 


4 P. D. Sternglanz, unpublished data. 
Sargent macro or micro combination electrode were used. 


was quickly performed at 5-10' according to the procedure de- 
scribed above. At least three determinations were made for each 
solution. Plots of the logarithm of the concentration of undecom- 
posed I uersus time indicate that the decomposition follows first- 
order kinetics, at least through one to two half-lives. From these 
plots half-lives were estimated and are summarized in Table 111. 
Obviously, the time factor becomes important for aqueous methanol 
solutions at 25", especially for 40 and 60% methanol, because 
the reaction is relatively fast. The following modifications of the 
stability determinations in 40 and 60% methanol solutions were 
also tried: (a) the solutions were prepared by dissolving I in cold 
absolute methanol and adding cold water, the temperatures of the 
two solvents having been predetermined to give a temperature 
(due to heat of mixing) of 25" after mixing (zero time); (6) the 
aliquot solutions were converted quickly to 75 methanol by adding 
precooled methanol in order to make the titration conform to the 
standard procedure. The results were within the stated ranges 
(Table 111). Despite the limitations of the titration method, approx- 
imate half-lives obtainable by titration can provide useful informa- 
tion, not previously available, on the stability of I in solution. 


NMR-NMR spectra were determined with an NMR spectrom- 
eter (Varian model A-60A); chemical shifts are in parts per million 
(6 scale) downfield from tetramethylsilane, the internal standard. 
Chemical shift data for the triazene (I) in trifluoroacetic acid (not 
deuterated) were as follows: 4.19 (center of A& multiplet, -CHz- 
CHZCl), about 7.7 (broad, NH,), 8.67 (singlet, imidazole CH). 
Chemical shifts of the protons of 11 in trifluoroacetic acid are as 
follows: 4.38 (center of A& multiplet, -CH,CH,CI), 5.13 (mul- 
tiplet approaching a singlet, -CH,CH,-), about 7.9 (broad, NH,), 
8.87 (singlet, imidazole CH). 
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Cactaceae Alkaloids VII: Alkaloids of Echinocereus merkeri 


S. AGURELL, J. LUNDSTROM and A. MASOUD 


Abstract 0 N,N-Dimethyl-3,4-dimethoxyphenethylamine has been 
isolated for the first time as a natural product from Echinocereus 
merkeri Hildm. N-Methyl-3,4-dimethoxyphenethylamine, 3,4- 
dimethoxyphenethylamine, 3-methoxytyramine, and hordenine 
were also identified in this species together with the tetrahydroiso- 
quinoline alkaloid salsoline. 


Keyphrases 0 Cactaceae alkaloids-Echinocereus merkeri 
N,N- Dimethyl - 3,4 - dimethoxyphenethylamine-isolation, identi- 
fication 0 P-Phenethylamines, salsoline-isolation, identification 0 
TLC-separation, identification 0 GLC-identity 0 Mass spec- 
troscopy-identity 


A recent screening of the family Cactaceae for the 
presence of alkaloids indicated that the genus Echino- 
cereus is rich in alkaloids (1). Brown et al. (2) also re- 
ported the presence of several alkaloids in two Echino- 
cereus species. However, up to date, there has been no 
structural work reported on the Echinocereus al- 
kaloids. 


Echinocereus merkeri Hildm., growing exclusively in 
Northern Mexico, is one of the 73 species of the genus 
Echinocereus which is indigenous to  the U.S.A. and 
Mexico. Due to the considerable amount of alkaloids 
encountered in the authors’ preliminary screening of 
this plant (l), it was decided to investigate the structure 
of these alkaloids 


H O  m N - R 2  ““’”WNH HO 2 c H 3 0 m N - R 2  CH30 


R l  R l  


I R,,R,=H ILT V R,,R,=H 


II R,=CH3, R,=H m R,=CH,.R,=H 


Ill R,,R, = CH3 mT R,,R, = CH3 


C H 3 0  


rmT 


Alkaloid extraction followed by fractionation on an 
alumina column led to the isolation and identification of 
the compounds shown in Table I. These compounds 
were identified by comparison with synthetic reference 
materials using TLC, GLC, and mass spectra. The two 
major alkaloids, N,N-dimethyl-3,4-dimethoxyphen- 
ethylamine (VII) and N-methyl-3,4-dimethoxyphenethyl- 
amine (VI) representing some 60 and 20%, respectively, 
of the crude alkaloid extract, were isolated as hydro- 
chlorides. It should be added that the proportions of 
these alkaloids are established for cacti extracted during 
the summer, however, the pattern appears to be some- 
what different in plants extracted during the winter 
season. 


The now identified compounds with the exception of 
salsoline (l-methyl-6-hydroxy-7-methoxy- 1,2,3,4-tetra- 
hydroisoquinoline) are simple P-phenethylamines. So 


Table I-Column Chromatographic Separation of the Crude 
Alkaloid Extract of E. merkeri 


Struc- 
Solvent” Alkaloid Identified ture 


Chloroform-benzene 
1 :2 
1 :1 


2:l 
Chloroform 
Chloroform-methanol 


4: 1 


1:l 
Methanol 
Water-methanol 
1:l 


- 
N,N-Dimethyl-3,4-dimethoxy- 


phenethylamine 


N-Methyl-3,4-dimethoxy- 


3,4Dimethoxyphenethylamine 


3-Methoxytyramine 


phenethylamine 
- 


Hordenine 
Salsoline 


- 


VII 


VI 


- 


V 


IV 
111 
VIII 


aOne hundred milliliters of each solvent was passed through the 
column. Fractions of 10 ml. each were collected and analyzed by GLC. 


far all reported cactus alkaloids are either P-phenethyl- 
amines or simple ring closed derivatives thereof-uiz., 
tetrahydroisoquinolines. 


The occurrence of 3,4-dimethoxyphenethylamine (V) 
in nature was lately established for the first time in 
Lophophora wiIIiamsii (3). Since, it has been identified 
in several Trichocereus sp. (1). N-Methyl-3,4-dimethoxy- 
phenethylamine (VI) has been encountered (1) in nature 
only once before, in Lepidocorypantha runyonii. N,N- 
Dimethyl-3,4-dimethoxyphenethylamine (VII) has never 
been reported before to occur in nature. Thus, a series 
of dimethoxy-P-phenethylamines, with none to two N- 
methyl groups has now been established in cacti. 


Apart from the phenethylamines, the cactus extract 
also contained a phenolic alkaloid (M+ 193) showing the 
fragmentation pattern of a l-methyltetrahydroiso- 
quinoline alkaloid with a base peak of mle 178 (M+ 
-15). Comparison by GLC and mass spectrometry 
with authentic salsoline and its isomer (l-methyl-7- 
hydroxy-6-methoxytetrahydroisoquinoline) showed the 
isolated compound to be salsoline. Salsoline is previ- 
ously only known from Chenopodiaceae although the 
closely related alkaloid carnegine (0,N-dimethylsalso- 
line) is known from Cactaceae. 


EXPERIMENTAL 


Experimental details and synthesis of reference materials have 
been described in previous publications (1,  4). Reference plants of 
E. merkeri are maintained in the author’s greenhouse. Five cacti 
weighing 3.42 kg. were extracted to yield 538 mg. of crude alkaloids. 


A small amount, about lo%, of the crude extract was fraction- 
ated on an ion-exchange column (IRA 400) into phenolic and 
nonphenolic alkaloids (1). These fractions were then chromato- 
graphed by GLC (Fig. 1) for preliminary qualitative and mass 
spectrometric information. 


The major part, about 90%, of the crude extract was fractionated 
on a 2 X 20-cm. aluminum oxide column (Merck, activity 11-111 
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Figure 1-Gas chromatogram of (left) phenolic; (right) nonphenolic 
alkaloid fraction of Echinocereus merkeri. Column: 1.83 m. (6 
f t . )  X 0.41 cm. (0.125 in.); 5% SE-30 on Gas Chrom P;  initial 
temp. 130",progr. 6"lmin. Peak I = hordenine, peak 2 = 3-methoxy- 
tyramine, peak 3 = unknown, peak 4 = N,N-dimethyl-3,4-di- 
methoxyphenethylamine, peak 5 = salsoline, peaks 6-7 = unknowns, 
peak 8 = unknown (M+ = m/e 140, base peak = 58), penk 9 = 
mixture of N-methyl- and N,N-dimethyl-3,4-dimethoxyphenethyl- 
amine. 


acc. to Brockmann) and eluted with the solvents shown in Table I. 
The eluates were investigated by TLC and GLC using SE-30 and 
XE-60 columns (1). N,N-Dimethyl-3,4-dimethoxyphenethylamine, 
and N-methyl-3,4-dimethoxyphenethylamine, were isolated using 
preparative column chromatography, and recrystallized as hy- 


drochlorides from hot chloroform upon the dropwise addition of 
ether. Melting points ofhydrochlorides, VII.HCI 193-196", VI.HCI 
134-136". Reported (1) m.p.'s for these compounds are 194-197" 
and 196-197 ', respectively. 


Mass spectra were recorded with a gas chromatograph mass 
spectrometer (LKB9000), ion source 270", electron energy 70 eV., 
and ionization current 60 pamp. 


Mass spectrometric data; compounds IV-V, see Reference 4. 
N-Methyl-3,4-dimethoxyphenethylamine, major peaks, mle 44 
(loox), 151 (3%), 152 (40%), 195 (M+ 1%). N,N-Dimethyl-3,4- 
dimethoxyphenethylamine, major peaks, mle 58 (loo%), 151 
(373, 152 ( l x ) ,  209 (Mf 1%). Salsoline, major peaks, mle 149 
(3%h 153 (7%), 154 (473, 178 (1m%), 192 (6%), 193 (M+, 3%). 
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Ring Opening of Cyclic Salicylamides 


BARRIE M. PHILLIPS*, HERBERT J. HAVERAt, and TONI L. HAMMES* 


Abstract 0 The ring opening of four cyclic salicylamides to their 
phenolic analogs is described. Compounds in which a basic group is 
separated from the amide nitrogen by a three-carbon chain were 
found to undergo this reaction considerably more slowly than com- 
pounds with a two-carbon chain. Ring opening was shown to be 
pH dependent and is base-catalyzed. 


Keyphrases 0 Salicylamides, cyclic-ring opening 0 Phenolic 
salicylamides-synthesis 0 pH effect-ring opening, salicyl- 
amides 0 Radiometric determination-ring opening, salicylamides 
0 Colorimetric analysis-spectrophotometer 


Because of the presence of the cyclic acyl urethan 
group and the consequent opportunity for nucleophilic 
attack on the carbonyl group, cyclic salicylamides of the 
type respresented by the generic structure 


have been considered unstable in the presence of a base 
(1). The present report describes experiments under- 


taken in an effort to obtain a cyclic salicylamide which 
would be stable under physiological conditions and a 
study of the pH dependent nature of the conversion of a 
cyclic salicylamide to its phenolic analog. 


METHODS AND MATERIALS 


Chemical Synthesis-Four pairs of phenolic salicylamides and 
the corresponding cylic compounds (Table I) were prepared, the 
phenolic compounds by a single method, and the cyclic compounds 
by one of two methods [these methods represent modifications of the 
procedure described by Shapiro et at. (2)]; representative syntheses 
are described. 
N-(2-Morpholinoethyl)salicylamide hydrochloride (111) was 


prepared by heating a mixture of 60.8 g. (0.40 mole) of methyl 
salicylate and 52.0 g. (0.40 mole) of N-(2-aminoethyl)morpholine 
under reflux for 18 hr. The resulting methanol was removed by 
distillation over a period of 4 hr. and the remaining material was 
then distilled under reduced pressure. A 63.5-g. fraction was col- 
lected between 180-190" at 0.1 mm.; the IR spectrum' showed an 
amide carhonyl absorption at 1650 crn.-l. The hydrochloride was 
prepared by adding 50 ml. of a 2.2 NHCl solution in 2-propanol to 
22.5 g. (0.09 mole) of the free base. Upon addition of ether, a white 
solid formed which was recrystallized from methanol-ether. 


*IR spectra were obtained with a Perkin-Elmer model 237 grating 
spectrophotometer. 
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Drug Absorption I: An In Situ Rat Gut Technique 
Yielding Realistic Absorption Rates 


JAMES T. DOLUISIO, NORMAN F. BILLUPS, LEWIS W. DITTERT, EDWIN T. SUGITA,* 
and JOSEPH V. SWINTOSKY 


Abstract 0 A method is reported for studying gastrointestinal drug 
absorption from isolated gut segments of the anesthetized rat in 
situ. The experimental technique is simple and utilizes readily 
available laboratory equipment. The results are closely reproducible 
and yield absorption rates which are realistic in terms of the known 
absorption behavior of drugs in humans and intact animals. Dis- 
appearance of the drugs from the lumen of the small intestine fol- 
lowed apparent first-order kinetics; and the following half-lives 
were determined at pH 6: aminopyrine, 32 min.; barbital, 19 min.; 
haloperidol, 24 min. ; prochlorperazine, 23 min. ; salicylic acid, 
8 rnin,; and sulfaethidole, 32 min. These absorption rates are much 
faster than those normally observed in in situ intestinal preparations. 
Absorption rates from rat stomach in situ, and preliminary data 
showing a relationship between fasting time and intestinal absorp- 
tion rates in the rat are also presented. 


Keyphrases 0 Gastrointestinal absorption rate determination- 
methodology 0 Absorption, drug-isolated gut segments, stomach, 
in situ 0 Drug diffusion-blood to gut lumen 0 Fasting effect- 
drug absorption 0 UV spectrophotometry-analysis 


The current basic concepts of the processes involved 
in gastrointestinal drug absorption are based largely 
upon experiments in rats (1-5). For example, Brodie 
et al. using rats, employed an in situ technique to  deter- 
mine the equilibrium ratios of drug concentrations in 
blood and the gut lumen by simultaneously injecting 
the drug into the blood stream and perfusing drug 
solutions through the gut (3, 4). Intravenous dosages 
and drug concentrations in the gut perfusion fluids 
were adjusted until no net transfer of drug between gut 
and blood occurred. The drug concentrations were 
corrected for protein binding, and the ratios of un- 
bound drug in each compartment were calculated. In 
the stomach, the experimental values compared favor- 
ably with ratios predicted from equations derived on the 
assumption that transfer occurred by passive diffusion 
of the unionized drug through the gut wall. In the small 
intestine, favorable correlations were obtained if the 
additional assumption was made that the “virtual” 
pH of the intestinal membrane surface, which controls 
drug partitioning, is about 5.3 regardless of the pH of 
the lumen fluid. 


These equilibrium experiments yielded useful in- 
formation and eliminated the need to  consider such 
processes as metabolism, excretion, and tissue distribu- 
tion; but they did not deal directly with the dynamics 
of the absorption process. Schanker et al. (l), Kakemi 
(6), and others have studied the dynamics of the ab- 
sorption process by measuring drug disappearance 
from gastric or intestinal perfusion solutions following 
a single pass or when the solution was circulated. In 
the single pass experiments, a drug solution was per- 
fused through the gut; and the entering and leaving 


concentrations were determined. The assumption made 
in this approach is that first-order absorption kinetics 
occurs. Also, each animal produces only one datum 
point. In the circulation experiments, the decrease in drug 
concentration in circulating perfusion fluid was followed. 
This approach has the disadvantage that the volume 
of the perfusion fluid must be much larger than the 
volume of the gut lumen. Consequently, only a fraction 
of the perfusion fluid is exposed to the absorption site 
at any given time. 


Still other investigators (7-9) have attempted to study 
gastrointestinal drug absorption rates by techniques 
utilizing isolated gut segments in vitro. Although these 
techniques control many of the variables encountered 
in the absorption process, they suffer from the major 
disadvantage that the gut segments lack a blood supply. 
The drug must diffuse not only through the membrane 
barrier but also through the muscle, connective tissue, 
fatty tissue, and other tissue structures which comprise 
the entire intestinal wall. As a result, absorption rates 
measured by these in vitro techniques are unrealistically 
slow; and storage of drug in the “membrane” is un- 
realistically large. In addition, the in vitro preparations 
tend to deteriorate rapidly due to  cellular death. 


Previous publications (10, 11) have dealt with the use 
of an in vitro model for the drug absorption process 
which employs an artificial lipid-like barrier separating 
two aqueous buffered phases representing gut lumen 
fluid and blood, respectively. The results of these studies 
have served largely to establish kinetic models in a 
three-compartment (water-oil-water) system and to 
screen various agents that might later be studied for 
their influences on the drug absorption process in living 
systems. In most cases, a lipid-like barrier (cyclohexane) 
which permits passage of only unionized drugs has been 
utilized; and the results are in agreement with the pre- 
dictions of the pH-partition hypothesis (14).  


Despite the fact that much has been learned about the 
drug absorption process through experiments utilizing 
the techniques discussed above, no single technique 
or combination of techniques reported to  date allows 
the researcher to  do  more than make rank order com- 
parisons among drugs with respect to oral absorption 
rates. In most in vitro and in situ gut preparations, the 
apparent rates of drug absorption are relatively slow; 
whereas in humans and intact animals, drug absorption 
as calculated from blood level data is usually very 
rapid. For example, Levy et al. (12) reported that in 
humans the half-life for oral absorption of aspirin 
from solutions is about 5 min.; and a half-life of 15-30 
min. for oral absorption of sulfaethidole from fine 
particle suspensions in humans can be estimated from 


1196 0 Journal of Pharmaceutical Sciences 







the data of Swintosky et al. (13). The data of Rosen 
et al. (14) for dextroamphetarnine-l4C sulfate capsules 
in dogs suggests that the half-life for absorption is 
about 20 min., and the data of Dittert et al. (15) for 
4-acetamidophenyl 2,2,2-trichloroethyl carbonate sus- 
pensions in mice suggests that the half-life for absorp- 
tion is about 10 min. 


This paper reports upon a method for determining 
drug absorption rates from segments of the gastro- 
intestinal tracts of rats, in situ, which offers significant 
advantages over other methods. The main advantage is 
that the technique produces absorption rates which 
are realistic and comparable to those calculated from 
blood concentration data following oral drug adminis- 
tration to humans and intact animals. In  addition 
(a) the experimental technique is simple (b)  the appara- 
tus is inexpensive and readily available (c) a single 
animal yields experimental data suitable for complete 
quantitative kinetic analysis (4 animal to animal varia- 
tion of the kinetic results is minimal, and (e) the time 
required to conduct an experiment is moderate. 


EXPERIMENTAL 


Equipment and Reagents-All of the chemicals employed in this 
study were reagent grade unless otherwise specified. All solutions 
were prepared with distilled, deionized, boiled water. A pH meter 
(Beckman Zeromatic 11), a constant temperature water bath 
(Haake type FBE), and a spectrophotometer (Cary model 15) were 
utilized. 


Perfusion and Drug Solutions-The perfusion solution used for 
irrigating the gastrointestinal tract contained the following molar 
concentrations of salts: 1.45 X 10-l MNaC1, 4.56 X MKCI, 
1.25 X M NaH2PO.&. Drug solu- 
tions were made isotonic and were buffered at pH 6.0 with a 
Sorensen buffer, or pH 3.0 with a citrate-phosphate buffer. All 
solutions were maintained at 37 O during administration. 


Test Animal--Male Sprague-Dawley albino rats weighing 220- 
260 g. were fasted 16-24 hr. prior to surgery; however drinking 
water was readily accessible. They were kept in cages having wide 
mesh floors to prevent coprophagy. The rats were anesthetized 
approximately 1 hr. prior to surgery with ethyl carbamate (ure- 
than) using an intraperitoneal injection of 1 mg./g. body weight. 


Intestinal Absorption Procedure-The small intestine was ex- 
posed by a midline abdominal incision, and two L-shaped glass 
cannulae were inserted through small slits at the duodenal and ileal 
ends, as illustrated in Fig. 1. Care was taken to handle the small 
intestine gently and to reduce surgery to a minimum in order to 
maintain an intact blood supply. The cannulae were secured by 
ligation with silk suture, and the intestine was returned to the ab- 
dominal cavity to aid in maintaining its integrity. Four-centimeter 
segments of Tygon tubing were attached to the exposed ends of 
both cannulae, and a 30-ml. hypodermic syringe fitted with a three- 
way stopcock and containing perfusion fluid warmed to 37" was 
attached to the duodenal cannula (see Fig. 1). As a means of clearing 
the gut, perfusion fluid was then passed slowly through it and out the 
ileal cannula and discarded until the effluent solution was clear. 
The remaining perfusion solution was carefully expelled from the 
intestine by means of air pumped through from the syringe, and 
10 ml. of drug solution was immediately introduced into the in- 
testine by means of the syringe. The stopwatch was started, and the 
ileal cannula was connected to another 30-mi. syringe fitted with a 
three-way stopcock. This arrangement enabled the operator to 
pump the lumen solution into either the ileal or the duodenal 
syringe, remove a 0.1-ml. aliquot, and return the remaining solution 
to the intestine within 10-15 sec. To assure uniform drug solution 
concentrations throughout the gut segment, aliquots were removed 
from the two syringes alternately. 


Stomach Absorption Procedure-In a manner similar to that de- 
scribed for the intestiiial procedure, the stomach was exposed, 
cannulated at the cardiac and duodenal ends, and washed from the 
cardiac end with perfusion solution until the effluent was clear. 


M CaCI?, and 5.00 X 


fl -= .._ -. 


V 
Figure 1-Experimental arrangement for determining rutes of ab- 
sorption of drugs from rat intestinalbrmen in situ. 


The perfusion solution was expelled with air, and 5 ml. of drug 
solution was introduced through the cardiac cannula. The stopwatch 
was started; and a 15-cm. section of 0.011-i.d. polyethylene tubing, 
connected to a 2-mi. syringe fitted with a three-way stopcock, was 
inserted through the duodenal cannula. The stomach contents were 
sampled by withdrawing about 0.5 ml. of the solution into the sy- 
ringe, removing a 0.1-ml. aliquot, and returning the remainder. 


Analytical Methods-The initial concentrations of the drugs were 
chosen on the basis of drug solubility and assay sensitivity. For 
sulfaethidole, a concentration of 0.4 mg./ml. was employed. For 
all other drugs, approximately 1 to 2 mg./ml. was employed. In 
the latter cases, the lowest concentration consistent with assay 
sensitivity was chosen. 


The lumen samples were made appropriately basic with sodium 
hydroxide or acidic with hydrochloric acid and the unionized drugs 
extracted into chloroform. The absorbances of the chloroform 
solutions of the following drugs were determined at the indicated 
spectral peaks: aminopyrine, NF, 270 mp ; haloperidol (McNeil), 
240 mp; prochlorperazine (Smith Kline & French) 252 mp; and 
salicylic acid, USP, 305 mp. 


Barbital was extracted from the samples with chloroform, then 
from the chloroform into a pH 9.4 borate buffer; and the absorb- 
ance was determined at 242 mp. Sulfaethidole was analyzed by the 
method of Bratton and Marshall (16). 


RESULTS AND DISCUSSION 


Before beginning extensive studies utilizing the in situ gut prepa- 
ration described in this report, it was necessary to establish (a) to 
what extent the volume of the solution in the gut lumen might 
change during an experiment, (b) what influence the initial volume 
of this solution might have on the absorption rate, and (c) to what 
extent return of the absorbed drug from blood to gut might occur 
during an experiment. 


The volume of the lumen solution was followed by adding 5 mg./ 
ml. of phenol red dye to the drug solutions. This dye is reported to 
be virtually unabsorbed (l), and it acts as a marker to detect gain 
or loss of water by the lumen. The dye did not appear to influence 
the absorption rates of any of the drugs studied, and in no case did 
the volume of the lumen solution decrease more than 10%. These 
results indicated that water absorption was not significant in these 
experiments, and the great majority of the results reported here were 
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Figure 2-Semilog plots of rat intestinal lumen concentrations (mg.1- 
ml.) versus time for weakly acidic drugs (pH 6.0, 10-ml. lumen solu- 
tion uolume). X-X, salicylic acid; 04, barbital; 0-0, sulfa- 
ethidole. 


obtained without the use of the dye marker. In the absence of phenol 
red, the lumen volume could be monitored satisfactorily by simply 
noting the volumes in the syringes each time the solutions were re- 
moved from the gut for sampling. In these experiments, this volume 
never changed more than 10%. In virtually all intestinal absorption 
experiments, the initial volume of the lumen solution was 10 ml. 
Identical absorption rates were obtained if initial volumes as low 
as 8 ml. or as high as 12 ml. were used. Similarly, in the stomach 
absorption experiments, initial volumes between 4 and 6 ml. gave 
identical absorption rates. 


Diffusion of the drugs from blood to gut lumen was studied by 
intravenously injecting 1.5 to 5 times the amount of drug normally 
placed in the intestinal lumen and by placing 10 ml. of perfusion 
solution (no drug) into the lumen. Lumen samples were taken 
periodically for 3 hr. In no case was more than 5 %  of the i.v. dose 
detected in the lumen solutions; therefore it was concluded that 
return of previously absorbed drug to the lumen could be ignored 
for the drugs employed in this report. 


Drug Disappearance from Stomach or Intestinal Lumen-Typical 
plots showing the disappearance of several drugs from intestinal 
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Figure 3-Semilog plots of rat intestinal lumen concentrations (mg.1- 
ml.) versus time for  weakly basic drugs (pH 6.0, I0 ml. lumen solu- 
tion volume). A-A, aminopyrirre; 3-9, prochlorperazine; @+, 
haloperidol. 
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Figure 4-Semilog plots of rat gustric lumen concentrations (mg.lml.) 
versus time .for weakly acidic drugs (pH 3.0, 5 ml. lumen solution 
uolume). M, barbital; X-X , salicylic acid; 0-0, sulfrrerhidole. 


lumen solutions are shown in Figs. 2 and 3, and from gastric lumen 
solutions in Figs. 4 and 5. The results show that aminopyrine, 
barbital, salicylic acid, and sulfaethidole absorptions follow 
apparent first-order kinetics for the entire experiment in both 
gastric and intestinal preparations. Haloperidol and prochlorper- 
azine, however, disappeared more rapidly in the early minutes 
of the experiments than at later times; however. after approxi- 
mately 8 min. in the intestine and 45 min. in the stomach, the 
absorptions of these drugs also followed apparent first-order ki- 
netics. The reasons for this behavior will be dealt with in a future 
publication. For the purposes of this report, half-lives for halo- 
peridol and prochlorperazine were calculated from the straight 
“tails” of the semilog plots. 


Figures 2-5 illustrate the precision of the data obtained using the 
in situ technique. The semilog plots are linear. The points are all 
quite close to the line, and no difficulty was encountered in fitting 
the line and determining the half-lives. Table I summarizes all the 
results obtained with the intestinal preparation and illustrates the 
very low rat-to-rat and day-to-day variation obtained. In all ex- 
periments, the pH of the lumen solutions remained within the range 
of 6.0-6.2 during the entire period of data collection. 


The half-lives for drug absorption determined by following drug 
concentration in the rat gut lumen (Table I) are similar in magnitude 
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Figure 5-Semilog plots of rat gastric lumen concentrations (mg.lml.) 
versus time for weakly basic drugs (PH 6.0, 5 ml. lumen solution 
uolume). A-A, aminopyrine; 9 - 8 ,  prochlorperaziiie; &-3, halo- 
peridol. 


1198 0 Journal of Pharmriceutical Sciences 







Table I-Half-Lives and First-Order Rate Constants for the 
Disappearance of Drugs from Rat” Small Intestinal Lumen, Zn Situ 


I- Initial pH 6.P- P 


Average Average 
Half-Life k ,  


Drug Half-Lives (min.) (rnin.) (min.-l) 


Weak Acids 
Sa!icylic acid 8,8,8,8,8 8 0.085 
Barbital 19, 19, 17, 19 19 0.037 
Sulfaethidole 34,30,31, 33,30,34 32 0.022 


Weak bases 
Prochlorperazine 24,19,24,24 23 0.030 
Haloperidol 24,24,26,24 24 0.028 
Aminopyrine 36.28.33 32 0.022 


a The rats weighed between 220 and 260 g. A 10-ml. volume of lumen 
solution was employed. In  no  case did the pH shift more than 0.2 units 
during the experiment. 


to absorption rates determined by following blood concentrations 
after oral administration of drugs to humans and intact animals 
(12-15). Swintosky et al. (17) also present views which indicate that 
the absorption rates reported in this publication are realistic values. 
They state that absorption rates may be estimated from the time 
at which the peak blood concentration is reached following oral 
administration of a drug. The half-life for absorption by this method 
of estimation is about to 1/6 the time for attainment of peak blood 
concentration when a first-order absorption process is occurring 
and the rate of absorption is at least five times the rate of elimina- 
tion. Thus. drugs which show peak blood concentrations between 
30 and 150 min. following oral administration are exhibiting ab- 
sorption half-lives of approximately 6 to 30 min. Since many drugs 
show peak blood concentrations in the first few hours after oral 
administration, the absorption rates reported in this paper correlate 
well with those observed in humans. The realistic absorption rates 
determinable by this in situ technique, coupled with its simplicity, 
is one of the most cogent arguments for recommending it in prefer- 
ence to earlier experimental variations of this technique. 


Aminopyrine and sulfaethidole exhibited the slowest absorption 
rates in the intestinal preparation. In both cases, half-lives of 32 
min. (ka = 0.022 min.-l) were obtained. On the other hand, sali- 
cylic acid was the most rapidly absorbed drug exhibiting a half- 
life of 8 rnin. ( k ,  = 0.087 mh-1). This is somewhat surprising since 
salicylic acid. which has a pKa of approximately 3, is essentially 
totally ionized at pH 6.  If it is assumed that salicylic acid is ab- 
sorbed by passive diffusion of the unionized acid, it would be nec- 
essary for this species to diffuse through the intestinal wall at a 
phenomenal rate. Assuming a “virtual” pH of 5.3 for the mucosa 
controlling drug partitioning, the required rate of diffusion of union- 
ized salicylic acid would still be extremely rapid. Thus, the salicylic 
acid data reported here lends support to the concept that this drug 
is absorbed by mechanisms other than, or in addition to, passive 
diffusion of the unionized form. 


Table I1 summarizes the results obtained with the stomach prepa- 
ration. Again, rat-to-rat and day-to-day variation was low; but 


2.0 E 
3 


5 1.0 5 .9 
W .8 c z .7 . .6 
E .5 
n 


.4 


LL 
J 
6 


- 
- 
\ 


6 5 .3 
>- 
0 


.2 


.1 


\ 
\ 


I I 1 I I I I 


MINUTES 
0 5 10 15 20 25 30 35 


Figure 6-Plots showing ihe effect o f  fasting on the half-life for ab- 
sorption of salicylic acid from rat intestinal lumen in situ (pH 6.0, 
10 ml. lumen solution volume). Key: @-e, rats fasted 7 hr., tllz = 8 
min.; k, = 0.085 min.-l; X-X. rats fasted 62 hr., till = 13 rnin.; 
k, = 0.053min.-’. 


absorption from the stomach at pH 3 was much slower for both 
weakly acidic and weakly basic drugs than from the small intestine 
at pH 6.  In the case of the weakly basic drugs, these results could be 
rationalized in terms of the grzater fraction of the drug present in 
the lipid insoluble ionized form at the lower pH. But, in the case 
of the weakly acidic drugs. the results must be rationalized in terms 
of the larger absorbing surface of the intestine and its better physio- 
logical organization for absorption compared to thoseof thestomach. 
In addition, the high ratio between the absorbing surface area and 
the lumen solution volumes probably contributed to more rapid 
absorption in the intestinal experiments. 


When the pH of the gastric lumen was shifted to 6, the weakly 
acidic drugs were absorbed more slowly while the weakly basic 
drugs were absorbed more rapidly than at pH 3. However, in no 
case was the stomach absorption rate at pH 6 as fast as the intestinal 
absorption rate at pH 6 ,  again reflecting the relative surface areas 
and physiological organizations of the two sites, as well as the rela- 
tive surface-to-volume ratios in the two experiments. 


In addition to allowing determination of absorption rates from 
various segments of the gastrointestinal tract, the in siru technique 
offers many opportunities for studying various aspects of the drug 
absorption process under conditions in which realistic absorption 
rates are obtained. An example of one type of study that can be 
performed is illustrated in studies of the effect of fasting on drug 
absorption rates. The rats used in the previously described studies 
were routinely fasted for 16-24 hr. prior to surgery in order to 
clear the gut lumen as much as possible. When rats were fasted for 


Table 11-Half-Lives and First-Order Rate Constants for the Disappearance of Drugs from Rat“ Gastric Lumen, In  Situ 


Initial pH 3.05 . J  Initial UH 6.P 


Drug 


Average Average 


(min.) (min.) k, (min.?) (min.) (rnin.) k,,(min.?) 
Half-Lives Half-Life Average Half-Lives Half-Life Average 


Weak acids 
Salicylic acid 
Barbital 
Sulfaethidole 


46,47 46.5 0.015 130,130,130 130 0.0053 
220,250,240 237 0.0029 280,260.270 270 0.0026 
160,190 175 0.004 280,320 300 0.0023 


Weak bases 
Prochlorperazine >350 >350 <0.002 120,102 1 1 1  0.0062 


Aminopyrine >350 >350 <0.002 150,154 152 0.0046 
Haloperidol 250,250 250 0.0028 168,144,190 167 0.0041 


The rats weighed between 220 and 260 g. A 5-ml. volume of lumen solution was employed. In  no  case did the pH shift more than 0.4 units 
during the experiment. 
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longer periods, the rate of absorption of salicylic acid was found to 
be much slower (see Fig. 6). This has lead us to study the influence 
of fasting on drug absorption rates, and the results of that study 
are to be reported separately (18). 


Future publications will deal with the influence of the physical- 
chemical properties of drugs on their absorption rates from the 
in situ rat intestine and with correlations between drug transfer 
kinetics in a three phase in uitro model for drug absorption (11) 
and drug transfer kinetics in the in situ rat intestinal preparation. 
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Drug Absorption 11: Effect of Fasting on Intestinal Drug Absorption 


J. T. DOLUISIO, G. H. TAN, N. F. BILLUPS and L. DIAMOND 


Abstract 0 The effects of fasting on the intestinal absorption pro- 
files of salicylic acid, barbital, haloperidol, and chlorpromazine 
were studied in anesthetized rats. The in situ technique employed 
in this study yielded absorption rate constants which were realistic 
and comparable to those observed following oral drug administra- 
tion. The weak acids, barbital and salicylic acid, were found to obey 
first-order kinetics throughout the experiments. The highly lipid- 
soluble weak bases, haloperidol and chlorpromazine, obeyed first- 
order kinetics after the first 10 min. of experimentation. No apparent 
deviation in absorption patterns occurred when fasting periods 
were less than 20 hr. However, when the period of inanition exceeded 
20 hr., absorption rates were found to decrease significantly and 
the decrease was dependent on the duration of the fasting period. 
It is possible that the unusual drug absorption patterns noted in 
these studies could be accounted for by one or more of the various 
physiological and/or biochemical changes which occur within an 
organism subjected to conditions of prolonged fasting. 


Keyphrases 0 Drug absorption-intestinal 0 Intestinal absorption, 
drug-fasting effect 0 Perfused intestine-drug absorption 0 
Fasting-intestinal effect 


A previously published report from the authors' 
laboratory described an improved in situ method for the 
quantitative determination of realistic absorption rate 
values for drugs from isolated segments of the gastro- 
intestinal tract of anesthetized rats (1). The technique 


yielded reproducible data from which kinetic values 
for drug absorption could be calculated. The experi- 
mental protocol employed in these studies called for 
routine periods of fasting (16-24 hr.) prior to  ex- 
perimentation. On occasion, when the experiments 
could not be conducted during the intended time period, 
the animals were fasted for an additional period of time. 
Results obtained from animals subjected to these pro- 
longed starvation periods revealed unexpected and un- 
usual drug absorption patterns. Consequently, studies 
were designed specifically to determine the effect of 
fasting on intestinal drug absorption. This paper re- 
ports on the results of those studies. 


EXPERIMENTAL 


Reagents and Equipment-All of the chemicals employed in this 
study were reagent grade unless otherwise specified. The perfusion 
solutionconsisted of 1.45 X 10-l MNaC1,4.56 X MKCI, 1.25 
X A4 NaH2P0, prepared with dis- 
tilled, deionized, and boiled water. The drug solutions consisted 
of 2.3 g./l. salicylic acid, 0.80 g./L haloperidol, 0.80 g./l. chlor- 
promazine, or 1.20 g./l. barbital made isotonic with NaCl and 
buffered with Sorensen phosphate buffer at a pH 6.0. A constant 
temperature water bath (Haake type FBE) was used to maintain 
the perfusing solutions at 37". The pH determinations were carried 
out with a pH meter (Beckman Zeromatic 11). A spectrophotometer 
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Sorensen Buffer-Table VI lists the literature and calculated 
values along with the experimentally determined values of pH for 
the 10 official phosphate buffer mixtures. It can be seen that the 
pH values reported by Sorensen (10) and cited by Goyan and 
Hind (4) in their formulation of isotonic phosphate buffer mixtures 
which have been transcribed into the USP (8) and NF (9) agree 
quite well with the experimental values obtained in this study at 
25". However, it should be pointed out that the pH values found in 
the USP (8) and NF (9) are somewhat ambiguous since they do not 
represent isotonic buffers' pH values as they might lead one to sus- 
pect; but instead represent the buffer mixtures' pH before the 
addition of the appropriate amounts of sodium chloride needed to 
render the solution isotonic. A rigorous approach involving all 
phosphate equilibria, mass balance, and charge balance was em- 
ployed in calculating the pH. Because of the complexity of the re- 
lationship that results from such a rigorous approach, a computer 
(IBM-1130) was used to perform the required Newton-Raphson 
iteration. It can also be noted in Table VI that tonicity values 
calculated from freezing point depression data of the buffer mix- 
tures are somewhat lower than those determined experimentally 
with the osmometer at 37". This seems to indicate that at higher 
temperatures the ability of phosphate species to associate is slightly 
diminished. This was found to  be true when the phosphate salts' E 
values were reviewed. Table I1 illustrates that the E values of both 
phosphate salts are 5 to 10% higher at 37" than at 0". The pH 
values of the buffer mixtures at 37" are also included in Table VI. 


The compilation of the data obtained in the re-evaluation of the 
official isotonic phosphate buffer found in Table VII demonstrates 
that the 10 buffer mixtures that were calculated to be isotonic at 0" 
are slightly hypertonic at 37". The resulting solutions were hyper- 
tonic due to the low tonicity values assigned to the buffer mixtures 
which dictated the quantities of sodium chloride that would be neces- 
sary to render the buffers isotonic. The pH values for these buffer 
mixtures at 25 and 37" are listed in Table VII. The USP (8) and N F  


(9) do not list such values; however, it was thought more important 
to know the pH of the resulting mixtures than the pH of the buffer 
mixture itself. 
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Determination of Micellar Weights for Di-Alkyl Sodium 
Sulfosuccinates in Anhydrous and 


SYLVAN G. FRANK* and GEORGE ZOGRAFI 


Abstract 0 Previous studies have demonstrated that di-(2-ethyl- 
hexyl) sodium sulfosuccinate, dissolved in various hydrocarbon 
solvents, is capable of solubilizing large amounts of water, whereas 
closely related compounds such as the di-n-octyl and di-n-hexyl 
derivatives exhibit negligible solubilizing capacity. In view of these 
observations the micellar size of these three compounds in n- 
octane was measured by light scattering. Large differences in micelle 
weight between di-(2-ethylhexyl) sodium sulfosuccinate in n-octane 
(13,000) and the other compounds (about 200,000) suggested a 
significant role for the 2-ethyl side chain. The active participation 
of water in the organization of these micelles is suggested by signif- 
icant changes in micellar weight, well in excess of that accounted 
for by the added amount of water. The influence of different hy- 
drocarbon solvents on micellar weight also was found to be quite 
significant. 


Keyphrases 0 Di-Alkyl Na sulfosuccinates-micellar weights 0 
Micellar weight determination-anhydrous, hydrous hydrocarbon 
systems 17 Cohesive energy-micellar size Light scattering spec- 
trometry-micellar weights Refractive index-micellar solutions 


The present study is part of an overall effort to gain an 
understanding of the complex equilibria produced 


Hydrous Hydrocarbon Solutions 


when relatively large amounts of water and lipids or 
oils are dispersed in the presence of surface-active 
micelle-forming molecules. Of particular concern, 
presently, is the ability of surface-active agents to 
solubilize water in nonpolar solvents. Pharmaceutical 
situations where this may be important include the 
formula t ion  of clear oil-soluble liquids or gels to be 
applied to the skin, or the formulation of nonaqueous 
solutions for the depot injection of water-soluble al- 
lergenic extracts and vaccines. More basic still is the 
application of such knowledge toward an understand- 
ing of the properties of water at interfaces, particularly 
biological interfaces such as membranes. 


Previous studies have demonstrated that di(2-ethyl- 
hexyl) sodium sulfosuccinate' dissolved in various hy- 
drocarbon solvents is capable of solubilizing relatively 
large amounts of water (1-4), comparable to that 
solubilized by lecithin (5) and the more complex micro- 


1 Supplied commercially as Aerosol OT by the American Cyanamid 
co. 
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Figure 1-Light-scattering study of a di-(bethylhexyl) sodium 
sulfosuccinate (A0T)-n-octane system at 25 '. 


emulsion systems (6).  In general the longer the chain 
length of the aliphatic hydrocarbon solvent the lower 
is the amount of water solubilized (1, 4). In contrast to 
this behavior, closely related compounds, di-(n-octyl) 
sodium sulfosuccinate and di-(n-hexyl) sodium sul- 
fosuccinate, exhibit little ability to solubilize water in 
any hydrocarbon solvent (4). 


In view of these observations, a light-scattering study 
was conducted in order to determine the effect of (a) 
increasing amounts of water and (b)  hydrocarbon 
solvent chain length and structure on the micellar 
weight of di-(2-ethylhexyl) sodium sulfosuccinate. 
Studies with this compound in the absence of water 
also were carried out in a number of hydrocarbon sol- 
vents. Since appreciable amounts of the n-hexyl and 
n-octyl derivatives are not soluble except in n-octane, 
comparisons among the three alkyl sulfosuccinates 
were possible only in this solvent. 


EXPERIMENTAL 


Materials-Di-(2-ethyIhexyl) sodium sulfosuccinate (AOT), di- 
(n-hexyl) sodium sulfosuccinate (AMA), and di-(a-octyl) sodium 
sulfosuccinate (OOT) were synthesized and purified according to 
procedures described previously (7, 8). Surface tension measure- 
ments indicated no minima at the critical micelle concentration 
(CMC) and values of CMC in good agreement with previously 
reported values (9, 10). 


The hydrocarbon solvents, n-octane, dodecane, and hexadecane 
(Aldrich Chemical Co.), and n-decane and tetradecane (Eastman 
Organic Chemicals) were treated according to the method of 
Gillap et al. (11). Cyclohexane (Matheson, Coleman and Bell) 
was spectroquality and was twice distilled. Specific gravities deter- 
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Figure 2-Light-scattering study of a di-(n-octyl) sodium sulfosuc- 
cinate (0OT)-n-octane system at 25". 


mined for all solvents were in excellent agreement with previously 
reported values (12, 13). The water used was twice distilled. 


Instrumentation-Light-scattering measurements were made with 
a light-scattering photometer (Brice-Phoenix Universal, model 
series 2000, Phoenix Precision Instrument Co.), equipped with a 
cored cell jacket and cell table for temperature control at 25 f 1 O. 


An electrometer (Keithley model 610B) was substituted for the 
usual galvanometer as suggested by Abramson (14), to provide 
greater stability and faster readings. All measurements were made 
using incident light having a wavelength of 546 mp. Differential 
refractive index measurements were made with a differential re- 
fractometer (Brice-Phoenix model BP 2000V) with a closed cell 
for volatile solvents. As above, a wavelength of 546 mp was utilized. 


Procedure-Samples for light-scattering measurements were 
prepared by a procedure described previously (4), and equilibrated 
with agitation at 25 f 0.1" for 24 hr. to 2 weeks before use. All 
extraneous scattering elements were removed by positive pressure 
filtration through a vinyl fluoride membrane filter (Gelman In- 
strument Co., VF-6, 0.45-p pore size) contained in a stainless steel 
filtration apparatus (Millipore Corp.). Filtration was made directly 
into the light-scattering cell; the cell was rinsed twice with filtrate 
prior to collection of a sample for measurement. Turbidity was 
measured in a cell (Phoenix Precision Instrument Co., T-101), 
while the dissymmetry measurements, at 45 and 135" to the incident 
beam, were made in a Zimm-type cell (15). A diaphragm (Phoenix 
Precision Instrument Co., K-342) was required to reduce the in- 
cident beam width for the dissymmetry measurements. 


RESULTS 


Anhydrous Surfactant-Solvent Systems-The light-scattering 
results for AOT, AMA, and OOT in n-octane are given in Figs. 
1-3. The bottom plot in each figure depicts the excess turbidity, 
rex., of each solution as a function of surfactant concentration, 
where re=. is the portion of total turbidity in excess of that due to 
pure solvent. The middle plot in each figure depicts the dissymmetry 
values which in all cases were very close to one. The top plot in 
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Figure %Light-scattering study of a di-(n-hexyl) sodium sulfosuc- 
cinate (AMA)-n-octane system at 25". 


each figure is used to obtain the micellar weight, M, by application 
of the Debye equation (16)2 the intercept of this plot being equal 
to 1/M. Since the concentration range where an apparent CMC may 
occur is negligible compared to  concentrations exhibiting significant 
turbidity, extrapolations to obtain 1/M have been made to  zero 
concentration. Due to the uncertainty of turbidity values and the 
marked curvature upward in the Hc/rer. versus concentration plots 
in this region, extrapolations were made utilizing only the more 
concentrated solutions (25). 


Table I lists the apparent micellar weight for the three surfactants 
in n-octane while the values for AOT in other hydrocarbon sol- 
vents are given in the first line of Table 11. In view of the inherent 
error associated with light-scattering measurements of small micelles 
and the uncertainty of extrapolation to 1/M, the agreement of these 
results with other studies utilizing light-scattering and ultracentrif- 
ugal techniques is quite good. Based on light-scattering measure- 
ments, KO-no et al. (17) have reported a value of 25,000 * 15% 
for AOT in cyclohexane, and Peri (18) has reported 11,500 f 
10% for AOT in n-nonane. Using the ultracentrifuge, Mathews and 
Hirschorn (2) have obtained a value of 14,000 for AOT in dodecane, 
while Peri (18) obtained a value of 12,600 with the same system. 
As in the present case (Table 11), Peri observed small increases in 
micellar weight with increasing hydrocarbon solvent chain length 
(18). No values for OOT and AMA have been reported previously. 


Water-AOT-Solvent Systems-The results obtained with the 
various hydrous systems are given in Table 11, with typical light- 
scattering data being given in Fig. 4. Calculations of micellar 
weight were made according to the method of Elworthy and Mc- 
Intosh (19), who concluded that the Debye equation, which is 
defined for binary systems, can be applied to ternary systems if it is 
assumed that all of the water is associated with the surfactant. 
In view of the very low solubility of water in hydrocarbon solvents 


2 Hc/rer.= 1/M + 2BC, where H = [(32.r~no2)/(3~X4)J (dn/dc)*, nois the 
refractive index, X is the wavelength of incident light, N IS Avogardo's 
number, dnjdc is the differential refractive index between solvent and a 
solution of concentration, c, and B is the second virial coefficient. 


Table I---Micelle Weights of Di-Alkyl Sodium 
Sulfosuccinates in n-Octane at 25" 


Micelle Aggregation 
Surfactant Weight Number Dissymmetry 


AOT 13,500 31 1 .OO 
AMA 211,900 546 1.05 
OOT 201,200 453 1.05 


(20) and the low apparent CMC of AOT in hydrocarbon solvents, 
it is quite reasonable to  expect little free water and AOT to be 
present in this particular system. The values obtained in this manner 
are in reasonable agreement with ultracentrifugal studies utilizing 
AOT-water-dodecane (2), with large micelles occurring as the 
point of maximum water solubilization is approached. The large 
values obtained at  higher molar ratios of water to AOT are sub- 
ject to some error due to possible polydispersity in the size of 
micelles, which weights the micellar weight in favor of the larger 
micelles, and to the possibility of critical opalescence which pro- 
duces high intensities of scattered light as a system nears phase 
separation (21). Unfortunately, the Debye equation is not valid 
under these conditions and quantitative interpretations of micellar 
size near the point of phase separation is not possible. 


DISCUSSION 


Comparison of AOT, OOT, and AMA-The m?jor driving force 
for micelle formation in surfactant-hydrocarbon systems is the 
lack of affinity between the polar portion of the surfactant and the 
solvent molecules. In such systems the chain length of the surfactant 
plays a minor role. in contrast to aqueous systems where the major 
factor is the lack of aflinity between water and the alkyl groups. 
The lack of any significant difference in micelle weight between 
OOT and AMA in n-octane is in keeping with this concept since 
their polar portions are identical and their hydrocarbon chain 
lengths differ by only two methylene groups. The marked difference 
noted for AOT micelles. however, suggests that another factor, the 
presence of a branched alkyl group, plays a significant role in these 
systems. 


Since the cross-sectional area of the hydrocarbon portion of the 
dialkyl sodium sulfosuccinates exceeds that of the polar sulfonate 
group, the most sterically favored arrangement of these molecules 
in a nonpolar solvent is the clustering of polar groups into an in- 
verted aggregate or micelle, having spherical or near spherical 
shape. Based upon the micellar weights reported for various AOT- 
hydrocarbon systems and hydrodynamic data from viscosity 
measurements (2, 18). a slightly assymmetric shape is more likely 
than an exactly spherical shape. Any factor which will increase the 
cross-sectional area of the hydrocarbon portion of the surfactant 
will greatly facilitate the formation of smaller micelles having a 
high degree of curvature, while still retaining closest packing of the 
oriented molecules. The significant difference in molecular con- 
figuration between AOT and OOT is shown in Fig. 5 by the use of 
space-filling molecular models, and indeed, the AOT molecule 
appears t o  have a bulkier hydrocarbon portion than OOT. The 
significance of the branched chain of AOT on molecular organiza- 
tion is further emphasized when one realizes that AOT is amorphous 


Table II-Micelle Weights in Water-AOT-Hydrocarbon 
Solvent Systems at 25" 
~~ 


Moles 
water/ 
mole Hexa- Cyclo- 
AOT n-Octane n-Decane Dodecane decane hexane 


0 13,500 16,500 19,400 24,200 17,400 
2 .5  25,500 22,600 30,200 31,800 21,000 
5.0 37,600 43,000 53,600 57,100 33,900 


10.6 105,000 125,000 133,000 a Turbid 
15 0 133,000 303,000 833,000 Turbid Turbid 
22.6 Turbid Turbid Turbid Turbid Turbid 


a At 7.5 moles ofwatertmole ofAOT; micelle weight = 154,000. 
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in the solid state and capable of exhibiting liquid crystalline be- 
havior (22). In contrast, OOT and AMA are crystalline and do not 
exhibit such behavior. It appears, therefore, that OOT and AMA 
form relatively large micelles in n-octane because strong chain- 
chain interactions prevent a high degree of curvature in the micelle. 
The insolubility of OOT and AMA in the higher molecular weight 
n-aliphatic solvents suggests an even greater ability to form large 
aggregates which easily precipitate. On the other hand, significant 
chain-chain interactions between AOT molecules appear to be 
more restricted resulting in the smaller micelles. 


Hydrous Systems and the Effects of Solvent-Ordinarily in 
surfactant-water-hydrocarbon solvent systems one would think 
that water should be solubilized in the polar portion of a micelle 
by interaction with the polar groups of the surfactant molecules. 
If the increase in micellar weight due to solubilized water reflects 
the addition of water to the original anhydrous micelle, it should be 
accounted for quantitatively by the weight of added water (19). 
That this is not the case in the present study is shown in Table 111, 
where values calculated on the basis of an anhydrous micelle 
weight plus the weight of added water are compared with experi- 
mental values. In all calculations a spherical shape was assumed, 
which is in agreement with the results of Mathews and Hirschorn 
(2) for the water-AOT-dodecane system. The assumption made in 
these calculations is that closest packing of surfactant monomers is 
retained when water is incorporated into the micelle. This assump- 
tion is supported by X-ray-scattering studies on concentrated AOT 
solutions in hydrocarbon solvents, where despite the addition of 
water, the lateral distance between surfactant monomers in the 
micelle remains the same (23). It would appear, therefore, that in 
order to obtain such micellar weights and retain closest packing 
of monomers, a reorganization of micelles must occur with each 


Figure 5-Comparison of AOT (left) and OOT (right) molecular 
structure from two directions, using space-Jilling molecular models. 


addition of water. Such reorganization should lead to fewer and 
larger micelles, as the concentration of AOT remains constant. 
It is suggested that the presence of the ethyl side chain provides the 
flexibility required to reorganize the micelles just as it allows AOT 
to exhibit various lyotropic liquid crystalline phases (22). On the 
other hand, the lack of such flexibility limits any tendency for such 
reorganization in the OOT and AMA systems. 


One can gain some insight into the effects noted for the different 
solvents by assuming, in part, that those factors influencing anby- 
drous micellar systems are also involved in the formation of hydrous 
micelles. The tendency to form such micelles will depend on the 
affinity between water and surfactant polar groups, and the hydro- 
carbon solvent, as well as the cohesive energy of the solvent. For 
hydrocarbon solvents with little affinity for polar groups, the 


Table HI-Micelle Weights in Water-AOT-Hydrocarbon Solvent Systems at 25 O 


Moles water/ - n-Octane- - ,  n-Decane 7 ----- Dodecam- - 
Mole AOT Predicted Expt. Predicted Expt. Predicted Expt. 


0 - 13,500 - 16,500 - 19,400 
2.5 14,945 25,500 18,170 22,600 21,380 30,200 
5 . 0  16,340 37,600 19,830 43,000 23,360 53,600 


10.6 19,470 105,200 23,560 125,000 27,790 133,000 
15.0 21,920 133,000 26,700 303, OOO 31,300 833,000 
22.6 Turbid Turbid 37,300 


Moles water/ Hexadecane- 7 


Mole AOT Predicted Expt. 
_ _ _ ~  Cyclo hexane---- 
Predicted Expt. 


0 
2.5 
5.0 


10.6 


- 


26,680 
29,150 


24,200 - 17,400 
31,800 19,160 21 ,000 
57, 100 20,910 33,900 


(I Turbid 


Turbid at 10.6, at 7.5 moles water/mole AOT. Predicted, 31,620; expt. = 154,000. 
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stronger the cohesive energy or intermolecular attraction of the 
hydrocarbon solvent, the greater the tendency for polar groups to  
be “pushed” out of solution, and to aggregate into micelles. On 
this basis alone one would expect larger micelles to be produced 
with increasing chain length of the n-aliphatic solvents, as is the 
case for anhydrous and hydrous AOT micelles in this study. Such 
behavior could also explain the formation of smaller micelles seen 
in cyclohexane since its cohesive energy is lower than most of the 
n-aliphatic solvents. 


Once the micelle forms, other factors to he considered are the 
hydrocarbon chain-chain interactions within the micelle, and the 
chain interactions between the micelle and solvent. One might 
expect solvent to penetrate into the micelle monolayer to some 
extent, if the state of the monolayer is not too highly condensed, 
thus producing a tendency for smaller micelles. This might be the 
case for the less condensed AOT monolayer (because of the bulky 
side chains), whereas less solvent penetration would be expected for 
the more tightly packed AMA and OOT molecules. Cooke and 
Schulman (24) in an attempt to demonstrate the effect of hydro- 
carbon solvents on microemulsion systems, measured solvent 
penetration into monolayers. They concluded, as one might an- 
ticipate, that a t  high surface pressures solvent penetration will not 
act as a determining factor in the area per molecule at  the interface. 
but rather, solvent will be ejected from the monolayer. However. 
they did not exclude the possibility of partial solvent penetration at  
more moderate surface pressures, producing a slight solvation of the 
micelle. This suggestion also has been made by Peri for anhydrous 
AOT micelles (18). All solvents should be able to solvate micelles 
to some extent, but from a steric point of view perhaps the shorter 
chain solvents and cyclohexane may be favored as they are similar 
in length to the hydrocarbon chains of the surfactant and can align 
themselves more easily than can the longer higher molecular weight 
hydrocarbons. 


Whatever the exact mechanism may be, it is clear that relatively 
small changes in the amount of water solubilized and the nature of 
the hydrocarbon solvent exert significant effects on the size of 
AOT micelles. In addition there appears to be a correlation be- 
tween factors influencing micelle size and those influencing water 
solubilization; the smaller the micelle at  any water-AOT ratio the 
less the chance for phase separation. The one exception to a simple 
explanation of size aersus solubilization capacity is the fact that 
AOT in cyclohexane has limited water solubilization yet its micelle 
remains quite small upon the addition of water. This, perhaps, sug- 
gests a different mechanism for the limit on solubilization in the 
cyclohexane system, or an additional factor, not solely related to 
micelle size, operating for all solvents but more obvious with cyclo- 
hexane. Further studies designed to elucidate the mechanisms in- 
volved in the solubilization process are currently being carried out 
to test these ideas. 


SUMMARY 


The micellar weights of di-(2-ethylhexyl) sodium sulfosuccinate 
(AOT), di-(n-octyl) sodium sulfosuccinate (OOT), and di-(n-hexyl) 
sodium sulfosuccinate (AMA) in n-octane have been measured by 
light scattering and found to be 13,500, 201,200, and 211,900, re- 
spectively. Differences in the latter two values and that of AOT 
have been attributed to steric factors associated with the bulky 
ethyl side chain of AOT. 


The micellar weight of AOT in various hydrocarbon solvents in 
the absence and presence of water has been measured. Increasing 
the chain length of the n-aliphatic hydrocarbon solvents increases 
the micellar weight for a given ratio of water t o  AOT. Correlation 
of micellar size with the cohesive energy of these solvents and pos- 


sibIe solvent penetration into the micellar structure has been dis- 
cussed. 


The active participation of water in the organization of the AOT 
micelle is suggested by significant changes in size, well in excess of 
that accounted for by the added amount of water. 
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Figure 1-Gas chromatogram of (left) phenolic; (right) nonphenolic 
alkaloid fraction of Echinocereus merkeri. Column: 1.83 m. (6 
f t . )  X 0.41 cm. (0.125 in.); 5% SE-30 on Gas Chrom P;  initial 
temp. 130",progr. 6"lmin. Peak I = hordenine, peak 2 = 3-methoxy- 
tyramine, peak 3 = unknown, peak 4 = N,N-dimethyl-3,4-di- 
methoxyphenethylamine, peak 5 = salsoline, peaks 6-7 = unknowns, 
peak 8 = unknown (M+ = m/e 140, base peak = 58), penk 9 = 
mixture of N-methyl- and N,N-dimethyl-3,4-dimethoxyphenethyl- 
amine. 


acc. to Brockmann) and eluted with the solvents shown in Table I. 
The eluates were investigated by TLC and GLC using SE-30 and 
XE-60 columns (1). N,N-Dimethyl-3,4-dimethoxyphenethylamine, 
and N-methyl-3,4-dimethoxyphenethylamine, were isolated using 
preparative column chromatography, and recrystallized as hy- 


drochlorides from hot chloroform upon the dropwise addition of 
ether. Melting points ofhydrochlorides, VII.HCI 193-196", VI.HCI 
134-136". Reported (1) m.p.'s for these compounds are 194-197" 
and 196-197 ', respectively. 


Mass spectra were recorded with a gas chromatograph mass 
spectrometer (LKB9000), ion source 270", electron energy 70 eV., 
and ionization current 60 pamp. 


Mass spectrometric data; compounds IV-V, see Reference 4. 
N-Methyl-3,4-dimethoxyphenethylamine, major peaks, mle 44 
(loox), 151 (3%), 152 (40%), 195 (M+ 1%). N,N-Dimethyl-3,4- 
dimethoxyphenethylamine, major peaks, mle 58 (loo%), 151 
(373, 152 ( l x ) ,  209 (Mf 1%). Salsoline, major peaks, mle 149 
(3%h 153 (7%), 154 (473, 178 (1m%), 192 (6%), 193 (M+, 3%). 
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Ring Opening of Cyclic Salicylamides 


BARRIE M. PHILLIPS*, HERBERT J. HAVERAt, and TONI L. HAMMES* 


Abstract 0 The ring opening of four cyclic salicylamides to their 
phenolic analogs is described. Compounds in which a basic group is 
separated from the amide nitrogen by a three-carbon chain were 
found to undergo this reaction considerably more slowly than com- 
pounds with a two-carbon chain. Ring opening was shown to be 
pH dependent and is base-catalyzed. 


Keyphrases 0 Salicylamides, cyclic-ring opening 0 Phenolic 
salicylamides-synthesis 0 pH effect-ring opening, salicyl- 
amides 0 Radiometric determination-ring opening, salicylamides 
0 Colorimetric analysis-spectrophotometer 


Because of the presence of the cyclic acyl urethan 
group and the consequent opportunity for nucleophilic 
attack on the carbonyl group, cyclic salicylamides of the 
type respresented by the generic structure 


have been considered unstable in the presence of a base 
(1). The present report describes experiments under- 


taken in an effort to obtain a cyclic salicylamide which 
would be stable under physiological conditions and a 
study of the pH dependent nature of the conversion of a 
cyclic salicylamide to its phenolic analog. 


METHODS AND MATERIALS 


Chemical Synthesis-Four pairs of phenolic salicylamides and 
the corresponding cylic compounds (Table I) were prepared, the 
phenolic compounds by a single method, and the cyclic compounds 
by one of two methods [these methods represent modifications of the 
procedure described by Shapiro et at. (2)]; representative syntheses 
are described. 
N-(2-Morpholinoethyl)salicylamide hydrochloride (111) was 


prepared by heating a mixture of 60.8 g. (0.40 mole) of methyl 
salicylate and 52.0 g. (0.40 mole) of N-(2-aminoethyl)morpholine 
under reflux for 18 hr. The resulting methanol was removed by 
distillation over a period of 4 hr. and the remaining material was 
then distilled under reduced pressure. A 63.5-g. fraction was col- 
lected between 180-190" at 0.1 mm.; the IR spectrum' showed an 
amide carhonyl absorption at 1650 crn.-l. The hydrochloride was 
prepared by adding 50 ml. of a 2.2 NHCl solution in 2-propanol to 
22.5 g. (0.09 mole) of the free base. Upon addition of ether, a white 
solid formed which was recrystallized from methanol-ether. 


*IR spectra were obtained with a Perkin-Elmer model 237 grating 
spectrophotometer. 
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Table I-Structures of, and Analytical Values for, the Salicylamides 


Anal., % 7 


Compd. n R M.p., Ca Empirical Formula Calcd. Found 


Ib 2 


I I C  3 


IIId 2 


IVd 3 


N"0 
U 


A 
N O  
U 


80-82 CiaHzoNz03 


52940T 


232-233 C14Hi,Nz03. HCI 


174-176 Ci5HzoNz03. HCl 


253-255 C I ~ H I C " ~ .  HC 


N"0 
VIII 3 


U 


227-228 Ci5H18Nz04. HCI 


N (total), 7.95 
N (basic), 3.97 
C, 56.45 
H, 7.11 
N (total), 8.23 .. 


C, 54.44 
H, 6.68 
N (total), 9.78 
N (total), 10.60 
N (basic), 5.30 


N (total), 7.87 
N (basic), 3.97 
c, 55.42 
H, 7.13 
N (total), 8.18 
C,  54.27 
H. 6.88 
N'(total), 9.56 
N (total), 10.54 
N (basic), 5.31 


c ,  56.28 C, 56.77 
H, 6.41 H, 6.65 
N (total), 9.35 N (total), 9.33 
C, 57.62 C, 57.30 
H, 6.77 H, 7.11 
N (total). 8.96 N (total). 8.83 . _ _  ., 
C, 53.74 C, 53.77 
H, 5.48 H, 5.66 
N (total) 8.96 N (total) 8.97 
N (total), 8.57 N (total) 8.67 
N (basic), 4.28 N (basic) 4.26 


a Uncorrected. b Synthesis of free base described by Massarani (4). c Analysls for neutral equiva!ent; ca1cd.-113.5, found-113.9; synthesis 
of hydrochloride described by Dengel (5 ) .  d Synthesis of free base described by Horrom and Swett (6) .  e Synthesis of free base described by 
Robapharm (7). 


Compounds 1,2 11, and IV were synthesized in an analogous 
fashion. 
3-(2-Morpholinoethyl)-2H-1,3-benzoxazine-2,4-( 3H)-dione hydro- 


chloride (VlI) was prepared by the addition, while stirring 
at &5", of 18.5 g. (0.164 mole) of ethyl chloroformate to 41 g. 
(0.164 mole) of N-(2-morpholinoethyl)salicylamide in 100 ml. of 
pyridine and 60 ml. of acetonitrile. After the addition was com- 
pleted, the solvents were removed by distillation at atmospheric 
pressure. When the internal temperature reached 120", the thick 
residue was diluted with 2-propanol, and the slurry was cooled in 
an ice bath. The resulting hydrochloride was recrystallized from 
methanol-ether, resulting in a yield of 22.0 g.; the IR spectrum 
showed the cyclic urethan carbonyl absorptions at 1760 and 1700 
cm.7. 
3-(2-Diethylaminoethyl)-2H-1,3-benzoxazine-2,4(3H)-dione hy- 


drochloride (V) was prepared by the slow addition, with stirring, 
of 14.2 g. (0.13 mole) of ethyl chloroformate to 30.8 g. (0.13 mole) 
of N-(2-diethylaminoethyl)salicylamide in 200 ml. of xylene over a 
period of 10 min. After the addition was completed, the reaction 
mixture was heated to reflux with stirring for 1 hr. The mixture 
was cooled, and the resulting white hydrochloride was recrystallized 
from methanol-ether in a yield of 33.1 g.; the IR spectrum showed 
the cyclic urethan carbonyl absorptions at 1760 and 1700 cm.-'. 
Compound V-2-14C was prepared in a similar manner using ethyl 
chloroformate-I4C (carbonyl carbon). 3 


Compounds VI and VIII were synthesized in an analogous 
fashion. 


A study of the amide hydrolysis of this compound has recently been 


New England Nuclear. 
reported (3). 


Colorimetric Determinations-The addition of a 1 % aqueous 
solution of ferric chloride4 to unbuffered aqueous solutions of 1 
resulted in the production of a violet color (Amax, 538 mp) which 
changed rapidly to a straw color (Amax. 480 mp). Despite the visible 
color change, the absorbance of such a solution at 520 mp was 
found to be stable during the period of color change. Initial attempts 
to carry out this reaction in pH 7.4 buffered aqueous solutions of I 
were unsuccessful, as a white precipitate formed in phosphate 
buffer, a gelatinous orange precipitate formed in bicarbonate 
buffer, and a high blank value was observed with glycine buffer. 
Subsequently, 0.1 N borate buffer proved to be a suitable vehicle 
for the reaction. While the initial violet color, which changed 
rapidly to a straw color, was observed, the absorbance of the solu- 
tion at 564 mp, while not unchanging, wzs sufficiently stable to 
permit quantitation of the phenolic compounds. 


The molar absorptivity of the ferric chloride-phenol complex 
was determined for each of the four compounds. Three solutions 
were prepared, each containing 1 mg. of the phenol/ml. of 0.1 N 
pH 7.4 borate buffer. Three 0.3-ml. aliquots of each solution were 
transferred into test tubes containing 2.7 ml. of the buffer. To each 
of the resulting solutions, 0.5 ml. of 1.0% aqueous ferric chloride 
was added, the mixtures were agitated briefly and the absorbance 
read at 564 mp within 1.25 to 1.75 min. The molar absorptivity of 
each compound at 564 mp was calculated. 


Subsequently, three 10-mg. samples of the cyclic compounds were 
transferred into dry test tubes. At various zero times the aliquots 
were dissolved in 10 ml. of 0.1 N pH 7.4 borate buffer at room tem- 
perature (24"; a preliminary experiment revealed that the conver- 
sion of V to I occurred too rapidly for accurate study at 37"), and at 


4 Centrifuged prior to use. 
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Table 11-Rate of Conversion of the Cyclic Salicylamides to Their 
Phenolic Analogs in 0.1 N pH 7.4 Borate Buffer 


Conversiona n R Slope f Sb 


Half-life of the 
Cyclic Compound, 


r min. 
~ 


v - I  2 N(GH& -0.04910 f 0.004 -0.96004 6.13* 
VI -+ I1 3 N(CJL), -0.08996 f 0.003 -0.99536 2 0 0 . m  


n 
VII .-t 111 2 N O  -0,01635 f 0.0004 - 0.99419 18.41d 


VIII .-t IV 3 N O  -0.06508 f 0.0008 -0.99763 277. 20e 


U 


A 


U 


At room temperature (24”). * or d uersus c or e, significant at the 0.001 level; b uersus d and c versus e significant at the 0.001 level. 


Table 111-Influence of pH on the Conversion of 
Compound V to Compound I 


Relative 
System PH Half-Life 


0 . 1  N borate buffer 7.4 1 .o 
0 . 1  N phosphate buffer 7.0 1 . 1  
0 .1  N phosphate buffer 6 .0  4.9 
0 .1  N acetate buffer 4.0 164.2 
Artificial gastric juice 1 .o 575.8 


appropriate intervals 0.3-ml. aliquots of the solutions were trans- 
ferred into test tubes containing 2.7 ml. of the buffer, 0.5 ml. of 
1.0% aqueous ferric chloride was added immediately, the mixtures 
were agitated briefly and read at 564 mp, against a buffer blank, 
within 1.25 to 1.75 min. The molar concentration of phenolic analog 
appearing in solutions of the cyclic compound was determined, and 
percent conversion, based on the maximum possible content of 
phenolic analog, was calculated. 


Radiometric Determination-Since the ferric chloride assay 
proved to be unsuitable in buffers other than 0.1 N borate, which 
did not have the pH range required, V-2-14C was employed in an 
investigation of the pH dependent nature of the conversion. In this 
study, the stability of the compound was investigated by collecting 
and measuring the carbon dioxide-14C liberated during ring open- 
ing. 


A solution was prepared containing 3.0 mg. V-2-I4C [approxi- 
mately 70,000 (disintegrations per minute)]/50 pl. of freshly dis- 
tilled propylene glycol. Three 50-pl. aliquots of this solution were 
transferred into carbon dioxide absorption tubes [described by 
Leeling and Phillips (S)], 3 ml. of buffer was added to each, and 
the assembled tubes were shaken at 88 excursions per minute on a 
platform shaker5 at room temperature. A 1.5 X 3.8-cm. (0.6 X 
1.5-in.) strip of filter paper6 previously wet with 80 pl. of 0.5 M 
aqueous sodium hydroxide was suspended in the center of each 
tube to absorb the evolved carbon dioxide. 


After shaking for varying periods of time, 0.2 ml. of 10 M aqueous 
sodium hydroxide was added to each tube through the side arm to 
prevent further evolution of carbon dioxide, and the shaking was 
continued for an additional 10 min. At the end of this time, the 
strips were removed, air-dried, and placed in Wheaton vials con- 
taining 17 ml. of a scintillator solution (80 g. of naphthalene, 10 
g. of 2,5-diphenyloxazole, and 0.5 g. of 1,4-di[2-(5-phenyloxazolyl)]- 
benzene in a liter of a 1 : 3 : 3 mixture of xylene, dioxane, and ethylene 
glycol monoethyl ether). The resulting samples were counted in a 
liquid scintillation spectrometer’ for a period of time sufficient to 
yield less than 2 z  counting error. 


The amount of carbon dioxide-14C liberated by complete con- 
version of V-2-14C to I was determined by shaking the material in 


5 Eberbach Corp. reciprocating shaker. 
6 Whatman No. 1. 


Packard Tri-Carb, model 314-EX. 


0.1 N pH 7.4 borate buffer for 8 hr. In subsequent experiments, the 
amount of unchanged V-2-I4C was determined by relating all 
sample count rates to this value; this was necessary because the 
results of timed experiments do not provide absolute data regarding 
carbon dioxide-14C production since some portion of the liberated 
gas is not trapped. 


Statistis-Results, expressed as log percent cyclic salicylamide 
remaining unchanged with time, were subjected to regression 
analysis using the method of least squares (9). Half-lives were cal- 
culated using first-order rate equations discussed by Nelson (10). 
The significance of differences between appropriate slopes was 
tested by the Student’s t test. 


RESULTS AND DISCUSSION 


Results obtained in the study of the conversion of four cyclic 
salicylamides to their phenolic analogs are summarized in Table 11. 
These findings indicate that increasing the alkyl chain length from 
two to three carbons increases the stability of the cyclic compounds 
remarkably. Interestingly, the results also indicate that compounds 
containing the morpholine ring as the basic group are slightly, but 
significantly, more stable than the corresponding diethylamine 
analogs. 


Results obtained in the study of the pH dependent nature of the 
conversion of V to I are summarized in Table 111. These findings 
indicate clearly that the conversion is a base catalyzed pH de- 
pendent reaction. The results suggest that a significant portion of 
an oral dose of even an unstable cjclic salicylamide would remain 
unchanged prior to absorption. 
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longer periods, the rate of absorption of salicylic acid was found to 
be much slower (see Fig. 6). This has lead us to study the influence 
of fasting on drug absorption rates, and the results of that study 
are to be reported separately (18). 


Future publications will deal with the influence of the physical- 
chemical properties of drugs on their absorption rates from the 
in situ rat intestine and with correlations between drug transfer 
kinetics in a three phase in uitro model for drug absorption (11) 
and drug transfer kinetics in the in situ rat intestinal preparation. 
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Drug Absorption 11: Effect of Fasting on Intestinal Drug Absorption 


J. T. DOLUISIO, G. H. TAN, N. F. BILLUPS and L. DIAMOND 


Abstract 0 The effects of fasting on the intestinal absorption pro- 
files of salicylic acid, barbital, haloperidol, and chlorpromazine 
were studied in anesthetized rats. The in situ technique employed 
in this study yielded absorption rate constants which were realistic 
and comparable to those observed following oral drug administra- 
tion. The weak acids, barbital and salicylic acid, were found to obey 
first-order kinetics throughout the experiments. The highly lipid- 
soluble weak bases, haloperidol and chlorpromazine, obeyed first- 
order kinetics after the first 10 min. of experimentation. No apparent 
deviation in absorption patterns occurred when fasting periods 
were less than 20 hr. However, when the period of inanition exceeded 
20 hr., absorption rates were found to decrease significantly and 
the decrease was dependent on the duration of the fasting period. 
It is possible that the unusual drug absorption patterns noted in 
these studies could be accounted for by one or more of the various 
physiological and/or biochemical changes which occur within an 
organism subjected to conditions of prolonged fasting. 


Keyphrases 0 Drug absorption-intestinal 0 Intestinal absorption, 
drug-fasting effect 0 Perfused intestine-drug absorption 0 
Fasting-intestinal effect 


A previously published report from the authors' 
laboratory described an improved in situ method for the 
quantitative determination of realistic absorption rate 
values for drugs from isolated segments of the gastro- 
intestinal tract of anesthetized rats (1). The technique 


yielded reproducible data from which kinetic values 
for drug absorption could be calculated. The experi- 
mental protocol employed in these studies called for 
routine periods of fasting (16-24 hr.) prior to  ex- 
perimentation. On occasion, when the experiments 
could not be conducted during the intended time period, 
the animals were fasted for an additional period of time. 
Results obtained from animals subjected to these pro- 
longed starvation periods revealed unexpected and un- 
usual drug absorption patterns. Consequently, studies 
were designed specifically to determine the effect of 
fasting on intestinal drug absorption. This paper re- 
ports on the results of those studies. 


EXPERIMENTAL 


Reagents and Equipment-All of the chemicals employed in this 
study were reagent grade unless otherwise specified. The perfusion 
solutionconsisted of 1.45 X 10-l MNaC1,4.56 X MKCI, 1.25 
X A4 NaH2P0, prepared with dis- 
tilled, deionized, and boiled water. The drug solutions consisted 
of 2.3 g./l. salicylic acid, 0.80 g./L haloperidol, 0.80 g./l. chlor- 
promazine, or 1.20 g./l. barbital made isotonic with NaCl and 
buffered with Sorensen phosphate buffer at a pH 6.0. A constant 
temperature water bath (Haake type FBE) was used to maintain 
the perfusing solutions at 37". The pH determinations were carried 
out with a pH meter (Beckman Zeromatic 11). A spectrophotometer 


M CaC12, and 5.0 X 
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Figure 1-Semilogarithmic plots of salicylic acid disappearance 
from 10-ml. solution buffered at p H  6 in rat small intestines after 
fastingperiods of either 7 hr. (a), 40 hr. (0), or 62 hr. (X). 
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(Cary model 15) was utilized for analyzing the drug solutions. 
Test Animal-Male Sprague-Dawley albino rats weighing between 


220 and 260 g. were selected for use in this study. Food was with- 
held from the animals prior to experimentation but water was 
allowed ad libitum. The duration of the fasting periods ranged from 
7-62 hr. The animals were individually housed in cages having 
wide mesh floors to prevent coprophagy. 


Surgical Procedure-The animals were anesthetized approxi- 
mately 1 hr. prior to surgery with urethan (1 g./kg. intraperito- 
neally). Laparotomy was performed through a midline incision and 
the entire length of the small bowel was identified. Two L-shaped 
glass cannulae were inserted into the intestine, one isoperistaltically 
at the proximal end of the duodenum, the other antiperistaltically 
at the distal end of the ileum. Perfusion solution was passed through 
the intestinal segment continuously until a clear perfusate was ob- 
tained. The perfusion solution was then expelled and drug solution 
was introduced into the system. Samples were withdrawn at periodic 
intervals and held for subsequent analysis. Details of the aborp- 
tion technique and procedure employed in drug analyses were pre- 
sented in a previous paper (1). 


RESULTS 


This paper reports the effect of fasting on the intestinal absorp- 
tion profiles of salicylic acid, barbital, haloperidol, and chlorprom- 
azine in rats. A previous report (1 )  has established that the tech- 
nique employed yields absorption rate constants that are realistic 
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Figure 2-Intestinal absorption half-lives of salicylic acid after 
periods of fasting. 
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Figure 3-Intestinal absorption half-lives of salicylic acid (0), 
barbital ( X), haloperidol (O), and chlorpromazine (9) fo/lowing peri- 
ods of fasting. Intestinal solutions were buffered at pH 6. 


and comparable to those observed following oral drug administra- 
tion. Another advantage of this absorption technique is that re- 
duced time is required for obtaining accurate, reproducible, and 
quantitative kinetic absorption data. 


Treatment of Data-In these experiments, semilogarithmic plots 
of the amount of drug unabsorbed versus time were utilized to 
determine if drug absorption obeyed simple first-order kinetics 
and to determine the absorption half-lives. The weak acids, 
barbital and salicylic acid, were found to obey first-order kinetics 
throughout the experiments. The highly lipid-soluble weak bases, 
haloperidol and chlorpromazine, obeyed first-order kinetics after 
the first 10 min. of experimentation. The significance of the initial 
nonlinear segment of the curve will be discussed in detail in a future 
publication. In this report the absorption half-lives were determined 
from the linear portion of the curve. 


The intestinal absorption profiles for salicylic acid in rats fasted 
either 7, 40, or 62 hr. are presented graphically in Fig. 1. From 
this graph it can be seen that excellent first-order plots were ob- 
tained following each period of fasting; allowing absorption half- 
lives of 8.2, 9.5, and 13.0 min., respectively, to be calculated from 
these plots. 


Figure 2 summarizes the effect of fasting on the intestinal absorp- 
tion of salicylic acid in rats. No apparent deviation in absorption 
rate occurred when the fasting period was less than 20 hr. However, 
when fasting exceeded 20 hr., absorption rates were found to de- 
crease significantly as the fasting period was increased. Figure 3 
illustrates comparable results for barbital, haloperidol, and chlor- 
promazine. Figure 4 is a plot of the composite absorption rate data 
showing the percent increase of absorption half life as a function of 
fasting time. This figure illustrates that beyond a fasting period of 
20 hr. a similar slowing of absorption rate occurs for each drug. 
This similarity suggests that some general physiologic phenomena 
are affecting the absorption rate equally for all the drugs studied. 


DISCUSSION 


It is generally accepted that the presence of food in the gastro- 
intestinal tract impairs drug absorption. This impairment may be 
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Figure 4-Percent increases in absorption half-lives for salicylic 
acid (O), barbital (X), haloperidol (O), and chlorpromazine (8) fol- 
lowingperiods of fasting. Data is from Fig. 3. 
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due to the binding of the drug to foodstuffs, to poor gastrointestinal 
mixing, or to other physical processes (e.g., metal complexation 
and precipitation) that reduce the availability of the drug for ab- 
sorption. In these instances, fasting improves absorption. However, 
in the authors’ experiments the intestines were cleansed prior to 
experimentation; moreover, fasting exceeding 20 hr. hindered, 
rather than enhanced, the absorption process. Therefore, it appears 
that some physiologic and/or biochemical change that occurs 
during periods of starvation might be responsible for slowing the 
absorption rates as observed in these studies. 


There are numerous physiologic and biochemical changes which 
have been reported to occm during periods of starvation and which 
could possibly account for the drug absorption patterns observed 
in these studies. It is well known that the development and growth 
of the body as a whole is affected by starvation. However, various 
organs appear to be affected more profoundly than others. The 
small intestine has been shown to be exceptionally susceptible to 
the influences of prolonged fasting. Ju and Nasset (2) demonstrated 
a disproportionately greater and more rapid loss of weight from the 
small intestine than from the body as a whole during total starva- 
tion. Steiner et a/ .  (3) also noted that during starvation the weight 
loss of the small intestine was out of proportion to body weight 
loss. 


In considering the effects of a decrease in intestinal weight on 
its absorptive capacity, it is necessary to take into account which 
part of the gut contributes most to the weight loss. If this is due 
primarily to a reduction in epithelial tissue, then a decrease in 
absorptive capability might be anticipated as a result of a reduction 
in the amount of mucosal tissue capable of participating in the ab- 
sorptive process. 


In this connection, some of the histologic evidence which has 
appeared in the literature concerning the acute effects of fasting 
on gastrointestinal structure merits discussion. As early as 1929, 
Sun (4) observed destruction of the villus tips and marked shorten- 
ing of villi in mice fasted for 48 hr. Achord ( 5 )  points out that 
there are at least two factors involved in keeping the intestinal 
villus adequately covered by new epithelial cells. One of these is the 
rate of cell proliferation in the intestinal crypts and the other is 
the rate at which the newly formed cells migrate up the sides of the 
villi. Both of these factors have been shown to be adversely affected 
by fasting. Diller and Blauch (6) demonstrated a marked reduction 
in the number of mitotic figures in the gut of acutely starved mice 
and their observation was confirmed by Hooper and Blair (7) 
who noted a reduction in the actual quantity of cells lining the 
crypts and villi. In 1963, Brown er a/. (8) used autoradiography to 
again confirm the inhibition of gut epithelial cell renewal during 
starvation in mice and further demonstrated that the migration 
rate was also reduced. Of particular interest along this line is the 
paper of Thaysen and Thaysen (9) who reported observing atrophy 
of the villus epithelium, the epithelial cells in the crypts, and the 
intestinal submucosa and muscularis in rats fasted for 4 days and 
the recent report by Pittman (10) of a mucosal biopsy of complete 
villus atrophy in a patient attempting to lose weight by total starva- 
tion. Finally, Levin et a/ .  (11) reported that a decrease in the in- 
testinal weight of rats, due to adrenalectomy or a 3-day fast, was 
accompanied by a thinning of the lamina propria and a reduction 
in the ability to absorb both actively and passively absorbed sub- 
stances. The authors attributed the latter finding to some nonspecific 
factor such as a reduction in surface area or blood flow to the 
intestinal mucosa. 


The mechanism by which fasting produces its deleterious effects 
on the intestines remains obscure. However, Pfeiffer and Debro 
(12) have established that one of the effects of inanition in rats is a 
significant depression of hexosemonophosphate shunt activity. 
These authors point out that the large energy demands required 
for the absorptive and synthetic processes of the gut mucosa are 
supplied primarily by carbohydrate metabolism cia the hexo- 
semonophosphate shunt and they suggest that inhibition of specific 
enzymes involved in this metabolic pathway may play some role 
in the pathogenesis of mucosal lesions. 


The precise tissue constituents involved in the intestinal weight 
loss during starvation have not been completely identified. Steiner 
el al. (3) reported a 50z reduction in the water and protein con- 
tent of the intestinal mucosa of rats fasted for 4 days. The possibility 
that a reduction in the circulating blood volume of the small in- 
testine is at least partially responsible for the loss of intestinal 
weight during starvation has not been investigated. 


No direct and unequivocal evidence has appeared in the litera- 
ture with respect to the effect of fasting on intestinal blood flow. 
However, evidence has been reported which indicates that fasting 
may serve as a stressful experience (13; 14). One of these re..orts 
(14) demonstrated thay a 3- day fast in  humans caused an increase 
in urinary excretion of catecholamines (free adrenaline, noradrena- 
line, and 3-methoxy-4-hydrox) mandellic acid). This finding cer- 
tainly suggests an augmented activity of the sympatho-adrenal 
system. It would not be unreasonable then to expect that some 
constriction of the splanchnic vasculature with concomitant re- 
duction in intestinal blood f l o ~  might cccur during starvation. 
That a decrease in intestinal blood flow can hinder the absorption 
of certain drugs is borne out by the recent work of Ochsenfahrt 
and Winne (15). 


It would seem appropriate at this point to speculate as to how a 
diminution in intestinal blood flow might be expected to retard 
the intestinal absorption of drugs. A decrease in the blood per- 
fusion of the mucosa and submucosa could result in the accumula- 
tion of absorbed solute in the mucosal and submucosal cells. Since 
many drugs are believed to be absorbed by the simple process of 
passive diffusion, it would seem rational to assume that decreased 
blood flow, by virtue of its diminishing the concentration gradient 
across the mucosal membrane. could interfere with the intestinal 
absorption of drugs. 


Before concluding, a final comment should be made regarding the 
possible effects of fasting on mesenteric blood flow. Achord (5 )  
points out that in humans during the first 48 to 72 hr. of a fast 
there occurs a reduction in plasma volume and as a result the sys- 
temic blood pressure characteristicall!. falls. It would not be un- 
reasonable then to speculate that the decreased intestinal drug ab- 
sorption reported in the present study was, at least in part, the con- 
sequence of reduced intestinal blood perfusion. Subjective observa- 
tion of the intestines after prolonged periods of fasting in these 
studies supports this view. In absence of prolonged fasting the 
color of the intestines is a reddish pink: after prolonged fasting the 
intestines are blanched. 


It is obvious from the above discussion that fasting can produce a 
multitude of fundamental physiologic and biochemical changes 
within the organism. Further studies will be required to ascertain 
whether one or more of these factors was responsible for the in- 
testinal absorption profiles encountered in the course of this in- 
vestigation. Initial experimentation will evaluate the effect of 
mesenteric blood flow on drug absorption. 


REFERENCES 


(1) J. T. Doluisio, N. F. Bill?~ps, L. W. Dittert, E. T. Sugita, 


(2) J. S, Ju and E. S. Nasset, J .  Nutr., 68, 633(1959). 
(3) M. Steiner, H. R .  Bo-irges, L. S .  Freedman, and S. J. Gray, 


(4) T. P. Sun, Anat. Record. 34, 341(1927). 
( 5 )  J. L. Achord, Med. Times, 95, 441(1967). 
(6) 1. C. Diller and B. M. Blauch. Growth, 10, 331(1946). 
(7) C. S. Hooper and M. Blair. Esptl .  Cell Res., 14, 175(1958). 
(8) H. 0. Brown, M. L. Levine, and M. Lipkin, Am. J. Physiol., 


(9) E. H. Thaysen and J.  H. Tha)sen, Acta. Pathol. Microbiol. 


and J. V. Swintosky, J.  Pharm. Sci., 58, 119q1969). 


Am. J.  Physiol., 215, 75(1968). 


205, 868(1963). 


Scand., 26, 37q1949). 
(10) F. E. Pittman, Gut, 7, 154(1966). 
(1 1) R. J. Levin, H. Newey, and D. H. Smyth, J. Physiol. (London), 


(12) C .  J. Pfeiffer and J. R. Debro, Arch. Intern. Physiol., 74, 


(13) E. J. Kollar, G. R. Slater, J.  0. Palmer, R. F. Docter, and 


(14) W. Januszewicz, M. Sznajderman-Ciswicka, and B. Wocial, 


(15) 0. Ochsenfahrt and D. Winne, Life Sci., 7 ,  493(1968). 


177, 58(1965). 


97(1966). 


A. J. Mandell, Arch. Gen. Psychjar.. 11. 113(1964). 


J. Clin. Endocrinol., 27, 13q1967). 


ACKNOWLEDGMENTS .4XD ADDRESSES 


Received January 21, 1969, from the Unioersity of Kentucky, 
College of Pharmacy, Lexington. K Y 40506 


Accepted for publication Februar) 25. 1969. 
This investigation was supported. in part, by a research grant 


from McNeil Laboratories, Fort Washington, PA 19034 


1202 0 Joirriial of Pharmncetrtical Sciences 












Inhibitors of Monoamine Oxidase IV: 6(or 8)Substituted 
Tetrahydro-P-carbolines and Their 9-Methyl Analogs 


BENG T. HO, WILLIAM M. MCISAAC, and L. WAYNE TANSEY 


Abstract 0 Several analogs of tetrahydro-p-carboline (I) and 
9-methyltetrahydro-p-carboline (VII) with substituents on C-6 or 
C-8 were synthesized. Methylation of the N-9 position of a tetra- 
hydro p-carboline is generally achieved in the presence of a base. 
However, the preparations of 8,9-dimethyltetrahydro-p-carboline 
and 8-chloro-9-rnethyltetrahydro-~-carboline from 8-methyltetra- 
hydro-p-carboline and 8-chlorotetrahydro-p-carboline, respec- 
tively, required the blockage of the N-2 position, otherwise methyl- 
ation would favor this position over the N-9 due to the steric inter- 
ference caused by the C-8 substituent. Although C-6 substitution in 
general resulted in a decrease in inhibitory activity, introduction of 
a methyl group to C-8 of I and VII did not affect the activities of I 
and VII. When the 8-methyl groups of the two series were replaced 
by chlorine atoms, a fourfold increase in activity was observed. 
The inhibitory activity of the resulting 8-chloro-9-methyltetrahydro- 
p-carboline was even greater than VII, the best inhibitor previously 
reported. 


Keyphrases 0 Monoamine oxidase inhibitors-synthesis Tetra- 
hydro-p-carbolines, 6 (or 8)-substituted and 9-methyl analogs- 
synthesis 0 Structure-activity relationship-monoamine oxidase in- 
hibition I R  spectrophotornetry-analysis 


Substitution of hydrogen on C-6 position of tetra- 
hydro-P-carboline (I), in general, resulted in a slight 
decrease in inhibitory activity (see Table I-Compounds 
11-VI). An even greater loss of activity was observed 
when the same position of 9-methyltetrahydro-P- 
carboline (VII) was substituted (see Table I, Compounds 
VIII-XI). It is most likely that both the steric interaction 
of these 6-substituents with the enzyme and their 
electronic nature could account for the decrease in 
activity of I or VII. Between atoms or groups of similar 
size, the methoxy group of I1 being an electron-donating 
group caused a fourfold decrease in inhibitory activity of 
I, compared to the electron-withdrawing bromine atom 
(in VI) which decreased the inhibition by only 1.4-fold. 
Also, the 6-methyl compound (111) was 1.6-fold less 
active than the 6-chloro compound (V). In the 9- 
methyl series, a 367-fold decrease resulted from the 
substitution of the C-6 position of VII by an electron- 
donating methoxy group (see VIII). 


A methyl group on C-8 of XI1 and XI11 did not seem 
to affect the inhibition of the enzyme. Compounds XI1 
and I were inhibitors of the same activity, and Com- 
pound XI11 was only slightly less active than Compound 
VTI. Chlorine substitution on C-8 of the two series, on 
the other hand, gave better inhibitors: XIV was 3.4 
times more active than I, and XV was 2.6 times as 
active as VII. The possibility that a formation of 
hydrophobic bonding between the chlorine atom and the 
enzyme was ruled out in view of the finding that the 8- 
methyl compounds (XI1 and XIII) were not better 
inhibitors than the corresponding 8-hydrogen com- 
pounds (I and VII). It remains to be determined if the 
chlorine atom affected the electron density of the indole 
ring and thus made XIV and XV complex better with the 


enzyme. This study is currently being pursued in these 
laboratories. 


CHEMISTRT 


All 6- and 8-substituted tetrahydro-0-carbolines except the 6-bro- 
rnotetrahydro-6-carboline (VI) were obtained by the reduction of 
the corresponding 1-0x0 compound with LiAIH, (Schemes I and 
11). 


H O  
XVI, R = CH, 


XVII. R = F 
XVIII. R= C1 


H 
II1,R = CH 
I V . R = F  
V R=C1 


Sclierne 1 


CH 
IS. R = CH 
S . R = F  


XI. R = c‘l 


XXI. R = CH 
XXII, R = C1 


CH 1 mxH ?!% - 
‘ I  


R H  
SII .  R = CH 


XI\’. K = c1 


’ I  
R H  


SXIII ,  R = C H  
SXIV, R = C1 


XXV, R = CH SIII .  R = CH 
SV. R = C1 XXVI, R = C1 


Scheme II 


For the preparation of VI, 5-bromotryptamine (XIX) was first 
condensed with glyoxylic acid to give 6-bromotetrahydro-p-car- 
boline-1-carboxylic acid (XX), which, upon refluxing in aqueous 
hydrochloric acid, decarboxylated and formed VI (Scheme 111). 


998 Journal of Phurmaceutical Sciences 







Table I-Inhibition of Monoamine Oxidase by 


H 
x IX 


bOOH I 
H 


xx VI 
Scheme 111 


Methylation of 111, IV, and V in liquid ammonia in the presence 
of sodium amide afforded the corresponding 9-methyltetrahydro-P- 
carbolines (IX-XI, Scheme I). However, when a similar reaction 
was carried out on 8-chlorotetrahydro-P-carboline (XIV), the only 
product isolated was the quaternary compound XXVII (Scheme 
IV). The crowded situation on the indolic nitrogen (N-9) caused by 


XIV XSVII 


Scheme IV 


the adjacent 8-C1 group seemed to favor methylation on the piperi- 
dino nitrogen (N-2). This difficulty was finally overcome by block- 
ing N-2 with an acetyl group before the introduction of the methyl 
group on N-9, and the subsequent hydrolysis of the amide linkage 
on N-2 yielded the 8-chloro-9-methyltetrahydro-P-carboline (XV, 
Scheme 111). Methylation of 2-acetyl-8-chlorotetrahydro-~-car- 
boline (XXIV) in the presence of sodium hydride afforded 
.a better yield (76%) of the 9-methyl compound (XXVI) than 
.the procedure with sodium amide (52%). For the preparation 
.of 8,9-dimethyltetrahydro-P-carboline (XIII), the same method used 
for XV was followed (Scheme 11). 


EXPERIMENTAL' 


6-Chloro-1,2,3,4-tetrahydro-p-carboline (V)-A solution of 3.3 
g. (15 mmoles) of 6-chloro-1-oxo-1,2,3,4-tetrahydro-p-carboline in 
25 ml. of tetrahydrofuran was added over a period of 45 min. to a 
stirred suspension of 2.3 g. (60 mmoles) of lithium aluminum hy- 
dride in 25 ml. of tetrahydrofuran. After being refluxed for 1 hr., 
the mixture was cooled in ice and 5 ml. of water was added. A total 
of 10 ml. of tetrahydrofuran was added to facilitate the stirring. 
The precipitate was filtered and washed with 50 ml. of tetrahydro- 
furan. The combined filtrate and washings were evaporated in uucuo 
leaving 2.6 g. (84%) of solid, m.p. 230-232". Recrystallization of 
this product from toluene yielded 2.4 g. with the melting point un- 
changed; A,,,, (KBr): 2.95, 3.05 (NH); 6.15, 6.34, 6.68 ,U (C=C, 
CHz). 


And-Calcd. for C1lH1lCINz: C ,  63.9; H, 5.36; N, 13.6. Found: 
C, 63.9; H, 5.27; N, 13.4. 
6-Fluor0-1,2,3,4-tetrahydro-@-carboline (1V)-In a similar manner 


as in the preparation of V, 5.0 g. (25 mmoles) of 6-fluoro-1-0x0- 
1,2,3,4-tetrahydro-@-carboline in 50 ml. of tetrahydrofuran was re- 
duced with 3.8 g. (100 mmoles) of lithium aluminum hydride in 50 
ml. of tetrahydrofuran to yield 4.1 g. (86%) of product, m.p. 207- 
208". One recrystallization from toluene gave 3.7 g. (7973, m.p. 


A m.p. of 226-228" has been recorded for this compound pre- 
pared from 5-fluorotryptamine, formaldehyde, and formic acid 
(2). 


212-313'. 


Melting points are corrected and were taken on a Fisher-Johns or 
Mel-Temp apparatus. IR spectra were taken with a Perkin-Elmer spec- 
trophotometer model 237B. 


Compd. R1 R? I j o R ,  mM 


I 
11 


IIIC 
IVC 
V 


V i  
VII 


XIV 
xvc 


____ 


H H 
6-OCH3 H 
6-CH3 H 
6- F H 
6-C1 H 
6-Br H 
H CH, 
6-OCHZ CHj 
6-CH3 CH, 
6-F CHZ 
6-Cl CH, 
8-CHx H 
8-CHi CHZ 
8-CI H 
8-C1 CH3 


0.  34b 
1.30 
0.68 
0.52 
0.42 
0.46 
0. OlOb 
3.60 
0.10 
0.12 
0.18 
0.38 
0.016 
0.10 
0.0038 


Concentration of an inhibitor giving 50% inhibition of the enzyme. 
c Hydrochloride salt. d B. T. Ho, et al., to be 6 Data from Reference 1. 


published. 


For analysis the product was converted to its hydrochloride salt, 
m.p. 310-311' (ethanol-ether); A,,,. (KBr): 3.18, 3.46, 3.60, 3.70, 
3.74, 3.80, 3.84, 3.92, 3.96, 4.02, 4.15 (NH, CH, NH+); 6.17,6.30, 
6.38 p(NH+,C=C). 


And-Calcd. for CllHllFNz.HCI: C, 58.3; H, 5.34; N, 12.4. 
Found: C, 58.5; H, 5.57; N, 12.2. 
6-Methyl-1,2,3,4-tetrahydro-P-carboline (111)- In a similar man- 


ner as in the preparation of V, 1.0 g. ( 5  mmoles) of 6-methyl-1-0x0- 
1,2,3,4-tetrahydro-p-carboline in 100 ml. of hot benzene was re- 
duced with 1.1 g. (30 mmoles) of lithium aluminum hydride in 50 
ml. of ether. The product from the reaction was isolated as the 
hydrochloride salt; yield, 0.75 g. (68 %), m.p. 291-293" (ethanol); 
A,,, (KBr): 2.90, 3.19, 3.40, 3.45, 3.60, 3.85, 3.95, 4.05, 4.10 (NH, 


And-Calcd. for ClZHl4N2.HCI: C, 64.7; H, 6.79; N, 12.6. 
Found: C, 64.5; H, 7.08; N, 12.7. 


In a later preparation, the reduction was carried out in tetra- 
hydrofuran and the product was isolated as the free base, m.p. 189- 
190"; yield, 93% [lit. (3), m.p. 189-190"]. 
6 - Bromo - 1,2,3,4 - tetrahydro - p - carboline - 1 - carhoxylic Acid 


(XX)-To a solution of 1.0 g. (3.6 mmoles) of 5-bromotryptamine 
hydrochloride (4) in 15 ml. of water was added with stirring a solu- 
tion of 335 mg. (3.6 mmoles) of glyoxylic acid monohydrate in 1 ml. 
of water. The product precipitated while the pH of the solution was 
adjusted to about 4.5 with 10% aqueous sodium hydroxide. After 
stirring at room temperature for 4 hr., the precipitate was collected 
on a filter and washed with 10 ml. of ice water; yield, 500 mg.(43 %), 
m.p. 221 O dec., with evolution of COZ; X,,,. (KBr): 3.00 (NH, OH); 
3.34, 3.36, 3.44, 3.50, 3.56, 3.74, 3.82,(CH, NH+); 6.05, 6.10, 6.16, 
6.28, 6.36, 6.42 p(COO-, NH+, C===C). 


And-Calcd. for ClzHloBrNzO~: C, 48.8; H, 3.74; N, 9.49. 
Found: C ,  49.0; H, 3.79; N, 9.44. 
6-Bromo-1,2,3,4-tetrahydro-p-carboline (V1)-A mixture of 1.6 g. 


(6.4 mmoles) of 6-bromo-1,2,3,4-tetrahydro-p-carboline-1-car- 
boxylic acid (XX), 6 ml. of concentrated hydrochloric acid, and 20 
rnl. of water was refluxed with stirring for 90 min. during which time 
light brown crystals deposited. This hydrochloride salt was collected 
on a filter, redissolved in water, and converted into the free base by 
the addition of 10% sodium hydroxide to about pH 1 1 .  The pre- 
cipitate, 950 mg., was recrystallized from toluene to yield 700 mg. 
(51 %), m.p. 232-234" dec. A,,,, (KBr): 2.95, 3.04(NH); 6.17, 6.35, 


Am/.-Calcd. for CnHI1BrN2: C, 52.6; H, 4.42; N, 11.2. Found: 
C ,  52.8; H, 4.46; N, 11.0. 
6,9-Dimethyl-l,2,3,4-tetrahydro-p-carboline (IX)-6-Methyl-1,2,- 


3,4-tetrahydro-p-carboline (111) (1.86 g., 0.01 mole) was added por- 
tionwise with stirring to a sodium amide solution, prepared by al- 
lowing 0.25 g. (0.011 g. atom) of sodium to react with 100 ml. of 
liquid ammonia in the presence of a catalytic amount of ferric ni- 


CH, NH+); 6.20, 6.29, 6.35, 6.40, 6.48, 6.80 p (NH+, C=C, CHz). 


6.69,6.89, 6.92, 6.97 /L (C=C, CHz). 
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trate. After 15 min., a solution of 1.56 g. (0.01 1 mole) of methyl 
iodide in 2 ml. of ether was slowly added and the mixture was stirred 
at  room temperature for 30 min. The ammonia was evaporated 
on a warm water bath and the residue was partitioned between 50 
ml. of water and 50 ml. of ether. The aqueous phase was separated 
and extracted with 50 ml. of chloroform. The combined ether and 
chloroform extracts were evaporated under reduced pressure leav- 
ing an oil which solidified upon drying in a desiccator in uacuo; 
yield, 2.0 g., m.p. 105-1 10". Recrystallization from cyclohexane 
gave 850 mg. (42z), m.p. 114-115". One more recrystallization 
from the same solvent gave 600 mg., m.p. 115-1 16". 


When the combined mother liquors were treated with ether-HCI 
800 mg. of hydrochloride salt, m.p. 267-277", was obtained. Re- 
crystallization from ethanol gave 400 mg., m.p. 288-290 '. One mo: e 
recrystallization from ethanol gave 300 mg. (13x), m.p. 292-293". 
Thus, the combination of the free base and hydrochloride afforded 
a total yield of 5 5 % ,  h,,,, (KBr): 2.95, 3.32, 3.40, 3.44, 3.46, 3.52, 
3.60, 3.70, 3.76, 3.84, 3.94, 4.06, 4.14, 4.32, 4.52, 4.79 (NH, CH, 


Anal.-Calcd. for CI3HL6N2.HC1: C, 66.0; H, 7.24; N, 11.8. 
Found:C,66.l;H,7.31;N, 11.7. 
6-Fluoro-9-methyl-l,2,3,4-tetrahydro-~-carboline (X)--In a simi- 


lar manner as in the preparation of IX reaction of 0.01 mole cf 
6-fluoro-l,2,3,4-tetrahydro-p-carboline (IV) with 0.01 1 mole of 
sodium amide and 0.01 1 mole of methyl iodide gave 2.0 g. of oil. 
When a benzene solution of the product was mixed with ether-HCI, 
the hydrochloride salt, m.p. 289-292", was obtained in a 96% yield. 
Recrystallization from ethanol gave 51z, m.p. 293-294". A second 
recrystallization from ethanol-ether yielded 36 %, m.p. 301-302 '; 
A,,,. (KBr): 2.95, 3.31, 3.40, 3.45, 3.61, 3.68, 3.76, 3.84, 3.94,4.04, 
4.12, 4.32, 4.54 (NH, CH, NH+); 6.16, 6.29, 6.32, 6.72, 6.85, 6.94, 


And-Calcd. for C12Hl:jFN2.HCI: C, 59.9; H, 5.86; N, 11.6. 
Found: C, 60.0; H, 5.95; N, 11.6. 
6-Chloro-9-methyl-l,2,3,4-tetrahydro-p-carboline (XI)-Methyl- 


ation of the 6-chloro-l,2,3,4-tetrahydro-p-carboline (V), as in the 
preparation of X, gave 85 % of the product isolated as hydrochloride 
salt, m.p. 262-267". Recrystallization from ethanol gave 39%, m.p. 
302-303"; A,,,. (KBr): 2.94, 3.40, 3.42, 3.46, 3.02, 3.60, 3.69, 3.76, 
3.84, 3.87, 4.08, 4.38 (NH, CH, NH'); 6.29, 6.35, 6.79, 6.88, 6 .96~ 


Anul.-Calcd. for Cl2HI3CIN2.HC1: C, 56.0; H, 5.49; N, 10.9. 
Found: C, 56.1; H?  5.56; N, 10.9. 


8-Methyl-1,2,3,4-tetrahydro-p-carboline (XU)--The reduction of 
S-methyl-I-oxo-l,2,3,4-tetrahydro-/3-carboline was carried out in a 
similar manner as described in the preparation of V except the re- 
fluxing time was 4 hr. A crude product, m.p. 204-207" dec., was ob- 
tained in 79% yield. Recrystallization from benzene gave 59% of 
needles, m.p. 213-215 '. The melting point remained unchanged 
after a second recrystallization. A,,,. (KBr): 2.95, 3.05 (NH): 
3.20, 3.29, 3.38, 3.41, 3.44, 3.48, 3.52, 3.65 (CH); 6.18, 6.30, 6.68, 


Anal.-Calcd. for Cl1HlICIN2: C, 77.4; H, 7.58; N, 15.0. Found: 


NH+); 6.29, 6.32, 6.72, 6.82, 6.86, 6.95 p ( C z C ,  CHz). 


6.96 p ( e C ,  CH,). 


(C=C, CH2). 


6.75,6.90,6.95p((C=C,CHs). 


C, 77.3; H, 7.62; N, 15.2. 
2-Acetyl-8-methyl-l,2,3,4-tetrahydro-P-carholine (XX111)- 


8-Methyltetrahydro-0-carboline (XII) 2.4 g. (13 mmoles) was 
mixed with 10 ml. of acetic anhydride. The solid dissolved but pre- 
cipitation occurred almost instantly. The mixture was poured into 
150 ml. of water. The solid was collected on a filter and washed suc- 
cessively with 25 ml. of 10% HCI, 25 ml. of 2 N NaOH, and 25 ml. 
of water; yield, 2.6 g. (9Oz), m.p. 208-209". Recrystallization from 
aqueous ethanol gave 2.0 g. (69%), m.p. 211-212"; A,,,. (KBr): 
3.06(indoleNH); 3.30,3.37, 3.45, 3.52,3.55(CH);6.10,6.19,6.31, 


Anal.-Calcd. for c14H16Nz0: C, 73.7; H,  7.06; N, 12.3. Found: 
C:, 73.8; H, 7.08; N, 12.2. 
2-Acetyl-8,9-dimethyl-l,2,3,4-tetrahydro-p-carboline (XXV)- 


A mixture of 4.30 g. (20 mmoles) of 2-acetyl-8-methyltetrahydro-B- 
carboline (XXIII), 1.56 g. (40 mmoles) of sodium amide, and 50 ml. 
of toluene was refluxed with stirring for 6 hr. After cooling, 5.68 g. 
(40 mmoles) of methyl iodide in 10 ml. of toluene was added slowly 
over a period of 15 min., and the mixture was refluxed for2hr. Water 
(25 ml.) was added, and the aqueous phase, after being separated 
from the toluene phase, was washed with 25 ml. of chloroform. The 
combined chloroform and toluene extracts were washed with 10% 
HCI (3 x 25 ml.), dried, and evaporated in Cncuo to yield 4.3 g. 


6.70, 6.81, 6.89, 6.92, 6.99, 7.05 p (CEO, C=C, CH2). 


(90%) of product, m.p. 144-146". Recrystallization from ethanol, 
with decolorizing charcoal added, gave 2.2 g., m.p. 149-150". One 
more recrystallization from ethanol gave 2.0 g. (42z), m.p. 152- 
153"; A,,,,, (KBr): 3.29,3.32, 3.39, 3.41, 3.44, 3.52(CH); 6.14, 6.22, 


And-Calcd. for CI5Hl8N20: C, 74.4; H, 7.49; N, 11.6. Found: 
C, 74.6; H, 7.55; N, 11.5. 


8,9-Dimethyl-1,2,3,4-tetrahydro-~-carbolne (XII1)-A mixture of 
1.5 g. (6 mmoles) of 2-acetyl-8,9-dimethyItetrahydro-~-carboline 
(XXV) and 50 ml. of 20% aqueous sulfuric acid was refluxed for I 
hr. The resulting solution was extracted with chloroform (3 X 25 
ml.). After separation the aqueous phase was made basic with 2 N 
NaOH, and the product extracted with chloroform (3 X 25 ml.). 
The combined chloroform extracts were washed with 25 ml. of 
water, dried with anhydrous sodium sulfate, and theo evaporated 
in tucno. When a solution of the residue in 25 ml. of benzene was 
mixed with ether-HCI, the hydrochloride salt precipitated; yield, 
1.2 g. (82 Z), m.p. 250-253". Recrystallization from ethanol gave 
800 mg. (55 %), m.p. 251-253 '. Another recrystallization from the 
same solvent did not raise the melting point. A,,,. (KBr): 2.95,3.39, 
3.43, 3.55, 3.60, 3.69, 3.78, 3.83, 3.93, 4.02, 4.09, 4.12 (NH, CH, 


And.-Calcd. for CI3Hl6N2.HC1. l/,HzO: C, 63.5; H, 7.38; N, 
11.4. Found: C, 63.9; H, 7.20; N, 11.4. 
8-Chloro-1,2,3,4-tetrahydro-p-carboline (X1V)--In a similar 


manner as in the preparation of X11, reduction of 8-chloro-1-0x0- 
1,2,3,4-tetrahydro-p-carboline gave 9 2 z  of crude product, m.p. 
170-180". The product was dissolved in tetrahydrofuran, then mixed 
with ether-HCI to yield the hydrochloride salt. Two recrystal- 
lizations from aqueous ethanol gave 41%, m.p. 324" dec. Amax. 
(KBr): 3.10(NH), 3.30, 3.42, 3.54, 3.57, 3.65, 3.71, 3.75, 3.80, 3.99, 
4.08 (CH, NH+); 6.16, 6.25, 6.31, 6.41, 6.70, 6.78, 6.86, 6.98 p 


Anal.-Calcd. for CIIHIICIN~.HCI: C, 54.3; H, 4.97; N, 11.5. 
Found:C,54.4;H,4.91;N, 11.5. 


A portion of the hydrochloride salt in hot water was treated with 
NaOH to yield 3 9 z  of the free amine, m.p. 213-214". 
2-Acetyl-8-chloro-l,2,3,4-tetrahydro-p-carboline (XXIV)---Acet- 


ylation of 8-chloro-tetrahydro+carboline, as in the preparation of 
XXIII, gave 97% of the product, m.p. 176.5-177.5". Recrystalliza- 
tion from ethanol did not raise the melting point. A,,,,. (KBr); 
2.95, 3.16, 3.21, 3.25, 3.33, 3.42, 3.48, 3.52 (NH, CH); 6.20, 6.30, 


And-Calcd. for Cl3Hl3CIN20: C, 62.8; H, 5.27; N, 11.3- 
Found: C, 63.0; H, 5.31; N, 11.4. 
2-Acetyl-8-chloro-9-methyl-1,2,3,4-tetrahydro-~-carboline (XXVI} 


-To a solution of 3.5 g. (14 mmoles) of 2-acetyl-8-chloro- 
tetrahydro-p-carboline (XXIV) in 25 ml. of dimethylformamide was 
added with cooling 0.68 g. (14 mmoles) of sodium hydride (50% sus- 
pension in mineral oil). An initial precipitation gradually dissolved 
during a 2-hr. stirring at ambient temperature. Upon cooling, 2.8 
g. (20 mmoles) of methyl iodide was added and the reaction mixture 
was stirred overnight. Water (200 ml.) was added and the product 
was extracted into chloroform (3 X 50 ml.). The combined chloro- 
form extracts were washed with water ( 5  X 1oC ml.) to remove the 
dimethylformamide, dried with anhydrous sodium sulfate, and evap- 
orated in uucuo leaving 4.3 g. of product, m.p. 98-100". Recrystalli- 
zation from heptane gave 2.8 g. (76z), m.p. 107-108 '. The melting 
point remained unchanged after another recrystallization. A,,,. 
(KBr):6.12(C=0);6.20,6.31,6.48,6.80,7.00p(C=C,CH). 


Ana[.-Calcd. for C14HlcCIN~0: C, 64.0; H, 5.75; N, 10.7. 
Found: C, 63.8; H, 5.77; N, 10.5. 
8-Chloro-9-methyl-l,2,3,4-tetrahydro-p-carholine (XV)--A mix- 


ture of 2.5 g. (9.5 mmolea) of 2-acetyl-8-chloro-9-methyltetrahydro-~ 
p-carholine (XXVI) and 20 ml. of 20 aqueous HzSOl was refluxed 
for 6 hr. After cooling, the solid was collected on a filter and washed 
with a small amount of water. The crude sulfate salt was dissolved 
in 500 ml. of hot water, made strongly basic with 30% NaOH, and 
the free amine was extracted into chloroform (4 X 100 ml). The. 
combined chloroform extracts were dried with anhydrous sodium 
sulfate, and evaporated in cacuo leaving a solid m.p. 67-69". This 
amine in 25 mi. of benzene was mixed with ether-HCI to yield 1.4 g. 
(58 %) of hydrochloride salt, m.p. 293-295 '. Recrystallization f r o q  
aqueous ethanol gave 1.0 g. (42%), m.p. 295-296". A,,,,. (KBr): 
3.43, 3.64-3.68 (broad), 3.77, 3.85, 4.08 (CH, NH;); 6.20, 6.32 
(broad), 6.48,6.75,6.88,6.95 p(NH+, C=C). 


6.30, 6.70, 6.83, 6.93 (-0, C=C, CHz). 


NH+); 6.20,6.35,6.72,6.85,6.92 p(NH+,C=C,CH2). 


(C=C, CHz). 


6.75,6.89, 6.95, 7.05 p (C=O, C=C, CHe). 
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Anal.-Calcd. for C12Hl,ClN2.HCI: C, 56.0; H, 5.49; N, 10.9. 
Found: C, 56.0; H, 5.47; N, 10.7. 


2,2-Dimethyl-8-chloro-1,2,3,4-tetrahydro-~-carbo~nium Iodide 
(XXVIIFA mixture of 0.8 g. (3.9 mmoles) of 8-chlorotetrahydro- 
p-carboline (XIV), 0.16 g. (4 mmoles) of sodium amide, and 50 ml. 
of toluene was refluxed with stirring for 4 hr. After cooling 0.57 g. (4 
mmoles) of methyl iodide was added, and the mixture was first 
stirred at room temperature for 1 hr. then refluxed for 1 hr. The 
solvent was evaporated in uLicuo and the residue washed with water; 
yield, 1.0 g., m.p. 188-208”. Another washing with benaenegave 700 
mg. (48 z), m.p. 24&242”. Recrystallization from ethanol gave 
250 mg., m.p. 238-239”. The product gave a positive test for iodine 
(5). A,,, (KBr): 2.93, 3.15, 3.32, 3.42, 3.51 (NH, CH); 6.18,6.28, 


Anal.-Calcd. for C13H16C11N2: C, 43.1 ; H, 4.45, N, 7.73. Found: 
C, 43.3; H, 4.42; N, 7.62. 


Assay-Mitochondria1 monoamine oxidase from beef liver was 
isolated and purified as previously described (1). All the stock solu- 
tions of the hydrochloride salts of inhibitors except XI’HCI were 
prepared in water. Compounds VI, VIII, and XI1 were dissolved 
in 0.01 N HCI, Compounds V and XI in dimethyl sulfoxide, and 
Compound XIV in 25 2 aqueous dimethyl sulfoxide. Incubation 
was carried out with tryptamine-2-I4C hydrochloride according to 
the previously described procedure (1). 


6.45,6.79,6.85,6.95~ (C=C, CHI). 
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Comparative Pharmacokinetics of Coumarin Anticoagulants VI: 
Effect of Plasma Protein Binding on the Distribution 
and Elimination of Bishydroxycoumarin by Rats 


GERHARD LEVY and RENPEI NAGASHIMA* 


Abstract 0 The partitioning of bishydroxycoumarin (BHC) from 
rat plasma to an organic solvent phase decreases with increasing 
drug concentration to a minimum value and then increases as the 
concentration is further increased. The same type of profile is ob- 
served in the partitioning of BHC from rat plasma to the liver, both 
in citro and in civo. The elimination of large doses (60 mg./kg.) 
of BHC in the rat is much more rapid than the elimination of 
smaller (2-20 mg./kg.) doses. A plot of the elimination rate 
constant of BHC as a function of dose yields a curve which is 
similar to the partitioning profiles of BHC from plasma to liver 
and from plasma to organic solvent. The minimum concentration 
ratio, liver:plasma, in a perfused liver system and in intact animals, 
and the minimum in uivo elimination rate constant, occur at the 
same plasma concentration of BHC. These results reflect the un- 
usual concentration dependence of the plasma protein binding of 
this drug. They demonstrate the pronounced effect of protein 
binding on the distribution of BHC, and the effect of distribution 
on the elimination of this drug. 


Keyphrases 0 Coumarin anticoagulants-pharmacokinetics u 
Bishydroxycoumarin (BHC)-distribution. elimination 0 Elimina- 
tion rates-dose relationship 0 Plasma protein binding-BHC 
distribution, elimination 


Bishydroxycoumarin (BHC) is a widely used anti- 
coagulant that is extensively bound to plasma albumin 
and is eliminated from the body almost exclusively by 


biotransformation in the liver (1). Its unusual pharmaco- 
kinetic characteristics in man (2), which are also evident 
in the rhesus monkey (3 ) ,  have stimulated numerous 
investigations (reviewed in Reference 4). Because BHC 
also shows an unusual concentration dependence in its 
binding to plasma protein (4), this drug is particularly 
suitable as a model to determine the effect of plasma 
protein binding on the distribution of a drug in the body, 
and to assess the effect of changes in distribution on the 
kinetics of its elimination. Accordingly, the plasma 
protein binding, distribution, and kinetics of elimination 
of BHC have been studied over a wide concentration 
range and will be described here. 


EXPERIMENTAL 


The extractability of BHC from rat plasma (4), the isolated rat 
liver perfusion system (l), and the method of determination of BHC 
in rat plasma (4) have been described in previous papers in this 
series. About 60 mg./kg. body weight of BHC was administered 
intravenously or intraperitoneally to male Sprague-Dawley rats 
weighing 240-600 g. A 5-mg./kg. dose was administered 1 week 
later. All other experimental conditions were as described previously 
(3), except that 6 mg./kg. vitamin K1 (Aqua Mephyton, Merck 
Sharp and Dohme, West Point, Pa.) was administered intraperi- 
toneally in all experiments immediately before injection of BHC. 
The apparent volume of distribution ( V d ) ,  the biologic half-life 
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Chlorisondamine Stabilization of Pressor Bioassays in Dogs 


C. M. BURNETT, D. L. OPDYKE, and J. C. MUNCH 


Abstract upretreatment of anesthetized dogs with chlorisondamine 
increases sensitivity to pressor responses of d-, I-, and r-epinephrines, 
and also the precision of bioassays by the USP XIV method. 
Over 1500 assays in such dogs showed the pressor potency of d- 
epinephrine to be 2 0 z  of the pressor potency of I-epinephrine. 


Keyphrases 0 Pressor bioassays, dogs-chlorisondamine stabili- 
zation [7 Chlorisondamine effect-pressor response, d-, I- ,  r- 
epinephrine [7 Epinephrine-relative potency, d, I isomers 


Bioassays of d-, I-  and racemic epinephrine solutions 
are still necessary since chemical procedures lack 
specificity. Details of the official procedure for assay- 
ing the pressor potency of I-epinephrine solution on 
anesthetized dogs, compared with the USP Epinephrine 
Reference Standard are spelled out in USP XIV 
(1,2). Pressor potency bioassays are routinely performed 
in duplicate on different dogs. The variation in response 
between six dogs used in assaying the same sample 
may run as high as 50z (3). Which assay is likely 
to be correct? This is especially important when either 
duplicate shows substandard potency. Rising animal 
costs, coupled with the need to perform assays on an 
increasing number of samples, led to  studies to  reduce 
this variation between assays, to  obtain greater re- 
liability on a single test. 


The basic problem arose in the use of hypertensive 
dogs, which showed low sensitivity to any injected 
pressor amine, with low assay values. A ganglion- 
blocking drug causing hypotension should produce a 
more suitable dog for assay. Chlorisondamine was in- 
troduced in 1956 for the treatment of severe hyper- 
tension in humans (4-15). It produced a heightened 
sensitivity to  exogenous pressor substances in experi- 
mental animals (16, 17). Ganglionic blockade may 
play a role in maintaining steady basal blood pres- 
sure and uniform pressor responses by reducing cardiac 
output and increasing peripheral resistance (17-19). 
It was successfully used to  obtain more uniform re- 
sponses to norepinephrine and serotonin in assaying 
the antiserotonin-antihistaminic potency of a num- 
ber of drugs. Without the use of chlorisondamine, as- 
sessment of antiserotonin activity would have been im- 
possible because of the instability of serotonin re- 
sponse; ganglionic blockade produced a stable blood 
pressure floor which was unaltered by any of the 
antagonists studied (20). 


EXPERIMENTAL 


The reference solution used in these bioassays was prepared from 
USP XIV Reference Standard powder in accordance with direc- 
tions therein. Reference solutions were freshly prepared and diluted 
at the time of use. The unknown solutions were prepared by dis- 
solving synthetic racemic epinephrine hydrochloride in water and 
diluting to approximately the same concentration as that of the 
reference solution, at the time of bioassay. 


Table 1-100 Duplicate Pressor Bioassays on Dogs, Without 
Chlorisondamine, mg./ml. 


I I1 Diff. I I1 Diff. 


3.55 
3.61 
3.62 
3.65 


3.66 
3.67 
3.68 


3.70 


3.74 


3.75 
3.76 
3.77 
3.78 
3.80 
3.81 
3.82 


3.83 


3.84 
3.85 


3.86 


3.87 


3.88 


4.17 
4.17 
3.83 
3.99 
4.10 
4.14 
4.04 
4.11 
4.12 
4.26 
4.10 
4.35 
3.80 
4.13 
4.09 
3.97 
4.06 
4.06 
4.16 
4.34 
4.04 
4.36 
3.92 
3.93 
4.11 
4.23 
4.05 
4.21 
4.29 
4.30 
4.07 
4.43 
4.43 
4.19 
4.38 
4.43 
4.18 
4.26 


3.90 3.95 
3.91 3.95 


3.97 
3.92 4.12 
3.93 4.02 


4.47 
3.94 4.35 
3.95 4.04 


4.15 
4.34 


3.96 4.08 
4.19 


0.62 
0.56 
0.21 
0.34 
0.45 
0.49 
0.38 
0.44 
0.44 
0.58 
0.40 
0.65 
0.06 
0.39 
0.34 
0.21 
0.29 
0.28 
0.36 
0.53 
0.22 
0.54 
0.09 
0.10 
0.28 
0.40 
0.21 
0.36 
0.44 
0.45 
0.21 
0.57 
0.57 
0.32 
0.41 
0.46 
0.30 
0.38 
0.05 
0.04 
0.06 
0.20 
0.09 
0.54 
0.41 
0.09 
0.20 
0.39 
0.12 
0.23 


___ 


3.96 
3.97 


3.98 


3.99 


4.00 
4.01 


4.03 


4.04 


4.05 


4.06 


4.07 


4.08 


4.09 


4.10 


4.15 
4.17 


4.19 


4.20 
4.22 


4.23 


4.32 
4.39 
4.46 


4.45 
4.24 
4.55 
4.27 
4.31 
4.31 
4.31 
4.32 
4.06 
4.08 
4.20 
4.23 
4.06 
4.09 
4.12 
4.04 
4.11 
4.12 
4.20 
4.23 
4.10 
4.14 
4.13 
4.17 
4.32 
4.07 
4.22 
4.27 
4.08 
4.16 
4.3s 
4.39 
4.13 
4.19 
4.12 
4.20 
4.21 
4.19 
4.27 
4.21 
4.26 
4.25 
4.31 
4.32 
4.41 
4.34 
4.37 
4.47 
4.43 
4.47 


0.49 
0.27 
0.55 
0.29 
0.33 
0.33 
0.33 
0.34 
0.07 
0.09 
0.21 
0.24 
0.06 
0.08 
0.11 
0.01 
0.08 
0.08 
0.16 
0.19 
0.05 
0.09 
0.07 
0.11 
0.26 
0 
0.15 
0.20 
0 
0.08 
0.30 
0.31 
0.04 
0.10 
0.02 
0.10 
0.06 
0.02 
0.10 
0.02 
0.07 
0.05 
0.09 
0.10 
0.19 
0.11 
0.14 
0.15 
0.04 
0.01 


Dogs were given intravenous injections of 1 mg./kg. of chlori- 
sondamine the afternoon of the day before use. The following 
morning they were anesthetized with chloralose and/or pento- 
barbital and atropinized until the vagal receptors were blocked. 
These treated dogs required less anesthesia, both initially and for 
maintenance. They were then given several injections of the Epine- 
phrine Reference Standard solution and allowed to equilibrate. 
Systolic pressure should not exceed 150 mm. Hg; injection of 5 
mcg. or less/kg. of the Reference Standard solution should produce 
an increase of about 50 mm. Hg; the pressor peak should be sus- 
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Table 11-60 Duplicate Pressor Bioassays on Dogs, 
after Chlorisondamine 


~ ~~~ 


-Bioassay, mg./ml.- -Bioassay, mg./ml- 
I I1 Diff. I I1 Diff. 


3.75 3.86 
3.80 3.96 
3.83 4.02 
3.87 4.08 
3.88 4.04 


4.04 
3.89 4.04 
3.90 4.00 


4.04 
3.91 3.98 
3.92 3.92 


4.11 
3.93 3.95 


4.02 
3.95 4.08 


4.12 
4.12 


3.96 4.24 
3.97 3.99 


4.19 
4.26 


3.98 4.14 
3.99 4.11 
4.00 4.09 


4.11 
4.14 
4.19 
4.25 


4.01 4.02 
4.10 


0.11 4.01 4.12 
0.16 4.16 
0.19 4.17 
0.21 4.02 4.09 
0.16 4.21 
0.16 4.03 4.08 
0.15 4.19 
0.10 4.26 
0.14 4.04 4.04 
0.07 4.10 
0 4.21 
0.19 4.22 
0.02 4.05 4.16 
0.09 4.17 
0.13 4.06 4.15 
0.17 4.08 4.24 
0.17 4.09 4.32 
0.28 4.10 4.15 
0.02 4.11 4.13 
0.22 4.13 4.20 
0.29 4.14 4.32 
0.16 4.15 4.19 
0.12 4.16 4.29 
0.09 4.17 4.18 
0.11 4.18 4.29 
0.14 4.19 4.21 
0.19 4.24 
0.25 4.20 4.25 
0.01 4.23 4.38 
0.09 4.27 4.28 


~ 


0.11 
0.15 
0.16 
0.07 
0.19 
0.05 
0.16 
0.23 
0 
0.06 
0.17 
0.18 
0.11 
0.12 
0.09 
0.16 
0.23 
0.05 
0.02 
0.07 
0.18 
0.04 
0.13 
0.01 
0.11 
0.02 
0.05 
0.05 
0.15 
0.01 


tained through several heartbeats. Until such conditions are satis- 
fied, additional small doses of chlorisondamine are injected slowly 
(0.2-0.5 mg./kg. over 2 to 5 min.). 


In these ganglion-blocked dogs, the unique pressor response is 
characterized by a steady rise in both systolic and diastolic pres- 
sures; no bimodal record; and a smooth decline to the base line 
with no depr ssor phase. The heart rate is slowed, and the time 
interval between injection of the pressor material and return of the 
systolic pressure to the preadministration level required several 
minutes longer than in untreated dogs. Sensitivity to pressor sub- 
stances tends to increase, so that the injection of 0.1 mcg./kg. of 
Reference Epinephrine solution often produces a rise of 50 mm. 
Hg in systolic pressure. 


Prior to the use of chlorisondamine, the standard deviation of 
assays was 6% of the stated potency; even more disturbing was 
the observation that variation between dogs in duplicate assays 
was large enough to require repeating one-third of the assays. In 
the most recent 500 assays on 150 dogs receiving chlorisondamine, 
the standard deviation was reduced to 3.3 of the stated potency. 
Reports on 100 duplicate bioassays in which chlorisondamine was 
not used are shown in Table I. The lower assay response is shown 
in the first column, the re-assay in the second column, and the 
difference between these duplicate assays in the third column. The 
line separates those assays in which the lower result fell below the 
acceptable potency of 3.90 mg./ml. This included 38 original assays, 
and the differences between duplicate tests tended to be larger than 
in the assays at the higher dosage response levels. 


Responses to 60 duplicate assays on dogs after the administra- 
tion of chlorisondamine are listed in Table 11. Of these, only seven 
original assays fell below 3.90 mg./ml., and differences between 
duplicate assays are smaller. The ranges of assay values by group 
intervals are condensed in Table 111. In the range of original values 
between 3.90 and 3.99 mg./ml., there were 24 re-assays in the dogs 
without chlorisondamine, and the increments were between 0.04 
and 0.58; in 16 dogs in this responJe level receiving chlorisond- 
amine, the increments ranged from 0 to 0.29 mg./ml. For the entire 
set of 100 re-assays without chlorisondamine, the mean rang: was 
0.24 mg./ml., with a standard error (SE) of 0.02 mg./ml.; 60 du- 
plicate assays in dogs which received chlorisondamine showed a 


Table III-Differences in Duplicate Pressor Potency on Dogs 


Range of 
Lowest --Increases in Re-assay Same Sample--- 


Assay Values, Without Chlorisondamine With Chlorisondamine 
mg./ml. No. Range, mg./ml. No. Range, mg./ml 


18 0.06-0.65 1 0.11 3.50-3.79 
3.80-3.89 20 0.09-0.57 6 0.15-0.21 
3.90-3.99 24 0.04-0.58 16 0 -0.29 
4.00-4.09 22 0 -0.31 24 0 -0.25 
4.10-4.19 7 0.02-0.10 10 0.01-0.18 
4.20-4.49 9 0.01-0.19 3 0.01-0.15 
8 f SE 100 0.24+0.02 60 0.12fO.01 


mean range of 0.11 mg./ml., with an SE of 0.01 mg./ml. The dif- 
ference between these mean values is statistically significant. 


DISCUSSION 


The original studies by Cushny suggested that d-epinephrine had 
one-twelfth to one-fifteenth the potency of I-epinephrine; however, 
the d form was always contaminated with s ~ m e  of the I isomer 
(personal communication). This relative potency has been included 
in various textbooks of pharmacology (21). Other investigators 
have indicated that the pressor potency of d-epinephrine is about 
4% of that of I-epinephrine. Since the racemic form contains equal 
parts of the I and the d isomers, the expected pressor potency would 
be about 52% of that shown by pure I-epinephrine. In pressor 
studies on over fifteen hundred chlorisondamine-treated dogs, the 
potency of racemic epinephrine was found to be 60 f 2% of 
that of the I form. This would suggest that, under these conditions, 
d-epinephrine has a pressor potency of 20% of that shown by I- 
epinephrine. Since the d form contains varying amounts of the I 
isomer, it has not been practical to make direct comparisons. 


SUMMARY 


The variations in pressor potency of d-, I- and dl-epinephrines, 
when assayed by the USP XIV pressor method on anesthetized 
dogs, are significantly reduced by pretreatment with chlorison- 
damine. 


Over 1500 comparative assays in such animals suggests that the 
pressor potency of d-epinephrine is of the order of 20% of the 
potency of I-epinephrine. 


The use of chlorisondamine reduces the variability, the time re- 
quired, and expense of bioassays of these pressor products. 
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Stereospecific Hydrogenations IV: Palladium-on-Poly-S-Valine 
and Palladium-on-Poly-S-Leucine 


ROBERT L. BEAMER, ROBERT H. BELDING, and CAROLYN S. FICKLING 


Abstract 0 Studies concerning the influence of helical conformation 
on the enantioselective hydrogenations catalyzed by palladium-on- 
poly-S-amino acids are described. Poly-S-valine which does not 
normally form a helical conformation and poly-S-leucine which 
forms a right-handed helix were chosen as carriers for this study. 
Hydrogenations of a-methylcinnamic acid and a-acetamidocin- 
namic acid using palladium-on-poly-S-valine produced predom- 
inantly S(+)-dihydro-a-methylcinnamic acid and R( +)-phenyl- 
alanine (after hydrolysis), respectively. The hydrogenations cat- 
alyzed by palladium-on-poly-S-leucine produced predominantly 
R(-)-dihydro-a-methylcinnamic acid and S(-)-phenylalanine 
(after hydrolysis), respectively. These results indicate that the helical 
conformation of the polyamino acid carriers does influence the 
asymmetric induction observed. The asymmetric induction arising 
from the chirality of the screw sense of the polyamino acid appears 
to have a stronger influence on the configuration of the products 
than does the asymmetric induction arising from the configurations 
of the amino acid residues. The asymmetric induction arising from 
the helical conformation appears to mask any influence arising from 
the asymmetric carbon atoms of the amino acid residues. 


Keyphrases 0 Palladium-on-poly-S-valine-a-methylcinnamic and 
a-acetamidocinnamic acid hydrogenation 0 Palladium-on-poly-S- 
leucine-a-methylcinnamic and a-acetamidocinnamic acid hydro- 
genation 0 Asymmetric induction-polyamino acid, helical 
conformation. 


Stereospecific hydrogenations using palladium-on- 
poly-S-leucine, palladium-on-poly-y-benzyl-S-glutamate 
and palladium-on-poly-/3-benzyl-S-aspartate were de- 
scribed in earlier papers (1, 2) .  The substrates used in 
these hydrogenations were a-methylcinnamic acid and 
a-acetamidocinnamic acid, both of which produce 
asymmetric carbon atoms on hydrogenation. 


Predominantly R( - )dihydro-a-methylcinnamic acid 
was formed when a-methylcinnamic acid was hydro- 
genated using either palladium-on-poly-S-leucine or 
palladium-on-poly-y-benzyl-S-glutamate. S( - )-Phenyl- 
alanine was formed when a-acetamidocinnamic acid 
was hydrogenated using these same catalysts and the 
hydrogenation product hydrolyzed with dilute aqueous 


hydrochloric acid. Catalysts prepared from poly-p- 
benzyl-S-aspartate induced the formation of pre- 
dominantly S( -)-dihydro-a-methylcinnamic acid and 
predominantly R(-)-phenylalanine, respectively, when 
the same substrates were used. Since both poly-S- 
leucine and poly-y-benzyl-S-glutamate form stable 
helices having a right-handed screw sense and poly-p- 
benzyl-S-aspartate forms an anomalous left-handed 
helix (3-6), the helical sense of the poly-S-amino acid 
carrier must influence the asymmetric induction ob- 
served. 


The present paper describes studies made to compare 
the influence of the chirality of the secondary structure 
(helix) versus the chirality arising from the asymmetric 
carbon atoms of the S-amino acid residues on the steric 
course of the enantioselective hydrogenations. 


The carrier polyamino acids chosen for these studies 
were poly-S-valine and poly-S-leucine. As noted above, 
poly-S-leucine possesses a right-handed helix. Poly-S- 
valine, a lower homolog of poly-S-leucine differing 
from poly-S-leucine by one methylene group per amino 
acid residue, does not normally form a helical con- 
formation, but forms a random @ structure because of 
steric hindrance (7). 


EXPERIMENTAL’ 


Reagents-N-Carbobenzyloxy-S-valine (Nutritional Biochem- 
icals), a-methylcinnamic acid (Aldrich), a-acetamidocinnamic acid 
(Aldrich), leucine (Mann Biochemical Corp.)., and carbobenzyloxy 
chloride (Nutritional Biochemicals). 


N-Carboxy-S-valine Anhydride (1)-This compound was prepared 
according to  the Leuchs procedure (8). Twelve grams (0.1 mole) 
of glass-distilled thionyl chloride were added to  12.5 g. (0.05 
mole) of N-carbobenzyloxy-S-valine. The mixture was warmed 
gently to 40” until evolution of gas diminished and heated on a 


1 All temperatures are uncorrected. Elemental analyses were deter- 
mined using a Hewlett-Packard model 185 C, H, and N analyzer. Optical 
rotation measurements were made using a Rhudolph model 200s 
polarimeter. A Perkin-Elmer Infracord model 137B spectrophotorneter 
was used to obtain the IR spectra. 
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Catalysis of Streptovitacin A Dehydration: Kinetics and Mechanisms 


ROBERT E. NOTARI and STEPHEN M. CAIOLA* 


Abstract 0 The dehydration of streptovitacin A (StA) is compared 
to that of cycloheximide (CY) in this paper. Acidic dehydration of 
CY produces the &-unsaturated ketone, anhydrocycloheximide. 
Under similar conditions St A dehydration yields an analogous 
product, anhydrostreptovitacin A (AnS), which undergoes further 
dehydration to form a phenolic derivative. The ratios of the rate 
constants at the temperatures studied are ( k c ~ / k S t A ) :  7.5, 40"; 6.2, 
50"; 5.7, 60"; and 4.8, 70'. Dehydration of StA in alkaline buffered 
solutions gives rise to AnS with no evidence for the formationof the 
phenolic product, The apparent first-order rate constant, k ,  for the 
formation of AnSindefinedask = kH+[H+] + ko=-[OH-] + kHP04- 
[HP04=] + k,. Log k CCI'SLIS pH profiles constructed from 40 to 
70" show a minimum at pH 3 where StA is more stable than CY. 
Mechanisms for the catalysis by H+, OH- and HP04= are postu- 
lated. 


Keyphrases Streptovitacin A dehydration-catalysis 0 Kinetics, 
mechanism-streptovitacin A catalysis 0 Cycloheximide, strepto- 
vitacin A hydrolysis-comparison pKa-streptovitacin A acid- 
catalyzed dehydration products 0 UV spectrophotometry-analysis 


Glutarimide antibiotics related to cycloheximide 
(CY) (Ia) exhibit significant differences in biological 
activity due to relatively minor chemical or stereo- 
chemical variations. For example, streptovitacin A 
(StA) (Ib) and E-73 (Ic) were both reported to have 
approximately 200 times the antitumor activity of CY 
(1). This increase in biological activity was attributed to 
the additional oxy-group in the cyclohexanone ring. 
However, a comparison of antifungal activity shows that 
CY is 100 times more potent than StA (2) and 5 times 
more potent than E-73 (3). 


CH-CH, 


R' 


R R '  
a Cycloheximide H H 
b Streptovitacin A H H 


Streptovitacin B H OH 
Streptovitacin C OH H 


c E-73 H H 


R" 
H 
OH 
H 
H 
0 
l l  
OC-CH, 


I 


The kinetics and mechanisms of CY transformations 
have previously been reported (4, 5). A major trans- 
formation of CY is its dehydration to the a,p-unsatu- 
rated ketone, anhydrocycloheximide. In the present 
study, the dehydration of StA was chosen for com- 
parison to  that of CY for two reasons. The small 
difference in chemical structure (5-OH uersus 5-H) 
results in a dramatic difference in biological activity 
as previously mentioned. Secondly, Herr (6) has re- 


ported that acid-catalyzed dehydration of StA yields a 
phenolic product rather than the a,p-unsaturated 
ketone as in the CY case. 


This paper compares the rates and mechanisms of 
StA dehydration as a function of pH, temperature, and 
buffer, with that previously reported for CY dehydra- 
tion (4, 5). 


EXPERIMENTAL 


Spectral Transformations of StA in Acidic Solutions-One-milk 
liter aliquots of an aqueous stock solution of StA were mixed with 
100 ml. of HCl solutions previously equilibrated in constant-temp- 
erature baths. Samples representing various stages of the reaction 
were removed, cooled, and their UV absorption spectra determined 
on a spectrophotometer (Cary model 15). Typical results are illus- 
trated in Fig. 1 where the wavelengths of maximum absorbance for 
the reaction products are shown to be 242 and 282 mp. Additional 
samples were removed as a function of time, coo!ed, and the ab- 
sorbances read on a spectrophotometer (Beckman DU) at each of 
these wavelengths. The two types of data collected in these studies 
are illustrated in Figs. 2 and 3. Experimental conditions resulting 
in the type of plots shown in Fig. 2 are given in Table I and those in 
Fig. 3 are in Table 11. 


pKa Determination of the StA Acid-Catalyzed Dehydration 
Products-A 1 .O X M solution of StA was allowed to react in 
1 N HCI at 70". Aliquots of thereaction were removed at the end of 
1 hr. and 25 hr. and treated in the following manner. Samples were 
diluted with phosphate buffer or NaOH to obtain the desired pH 
while maintaining a constant concentration of reaction mixture. 
Immediately after dilution, the UV spectrum was recorded, the 
absorbance at 242 and/or 297 mp was determined, and the pH was 
read. Throughout a 3-hr. period following each dilution, the UV 
spectra were again obtained in order to check for any spectral 
changes. 


Figure 1-UV spectra for 2.5 X 
at various time interaals. 


M StA in 1.0 N HCI, 70 ", 
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Figure 2-Absorbance at 242 rnp 0 and 282 mp 0 as a function OJ 
the reaction time at 70" for 2.5 X M StA in 1.0 N HCI. 


The apparent molar absorptivity of the final acid-catalyzed 
dehydration product was determined as follows. Aliquots of the 
25-hr. reaction mixture, prepared for the above pKa determination, 
were diluted to appropriate concentrations and adjusted to a pH 
greater than 13 with 1 N NaOH. The 297 mp absorption of each 
sample was immediately determined. The resulting Beer's law plot 
is discussed under results. 


Spectral Transformations of StA in Buffer Solutions-Standard 
buffer solutions were prepared, adjusted to constant ionic strength 
with NaCI, and equilibrated in constant temperature baths. Ali- 
quots of an aqueous StA solution were then added. Samples were 
removed throughout the reaction and their UV absorption spectra 
determined. Reaction rates were established by sampling such 
solutions as a function of time and determining the absorbance 
at the 245 mp maximum on a spectrophotometer (Beckman DU). 
Results were similar to that illustrated in Fig. 4 for all buffer studies. 
The experimental conditions are given in Table 111. 


RESULTS 


Spectral Transformations of StA in Acidic Solutions-Under the 
experimental conditions listed in Table 11, StA was found to undergo 
dehydration which resulted in the gradual increase of an UV absorp- 
tion maximum at 242 mp. The determination of the absorbance 
at 242 mp on reactions sampled as a function of time gave plots 
similar to that shown in Fig. 3. Apparent first-order rate constants, 
k,  were calculated from these data using the equation, 


In (A ,  - At) = -kt + In A ,  (Eq. 1) 


where A,  is the maximum absorbance value and At  is the absorb- 
ance at any time, t .  Typical plots based on Eq. 1 are shown in Fig. 
5. Figure 6 shows the dependency of the apparent first-order rate 
constants on the hydrogen-ion activity, [H+], in accordance with: 


k = k=+[H+] (Eq. 2) 


where [H+] was calculated from the experimental concentrations 


Table I-Experimental Conditions and Apparent First-Order Rate 
Constants, kl, Based on Initial Rates (dS/dr)o, of Streptovitacin A 
Dehydration in 0.95 N at 70°C 


103 k,, min.-l 103[aoa 106, dS/dtob 


1 .oo 9.65 
0.75 6.85 


9.65 
9.13 


0.50 4.83 9.66 
0.25 2.32 9.28 
0.10 0.935 9.35 


a Initial concentration of StA. b Based on UV absorbance data for the 
formation of the a,P-unsaturated ketone dehydration product. 


and the literature values for activity coefficients (7). A plot of 
log k versus pH (Fig. 7) based on the logarithmic transformation 
of Eq. 2 has the expected slope of minus one. The values of the 
catalytic constants, kHf in 1. mole-' min.-l, calculated from 
the slopes of the lines for the various temperatures in Fig. 6 are 
2.28 X 70"; 1.00 X 60"; 3.79 X 50"; and 1.32 X 


An Arrhenius plot of these catalytic constants is linear 
with a heat of activation, AHa, value equal to 20.3 kcal./mole. 


Garrett and Notari (4, 5)  have reported on the dehydration of 
CY to yield a 245 mp absorption band attributed to the cu,p-unsat- 
urated ketone in anhydrocycloheximide. The first dehydration 
product of StA, with its absorption maximum at 242 mp (Fig. 1) 
is analogous to the CY case and may be named on that basis as 
anhydrostreptovitacin A (11). The absorptivity of anhydrostrepto- 


40". 


I1 


vitacin A would be expected to be similar to that of anhydrocyclo- 
heximide (5-H replaces 5-OH). The final yields of anhydrostrepto- 
vitacin A, AS, in the acidic dehydration studies listed in Table I1 
were calculated on that basis from 


Z A S  = 100 A,/aSo (Eq. 3) 


where A ,  is defined in Eq. 1, a = 8250 is the absorptivity of anhy- 
drocycloheximide in acid at 245 mp (4) and So is the initial concen- 
tration of StA. The percent yield of anhydrostreptovitacin A for 
all cases in Table I1 was found to be 60%. 


Initial rate studies were run for a variety of StA concentrations 
given in Table I. The concentration of StA, S, remaining at time, 
t ,  was calculated from, 


S = SO - At/a (Eq. 4) 


where So, At ,  and a, have been previously defined. The initial 
rates of dehydration of StA, (dS/dt)o, calculated from the slopes 
mo, of the initial 10% of the reactions are given in Table I. A plot 
of So versus mo is linear in agreement with the relationship, 


mo = (dS/dt)o = klSo (Eq. 5 )  


In addition a plot of log mo uersus log SO is linear with a slope of one, 
further supporting a first-order reaction in StA. Equation 5 may be 


Table 11-Experimental Conditions and Apparent First-Order Rate Constants," k in min.-l for the Acid-Catalyzed Dehydration of 
Streptovitacin Ab 


-70 '- 7 - 6 0 " -  -50 O- -40"- 
[HCII A H +  103k [HCU A H +  10 3k A H +  103k A H +  103k 


0.050 0.040 0.720 0.248 0.182 1.75 0.184 0.603 0.186 0.218 
0.074 0.059 1.06 0.496 0.359 3.70 0.363 1.20 0.371 0.432 
0.099 0.077 1.51 0.745 0.545 5.57 0.555 2.08 0.565 0.704 
0.149 0.112 2.36 0.994 0.747 8.39 0.767 3.22 0.782 1.00 


a Based on UV absorbance data for the formation of the or,&unsaturated ketone dehydration product. b The initial concentration of StA was 2 X 
10-4 M. 
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Table HI-Experimental Conditions and Apparent First-Order Rate Constants," k ,  for the Dehydration of StAb 


lo3 k ,  m i n . - W  Buffer Composition 
Obs. pH [NaH2P04.H20] [Na2HP04. 12H20] [NaCI] 70 O 60" 50 O 


5.74 
k0.05 


6.73 
3r0.06 


7.20 
=!=O. 07 


7.73 
izO.08 


8.09 
8.21 
8.27 


0.150 
0.110 
0.070 
0.030 
0.050 
0.035 
0.030 
0.020 
0.005 
0.020 
0.014 
0.011 
0.008 
0.002 
0.006 
0.004 
0.002 
0.001 
0.0004 
0.001 
0.0015 


0.015 
0.011 
0.007 
0.003 
0.050 
0.035 
0.030 
0.020 
0.005 
0.058 
0.041 
0.032 
0.023 
0.006 
0.060 
0.040 
0.020 
0.010 
0.016 
0.040 
0.060 


0.005 
0.057 
0.109 
0.161 
O.Oo0 
0.060 
0.080 
0.120 
0.180 
0.006 
0.064 
0.093 
0.122 
0.181 
0.014 
0.076 
0.138 
0.169 
0.194 
0.121 
0.060 


1.03 
0.850 
0.625 
0.423 
4.23 
3.32 


2.66 
1.57 
7.50 
6.91 


5.08 
3.99 


- 


- 


15.2 
13.4 
11.6 
10.7 
28.5 
32.8 
39.7 


8.31 0.002 0.080 O.Oo0 50.5 
[H3B031 INaH2BO31 [NaCl] 


7.91 0.072 0.008 0.172 19.5 
7.98 0.018 0.002 0.178 18.8 
8.68 0.001 0.001 0.179 93 .O 
9.20 0.130 0.130 0.050 274. 


a Based on UV absorbance due to formation of the a,@-unsaturated ketone. b The initial concentration of StA was 2 X 10-4 A4 and the ionic strength 
was adjusted to 0.2. 


solved for the apparent first-order rate constant by solving the 
expression mo/So = kl. Results of these calculations are given in 
Table I. 


Since the apparent first-order constants, kl,  are calculated from 
initial rates, they represent the rate constant for the forward reaction 
in the equilibrium, 


kl 


k -1 


The overall first-order rate constant for achieving this equilibrium 
can be expressed as, 


k = ki + k-1 (Eq. 7) 


The percent yield of anhydrostreptovitacin A can be expressed in 
terms of these rate constants as, 


(Eq. 8) 
The mean value for kl in 0.95 N HCI at 70" from Table I is 9.41 X 
lW3 (min.-l). The value for k under these conditions was calcu- 
lated from Eq. 2 and is 16 X 10-3 (min.-l). Solving Eq. 8 with 


S e A S  0%. 6) 


%AS = 100 kilk 


1.0 - 


E' 
0.8 - 


U N 


F 
0.6 - 


0 
Z 
2 0.4 - 
CL 


5: 2 0.2 - 


0 L B  
I I  
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TIME, hr. 


Figure 3-Increase in absorbance at 242 mfi due to formation of a,@- 
unsaturated ketone from dehydration of 2 X M StA in 0.745 N 
HCI at 50". 


these values for kl and k gives the yield of anhydrostreptovitacin 
A as 59%. This agrees with the value calculated previously from 
the spectral data using Eq. 3. 


pKa Determination of the StA Acid-Catalyzed Dehydration 
Products-When reaction conditions were stronger than those in 
Table 11, relative to HCI concentration and temperature, the 242 
mp absorbance first increased and then decreased giving rise to a 
new maximum at 282 mp. Figure 1 shows the presence of an iso- 
bestic point associated with this spectral change indicating a 1:l 
transformation between the chromophores. Plots of the 242 and 
282 mp absorbance as a function of reaction time, such as those 
illustrated in Fig. 2, were typical of an A -+ B + C reaction. The 
absorbance at 242 mp was attributed to the @-unsaturated ketone 
in anhydrostreptovitacin A (11) and the 282 mp maximum was 
attributed to the phenol in 111 (6) which is shown in Scheme I. In 


I b  I[ m 


Scheme I 


order to further verify this assignment, a spectrophotometric pKa 
determination was done on the reaction mixture described in Fig. 2 
after 1 hr. of reaction and after 25 hr. when only the phenolic 
product is present. 


As expected for a,P-unsaturated ketone, the 242 mp absorp- 
tion maximum after 1 hr. of reaction did not demonstrate any pKa. 
The absorbance was essentially constant for the dilutions in buffers 
of pH 1 to 9.5. At higher pH, the absorbance was found to increase 
slightly and then decrease with time indicating formation and sub- 
sequent loss of the chromophore rather than any pKa function. 


The spectra of the reaction mixture after 25 hr. showed a max- 
imum near 210 and 282 mp corresponding to the two maxima for an 
undissociated phenolic compound (8). An absorbance maximum 
at 280 mp has been reported for 111 (3). As the pH was increased, 
both maxima exhibited bathochromic shifts to 242 and 297 mp, 
respectively. These maxima correspond to the absorbance max- 
ima for phenoxide (8). The pKa was determined by plotting the 
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Figure 4-Increase in 245 mp absorbance from dehydration of 2 X 
10-4 M StA in pH 6.74 buffers ( p  = 0.2) at 70". The curues are for 
equimolar [HZO,-] and [HPOI'] where the concentration, M, of 
each species is: 0,0.050; Q, 0.035; C), 0.040, and 0, 0.005. 


- 


- 


absorbance at 242 or 297 mp uersus pH as shown in Fig. 8. The pKa 
from these plots is 10.8 which agrees with the value for 2,4,6-tri- 
methylphenol at 25" (8). 


A Beer's law plot of the phenoxide product was made by deter- 
mining the absorbance at 297 mp for various dilutions of the 25-hr. 
reaction mixture (described above) at pH > 13. The plot of absorb- 
ance cersus concentration was made by assuming all of the StA had 
been converted to its phenolic derivative within the 25 hr. It can be 
seen in Fig. 1 that the absorbance at 242 mp after 18 hr. is due to the 
primary absorbance band for phenol at 210 mp. Figure 2 shows that 
the absorbance due to the phenol is constant after 20 hr. The ab- 
sorptivity of the phenoxide was calculated from the Beer's law plot 
to be 2610 which agrees favorably with that of phenoxide which is 
2512 (8). 


The lack of any pKa associated with the absorption band due to 
the first dehydration product and the pKa of 10.8 and absorptivity 
of 2610 associated with the absorption band of the final dehydration 
product both support Scheme I as the HCI-catalyzed reaction 
pathway. 


Spectral Transformations of StA in Buffer Solutions-In phos- 
phate and borate buffer solutions such as those listed in Table 111, 
StA gave rise to an UV spectrum with absorbance maximum at 245 
mp. The absorbance at 245 mp increased as a function of time ap- 
proaching a constant value. Typical plots are shown in Fig. 4. 
There was no indication of further dehydration to form the phenolic 
product which was formed in the HCI-catalyzed dehydration studies, 
The final absorbance values, A,, were found to be constant over 
long periods of time and in one case no change was observed for 


0.0 


-0.5 


7 a -1.0 + 
v - - - 


-1.5 


-2.0 
0 10 20 30 


TIME, hr. 


Figure 5-First-order plots for the increase in absorbance at 242 mp, 
A, from dehydration of 2 X IF4 M StA in HCl at 50'. [HCI] = 
0,0 .25  M; A, 0.50 M : CI, 0.75 M; 0.1.00 M. 
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Figure 6-Apparent first-order rate constants for StA dehydration, 
k ,  versus hydrogen-ion activity, [H+] at temperatures of 0, 70'; 
Q,60°; C), 50°, and., 40". 


30 X ti/%. First-order plots were obtained using Eq. 1 and were 
generally linear for more than 80% of the reaction. Apparent first- 
order rate constants, k ,  were calculated from the slopes of these 
plots and the results are given in Table 111. In the phosphate buffer 
system, this rate constant may be defined 


k = kH$o,- [HzP04-1 + kHPo4- [HP04=1 + ko (Eq. 9) 


where 


ko = kH+ [H+] f koH- [OH-] + k,  (Eq. 10) 
Equation 9 can be written 


k = (kH,Po,-R + kHPo4-) [HPO4-1 + ko (Eq. 11) 


where R = [HzP04-]/[HP04"] is constant at a given pH. A plot of 
k wrsus [HP04-] (see Fig. 9) will be linear with slope, m, defined 


rn = kHpo,-R + kmo4- (Eq. 12) 
and intercept ko. Since Eq. 12 has two unknowns, a knowledge of 
m and R at two or more pH values will allow calculation of the 
catalytic rate constants, kH2p04- and kHpo4-. Using the data at pH 
5.74, 6.73, 7.20, and 7.73 from Table 111, the values for the catalytic 
constants, kapo4- (]./mole min.), at the various temperatures are 6.2 
x 10-2, 70'; 2.4 X 60"; and 8.8 X 50". No significant 
catalytic effect could be assigned to the HzP04- component of the 
buffer. 


The intercepts of plots such as Fig. 9 are defined by Eq. 10. 
These can be corrected for the contribution of [H+] using the values 
for k H +  given previously in this paper. The catalytic constant for 
OH-, koH-,  was calculated from the corrected intercepts (equal to 
koE-[OH-] + k,) where the [OH-] was calculated from observed 
pH and the literature values for the pKw of HzO at the various 
temperatures (7). The values for 10-3ko~-  (I./mole min.) at the 
various temperatures are 1.35, 70"; 0.713, 60"; and 0.370, 50". 
The values for the rate constants, k,  in the phosphate solutions at 
pH 8.09, 8.21, 8.27, 8.31 (see Table 111) can be adequately described 
(within 3, 18, 14, and 0.6z,  respectively) using Eq. 9 and the pre- 
viously calculated values for the constants. This series could not be 
used to calculate kHpo4- because of the variation in pH between the 
buffer solutions and the fact that 90% of the value for an observed 
first-order rate constant at this pH is due to hydroxide-catalyzed 
dehydration. A number of borate buffer solutions were evaluated 
and the results for a few are listed in Table 111. The contribution of 
the buffer components in the borate systems studied was negligible 
in comparison to that of the [OH-]. An Arrhenius plot for kapo4= 
gives a AHa of 21.6 kcal./mole and for koH- a AHa of 15.1 kcal./- 
mole. 


DISCUSSION 


Dehydration of StA in Acidic Solutions-Although StA (Ib) dif- 
fers structurally from CY (Ia) only by a hydroxyl group in the 







5-position, its acid-catalyzed dehydration differs in reaction rate 
and in final product from that previously reported for CY (4). StA 
undergoes a stepwise dehydration according to Scheme I. Loss of 
the first mole of water yields the a,p-unsaturated ketone, anhydro- 
streptovitacin A (II), which has an UV absorption maximum at 242 
mp in aqueous acid. Anhydrostreptovitacin A undergoes further 
acid-catalyzed dehydration to yield the final phenolic product (111) 
which has an UV absorption maximum at 282 mp. The phenolic 
product (111) has been previously prepared by Herr (6) by the acidic 
dehydration of StA. The initial dehydration product, anhydro- 
streptovitacin A (11), has not been previously reported. However 
the acid-catalyzed dehydration of CY (Ia) results in formation of its 
corresponding cu,&unsaturated ketone, anhydrocycloheximide (4). 


The product of StA acidic dehydration, then, is dependent upon 
the conditions. Under conditions of relatively strong HCI and/or 
temperature two moles of HzO are lost and the phenolic compound 
(111) is formed. Under moderate conditions, as in Table 11, results 
(Fig. 2) are typical of consecutive reactions which are in this case 
16 -, I1 + 111. The dehydration product in this scheme is dependent 
on time. Initially there is predominantly I1 present as a product but 
finally there is only 111. By proper control of temperature and HCI 
concentration, it was possible to study the dehydration of StA 
to anhydrostreptovitacin A (11) without any interference from the 
subsequent dehydration to the phenolic product (111). Typical 
conditions allowing calculation of the first-order rate constants for 
the dehydration of Ib to I1 are given in Table 11. These rate constants 
can be compared to those reported for the dehydration of CY to its 
corresponding a,p-unsaturated ketone. StA, like CY, undergoes 
specific H ion-catalyzed dehydration. This catalysis, which is typical 
of the dehydration following an aldol condensation (9), is illustrated 
in Scheme 11. 


I -  I I 


J 
5 C H -  + H' 


Scheme I1 


Although both are subject to H ion catalyzed dehydration, StA 
is more stable to dehydration than CY. A comparison of the cata- 
lytic constants, kH+, calculated from Eq. 2 with those previously 
reported for CY (4) shows that the ratio, kcu/kata at the tempera- 


-2.0 -] 


-2.4 -2.2 I \\ 
- -2.6 


8 .- 
E -2.8 
2 


-3.0 


-3.2 


-3.4 


-3.6 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 
PH 


Figure 7-Log k versus pH for dehydration of StA at 70', 0: 
60", @; 50", a, and40", 0. 


1 Streptovitacin A can be named 3-[2-(5-hydroxy-3,5-dimethyl-2- 
oxocyclohexyl)-2-hydroxyethyl]-glutarirnide. 
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Figure 8-Absorbance at 297 mp (0) and 242 nip (0) versus pH 
for the reaction product from StA in 1.0 N HCI at 70" for 25 hr. 


tures studied is 7.5, 40"; 6.2, 50"; 5.7, 60"; and 4.8, 70". One 
possible explanation for the increase in stability which is observed 
with the replacement of the 5-H in cycloheximide (Ia) by the 5-OH 
in StA (Ib) lies in the fact that the additional OH presents an addi- 
tional site for protonation. Protonation at the 5-OH position would 
make protonation of the exocyclic OH more difficult. Since Hf 
catalyzed dehydration, as depicted in Scheme 11. proceeds via 
protonation of the side chain hydroxyl, a decrease in the ease of 
this protonation would be reflected by a decrease value in the 
kH+. The StA would be thus expected to be more acid stable than 
CY on that basis. This type of phenomena has been observed in 
other systems. For example, the rate of N-glycosyl cleavage of nu- 
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Figure 9-Apparent first-order rate constanis for StA dehydration 
at 70", p = 0.2 as a function of phosphate concentration at pH 5.74 
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Figure l&-Log k versus pH for StA dehydration at 70, 60, 50, 
and 40”. The lines are calculated from k = k& [H+] + koH- 
[OH-] and the points are experimental. 


cleosides in aqueous acid is decreased as the number of hydroxyls is 
increased from 1 to 2 to 3 (10). 


The additional OH group in StA can also lead to the formation 
of a new dehydration product as compared to the CY case where 
there is no OH on the cyclohexyl ring (see Ia versus Ib). Under 
conditions of sufficiently high HCl concentration and temperature, 
the anhydrostreptovitacin A (11) undergoes further dehydration 
forming the phenolic product, 111. Typical experimental conditions 
yielding such results are given in Table I. This dehydration does not 
occur in alkaline buffer solutions (discussed in the next section) 
and is too slow to observe in dilute HCl such as the case shown in 
Fig. 3 where there is no appreciable decrease in the final absorbance, 
A,,,, during 10 hr. The dehydration of the a,O-unsaturated product, 
anhydrostreptovitacin A (11), to form the phenolic compound, 111, 
is thus dependent upon H-ion concentration. A mechanism for the 
H-ion catalyzed dehydration of anhydrostreptovitacin A is il- 
lustrated in Scheme 111. 


7 


H c H -  


1 
OH 


OCH2- 
m 


Scheme 111 


Dehydration of StA in Buffer Solutions-Dehydration of StA in 
alkaline phosphate and borate buffer solutions yielded the a$- 
unsaturated ketone anhydrostreptovitacin A (11). This is analogous 


to the dehydration of CY which resulted in formation of anhydro- 
cycloheximide in acetate buffer solutions (5 ) .  Both reactions were 
subject to specific hydroxyl ion and general-base catalysis. StA 
was not studied in the acetic acid-acetate buffer system, as was 
CY (9, because the increased stability of StA made its reaction time 
too long. However, while CY dehydration was shown to be general- 
base catalyzed by acetate ions (3, StA dehydration was catalyzed 
by the basic component of the phosphate system, HPOa‘. The base- 
catalyzed dehydration of CY or StA is illustrated by Scheme IV. 


Scheme IV 


A log versus pH profile was prepared for StA dehydration to 
anhydrostreptovitacin A at several temperatures by summing the 
contributions from H+ and OH-. Results, shown in Fig. 10, indicate 
that the reaction is at its minimum rate at pH 4.0. As would be ex- 
pected, this is approximately the same as the pH of maximum sta- 
bility of CY which was reported as 4.4 (5). The slight shift in pH of 
maximum stability, from 4.4 to 4.0 can be explained by the increased 
stability of StA to H-ion catalyzed dehydration as discussed earlier. 
Comparison of the H-ion catalytic constants, k ~ + ,  to the OH-ion 
catalytic constants, koa-, for dehydration of StA to anhydrostrepto- 
vitacin A shows that OH-ion is roughly lo6 more effective as a 
catalyst than is H-ion. This indicates that the mechanism illustrated 
in Scheme IV is much more effective in the dehydration of the aldol 
than is the mechanism shown in Scheme 11. This also indicates that 
excessive base would be of primary concern to one synthesizing 
aldols of this type. The catalytic constant for HPOI-, ~ H P O , - ,  is in 
fact about 2.5 times larger than k ~ + .  
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Anal.-Calcd. for C12Hl,ClN2.HCI: C, 56.0; H, 5.49; N, 10.9. 
Found: C, 56.0; H, 5.47; N, 10.7. 


2,2-Dimethyl-8-chloro-1,2,3,4-tetrahydro-~-carbo~nium Iodide 
(XXVIIFA mixture of 0.8 g. (3.9 mmoles) of 8-chlorotetrahydro- 
p-carboline (XIV), 0.16 g. (4 mmoles) of sodium amide, and 50 ml. 
of toluene was refluxed with stirring for 4 hr. After cooling 0.57 g. (4 
mmoles) of methyl iodide was added, and the mixture was first 
stirred at room temperature for 1 hr. then refluxed for 1 hr. The 
solvent was evaporated in uLicuo and the residue washed with water; 
yield, 1.0 g., m.p. 188-208”. Another washing with benaenegave 700 
mg. (48 z), m.p. 24&242”. Recrystallization from ethanol gave 
250 mg., m.p. 238-239”. The product gave a positive test for iodine 
(5). A,,, (KBr): 2.93, 3.15, 3.32, 3.42, 3.51 (NH, CH); 6.18,6.28, 


Anal.-Calcd. for C13H16C11N2: C, 43.1 ; H, 4.45, N, 7.73. Found: 
C, 43.3; H, 4.42; N, 7.62. 


Assay-Mitochondria1 monoamine oxidase from beef liver was 
isolated and purified as previously described (1). All the stock solu- 
tions of the hydrochloride salts of inhibitors except XI’HCI were 
prepared in water. Compounds VI, VIII, and XI1 were dissolved 
in 0.01 N HCI, Compounds V and XI in dimethyl sulfoxide, and 
Compound XIV in 25 2 aqueous dimethyl sulfoxide. Incubation 
was carried out with tryptamine-2-I4C hydrochloride according to 
the previously described procedure (1). 


6.45,6.79,6.85,6.95~ (C=C, CHI). 
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Comparative Pharmacokinetics of Coumarin Anticoagulants VI: 
Effect of Plasma Protein Binding on the Distribution 
and Elimination of Bishydroxycoumarin by Rats 


GERHARD LEVY and RENPEI NAGASHIMA* 


Abstract 0 The partitioning of bishydroxycoumarin (BHC) from 
rat plasma to an organic solvent phase decreases with increasing 
drug concentration to a minimum value and then increases as the 
concentration is further increased. The same type of profile is ob- 
served in the partitioning of BHC from rat plasma to the liver, both 
in citro and in civo. The elimination of large doses (60 mg./kg.) 
of BHC in the rat is much more rapid than the elimination of 
smaller (2-20 mg./kg.) doses. A plot of the elimination rate 
constant of BHC as a function of dose yields a curve which is 
similar to the partitioning profiles of BHC from plasma to liver 
and from plasma to organic solvent. The minimum concentration 
ratio, liver:plasma, in a perfused liver system and in intact animals, 
and the minimum in uivo elimination rate constant, occur at the 
same plasma concentration of BHC. These results reflect the un- 
usual concentration dependence of the plasma protein binding of 
this drug. They demonstrate the pronounced effect of protein 
binding on the distribution of BHC, and the effect of distribution 
on the elimination of this drug. 


Keyphrases 0 Coumarin anticoagulants-pharmacokinetics u 
Bishydroxycoumarin (BHC)-distribution. elimination 0 Elimina- 
tion rates-dose relationship 0 Plasma protein binding-BHC 
distribution, elimination 


Bishydroxycoumarin (BHC) is a widely used anti- 
coagulant that is extensively bound to plasma albumin 
and is eliminated from the body almost exclusively by 


biotransformation in the liver (1). Its unusual pharmaco- 
kinetic characteristics in man (2), which are also evident 
in the rhesus monkey (3 ) ,  have stimulated numerous 
investigations (reviewed in Reference 4). Because BHC 
also shows an unusual concentration dependence in its 
binding to plasma protein (4), this drug is particularly 
suitable as a model to determine the effect of plasma 
protein binding on the distribution of a drug in the body, 
and to assess the effect of changes in distribution on the 
kinetics of its elimination. Accordingly, the plasma 
protein binding, distribution, and kinetics of elimination 
of BHC have been studied over a wide concentration 
range and will be described here. 


EXPERIMENTAL 


The extractability of BHC from rat plasma (4), the isolated rat 
liver perfusion system (l), and the method of determination of BHC 
in rat plasma (4) have been described in previous papers in this 
series. About 60 mg./kg. body weight of BHC was administered 
intravenously or intraperitoneally to male Sprague-Dawley rats 
weighing 240-600 g. A 5-mg./kg. dose was administered 1 week 
later. All other experimental conditions were as described previously 
(3), except that 6 mg./kg. vitamin K1 (Aqua Mephyton, Merck 
Sharp and Dohme, West Point, Pa.) was administered intraperi- 
toneally in all experiments immediately before injection of BHC. 
The apparent volume of distribution ( V d ) ,  the biologic half-life 
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Figure I-Extractability of BHC from rat plasma (pH < I )  into 
n-heptane as a function of concentration before extraction (average 
of 2 or 3 determinations). 
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( to .& and the apparent first-order rate constant for the elimina- 
tion of BHC from the plasma (kgpp. )  were determined ( 3 )  from plots 
of log BHC concentration in plasma versus time over approximately 
13 hr. 


RESULTS 


The distribution of BHC between acidified (pH < 1) rat plasma 
and n-heptane is concentration-dependent (Fig. 1). The drug is 
almost completely extracted into the organic phase at low (< 100 
mcg./ml.) concentrations, but is retained in the plasma to a much 
greater extent as the concentration increases to 200 mcg./ml. The 
extractability then increases as the BHC concentration increases 
beyond 200 mcg./ml. 


Figure 2 shows the concentration ratio of BHC between the iso- 
lated perfused rat liver and plasma as a function of the BHC 
concentration in the plasma phase. Since the blood used to perfuse 
an isolated liver must be diluted somewhat, the actual concentra- 
tions of BHC in the liver perfusate were multiplied by 1.7 to correct 
for this dilution (1). The concentration ratio versus plasma concen- 
tration profile in Fig. 2 is qualitatively similar to the distribution 
profile shown in Fig. 1. 


The liver to plasma concentration ratio of BHC as a function of 
plasma concentration in intact rats (Fig. 3) was determined from the 
data published by Christensen (5). Shown also in Fig. 3 are estimates 
of the apparent first-order rate constant for BHC elimination 
calculated from pairs of consecutive plasma concentration 
values, plotted against the respective midpoint concentra- 
tions of BHC in the plasma. It may be noted that the minimum 
1iver:plasma concentration ratio of BHC in intact rats (Fig. 3) 
occurred at the same plasma concentration (= 40 mcg./ml.) as in 
the isolated liver perfusion system (Fig. 2). 


The administration of high (> 50 mg./kg.) doses of BHC to 
intact rats presented considerable difficulty due to acute toxic effects 
of this drug. Because of the high mortality (517) from intravenous 
injections, the drug was administered intraperitoneally in some 
cases. Figure 4 shows the time course of BHC concentrations in the 
plasma of a rat following intraperitoneal injection of 60-mgJkg. 
and 5-mg./kg. doses, respectively, of BHC. The plasma concentra- 
tions decreased exponentially with time and there was no evidence 
of a distribution or absorption phase after 1.5 hr., the time of the 
first blood sample, Essentially the same pattern was observed with 
the other rats. The rate constant for the decline of BHC concentra- 
tions in the plasma and the apparent volume of distribution were 
considerably larger with the high doses than with the lower doses, 
the average ratio being 1.7 in each case (Table I). 


5.0 


a 2.5 w 
4, 
0 


oi 
W 


J 
2 


P 
2 2.0 
oi 


Z 
V 
2 
0 
0 


1.5 0 


I I l i t 1 1  I I , I I I I , ,  


5 10 20 40 80 
PLASMA CONCN., rncg./rnl. 


Figure 2-Partition ratios of BHC between liver and plasma as a 
function of plasma Concentration of the drug in isolated rat licer 
perfusion experiments. The plasma concentration at the midpoint 
(2  hr.) of perfusion was multiplied by a factor of 1.7 to correct for 
the dilution of the rat plasma and thus to obtain estimates of con- 
centrations comparable to those in intact animals. 


Apparent first-order elimination rate constants for BHC ob- 
tained in this and a previous study (3) are plotted as a function of 
dose in Fig. 5. The lowest rate constant was observed at a dose of 5 
mg./kg. The average initial (extrapolated to zero time) plasma con- 
centration of BHC at this dose is 47 mcg./ml., which is in essentially 
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Figure 3-Partition ratios of BHC between liver and plasma, and 
apparent first-order rate constants for BHC elimination from plasma 
(k.99.) as functions of plasma concentration of the drug after intra- 
venous administration of approximately 27 mg. BHClkg. to intact 
rats. Calculated from the data in Reference 5.  
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Figure &Plasma concentrution of BHC as a ,function of time in a 
rut (No. 5) which receiced high (60 mg./kg.) and low (5  n?g./kg.) in- 
Irnperitoneal doses of  BHC. 


the same concentration range as that at which the minimum 
liver :plasma distribution of BHC occurs both in intact rats (Fig. 3) 
and in perfused rat liver systems (Fig. 2). 


DISCUSSION 


The results of this study are striking evidence of the effect of 
plasma protein binding on drug distribution, and of distribution on 
the kinetics of elimination of a drug from the body. These effects 
are of course particularly pronounced in the case of a drug such as 
BHC, which is not excreted as such except in minute quantities ( 5 ) ,  
and which is highly bound to plasma proteins (2). The partition 
data (Fig. 1) cannot be compared directly to the results of the other 
experiments since the plasma had to be acidified to afford measur- 
able extractability. They do however illustrate clearly the concen- 
tration dependence of the binding of BHC to plasma albumin. 
This is probably due to a so-called cooperative effect, with the 
albumin molecule apparently undergoing a reversible configura- 
tional alteration during the binding process and thereby yielding 
additional binding sites (4). Consequently there is more pronounced 
drug-albumin interaction with increasing drug concentration up to 
the point where a limit in the binding capacity is approached. A 
further increase in drug concentration results in a progressive de- 
crease in the protein binding of the drug. 


Table I-Pharmacokinetic Constants for Bishydroxycoumarin 
Elimination from Plasma in RatsQ 


Animal Body Dose, k W P .  V d ,  
No. Wt.,g. mg./kg. t 0 . 5 ,  hr. hr.-Ib ml./kg.c 


3 5 30 56. 6d 4.6 0.15 142 
496 5.0d 6.8  0.10 100 


4 253 60. Od 3.5 0.20 240 
269 5.0e 5.3 0.13 109 


5 244 60. Oe 3 .O 0.23 178 
243 5.0e 7 .0  0.10 112 


a Sprague-Dawley males. Vitamin KI 6 mg./kg. was administered 
intraperitoneally immediately prior to BHC. Apparent first-order 
rate constant for elimination of BHC from plasma. Apparent volume 
of distribution. d Intravenous injection. e Intraperitoneal injection. 


1 10 70 
DOSE, mg./kg. 


Figure 5-Plot of apparent jirst-order rate constant for BHC elim- 
ination in rats as a function of dose. Based on duta,froni Table I and 
Reference 3. 


A similar concentration dependence is evident in the distribution 
of BHC between liver and plasma, both in uifro (Fig. 2) and in uiuo 
(Fig. 3 ) .  The higher concentration ratio in uitro is due to the neces- 
sary dilution of the blood used for the liver perfusion (0.7 ml. Ringer 
solution/ml. plasma). It should be noted that the concentration of 
BHC in the liver was up to three times higher than in the perfusion 
fluid in the in uitro experiments. This may be due to the interaction 
of BHC with proteins and/or lipids in the liver, but it could also 
reflect the existence of an active transport process. There is in fact 
evidence for energy-dependent translocation of BHC into rat liver 
mitochondria (6). Regardless of the mechanism(s) involved, changes 
in the extent of binding of BHC to plasma albumin will affect the 
activity of BHC in the plasma and therefore the liver :plasma distri- 
bution ratio of the drug. However, it is unrealistic in most cases to 
incorporate an expression for concentration-dependent plasma pro- 
tein binding of drugs in pharmacokinetic models, while disregarding 
the interaction of such drugs with proteins and other molecules in 
other tissues. The distribution of a drug in the body is a function of 
both types of interaction, among other factors. 


A previous study in this series (1) has shown that the apparent 
first-order rate constant for BHC elimination in an isolated per- 
fused rat liver system is a function of the BHC concentration at the 
site of biotransformation (i.e., the concentration in the liver rather 
than in the blood). The apparent rate constant for BHC elimination 
(kaPP.) is therefore the product of the “true” rate constant ( k )  and 
the fraction ( F )  of the total amount of drug in the system which is 
actually in the liver: 


k,,,, = k . F  6%. 1) 


A subsequent pharmacokinetic analysis of the dose-dependsnt 
kinetics of BHC elimination in man (7) yielded an analogous expres- 
sion : 


P = f i .km (Eq. 2) 


where -/3/2.3 is the slope of the last exponential segment of a multi- 
exponential plot of log BHC concentration in the plasma uersus 
time, .fi is the fraction of the total amount of drug which is in the 
drug-metabolizing compartment, and kZ0 is the rate constant for 
drug metabolism in the compartment where this process takes place. 
The effect of distribution on the biotransformation kinetics of a 
drug is therefore readily apparent. 


The in uiuo elimination kinetics of BHC in rats after administra- 
tion of 5- and 60-mg./kg. doses were determined in order to extend 
previously determined pharmacokinetic data (3) over a wider dose 
range. It was necessary to co-administer vitamin KI in order to 
prevent fatal hemorrhages after the high doses of BHC. This 
vitamin does not affect the distribution and metabolism of BHC (8). 
The two doses of BHC were administered to the same animals and 
blood samples were drawn repeatedly (rather than sacrificing differ- 
ent groups of animals at various times, as is usually done with mice 
and rats). It was not technically possible to characterize the early 
distribution phase and the data are therefore treated in terms of a 
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single-compartment model. A plot of the elimination rate constant 
of BHC as a function of dose (Fig. 5) yields a curve which is similar 
to the 1iver:plasma distribution curves (Figs. 2 and 3). The smallest 
elimination rate constant occurred at a dose which yielded an 
initial BHC plasma concentration of 47 mcg./ml. on the average. 
This is in excellent agreement with the concentration at which the 
1iver:plasma distribution ratio of BHC is at its miminum. These 
results are therefore consistent with previously obtained in uitro 
evidence (1) that the elimination rate constant of BHC is a function 
of its concentration at the site of biotransformation. 


The question arises whether the apparent rate constant for BHC 
elimination changes continuously with time in parallel with the 
concentration-dependent changes in the distribution of the drug. 
The evidence so far is equivocal. The k,,, values for BHC in rats, 
calculated from successive pairs of plasma concentration data ob- 
tained after administration of a single dose of BHC, are too scattered 
to justify any conclusion (Fig. 3). The experimental data in Fig. 4 
and Table I suggest that k,,,. depends largely on initial distribution 
conditions. However, it has not been possible to demonstrate an 
actual crossover of BHC blood levels following a 5- and 60-mg./kg. 
dose, respectively. There seems to occur a change in the log concen- 
tration cersus time slope about 20 hr. after administration of the 
large dose of BHC, but this could be due to several effects. It is 
possible that the rate of change in the distribution of BHC directly 
at the site of biotransformation (in microscopic terms) relative to the 
surrounding fluids and tissues lags behind the gross changes ob- 
served when drug concentrations are determined in the whole liver. 
A further complicating factor is the apparent self-inhibitory effect of 
BHC on its own metabolism (1). This and a previous study show 
that the self-inhibitory effect is small in the rat, though very pro- 
nounced in man and rhesus monkey where it accounts for a pro- 
longation in the half-life of BHC with increasing dose (3). In the 
rat the dose-dependent distribution effect clearly predominates and 
large doses of BHC are eliminated relatively more rapidly than 
small doses. 


There have been a number of clinical observations which are 
quite consistent with the principles apparent from this study. 
Aggeler and O’Reilly (9) have pointed out that the biologic half- 
lives of ethyl biscoumacetate, warfarin, and BHC in man are 
roughly proportional to their respective degrees of protein binding. 
Wiseman and Nelson (10) have shown a significant inverse correla- 
tion between the rate constants for the acetylation of various sul- 
fonamides in man, and the degree of plasma protein binding of these 
drugs. Burns et al. have found in man that phenylbutazone, which 
is highly bound to plasma albumin, is eliminated much more 
rapidly following administration of very high doses (1 1). They 
suggested that this was due to the availability of a proportionately 
larger fraction of the drug in free form for biotransformation. 
Aggeler et a/ .  (12) have found that administration of phenylbutazone 
with the coumarin anticoagulant warfarin decreased the half-life 


of the latter in man and potentiates its pharmacologic effect. This 
was thought to be due to the displacement of warfarin from its 
binding sites to plasma albumin, thus making more free drug 
available to drug-metabolizing enzymes and to specific sites of 
biologic action in the liver. Finally, a patient with hypoalbuminemia 
(1.6 g./lOO ml. as compared to the normal value of about 4 g./100 
ml.) was shown to be resistant to the anticoagulant effect of warfarin 
because the biologic half-life of warfarin in this patient was 6 to 7 
hr. compared to the normal average half-life of about 2 days (13). 
These clinical observations, suggestive of the role of protein binding 
in the distribution and elimination of a drug, are directly confirmed 
by the results of this study. 
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Stereospecific Hydrogenations IV: Palladium-on-Poly-S-Valine 
and Palladium-on-Poly-S-Leucine 


ROBERT L. BEAMER, ROBERT H. BELDING, and CAROLYN S. FICKLING 


Abstract 0 Studies concerning the influence of helical conformation 
on the enantioselective hydrogenations catalyzed by palladium-on- 
poly-S-amino acids are described. Poly-S-valine which does not 
normally form a helical conformation and poly-S-leucine which 
forms a right-handed helix were chosen as carriers for this study. 
Hydrogenations of a-methylcinnamic acid and a-acetamidocin- 
namic acid using palladium-on-poly-S-valine produced predom- 
inantly S(+)-dihydro-a-methylcinnamic acid and R( +)-phenyl- 
alanine (after hydrolysis), respectively. The hydrogenations cat- 
alyzed by palladium-on-poly-S-leucine produced predominantly 
R(-)-dihydro-a-methylcinnamic acid and S(-)-phenylalanine 
(after hydrolysis), respectively. These results indicate that the helical 
conformation of the polyamino acid carriers does influence the 
asymmetric induction observed. The asymmetric induction arising 
from the chirality of the screw sense of the polyamino acid appears 
to have a stronger influence on the configuration of the products 
than does the asymmetric induction arising from the configurations 
of the amino acid residues. The asymmetric induction arising from 
the helical conformation appears to mask any influence arising from 
the asymmetric carbon atoms of the amino acid residues. 


Keyphrases 0 Palladium-on-poly-S-valine-a-methylcinnamic and 
a-acetamidocinnamic acid hydrogenation 0 Palladium-on-poly-S- 
leucine-a-methylcinnamic and a-acetamidocinnamic acid hydro- 
genation 0 Asymmetric induction-polyamino acid, helical 
conformation. 


Stereospecific hydrogenations using palladium-on- 
poly-S-leucine, palladium-on-poly-y-benzyl-S-glutamate 
and palladium-on-poly-/3-benzyl-S-aspartate were de- 
scribed in earlier papers (1, 2) .  The substrates used in 
these hydrogenations were a-methylcinnamic acid and 
a-acetamidocinnamic acid, both of which produce 
asymmetric carbon atoms on hydrogenation. 


Predominantly R( - )dihydro-a-methylcinnamic acid 
was formed when a-methylcinnamic acid was hydro- 
genated using either palladium-on-poly-S-leucine or 
palladium-on-poly-y-benzyl-S-glutamate. S( - )-Phenyl- 
alanine was formed when a-acetamidocinnamic acid 
was hydrogenated using these same catalysts and the 
hydrogenation product hydrolyzed with dilute aqueous 


hydrochloric acid. Catalysts prepared from poly-p- 
benzyl-S-aspartate induced the formation of pre- 
dominantly S( -)-dihydro-a-methylcinnamic acid and 
predominantly R(-)-phenylalanine, respectively, when 
the same substrates were used. Since both poly-S- 
leucine and poly-y-benzyl-S-glutamate form stable 
helices having a right-handed screw sense and poly-p- 
benzyl-S-aspartate forms an anomalous left-handed 
helix (3-6), the helical sense of the poly-S-amino acid 
carrier must influence the asymmetric induction ob- 
served. 


The present paper describes studies made to compare 
the influence of the chirality of the secondary structure 
(helix) versus the chirality arising from the asymmetric 
carbon atoms of the S-amino acid residues on the steric 
course of the enantioselective hydrogenations. 


The carrier polyamino acids chosen for these studies 
were poly-S-valine and poly-S-leucine. As noted above, 
poly-S-leucine possesses a right-handed helix. Poly-S- 
valine, a lower homolog of poly-S-leucine differing 
from poly-S-leucine by one methylene group per amino 
acid residue, does not normally form a helical con- 
formation, but forms a random @ structure because of 
steric hindrance (7). 


EXPERIMENTAL’ 


Reagents-N-Carbobenzyloxy-S-valine (Nutritional Biochem- 
icals), a-methylcinnamic acid (Aldrich), a-acetamidocinnamic acid 
(Aldrich), leucine (Mann Biochemical Corp.)., and carbobenzyloxy 
chloride (Nutritional Biochemicals). 


N-Carboxy-S-valine Anhydride (1)-This compound was prepared 
according to  the Leuchs procedure (8). Twelve grams (0.1 mole) 
of glass-distilled thionyl chloride were added to  12.5 g. (0.05 
mole) of N-carbobenzyloxy-S-valine. The mixture was warmed 
gently to 40” until evolution of gas diminished and heated on a 


1 All temperatures are uncorrected. Elemental analyses were deter- 
mined using a Hewlett-Packard model 185 C, H, and N analyzer. Optical 
rotation measurements were made using a Rhudolph model 200s 
polarimeter. A Perkin-Elmer Infracord model 137B spectrophotorneter 
was used to obtain the IR spectra. 
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Table I-Hydrogenation Studies Using Palladium-on-Poly-S-Valine and Palladium-on-Poly-S-Lucine 


Substrate 


-- Poly-S-Valine - -Poly-S-Leucine- z Yield % Optical z Yield % Optical 
(overall) m 3  Yield (overall) [a12 Yield 


a-Methylcinnamic acid 87.0 +O ,245 0.90 77.7 -0.300 1.10 
+o ,220 0.81 -0.305 1.12 


+2.010 4.15 
+2.030 4.19 


-2.46 5.08 
-2.54 5.24 


water bath at 5CL60" for 15 min. The excess thionyl chloride was 
removed under reduced pressure and the oily residue was titrated 
with petroleum ether until solidification occurred. Throughout the 
procedure precautions were taken to keep reagents and apparatus 
dry. Calcium chloride drying tubes were employed wherever possible. 
The product was recrystallized from a dry ether-acetone mixture. 
It melted from 63-65 (with evolution of gas). The literature value 
is 65" [with decomposition (7)]. The yield was 6.1 g. or 84.7% of 
theory. 


Poly-S-valine (11)-N-Carboxy-S-valine anhydride (I) (6.1 g., 
0.042 mole) was placed in a 100-ml. round-bottom flask and evac- 
uated for 2 hr. at 32" and lop2 torr. The temperature was raised 
gradually over a 1-hr. period to 63". The product was observed to 
melt with a rapid evolution of gas. The pressure was reestablished 
at torr after 15 min., and the reaction then was considered to 
be complete. The contents of the flask were stirred with petroleum 
ether. Following stirring, the petroleum ether was removed under 
reduced pressure and the product was washed with ethanol. The 
finely divided powdery residue was collected by suction filtration. 
The product was soluble in dimethylformamide but insoluble in 
water. The IR spectrum (mineral oil mull) conformed to that of 
Bloom et al. (7). A yield of 4.1 g. (96.2% of theory) was obtained. 


Anal.-Calcd. for C5H9NO: C, 60.57; H, 9.15; N, 14.13. Found: 
C, 60.66; H, 9.52; N, 14.12. 


Poly-S-leucine (III)-This polypeptide was prepared by the 
procedure of Beamer et al. (1) starting with S-leucine and car- 
bobenzyloxy chloride. 


Preparation of the Catalysts-The catalysts were prepared by 
depositing palladium (from a solution of palladous chloride, 2.5 %) 
upon the respective polyamino acids according to Method I1 of 
Beamer et al. (1). The catalyst concentration was 200 mg. of 
palladous chloride per gram of carrier. 


Hydrogenation Studies-The substrates used were a-methyl- 
cinnamic acid and a-acetamidocinnamic acid. The catalysts em- 
ployed were palladium-on-poly-S-valine and palladium-on-po1y-S- 
leucine. A Parr low-pressure hydrogenator was used with an initial 
hydrogen pressure of 4.2 kgJcm.2. The usual time allowed for 
complete hydrogenation was 8 hr. (for 0.05 mole of a-methylcin- 
namic acid or 0.023 mole of a-acetamidocinnamic acid). 


I .  Hydrogenations Using Palladium-on-poly-S-ualine-a. Hy- 
drogenation of a-methylcinnamic Acid-The hydrogenations were 
performed using 8.10 g. (0.05 mole) of a-methylcinnamic acid in 
1 0 0  ml. of absolute ethanol and 1.0 g. of catalyst. 


Following hydrogenation, the catalyst was removed by filtration 
and the ethanol was removed by evaporation under reduced pres- 
sure. The residue was vacuum-distilled. The yield of dihydro-a- 
methylcinnamic acid was 6.82 g. or 87.0% of theory. The boiling 
point was 136"/0.75 torr [lit. Val. 160"/13 torr (9)]. The IR spectrum 
was identical with that given by Beamer and Lawson (10). The 
neutralization equivalent agreed with that calculated for dihydro- 
a-methylcinnamic acid. The average [a17 was +0.227" (c = 40 in 
benzene). The specific rotation represented 0.82 % of the litera- 
ture value of 27.06' (9). 


b. Hydrogenation of a-acetamidocinnamic Acid-Hydrogenation 
of 4.8 g. (0.023 mole) of a-acetamidocinnamic acid was carried out 
in 100 ml. of absolute ethanol using 1.0 g. of catalyst. 


Following hydrogenation, the catalyst was removed and the 
solvent was evaporated leaving a white, crystalline residue. The 
residue was treated according to the directions of Akabori (11) 
by refluxing with 30 ml. of 10% hydrochloric acid. 


After acid hydrolysis, the solution was concentrated under 
vacuum to approximately one-half its original volume and treated 
with acetone to precipitate the amino acid hydrochloride. The 
phenylalanine was obtained by adjusting a hydromethanolic (50% 
v/v) solution of the hydrochloride to the isoelectric point of phenyl- 
alanine (pH 5.4) and collecting the resulting precipitate by suction 
filtration. 


The product weighed 2.4 g. representing a yield that was 68.0% 
of theory. The product melted from 268-270" [lit. 271-273" dec. 
(12)]. TLC on alumina using 50% v/v methanol-water by the mi- 
croscope slide method of Peifer (13) showed the R, value of the 
product to be identical with that of known phenylalanine. The 
IR spectrum of the product was identical with an authentic sample 
of phenylalanine. 


The phenylalanine was dissolved in 2 N sodium hydroxide and 
placed in a 100-mm. polarimeter tube and the optical rotation was 
determined. The average [a]Y was +2.033" (c = 20 in 2 N NaOH). 
[The literature value is 48.4" (14).] From these data an optical yield 
of 4.20 % was calculated. 


2. Hydrogenations Using Palladium-on-poly-S-leucine-a. Hy- 
drogenation of a-methylcinnamic Acid-The procedure followed 
was the same as that already described for the polyvaline catalyst. 
The weight of the product was 6.3 g. representing a percent yield 
of 77.7%. The average [a12 was -0.308" (c = 20 in benzene) rep- 
resenting an optical yield of 1.13%. 


b. Hydrogenation of a-acetamidocinnamic Acid-The procedure 
followed was the same as that already described under the poly- 
valine catalyst. The product weighed 3.5 g. which was 92.3% of 
theory. The average [a12 was -2.50" (c = 10 in 2 N NaOH) 
representing an optical yield of 5.16%. 


RESULTS 


The results of the hydrogenation studies were reproducible for 
a series of experiments using a single batch of catalyst preparation, 
but slight variations were seen between batches of catalyst. Although 
some variations were observed between different catalyst prepara- 
tions, the sign of optical rotation of the hydrogenation products was 
always the same when the same catalyst type was used. Typical 
results are given in Table I. 


DISCUSSION OF RESULTS 


As can be seen from Table I, conformation influences the con- 
figurations of the products of stereoselective hydrogenations 
catalyzed by palladium-on-poly-S-amino acids. The results of this 
study may be better understood by referring to the current ways 
of looking at protein structure (15). 


The structure of proteins is generally considered to be developed 
from a series of superimposed levels of higher complexities. The 
peptide chain is called the primary structure of the protein. The 
secondary structure is the a-helix or the P-pleated sheet and is 
superimposed upon the primary structure. The tertiary structure 
consists of folding the protein's helical peptide chains into a spher- 
ical or elliptical shape in the case of albumins or globulins or not 
folding the peptide chains as in the fibrous or scleroproteins. 


A similar treatment can be considered in discussing the results 
of the studies presented in this paper. Poly-S-valine for steric 
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reasons does not assume a helical conformation (7). Therefore, the 
asymmetric induction observed using a catalyst employing poly-S- 
valine as a carrier may be considered to arise from the asymmetric 
carbon atoms of the amino acid residues of the peptide chain 
(primary structure) only. When a-methylcinnamic acid or a- 
acetamidocinnamic acid are used as substrates, the enantioselec- 
tion of this non-helical catalyst leads to dextrorotatory products. 


When the helical poly-S-leucine is used as the carrier for pal- 
ladium, the primary structure is superimposed by a helical secon- 
dary structure (3, 15). Apparently the helical secondary structure 
has a greater asymmetric inductive influence on the enantioselec- 
tion since palladium-on-poly-s-leucine catalyzed hydrogenations of 
the same substrates as those employed with the poly-S-valine 
catalyst lead to levorotatory products at a higher optical yield. 


Thus one may conclude that the secondary structure of the poly- 
amino acid carrier does influence the steric course of the asymmetric 
hydrogenations catalyzed by these palladium-on-poly-S-amino 
acid catalysts and that the superimposition of the helical conforma- 
tion upon the peptide chain brings a stronger influence of the chi- 
rality of the helix on the enantioselection and masks that of the 
asymmetric carbon atoms of the amino acid residues of the peptide 
chain. 


The absolute configurations of the enantiomers of dihydro-a- 
methylcinnamic acid and of phenylalanine have been determined by 
Schrecker and by Karrer, respectively (16, 17). 


The observation that hydrogenations of a-methylcinnamic acid 
catalyzed by palladium-on-poly-S-leucine lead to predominantly 
R( -)-dihydro-a-methylcinnamic acid while those of a-actamido- 
cinnamic acid using the same catalyst lead to predominantly S(-)- 
phenylalanine (after hydrolysis) has been reported earlier (1). As 
noted in Table I, hydrogenations of the above substrates using 
palladium-on-poly-S-valine also lead to respective products of 
opposite configuration. Similar results were reported with catalysts 
using poly-a-benzyl-S-glutamate and poly-0-benzyl-S-aspartate as 
carriers (2). With all the polyamino acid catalysts studied thus far, 
the two substrates (a-methylcinnamic acid and a-acetamidocin- 
namic acid) must occupy at least in part different sites on the catalyst 
surface. 


SUMMARY 


1. Palladium-on-poly-S-valine and palladium-on-poly-S-leucine 
both catalyze asymmetric hydrogenations of a-methylcinnamic 
acid and a-acetamidocinnamic acid. 


2. Hydrogenations of a-methylcinnamic acid and of a-acet- 
amidocinnamic acid using palladium-on-poly-S-valine lead to 
S( +)-dihydro-a-methylcinnamic acid and to R( +)-phenylalanine 
(after hydrolysis), respectively. 


3. Hydrogenations of a-methylcinnamic acid and of a-acetamido- 
cinnamic acid using palladium-on-poly-S-leucine produced R( -)- 
dihydro-a-methylcinnamic acid and S( - )-phenylalanine (after 
hydrolysis of the hydrogenation product), respectively. 


4. Results of these experiments indicate participation of the hel- 
ical structure in a manner which is superimposed upon the primary 
structure of the polyamino acid carrier. Greater influence on the 
enantioselectivity is observed with the helical conformation and 
masks that of the asymmetric carbons of the amino acid residues 
of the carrier polyamino acids. 
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Dermatitic Effect of Nonionic Surfactants 111: Incorporation 
of 32P into Phospholipids and Acid Soluble Material of 
Normal and Surfactant-Treated Rabbit Skin In Vitro 


MICHAEL MEZEI and GORDON N. WHITE* 


Abstract 0 The site of action of surfactants incorporated in oint- 
ment bases was investigated with the aid of radioactive tracer 
techniques. Representative samples of the two major types of non- 
ionic surfactants, polysorbate 85 and polyoxyethylene (10) oleyl 
ether were incorporated into white petrolatum and applied daily to  
rabbit skin clipped free of hair. After 4 days of treatment the excised 
epidermis was analyzed for phospholipids, nucleic acids, and the 
in uitro incorporation of 32P into phospholipids and the trichloro- 
acetic acid (TCA)-soluble fractions. Results indicated that the sur- 
factant treatment induced an increase in the epidermal phospholipid 
content, and a decrease in the phosphorus content of the TCA- 
soluble fraction. The incorporation of 32P into phospholipids and 
the TCA-soluble fraction was approximately 2-2.5 times greater in 
the surfactant-treated skin samples than in control samples. These 
and other available data suggest that the site of action of surface 
active agents is in the biological membranes. These surfactants may 
interact with membranes by either rupturing them, replacing certain 
phospholipids present in the lipid micelles, or inducing configura- 
tional changes in these micelles. 


Keyphrases Dermatitic effect-nonionic surfactants 0 32P 
incorporation-epidermal phospholipids, acid soluble materials 0 
Surfactants in ointments-absorption effect 0 Scintillometry- 
analysis 


The results of the authors' previous experiments (1,2) 
indicated that nonionic surface-active agents, incorpo- 
rated into ointment bases have a distinct potential to 
irritate rabbit skin and cause histological and biochem- 
ical changes in the skin to which they are applied. On the 
basis of these results and other reports (3-7) it was 
postulated that the site of action of the tested surfactants 
is in the biological membranes. It is, unfortunately, 
difficult to devise experiments that would unambiguously 
prove the above hypothesis since there is no way, at 
present, to study membrane structures at the cellular or 
molecular level. There are several, often controversial, 
theories concerning the structure and function of bio- 
logical membranes. Recent reviews (8-14) describe most 
of these theories. All of these descriptions are highly 
speculative in nature: there is no proven theory for the 
exact structural configuration of membranes at the 
molecular level. On the basis of the presently accepted 
concepts of biological membranes, it can be stated, 
however, that a qualitative and/or quantitative change in 
lipid (particularly phospholipid) composition of a tissue 
might indicate structural changes, and consequently, 
functional changes in the membranes. Results of the 
determination of quantitative changes of phospholipids, 
indicated an increase in the phospholipid content of the 
surfactant-treated skin (2). This increase was explained 
by the assumption that the surfactants damaged the 
biological membranes by either rupturing the mem- 
branes or replacing certain phospholipid molecules in 
the continuous phospholipid micelles present in the 


membranes. Phospholipid molecules present in ruptured 
membranes and those that are possibly replaced by 
surfactants are measured along with the newly formed 
molecules during the analysis of skin tissue. To repair 
the damage, a higher rate in the biosynthesis of certain 
phospholipids should be expected, in order to regen- 
erate the original membrane structure. 


To substantiate this assumption, in uitro tests measur- 
ing the rate of 32P incorporation into phospholipids and 
their precursors were carried out. This report presents 
the results related to the rate of biosynthesis of phospho- 
lipids in the control and treated skin samples. 


MATERIALS AND METHODS 


Preparation, Isolation, and Incubation of Skin Samples-New 
Zealand white rabbits of both sexes, 3 to 4 months old, were used 
as experimental animals. They were housed in hanging screen- 
bottom cages and were maintained on Purina rabbit chow and 
water ad libitum. The trunk of each rabbit was clipped free of hair 
with an electric hair clipper (Oster model A2, size 40), and was 
divided into three areas. Harness-type restrainers (15) were used 
for restraining rabbits with a minimum amount of stress. 


Polysorbate 85 1 and polyoxyethylene ether 962 were incorporated 
into white petrolatum USP in 10 concentration and were applied 
to the center of the designated areas of rabbit skin daily. The third 
area on the rabbits' back was reserved for skin treated with the 
ointment base only, which served as control. The sites of control 
and treated areas were randomly selected from different animals to 
exclude any influence of body area. After 4 days of treatment, the 
animals were killed by fracturing the neck. The test areas were 
quickly washed with cotton soaked in ether to remove not only the 
substances applied previously but also the surface lipids. Skin 
samples were taken with the aid of the Castroviejo keratotome (16) 
set to cut a 0.1-mm. thick skin slice. The weight of each sample was 
around 100 mg. The elapsed time between removing and weighing 
the samples was not more than 1-2 min. Immediately after weigh- 
ing, the skin samples were incubated at 37" in 50-ml. beakers in a 
metabolic shaking incubator for 30 and 60 min. The incubation 
media, 4.0 ml. for each sample, contained 56 mM glucose, 5 mM 
KCl, 147 mM NaCl, and approximately 40 pc. r2P (40 pc. 32P/2- 
pmole Na2HPOa). After incubation the tissues were placed on a 
wire screen and washed with 25 ml. of each of the following solu- 
tions: 2z Na2HP04, 1 % Na2HPOa, and distilled water at 4". The 
samples were then homogenized in a glass homogenizer and ex- 
tracted with 2.0 ml. of chloroform-methanol (2 : 1 )  according to 
the method of Folch et al. (17). Nonlipid contaminants were re- 
moved from the chloroform-methanol extracts with 0.2 vol. of 
0.05 CaCl, solution. 


Radioactive and Quantitative Determination of Phospholipids, 
their Precursors, and Nucleic Acids-Aliquots of the chloroform- 
methanol extracts, containing the phospholipids. were used to 
determine the lipid phosphorus content and the 32P incorporation 
into phospholipids. The phosphorus content of lipid extracts, TCA- 


1 Marketed as Tween 85 by Atlas Chemical Industries, Inc., Wilming- 


2 Marketed as Brij 96 by Atlas Chemical Industries, Inc., Wilming- 
ton, Del. 


ton, Del. 
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skin samples 


control and surfactant-treated rabbit epidermis 


incubation with 32P 


homogenization and extraction (17) 


I 
I 


I 


lipid phosphorus (2, 18) 
and 32P uptake 


5 % TCA extraction 


TCA-soluble fraction 
measurement of total P (18) 
and ST uptake (20) 


Scheme I. Representation of methods used 


soluble, RNA, and DNA fractions were determined by the method 
of Bartlett (18). Radioactivity of phospholipid extract was meas- 
ured by a liquid scintillation counter (Unilux I. Nuclear Chicago) 
using toluene counting solution (OMNIFLUOR). The RNA and 
DNA content was determined by the method of Santen and Agran- 
off (19). The radioactivities of TCA-soluble, RNA, and DNA frac- 
tions were measured in the above-mentioned liquid scintillation 
counter without the use of scintillator as described by Clausen (20) 
The radioactivities are expressed as counts per minute per 100 
mcg. phosphorus present in the sample measured. Scheme I sum- 
merizes the methods used. 


RESULTS AND DISCUSSION 


The initial tests were designed to find the optimal experimental 
conditions regarding the amount of epidermal tissue, incubation 
media, and labeled phosphorus in the incubation mixture, as well 
as techniques to remove the adsorbed 32P from the skin tissue to be 
homogenized. 


4 350 


300 


0 30 60 
INCUBATION TIME, min. 


Figure 1-Incorporation of 32P into epidermal phospholipids ex- 
pressed as counts per minute (C.P.M.) per 100 rncg. lipidphosphorus 
(lipid-P) present in the tested sample. Skin samples treated with Key: 
0, petrolatum (confro[); A, polysorbate 85, 10%; and U, poly- 
oxyethylene ether 96, IOZ. Brackets over each point indicate SD 
(N = 10). 


residue 


determination of RNA 
and DNA (2, 19) 
measurement of total 
P and 32P uptake (18, 20) 


Figure 1 illustrates the results of further experiments using ten 
rabbits under the experimental conditions outlined above. The 
32P incorporation into epidermal phospholipids is considerably 
higher in the surfactant-treated skin samples than in the skin samples 
treated with the ointment base only. Figures 2 and 3 demonstrate 
the change in phospholipid content and the increased rate of 


2P incorporation into the epidermal phospholipids of treated skin 
samples. It can be seen from these figures that the phospholipid 
content of treated skin samples is increased and that the 32P in- 
corporation into phospholipids is much greater in skin samples 
treated with surfactant-containing ointments. When data of con- 
trol samples are taken as loo%, the average percent increase in the 
rate of 3 2 P  incorporation into epidermal phospholipids is 221 and 
230x in the skin samples treated with ointments containing 
polysorbate 85 and polyoxyethylene ether 96, respectively. It was 
postulated (2) that a probable reason for the increase of phos- 
pholipids is that the surfactants damaged the biological membranes 
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Figure 2-Epidermal phospholipid content measured as mcg. lipid 
phosphorus per I00 mcg. DNA content of each sample. Each column 
represents the mean of results from experiments with ten rabbits 
(N = 10) with standard deciaiiorr. Skin samples treated with Key: 
P, petrolatum; T, polysorbate 85, I0  %; and B, polyoxyethylene 
ether96, I0Z. 
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Figure 3-The rate of 32P incorporation into epidermal phospho- 
lipids (30 min. incubation) expressed as specific radioactivity of 
phospholipids; C.P.M. per 100 mcg. lipid phosphorus present in the 
tested sample. Each column represents the mean of results from 
experiments with ten rabbits (N = lo)  with standard deviation. Skin 
samples treated with Key: P ,  petrolaturn; T, polysorbate 85, 10%; 
and B, polyoxyethylene ether 96. I0  %. 


by either rupturing the membranes or replacing certain phospho- 
lipid micelles present in the membranes. To repair this damage a 
higher rate in the biosynthesis of certain phospholipids should be 
expected, in order to regenerate the original membrane structure 
(2). The higher rate of 32P incorporation into phospholipids in the 
case of treated skin samples indicates that the rate of biosynthesis of 
phospholipids in the treated skin samples is greater. Other support- 
ing data for different rates of synthesis of phospholipids can be 
seen in Figs. 4 and 5. The phosphorus content of the TCA-soluble 
fraction, which contains precursors of phospholipids, is lower in 
the treated skin samples than in the control areas. The specific 
radioactivity of these precursors, on the other hand, shows an 
opposite pattern, meaning that the utilization rate of these precursors 
for the synthesis of phospholipids is much higher in the treated skin 
samples; the phospholipid pool is lowered, and the 32P incorpora- 
tion rate is greater in the surfactant-treated skin samples than in 
the untreated samples. When comparison is made between the phos- 
pholipid content and specific activity of the phospholipids, and of 


25 4 I I 2 1  @# T ~ 


0 20 
4 
Z 
0 20 


E 
o 15 0 
rl 


4 2 10 
d 


5 


0 
P T B 


Figure &Phosphorus content of TCA-soluble fraction (TCA-P) of 
control and surfactant-treated rabbit epidermis expressed as mcg. 
of phosphorus per 100 mcg. DNA present in the sample. Each column 
represents the mean of results obtaitied from experiments with six 
rabbits (N = 6) with standard deciation. Skin samples treated with 
Key: P,  petrolatum; T ,  poIysorbate 85, 10%; and B, polyoxy- 
ethylene ether 96, lOz.  
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Figure 5-The rate of 32P incorporation into TCA-soluble fraction 
(30 min. incubation) expressed as speciJc radioactivity; C.P. M .  per 
100 mcg. phosphorus present in rhe TCA-soluble fraction. Each 
column represents the mean of results from experiments with six 
rabbits (N = 6) with standard deviation. Skin samples treated with 
Key: P ,  petrolatum; T, polysorbate 85, I0 z; and B, polyoxyethylene 
ether 96,10 %. 


the TCA-soluble fraction, it may be concluded that the epidermal 
phospholipids in the surfactant-treated skin samples are synthesized 
and metabolized at a higher rate than in the controls. 


At present the authors are not able to provide a reliable ex- 
planation for the above results. They agree with Dawson (21) that 
“The puzzle of phospholipid turnover still largely remains a chal- 
lenge to the genius and ingenuity of future investigators.” However, 
some reasonable explanations and interpretations of the authors’ 
experimental data to specify the primary site of action of surfactants 
and to project further objectives is presented. 


The synthesis of phospholipids in skin may be required mainly 
for the steady turnover of structural elements and the regeneration 
of the surfactant-damaged membranes. It may also be needed in 
net growth-the authors reported hyperkeratinization and hyper- 
plasia of the epidermis as the effects of surfactants applied regularly 
to the skin (1). The latter type of synthesis might be in excess of that 
required for the turnover or regeneration of structural elements. 
To eliminate the possibility of misinterpretation of the increased 
rate of synthesis, the DNA content of each sample was determined, 
which should reflect the cell number of that sample. The changes in 
specific activities of epidermal phospholipids of treated and control 
skin samples are demonstrated by Fig. 6 in which DNA has been 
used as the standard of reference. It is generally believed that the 
turnover or synthesis of phospholipids is very slow in tissues where 
phospholipid secretion or net new growth is negligible (21). In 
other tissues, liver, lung, and endocrine tissues, the synthesis of 
phospholipids is much greater, where the phospholipid may be 
needed for membrane structural requirements as well as for phos- 
pholipid-containing secretions ( bile and plasma proteins secreted 
by the liver cells, lipoprotein surfactants from the lungs), or it may 
be required in net growth. According to data shown by Fig. 6 the 
increased turnover rate of phospholipids cannot be due only to 
net growth induced by the surfactant treatment. The specific activity 
of epidermal phospholipids in the treated skin samples is still 
higher when related to DNA content (cpm./mcg. P/mcg. 
DNA). If the content and the biosynthesis of phospholipids were 
increased because of net growth, the DNA content should have 
increased proportionally to the net growth, and consequently should 
lower the values of specific activity of phospholipids in the sur- 
factant-treated samples to that of the control samples. The DNA 
content also increased as a result of treatment with surfactants (2) 
but this increase was not in proportion with the increase of phos- 
pholipid content and biosynthesis of phospholipids. On the basis of 
DNA content, the specific activity of epidermal phospholipids of 
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Figure 6-SpeciJc activity of epidermal phospholipids on the basis 
of DNA content (30 min. incubation) expressed as C.P.M. per 100 
mcg. lipid phosphorus per 100 mcg. DNA content of the sample. 
Each column represents the mean of results from experiments with 
ten rabbits (N = 10) with standard deviation. Skin samples treated 
with Key: P, petrolatum; T, polysorbate 85, 10%; and B, poly- 
oxyethylene ether 96, I0 %. 


the surfactant-treated samples is still almost twice as high as that of 
the control. 


It may be questioned whether or not the synthesis and breakdown 
of phospholipids in epidermis can always be an essential factor for 
maintaining the structural integrity of epidermal (barrier) mem- 
branes. It is possible that the considerable synthesis or catabolism 
of phospholipids may occur during the movement and alteration of 
the membrane structure during cellular activity, which is influenced 
by the surfactant treatment. 


A higher turnover rate of phospholipids in treated skin samples 
might also be explained by presuming that lipid micelle-surfactant 
interactions changed the packing and the alignment of phospholipid 
molecules in the membranes, exposing them to greater enzyme 
attack. It has been realized recently that the rate and extent of the 
attack of phospholipases on phospholipids is controlled, not only 
by the chemical nature of the substrate, but also by the area and 
physical nature of its substrate (21). Each phospholipid in the 
membranes has a surface area available for enzymatic attack de- 
pending on the micellar configurations which may present a better 
approach and orientation of an attacking enzyme molecule. This 
leads to a higher rate of metabolism of phospholipids and, conse- 
quently, to  changes in membrane structure. Lucy (12) has stated 
recently that the proportion of lipid molecules in the micellar 
configuration may vary, not only from one membrane to another, 
but also within any one membrane, depending on the micro-environ- 
ment and on the chemical constitution of the membranes. The sur- 
factants may change the micellar structure of membrane lipids by 
several mechanisms: (a) it may replace one lipid component in the 
continuous lipid micelles, (6) it may interact with the water mole- 
cules participating in the lipid micelles, since surfactants can also 
form micelles in aqueous media; and/or (c) it may act by hydrogen 
or hydrophobic bondings. Reversible and irreversible transitions 
in micellar arrangements are very important in both physiological 
and pathological phenomena. 


Data illustrated by Fig. 7 can also supplement the above findings. 
An increase in the content of RNA indicates that the RNA syn- 
thesis is also stimulated by the surfactant treatment. This may be 
due to an increased synthesis of messenger RNA's which are re- 
sponsible for the synthesis of (lipid and protein) components of the 
altered membranes (4). Another explanation for the increase in 
RNA content could be that the membrane-bound RNA which is 
bound to the damaged membrane is regenerated simultaneously 
with the new membrane (22). 


Comparing the results of control and treated skin the authors can 
see a definite change in the content and the rate of synthesis of 
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Figure 7-The epidermal RNA content of the control and surfactant- 
treated rabbit skin, expressed as RNA phosphorus per 100 mcg. 
DNA content of the sample. Each column represents the mean of 
results from experiments with six rabbits (N = 6) with standard 
deviation. Skin samples treated with Key: P ,  petrolatum; T, poly- 
sorbate 85 , lOz;  and B, polyoxyethylene ether 96, I0 %. 


phospholipids of the treated skin samples. Considering the physico- 
chemical properties of the surfactants and the above results, it is 
concluded that the above changes are mainly due to structural 
changes in the membranes. The membrane might be damaged by 
the surfactant as a result of hydrophobic or micellar interactions, 
or by hydrogen bonding; therefore, the rate of synthesis should be 
increased to regenerate the original membrane structure. In vivo 
experiments to further investigate the above speculations are in 
progress. 
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Essential Oil of Anemopsis californica Part 11: 
Minor Constituents 


DILIP R. SANVORDEKER and MADHUKAR G. CHAUBAL" 


Abstract 0 The minor constituents of the essential oil hydrodistilled 
from the roots and rhizomes of Anemopsis californica (Nutt.) 
Hook and Am. (Fam. Saururaceae) have been isolated by gas 
chromatography on two stationary phases: polypropylene glycol 
adipate and polyethylene glycol. The isolated compounds were iden- 
tified by the comparison of their LR spectra with those of pure 
authentic compounds. Esdragol, thymolmethylether, linalool, p- 
cymene, l,S-cineol, d-limonene, camphene and a- and 8-pinene have 
been shown to be present in the oil. In addition, the presence of 
two ketones, a sec alcohol, tentatively identified as I-methyl-4-iso- 
propyl-6-hydroxy-bicyclo (3: 1 :0) hexane, an ester, and six hydro- 
carbons is also indicated on the basis of the IR spectra of the cor- 
responding fractions. 


Keyphrases 0 Anemopsis californica oil-minor constituents 0 
GLC-separation, identity 0 IR spectrophotometry-identity 0 
NMR spectroscopy-identity 


Methyleugenol is the major constituent of the 
essential oil hydrodistilled from the roots and rhizomes 
of Anemopsis californica (Nutt.) Hook and Am. (Fam. 
Saururaceae). Thymol and piperitone have also been 
shown to be present in appreciable quantity (1). These 
three compounds together make up approximately 74 % 
of the oil. The isolation and identification of nine minor 
constituents of the essential oil of Anemopsis is reported 
here. 


EXPERIMENTAL, 


Extraction of Essential Oil-The essential oil used in the previous 
experiments (1) was used for the quantitative determination of the 
constituents. Additionally, 500 g. crude drug (1) + 3.5 1. water was 
also hydrodistilled in the apparatus described earlier (1). However 
the distillation was carried out in an interrupted manner. After the 
first short period of distillation, the flask was cooled and the col- 
lected oil removed and stored over anhydrous Na2S04. Distillation 
was then resumed for another short period followed by cooling and 
removal of oil. A series of fractions were thus separately collected as 
shown in Table I. 


Table I-Fractional Collection of Essential Oil of A. californica 


Volume 
Fraction Distillation Collected, 


No Period, hr. ml. Color of Fraction 


1 2.5 2 . 5  
2 2.0 2.5 
3 3.75 4 .0  
4 4.0 4 .0  
5 3.75 4.0 
6 7.50 8 .0  
7 6.0 6 . 0  


Total 29.25 31 .O 


Colorless 
Pale yellow 
Pale yellow 
Light-green 
Greenish-blue 
Greenish-blue 
Deep bright-blue 


Gas Chromatography ( G C t T h e  chromatograph, recorder, and 
column dimensions were described earlier (1). In addition, a re- 
corder' with an integrator,2 was used for quantitation of peaks. 
The chart-speed of this recorder was 2.54 cm. (1 in.)/3 min. 


Packing-Two stationary phases polypropylene glycol adipate3 
and polyethylene glycol4 were coated on acid-washed diatomite ag- 
gregates 60-80 mesh, as previously described and packed in two 
separate columns. Each column was preconditioned overnight at 
170" in a slow stream of helium. The operating conditions were as 
follows: carrier gas, helium, 75 ml./min., inlet pressure Column A, 
20.5 p s i .  and Column B, 28 p.s.i.; detector, 240", 150 ma. filament 
current; injection port, 200'; outlet 180"; column temperature, 
Column A, 160", isothermal and 1 1O-17Oo, isothermal-linear, and 
Column B, 180", isothermal and 11O-19Oo, isothermal-linear. In the 
isothermal-linear mode the starting temperature of the column 
(1 10 ") was maintained for 15 min. after injection of the sample and 
then raised to the final temperature for each column by manual 
programing. 


GC Fraction Collection and Identification of Constituents--The 
effluent peaks were collected in U-shaped traps fashioned from 22.86- 
cm. (9-in.) lengths of 0.31-cm. (0.125-in.) glass tubing. The straight, 
long arm of the trap was connected to the heated chromatograph 


1 Varian Aerograph model-20, Varian Aerograph Instruments Inc., 
* Disc Chart, model-244, Disc Instruments Inc., Santa Ana, Calif. 
3 Reoplex-400, Union Carbide Corp., New York, N. Y. 
4 Carbowax-20M, Union Carbide Corp., New York, N. Y. 
6 Chromosorb-W, Johns-Manville Products Corp., New York, N. Y. 


Walnut Creek, Calif. 
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Physiologic Surface-Active Agents and Drug Absorption 111: 
Effect of Bile Salt on Drug Absorption in Goldfish 


CHARLES H. NIGHTINGALE, RALPH J. WYNN, and MILO GIBALDI 


Abstract Sodium taurodeoxycholate significantly increases the 
uptake of nonionized 4-aminoantipyrine in goldfish. Studies of 
drug uptake as a function of bile salt concentration suggest that 
sodium taurodeoxycholate exerts an essentially all-or-none effect 
which is consistent with a mechanism involving rapid adsorption 
of the bile salt on the external membranes of the fish and conse- 
quent alteration of membrane permeability when a minimum 
“surface” concentration is reached. Evidence is also presented to 
demonstrate that the adsorption of 4-aminoantipyrine, in the 
presence and absence of sodium taurodeoxycholate, involves a 
passive process. 


Keyphrases Absorption, drug-physiologic surfactant effect 0 
Taurodeoxycholate, Na-nonionized 4-aminoantipyrine absorp- 
tion Goldfish-4-aminoantipyrine absorption c] Trans- 
fer, passive-4-aminoantipyrine 


The influence of surfactants on biologic membranes 
and drug absorption has been extensively studied (1). 
Bile salts, normally present in the gastrointestinal tract, 
share inany of the physical-chemical and biological 
properties of commercial surfactants. Accordingly, 
many studies have demonstrated that bile salts affect 
the integrity of various biologic membranes and thereby 
enhance drug absorption (2-4). 


The use of goldfish as a test animal for assessing 
absorption phenomena has been proposed by Levy and 
Gucinski (5). Studies have shown that polysorbate 80, 
in concentrations below the critical micelle concentra- 
tion, significantly decreases the time required for seco- 
barbital and pentobarbital-induced death in the gold- 
fish (6). This effect was attributed to  membrane altera- 
tion by the surfactant resulting in more rapid uptake of 
the barbiturates, and a decrease in the time required to  
reach a lethal concentration in the fish. Similar effects on 
ethanol and pentobarbital-induced overturn time were 
observed upon exposure of goldfish to  sodium tauro- 
deoxycholate (7). However since sodium taurodeoxy- 
cholate is toxic to goldfish the possibility exists that the 
bile salt may produce some pharmacologic effect that 
is inadequate to promote overturn but makes the fish 
more susceptible to the pharmacologic action of 
ethanol and pentobarbital. Hence it was desirable to  
investigate more directly the influence of sodium tauro- 
deoxycholate on membrane permeability. This was 
accomplished in the present study by determining the 
effect of sodium taurodeoxycholate on the uptake of 
4-aniinoantipyrine by the goldfish. 


EXPERIMENTAL 


Goldfish, Currrssius anrutus, common variety, weighing about 
3-6 g. were used as the test animal. All fish in a given experiment 
were from the same lot. Two different lots of fish were used during 
the study. Sodium taurodeoxycholate (Maybridge Research Chemi- 
cals) and 4aminoantipyrine (Eastman Organic Chemicals) were 
used. The drug or drug and bile salt were dissolved in water and 


the solutions were adjusted to p H  6.1, with either 0.01 N HCI or 
NaOH, so that 4-aminoantipyrine (pKa = 4.1) could be studied in 
the nonionized form. After each experiment the pH of the solution 
was again measured and found to be 6.1 f 0.1. 


Absorption of Caminoantipyrine in goldfish was determined 
according to Levy and Miller (8) except for the following modi- 
fications. Four fish were placed simultaneously in 1 1. of test solu- 
tion for 15 min., then rinsed for 5 sec. in distilled water and stored 
in individual containers in a freezer until assayed (within 24 hr). 


The method used for the determination of Caminoantipyrine in 
solution and in fish tissues was the colorimetric method of Brun 
(9) as modified by Levy and Miller (8). Blank values were obtained 
from tissues of fish which had been immersed in water or water 
with varying concentrations of sodium taurodeoxycholate for 15 
min., rinsed, and frozen until assayed. There was no difference in 
the blank values of tissues from fish exposed to water with bile salt 
or water alone. Therefore, an average blank of 20 mcg. Camino- 
antipyrine equivalent/g. fish tissue was used to correct all analytical 
data. 


Drug recovery determinations were carried out by immersing 
fish in water or water with 10 m M  sodium taurodeoxycholate for 
15 min., rinsing, and then homogenizing the fish with known 
amounts of drug and assaying as described above. Recovery data 
are reported in Table I. Sodium taurodeoxycholate pretreatment 
did not affect drug recovery and the average recovery (42 fish) was 
103 %. A further assessment of total drug recovery involved immers- 
ing four fish in 20 ml. of a 10-mg. 4-aminoantipyrine solution 
(adjusted to pH 6.1) for I hr., rinsing, and assaying both the fish 
and the solution for drug content. A quantity representing 99.6z 
of the drug lost from the solution was recovered in the goldfish. 
Accordingly, the recovery of 4-aminoantipyrine from goldfish 
tissues was considered to be complete and the apparent drug uptake 
values were simply corrected for blank values. 


RESULTS 


The uptake of drug in goldfish immersed in 250 mg. 4-amino- 
antipyrine with varying concentrations of sodium taurodeoxy- 
cholate is reported in Table 11. Bile salt concentrations of I and 
3 m M  significantly increased the absorption of Caminoantipyrine. 
A plot of 4-aminoantipyrine uptake versus log sodium taurodeoxy- 
cholate concentration is shown in Fig. 1. The curve follows a typical 
dose-response pattern and it is evident from the large change in 
slope over a relatively small concentration range (aiz., 0.5 to 1 mM) 
that the effects of sodium taurodeoxycholate on drug uptake 
represent a practically “all-or-none” phenomenon. Further charac- 
terization of the curve at  higher bile salt concentrations could not be 


Table I-Recovery of 4-Aminoantipyrine from Goldfish Tissue 


----Controls--- ~ - -Sodium Taurodeoxycholate*-- 


per Fish, Recovery, per Fish, Recovery, 
mg.c z mg.“ z 


Amount of Amount of 
Drug Added Drug Added 


0.3 ( 5 )  113 0 .4  (4) 104 
0 . 5  (2) 98 0 . 7  (3) 113 
0 . 6  (4) 104 1 . 0  (4) 108 
0.9 (4) 97 1 .5 (4 )  98 
1.0 (4) 97 2 .5  (4) 101 
2 .0  (4) 100 


a Fish immersed in distilled water at pH 6.1 for 15 min. prior to 
homogenization. b Fish immersed in 10 m M  bile salt solution (adjusted 
to pH 6.1) for 15 miti. prior to homogenization. c Number of individual 
fish used per drug level is noted i n  parentheses. 







Table 11-Effect of Sodium Taurodeoxycholate on 4-Amino- 
antipyrine Uptake in Goldfish Immersed for 15 min. in 250 mg. % 
Drug Solution at pH 6.1 


Sodium Taurodeoxy- 
cholate Concn., No. of Mean Drug Uptake & I  


mM. Fish SD, mcg./g. fish 


Control 
0.1 
0 .5  
1 .o 
3 .O 


I 222 f 26 
8 175 f 55 


11 208 =t 22 
12 340 i. 73a 
8 351 k 44a 


5 Results significantly different from control and from uptake at 0.1 
and 0.5 mM bile salt, p < 0.01 (Student's f test). 


obtained due to the toxicity of sodium taurodeoxycholate to the fish. 
Concentrations of 3 mM bile salt caused an obvious decrease in fish 
activity and occasional overturn. Higher concentrations produced 
overturn or death within 15 min. 


Drug uptake, in a second lot of fish, as a function of 4-amino- 
antipyrine concentration is shown in Table 111 and the lower portion 
of Fig. 2. A linear relationship is observed between uptake and 
drug concentration which may be described by the least-squares 
regression equation: uptake (mcg./g. fish) = 0.74 X drug concen- 
tration (mg. %) + 10.6, with a correlation coefficient of 0.983. 
Drug uptake in fish immersed in drug solution with 1 mM sodium 
taurodeoxycholate was enhanced at all drug levels. Differences were 
statistically significant at 250, 350, and 600 mg. 4-aminoanti- 
pyrine (see Table 111). A linear relationship was also observed 
between uptake and drug concentration in the presence of bile salt, 
as shown in the upper portion of Fig. 2. These data were fitted by 
the least-squares regression equation: uptake (mcg./g. fish) = 
0.86 X drug concentration (mg. %) + 2, with a correlation co- 
efficient of 0.988. 


DISCUSSION 


In the present study the minimum concentration range of sodium 
taurodeoxycholate required to elicit a change in membrane perme- 
ability was 0.5 to 1 mhf (Fig. 1). Above this level, enhancement of 
drug uptake was independent of bile salt concentration over a three- 
fold range. Levy and Anello (10) have demonstrated that the drug 
transfer rate-limiting barrier in the case of Caminoantipyrine is 
the external membranes (skin and gills) of the fish. Hence, sodium 
taurodeoxycholate seems to have a direct effect on the permeability 
characteristics of these membranes. The mechanism appears to 
involve a rapid adsorption of sodium taurodeoxycholate on the 
external membranes of the fish and consequent alteration of mem- 
brane permeability (7). However, it would appear that a minimum 
surface concentration of bile salt is required to elicit disruption of 
the membrane and further adsorption of bile salt molecules is of no 
consequence. An analogous mechanism has been proposed to 
explain the lytic effects of quaternary ammonium compounds on 
bacterial membranes (1 1). In each case it would seem that a mini- - 3.5 4 
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Figure 1-Log dose-response type plot showing the uptake of 4- 
aminoantipyrine in goldJsli immersed for  15 min. in 250 n?g. drug 
solution at p H  6.1 as a function of sodium taurodeoxycholate con- 
centration (log scale). 
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Figure 2-Uptake of 4-aminoantipyrine in goldJsh immersed for  
15 min. in drug solution at p H  6.1 as a function of drug concentration 
in the presence of I mM sodium taurodeoxycholate (upper plot) 
andin the absence of bile salt (lowerplot). 


mum fraction of the surface must be covered with adsorbate mole- 
cules before membrane alteration occurs. Also in each case the 
membrane effects are simply a function of monomer concentra- 
tion. Sodium taurodeoxycholate exists only as the monomer over 
the concentration range and experimental conditions used in the 
present study (12). 


Quantitative changes in the dose-response plot shown in Fig. 1 
are anticipated from lot-to-lot of fish due to differences in size 
as well as susceptibility of the fish to surfactant. Earlier studies with 
a particular lot of fish showed that 0.1 mM sodium taurodeoxy- 
cholate significantly enhanced the uptake of 4-aminoantipyrine 
(7). These findings are in contrast to those of the present study where 
concentrations of up to 0.5 mM bile salt were without effect on drug 
uptake. Also of interest however is the fact that the earlier lot of 
goldfish were significantly more sensitive to the bile salt and concen- 
trations of 0.5 mM sodium taurodeoxycholate produced death 
within minutes after immersion. This enhanced susceptibility may 
be related to differences in the fraction of biologic surface required 
to be covered before membrane alteration occurs. 


Further evidence that the transfer of Caminoantipyrine is a 
passive process and that sodium taurodeoxycholate has a direct 


Table 111-Effect of Sodium Taurodeoxycholate (1 mM) on 4- 
Aminoantipyrine Uptake in Goldfish Immersed for 15 min. in 
Drug Solution at pH 6.1 


I Control -- Sodium Taurodeoxycholate 
4-Amino- Mean Drug Mean Drug 
antipyrine Uptake f Uptake + 
Concn., No. of 1 SD,  mcg./g. No. of 1 SD, mcg.jg. 
mg. Fish fish Fish fish 


150 12 102 f 18 12 113 zt 24 
250 8 196 f 40 7 248 f 308 
350 8 208 =!c 30 4 275 =t 21a 
600 12 439 f 84 12 517 f 54" 


(1 Significantly different from control values, p < 0.05 (Student's r 
test). 
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effect on the absorbing membranes is shown in Table 11 and Fig. 2. 
Levy and Miller have shown that under conditions analogous to 
those used in the present study (uiz., drug concentration in the 
external medium is very much higher than in the fish tissue and the 
volume of the external medium is sufficiently large so that drug 
concentration in this medium is essentially constant throughout the 
experiment) the absorption of 4-aminoantipyrine follows apparent 
zero-order kinetics where the first-order absorption rate constant 
(ka) may be calculated from the relationship k ,  = absorption 
rate/drug concentration in the external medium. Assuming a passive 
absorption process, it follows that the absorption rate or uptake of 
drug per fixed interval of time is directly proportional to drug 
concentration in the fluids bathing the fish. Evidence of this rela- 
tionship is shown in the lower portion of Fig. 2. The mean absorp- 
tion rate constant calculated from these data is 4.9 X 1 0 - 3  min.-1 
which is in excellent agreement with previously obtained values 
values (8). 


The effect of 1 mM sodium taurodeoxycholate on the absorption 
of 4-aminoantipyrine by goldfish immersed in solutions at various 
drug concentrations is shown in Table I11 and the upper plot of 
Fig. 2. Again a linear relationship is noted between drug uptake 
and 4-aminoantipyrine concentration in the external medium which 
is suggestive of a passive drug transport process even in the presence 
of the surfactant. These data provide further evidence that the 
bile salt acts via a direct effect on the permeability characteristics 
of the external membranes rather than by interacting with drug since 
the degree of enhancement of 4-aminoantipyrine absorption is in- 
dependent of drug concentration in the external medium. 


The maximum effect of sodium taurodeoxycholate on 4-amino- 
antipyrine uptake was observed in the bile salt dose-response study 
(Table 11, Fig. 1). Concentrations of 1 and 3 mM bile salt resulted 
in a 1.5 to 1.6-fold increase in drug uptake. A similar degree of 
enhancement of 4-aminoantipyrine uptake in goldfish was observed 
in the presence of 0.01 polysorbate 80 (10). The effect of 1 m M  
sodium taurodeoxycholate on the second lot of fish, as noted in 
Table 111, resulted in only a 1.2-fold increase in drug uptake. These 
findings illustrate the considerable lot-to-lot variations frequently 
observed in studies utilizing goldfish (8). The differences between 
lots with respect to the degree of bile salt effect probably reflect 
differences in membrane susceptibility, as discussed above. It is 


likely that in the second lot of fish the dose-response curve shown in 
Fig. 1 is shifted to the right so that a 1 mM bile salt concentration 
does not produce a maximal effect. 


The present results provide direct evidence of the influence of 
sodium taurodeoxycholate on the external membranes of the 
goldfish and further. support the use of pharmacologic effect end- 
points to assess the absorption rate of drugs in goldfish (5, 10, 13). 
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Comparative Chemical and Toxicological Evaluation of 
Residual Ethylene Oxide in Sterilized Plastics 


R. K. O’LEARY, W. D. WATKINS, and W. L. GUESS 


Abstract 0 The use of various gases for the sterilization of non- 
disposable and disposable plastic medical devices has become firmly 
established in the past decade and a half. However, the subject of 
sterilant residues remaining in plastic devices following an ethylene 
oxide gas sterilization has only recently been investigated. This 
study correlates ethylene oxide residues as determined by gas 
chromatography to the ability of these residues in polyolefins to 
elicit toxicological responses in several biological systems. A com- 
parison of the results from a quantitative hemolysis test, rabbit 
intramuscular implantations with subsequent pathological in- 
vestigation, cell culture responses, a series of fish tests, and intra- 
dermal irritation studies, to the ethylene oxide desorption data, 
revealed that within 24 hr. after sterilization, no significant toxicities 
were produced by ethylene oxide-sterilized polyolefins. The con- 
centrations of the gas had decreased from a high of 3.20 mg./g. 
of plastic to as little as 0.20 mg./g. of plastic after aeration at room 
temperature for 24 hr. 


Keyphrases 0 Plastics, sterilized-ethylene oxide (EtO) residual a 
Ethylene oxide residual, plastics-toxicity 0 Guppy-toxicity 
determination, EtO residual 0 Cell cultures-toxicity determina- 
tion, EtO residual C. Intradermal irritation-toxicity determina- 
tion, EtO residual Erythrocyte hemolysis-toxicity determina- 
tion, EtO residual C GLC-analysis 


The toxicology of ethylene oxide (EtO) in both the 
liquid and gaseous phases has been well demonstrated 
in man and other animals (1-4). In addition, it has been 
shown that this epoxide is an effective sterilant for ma- 
terials which cannot be sterilized by conventional high 
temperature methods (5). Recently, several reported 
studies have indicated that residual ethylene oxide in 
plastic medical devices may be implicated in toxicities 


Vol. 58, No. 8, August I969 0 1007 












Boron Trifluoride Ethyl Ether as an Effective Catalyst in the 
Synthesis of Alkyl p-Aminobenzoates 


P. K. KADABA+, MARTIN CARRt, MARK TRIBOS, JOHN TRIPLETT", and A. C. GLASSER* 


Abstract 0 Commercial boron trifluoride ethyl ether functions as an 
effective catalyst in the synthesis of a number of alkyl esters of 
p-aminobenzoic acid. Unlike earlier procedures, the present method 
offers a convenient single step reaction and does not call for special 
reaction conditions and equipment. 


Keyphrases 0 phinobenzoic  acid alkyl esters-synthesis 0 
Boron trifluoride-ethyl ether, catalyst-g-aminobenzoic acid alkyl 
esters 


In the course of the authors' studies on potential local 
anesthetic agents (I), it became necessary to  prepare a 
number of alkyl esters of p-aminobenzoic acid (PABA). 
A literature survey indicated that in practice, the prep- 
aration of PABA esters is usually accomplished by re- 
duction of the previously esterified 4-nitro compounds. 
The 4-nitrobenzoic esters have been obtained in the con- 
ventional manner by reaction of 4-nitrobenzoyl chloride 
and the appropriate alcohol in a basic medium (2-6). 
Reduction to the p-aminobenzoates has been achieved 
generally by catalytic hydrogenation using platinum 
oxide or Raney nickel (3, 6), or palladium (4, 5) as 
catalyst, or occasionally using other reducing agents 
such as ferrous sulfate-ammonia (6) or tin and 
hydrochloric acid (2). 


Though some attempts have been made at direct 
esterification of PABA, a general method of esterifica- 
tion for the different alkyl esters has not been formu- 
lated. The ethyl ester has been obtained using anhydrous 
ethanol and dry hydrogen chloride (7), and boron 
trifluoride-methanol reagent has been found to be 
quite suitable in the preparation of the methyl ester 


Table I-Alkyl p-Arninobenzoates, 


(8). Boron trifluoride-ethyl ether has also been found 
to give satisfactory results in the preparation of the 
methyl ester (9), though in low yield; however, with 
this exception, the possibility of using commercial boron 
trifluoride-ethyl ether as an effective catalyst in the 
synthesis of alkyl esters of PABA, in general, has not 
been investigated. 


The authors have now found that good yields of the 
various alkyl esters of p-aminobenzoic acid can be ob- 
tained very conveniently in a single step by merely re- 
fluxing the acid with the appropriate alcohol in the 
presence of boron trifluoride-ethyl ether as catalyst. 
Unlike the methods outlined above, the simple pro- 
cedure described here constitutes a direct and convenient 
method for the synthesis of alkyl p-aminobenzoates; it 
does not call for special conditions and equipment for 
catalytic hydrogenation or require the use of pungent 
hydrogen chloride gas which makes for inconvenience 
in handling. 


Reported in Table I are a number of simple alkyl 
esters of p-amino benzoic acid. These have been char- 
acterized by their melting points and IR absorption 
spectra. The intact presence of the primary amino group 
has been established by reaction with 2,4-dichloro- 
benzaldehyde to yield the N-(2,4-dichlorobenzylidene) 
derivatives in very high yields (Table I). 


It is evident from the results presented in Table I, 
that higher yields are obtained by using two equivalents 
of boron trifluoride-ethyl ether to one equivalent of acid 
in a 15-fold excess of alcohol, the additional equivalent 
of boron trifluoride being necessary to complex with 
the amino group of the acid. 


R 


Reflux 
Time, 


hr . M.p., "Ca M.p., "C.b 
(Crude) (Recrystallized) Yield, % 


Schiff Base 
-Derivativa- 


M.p. "C. Yield, % 


Methyl 
Ethyl 


n-Propyl 
iso-Propyl 
n-Butyl 
iso-Butyl 
see-Butyl 
tert-Pen t yl 


48 
48 
48 
24 
24 
48 
48 
48 
48 
48 
48 


110-114 
89-90 
86-90 
86-90 
89-90 
69-73 
83-84 
55-58 


- 
5740 (Et-Pet) 
63-64 (Et-Petj 


53-54 (55)  53-54 (Et-Pet) 
187-188 187-188 (Et-Pet) 


QuantitativeC 
93 
86' 
69J 
560 .. 


62 
42.5 
96 
68f 
47 
51k 


16547 
91-93' 
- 
- 
- 


73-75 


69-71 
- 


- 


91 .Od 
84.5 
- 


_ _ _ _ _ ~ ~ ~ ~ ~  ~ 


a The melting points are for the crude products. The reported melting points for the pure products are given in parentheses. * The melting points 
are for recrystallized samples; solvent used is given in parenthesis: E, ethanol; Et, diethyl ether; Pet, petroleum ether. c Reference 8 has reported the 
preparation of the methyl ester using boron trifluoride-methanol reagent, in 75 % yield. d And-Calcd., %: C, 58.4; H, 3.6. Found: C, 58.3; H, 3.7. 
e Reference 1. f Using acid (Eastman, Practical grade) (0.05 mole), alcohol (0.5 mole), and BF3.EtzO (0.075 mole). 0 Using acid (0.05 mole), alcohol 
(0.5 mo1e)and BFs.Etz0 (0.1 mole). h And-Calcd., %: C, 60.7;H,4.5. Found: C, 60.6;H,4.5.*AnuZ.--Calcd., %: C,62.3;H,4.9.Found:C, 62.3; 
H, 4.8. j The product separated out as an oil and was extracted with ether and the ethereal solution was treated wlth petroleum ether, when crystal- 
lization was effected. k The excess alcohol was decanted off from the insoluble boron trifluoride-tert-pentyl ester complex, and the latter dissolved in 
water. Upon addition of sodium carbonate, there was effervescence followed by separation of the solid ester. 
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EXPERTMENTAL 


Alkyl p-aminobenzoates-To a suspension of p-aminobenzoic 
acid (Eastman, White label) (6.9 g., 0.05 mole) in the appropriate 
alcohol (reagent grade) (40 ml., - 0.75 mole) was added boron tri- 
fluoride-ethyl ether (Eastman, White label) (12.6 ml., 0.1 mole) 
and the reaction mixture refluxed for 48 hr. The esters were pre- 
cipitated by pouring the cooled, filtered solutions into an ice cold 
solution of sodium carbonate (5%, 400 ml.); these were sufficiently 
pure for most purposes and recrystallization increased the melting 
points only slightly (Table I). The compounds exhibited IR absorp- 
tion frequencies characteristic of the C=O and NH, groups. 


The methyl, n-propyl, and n-butyl esters were prepared using 
acid (Eastman, Practical grade) (0.05 mole), alcohol (0.5 mole), 
and boron trifluoride-ethyl ether (0.075 mole). 


Under either experimental condition, when the reaction time was 
reduced to 24 hr. the yield was also reduced. 


An attempt to prepare the methyl ester using diazomethane, 
yielded products with wide melting point ranges. Apparently, the 
diazomethane effects some N-methylation, giving rise to a mixture of 
products. 
N-(2,4-Dichlorobenzylidene)-p-amhobenzoat~-The Schiff base 


derivatives were prepared (1) by heating equimolar quantities of 
the p-aminobenzoic ester and the aldehyde in an ethanol solution 
(Table I). 


REFERENCES 


(1) P. K. Kadaba and N. F. Fannin, J.  Heter. Chem., 4, 301 
(1967). 


(2) S. D. Goldberg, W. F. Ringk, and P. E. Spoerri, J .  Am. Chem. 


(3) J. R. Reasenberg and G. B. L. Smith, ibid., 66,991(1944). 
(4) E. M. Hancock and A. C. Cope, ibid., 66, 1738(1944). 
(5) E. M. Hancock, E. M. Hardy, D. Heyl, M. E. Wright, and 


A. C. Cope, ibid., 66, 1747(1944). 
(6) R. 0. Clinton, U. J. Salvador, S. C.  Laskowski, and J. S. 


Buck, ibid., 72, 1331(1950). 
(7) J. Johnston, Proc. Roy. Soc. London Ser. A 78, 82(1906); G. 


Schiemann and W. Winkelmuller, O w .  Syn., Coll. vol. 11, 300 


Soc., 61, 3562(1939). 


(1950). 
(8) G. Hallas, J.  Chem. Soc., 1965, 5770. 
(9) F. J. Sowa and J. A. Nieuwland, J. Am. Chem. Soc., 58, 


271(1936). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 2, 1969 from the Department of Chemistry, Christian 


Accepted for publication July 30, 1969. 
* College of Pharmacy, University of Kentucky, Lexington, Ken- 


t PRF grant No. 1525-B5. 
3 NSF Summer Science Training Program, 1968. 
+ To whom all enquiries should be directed. 


Brothers College, Memphis, TN 38104 


tucky 40506. 


Inhibitors of Monoamine Oxidase V: Effect of Substitution on 
the Transport of Tetrahydro-0-Carboline Analogs to Mouse Brain 


BENG T. HO, G. EDWARD FRITCHIE, PATRICIA M. KRALIK, L. WAYNE TANSEY, K. E. WALKER, and 
WILLIAM M. McISAAC 


Abstract 0 Methyl substitution on the indolic nitrogen and halogen 
substitution on the indole nucleus of tetrahydro-p-carbolines were 
found to facilitate the transport of compounds into the brain. A 
correlation between the brain accumulation, the pKa, and the 
partition coefficient has been made. The 8-chloro-9-methyl-l,2,3,4- 
tetrahydro-p-carboline was assayed with mitochondria1 monoamine 
oxidase from mouse brain and liver. Its inhibitory activity was two- 
fold greater than that reported using bovine liver enzyme. 


Keyphrases 0 Monoamine oxidase inhibitors-tetrahydro-p-carbo- 
line analogs, I4C-labeled 0 Tetrahydro-p-carboline analogs- 
substitution effect 0 Transport, mouse brain-tetrahydro-p-carbo- 
line substitution effect 


A number of substituted tetrahydro-0-carbolines 
have been found to be potent inhibitors of monoamine 
oxidase (MAO) in vitro (1-3). Methyl substitution on 
the position N-9, the indolic nitrogen, in most cases, 
enhanced the inhibitory activity in vitro. For instance, 
9-methyltetrahydro-P-carboline (I) is a 34-fold better 
inhibitor than tetrahydro-0-carboline (11) (l), and 8- 


chloro-9-methyltetrahydro-P-carboline (111) is nearly 
100-fold better than I1 (3). It was of interest to determine 
whether the methyl group could increase the lipid 
solubility of the tetrahydro-P-carboline and thus facili- 
tate its entry into the brain. Furthermore, from previous 
metabolic studies, 1-methyltetrahydro-P-carboline (IV) 
was found to have undergone hydroxylation forming 
6-hydroxy-1-methyltetrahydro-P-carboline (V) and 7- 
hydroxy-1-methyltetrahydro-P-carboline (VI) (4), see 
Scheme I. Halogen substitution on the C-6 (see VII) 
or C-8 (see 111) position might retard 6- or 7-hydroxyla- 
tion of the tetrahydro-P-carboline, and possibly prolong 
the biological action. 


The object of this study was to demonstrate the en- 
hancement of brain absorption of tetrahydro-@- 
carbolines by the introduction of a methyl group to the 
indolic nitrogen and the additional effect when halogen 
substitution was placed on the indole ring. A correlation 
of brain accumulation of the four analogs of tetrahydro- 
P-carboline (I, 11, 111, and VII) with the partition co- 
efficient and the pKa was also made. This finding would 
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Essential Oil of Anemopsis californica Part 11: 
Minor Constituents 


DILIP R. SANVORDEKER and MADHUKAR G. CHAUBAL" 


Abstract 0 The minor constituents of the essential oil hydrodistilled 
from the roots and rhizomes of Anemopsis californica (Nutt.) 
Hook and Am. (Fam. Saururaceae) have been isolated by gas 
chromatography on two stationary phases: polypropylene glycol 
adipate and polyethylene glycol. The isolated compounds were iden- 
tified by the comparison of their LR spectra with those of pure 
authentic compounds. Esdragol, thymolmethylether, linalool, p- 
cymene, l,S-cineol, d-limonene, camphene and a- and 8-pinene have 
been shown to be present in the oil. In addition, the presence of 
two ketones, a sec alcohol, tentatively identified as I-methyl-4-iso- 
propyl-6-hydroxy-bicyclo (3: 1 :0) hexane, an ester, and six hydro- 
carbons is also indicated on the basis of the IR spectra of the cor- 
responding fractions. 


Keyphrases 0 Anemopsis californica oil-minor constituents 0 
GLC-separation, identity 0 IR spectrophotometry-identity 0 
NMR spectroscopy-identity 


Methyleugenol is the major constituent of the 
essential oil hydrodistilled from the roots and rhizomes 
of Anemopsis californica (Nutt.) Hook and Am. (Fam. 
Saururaceae). Thymol and piperitone have also been 
shown to be present in appreciable quantity (1). These 
three compounds together make up approximately 74 % 
of the oil. The isolation and identification of nine minor 
constituents of the essential oil of Anemopsis is reported 
here. 


EXPERIMENTAL, 


Extraction of Essential Oil-The essential oil used in the previous 
experiments (1) was used for the quantitative determination of the 
constituents. Additionally, 500 g. crude drug (1) + 3.5 1. water was 
also hydrodistilled in the apparatus described earlier (1). However 
the distillation was carried out in an interrupted manner. After the 
first short period of distillation, the flask was cooled and the col- 
lected oil removed and stored over anhydrous Na2S04. Distillation 
was then resumed for another short period followed by cooling and 
removal of oil. A series of fractions were thus separately collected as 
shown in Table I. 


Table I-Fractional Collection of Essential Oil of A. californica 


Volume 
Fraction Distillation Collected, 


No Period, hr. ml. Color of Fraction 


1 2.5 2 . 5  
2 2.0 2.5 
3 3.75 4 .0  
4 4.0 4 .0  
5 3.75 4.0 
6 7.50 8 .0  
7 6.0 6 . 0  


Total 29.25 31 .O 


Colorless 
Pale yellow 
Pale yellow 
Light-green 
Greenish-blue 
Greenish-blue 
Deep bright-blue 


Gas Chromatography ( G C t T h e  chromatograph, recorder, and 
column dimensions were described earlier (1). In addition, a re- 
corder' with an integrator,2 was used for quantitation of peaks. 
The chart-speed of this recorder was 2.54 cm. (1 in.)/3 min. 


Packing-Two stationary phases polypropylene glycol adipate3 
and polyethylene glycol4 were coated on acid-washed diatomite ag- 
gregates 60-80 mesh, as previously described and packed in two 
separate columns. Each column was preconditioned overnight at 
170" in a slow stream of helium. The operating conditions were as 
follows: carrier gas, helium, 75 ml./min., inlet pressure Column A, 
20.5 p s i .  and Column B, 28 p.s.i.; detector, 240", 150 ma. filament 
current; injection port, 200'; outlet 180"; column temperature, 
Column A, 160", isothermal and 1 1O-17Oo, isothermal-linear, and 
Column B, 180", isothermal and 11O-19Oo, isothermal-linear. In the 
isothermal-linear mode the starting temperature of the column 
(1 10 ") was maintained for 15 min. after injection of the sample and 
then raised to the final temperature for each column by manual 
programing. 


GC Fraction Collection and Identification of Constituents--The 
effluent peaks were collected in U-shaped traps fashioned from 22.86- 
cm. (9-in.) lengths of 0.31-cm. (0.125-in.) glass tubing. The straight, 
long arm of the trap was connected to the heated chromatograph 


1 Varian Aerograph model-20, Varian Aerograph Instruments Inc., 
* Disc Chart, model-244, Disc Instruments Inc., Santa Ana, Calif. 
3 Reoplex-400, Union Carbide Corp., New York, N. Y. 
4 Carbowax-20M, Union Carbide Corp., New York, N. Y. 
6 Chromosorb-W, Johns-Manville Products Corp., New York, N. Y. 


Walnut Creek, Calif. 
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Figure 1-Gas chromatogram of Fraction I collected during hy- 
drodistillation of essential oil of Anemopsis californica; polypro- 
pylene glycol adipate, 160", 4 p l , ,  atten.: 2X. 


outlet with a short piece of tubing (Tygon). The outlet arm of the 
trap was bent and wrapped with a piece of film6 which prevented 
excessive loss of fraction and also contamination by atmospheric 
moisture. The traps were chilled in a dry-ice bath. All the fractions 
were rechromatographed before spectral analysis. The following 
authentic samples were also purified by GC in the laboratory: 


TIME, min. 


Figure 2-Isothermal-linear gas chromatograms of hydrodistilled 
essential oil of Anemopsis californica. Key: A, polypropylene gly- 
col adipate, 1IO-17Oa, 5 pi.; B, polyethylene glycol 110-190", 5 p l .  


6 Parafilm, Marathon Division of American Can Co., Neenah, Wisc. 
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.) 


c 2 x  


TIME, rnin. 


Figure &Isothermal gas chromafograms of hydrodistilled essential 
oil of Anemopsis californica. Key: A, polypropylene glycol adipate, 
160", 5 d.; B,polyethyleneglycoI, ISO", 4 pI. 


a-pinene and 1,8-cineol? camphene and linalool,8 pcymene and 
6-limonene.9 


The identification of the constituents of the essential oil was based 
primarily on the comparison of their IR spectra with those of the 
GCpure authentic samples and in a few cases comparison with 
published spectra. The IR spectra were obtained in simple KBr 
micro cells. Two thin, clear, 13-mm. pellets were pressed from ap- 
proximately 150 mg. KBr each. One of the pellets was placed in the 
IR pellet holderlo and 2-5 pl. of the sample was placed in its center. 
The second pellet was then placed on top and the holder cap care- 
fully fastened. The NMR spectra were obtained in CC14 (Varian 
60 MHz). TMS was the reference standard. 


Retention Time (RT), Relative Retention Time (RRT) and Quanti- 
tation of Peaks-The RT values were measured from the time of 
injection = 0, t o  the center of each peak. The RRT values were 
based on that of 6-limonene = 1. The retention data were checked 
by the injection of the authentic samples. The peak quantitation 
was achieved by an integrator which was factory installed and 
calibrated. 


RESULTS AND DISCUSSION 


Fractionation of the essential oil prior to GC by the use of a high 
efficiency distillation column was not satisfactory. Further, the 
possibility of heat decomposition of the constituents and the pro- 
duction of artifacts had to be considered. The isolation of fractions 
during hydrodistillation of the oil of A. californica was most 
satisfactory. The oil was not exposed to further heat and GC of the 


~ ~~~ 


' Matheson Coleman & Bell Co., Los Angeles, Calif. 
a Distillation Products Industries Inc., Rochester, N. Y. 


10 Perkin-Elmer Corp., Nonvalk, Conn. 
Fritzsche Brothers Inc., New York, N. Y. 







Table 11-Composition of the Hydrodistilled Oil of Anemopsis calijornica 
~~~ ~ 


7- Retention Data 
Polyester Vinyl Plasticizer Polyethylene Glycol 


Peak z 7- 110"-- -1600- - 1lO0- -180"- 
No. Compd. vlv RT" RRTb RT RRT RT RRT RT RRT 


1 
2 
3 
4 
5 
6A 


6B 
7 
8 
9 
10A 
10B 
11 
12 
13 
14 
15 
16 


17 
18 
19 
20 
21 
22 


23 


24 
25 


Thymol 
Methyleugenol 
Piperitone 
Ketone? 
Unknown 
see-Alcohol" ? 


Esdragol" 
Ketone (cyclic?) 
Ester (cyclic, formate?) 
ThymolmethyletherC 
Unknown 
Linalool 
Unknown 
Unknown 
p-Cymene 
1,8-Cineol 
d-Limonene 
Unknown 


(3-Pinene 
Camphene 
a-Pinene 


Hydrocarbons 


- 13.8 
57.0 
8 .O 
1.80 
0.70 
1.8 


- 


- 
- 
._ 


- 


1.32 - 


0.34 
1.50 
2.96 
0.20 
0.32 


Trace 
Trace - 


1.1 9.9 
1.35 7.55 
0.93 6.9 
0.1 5.6 


0.4 4.7 
0.44 3.95 
1.4 3.08 


2.4 
2.05 
1.8 


1.6 


- 
- 


- 
- 
- 


4.5 


1.2 
0.98 


- 
- 
- 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
__ 


I .48 
1.09 
1 .o 
0.81 


0.68 
0.57 
0.45 
0.35 
0.30 
0.26 


0.20 


0.18 
0.14 


62.3 
43.5 
16.4 
14.7 
13.6 


),,2 


10.8 
9.0 
8.5 
6.3 
6.1 
5 . 1  
3.6 
3.2 
2.5 
2.36 


} 1.9 
1.6 
1.5 
1.25 
1.1 
10 


0.98 


0.80 
0.70 


26.3 - 
26.3 - 


- 6.8 
6.1 
5.7 


5.2 


4.6 
3.8 
3.6 
2.6 
2.58 - 
2.16 - 
1.5 
1.24 14.7 
1.26 11.5 
1 .o 10.6 


8.3 
0.81 


7.3 
0.67 6.08 
0.62 4.9 
0.53 3.85 
0.45 3.20 
0.44 2.65 


0.43 2.21 


- 
- 
- 


- 
- 
- 
- 
- 


- 


0.36 1.9 
0.30 1.25 


- 
- 
- 


- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
- 
1.4 
1.1 
1 .o 
0.78 


0.69 
0.57 
0.46 
0.36 
0.30 
0.25 


0.21 


0.18 
0.11 


54.0 
34.0 


}15.5 


12.1 


11.2 


9.8 
8.3 
6.9 
6.3 
5.6 
4.5 
3.35 
3.0 
2.8 


12.3 


2.1 
1.95 
1.65 
1.50 
1.3 


} 1.5 
1 .o 


- 


18.9 
11.9 


5.3 


4.2 


3.9 


3.4 
2.85 
2.4 
2.2 
1.95 
1.6 
1.12 
1.05 
1 .o 
0.81 


0.74 
0.68 
0.58 
0.53 
0.46 


- 


0.4 


0.32 
~~~~ 


a RT = Retention Time, min. b RRT = Relative Retention Time (d-limonene reference). All compounds identified by IR spectra. c NMR in addi- 
tion to IR identification. 


first two fractions showed satisfactory enrichment of the compounds 
of interest. Fraction 1 (Table I) was especially rich in the com- 
pounds eluted in the first 15 min. of injections (Fig. 1). This 
fraction was therefore used for the collection of the peaks for identi- 
fication. Polypropylene glycol adipate (2. 3) and polyethylene glycol 
(4, 5) have been effectively used to elucidate the composition of 
essential oils. These papers also give the retention data for some of 
the constituents isolated from the oil of A .  californica. These two sta- 
tionary phases were therefore used in this work. The isothermal- 
linear programmed temperature technique gave good resolution 
of the peaks of interest and allowed convenient condensation of 
the fractions under each peak. Figure 2 shows these chromatograms 
for both the stationary phases. The retention data were obtained by 
operation in the isothermal mode. These chromatograms are shown 
in Fig. 3. The composition of the oil, determined to date, is shown 
in Table 11, which also gives the retention data. 


Peaks 1 and 2 were thymol and methyleugenol, respectively. Poly- 
propylene gylcol adipate showed a resolution of Peaks, 3, 4, and 5 
(Fig. 1, 2a, 3a). Polyethylene glycol showed only one peak in this 
region (Fig. 2b, 3b). Fraction under Peak 3 from the polyethylene 
glycol column was therefore condensed and rechromatographed 
on the adipate column resulting in the resolution of Peaks 3, 4, 
and 5 (Fig. 4). Peak 3 was piperitone. The IR of Peak 4 was indica- 
tive of an a-fl unsaturated six-membered ketone which could be 
cyclic or acyclic (strong absorption: 1665 crn.?) with an isopro- 
penyl substituent (medium absorption: 1420 cm.-l and strong 
absorption: 885 cm.-1). Peak 5 could not be characterized for lack 
of sufficient sample. 


Peak 6 initially collected from polypropylene glycol adipate gave 
an IR spectrum indicative of an aromatic alcohol. However, the 
NMR spectrum showed that the fraction was a mixture of at least 
two compounds. Rechromatography on the adipate did not 


1 3 


70 


60 


w 
v) 
2 2 50 
v) w 
IL 
IL 


Y 
Li  a 


30 


20 


0 5 10 15 20 
TIME, min. 


Figure &Resolution ofPeak 3 from polyethylene glycol afrer re- 
chromatography on polypropylene glycol adipate, HO", 2 PI., atten.: 
2x. 
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Table III-NMR Data for Peak 6A 


Coupling 
TMS Constant Number of 
p.p.m. Splitting J Protons Assignment" 


90 


8 0  


7 0  


2 6 0 -  
z 
0 
[L 


3 


Y 


n 5 0 -  
n 
0 
I- 


t, 40-  
cl 


30 


20 


10 


0.85 Doublet 


- 


- 


- 


- 


- 


SJ 
0 


1.05 Singlet 
1 .2  Multiplet 
1.45 Singlet 


1.55 Multiplet 
1.75 Triplet 
2 .0  Multiplet 
3.65 Doublet 


3 6 


3 
2 
1 


1+1 
2 
1 
1 


Total protons 18 


CH3 
/ 


\ 
lo-alkyl (-CH ) 


1 "-alkyl (-CH,) 
CH3 


2 "-OH (-CH2-) 
2"-OH (C-OH) 


I 
I 
H 


3 "-alkyl (-CH-) 
2 "-alkyl (-CHp) 
3 "-alkyl (-CH) 
CH-OH 


a Possible structure: l-methyl-4-isoproyl-6-hydroxy-bicyclo (3 :1:0) hexane. 


lead to resolution of the mixture. When the fraction collected 
from the adipate was rechromatographed on polyethylene 
glycol resolution into two peaks, 6A and 6B, was observed 
(Fig. 5). Peak 6A condensed as a white crystalline solid, m.p. 76- 
77 O ,  uncorrected (Koffler Block). The IR spectrum of this compound 
(Fig. 6) indicated it to be a secondary dimeric alcohol (medium 


6 A  rc 


TIME, min. 


Figure 5-Resolution of Peak 6 from polyester vinyl plasticizer 
after rechromatography on polyethylene glycol. &Limonene (15) 
reference. Hexane as solvent. Polyethylene glycol. 160 ', I id., 
utten. : 2X. 


absorption: 3615,3450, and 1052 cm.-l) with an isopropyl substitu- 
tion (medium absorption, doublet: 1385 and 1360 cm.?). The NMR 
spectrum (Fig. 7) shows features given in Table 111, which also shows 
the possible structure for the compound, arrived at from the IR and 
NMR data. Further work on confirmation of the structure is in 
progress. Peak 6B gave an IR spectrum identical with that published 
for esdragol (estragol, methylchavicol, isoeugenol) (5 ,6 ) .  The NMR 
spectrum also gave values as published for esdragol(7). 


Peak 7 has been tentatively identified as a cyclic ketone (strong 
absorption: 1735 and 1235 cm.-l) with an isopropyl substituent. 
Peak 8 was indicated to  be a cyclic ester, most probably a formate 
(strong absorption: 1727 and 1173 cm.-l) with an isopropyl 
group. 


GC on sucrose11 had previously yielded an aromatic ether des- 
ignated as Peak 12 (1). This ether is Peak 9 in the chromatograms 
shown here. The IR spectrum of this compound in KBr showed that 
the previously observed absorption band for an isolated unsatura- 
tion (1620 cm.-l) was spurious. The NMR spectrum of this com- 
pound showed the following: aromatic quartet (6 = 6.8); aromatic 
-OCH3 (6 = 3.8); one tertiary alkyl proton septet (6 = 3.3); one 
benzylic singlet (6 = 2.3); and a primary alkyl doublet (6 = 1.2). 


FREQUENCY, c m - 1  
4000 3000 2000 1500 1300 1000 900 800 700 


3 4 5 6 7 8 9 10 11 12 13 14 15 
WAVELENGTH, p 


Figure b I R  spectrum of Peak 6A of essential oil of A. californica, 
from polyethylene glycol. 


11 Hyprose-SP80, The Dow Chemical Co., Midland, Mich. 
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25C 
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5c 


8 7 6  5 4 3 2 1  0 
w - m .  ( 6 )  


Figure 7-NMR spectrum of Peak 6A of essential oil of Anemopsis 
californica from polyethylene glycol. 


The coupling constant ( .I  = 9.1) also suggested an isolated aromatic 
proton. Thus the substitution pattern was seen to  be 1 :2:4. Among 
the possible structures, thymolmethylether was the immediate choice 
on biogenetic basis; thymol had been shown to be present in the oil 
in appreciable quantities. The 1R and NMR spectra of synthetic 
thymolmethylether were identical with those of Peak 9. 


Other compounds identified from the essential oil are given in 
Table 11. Among these, 6-pinene was identified by the comparison 
of peak IR with a published spectrum (8). The total fraction under 
Peaks 20 to 25 was collected in CCI,. The IR spectrum of this sample 


showed that these six compounds are hydrocarbons. 
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Biopharmaceutical Studies of Aminoethanesulfonylphenetidine I 


SHUN-ICHI NAITO and KAZUO FUKUI 


~~~~~ 


Abstract Blood levels of aminoethanesulfonylphenetidine (tau- 
rinophenetidine) in rabbits were determined and binding of the drug 
with rabbit serum protein in vivo and in vitro was examined. Me- 
tabolites of taurinophenetidine in rabbit urine were separated into 
four compounds, paminophenol, p-acetamidophenol, p-phe- 
netidine, and unchanged taurinophenetidine. Metabolites of aceto- 
phenetidine were also investigated. Glucuronide in urine of rabbit 
ingesting taurinophenetidine is the conjugated form of pamino- 
phenol. 


Keyphrases 0 Aminoethanesulfonylphenetidine-biochemistry 0 
Metabolites, aminoethanesulfonylphenetidine-rabbit plasma, 
urine TLC-separation, identification Colorimetric analysis- 
spectrophotometer 


Aminoethanesulfonic acid which is expected to 
separate from aminoethanesulfonylphenetidine when 
ingested, is one of the essential amino acids, in human 
subjects and has also surface-active property. It is 
widely known that p-phenetidine has antipyretic and 
analgesic actions, nevertheless, its toxicity must be 
severe. Aminoethanesulfonylphenetidine, the condensa- 


tion product of aminoethanesulfonic acid and p-phe- 
netidine, was prepared in order to obtain a more potent 
chemical than acetophenetidine with less side effects. 
Detailed actions of this new chemical cannot be pre- 
dicted from the chemical structure without extensive 
research, since it is often observed that small changes in 
a chemical structure change pharmacological and bio- 
chemical behaviors of the chemical essentially, addition- 
ally, and extensively. 


In the previous paper (l), stabilities of aminoethane- 
sulfonylphenetidine (hereafter abbreviated as taurino- 
phenetidine) stored at different temperature and pH 
were reported. It might be said that taurinophenetidine 
is stable in either solution or powder form to tempera- 
ture, pH or moisture. 


The purpose of this paper is to discuss some bio- 
pharmaceutical aspects of taurinophenetidine. 


EXPERIMENTAL 


Metabolites of Tamhophenetidhe in Blood-A mixture of 0.5 
ml. of rabbit plasma, taken 0.5 hr. (peak time of blood level) after 
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effect on the absorbing membranes is shown in Table 11 and Fig. 2. 
Levy and Miller have shown that under conditions analogous to 
those used in the present study (uiz., drug concentration in the 
external medium is very much higher than in the fish tissue and the 
volume of the external medium is sufficiently large so that drug 
concentration in this medium is essentially constant throughout the 
experiment) the absorption of 4-aminoantipyrine follows apparent 
zero-order kinetics where the first-order absorption rate constant 
(ka) may be calculated from the relationship k ,  = absorption 
rate/drug concentration in the external medium. Assuming a passive 
absorption process, it follows that the absorption rate or uptake of 
drug per fixed interval of time is directly proportional to drug 
concentration in the fluids bathing the fish. Evidence of this rela- 
tionship is shown in the lower portion of Fig. 2. The mean absorp- 
tion rate constant calculated from these data is 4.9 X 1 0 - 3  min.-1 
which is in excellent agreement with previously obtained values 
values (8). 


The effect of 1 mM sodium taurodeoxycholate on the absorption 
of 4-aminoantipyrine by goldfish immersed in solutions at various 
drug concentrations is shown in Table I11 and the upper plot of 
Fig. 2. Again a linear relationship is noted between drug uptake 
and 4-aminoantipyrine concentration in the external medium which 
is suggestive of a passive drug transport process even in the presence 
of the surfactant. These data provide further evidence that the 
bile salt acts via a direct effect on the permeability characteristics 
of the external membranes rather than by interacting with drug since 
the degree of enhancement of 4-aminoantipyrine absorption is in- 
dependent of drug concentration in the external medium. 


The maximum effect of sodium taurodeoxycholate on 4-amino- 
antipyrine uptake was observed in the bile salt dose-response study 
(Table 11, Fig. 1). Concentrations of 1 and 3 mM bile salt resulted 
in a 1.5 to 1.6-fold increase in drug uptake. A similar degree of 
enhancement of 4-aminoantipyrine uptake in goldfish was observed 
in the presence of 0.01 polysorbate 80 (10). The effect of 1 m M  
sodium taurodeoxycholate on the second lot of fish, as noted in 
Table 111, resulted in only a 1.2-fold increase in drug uptake. These 
findings illustrate the considerable lot-to-lot variations frequently 
observed in studies utilizing goldfish (8). The differences between 
lots with respect to the degree of bile salt effect probably reflect 
differences in membrane susceptibility, as discussed above. It is 


likely that in the second lot of fish the dose-response curve shown in 
Fig. 1 is shifted to the right so that a 1 mM bile salt concentration 
does not produce a maximal effect. 


The present results provide direct evidence of the influence of 
sodium taurodeoxycholate on the external membranes of the 
goldfish and further. support the use of pharmacologic effect end- 
points to assess the absorption rate of drugs in goldfish (5, 10, 13). 


REFERENCES 


(1) 0. Blanpin. Prod. Pharm., 13,425(1958). 
(2) H. W. Davenport, Proc. Soc. Exptl. Biol. Med., 125, 670 


(3) S. Feldman. R. Wynn, and M. Gibaldi, J. Pharm. Sci., 57, 


(4) S .  Feldman and M. Gibaldi, ibid., 58,425 (1969). 
(5) G. Levy and S. P. Gucinski, J. Pharmacol. Exptl. Therap., 


(6) G. Levy. K. E. Miller, and R. H. Reuning, J.  Pharm. Sci., 


(7) M. Gibaldi and C. H. Nightingale, ibid., 57, 1354(1968). 
(8) G. Levy and K. E. Miller, ibid., 54,1319(1965). 
(9) C. Brun, J. Lab. Clin. Med., 37, 955(1951). 


(1967). 


1493(1968). 


146, 80( 1964). 


55,394(1966). 


(10) G. Levy and J. A. Anello, J.  Pharin. Sci., in press. 
(1  1)  N. D. Weiner. F. Hart, and G. Zografi, J. Pharm. Pharmacol., 


(12) J. M. Dietschy. J. LipidReu., 9,297(1968). 
(13) M. Gibaldi and C. H. Nightingale, J. Pharm. Sci., 57, 226 


17, 350(1965). 


(1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received March 26, 1969, from the Department of Pharmaceutics, 
School of Pharmacy, State University of New York at Buffalo, 
Buffalo, N Y  I4214 


Accepted for publication May 16, 1969. 
This study was supported in part by Grant AM-11498 from the 


National Institute of Arthritis and Metabolic Diseases, U. S. 
Public Health Service, Bethesda, MD and by a N.I.H. training 
grant fellowship (GM-555-06) to C.H.N. 


Comparative Chemical and Toxicological Evaluation of 
Residual Ethylene Oxide in Sterilized Plastics 


R. K. O’LEARY, W. D. WATKINS, and W. L. GUESS 


Abstract 0 The use of various gases for the sterilization of non- 
disposable and disposable plastic medical devices has become firmly 
established in the past decade and a half. However, the subject of 
sterilant residues remaining in plastic devices following an ethylene 
oxide gas sterilization has only recently been investigated. This 
study correlates ethylene oxide residues as determined by gas 
chromatography to the ability of these residues in polyolefins to 
elicit toxicological responses in several biological systems. A com- 
parison of the results from a quantitative hemolysis test, rabbit 
intramuscular implantations with subsequent pathological in- 
vestigation, cell culture responses, a series of fish tests, and intra- 
dermal irritation studies, to the ethylene oxide desorption data, 
revealed that within 24 hr. after sterilization, no significant toxicities 
were produced by ethylene oxide-sterilized polyolefins. The con- 
centrations of the gas had decreased from a high of 3.20 mg./g. 
of plastic to as little as 0.20 mg./g. of plastic after aeration at room 
temperature for 24 hr. 


Keyphrases 0 Plastics, sterilized-ethylene oxide (EtO) residual a 
Ethylene oxide residual, plastics-toxicity 0 Guppy-toxicity 
determination, EtO residual 0 Cell cultures-toxicity determina- 
tion, EtO residual C. Intradermal irritation-toxicity determina- 
tion, EtO residual Erythrocyte hemolysis-toxicity determina- 
tion, EtO residual C GLC-analysis 


The toxicology of ethylene oxide (EtO) in both the 
liquid and gaseous phases has been well demonstrated 
in man and other animals (1-4). In addition, it has been 
shown that this epoxide is an effective sterilant for ma- 
terials which cannot be sterilized by conventional high 
temperature methods (5). Recently, several reported 
studies have indicated that residual ethylene oxide in 
plastic medical devices may be implicated in toxicities 
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Table I-Fish Toxicity Data for Ethylene Oxide-Sterilized Plastics 


Minimum 
Concn. of 


at 25", Time, Time, Polymer, 
Time Aerated Initiation Death EtO in 


Pol> mer hr. min.a min: mg./g.b 


Petrothene 


Petrothene 


Tenite 


Tenite 


Marlex 


270 0 1 68 3.20 


270 24 none none 0.18 


860E 0 1 56 2.20 


860E 24 none none 0.40 


6009 0 1 95 0.50 
Marlex 


All controls __ 
6009 24 none none 0.15 


none none 0.00 


0 Average value of three experiments in which the death times varied 
by less than 5 min. b Values based on polymers degassed in a circulating 
air environment and not upon actual EtO concentration found in 
polymers submerged in aquarium water. 


associated with the use of the freshly sterilized plastic 


The present study was conducted in order to  deter- 
mine if polyethylene and polypropylene sterilized with 
ethylene oxide would possess any of the toxic proper- 
ties of the sterilant. 


(6-1 1). 


EXPERIMENTAL 


Materials and Method of Sterilization-In a recent study, 
O'Leary and Giles (12) characterized a series of polyethylene and 
polypropylene polymers for the purpose of correlating the effects 
of polymeric structure on the desorption kinetics of ethylene oxide 
from these materials following gas sterilization. The technique em- 
ployed a gas chromatograph' with a 0.63-cm. (1/4 in.) X 182.8- 
cm. (6 ft.) glass column packed with 25% plasticizerZ on 8C100 
mesh diaformite aggregate3 and a helium carrier gas. The ethylene 
oxide was extracted into chloroform and injected as the chloroform 
solution into the gas chromatograph. Minimum ethylene oxide con- 
centrations in the polymers reported in this paper at time zero (on 
removal from the sterilizer) and after 24-hr. aeration are recorded 
in Table I. The same polymers were utilized in this study for the 
purpose of relating any observed toxicological properties after 
sterilization to the minimum concentration of residual epoxide. 
It was felt that since ethylene oxide is completely water soluble and 
any gas desorbing from the polymer into an aqueous system would 
go into solution in this medium, it was not necessary to determine 
the ethylene oxide content of the comparatively voluminous aque- 
ous system. Reaction products of ethylene oxide are recognized as 
being possible in this aqueous system, but eventually any toxicity 
noted would be related back to ethylene oxide content in the poly- 
mers. 


The test samples were sterilized in a 25.4 X 40.6-cm. (10 X 
16-in.) experimental gas sterilizer.s The specific sterilization in- 
volved prehumidifying the test samples in the chamber at 50% rela- 
tive humidity. 57", under 660 mm. of Hg vacuum for 1 hr. A mix- 
ture of 88% dichlorofluoromethane (CC12F2) and 12% ethylene 
oxide was added to the chamber until a concentration of 878 mg. of 
ethylene oxide/l. was obtained. The plastics used were then sterilized 
for 5 hr. At the end of this time interval, a vacuum of 660 mm. of 
Hg was placed on the system in order to remove the gas mixture. 


F & M model 400 biomedical. 
Flexol 8N8, Union Carbide Corp., New York, N. Y. 


3 Chromosorb S, Johns-Manville, New York, N. Y. 
4 The polymers were designated as: Petrothene 270-polyethylene 


(U. S. Industrial Chemicals Co., Tuscola, Ill.) ; Tenite 860E-polyethylene 
(Eastman Chemical Co., Kingsport, Tenn.); Marlex 6009-polyethylene 
(Phillips Chemical Co., Bartlesville, Okla.); Tenite 425DA--polypropyl- 
ene (Eastman). 


5 Cryotherm. 


The samples were then removed for toxicological evaluation. It is 
to be noted that this cycle differs from that reported by OLeary and 
Giles in that only one evacuation of the chamber was utilized in this 
study as compared to three in the former investigation. Thus, the 
ethylene oxide residues actually remaining in the polymers tested 
for toxicological activity might necessarily be higher than reported 
by the former authors. The dimensions of the test samples were com- 
parable in both residue studies. 


Albino Guppy Toxicity Test-In order to investigate the biological 
activity of ethylene oxide or any of its water extractable reaction 
products that might be present in freshly sterilized polyolefins, a 
hybrid strain of albino guppies (Poecilia reticdata) were used. 
The strain which was chosen for the experiment had been controlled 
in this laboratory for a 3-yr. period immediately prior to this testing. 
The advantage of using these fish, as compared to those that might 
be obtained commercially, is that the age, sex, genetic variability, 
size (total body mass), and general health of the test organism can 
be more carefully controlled. The albino hybrid was specifically 
chosen because experience has shown that the albino guppy is more 
susceptible to low concentrations of toxicants than the wild gray 
genotype (13). 


One-day-old female fry approximately 7 mm. in length and 4-6 
mg. in weight were used throughout the entire study. All the test 
fish were from the same litter. The sex of the fish was determined 
by placing the fry in a white-bottomed glass pan that was illumi- 
nated with a 100-w. bulb. It was observed that the young male fish 
have a thicker ray along the lower edge of the anal fin and the fe- 
male fry possess a dark crescent-shaped marking in the region of 
the urogenital pore. 


The use of the young fish had the advantage of allowing the di- 
mensions of the test chamber to be small. Only 25 m]. of test solu- 
tion in a 50-ml. test tube was used. The test solutions were prepared 
by immersing 25 g. of the test plastic in 25 ml. of aquarium water 
in which the test animals were born. This water had a pH of 7.7, 
a water hardness of 780 mg./gal. (205.5 p.p.m.), and was maintained 
at 25 f 0.5". The controls consisted of unsterilized polymer im- 
mersed in the same water under the same conditions as the test 
samples. Samples of freshly sterilized plastic and plastic which had 
been aerated for 24 hr. at room temperature were immersed for 24 
hr. in the aqueous system and held at 25". At the end of the 24-hr. 
extraction period, the plastic was removed from the water and the 
test animals were placed into the test tubes. Since it is difficult to 
distinguish individual fish over a long period of time, only one fish 
was placed in each of the test tubes. In order to avoid faulty inter- 
pretation of the results due to individual differences and tempera- 
ture differences, each experiment was repeated in triplicate and all 
tubes were maintained at 25". The behavior of the test and control 
fish were recorded from the time of their immersion in the extract 
until death. The result of the test was considered negative when no 
symptoms were observed within 24 hr. The control fish can con- 
tinue to live in this microenvironment for as long as 4 days without 
food and water purification. 


The behavior of the test animal was judged according to the work 
of Klingler (14), considering the following points: (a)  Initiation 
Time-this indicates the time interval between the first con- 
tact with the potential poison and the appearance of the 
first disturbances (reeling, lying sideways, turning over, jumping, 
swimming upside down, alteration of body color, and body swell- 
ing). 


(6)  Time of Death--the time interval from the beginning of the 
experiment to the death of the test animal. Death was considered as 
the cessation of body motions accompanying the fish floating at the 
surface on its dorsal side. No motion of the pectoral fins and gills 
must be noted. 


Table I presents the initiation and death time recorded for the 
freshly sterilized and 24-hr.-aerated plastics. The minimum EtO 
concentration which could have desorbed into the test solutions 
has also been presented. These latter values were obtained from 
the EtO desorption plots presented for these polymers by O'Leary 
and Giles (12). No consideration has been given to the possible 
reaction products of ethylene oxide and the desorbing aqueous 
solution, since ethylene glycol or 2-chloroethanol, if formed in 
sufficient quantities, had to come from desorbing ethylene oxide. 


Cell-Culture Evaluations-The unsterilized, sterilized, and 24-hr.- 
aerated sterilized plastics were evaluated on cell cultures using the 
NCTC-929, strain "L" mouse fibroblast cell line (L-929) and 10- 
day chick embryo cells. Confluent monolayers of each cell line were 
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Table 11-Cell Culture Toxicity Data for EtO-Sterilized Plastics 
-~ ~ 


Chick Cells "L" Cells 


Polymer tion, hr. 24 48 24 48 
Aera- Observations, hr. Observations, hr. 


Petrothene 


Petrothene 


Tenite 


270 0 +" + + + 
270 24 - a  - - - 


860E 


860E 
Tenite 


Marlex 


Marlex 


Tenite 


Tenite 


+ + - - 6009 0 


6009 24 


425 0 


425 24 


- - - - 


+ + - - 


- - - - 


a + = positive toxic response; - = negative toxic response. 


overlaid with nutrient agar and stained with a vital dye according 
to the method of Guess ef al. (15). The plastics were evaluated on 
the surface of the agar. The cultures were incubated 24 hr. at 37" 
in a 95 COz atmosphere prior to making the first visual 
evaluations for any toxic responses. A second evaluation was made 
at 48 hr. after the samples were placed on the agar. Toxicity was 
indicated as an all-or-none response, where the killed cells released 
the vital stain to create clear zones around the test material. Ques- 
tionable areas were examined microscopically for evidence of cell 
death. Known positive and negative controls were used on each 
plate to insure viability of test cells. All samples were tested in tripli- 
cate. The results have been summarized in Table 11. 


Intradermal Irritation-Twenty-four-hour extracts of the un- 
sterilized, sterilized, and 24-hr.-aerated sterilized plastics were made 
with 0.85 % saline at a ratio of 1 g. of plastic/ml. of saline at 25 ". The 
extracts were injected into two sites each into the cleanly shaved 
backs of two albino New Zealand rabbits at a dose level of 0.2 ml. 
per site. Visualization of the area and intensity of irritation was ac- 
complished within 30 min. by the aid of a 1 % trypan blue suspen- 
sion administered via the marginal ear vein at a dose level of 1 ml./ 
kg. body weight. The positive control was a 20% ethanol solution 
and the saline solution used to extract the unsterilized polymers 
was the negative control. The degree of erythema,edema, or necrosis 
was evaluated after 24 hr. in animals receiving only the intradermal 
injections but no i.v. trypan blue. Since none of the aforemen- 
tioned test samples produced any signs of irritation, the results were 
not tabulated. 


Quantitative Determination of Percent Hemolysis-The method 
used to determine the degree of hemolysis of freshly drawn whole 
human blood in ACD anticoagulant (type 0 positive) was essentially 
that of Hunter (16). It is based on the fact that the oxyhemoglobin 
liberated by a hypotonic solution is a direct function of the number 
of cells hemolyzed. Furthermore, as complete hemolysis results 
from the laking of the erythrocytes in a 0.1 sodium carbonate 
solution, it is possible to express the hemolysis in terms of total 
hemolysis. A quantitative determination of partial hemolysis can 
be made by centrifuging off the unhemolyzed cells and determining 
the oxyhemoglobin in the supernatant fluid by means of a spectro- 
photometer. 


The present method consisted of placing 25 g. of the unsterilized, 
sterilized, and 24-hr.-aerated sterilized plastic into 50-ml. test tubes. 
By means of a volumetric pipet, 25 ml. of a 0.4-ml. blood-25 ml. 
0.85% saline suspension was added to each of the test tubes. The 
tubes were stoppered and then placed in a water bath at 35 i 1 "  
for 10 hr. At the end of this period, the suspensions were decanted 
off the plastics and centrifuged for 3 min. at approximately 1,OOO 
r.p.m. Readings of the light transmission in the supernatant liquid 
were made in a spectrophotometera at 545 mp. Any hemolysis noted 
was related to ethylene oxide desorption since any reaction product, 


air-5 


such as 2-chloroethanol from the chloride of the saline solution, had 
to come from the original ethylene oxide. 


The complete hemolysis of the blood was obtained by placing 
0.4 ml. of the blood in 25 ml. of 0.1 sodium carbonate and mixing 
immediately. The reading obtained for the sodium carbonate-blood 
mixture in the spectrophotometer represented 100% hemolysis. 
The reading obtained for the unsterilized plastics was taken as 0% 
hemolysis. Five separate readings were made for each blood sample 
and averaged. Each test plastic was evaluated in triplicate. 


The percent hemolysis occurring in each tube was calculated by 
subtracting the control reading from the test readings and then di- 
viding this value by the reading for the complete laking with sodium 
carbonate. These values were multiplied by 100 to get the final result. 
Table I11 summarizes the mean values found for the percent hemol- 
ysis obtained on the aerated and nonaerated sterilized plastics. 
The percent of the original EtO concentration which could be an- 
ticipated to desorb from the polymers after 24 hr. of aeration at 
room temperature has also been calculated. 


Interfascial Implantation-Strips of the plastic to be evaluated 
were cut into sections measuring 6.35 X 2.54 X 0.165 cm. (2.5 X 
1 X 0.065 in.) and sterilized as previously described. Two groups 
of rabbits were anesthetized and an incision made through the skin 
to gain access to the middle region of the latissimus dorsi muscle 
and the distal portion of the trapezius muscle. An incision was 
made through these muscles to expose the fascia covering the para- 
vertebral muscle. The plastics to be implanted were those removed 
from the ethylene sterilizer and implanted immediately, or those 
which had been aerated at 25" for 24 hr. The incision was closed 
and the animal caged for a period of 1 or 2 weeks. At the end of the 
time period, the animals were sacrificed and the middle area of the 
implanted plastic examined for macroscopic evidence of tissue 
damage. Sections of skin, latissimus dorsi, and paravertebral 
muscle were preserved in 10% formalin (buffered) for histological 
examination after sectioning and staining with H and E stain. 
Control plastics were identical in physical size and time of implant, 
but were not ethylene oxide sterilized. This method did not prove 
fruitful in detecting any toxic responses from ethylene oxide-steri- 
lized polymers. 


RESULTS AND DISCUSSION 


The toxicology of these ethylene oxide-sterilized polyolefins cor- 
relates well with the observed rates of desorption of the sterilant 
from the polymer. As could be expected, the initial concentrations 
of gas entrapped in the polyethylene samples decreased from 3.20 
mg./g. to 0.50 mg./g. as the polymer density increased from 0.91 to 
0.96 g./ml. (12). These concentrations represent only minimum 
values for the EtO residues present in those polymers tested for 
toxicological properties. This is a reflection of the fact that those 
polymers used in the residue analysis received three gas evacuations 
as compared to the one gas evacuation placed on the chamber con- 
taining the biological test samples. It is important to note that 
many of the present hospital sterilization cycles use this latter pro- 


Table 111-Percent Hemolysis from Ethylene Oxide- 
Sterilized Plastics 


_ _ _ _ _ _ _ _ _ _ _  ~ 


of 
Original 


EtO 
Crystal- Concn. 
linity, Aera- Hemolysis. Desorbed % tion, hr. 07 ,o After 24 hr. Polymer 


Petrothene 


Tenite 


Marlex 


270 44 


860E 52 


6009 90 


Tenite 
425 62 


~~ 0 76.2 
24 0 . 0  94.4 


24 0.0 81.8 
65.7 .~ 0 


74.3 ~- 0 
24 0 .0  60.0 


.- 0 80.0 
24 0 . 0  50.0 


6 Bausch & Lomb Spectronic 20. 
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cedure, and that all of the nonaerated sterilized samples produced 
positive evidence of toxicity that could be related to the sterilization 
process. As Table I indicates, the albino guppy fish test is extremely 
sensitive to the irritating effects of the gas residue desorbing from 
the plastics. This was further confirmed in Table I1 by the high per- 
centages of hemolysis produced by the same test samples. Because 
the cell culture technique allows the desorbing gas to escape rapidly 
from the surface of the plastic, only the more amorphous polymers 
having the highest gas concentrations were able to transmit the toxi- 
cant through the agar overlay to the cell surface. The “L” cell strain 
is known to be more sensitive than the chick cell line and the toxicity 
results in Table I1 reflect this fact. 


The lack of a toxic response in the fish test by one polyethylene7 is 
in excellent agreement with the known desorption kinetics of ethylene 
oxide from this polymer. After 24 hr. of aeration at 23’ the rate of 
desorption has almost reached equilibrium, i.e., the slope of the con- 
centration uersus time plot approaches zero. Thus there is little or 
no contribution of ethylene oxide being made by this polymer to 
the fish. However, another polyethylenes is still rapidly desorbing its 
ethylene oxide to the aquarium water after 24 hr. of aeration time. 
The resulting toxicity data thus appear to have a very narrow cut- 
off concentration when the two polymers are compared, but in 
reality, this is not true. What is actually being reported is a toxicity 
difference directly attributable to the different kinetics of EtO de- 
sorption from the two polymers. 


The results of the interfascial implantation were not fruitful. 
The trauma of insertion of such a large section of rigid plastic was 
such that it overwhelmed any discernible toxicity that may have 
been elicited by the ethylene oxide leaching from the plastic sample. 
In addition, at the particular locus of implantation chosen, there is a 
good and rapid exchange of liquids so that a concentration of 
ethylene oxide high enough to elicit a toxic response was not 
achieved. This method of evaluating the tissue damage from residual 
ethylene oxide is not recommended for future investigations. 


One of the more significant results from this study is that, depend- 
ing upon percent crystallinity and the conformation of the polymer 
chain, the percentage of the original concentration of EtO desorbed 
in the first 24 hr. after sterilization varies from 50 to 94%, which 
brings these particular polymers below the toxicity level by the test 
systems used in this report. Although ethylene oxide analyses were 
not conducted on the test solutions, as in the fish test or the blood 
hemolysis test, the desorption data and complete solubility of 
ethylene oxide in water render this unnecessary for the purposes 
of this report. This high rate of ethylene oxide desorption is con- 
sistent with the values for the diffusion coefficient and permeability 


Tenite WOE. 
8 Marlex 6009. 


constant of ethylene oxide for polyethylene reported by Yasuda 
(17). Although the results of these preliminary investigations sug- 
gest that a 24-hr. minimum quirantine period may be sufficiently 
safe for these particular polymers, it is notable that recent studies 
have shown that plasticized polymers and some certain elastomer 
formulations will require longer aeration times (7, 8). In certain 
instances, the production of nonvolatile reaction products as the 
result of the sterilization procedure will produce materials which 
will require safety evaluations beyond volatile residue analysis. 
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EXPERTMENTAL 


Alkyl p-aminobenzoates-To a suspension of p-aminobenzoic 
acid (Eastman, White label) (6.9 g., 0.05 mole) in the appropriate 
alcohol (reagent grade) (40 ml., - 0.75 mole) was added boron tri- 
fluoride-ethyl ether (Eastman, White label) (12.6 ml., 0.1 mole) 
and the reaction mixture refluxed for 48 hr. The esters were pre- 
cipitated by pouring the cooled, filtered solutions into an ice cold 
solution of sodium carbonate (5%, 400 ml.); these were sufficiently 
pure for most purposes and recrystallization increased the melting 
points only slightly (Table I). The compounds exhibited IR absorp- 
tion frequencies characteristic of the C=O and NH, groups. 


The methyl, n-propyl, and n-butyl esters were prepared using 
acid (Eastman, Practical grade) (0.05 mole), alcohol (0.5 mole), 
and boron trifluoride-ethyl ether (0.075 mole). 


Under either experimental condition, when the reaction time was 
reduced to 24 hr. the yield was also reduced. 


An attempt to prepare the methyl ester using diazomethane, 
yielded products with wide melting point ranges. Apparently, the 
diazomethane effects some N-methylation, giving rise to a mixture of 
products. 
N-(2,4-Dichlorobenzylidene)-p-amhobenzoat~-The Schiff base 


derivatives were prepared (1) by heating equimolar quantities of 
the p-aminobenzoic ester and the aldehyde in an ethanol solution 
(Table I). 
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Inhibitors of Monoamine Oxidase V: Effect of Substitution on 
the Transport of Tetrahydro-0-Carboline Analogs to Mouse Brain 


BENG T. HO, G. EDWARD FRITCHIE, PATRICIA M. KRALIK, L. WAYNE TANSEY, K. E. WALKER, and 
WILLIAM M. McISAAC 


Abstract 0 Methyl substitution on the indolic nitrogen and halogen 
substitution on the indole nucleus of tetrahydro-p-carbolines were 
found to facilitate the transport of compounds into the brain. A 
correlation between the brain accumulation, the pKa, and the 
partition coefficient has been made. The 8-chloro-9-methyl-l,2,3,4- 
tetrahydro-p-carboline was assayed with mitochondria1 monoamine 
oxidase from mouse brain and liver. Its inhibitory activity was two- 
fold greater than that reported using bovine liver enzyme. 


Keyphrases 0 Monoamine oxidase inhibitors-tetrahydro-p-carbo- 
line analogs, I4C-labeled 0 Tetrahydro-p-carboline analogs- 
substitution effect 0 Transport, mouse brain-tetrahydro-p-carbo- 
line substitution effect 


A number of substituted tetrahydro-0-carbolines 
have been found to be potent inhibitors of monoamine 
oxidase (MAO) in vitro (1-3). Methyl substitution on 
the position N-9, the indolic nitrogen, in most cases, 
enhanced the inhibitory activity in vitro. For instance, 
9-methyltetrahydro-P-carboline (I) is a 34-fold better 
inhibitor than tetrahydro-0-carboline (11) (l), and 8- 


chloro-9-methyltetrahydro-P-carboline (111) is nearly 
100-fold better than I1 (3). It was of interest to determine 
whether the methyl group could increase the lipid 
solubility of the tetrahydro-P-carboline and thus facili- 
tate its entry into the brain. Furthermore, from previous 
metabolic studies, 1-methyltetrahydro-P-carboline (IV) 
was found to have undergone hydroxylation forming 
6-hydroxy-1-methyltetrahydro-P-carboline (V) and 7- 
hydroxy-1-methyltetrahydro-P-carboline (VI) (4), see 
Scheme I. Halogen substitution on the C-6 (see VII) 
or C-8 (see 111) position might retard 6- or 7-hydroxyla- 
tion of the tetrahydro-P-carboline, and possibly prolong 
the biological action. 


The object of this study was to demonstrate the en- 
hancement of brain absorption of tetrahydro-@- 
carbolines by the introduction of a methyl group to the 
indolic nitrogen and the additional effect when halogen 
substitution was placed on the indole ring. A correlation 
of brain accumulation of the four analogs of tetrahydro- 
P-carboline (I, 11, 111, and VII) with the partition co- 
efficient and the pKa was also made. This finding would 
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Scheme I 


establish a basis for further studies of the metabolism of 
these compounds and their inhibitory effect on M A 0  
in vivo which will be published elsewhere (5 ) .  


EXPERIMENTAL 


Chemicals-Compounds 1-111 and VII were synthesized as 
previously described (1, 3) except that 14C-methyl iodide was used 
in the "methylation" step. They were recrystallized to a constant 
melting point and constant radioactivity. The specific activities of 
Compounds I, 11, and VII ranged from 0.31-0.38 pc./mg., the 
specific activity of Compound I11 was 0.12 pc./mg. 


Enzyme Assay-Mitochondria1 monoamine oxidase from tissues 
was isolated and purified according to the previously reported 
method for bovine liver (1). For the assay, nonlabeled compounds 
were used, and the procedure was the same as that previously 
described (1). 


Determination of pKa-A sample of 0.01 mole of each compound 
was dissolved in 25 ml. of 50% ethanol and, with constant stirring, 
this solution was titrated with 0.0227 N NaOH. The pKa value was 
calculated according to the method applied by Albert and Serjeant 
(6). 


Partition Coefficient-An accurately weighed 4.0-mg. sample of 
each z4C compound was partitioned between 4 ml. of n-heptane and 
4 ml. doubly distilled water. Each tube was shaken for 1 hr. at 
room temperature (about 24"), then allowed to stand until there 


was a clear separation of two phases (about 90 rnin.). A 0.1-ml. 
aliquot of each phase was pipeted and assayed for 14C in a liquid 
scintillation spectrometer. Partition coefficients were calculated 
as the ratio of radioactivity expressed as disintegration per minute 
(DPM) in the organic phase to  that in the aqueous phase. 


Brain Accumulation-Male BDFl mice weighing 20 g. were 
injected (i.p.) with 0.2 ml. of a 2.2 X M aqueous solution. 
The mice were sacrificed by stunning and decapitation at varied 
time intervals of 15, 30, 60, and 120 min. Two mice were pooled 
for each time interval. The brains were removed and a 20% aqueous 
homogenate was prepared. A 0.1-ml. aliquot of this homogenate 
was added to 3 ml. of methanol and allowed to stand for 20 rnin., 
then assayed for 14C in a liquid scintillation spectrometer. 


Chromatographic studies showed no sign of demethylation of the 
compounds and no metabolite in the brain (5). 


Plasma Level-Another group of mice was injected as previously 
described. Approximately 0.5 ml. of blood was obtained by heart 
puncture from each animal and placed in a heparinized tube. After 
separation from the blood by low speed centrifugation, plasma 
was assayed for 14C. 


RESULTS AND DISCUSSION 


The results on the studies of pKa, partition coefficient, and brain 
accumulation of the four MA0 inhibitors (I, 11, 111, and VII) are 
shown in Table I. 


Among these four, the 8-chloro-9-methyl compound (111) was 
found to have the fastest and highest accumulation in brain. Meth- 
ylation of indolic nitrogen facilitates the transport of I, 111, and 
VII into the brain. Partition coefficients of compounds in organic 
solvent, such as heptane, are generally used to indicate the lipid 
solubility of the uncharged (nonprotonated) molecules. Compound 
11 has a very low heptane solubility. With a pKa of 8.3 only 9 %  
of the uncharged form is available at pH 7.3, and this may explain 
its having the slowest rate of entry (peak time 120 min.) into the 
brain and lowest accumulation in the brain (2.7z). In heptane, 
I is 1.5 times more soluble than VII; however, at pH 7.3 since its 
pKa is higher than VII, it resulted in a slightly lower accumulation 
in the brain. It would thus seem that solubility is not a decisive 
factor. The highest accumulation and fastest rate of entry of I11 
is not entirely dependent on the availability of its uncharged mole- 
cules. With a pKa only slightly lower than I and VII, 19% of I11 
exists as uncharged form, compared to 17 and 14% for VII and I, 
respectively. In this instance, the higher and faster level attained in 
plasma could account for the higher and faster accumulation of 111 
in brain. The possible involvement of mechanisms other than simple 
diffusion for the transport of these tetrahydro-P-carbolines to the 
brain is also likely. 


The above studies thus far indicate that the best MA0 inhibitor, 
111, was able to penetrate into the brain faster and to a greater 
degree than Compounds I, 11, and VII. It was noteworthy that 111 
was also the best inhibitor of mitochondria1 MA0 from mouse 
brain, since in this study mice were used and the previous data on 
MA0 inhibition were obtained using bovine liver enzyme (1-3). 
The results in Table I show that the order of inhibitory activity for 


R, 


Table I-Accumulation of Tetrahydro-p-carboline Analogs in Mouse Brain and Their Inhibitory Activities on 
Monoamine Oxidase from Different Tissues R R  


Brain 
Partition Accumulation 


Coefficient Peak Plasma Level Loa, mM- 7 


Com- Heptane/ Time, DPM,b Time, DPM: Bovine Mouse Mouse 
pound R1 R2 Rt PKa HzO min. % min. Liver Liver Brain 


I P H H H  8.31 f 0.02 O.ooOo3 30 2.7 15 0.66 0.34d 0.13 0.032 


I C  H H CHI 8.10 f 0.01 0.01030 30 3.4 15 1.09 0 . 0 1 d  0.05 0.015 


VIIe F H CHI 8.01 + 0.01 0.00740 30 3 .8  15 0.80 0.12e 0.05 0.019 


120 2.8 30 0.73 


30 1.21 


30 0.73 


30 1.20 
111' H Cl CH3 7.95 f 0.02 0.00500 15 4.5 15 1.56 0.0055" 0.015 0.0028 


Q Concentration of the inhibitor giving 50% inhibition of the enzyme. 
Data from Reference 1.8 Data from Reference 3 .  f Sulfate salt. 


b Disintegration per minute (See Experimental). c Hydrochloride salt. 
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the four compounds when tested on bovine liver was also true for 
mouse brain and liver. Compound 111, the most active of the four, 
demonstrated twice the activity in mouse brain as in bovine liver. 


Substitution of a methyl group on the indolic nitrogen of I1 did 
not give a 34-fold increase in the inhibition of MA0 from either 
mouse brain or mouse liver as it did with MA0 from bovine liver. 
When the 9-H compound (11) and the 9-methyl compound (I) 
are compared in the two latter cases, I is only 2- and 2.6-fold more 
active than 11, respectively. An additional example indicating species 
variation of inhibitory activity can be seen in VII. Fluorine sub- 
stitution on the 6-position of I does not seem to affect the binding 
of VII on either mouse liver or brain MAO, while with bovine MA0 
this substituent causes a twelvefold decrease in inhibitory activity. 


CONCLUSION 


The methyl group on the indolic nitrogen (N-9) was found to 
facilitate the penetration of tetrahydro-P-carbolines into the brain. 
Judging from the low solubility of I1 in heptane, this group would 
seem to increase the solubility of this compound in lipids. Halogen 
substitution increased the amount of compound in the brain by 
lowering the pKa, thus providing more uncharged compound for 
passage into the brain. Compound 111, substituted by the 8-chlorine 
atom and the 9-methyl group, was shown to be the best inhibitor of 
mouse brain MAO; its activity was even twofold greater than that 
previously reported using bovine liver as the enzyme source (3). 


This compound was also demonstrated to enter the brain not only 
to a greater extent, but also at a faster rate. 
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Interaction of Sodium Erythrosin and Polyvinylpyrrolidone 


JON C. ANDERSON and GERARD M. BOYCE 


Abstract Sodium erythrosin and polyvinylpyrrolidone (PVP) 
will form a complex in aqueous solution. The effects of pH and 
PVP concentration have been investigated and a spectrophotometric 
method developed for the quantitation of the dye in oxymix, a PVP- 
containing pharmaceutical system. It has also been determined 
that PVP improves the color stability of an erythrosin solution over 
a broad pH range. 


Keyphrases 0 Polyvinylpyrrolidone, interaction-sodium eryth- 
rosin 0 Spectrophotometry-quantitation of dye n Stability- 
erythrosin solutions 0 pH effect-erythrosin and erythrosin-PVP 
solutions 


Numerous investigations have been conducted on the 
binding of polyvinylpyrrolidone (PVP) with various 
pharmaceutical agents and azo dyes in aqueous solu- 
tion (1-8). A recent publication described the complex 
formation between sodium fluorescein, a phthalein dye, 
and this polymer (9). 


In these laboratories, while investigating the chemis- 
try of the excipients in oxymix,’ Tarlin (10) observed 
that an association occurred between PVP and the 2,4,- 


1 Ascoxal (Gum-ox, Ascumist), marketed for oral hygiene by Astra 
Lakemedel, Sodertalje, Sweden. 


I I 


Figure 1-Sodium erythrosin. 
I 


f i C O O N a  


5,7-tetraiodo derivative of sodium fluorescein, sodium 
erythrosin (Fig. 1). The complexation was indicated by 
a bathochromic shift of the A,,,. of erythrosin. 


In this communication, the effects of pH and PVP 
concentration on the complex are reported. In addition, 
a spectrophotometric method for the quantitation of 
erythrosin in oxymix is described. 


EXPERIMENTAL 


Materials-Polyvinylpyrrolidone,2 average molecular weight 
25,000; sodium erythrosin,a pharmaceutical grade; oxymix (gran- 


Kollidon, Badische Anilin und Soda Fabrik AG, Ludwigshafen 
am Rhein, Germany. 


a Saturnus, Malmo, Sweden. 
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Figure 7-NMR spectrum of Peak 6A of essential oil of Anemopsis 
californica from polyethylene glycol. 


The coupling constant ( .I  = 9.1) also suggested an isolated aromatic 
proton. Thus the substitution pattern was seen to  be 1 :2:4. Among 
the possible structures, thymolmethylether was the immediate choice 
on biogenetic basis; thymol had been shown to be present in the oil 
in appreciable quantities. The 1R and NMR spectra of synthetic 
thymolmethylether were identical with those of Peak 9. 


Other compounds identified from the essential oil are given in 
Table 11. Among these, 6-pinene was identified by the comparison 
of peak IR with a published spectrum (8). The total fraction under 
Peaks 20 to 25 was collected in CCI,. The IR spectrum of this sample 


showed that these six compounds are hydrocarbons. 
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Biopharmaceutical Studies of Aminoethanesulfonylphenetidine I 


SHUN-ICHI NAITO and KAZUO FUKUI 


~~~~~ 


Abstract Blood levels of aminoethanesulfonylphenetidine (tau- 
rinophenetidine) in rabbits were determined and binding of the drug 
with rabbit serum protein in vivo and in vitro was examined. Me- 
tabolites of taurinophenetidine in rabbit urine were separated into 
four compounds, paminophenol, p-acetamidophenol, p-phe- 
netidine, and unchanged taurinophenetidine. Metabolites of aceto- 
phenetidine were also investigated. Glucuronide in urine of rabbit 
ingesting taurinophenetidine is the conjugated form of pamino- 
phenol. 


Keyphrases 0 Aminoethanesulfonylphenetidine-biochemistry 0 
Metabolites, aminoethanesulfonylphenetidine-rabbit plasma, 
urine TLC-separation, identification Colorimetric analysis- 
spectrophotometer 


Aminoethanesulfonic acid which is expected to 
separate from aminoethanesulfonylphenetidine when 
ingested, is one of the essential amino acids, in human 
subjects and has also surface-active property. It is 
widely known that p-phenetidine has antipyretic and 
analgesic actions, nevertheless, its toxicity must be 
severe. Aminoethanesulfonylphenetidine, the condensa- 


tion product of aminoethanesulfonic acid and p-phe- 
netidine, was prepared in order to obtain a more potent 
chemical than acetophenetidine with less side effects. 
Detailed actions of this new chemical cannot be pre- 
dicted from the chemical structure without extensive 
research, since it is often observed that small changes in 
a chemical structure change pharmacological and bio- 
chemical behaviors of the chemical essentially, addition- 
ally, and extensively. 


In the previous paper (l), stabilities of aminoethane- 
sulfonylphenetidine (hereafter abbreviated as taurino- 
phenetidine) stored at different temperature and pH 
were reported. It might be said that taurinophenetidine 
is stable in either solution or powder form to tempera- 
ture, pH or moisture. 


The purpose of this paper is to discuss some bio- 
pharmaceutical aspects of taurinophenetidine. 


EXPERIMENTAL 


Metabolites of Tamhophenetidhe in Blood-A mixture of 0.5 
ml. of rabbit plasma, taken 0.5 hr. (peak time of blood level) after 
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oral ingestion of 350 mg./kg. of taurinophenetidine, and 0.5 ml. of 
5 N HCI was kept in an incubator at 37 f 2" for 1 hr. The mixture 
was neutralized with 0.5 ml. of 5 N Na2CO3 solution and 1.5 ml. 
of HzO, and 7 ml. of CHCI, were added. This mixture was shaken 
vigorously for 1 hr., and centrifuged. After evaporation of the 
CHCly layer, the residue was mixed with 50 pl. of EtOH, and 10 11. 
of this mixture was spotted for TLC. Blood before ingestion of the 
drug was treated by the same procedure as a control. The experi- 
ment was made with two rabbits. 


TLC: solvent, benzene : acetone (2: 1); adsorbent, diatomite, 
(Kieselgel G); color developer, 5% silver nitrate solution; RJ 
values, in treated plasma 0.17, 0.23, 0.40, 0.75; in control plasma 
0.17,0.40,0.75; R, value of taurinophenetidine, 0.23. 


Determination of Taurinophenetidine in Blood-(Hereafter 
Abbreviated as Modified Folin Method)-To 1 ml. of plasma in an 
ice-cold centrifuge tube, 2 ml. of EtOH was added and the mixture 
was stirred thoroughly. After standing for 15 min. under cooling 
with ice-water, 0.5 ml. of the supernatant from centrifugation was 
mixed with 0.5 ml. of HzO, 0.5 ml. of 0.1 % CuS04 solution, 3 ml. 
of 12.5% NasC03 solution, and 0.5 ml. of phenol reagent (1:l) 
(2). After 1.5 hr. at room temperature, absorbance of a clear solu- 
tion obtained by centrifugation was determined at 720 mp. The 
mixture of 0.9 ml. of normal rabbit plasma and 0.1 ml. of tauri- 
nophenetidine solution of known concentration was treated as above, 
to prepare a calibration curve. 


Binding of Taurinophenetidine with Rabbit Serum Protein In Vitro 
-Absorbance (a) of the solution after an addition of 0.1 ml. of 
taurinophenetidine solution (250 mg. %) to 0.9 ml. of normal rabbit 
serum was measured immediately by the modified Fohn method. 


Absorbance (b)  of the solution after an addition of 0.1 ml. of 
HzO to 0.9 ml. of normal rabbit serum was also determined by the 
same method. Difference between (a) and (b) is the amount of 
taurinophenetidine in serum which was 258 mcg. 


Absorbance (c )  of the mixed solution of 0.1 ml. of taurino- 
phenetidine solution (250 mg.%) and 0.9 ml. of normal rabbit 
serum kept in an incubator at 37 f 2" for 24 hr. was determined by 
the modified Folin method. Absorbance (a') of the mixed solution 
of 0.1 ml. of H20 and 0.9 ml. of normal rabbit serum kept in an 
incubator at 37 f 2" for 24 hr. was determined by the same method. 
Difference between (c) and (d) is the amount of free taurinophe- 
netidine in serum kept at 37 f 2" for 24 hr., which was 84 mcg. 
Accordingly, the difference (258-84 = 174 rncg.) means the amount 
of taurinophenetidine bound with protein and the ratio to total 
taurinophenetidine was about 67%. The absorbance (e) and (f) 
were determined after 0.5 ml. of the plasma showing the absorbance 
(c) or (d) was mixed with 0.5 ml. of 5 N HCI and kept at 37 f 2" 
for 1-2 hr. The difference between (e) and cf) shows the amount of 
total taurinophenetidine, free and bound with protein. The fact 
that the difference of (e) - cf) almost coincided with that of (a)  - 
(6) shows that treatment with 5 N HC1 was enough to prohibit the 
protein binding with taurinophenetidine. 


Binding of Taurinophenetidine with Rabbit Serum Protein In Vim-- 
A mixture of 0.5 ml. of serum from rabbits ingesting the drug and 
0.5 ml. of 5 N HC1 was kept in an incubator at 37 f 2" for 1.5 hr. 
The mixture was treated by the modified Fohn method for the 
determination of total taurinophenetidine, both free and con- 
jugated with protein. Free taurinophenetidine in 0.5 ml. of serum 
was determined without treatment with 5 N HC1 by the modified 
Fohn method. No difference was observed between free and total 
taurinophenetidine content in serum of rabbits ingesting the drug 
in 350-rng./kg. doses as shown in Table I. 


Separation of Metabolites of Taurinophenetidine in Urine- 
About 500 ml. of urine from four rabbits ingesting 450 mg./kg. 
of taurinophenetidine was submitted to freezing evaporation. The 
yield of the residue (A)  was about 13.2 g. The residue (B) of ur- 
ine was obtained from four rabbits which did not receive the drug 
served as a control. 


A mixture of 500 mg. of the residue (A)  or (B) and 1 ml. of 5 N 
HC1 was kept in an incubator at 37 f 2 O  for 1 hr. After the addition 
of 1 ml. of 5 N Na2C03 solution, the Mixture A' from (A )  or B' 
from (B) was submitted to TLC. On the other hand, a mixture of 2 
ml. of HzO and 500 mg. of the residue (A)  or (B)  was also submitted 
to TLC. No difference was observed in the number of spots be- 
tween the mixture (A)  and A' or between (B)  and B'. 


TLC (I): solvent, benzene and (CH&CO (2:l); adsorbent, 
diatomite (Kieselgel G); color developer, 5% AgN03 solution; 
Rf values of the mixture (A)  or A'; 0.23 (taurinophenetidine), 


Table I-Plasma Level of Taurinophenetidine (mcg./ml.) Following 
its Oral Administration to Rabbits 


Body Dose, 
Rabbit Weight, mg./ -Hours After Dosing- 


No. kg. kg. 0.5 1 . 0  2.0 4.0 7.0 


1 
2 
3 
4 


5 
6 
7 
8 


Mean value 
9 


10 
11 
12 
Mean value 


Mean value 


2.0 250 42 64 61 32 16 
40 80 56 44 36 1.9 - 


2.0 - 55 67 67 44 35 
58 70 59 62 34 2.0 - 


2.0 - 49 70 61 46 30 
2.3 350 74 96 179 72 80 


80 148 76 76 28 2.5 - 
2.2 - 60 104 59 56 48 


44 64 74 38 18 2.0 - 
2.3 - 65 103 97 61 44 
2.0 450 134 128 173 110 80 
2 . 0  - 127 89 221 194 117 


0 50 88 187 133 2.1 - 
87 72 75 125 62 1.9 - 
87 85 139 154 98 2.0 - 


0.33 (p-acetamidophenol), 0.50 (p-aminophenol), 0.85 (p-phe- 
netidine), RJ values of the mixture (B) or B', none. 


TLC (11) :solvent, butyl alcohol, isopropyl alcohol and 28 
NH40H(2: 1 : l);adsorbent,diatomite (Kieselgel G);color developer, 
0.5% 2,4dinitrofluorobenzene in ethyl acetate; RJ values of the 
mixture (A) or A'; 0.47 (taurinophenetidine), 0.65 (p-aminophenol) 
and 0.85 (p-phenetidine); RJ values of the mixture (B) or B', none. 


p-Acetamidophenol was not so sensitive to the color reaction 
with 2,4-dinitrofluorobenzene solution. 


Assay of Metabolites of Taurinophenetidine in Urine-A mixture 
of 1 ml. of 5 N HCI and 100 mg. of the frozen evaporate of urine 
of rabbits receiving taurinophenetidine (450 mg./kg.) was stored 
in an incubator at 37 =k 2" for 1 hr. After an addition of 1 ml. of 
5 N NazC03 solution, 30 pl. of the centrifugation supernatant was 
submitted to TLC. The spots corresponding to taurinophenetidine, 
p-acetamidophenol, p-aminophenol, and p-phenetidine were each 
scratched off the glass plate of the TLC, using a mixed solvent of 
benzene and (CH&CO (2: l), and extracted with 3 ml. of water on 
a boiling water bath for 3 min. Only in the case of p-phenetidine, 
3 ml. of EtOH instead of 3 ml. of HzO was used for extraction at 
37" for 10 min. After centrifugation, 1 ml. of the supernatant was 
used for assay of the corresponding metabolite. 


Taurinophenetidine and pphenetidine were assayed by the 
modified Folin method. p-Aminophenol and p-acetamidophenol were 
determined as follows: 1 ml. of the supernatant as mentioned above 
was mixed with 0.6 ml. of 0.4% potassium ferricyanide solution, 
and after 5 rnin., 0.6 ml. of 1 % Fe(N03)3 in 0.7 N HNOI was added. 
After standing for 5 min., 3 ml. of HzO was added to the mixture 
and the absorbance of the solution was measured at 720 mp after 5 
min . 


The calibration curves of the four compounds were prepared 
separately by TLC as mentioned above, through spotting the solu- 
tion of pure corresponding compound of known concentration. 


Notes on determination of p-acetamidophenol-p-Acetamido- 
phenol in the metabolites of taurinophenetidine in urine must be 
hydrolyzed by treatment with 5 N HCI at 37" for 1 hr. In this case, 
the ratio of hydrolysis was obtained in the following manner. A 
mixed solution of 400 mg. of p-acetamidophenol and 5 ml. of 5 N 
HCI was kept in an incubator at 37 f 2" for 1 hr., 5 ml. of 5 N 
NazC03 solution and appropriate amount of HzO was added to 
bring the total volume to 50 ml. Five microliters of this solution 
was submitted to TLC, using a mixed solvent of benzene and 
(CH&CO (2:l). As a result, it was ascertained that about 11.3 Z of 
p-acetamidophenol was hydrolyzed to paminophenol. From this 
point, the ratio of hydrolysis of pacetamidophenol must be con- 
sidered when the ratio of p-acetamidophenol to the total metabo- 
lites in urine is calculated. The contents of four metabolites in 
urine were 117 mcg. of p-aminophenol, 623 mcg. of p-acetamido- 
phenol, 202 mcg. of pphenetidine, and 2.198 mg. of taurinophe- 
netidine in 100 mg. of the frozen evaporate of rabbit urine. 


Glucuronide in Urine of Rabbit given Taurinophenetidine-Four 
rabbits (2.5 kg. weight) were each given 0.7 g. of taurinophe- 
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netidine with HzO by a stomach tube. In the next 5 hr., 350 ml. of 
urine collected was acidified with a few drops of glacial acetic acid 
and treated with saturated normal lead acetate until no further 
precipitate was formed. The filtrate was neutralized with NH, and 
treated with excess saturated basic lead acetate solution. The precipi- 
tate was centrifuged and washed twice by centrifugation with HzO. 
The lead salt was suspended in H20 and decomposed with HzS. 
The filtrate separated from PbS was concentrated in uacuo at 45-50". 
The glucuronide separated as a crystalline solid and was dried. 
The residue was shaken with EtOH and the solution was filtered. 
The glucuronide was then washed with EtOH and Et,O (yield, 
40 mg.). 


The glucuronide was hydrolyzed with a small amount of 5 N 
HCI at 37 f 2" for 1 hr., and neutralized with 5 N Na2C03 solu- 
tion. This solution was submitted to TLC: solvent, benzene and 
(CH&CO (2 : 1); adsorbent, diatomite (Kieselgel G); color devel- 
oper, 0.4% potassium ferricyanide solution and 1 Fe(NO& in 


Only p-aminophenol was detected at Rf 0.45 and identified by 
admixture with authentic sample. 


Glucuronide in Urine of Rabbit Given p-Aminophenol-Four 
rabbits (2.5 kg. weight) were each given 0.7 g. of p-aminophenol 
with H,O by a stomach tube. During the next 5 hr., 500 ml. of urine 
was collected and worked up as before to separate the glucuronide 
(yield, 450 mg.). 


This glucuronide was hydrolyzed and submitted to TLC as 
before. When 5 %  AgN0, solution was sprayed, two spots of p-  
aminophenol (Rf 0.45) and p-acetamidophenol (Rf 0.35) were 
detected and identified by admixture with authentic samples. 


0.7 N HNO1. 


RESULTS AND DISCUSSION 


Before quantitative determination of taurinophenetidine in 
blood, it was ascertained that no metabolite of the chemical were 
observed in TLC. Taurinophenetidine seems to be absorbed with 
pseudo-first-order reaction by passive transport, since the peak 
of blood level is almost proportional to the dose when logarithm 
of blood level is plotted against time, from plasma data of taurino- 
phenetidine shown in Table I and in Fig. 1 .  


The binding of taurinophenetidine with rabbit serum protein 
in uiuo at different concentrations of blood level shown in Table I 
(at 350 mg./kg. dose) was examined but, actually, no binding of the 
drug with serum protein was observed within experimental errors. 
On the other hand, the binding ratio of taurinophenetidine with 
rabbit serum proteins in uirro was about 67%. It may be said posi- 
tively that there is no distinct combination between taurinophe- 
netidine and serum protein in uivo, unlike that in uitro. 


Metabolites of taurinophenetidine in rabbit urine were studied 
on the frozen evaporated residue of the urine within 48 hr. after oral 
administration of 450 mg./kg. of the drug to four rabbits. When the 


ai 
10 L 


1 2  4 7 
HOURS AFTER ADMINISTRATION 


Figure 1-Mean plasma level of taurinophenetidine after oral ad- 
ministraton to rabbits at different doses. Key: A, 250 mg./kg.; 
B, 350 mg./kg.; C, 450 mg./kg. 


frozen residue was submitted to TLC, four spots of p-phenetidine, 
p-aminophenol, p-acetamidophenol, and unchanged taurinophe- 
netidine were separated and identified by admixture with the 
authentic samples. 


The results of quantitative determination of the metabolites 
in urine suggested that 3.7% of p-aminophenol, 19.8% of p-acet- 
amidophenol, 6.4% of p-phenetidine, and 70.0% of the unchanged 
taurinophenetidine of the total metabolites were excreted. The 
ratio of the total metabolites to the dose ingested could not be 
calculated because of incomplete urine collection. The ratio in man 
will be determined later. 


It was also identified by TLC with authentic samples that only 
p-aminophenol in the metabolites is excreted in the form of glu- 
curonide from the glucuronide separated by the method of Williams 
(3). 


Many workers have already reported the metabolism of aceto- 
phenetidine which has a similar chemical structure to taurino- 
phenetidine. According to Brodie and Axelrod (4). the analgesic and 
antipyretic effects of acetophenetidine are probably due to the 
formation of acetamidophenol as in the case of acetanilide. They 
also reported that about 84% of the dose was excreted during 24 hr., 
as pacetamidophenol in man. The distinct diference between 
acetophenetidine and taurinophenetidine was in their main metabo- 
lites, such as pacetamidophenol in the former and unchanged 
taurinophenetidine in the latter. The metabolic pathway of taurino- 
phenetidine in rabbit urine will be as follows: 


NH NHCOCH, 
I 


NHSO,CH,CH,NH, 
I 


I 


glucuronide 


When p-aminophenol was administered orally to rabbits, as in 
the case of taurinophenetidine, both the glucuronides of p-amino- 
phenol and p-acetamidophenol were separated by TLC; 


NHCOCH. 
I 


OH I glucuronide 


In the case of acetophenetidine, the following metabolic pathway 
was indicated by Brodie and Axelrod (4): 


NHCOCH- 
I 


NHCOCH, 
I 


OC2Hs 


route 


7 
route 


I 


OC,H, 


glucuronide 


NH2 
I 


6 H  
A trace of unchanged pacetophenetidine, 68.3 2 of p-acetamido- 


phenol, 26.0% ofp-aminophenol, and 5.7% of p-phenetidine of the 
total metabolites were obtained by the authors after reexamination 
of the metabolites of pacetophenetidine, using the same procedure 
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as in the case of the metabolites of taurinophenetidine in rabbit 
urine. 


In conclusion, it was ascertained that the main metabolite of 
taurinophenetidine is the unchanged taurinophenetidine which is 
different from the main metabolite of acetophenetidine, that is, 
p-acetamidophenol. Nevertheless, the structure of taurinophe- 
netidine is similar to that of acetophenetidine. Therefore, it became 
possible to predict that taurinophenetidine might have charac- 
teristic pharmacological action comparing with acetophenetidine. 
From the results of the basic experiments in the present work, 
biopharmaceutical and pharmacological characteristics of taurino- 
phenetidine will be discussed in the next paper. 
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Behavior of Erythrocytes in Various Solvent Systems V: 
Water-Liquid Amides 


DONALD E. CADWALLADER and JANIS R. PHILLIPS 


Abstract 0 Hemolytic behavior of human erythrocytes in water- 
amide solutions was investigated. Complete hemolysis of erythro- 
cytes occurred in all formamide, DMF, DMA, DEA, and DEF 
solutions. Sodium chloride was effective in preventing complete 
hemolysis in solutions containing up to 10% formamide, 20% 
DMF, 20% DMA, 8 %  DEA, and 0 . 2 z  DEF. The addition of 
sodium chloride to solutions containing more than the above 
concentrations of amide did not prevent hemolysis, discoloration, 
and/or precipitation of human red blood cells. The addition of 
isotonic phosphate buffer (pH 7) to solutions increased the critical 
concentration at which the amide solutions damaged red cells. 
When possible, the data were used to calculate van’t Hoff i values 
for sodium chloride in the various amide solutions. 


Keyphrases 0 Erythrocytes behavior-water-amide solutions 0 
Hemolysis, erythrocytes-water-amide solutions 0 Sodium chlo- 
ride effec--erythrocyte hemolysis 0 Phosphate buffer effect- 
erythrocyte hemolysis 


It is well known that to prepare a safe and efficacious 
injection, it is sometimes necessary to employ a mixed 
solvent system consisting of water and a nonaqueous 
solvent. For this reason, investigations have been made 
to study the hemolytic effects of aqueous solutions of 
glycerin, propylene glycol, and liquid polyethylene 
glycols on rabbit and human erythrocytes and hemolytic 
effects of aqueous dimethylsulfoxide on human erythro- 
cytes (14). 


This report is concerned with the investigation of 
various water-liquid amide systems. The amides in- 
cluded in this investigation are formamide, dimethyl- 
formamide (DMF), dimethylacetamide (DMA), diethyl- 
actamide (DEA), and diethylformamide (DEF), 
Knazko (5) reported that pure formamide and dimethyl- 
formamide are satisfactory solvents for certain drugs, 
preferable for those which are hydrophobic and have 
an alicyclic structure and less favorable for compounds 


with heterocyclic 
DMF was shown 


structures. Very good solubility in 
by menthol, camphor, phenols, and 


sulfonamides. The solubility of sulfadiazine in water- 
DMF mixtures has been investigated (6). Spiegel and 
Noseworthy (7) in their extensive article on nonaqueous 
solvents for use in parenteral products surveyed the 
physical properties, toxicities, and parenteral applica- 
tions of dimethylacetamide. They found this solvent 
to be miscible in all proportions with water and alcohol 
and very soluble in organic solvents and mineral oil. 
Waaler (8) demonstrated that DMA is extremely 
stable in 1 M aqueous solutions. For instance, the de- 
composition at pH 4.2 was about 1% after 600 hr. 
A study of the acute toxicities of DMA, DMF, and 
propylene glycol was made by Davis and Jenner (9) 
after single doses were administered intraperitoneally 
to mice. Results were as follows: LD50 for DMF was 
1122 mg./kg., for DMA 3236 mg./kg., and propylene 
glycol 11,400 mg./kg. The LDloo for DMA was 5012 


The purpose of this investigation was to observe the 
behavior of human erythrocytes in aqueous formamide, 
DMF, DMA, DEA, and DEF solutions. In each 
experiment, the hemolytic method was utilized. By 
comparison of standard hemolysis curves obtained for 
human blood in aqueous saline solutions and those 
obtained from experiments using sodium chloride- 
water-amide solutions, it was possible to calculate 
hemolytic isotonic coefficients for sodium chloride in 
various water-amide solutions. 


mg./kg. 


EXPERIMENTAL 


Materials-Formamide, purified, and reagent grade dimethyl- 
formamide (J. T. Baker Chemical Co.) and reagent grade dimethyl- 
acetamide, diethylformamide, and diethylacetamide (Eastman 
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DRUG S T A N D A R D S  


Analysis of Certain Phenothiazines and Their Dosage Forms 
by Photometric Titration with Ceric Sulfate 


SURAJ P. AGARWAL* and MARTIN I. BLAKET 


Abstract A photometric titration procedure is described for the 
determination of a number of phenothiazine derivatives and their 
dosage forms. An acidic solution of the drug or dosage form is 
titrated with standard ceric sulfate solution. The end point is 
determined photometrically at 420 mG. Quantitative recoveries are 
reported for 14 phenothiazine derivatives and three dosage forms. 


Keyphrases 0 Photometric titration-phenothiazines Pheno- 
thiazines and dosage forms-analysis 0 Colorimetric analysis- 
spectrophotometer 0 Ceric sulfate-titrant 


Phenothiazine derivatives in a variety of dosage 
forms are used extensively as psychopharmacological 
agents in the treatment of psychotic patients and in 
controlling anxiety and tension neuroses. A multitude of 
procedures for the analysis of these compounds in- 
volving titrimetry, spectroscopy, and chromatography 
have been reported in the literature. These have been 
reviewed by Blazek (1) and Blazek et al. (2). 


Milne and Chatten (3) and Mainville and Chatten (4) 
analyzed a number of phenothiazines and their dosage 
forms by nonaqueous titration using perchloric acid in 
dioxane as the titrant. Anhydrous acetone, acetonitrile, 
or a mixture of hexane and acetone were used as the 
solvent. Methods involving titration in nonaqueous 
solvents have been reviewed by Gyenes (5). 


DeLeo and Stern (6, 7) suggested a thermometric 
titration procedure for phenothiazines. Chlorpromazine 
hydrochloride was determined quantitatively by this 
technique using 2.0 A4 sodium hydroxide solution as 
the titrant. Satisfactory recovery was achieved for a 
sustained-release capsule dosage form, but a syrup 
dosage form gave enthalpograms with end points not 
indicative of the active constituent content. 


Dusinsky (8, 9) and Dusinsky and Liskova (10) 
investigated oxidation procedures for the analysis of 
phenothiazines. Permanganate, bichromate, iodine, 
nitrate, and bromate did not yield quantitative results. 
However, the bromide-bromate couple (Koppeschaar's 
reagent) and ceric sulfate in sulfuric acid produced 
good recoveries. The British Pharmacopoeia (1 1) assay 
procedure for chlorpromazine tablets is based on oxida- 
tion with ceric ammonium sulfate. 


Spectrophotometric procedures are used extensively 
in the analysis of phenothiazine derivatives. The United 
States Pharmacopeia (12) assay for a number of dosage 
forms containing salts of phenothiazines is based on 
the UV absorption properties of the phenothiazine 
base. Included here are chlorpromazine hydrochloride 


injection, syrup, and tablets; prochlorperazine edisyl- 
ate injection and syrup ; prochlorperazine maleate 
tablets; and promethazine hydrochloride injection, 
syrup and tablets. The National Formulary (13) utilizes 
UV absorption procedures for prochlorperazine supposi- 
tories, promazine hydrochloride, and the injection, 
syrup, and tablet dosage forms. 


The present study describes a simple photometric 
titration procedure for the determination of a number of 
phenothiazine derivatives as pure drugs and as several 
dosage forms. 


EXPERIMENTAL 


Apparatus-Photometric titrations were performed with a spec- 
trophotometer (Carl Zeiss model PMQ 11) equipped with a special 
cell carriage capable of holding large silica titration cells (13 ml.; 
18 X 35 mm.). Provision was made for magnetic stirring of the 
solution during titration. A special cell cover was provided which 
permitted the introduction of the buret tip through a small aperture 
in the cover. A 5-ml. buret (Kimax) graduated in 0.01 ml. was 
employed for delivery of titrant. 


Materials-All phenothiazine derivatives used in this study 
(listed in Table I) were obtained from commercial sources. All 
reagents and solvents were reagent grade. Dosage forms (listed 
in Table 11) were obtained from commercially available sources. 


Preparation and Standardization of 0.02 N Ceric Sulfate Solution 
-Ceric sulfate solution (0.1 N )  was prepared according to the 
United States Pharmacopeiu (12). This solution was diluted quanti- 
tatively with distilled water to yield a 0.02 N solution. The diluted 
solution was standardized in the following manner: about 120 mg. 
of reagent grade arsenious trioxide, previously dried at 100" for 1 
hr. and accurately weighed, was transferred to a 100-ml. volumetric 
flask. Five milliliters of sodium hydroxide solution (8% w/v) was 
added to the flask which was then swirled until the arsenious tri- 
oxide dissolved. Fifty milliliters of distilled water and 2 ml. of 
sulfuric acid (33 % w/v) were then added. The solution was shaken 
thoroughly and diluted to the mark with distilled water and again 
shaken. Ten milliliters of this solution was transferred by pipet to 
the titration cell, 1 drop of osmium tetroxide solution (1 in 400) was 
added, and the solution was titrated with 0.02 N ceric sulfate solu- 
tion. Titrant was added in 0.2-ml. portions and absorbance read- 
ings at 420 mw were taken after each addition of titrant. Absorbance 
measurements were plotted against volume (ml.) of titrant. A typical 
plot is shown in Fig. 1. 


Analysis of Phenothiazine Derivatives-A stock solution of pheno- 
thiazine derivative was prepared by transferring 0.4 to 0.5 meq., 
accurately weighed, to a 100-ml. volumetric flask. Sufficient diluted 
sulfuric acid (10% w/v) was added to dissolve the drug. Additional 
sulfuric acid was added to bring the volume to the mark. 


A 10-ml. aliquot of the stock solution was transferred to the 
titration cell. The instrument was set at a wavelength of 420 mp 
and the solution, magnetically stirred, was titrated with 0.02 N 
ceric sulfate solution. Initially titrant was added continuously 
until the absorbance reached a maximum. Titrant was then added 
in 0.04-ml. aliquots and the absorbance reading was recorded after 
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Table I-Analysis of Phenothiazine Derivatives by Photometric Titration 


Compound Trade Name 


Proposed 
Method 


Recovery, 


Nonaqueous 
Method 


Recovery, 


Trilafon 
Tindal 


Stelazine 
Pacatal 


Trimeprazine tartrate Temaril 100.55 f 0.30" 99.16* 
Chlorpromazine Thorazine 98.71 f 0.30 98.55 
Chlorpromazine 97.79 i 0.75 101.38 


Fluphenazine Prolixin 97.86 i. 0.36 97.60 


Methdilazine Tacaryl 101.33 i 0.90 100.39 


Thiopropazate Dartal 101.38 i 0.90 98.55 


Prochlorperazine NF Compazine 96.92 f- 0.11 97.48 
Proc hlorperazine 98.83 f- 0.49 100.65 


Prochlorperazine 99.00 =t 0.24 98.46 


Perphenazine BP 100.23 i. 0.30 97.59 
Acetophenazine 100.69 5t 0.62 98.74 


Trifluoperazine BP 98.84 =k 0.40 98.17 
Mepazine 97.84 =t 0.50 100.56 


Mepazine acetate 101.28 f 0.24 98.39 


hydrochloride USP 


dihydrochloride 


hydrochloride 


dihydrochloride 


dimaleate USP 


ethanedisulfonate USP 


dimaleate 


hydrochloride 


0 Standard deviation based on at least four determinations. b Average 
titration procedure. 


each addition of titrant. The end point was determined by plotting 
absorbance cersus volume of titrant. A typical titration curve is 
shown in Fig. 2. 


Because of the poor solubility of mepazine acetate in sulfuric 
acid, the solvent mixture, acetone-diluted sulfuric acid, 1 : 1, was 
used in this instance. 


Each phenothiazine derivative was analyzed by nonaqueous titra- 
tion according to the procedure described in the USP, NF, or BP. 
Those derivatives which are not official were analyzed by dissolving 
about 1 meq., accurately weighed, in 50 ml. of glacial acetic acid. 
The solution was titrated visually with 0.1 N acetous perchloric 
acid using methyl violet as the indicator. In the case of the hydro- 
chloride and dihydrochloride salts, 10 ml. of 6% mercuric acetate 
in acetic acid was added to the titration mixture. Acetophenazine 
dimaleate is a yellow-colored compound. Its solutions were an- 
alyzed by potentiometric titration with a titrimeter (Fisher) equipped 
with a glass-calomel electrode system. 


Analysis of Dosage Forms-Several representative dosage forms 
containing phenothiazine derivatives were analyzed. The dosage 
forms selected for study did not require preliminary extraction of 
the active ingredient. 


Tablets-Twenty tablets were weighed and reduced to a fine 
powder. An accurately weighed portion of the powder equivalent 
to 0.4-0.5 meq. of drug was transferred to a 100-ml. volumetric 
flask, and about 75 ml. of diluted sulfuric acid was added. The 
flask was shaken thoroughly for 10 to 15 min. Additional acid was 
added to bring the volume to the mark and flask was again shaken 
for 10 to 15 min. The contents of the flask were filtered. The first 
20 ml. of filtrate was discarded. Ten milliliters of the remaining 


of two determinations by official method or by general nonaqueous 


filtrate was transferred to the titration cell and was titrated as de- 
scribed earlier. 


Syrup-Exactly 25 ml. of the syrup was transferred by pipet 
to a 100-ml. volumetric flask. The flask was filled to the mark with 
diluted sulfuric acid. Ten milliliters of this solution was titrated as 
described previously. 


Concentrate-Exactly 5 ml. of the concentrate was transferred 
by pipet to a 100-ml. volumetric flask and was diluted to the mark 
with diluted sulfiiric acid. Ten milliliters of this solution was titrated 
as described above. 


RESULTS AND DISCUSSION 


Photometric titrations combine the simplicity of titration with the 
accuracy and specificity of spectroscopy. The principles underlying 
photometric titrations, instrumentation, applications, advantages, 
and shortcomings have been reviewed recently by several authors 
(14-16). A significant advantage of photometric titration is that it 
can be applied to the determination of individual compounds in a 
multicomponent mixture. Hummelstedt and Hume (1 7) were able 
to determine as many as four components in a single mixture. This 
aspect of photometric titrations is of major interest in analytical 
pharmacy since it offers distinct possibilities in the assay of a par- 
ticular component in a complex dosage form. In the present study 
a number of phenothiazines were determined successfully as pure 
compounds as well as components in representative dosage forms. 


An acidic solution of phenothiazine drug or an aliquot of a 
dosage form was titrated photometrically at a wavelength of 420 


Table 11-Analysis of Typical Dosage Forms Containing Phenothiazine Derivatives by Photometric Titration 
~~ ~ ~ 


Labeled 
Amount 
per Unit Recovery, 


Compound Dosage Form Dose z 
Thiopropazate Tablet 5 mg. 98.77 i 0.26" 


dihydrochloride Tablet 10 mg. 101.62 j= 0.33 
Chlorpromazine Syrup 10 mg.15 ml. 1 0 0 . 7 0 3 ~  1.61 


hydrochloride 
Prochlorperazine Concentrate 10 mg./ml. 96.13 f 0.13 


ethanedisulfonate 


a Standard deviation based on at least four determinations. 
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Figure 1.-Photometric titration of arsenic trioxide with standard 
ceric sulfcrte solution at 420 mp. 
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Figure 2-Photometric titration of prochlorperazine edisylate with 
stamdardceric sulfate solution at 420 mp. 


mp with standard ceric sulfate solution. Initially a red-colored semi- 
quinone intermediate is formed which represents the first stage in 
the oxidation. Upon loss of a second electron, the solution be- 
comes colorless as a result of the formation of the sulfoxide deriva- 
tive of the phenothiazine. The mechanism of the oxidation of chlor- 
promazine hydrochloride in an aqueous medium was reported by 
Merkle and Discher (18). 


Figure i illustrates the typical titration curve obtained in the 
standardization of ceric sulfate solution against arsenious trioxide. 
Two straight lines are obtained which intersect a t  the equivalence 
point. Prior to the equivalence point there is no change in absor- 
bance due to ceric ion since it is reduced immediately to cerous at the 
expense of arsenious ion. At the equivalence point where ceric 
ion is in excess absorbance increased in proportion to the concentra- 
tion of ceric ion. 


The titration curve for the photometric titration of prochlor- 
perazine edisylate with ceric sulfate is shown in Fig. 2. Absor- 
bance values are recorded for the second stage in the oxida- 


tion or where the solution changes from a red color to colorless. 
The end point occurs when excess ceric ion remains in solution 
and is characterized by an increase in absorbance which increases 
with ceric ion concentration. 


The data in Table I indicate that quantitative recoveries were 
obtained for 14 phenothiazines. Percent recovery is shown in the 
third column. In the fourth column are listed the percent recoveries 
for the methods of analysis based on nonaqueous titrimetry. The 
proposed procedure was applied to several representative dosage 
forms. The results are indicated in Table 11. Undoubtedly certain 
dosage forms will not lend themselves to the proposed method be- 
cause of interfering components or for other reasons. However, 
good agreement was realized between label claim value and re- 
covered amount for the products reported. The proposed photo- 
metric titration procedure is simple, rapid, and accurate and since 
the method is sensitive, only small amounts of drug or dosage form 
are required for analysis. 
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the four compounds when tested on bovine liver was also true for 
mouse brain and liver. Compound 111, the most active of the four, 
demonstrated twice the activity in mouse brain as in bovine liver. 


Substitution of a methyl group on the indolic nitrogen of I1 did 
not give a 34-fold increase in the inhibition of MA0 from either 
mouse brain or mouse liver as it did with MA0 from bovine liver. 
When the 9-H compound (11) and the 9-methyl compound (I) 
are compared in the two latter cases, I is only 2- and 2.6-fold more 
active than 11, respectively. An additional example indicating species 
variation of inhibitory activity can be seen in VII. Fluorine sub- 
stitution on the 6-position of I does not seem to affect the binding 
of VII on either mouse liver or brain MAO, while with bovine MA0 
this substituent causes a twelvefold decrease in inhibitory activity. 


CONCLUSION 


The methyl group on the indolic nitrogen (N-9) was found to 
facilitate the penetration of tetrahydro-P-carbolines into the brain. 
Judging from the low solubility of I1 in heptane, this group would 
seem to increase the solubility of this compound in lipids. Halogen 
substitution increased the amount of compound in the brain by 
lowering the pKa, thus providing more uncharged compound for 
passage into the brain. Compound 111, substituted by the 8-chlorine 
atom and the 9-methyl group, was shown to be the best inhibitor of 
mouse brain MAO; its activity was even twofold greater than that 
previously reported using bovine liver as the enzyme source (3). 


This compound was also demonstrated to enter the brain not only 
to a greater extent, but also at a faster rate. 
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Interaction of Sodium Erythrosin and Polyvinylpyrrolidone 


JON C. ANDERSON and GERARD M. BOYCE 


Abstract Sodium erythrosin and polyvinylpyrrolidone (PVP) 
will form a complex in aqueous solution. The effects of pH and 
PVP concentration have been investigated and a spectrophotometric 
method developed for the quantitation of the dye in oxymix, a PVP- 
containing pharmaceutical system. It has also been determined 
that PVP improves the color stability of an erythrosin solution over 
a broad pH range. 


Keyphrases 0 Polyvinylpyrrolidone, interaction-sodium eryth- 
rosin 0 Spectrophotometry-quantitation of dye n Stability- 
erythrosin solutions 0 pH effect-erythrosin and erythrosin-PVP 
solutions 


Numerous investigations have been conducted on the 
binding of polyvinylpyrrolidone (PVP) with various 
pharmaceutical agents and azo dyes in aqueous solu- 
tion (1-8). A recent publication described the complex 
formation between sodium fluorescein, a phthalein dye, 
and this polymer (9). 


In these laboratories, while investigating the chemis- 
try of the excipients in oxymix,’ Tarlin (10) observed 
that an association occurred between PVP and the 2,4,- 


1 Ascoxal (Gum-ox, Ascumist), marketed for oral hygiene by Astra 
Lakemedel, Sodertalje, Sweden. 


I I 


Figure 1-Sodium erythrosin. 
I 


f i C O O N a  


5,7-tetraiodo derivative of sodium fluorescein, sodium 
erythrosin (Fig. 1). The complexation was indicated by 
a bathochromic shift of the A,,,. of erythrosin. 


In this communication, the effects of pH and PVP 
concentration on the complex are reported. In addition, 
a spectrophotometric method for the quantitation of 
erythrosin in oxymix is described. 


EXPERIMENTAL 


Materials-Polyvinylpyrrolidone,2 average molecular weight 
25,000; sodium erythrosin,a pharmaceutical grade; oxymix (gran- 


Kollidon, Badische Anilin und Soda Fabrik AG, Ludwigshafen 
am Rhein, Germany. 


a Saturnus, Malmo, Sweden. 
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Table I-Effect of PVP Concentration on the Absorbance of Erythrosin Solutions" 


___- pH-- 7 


% mP Absorbance mp Absorbance m/J Absorbance mp Absorbance 


-3-- - 5--- T J  6. +- 11 
PVP Concn., A,,,,, Am,, . , A,,,., A,,,., 


0.00 534 0.20 527 1.24 527 1.29 527 1.30 
0.0075 548 0.58 540 0.92 531 1.14 530 1.15 
0.0375 547 0.83 543 1.09 536 1.13 536 1.14 
0.0750 547 0.99 543 1.12 538 1.18 538 1.19 
0.750 547 1.15 543 1.24 538 1.27 538 1.26 
1.125 547 1.16 543 1.24 538 1.27 538 1.27 


1.30 538 1.28 
- 538 1.28 


7.500 547 1.19 543 1.25 538 
- 10.00 547 1.21 543 1.25 


Erythrosin concentration = 3 X M .  


date), quantitative composition (%): ascorbic acid 33.33, sodium 
percarbonate 19.67, cupric sulfate 0.07, polyvinylpyrrolidone 7.67, 
erythrosin 0.003, tartaric acid 16.00, sodium bicarbonate 21.51, 
mannitol 1.27, menthol 0.08, saccharin, 0.40 Oxymix control: 
same as above, excluding erythrosin. 


Solutions-Erythrosin stock solution: a standard stock solution 
of sodium erythrosin was prepared by weighing accurately 100 mg. 
of the dye and diluting to 1 1. with distilled water. Buffer  solution^,^ 
pH 1, HC1; pH 2, KCI-HCl; pH 3, 4, 5 ,  acid phthalate; pH 6, 7, 8, 
11, phosphate; pH 12, NaOH. (The ionic strength of all buffer 
solutions was adjusted to 0.1 with sodium chloride.) 


Apparatus-Absorbance values were determined using a spectro- 
photometer (Perkin Elmer model 202) equipped with matched 
1.001-cm. quartz cells. 


Effects of pH and PVP Concentration-Preliminary experiments 
were conducted to examine and compare the spectral absorbance 
values of a 3 x 10-5 M solution of sodium erythrosin with a solu- 
tion containing equimolar6 concentrations of erythrosin and PVP 
over a pH range of 1-12. The curves are shown in Figs. 2 and 3. 


Additional studies were performed to determine the effect of PVP 
concentration on the complex. While maintaining the erythrosin 
solution at 3 x 10-6 M ,  the polymer concentration was varied 
from 0 to 10% w/v (0 to 4 X 10-3 M ) ,  absorbance values being 
obtained at pH 3,5,6.6, and 11. Data are shown in Table I. 


Assay Procedure-Accurately weigh approximately 2.40 g. of 
the oxymix granulate and transfer it quantitatively to a 1Wml. 
beaker. Add 8 ml. of distilled water and allow the mixture to react 
spontaneously for 30 sec. Stir the preparation magnetically for 15 
min. and transfer it along with subsequent rinsings to a 10-ml. 


0.0 
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Figure 2-Effect of pH on the absorption spectrum of sodium eryth- 
rosin. 


4 USP XVII. 
6 Molar concentration of PVP calculated using average molecular 


weight of 25,000; thus, a 3 X 10-6 M solution has a concentration of 
0.075 g./100 ml. 


volumetric flask. Dilute to volume with distilled water and mix 
thoroughly. Transfer the contents to a 10-ml. graduated centrifuge 
tube and centrifuge for 5 min. at 2000 r.p.m. Decant the supernatant 
and determine its absorbance at 538 mp using an oxymix control, 
similarly treated, in the reference beam. The concentration of 
erythrosin is determined directly from a Beer's law standard curve of 
erythrosin in oxymix. Solutions for the standard curve are pre- 
pared by adding accurately measured quantities of the erythrosin 
stock solution to samples of the oxymix control and treating these 
mixtures in the manner as described above. 


RESULTS AND DISCUSSION 


The effect of pH on both erythrosin and erythrosin-PVP solutions 
is depicted in Figs. 2 and 3. The data indicate that (a)  the erythrosin 
molecule exists in more than one form and (b) an association 
occurs in solution between it and the polymer, PVP. 


Erythrosin solutions are quite unstable at pH levels less than 3. 
Freshly prepared solutions do not absorb in the visible range and 
precipitate within 1 to 2 min. As the pH increases, stability in- 
creases concomitantly and the A,,,. is shifted slightly to shorter 
wavelengths, stabilizing at 527 mp, pH 6, where maximal absorbance 
values are attained. The shift observed between pH 4 and 6 is 
assumed to be due to the ionization of the carboxyl group (pKa 
4.95) (1 1). 


The pH profile of the solutions containing PVP closely resembles 
that of the erythrosin per se, stable absorption being reached at 
approximately pH 6. At all pH levels, however, the A,,,. of 
erythrosin is shifted to longer wavelengths in the presence of the 
polymer. Such bathochromic shifts were not reported by Phares 
(9) while investigating solutions containing equimolar concentra- 
tions of sodium fluorescein and PVP. 


On addition of PVP, stability of the erythrosin solution appears to 
be enhanced in the acid range. Marked improvement is observed 
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Figure 3-Effect of pH on the absorption spectrum of equimolar 
sodium erythrosin-PVP. 
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Table 11- Stability of Erythrosin Solutions Table III-Stability of Erythrosin-PVP Solutions 


p- Assay Intervals, days-- Degrada- 
0 2 6 tion, 


pH Absorbance Absorbance Absorbance % 


Assay Intervals, days------- Degrada- 
0 2 6 tion, 


pH Absorbance Absorbance Absorbance z 
5 1.28 1.04 0.40 68 
6 1 . 3 3  1.09 0.46 65 
7 1 . 3 3  1.12 0.47 64 
8 1 . 3 1  1.12 0.49 63 


at pH 2 and 3, indicated by the absence of precipitation as well as by 
increased absorbance. 


The data (Table I) show that at pH 5 and greater, on addition of 
small amounts of PVP (e.g., 0.0075%), an initial decrease of absor- 
bance results. As the PVP concentration is increased, absorbance 
also increases, ultimately reaching a maximum at a concentration of 
20.75 z. The changes in the absorption spectrum, on admixture of 
PVP, can most probably be attributed to weak interaction, e.g., 
van der Waals forces or charge transfer as suggested by Frank (8) 
and Phares (9), respectively. It should be pointed out that notice- 
able differences were observed at pH 3, possibly due to the labile 
nature of erythrosin at this level. 


The data do suggest that one should be able to quantitate for 
erythrosin in a PVP-erythrosin containing solution of known pH in 
which a minimum molar ratio of 10:16 exists. Oxymix, a redox 
system containing PVP and erythrosin, was selected to test this 
hypothesis. 


Analytical Studies-Reference to the oxymix formulation shows 
that the molar ratio of PVP to erythrosin is satisfactory; therefore, 
maximal absorbance values for erythrosin should be obtained. 


The granulate, when treated in the manner previously described, 
should give a solution with a concentration of 8 mcg./ml. of 
erythrosin. A standard curve was, therefore, prepared from oxymix 
control solutions of erythrosin containing 5, 8, 10, 12 tncg./ml. The 
solutions were scanned in the visible and were found to have a 
Am=. of 538 mp at pH 6.6, the pH of the oxymix solution after 15 
min. of stirring. A plot of absorbance versus concentration was 
found to be linear and to pass through the origin. 


Stability of Erythrosin Solution.-It was previously mentioned 
that the stability of an erythrosin solution was increased at acid pH’s 
in the presence of PVP. As a result of this observation, a study was 
conducted to investigate and compare the stability of an aqueous 
erythrosin solution (about 3 X M) with one containing 6 %  
PVP. The study was carried out for 6 days over a pH range of 5 to 
8; the solutions were stored at room temperature in the light and 


0 A 0.75 % solution of PVP has a molar concentration of PVP of 3 X 
M; the erythrosin solution is 3 X 10-5 M .  


5 1.19 1 . 1 3  1.02 14 
6 1.23 1.15 1.02 17 
7 1.24 1.15 1.02 18 
8 1.26 1.18 1 .03  19 


assayed at appropriate intervals spectrophotometrically. The data 
are shown in Tables I1 and 111. 


The results indicate that PVP did improve the color stability of 
erythrosin at all pH levels. Approximately 65% degradation was 
observed with the erythrosin solutions as compared with 1 7 z  for 
the PVP-containing systems. It should be pointed out, however, 
that although the polymer increased the stability due to some 
binding mechanism, the color that resulted from the complex forma- 
tion did differ somewhat from a solution of the dye per se. 
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as in the case of the metabolites of taurinophenetidine in rabbit 
urine. 


In conclusion, it was ascertained that the main metabolite of 
taurinophenetidine is the unchanged taurinophenetidine which is 
different from the main metabolite of acetophenetidine, that is, 
p-acetamidophenol. Nevertheless, the structure of taurinophe- 
netidine is similar to that of acetophenetidine. Therefore, it became 
possible to predict that taurinophenetidine might have charac- 
teristic pharmacological action comparing with acetophenetidine. 
From the results of the basic experiments in the present work, 
biopharmaceutical and pharmacological characteristics of taurino- 
phenetidine will be discussed in the next paper. 
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Behavior of Erythrocytes in Various Solvent Systems V: 
Water-Liquid Amides 


DONALD E. CADWALLADER and JANIS R. PHILLIPS 


Abstract 0 Hemolytic behavior of human erythrocytes in water- 
amide solutions was investigated. Complete hemolysis of erythro- 
cytes occurred in all formamide, DMF, DMA, DEA, and DEF 
solutions. Sodium chloride was effective in preventing complete 
hemolysis in solutions containing up to 10% formamide, 20% 
DMF, 20% DMA, 8 %  DEA, and 0 . 2 z  DEF. The addition of 
sodium chloride to solutions containing more than the above 
concentrations of amide did not prevent hemolysis, discoloration, 
and/or precipitation of human red blood cells. The addition of 
isotonic phosphate buffer (pH 7) to solutions increased the critical 
concentration at which the amide solutions damaged red cells. 
When possible, the data were used to calculate van’t Hoff i values 
for sodium chloride in the various amide solutions. 


Keyphrases 0 Erythrocytes behavior-water-amide solutions 0 
Hemolysis, erythrocytes-water-amide solutions 0 Sodium chlo- 
ride effec--erythrocyte hemolysis 0 Phosphate buffer effect- 
erythrocyte hemolysis 


It is well known that to prepare a safe and efficacious 
injection, it is sometimes necessary to employ a mixed 
solvent system consisting of water and a nonaqueous 
solvent. For this reason, investigations have been made 
to study the hemolytic effects of aqueous solutions of 
glycerin, propylene glycol, and liquid polyethylene 
glycols on rabbit and human erythrocytes and hemolytic 
effects of aqueous dimethylsulfoxide on human erythro- 
cytes (14). 


This report is concerned with the investigation of 
various water-liquid amide systems. The amides in- 
cluded in this investigation are formamide, dimethyl- 
formamide (DMF), dimethylacetamide (DMA), diethyl- 
actamide (DEA), and diethylformamide (DEF), 
Knazko (5) reported that pure formamide and dimethyl- 
formamide are satisfactory solvents for certain drugs, 
preferable for those which are hydrophobic and have 
an alicyclic structure and less favorable for compounds 


with heterocyclic 
DMF was shown 


structures. Very good solubility in 
by menthol, camphor, phenols, and 


sulfonamides. The solubility of sulfadiazine in water- 
DMF mixtures has been investigated (6). Spiegel and 
Noseworthy (7) in their extensive article on nonaqueous 
solvents for use in parenteral products surveyed the 
physical properties, toxicities, and parenteral applica- 
tions of dimethylacetamide. They found this solvent 
to be miscible in all proportions with water and alcohol 
and very soluble in organic solvents and mineral oil. 
Waaler (8) demonstrated that DMA is extremely 
stable in 1 M aqueous solutions. For instance, the de- 
composition at pH 4.2 was about 1% after 600 hr. 
A study of the acute toxicities of DMA, DMF, and 
propylene glycol was made by Davis and Jenner (9) 
after single doses were administered intraperitoneally 
to mice. Results were as follows: LD50 for DMF was 
1122 mg./kg., for DMA 3236 mg./kg., and propylene 
glycol 11,400 mg./kg. The LDloo for DMA was 5012 


The purpose of this investigation was to observe the 
behavior of human erythrocytes in aqueous formamide, 
DMF, DMA, DEA, and DEF solutions. In each 
experiment, the hemolytic method was utilized. By 
comparison of standard hemolysis curves obtained for 
human blood in aqueous saline solutions and those 
obtained from experiments using sodium chloride- 
water-amide solutions, it was possible to calculate 
hemolytic isotonic coefficients for sodium chloride in 
various water-amide solutions. 


mg./kg. 


EXPERIMENTAL 


Materials-Formamide, purified, and reagent grade dimethyl- 
formamide (J. T. Baker Chemical Co.) and reagent grade dimethyl- 
acetamide, diethylformamide, and diethylacetamide (Eastman 
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Table I-Values of i for Sodium Chloride in Various Water-Amide 
Solutions, Calculated from Concentrations Causing 25, 50, and 
75 % Hemolysis of Human Erythrocytes" 


Hemolysis 
Solvent 25% 50% 75% Av. 


Formamide, % v/v 
5 


10 
15 
Dimethvlformamide. 


10 
15 
Dimethylacetamide, z VIV 


5 
10 
15 
Diethylacetamide, z viv 


5 


1.73 1.63 1.59 1.65 
1.62 1.66 1.58 1.62 
- 1.50 1.50 1.50 


1.88 1.89 1.86 1.88 
1.87 1.88 1.94 1.90 
1.96 1.94 1.92 1.94 


1.82 1.82 1.80 1.81 
1.82 1.82 1.80 1.81 
1.78 1.78 1.75 1.77 


1.78 1.78 1.78 1.78 


a Each i value represents an average of at least two blood samples. 


Organic Chemicals) were used. All electrolytes and nonelectrolytes 
employed in this study were reagent grade. 


Collection of Blood-The blood samples used for all experiments 
were obtained from the forearm veins of several 20-25-year-old 
Caucasian donors. Fresh blood samples were used in all experi- 
ments. Approximately 10 ml. of blood was obtained from the donors 
and placed in a 50-ml. round-bottom flask containing 10-15 
glass beads. The flask was rotated gently for about 5 min., and then 
the blood decanted into a 50-ml. conical flask and aerated by 
swirling the flask gently for about 5 min. 


Preparation of Solutions-All of the amide solutions were 
volume-in-volume percentage preparations. Sodium chloride 
solutions were prepared on a weight-in-volume basis. Data from a 
previous paper [uiz., Table I (2)] was used in preparation of iso- 
tonic solutions of CaC12, MgS04, dextrose, sucrose, KBr, KCI, and 
Na2S04. All pH adjustments were made using Sorensen isotonic 
buffer systems. Distilled water was used to prepare all solutions. 
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Figure 1-Hemolysis of human erythrocytes after 45 min. at 37" in 
various formamide-saline solutions. 
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Quantitative Determination of Percent Hemolysis-In each 
experiment, the hemolytic method was used to determine the degree 
of hemolysis of erythrocytes in the various amide solutions. This 
quantitative method is based on the fact that a hypotonic solution 
liberates oxyhemoglobin in direct proportion to the number of 
cells hemolyzed. Into each of two test tubes was transferred 5 ml. 
of standard sodium chloride solution (0.36,0.37 . . .0.41,0.42 z) and 
5 ml. of the mixed solvent system being tested. After the test tubes 
weIe brought to a constant temperature by placing in a water bath 
(37 f O S " ) ,  0.05 ml. of blood was pipeted into each tube. Each tube 
was then inverted several times to insure thorough mixing and 
allowed to remain 45 min. at 37". The tubes were centrifuged at 
approximately 2500 r.p.m., and the light absorbance of the super- 
natant liquid was measured using a photoelectric colorimeter 
(Klett-Summerson) equipped with a no. 54 filter. To find the percent 
hemolysis, these absorbance readings were divided by the absor- 
bance readings for 0.05 ml. of blood in 5 ml. of distilled water 
(standard for 100% hemolysis) and multiplied by 100. A blank, 
made by placing 0.05 ml. of blood in 5 ml. of 0.9% sodium chloride 
solution, was used to cancel any light absorbance inherent to the 
blood sample. Both the standard and the blank were subjected to 
the same conditions of standing for 45 min. at 37" followed by 
centrifuging. A pH meter (Corning model 7) was used for all pH 
measurements. 


Calculation of i Values-Through use of the hemolytic method, 
concentrations of sodium chloride and the amide solutions giving 
the same degree of hemolysis could be determined. Once these 
concentrations were ascertained, it was possible to calculate isotonic 
coefficients (i values) through use of the following equation : 
(i value for NaCl g. of NaCl in - ) (100 ml. of water) - in water 


i value for NaCl g. of NaCl in ( in amide soln. ) (100 ml. amide s o h )  (Eq. 
The value of i for sodium chloride was taken as 1.86, which is 


the accepted i value for 0.9 z sodium chloride in water (10). 
Curves showing the degree of hemolysis in sodium chloride-water 


solutions and sodium chloride-water-amide solutions were plotted 
on rectangular coordinate graph paper. From these curves, it was 
possible to determine the concentrations of sodium chloride in 
g./100 ml. of water and the amide solvent causing 25, 50, and 75% 
hemolysis. These values were inserted into Eq. 1 ,  thereby giving 
the values of i for sodium chloride in a particular water-amide 
solution at concentrations producing 25, 50, and 75% hemolysis. 
The various i values for sodium chloride in aqueous formamide, 
dimethylformamide, dimethylacetamide, and diethylacetamide 
solutions are shown in Table I. 


Reparation of Hemolysis Curves-Approximately 30 experi- 
ments employing human blood were carried out. A standard 
hemolysis curve (right-hand side of Fig. 1) was constructed from 
the average readings of these experiments. Hemolysis curves of the 
various amide solutions (Figs. 1 4 )  were constructed using the i 
values previously calculated from Eq. 1 and shown in Table I. 
Through a rearrangement of this equation 


g. of NaCl in 100 
ml. of amide soln. 
causing 25 % hemolysis > =  


g. of NaCl in 100 ml. 
of water causing 25 % ) (Eq. 2) 


NaCl in water hemolysis 
/i value for NaCl in\ 
[amide soh. ) 


the grams of sodium chloride per 100 ml. in an amide solution 
causing 25 % hemolysis was calculated. Similar calculations were 
carried out at 50 and 75% hemolysis. By plotting these three points, 
the hemolysis curves for the various amide solutions were con- 
structed. 


RESULTS 


Water-Formamide Solutions-Complete hemolysis of human 
erythrocytes occurred in 0.0 to  100% formamide solutions after 45 
min. at 37". Hemolysis in aqueous solutions containing 0.0 to 
2 3 z  formamide gave clear, normal red solutions. However, in 
solutions containing 24 to 35 formamide, red-brown solutions 
were observed. Red-brown solutions containing a brown precipitate 
resulted when blood was placed in solutions containing 4 0 x  or 
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Figure 2-Hemolysis of human erythrocytes after 45 min. at 37' in 
various dimethylformamide-saline solutions. 


more formamide. The red-brown color gradually changed to a 
brown color at 50% becoming green-brown with heavy precipita- 
tion at 80 % formamide concentrations. 
LUpon addition of 0.9% sodium chloride, hemolysis of human 
erythrocytes was essentially prevented (less than 5 %) in solutions 
containing 0.0 to 10% formamide. Increased hemolysis was noted 
in solutions containing 10 to 23% formamide, and red-brown 
solutions resulted when blood was added to saline solutions con- 
taining 24 % formamide. More pronounced discoloration and pre- 
cipitation occurred in solutions containing higher concentrations of 
formamide. 


Through the addition of hypotonic quantities of sodium chloride 
(0.36, 0.38 . . . 0.48, 0.50%) to various water-formamide solutions, 
it was possible to modify the fragility of human erythrocytes. When 
blood was added to the saline solutions containing 0.0 to 10% 
formamide, typical sigmoid hemolysis curves resulted (uiz., Fig. 1). 
These curves were constructed in the manner described in the 
Experimental section of this report utilizing the data presented in 
Table I. 


Calculation of i values for sodium chloride in various water- 
formamide solutions was accomplished through use of Eq. 1. The 
average i values for sodium chloride in these systems (Table I) was 
less than 1.86, the accepted value for 0.9 % sodium chloride in water. 


The pH readings for formamide solutions were within a range of 
5.6-9.7. Upon addition of isotonic phosphate buffer to limit this 
pH range, the first evident red-brown color appeared at 30% rather 
than 24% formamide. 


Water-Dimethylformamide Solutions-All of the DMF solutions 
void of sodium chloride caused the complete hemolysis of human 
erythrocytes after 45 min. at 37". 


The addition of 0.9% sodium chloride to solutions containing 
20% or less DMF afforded some protection to human erythrocytes 
producing only trace hemolysis (less than 5%); however, at the 
critical concentration (26 %), damage of red blood cells occurred 
as in DMF solutions void of sodium chloride. 


Hemolysis curves were constructed for DMA in the same manner 
as for formamide (Fig. 2) and i values calculated (Table I). 


Dimethylformamide solutions gave pH readings of 6.5-7.5. 
Use of isotonic phosphate buffer gave the first evident color change 
at 28% instead of 26% DMF. 


Water-Dimethylacetamide Solutions-All aqueous DMA solu- 
tions ranging in concentration from 0.0 to  100% caused complete 
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Figure 3-Hemolysis of human erythrocytes after 45 min. at 37" in 
various dimethylacetamide-saline solutions. 


hemolysis of human erythrocytes at 37". Normal red solutions 
were evident up to concentrations of 28 %, but at 29% a red-brown 
color became apparent. This color gradually deepened to a green- 
brown solution at 40% DMA indicating complete destruction of 
cells. 


The inclusion of sodium chloride in aqueous solutions containing 
0.0 to 20% DMA was effective in preventing hemolysis in human 
erythrocytes (less than 5 %). However. the addition of sodium 
chloride in solutions containing 28% and more DMA did not 
prevent damage to blood cells. Above this critical concentration, 
the red blood cells were destroyed resulting in green-brown solu- 
tions with brown-black precipitates. 


It was possible to calculate i values for sodium chloride in the 
various water-DMA solutions. The average i values for sodium 
chloride in 5, 10, and 15% DMA solutions were shown in Table I. 
For DMA hemolysis curves, see Fig. 3. 


The pH readings for DMA solutions were approximately 5.5-7.0. 
When tested with the isotonic phosphate buffer, the first red-brown 
color appeared at 28 %. 


Water-Diethylacetamide Solutions-Hemolysis in all aqueous 
DEA solutions 0.0 to 100% was complete after 45 min. at 37". 


Addition of 0.9 % sodium chloride produced only trace hemolysis 
in concentrations of 0.0 to 8 % DEA. Increased hemolysis occurred 
in solutions containing 8.5 to 10% DEA, and a cloudy brown liquid 
resulted when blood was added to saline solutions containing 15% 
DEA. 


Only the i value for 5% DEA solution could be calculated 
(Table I). This value was less than 1.86. Hemolysis curves are 
shown in Fig. 4. 


The pH readings for the various DEA solutions were between 
6.0-7.0. The first evident color change using the isotonic phosphate 
buffer system occurred at 14% DEA. 


Water-Diethylformamide Solutions-Solutions of DEF proved 
to be very destructive to  human erythrocytes at 37". Hemolysis 
and destruction of blood cells in solutions containing 0.0 to 100% 
DEF was complete as evidenced by the green-brown color in solu- 
tions containing as little as 0.5 % DEF. 


Inclusion of 0.9% sodium chloride did very little to alter this 
destructive effect on blood cells. There was complete protection 
(no hemolysis) of cells up to 0.1 % DEF; hemolysis increased 
through 0.2 to 0.3% DEF, and cells were completely destroyed at 
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Figure 5-Hemolysis of human erythrocytes after 45 min. at 37" 
in Garious liquid amide solutions containing 0.9 % sodium chloride. 
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Figure 4-Hemolysis of human erythrocytes after 45 min. at 37" in 
various diethylacetamide-saline solutions. 


0.4%, the resulting solution being brown with a dark brown pre- 
cipitate. 


Aqueous DEF solutions containing isotonic concentrations of 
various substances (1.15 % calcium chloride, 9.39 % dextrose, 
7.16% sucrose, 1.73% magnesium sulfate, 1.2% potassium chlo- 
ride, 1.91% potassium bromide, and 1.27x sodium sulfate) gave 
results similar to those described above for DEF-saline solutions. 
These compounds were no more effective in preventing hemolysis 
than the 0.9% sodium chloride. 


The pH readings of DEF solutions were very acidic having a 
range of 2.5-4.0. With the addition of isotonic phosphate buffer 
to DEF solutions, hemolysis was prevented in solutions containing 
up to 8 % DEF. At higher DEF concentrations complete hemolysis 
and discoloration occurred. 


DISCUSSION 


The experimental data showed that the liquid amides studied 


freely penetrate human red blood cells and offer no protection to 
these cells from hemolysis. Addition of 0.9 sodium chloride can 
be used to prevent complete hemolysis in the amide solutions con- 
taining up to 10% formamide, 20% DMF, 20% DMA, 8% DEA, 
and 0.2% DEF. Hemolysis in these or lower concentrations of 
amide is an osmotic phenomenon since the addition of 0.9% sodium 
chloride to these solutions prevents hemolysis and addition of 
hypotonic quantities of sodium chloride to these solutions (and 
amide solutions of lower concentration) prevents complete hemol- 
ysis. 


There is a critical concentration for each amide solution (Table 
11) where addition of 0.9% sodium chloride does not prevent 
hemolysis and discoloration and/or precipitation of blood com- 
ponents. The transition from nonhemolytic concentrations to de- 
structive concentrations is rather abrupt as evidenced from the 
hemolysis curves (Fig. 5). 


Above the critical concentrations for each amide solution, further 
destruction of red cells occurs as amide concentrations are in- 
creased. This is apparent as the colors change from brownish-red 
solutions with brown precipitates ultimately to greenish solutions 
with green-black precipitates. 


The van? Hoff factor or isotonic coefficient can be expressed as 
the ratio of any colligative property of a real solution to that of an 
ideal solution of a nonelectrolyte (1 1). The isotonic coefficients 
( i  values) for aqueous solutions of formamide, DMA, and DEA 
were found to be slightly less than 1.86. This is evidence that these 
solvents offer no protection to human erythrocytes against osmotic 
hemolysis. On the other hand, those i values calculated for DMF 
were slightly higher than 1.86 indicating that this solvent con- 
tributes slightly to the tonicity of the extracellular aqueous solu- 
tions. It would appear from this data that the order of protection 
to human erythrocytes by the amide solutions would be DMA = 
DMF > formamide > DEA > DEF. These results, as they pertain 
to the formamides, are substantiated by the findings of Nash (12) 
who, in determining the protective action of neutral water-miscible 
compounds against freezing damage to human red blood cells, 
showed that formamide is a nonprotector, but progresses to a com- 
plete protector with successive methylation of each of its three 


Table II-Critical Concentrations and pH of Aqueous Amide Solutions at which Discoloration" and/or Precipitationb of Blood Components 
OccurredC 


Solutions with 0.9 Solutions with Isotonic 


Critical pH of Critical pH of Critical pH of 
Solutions Without Sodium Chloride -Sodium Chloride- -Phosphate Buffer- 


Amide Concn., v/v Solution Concn., % vlv Solution Concn., VJV Solution 


Formamide 24 9 .O 24 9.1 30 7 . 6  
DMF 26 7 . 8  26 7 . 2 5  28 7 . 7  
DMA 29 5 . 1 5  28 i .o  28 7 . 6  
DEA 14 7 .1  12 6.25 14 7 .0  
DEF 0.1 3 .8  0 . 4  3.75 10 6 . 3  


a Discoloration was indicated by a dark amber to red-brown color. b Precipitation was usually indicated by light brown suspension and/or sedi- 
ment. cEach value represents an average of at least two blood samples. 
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hydrogens. These changes were attributed to increase in basic 
strength and hydrogen-bonding ability on methylation. 


The pH of the amide solution did have some effect upon the 
particular amide solution’s tendency to damage human blood cells. 
The low pH of the DEF solutions appears to be the reason for the 
total destruction of cells at very low amide concentrations. When 
buffered to a near-neutral pH, the critical concentration was raised 
from 0.4 to 10% (Table 11). With the other amide solvents, there 
was little change in the critical concentration by the addition of an 
isotonic phosphate buffer since none of these amide solutions had 
inherently high or low pH values. 
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Spectrophotometric Analysis of Glucose and Mixtures 
of Glucose, Fructose, and Sucrose 


EDWARD R. GARRETT and JOHN F. YOUNG 


Abstract 0 The aldose-ketose equilibrium in dilute alkali is utilized 
to transform a reproducible fraction of glucose to fructose; e.g., 
0.20 N NaOH, 40”, 3.5 hr. Acid treatment, e.g., 1.0 N HCI, SO”, 
10 hr., of this alkaline equilibrium solution results in the production 
of spectrophotometrically assayable hydroxymethylfurfural (HMF) 
(Ams. = 283 mp) from the fructose produced. Glucose yields negli- 
gible HMF under these acid conditions prior to alkaline treatment. 
These two techniques permit the assay of fructose and glucose in 
mixtures. After 30 hr. of alkaline treatment under the stated con- 
ditions, fructose and glucose do not yield any HMF on acidification. 
However sucrose is stable under these conditions and on acidifica- 
tion hydrolyzes to fructose which yields a proportional amount of 
HMF. These facts permit the assay of fructose, glucose, and sucrose 
in mixtures. This assay is sensitive to concentrations for all three 
sugars as low as M. 


Keyphrases 0 Glucose-analysis Fructose, glucose, sucrose mix- 
ture-analysis 0 Aldose-ketose equilibrium, dilute alkali-glucose 
transformation to fructose 0 Hydroxymethylfurfural formation- 
acid treatment aldose-ketose equilibrium 0 UV spectrophoto- 
metry-analysis 


The primary chemical methods for the analysis of 
glucose have been based on general methods for re- 
ducing sugars, such as oxidation by alkaline copper or 
ferricyanide solutions (1-5). Glucose has been analyzed 
in effluents after paper or column chromatographic 
separations of mixtures of sugars (6). Glucose has 
also been analyzed by GC after derivatization of sugar 
mixtures (7). Carbazole in sulfuric acid reactions (8), 
differential reaction-rate techniques (9), and dialysis 


based on differential kinetics (10) have also been applied 
to the determination of sugar mixtures. 


Haworth and Jones (1 1) showed that acidification of 
an alkaline glucose solution could result in the pro- 
duction of hydroxymethylfurfural (HMF). Thus it is 
anticipated that with selective conditions of sequential 
alkali and acid treatment, a quantitative chemical 
analysis could be established for glucose based on the 
spectrophotometric assay of the HMF produced. 


The Lobry de Bruyn-Alberda van Ekenstein trans- 
formation (12, 13) is the alkaline catalyzed equilibra- 
tion of aldoses and ketoses through a possible enediol 
intermediate. The hexoses, mannose, glucose, and 
fructose, undergo such an alkaline equilibration 
(Scheme I). 


Negligible 


No effect 
Possible 


Fructose Mannose 


Scheme I-Acid and base transformations of sugars 


HMF 
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Assay of Mephentermine and Its Preparations 


MURRAY M. TUCKERMAN and TATJANA BICAN-FISTER* 


~~ 


Abstract Mephentermine sulfate is assayed by direct titration in 
glacial acetic acid with perchloric acid titrant and p-naphthol- 
benzein indicator. Mephentermine sulfate tablets are assayed by 
mixing the finely powdered sample with purified siliceous earth 
and magnesium oxide held in a fritted-glass filtering funnel, moisten- 
ing the mixture with water to release the base, eluting the base with 
warm chloroform, receiving the eluate in glacial acetic acid, and 
titrating it with perchloric acid using pnaphtholbenzein indicator. 
Individual tablets are assayed by receiving the eluate into 10.0 ml. 
of 0.1 N sulfuric acid, shaking to extract the base from the chloro- 
form, and determining the mephentermine spectrophotometrically 
using the base-line correction method proposed by Rotondaro and 
the assayed tablet mixture as the standard. Mephentermine sulfate 
injection is assayed by adsorbing the sample into a controlled 
amount of siliceous earth-magnesium oxide mixture and proceeding 
with elution and titration as for the tablets. Loss in drying speci- 
fications for mephentermine sulfate are supported by thermo- 
gravimetric data. 


Keyphrases Mephentermine sulfate and dosage forms-anal- 
ysis 0 Identity tests-mephentermine 0 Colorimetric analysis- 
titration Perchloric acid-titrant 0 pNaphtholbenzein-indica- 
tor 


The synthesis of mephentermine was first reported in 
a patent issued to Wm. F. Bruce et al. in 1952 (1). A 
second method of synthesis was patented in 1954 (2). 
The material is currently available as the sulfate salt 
for use intravenously and intramuscularly as a sym- 
pathomimetic vasopressor. 


Data for analysis of mephentermine base used in an 
inhaler appeared in Drug Standards in 1957 (3 ) .  General 
methods for phenylethylamine drugs were developed by 
Rotondaro in 1957 (4-6) involving dissolution of the 
sample in sulfuric acid, extracting the base with chloro- 
form from an alkaline solution, re-extracting the base 
into sulfuric acid, and determining its concentration by 
UV spectrophotometry using a baseline correction 
method. A method for the assay of mephentermine 
in pharmaceutical preparations by colorimetric deter- 
mination of the chloroform-extracted ion-pair formed 
with bromcresol green was reported by Horioka in 
1957 (7). 


Mephentermine sulfate and mephentermine sulfate 
injection were recognized by the British Pharmacopoeia, 
1963 (8) and the National Formulary XI1 (9) and have 
been admitted to the United States Pharmacopeia XVIII. 


EXPERIMENTAL 


Identifications-Mephentermine is identified by standard tests 
for nitrogenous bases such as precipitation with triiodide, iodomer- 
curate, and trinitrophenolate ions. 


The melting point (154-158") of the isolated trinitrophenolate 
(picrate) is another distinguishing characteristic. 


The sulfate portion is identified by the usual precipitation of 
barium sulfate. 


Loss on Drying-The NF XI1 monograph requires drying at 105' 
for 3 hr. This specification appears to be correct. Partially de- 
hydrated mephentermine sulfate slowly takes up moisture. A single 


sample examined over a course of 4 months showed a variable 
moisture content of from a little more than 4 to 7.8 1 %. The theoreti- 
cal moisture content of the dihydrate is 7.82 %. 


Loss in weight of a portion of the sample was 7.65 % by drying at 
105" for 3 hr. There was no change in weight on drying at 120" for 
an additional 2.5 hr. Examination of another portion of this material 
on the thermobalance showed a weight loss of 7.64% in good 
agreement with oven drying. Rerunning the same material after 
exposure to atmospheric moisture gave a value of 7.81 in good 
agreement with the theoretical moisture content for the dihydrate. 


The ready loss of moisture can be seen from the thermobalance 
plot of weight uersus temperature (Fig. 1). The loss of moisture 
commences about 40" and is completed at 80". There is no further 
loss in weight up to 122" at which temperature a very slow loss 
commences. This is thought to be due to loss of mephentermine 
with formation of the 1 : 1 sulfate salt. Decomposition starts about 
135" with charring and there is steady loss in weight at higher 
temperatures. 


.4ssay for Mephentermine Sulfate-Because of the uncertainty in 
moisture content, all assays were performed on material dried at 
105" to constant weight (3  hr.). 


Systems examined were acetic anhydride using malachite green 
indicator, acetic acid with crystal violet indicator, acetic acid with 
quinaldine red indicator, and acetic acid with p-naphtholbenzein 
indicator. Only the last system gave a sharp endpoint and was 
considered for further study. Potentiometric titration simultaneous 
with indicator endpoint showed that the endpoints by both methods 
were identical. The following method was adopted. 


Weigh accurately about 300 mg. (250 mg. of dried sample) of 
mephentermine sulfate and dissolve it in 50 ml. of glacial acetic 
acid. Add 4 drops of p-naphtholbenzein indicator and titrate with 
0.1 N perchloric acid to a green endpoint. Perform a blank deter- 
mination and make any necessary correction. Each milliliter of 
0.1 N perchloric acid is equivalent to 42.46 mg. of (C11H17N)*. 
HZS04. 


Assay in triplicate gave a recovery of 99.8 + 0.3 with a range of 
99.5 to 100.0%. 


The indicator solution is prepared by dissolving 0.4 g. of p- 
naphtholbenzein in 100 ml. of glacial acetic acid. The solution 
should not be stored more than 1 month. 


.4ssay of Mephentermine Sulfate Injection-A new method for the 
extraction of amines from solutions of their salts has been de- 
veloped. It is intended to apply this general method to other sys- 
tems. The key to the method is a preparation of alkaline diatoma- 
ceous earth made by mixing magnesium oxide (chromatographic 
grade) with ten times its weight of diatomaceous earth.' To a 
coarse-frit sintered-glass funnel arranged for suction filtration is 
added 1 g. of the mixture plus 1 g. for each milliter of solution 
sample. The sample is added and incorporated in the mixture. The 
free base liberated is eluted with five small portions of chloroform. 
The eluates are received in glacial acetic acid and titrated with 
standard perchloric acid in glacial acetic acid. The specific applica- 
tion to mephentermine sulfate injection follows. 


Transfer to a coarse-frit sintered-glass funnel 5 g. of alkaline 
diatomaceous earth. Add an accuratelq measured volume of Me- 
phentermine sulfate injection equivalent to about 60 mg. of Me- 
phentermine and mix well. Extract with 15,  10, 10, 10, and 10 ml. of 
chloroform, mixing each portion thoroughly with the contents of 
the crucible then draining with the aid of gentle suction. Collect 
the eluates in 40 ml. of glacial acetic acid. add 6 drops of p-naph- 
tholbenzein indicator, and titrate with 0.1 N perchloric acid to a 
green endpoint. Perform a blank titration and make any necessary 
correction. Each milliliter of 0.1 N perchloric acid is equivalent to 
16.33 mg. of CIIHEN (mephentermine). 


Potentiometric titration of the eluates simultaneous with indicator 


Celite 545, Johns-Manville Products Corp., New York, N. Y. 
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Figure 1-Thermobalance plot of weight versus temperature for  
mephentermine sulfate. 


determination of the endpoint showed that both methods gave the 
same results. 


Two recovery series were run, one prepared by dissolving 0.8942 g. 
of dried mephentermine sulfate in 40.0 ml. of water, the other by 
dissolving 0.5004 g. of dried mephentermine sulfate in enough water 
to make 25.00 ml. Seven replicate assays of 4-ml. aliquots of the 
first solution gave an average recovery of 99.2 f 1.0% with a range 
of 98.4 to 101.0%. 


Three replicates of 4-ml. aliquots of the second solution gave 
an average recovery of 100.3 5 0.4% with a range of 100.0 to 
100.7%. 


DISCUSSION 


The directions call for an indicator blank. If titration is carried 
out to the first color change, the blank is less than 1 drop (0.01 ml.); 
however, it is believed that some analysts will use the characteristic 
vivid green color. Titration to this point will give blanks of 0.02 to 
0.05 ml. 


The methods proposed are very much more rapid than those 
official in NF XII. The extraction process suggested for mephent- 
ermine sulfate injection is completed in less than 10 min. The results 
obtained, even though limited in number, appear to be within the 
expected analytical error. 
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Fluorometric Determination of Atropine and Hyoscyamine 
in Tablets and Injections 


LAURA A. ROBERTS 


Abstract [7 A fluorometric method has been developed for the 
quantitative determination of atropine and hyoscyamine in the 
presence of other belladonna constituents. Atropine and/or hyo- 
scyamine is extracted with chloroform from basic solution, and an 
aliquot of the extract is added to a chloroform solution of eosine 
yellowish. This solution, appropriately diluted, is read on a fluo- 
rometer at an excitation wavelength of 475 mp and an emission wave- 
length of 552 mp. Scopolamine, atroscine, and other components 
do not produce a measurable fluorescence in this procedure and 
thus need not be separated from atropine or hyoscyamine. 


Keyphrases 0 Belladonna alkaloid dosage forms-analysis 0 
Atropine, hyoscyamine-determination 0 Eosine yellowish-re- 
agent 0 Fluorometry-analysis 


I-Hyoscyamine and atropine (dl-hyoscyamine) have 
become prominent anticholinergic and mydriatic agents 
(1). They are incorporated, alone or with other drugs 
(e.g., scopolamine, barbiturates, and vitamins), in 


tablets, elixirs, injections, and capsules. Present official 
methods for the determination of atropine include a 
base-chloroform extraction followed by an acid-base 
titration (2), a base-chloroform extraction followed by 
a quantitative IR determinative step (3), and a per- 
chloric acid titration in acetic acid (4). These procedures 
require relatively large amounts of atropine. Atropine, 
however, usually appears in submilligram amounts in 
most dosage forms. 


A review of the literature revealed that much wcrk 
has been done on the quantitative determination of 
tropane alkaloids in plant material and in commercial 
drug products. Most analytical approaches were charac- 
terized by colorimetric and titrimetric determinative 
steps. Nin’o (5) determined atropine in aluminum 
hydroxide with belladonna tablets using a column 
separation followed by reaction with p-dimethylamino- 
benzaldehyde. Zielinska-Sowicka et al. (6),  Niezgodzki 
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COMMUNICA TIONS 


The Critical Micelle Concentration of L- 


N-Decyl-N-N-Dimethylalanine Hydrobromide 
from Circular Dichroism Measurements 


Keyphrases 0 Critical micelle concentration-L-N-decyl-N-N- 
dimethylalanine hydrobromide 0 Circular dichroism measurements 
-CMC determination 


Sir : 


In a previous publication by Bonkoski and Perrin 
(1) it was shown that optical rotatory dispersion 
(ORD) can be used to determine the critical micelle 
concentration (CMC) of suitable molecules. We 
have now confirmed our previously reported CMC 
of L-N-decyl-N-N-dimethylalanine hydrobromide and 
shown that circular dichroism can be used for these de- 
terminations. All measurements were made in a Cary 
6002 circular dichroism accessory for the Cary 60 re- 
cording spectropolarimeter. All experimental conditions 
were identical to those previously described and the 
solutions were scanned to the limit of the system. The 
observed ellipticity at 222.5 mp was plotted against 
concentration, and a break in the plot occurs at the 
CMC (0.32%). To emphasise the change in slope on 
micelle formation, a deviation plot is shown in Fig. 1. 
Here the slope of the line below the CMC was calculated 
and the theoretical ellipticity = slope X concentra- 
tion, and the deviation of the observed ellipticity from 
this theoretical ellipticity is plotted in the diagram 
against concentration. Molecular ellipticities of 1966 
below the CMC and of 1882 above the CMC at a wave- 
length of 222.5 mp can be calculated from an observed 
ellipticity against concentration plot. This small change 
of 5.7% in molecular ellipticity on micelle formation 
can be compared with a change of 10.6% in molecular 
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Figure 1-Deuiation plot showing CMC for L-N-decyl-N-N-di- 
methylalanine hydrobromide from CD measurements at 222.5 mp 
in 2-em. ceIl.9. 
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Figure 2-Effect of p H  on CD curue of a 1.84 X 
L-decyl betaine hydrobromide. Measurements mude in 5-em. cells. 


M solution of 


rotation at 232.5 mp observed in the previous paper, 
and the diminished ellipticity on micelle formation 
should be compared with the effect of acid and base on 
the ellipticity of the betaine shown in Fig. 2. The 
diminished ellipticity observed on micelle formation 
suggests that the betaine becomes more ionized on 
micelle formation ; however, this is in direct conflict 
with the ORD observations previously reported, where 
the peak shifts and the diminished rotation on micelle 
formation suggested a less ionized betaine in the micel- 
lar form. Assuming that other environmental factors 
are secondary to the state of ionization, then CD in- 
formation is probably more correct in that it measures 
asymmetric absorption phenomena directly and the 
absorption observed is due to the carboxylic acid 
grouping. It is possible that acid and base have a con- 
siderable effect on the background curve of the betaine 
ORD curve and that the correlation with the micelle 
formation curves was fortuitous in the previous publica- 
tion. 


In the previous report, pH measurements were pre- 
sented to support the ORD observations; however, it 
was pointed out that the behavior of the glass electrode 
is not clearly understood in these systems. It is possible 
that the glass electrode in the micellar betaine systems 
only detected the hydrogen ions far from the micelle 
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surface and not those in close proximity to  the micelle 
surface, so giving a low hydrogen ion determination. 
These discrepancies between ORD and CD determina- 
tions are being further investigated. 


(1) S. Bonkoski and J. H. Perrin, J. Pharm. Pharmacol., 20, 
934( 1968). 
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The Biogenesis of Gramine 


- 


Keyphrases Gramine biogenesis-literature correction 0 
Tryptophan relation-gramine biogenesis 


Sir: 


Many years ago I demonstrated (1, 2) that dl- 
tryptophan-P-14C fed to sprouting barley, is transformed 
into the alkaloid gramine in which the 14C is located in 
one position, corresponding to that in the administered 
tryptophan, strongly suggesting that it was a precursor 
of gramine. This was one of the first demonstrations, 
using a radioactive compound, that an alkaloid could 
be formed from an amino acid. 


In a recent paper (3), Digenis states “Based on other 
tracer experiments and the fact that tryptophan was 
formed in Neurospora by a condensation reaction be- 
tween indole and L-serine, Bowden and Marion sug- 
gested a reversal of the above-mentioned tryptophan 
biosynthesis could possibly lead to indole and L-serine 
in barley. This suggested that the indole could sub- 
sequently react in a Mannich-type reaction with formal- 
dehyde and dimethylamine to  produce gramine.” Later 
in the paper the author continues, “However, Leete and 
Marion were able to show that the bond between the 
3-position of the indole nucleus and the side chain of 
tryptophan remained intact during the biosynthesis 
of gramine in barley, thus disposing of the hypothesis of 
Bowden and Marion described above.” 


An examination of the only two papers I have pub- 
lished (1, 2), to which Digenis refers, will show that in 
themno theory onthe biogenesis of gramine from trypto- 
phan is proposed or implied. The only conclusion 
reached was, I quote, “that tryptophan is a precursor of 
gramine in barley,” a conclusion that has been amply 
justified by subsequent investigators. 


(1) K. Bowden and L. Marion, Can. J.  Chem., 29, 1037(1951). 
( 2 )  Zbid., 29, 1043(1951). 
(3) G. A. Digenis, J,  Pharm. Sci., 58, 39(1969). 
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Drug Transport I : Effect of 
Potassium Ion on the In V i m  Transfer 
of Several Drugs Across the Rat Intestine : 
Preliminary Observations 


Keyphrases Intestinal transport, drug-K+ effect I3 K +  sub- 
stitution of Na +-in oitro intestinal transport 


Sir: 


Recent work in our laboratory concerning factors that 
affect drug transport has resulted in several interesting, 
preliminary findings as to the effect of replacing Na+ 
with Kf on the transfer of several drugs across the 
everted rat intestine. 


Sprague-Dawley rats, weighing approximately 250 
g., were fasted 20-24 hr. prior to  the experiment. Water 
was allowed ad libitum. The experimental method for 
preparing the everted rat intestine preparation has been 
described previously (1). After severing the intestine at 
the pyloric junction, the first 15 cm. of intestine are dis- 
carded and the following 20 cm. are divided into two 
10-cm. segments. The most proximal segment is desig- 
nated Segment 1, and the distal portion is designated 
Segment 2. A modified physiologic Kreb’s bicarbonate 
buffer,2 pH 7.4, was prepared to contain a total cation 


I 


I / 
d 


20 40 60 80 100 120 
TIME, rnin. 


Figure I-Cumulative transfer of riboflavin across the everted rat 
intestine. Mucosal concentration maintained essentially constant at 
20 rncg./rnl. Key: (O), Nu+-buffer; (O), K+-buffer; (0), K+-buffer 
for 60 min., then placed into Nu+-buffer (arrow). See text jor  details. 


~~~~ ~ 


1 Blue Spruce Farms, Altamont, N. Y. 
ZKCl, 5 m M ;  KHzPOa, 6 m M ;  NaHCOa, 26 mM; NaCl q.s. 


154 m M  cation (Na+ 4- I<+). 
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Figure 1-Thermobalance plot of weight versus temperature for  
mephentermine sulfate. 


determination of the endpoint showed that both methods gave the 
same results. 


Two recovery series were run, one prepared by dissolving 0.8942 g. 
of dried mephentermine sulfate in 40.0 ml. of water, the other by 
dissolving 0.5004 g. of dried mephentermine sulfate in enough water 
to make 25.00 ml. Seven replicate assays of 4-ml. aliquots of the 
first solution gave an average recovery of 99.2 f 1.0% with a range 
of 98.4 to 101.0%. 


Three replicates of 4-ml. aliquots of the second solution gave 
an average recovery of 100.3 5 0.4% with a range of 100.0 to 
100.7%. 


DISCUSSION 


The directions call for an indicator blank. If titration is carried 
out to the first color change, the blank is less than 1 drop (0.01 ml.); 
however, it is believed that some analysts will use the characteristic 
vivid green color. Titration to this point will give blanks of 0.02 to 
0.05 ml. 


The methods proposed are very much more rapid than those 
official in NF XII. The extraction process suggested for mephent- 
ermine sulfate injection is completed in less than 10 min. The results 
obtained, even though limited in number, appear to be within the 
expected analytical error. 
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Fluorometric Determination of Atropine and Hyoscyamine 
in Tablets and Injections 


LAURA A. ROBERTS 


Abstract [7 A fluorometric method has been developed for the 
quantitative determination of atropine and hyoscyamine in the 
presence of other belladonna constituents. Atropine and/or hyo- 
scyamine is extracted with chloroform from basic solution, and an 
aliquot of the extract is added to a chloroform solution of eosine 
yellowish. This solution, appropriately diluted, is read on a fluo- 
rometer at an excitation wavelength of 475 mp and an emission wave- 
length of 552 mp. Scopolamine, atroscine, and other components 
do not produce a measurable fluorescence in this procedure and 
thus need not be separated from atropine or hyoscyamine. 


Keyphrases 0 Belladonna alkaloid dosage forms-analysis 0 
Atropine, hyoscyamine-determination 0 Eosine yellowish-re- 
agent 0 Fluorometry-analysis 


I-Hyoscyamine and atropine (dl-hyoscyamine) have 
become prominent anticholinergic and mydriatic agents 
(1). They are incorporated, alone or with other drugs 
(e.g., scopolamine, barbiturates, and vitamins), in 


tablets, elixirs, injections, and capsules. Present official 
methods for the determination of atropine include a 
base-chloroform extraction followed by an acid-base 
titration (2), a base-chloroform extraction followed by 
a quantitative IR determinative step (3), and a per- 
chloric acid titration in acetic acid (4). These procedures 
require relatively large amounts of atropine. Atropine, 
however, usually appears in submilligram amounts in 
most dosage forms. 


A review of the literature revealed that much wcrk 
has been done on the quantitative determination of 
tropane alkaloids in plant material and in commercial 
drug products. Most analytical approaches were charac- 
terized by colorimetric and titrimetric determinative 
steps. Nin’o (5) determined atropine in aluminum 
hydroxide with belladonna tablets using a column 
separation followed by reaction with p-dimethylamino- 
benzaldehyde. Zielinska-Sowicka et al. (6),  Niezgodzki 
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Figure 1-Linearity offluoronietric measurement of atropine. 


and Manickowski (7), Saint-Firmin et al. (S), and Shipa- 
lov et al. (9) separated atropine group alkaloids by 
thin layer or paper chromatography and quantitated 
the alkaloids with Dragendorff reagent. Czyszewska 
et a/ .  (10) performed an atropine content determination 
on prolonged action Bellergot tablets1 containing ergot- 
amine tartrate, atropine sulfate, and phenobarbital2 
(5-amino-2,3-dihydro-1,4-phthalazinedione, Winthrop 
Laboratories) by reaction with bromthymol blue 
following solvent extraction of the alkaloids. Koch 
et al. (11) utilized a nitration procedure, followed 
by reduction to the aromatic amine, diazotization, and 
coupling, to assay belladonna alkaloids in combina- 
tion with phenobarbital. Toncheva (12), Ozimic (13), 
del Carmen Alvarez and Gomez-Serranillos (14), 
and Piasicka (1 5) employed a conventional acid-base 
titration as the determinative step after extraction of 
atropine from plant material. Timbekov and Kasymov 
(16), using potassium permanganate and potassium 
bromate as oxidizing agents, quantitatively determined 
hyoscyamine by amperometric titration. 


Belladonna alkaloids give similar or identical reac- 
tions in all the above determinative steps. Thus, in an 
analysis, unless the alkaloids are separated by thin 
layer or paper chromatographic techniques, only total 
alkaloids can be determined. Considering the similar 
chemical structures of atropine-hyoscyamine and atro- 
scine-scopolamine (alkaloids most commonly accom- 
panying atropine and hyoscyamine in drugs), an ana- 
lytical method that would quantitate atropine and 
hyoscyamine in the presence of these other alkaloids 
without any separation requirement would be the most 
desirable. A rapid fluorometric method for the deter- 
mination of small amounts of atropine and hyoscyamine 
in the presence of other compounds has been reported 
by Ogawa et a/. (17). This method was investigated by 
the author, modified, and adapted to the analysis of 
atropine and hyoscyamine alone and in combination 
with other pharmaceutical components. 


The method is based on the fact that atropine and 
hyoscyamine form highly fluorescent salts with eosine 
yellowish, and these salts are soluble in chloroform. 
Scopolamine and atroscine in combination with eosine 
yellowish produce the same fluorescence spectra as 


1 Bellergot. 
2 Luininal. 


atropine and hyoscyamine, but the intensity is 1/80 
of that produced by atropine and hyoscyamine (17). 
Since these alkaloids also appear in submilligram 
amounts in drugs, they do not interfere with the atropine 
hyoscyamine assay procedure. 


In the method developed, the alkaloids are extracted 
from a basic solution with chloroform, and an aliquot 
of the extract is added to a chloroform solution of 
eosine yellowish. This solution, appropriately diluted, 
is read on a fluorometer at an excitation wavelength of 
475 mp and an emission wavelength of 552 mp. Excita- 
tion at 475 mp was chosen because it produced a more 
intense emission at 552 mp than the other possible, 
practical excitation wavelengths investigated, i.e., 
320 and 365 mp. The blank emission is small at a 475 
mp excitation. Other constituents of belladonna 
besides the scopolamine and atroscine discussed were 
found not to interfere with the analysis (17). 


The acid form of eosine yellowish fluoresces to a 
negligible extent. However, the salt form is highly 
fluorescent, and atropine and hyoscyamine are suffi- 
ciently strong bases to convert eosine yellowish to 
a salt in chloroform, resulting in the production of 
fluorescence. Tropine, a hydrolytic degradation product 
of atropine and hyoscyamine, also reacts with eosine 
yellowish to produce a measurable fluorescence. This 
method, along with the methods referenced above, 
cannot distinguish tropine from atropine or hyoscy- 
amine. The basicities of scopolamine and atroscine 
are weakened by the presence of an electron withdraw- 
ing epoxide group in the molecule, and these com- 
pounds are unable to effectively ionize eosine yellowish 
to produce a measurable fluorescence. Scopine, a 
degradation product of scopolamine and atroscine, and 
scopoline, a rearranged amino-alcohol degradation 
product, behave in a similar manner. 


Considering the reaction involved, the use of this 
method is precluded in the presence of strong organic 
bases not previously separated from atropine and 
hyoscyamine. Organic acids which might affect the 
reaction are separated from atropine and hyoscyamine 
in a basic-extraction step. Alcohol also interferes with 
the reaction; therefore, chloroform must be water- 
washed before use in this procedure, and pharmaceu- 
ticals to be analyzed must be alcohol-free. Benzyl 
alcohol, a preservative commonly found in atropine- 
containing drugs, does not produce measurable fluores- 
cence when combined with eosine yellowish and thus 
does not interfere with the procedure. 


The method is not applicable to methyl bromide or 
methyl nitrate derivatives of atropine and hyoscyamine. 


Fluorescence was found to be proportional to concen- 


Table I-Recovery of Atropine Sulfate and Hyoscyamine 
Hydrobromide from Simulated Pharmaceutical Preparations 


_ _ _ _ _ ~ ~ ~  ~ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  


,Z Re- 
Synthetic Added Found covery 


No. 1 0.510 mg./ml. of atro- 0.513 mg./ml. I01 


No. 2 1.25 mg. of hyo- 1.23 mg. 98.4 
pine sulfate 


scyamine hydro- 
bromide 
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Table II-Analysis of Commercial Products 


% of Label 
Dosage Form Declared Composition Amount Determined Claim Found 


Injection Atropine sulfate 


Injection Atropine sulfate 


Injection Atropine sulfate 


Benzyl alcohol 
Sulfuric acid 


Chlorobutanol 
Sulfuric acid 


Benzyl alcohol 


~~ 


15 mg./ml. Atropine sulfate 
1% 


0.5 mg./ml. Atropine sulfate 


0 . 4  mg./ml. Atropine sulfate 
1 %  


- 


0 . 5 %  - 


98.3 


97.4 


107 


Per Tablet 
Tablets Hyoscyamiae sulfate 0.30 mg. Hyoscyamine sulfate PO3 


Atropine sulfate 0.06 mg. plus atropine sulfate 
Scopolamine hydrobromide 0.02 mg. 
Phenobarbital 45 mg. 


Tablets 
Per Tablet 


Hyoscyamine hydrobromide 0.225 mg. Hyoscyamine plus atropine 
Atropine sulfate 0.019 mg. 
Scopolamine 0.006 mg. 
Vinbarbital 30 mg. 


96.9 


Per Tablet 
Tablets Hyoscyamine 0.4507 mg. Hyoscyamine plus atropine 98.4 


Atropine sulfate 0.0372 mg. 
Scopolamine hydrobromide 0.0119 mg. 


tration in the range 1 to 5 mcg./ml. (Fig. 1). There was 
no change in fluorescence between 5 and 20 min. How- 
ever, erroneous data result if the reaction is performed 
in sunlight or fluorescent light due to the hydrochloric 
acid produced by the decomposition of chloroform 
(16). Alcohol-free chloroform reacts with oxygen in 
the presence of light to  form hydrochloric acid and 
phosgene. 


EXPERIMENTAL 


Apparatus-Spectrophotofluorometer-Capable of measuring 
fluorescence at an excitation wavelength of 475 mp and an emission 
wavelength of 552 mp, with a slit arrangement for routine work.‘ 
Parameters: use a xenon lamp, and set meter multiplier at 0.3, 
sensitivity to about 30, excitation wavelength at 475 mp, and emis- 
sion wavelength at 552 mp. 


Reagents-Chloroform-Water-washed, freshly prepared. Per- 
form any operations with chloroform under subdued light. 


Eosine Yellowish Solution-Dissolve 100 mg. of dye (FD&C Red 
No. 22, ofdisodium tetrabromofluorescein) in 100 ml. of water, acid- 
ify with 10% sulfuric acid, and extract with about 90 ml. of chloro- 
form. Add the extract to a 100-ml. volumetric flask through a pled- 
get of chloroform-moistened cotton. Dilute to volume with chloro- 
form. 


Reference Standard-Weigh 2.0 mg. of atropine or hyoscyamine 
into a 100-ml. volumetric flask and dilute to volume with chloro- 
form. Alternatively, weigh 2.40 mg. of atropine sulfate or 2.25 mg. 
of hyoscyamine hydrochloride into a separatory funnel, make 
alkaline with 0.1 N sodium hydroxide, and extract with three 25- 
ml. portions of chloroform. Add each extract to a 100-ml. volu- 
metric flask through a chloroform-moistened pledget of cotton. 
Dilute the solution to volume with chloroform. 


PROCEDURE 


Sample Treatment-<Perform these operations under subdued 
light.) 


Solid Dosage Forms-Weigh an amount of finely powdered 
sample equivalent to about 2 mg. of atropine (or atropine plus 
hyoscyamine) into a separatory funnel. Add 5 ml. of 0.1 N NaOH 
and extract with four 20-ml. portions of chloroform. Add each 
extract to a 100-ml. volumetric flask through a chloroform-moist- 


Aininco- Bon man Sp~cirophotofluorotnct~r ,with i i  xc‘noii energy 
souric ,1nd slit itrrunpr‘ment No. 3, or equiwlc‘nt instriinicnt. 


ened pledget of cotton. Dilute the combined extracts to volume 
with chloroform and mix. Pipet 3.0 ml. of this solution into a 25-ml. 
volumetric flask, add 3.0 ml. of eosine yellowish solution, and 
dilute to volume with chloroform. Mix and let stand 10 min. 


Concomitantly pipet 3.0 ml. of reference standard into a 25-ml. 
volumetric flask and proceed as above, beginning with “ .  . .add 
3.0 ml. of eosine yellowish solution. . . .” 


Nonalcoholic Liquids-Pipet an amount of sample equivalent to 
2.0 mg. of atropine (or atropine plus hyoscyamine) into a separator. 
Continue as for solid dosage forms, beginning with “add 5 ml. 
of 0.1 N NaOH. . . .” 


Determination-Adjust the fluorometer to 80% transmission 
with the fluorescence reference standard. Transfer about 4 ml. of 
the sample solution to a clean 10 x 10-mm. cell and read. Use 3.0 
ml. of eosine yellowish solution plus 22.0 ml. of chloroform as a 
blank. 


Calculate as follows: 100 X C X (FJF8) = G ,  where Cis  the 
concentration of the reference standard in milligrams per milliliter 
(before taking 3-ml. aliquot), F,  and F, are, respectively, the 
fluorescence at 552 mw of sample and standard, each corrected for 
the blank, and G is the amount in milligrams per milliliter of atropine 
hyoscyamine in the sample taken. 


RESULTS AND DISCUSSION 


Table I shows recoveries of atropine sulfate and hyoscyamiiie 
hydrobromide standards from simulated preparations consisting of 
atropine sulfate or hyoscyamine hydrobromide combined with 
drug components usually found with these belladonna alkaloids in 
commercial dosage forms. Synthetic No. 1 was a liquid containing 
0.510 mg./ml. of atropine sulfate, 1 % benzyl alcohol, and water. 
Synthetic No. 2 was a powder composed of 1.25 mg. of hyo- 
scyamine hydrobromide, 1.03 mg. of scopolamine hydrobromide, 
50.4 mg. of phenobarbital, and about 0.5 g. of lactose. Recoveries 
from both synthetics were good. 


The above procedure has been applied to the determination of 
atropine and/or hyoscyamine in tablets and injections including 
those containing scopolamine, barbiturates, methyl and propyl 
parabens, benzyl alcohol, and chlorobutanol. The analyses of some 
of these commercial products are given in Table 11. The analyses 
show good agreement with the label declarations. 


The fluorometric procedure described here permits the deter- 
mination of small quantities of hyoscyamine and atropine in the 
presence of scopolamine and atroxine. Conventional methods of 
analyses do not distinguish between these two groups of alkaloids. 
The fluorometric determinative step is sensitive, which is an advan- 
tage, considering the small amounts of hyoscyamine and atropine 
usually found in pharmaceuticals. Also, it is superior to an UV 
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spectrophotometric determinative step because of the low absorp- 
tivity of atropine and hyoscyamine, e.g., a of atropine sulfate = 
6.31 inO.l NH&04(18). 
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Automated Assay of Single Tablets of Digoxin 


JAMES W. MYRICK 


Abstract 0 An automated analytical system has been used to de- 
termine the amount of digoxin in single tablets at a level of 0.25 mg. 
per tablet. The active ingredient in an alcoholic solution was oxi- 
dized with periodate; after removal of the excess periodate with 
arsenite, reaction with 2-thiobarbituric acid at 75” produced a visi- 
ble color which was recorded from a colorimeter. Interference by 
dextrose, which may be present in the tablet, was eliminated by a 
simultaneous determination at a different wavelength. Relative 
standard deviation of the method was 0.7% for powdered tablet 
samples and 1.0% for an authentic tablet formulation. 


Keyphrases 0 Digoxin tablets-analysis 0 Automated procedure- 
digoxin, single tablets a Diagram-automated analysis, digoxin c] 
Colorimetric analysis-spectrophotometer 


Digoxin, one of the active ingredients isolated from 
Digitalis lanata, is frequently used in the treatment of 
congestive heart conditions to increase the force of 
contraction and to increase cardiac tone. Patients 
placed under digitalis medication undergo two phases 
of administration-the initial course for digitalization 
and the second for maintenance. Both of these phases 
require individualized supervision to  secure proper 


results. Since the duration of action of digoxin is one- 
third to  one-seventh as long as digitoxin, the dosage 
of digoxin needed to  control the patient must be ac- 
curately quantitated. Because of this need for accuracy, 
the USP (1) has established a content uniformity re- 
quirement in its monograph for digoxin tablets. 


Various colorimetric assays for digoxin have been 
reported. Alkaline picrate was used as reagent by 
Baljet (2), xanthydrol by Pesez (3), 3,5-dinitrobenzoic 
acid by Tattje (4), acetone-phosphoric acid by Dequeker 
and Loobuyck (9, ferric chloride, acetic acid, and sul- 
furic acid by James et al. (6),  2,4-dinitrodiphenylsulfone 
by Tattje (7), thiobarbituric acid by Mesnard and 
Devaux (S), and rn-dinitrobenzene by Houk et al. (9).  
An automated method based on acid-induced fluores- 
cence was proposed by Khoury (10) but it was not 
reproducible in our laboratory because of instability 
of the fluorometer. Literature on applications of auto- 
mated analyses to  pharmaceutical formulations are now 
fairly extensive and several compilations exist (1 1). 
A survey of the colorimetric analytical methods indi- 
cated a lack of sensitivity or suitability for automation 
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hydrogens. These changes were attributed to increase in basic 
strength and hydrogen-bonding ability on methylation. 


The pH of the amide solution did have some effect upon the 
particular amide solution’s tendency to damage human blood cells. 
The low pH of the DEF solutions appears to be the reason for the 
total destruction of cells at very low amide concentrations. When 
buffered to a near-neutral pH, the critical concentration was raised 
from 0.4 to 10% (Table 11). With the other amide solvents, there 
was little change in the critical concentration by the addition of an 
isotonic phosphate buffer since none of these amide solutions had 
inherently high or low pH values. 
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Spectrophotometric Analysis of Glucose and Mixtures 
of Glucose, Fructose, and Sucrose 


EDWARD R. GARRETT and JOHN F. YOUNG 


Abstract 0 The aldose-ketose equilibrium in dilute alkali is utilized 
to transform a reproducible fraction of glucose to fructose; e.g., 
0.20 N NaOH, 40”, 3.5 hr. Acid treatment, e.g., 1.0 N HCI, SO”, 
10 hr., of this alkaline equilibrium solution results in the production 
of spectrophotometrically assayable hydroxymethylfurfural (HMF) 
(Ams. = 283 mp) from the fructose produced. Glucose yields negli- 
gible HMF under these acid conditions prior to alkaline treatment. 
These two techniques permit the assay of fructose and glucose in 
mixtures. After 30 hr. of alkaline treatment under the stated con- 
ditions, fructose and glucose do not yield any HMF on acidification. 
However sucrose is stable under these conditions and on acidifica- 
tion hydrolyzes to fructose which yields a proportional amount of 
HMF. These facts permit the assay of fructose, glucose, and sucrose 
in mixtures. This assay is sensitive to concentrations for all three 
sugars as low as M. 


Keyphrases 0 Glucose-analysis Fructose, glucose, sucrose mix- 
ture-analysis 0 Aldose-ketose equilibrium, dilute alkali-glucose 
transformation to fructose 0 Hydroxymethylfurfural formation- 
acid treatment aldose-ketose equilibrium 0 UV spectrophoto- 
metry-analysis 


The primary chemical methods for the analysis of 
glucose have been based on general methods for re- 
ducing sugars, such as oxidation by alkaline copper or 
ferricyanide solutions (1-5). Glucose has been analyzed 
in effluents after paper or column chromatographic 
separations of mixtures of sugars (6). Glucose has 
also been analyzed by GC after derivatization of sugar 
mixtures (7). Carbazole in sulfuric acid reactions (8), 
differential reaction-rate techniques (9), and dialysis 


based on differential kinetics (10) have also been applied 
to the determination of sugar mixtures. 


Haworth and Jones (1 1) showed that acidification of 
an alkaline glucose solution could result in the pro- 
duction of hydroxymethylfurfural (HMF). Thus it is 
anticipated that with selective conditions of sequential 
alkali and acid treatment, a quantitative chemical 
analysis could be established for glucose based on the 
spectrophotometric assay of the HMF produced. 


The Lobry de Bruyn-Alberda van Ekenstein trans- 
formation (12, 13) is the alkaline catalyzed equilibra- 
tion of aldoses and ketoses through a possible enediol 
intermediate. The hexoses, mannose, glucose, and 
fructose, undergo such an alkaline equilibration 
(Scheme I). 


Negligible 


No effect 
Possible 


Fructose Mannose 


Scheme I-Acid and base transformations of sugars 


HMF 
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Table I-Results of Assays of Mixtures of Glucose and Fructose" 


-104[Glucose]---- -104[Fructose]- 
Mixture Concn. Found Concn. Found 


1 3.20 3.2q0.11) 0.20 0.25(0.02) 
2 3.20 3.33(0.17) 0.40 0.42(0.03) 
3 3.20 3.1q0.14) 0.80 0.82(0.03) 
4 3.20 3.31(0.21) 1.60 1.57(0.06) 
5 3.20 3.72(0.28j 3.20 3.12(0.08j 
6 1.60 1.73(0.14) 3.20 3.240.05) 
7 0.80 0.7q0.14j 3.20 3.22io.ioj 
8 0.40 0.50(0.10) 3.20 3.21(0.01) 
9 0.20 0.21(0.07) 3.20 3.25(0.09) 
10 0.40 0.27(0.02) 1.60 1.62(0.04) 
11 0.80 0.57(0.08) 0.80 0.86(0.06) 
12 1.60 1.37(0.07j 0.40 0.45(0.04j 
13 10.00 9.640.84) 1.00 0.92(0.04) 
14 10.00 9.8qo.9ij 2.01 i.85i0.07j 
15 10.00 10.61(0.66) 4.01 3.81(0.09) 
16 10.00 10.52(0.54) 8.02 7.93(0.30) 
17 10.00 10.40(0.16) 10.03 9.7H0.32) 
18 8.00 8.59(0.4ij 10.03 10.20(0.i4j 
19 4.00 4.21(0.19) 10.03 10.19(0.12) 
20 2.00 i.9qo.59j io.03 10.20io.26j 
21 1.00 0.95(0.39) 10.03 10.16(0.18) 
22 2.00 1.81(0.28) 8.02 7.9q0.20) 
23 4.00 3.86(0.16) 4.01 3.97(0.10) 
24 8.00 8.15(0.21) 2.01 1.96(0.06) 


a The parenthetical standard deviations are based on four values for 
Mixtures 1-12 and on eight values for Mixtures 13-24. 


Fructose has been shown to yield H M F  under selec- 
tive acidic conditions (14). This reaction occurs only 
to a minor extent with aldohexoses such as glucose 
and mannose. 


Since the rates of fructose appearance and disappear- 
ance as monitored by HMF formation varied with fruc- 
tose, glucose, mannose, or sucrose as the starting mate- 
rial, it was feasible to establish standard controlled 
conditions to assay for each of these components in 
mixtures. Judicious use of sequential alkaline and acidic 
treatment resulted in the analysis of each component. 


This paper presents the statistically evaluated meth- 
ods and procedures based on these principles for the 
analysis of glucose alone and in mixtures with sucrose 
and fructose. 


EXPERIMENTAL 


Materials-A spectrophotometer (Beckman model DU), slit 
width 0.1 mm., was used to measure the absorbance of HMF. 
Glucose and fructose (Distillation Products Industries); and sucrose 
(Everglades Sugar Refinery) were used. All other chemicals were of 
analytical reagent grade. 


Glucose Analysis-A 5-ml. aliquot of glucose solution was added 


to 20 ml. of preheated 0.25 N NaOH at 40" to prepare a solution 
0.20 N in NaOH. After 3.5 hr. of alkaline treatment, a 5-ml. ali- 
quot was acidified with 20 ml. of HCI to result in a 1.0 N HCI 
solution. This acidic solution was placed in an 80" constant-tem- 
perature bath for 10 hr. An aliquot was taken, cooled, appropriately 
diluted, and read at 283 mp against a water blank. The absorbance 
of this HMF chromophore was linear with respect to the original 
glucose concentration over a range of 1 to 30 X W4 M. 


Sugar Mixture Analysis-Sugar mixtures of glucose, fructose, 
and sucrose were analyzed by determining the HMF content on the 
acidification of three aliquots; two of which were first reacted with 
alkali for specific times. Analogous to the glucose assay, a 5-ml. 
sample of the sugar mixture was placed in 20 ml. of preheated 
(40") 0.25 N NaOH to prepare a solution 0.20 N in NaOH. A 5-ml. 
sample was taken from this alkaline solution after 3.5 hr. and an- 
other after 30 hr. of alkaline treatment, The alkaline aliquots were 
acidified with 20 ml. of HCI to result in a 1.0 N HCI solution. One 
milliliter of the original sugar mixture solution was directly acidified 
with 24 ml. of HCI to result in a 1.0 N HCI solution. When sucrose 
was not present, the 30-hr. sample was omitted. 


These acidic solutions may be stored in the refrigerator before 
heating in the 80" bath without affecting the final absorbance. 


After placing the acidic solution in a 80' constant-temperature 
bath for 10 hr., the absorbances at 283 mp of the appropriately 
diluted three samples were read on cooling against a water blank. 


Standards must be run daily for each individual sugar in a similar 
manner. Satisfactory calibration curves were obtained by making 
two replicate assays on one high and one low sugar concentration. 


Statistical Design-The analysis of mixtures of glucose and fruc- 
tose was replicated twice for each of 2 days. Calibration curves 
(five points) were obtained for fructose at 0 hr. and for fructose 
and glucose after 3.5 hr. of alkaline treatment. Hexose mixtures 
ranging in concentrations from 0.2 to 10 X M for each sugar 
(Table I) were analyzed. 


Analysis of mixtures of glucose, fructose, and sucrose were repli- 
cated twice on each of 3 days to estimate the errors associated with 
these procedures. Two concentrations (2 and 4 X lop4 M )  of each 
sugar were used in all combinations to make eight mixtures (Table 
IT, Mixtures 1-8). Each individual sugar at the stated concentra- 
tions was analyzed in duplicate each day to determine the calibra- 
tion curves. 


In addition three other ternary mixtures were replicated five 
times within 1 day (Table 11, Mixtures 9-11). Appropriate standards 
were run concurrently. 


RESULTS AND DISCUSSION 


The alkaline transformation between ketoses and aldoses was 
first characterized by Lobry de Bruyn and Alberda van Ekenstein 
in the late 1800's (12, 13). Since an accurate and simple procedure 
has previously been reported from the authors' laboratories (14) 
for the assay of fructose, it was conceived that if glucose would give 
some proportionate amount of fructose via this alkaline transforma- 
tion, assaying for fructose would permit an indirect determination 
of glucose. This hypothesis has proven correct. 


Fructose when placed in 1.0 N HCl at 80" resulted in a maximum 
yield of HMF after 10 hr. (14); glucose and mannose when treated 
similarly yielded a negligible amount of HMF. When the alkaline 


Table 11-Results of the Assay of Mixtures of Glucose, Fructose, and Sucrosea 


104 G I U C O S W  ---- lo4 Fructose lo4 Sucros- 
Mixture Concn. Found Concn. Found Concn. Found 


6 
7 
8 
9 
10 
11 


2.00 
4.00 
2.00 
4.00 
4.00 
2.00 
4.00 ... 


2.00 
4.02 
2.01 
3.02 


1.8q0.64) 
3.82(1.21) 
2.37C0.54) 
3.37i0.96 
4.32(0.84) 
1.82(0.21) 
3.93(0.91) 
2.80(0.91) 
3.71(0.22) 
l.N(O.36) 
2.81(0.27) 


2.00 
2.00 
4.00 
4.00 
4.00 
4.00 
2.00 
2.00 
2.01 
3.01 
4.02 


2.21(0.25) 
2.68(0.09) 
4.28(0.34) 
4.30(0.49) 
4.2M0.33) 
4.37io. 215 
2.oq0.15j 
2.10(0.46) 
1.93(0.28) 
2.80(0.07) 
3.53(0.07) 


2.00 
4.00 
4.00 
2.00 
4.00 
2.00 
2.00 
4.00 
3.00 
4.00 
2.00 


1 .97(0.14) 
3.79(0.17) 
3.91(0.22) 
2.16(0.16) 


2.09(0.13j 
3.93(0.24) 
3.33(0.09) 
4.17(0.05) 
2.2 l(0.04) 


The parenthetical standard deviations are based on six values for Mixtures 1-8 and on five values for Mixtures 9-1 1. 
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Figure 1-Temperature effects on the absorbance of hydroxymethyl- 
furfural derived from glucose (0.006 M) in 0.20 N NaOH as a func- 
tion of time. Aliquots of the alkaline equilibrium mixture are acidified 
to 1.0 N HCI, reacted at 80" for 10 hr., appropriately diluted, and 
the hydroxymethyljiurfural absorbance measured (283 mp). The 
plotted absorbances of the solutions were corrected for the dilutions. 
Key: A, 25"; B, 35"; C ,  40"; D, 50". 


glucose transformation mixture was acidified and the amount 
of fructose formed was measured by obtaining the absorbance of the 
derived HMF, a means of monitoring the rate of achievement of 
the equilibrium and subsequent degradation of the transformed 
sugar was obtained. The degradation product of sugars in alkali 
are most probably due to the aldol condensations, oxidation- 
reduction disproportionations, and polymerizations which readily 
occur with aldehydes and alcohols in alkaline solution. The facts 
that fully alkaline-degraded glucose and fructose (40", 0.20 N 
NaOH, 30 hr.) do not give rise to an HMF chromophore on acidi- 
fication, and that their degradation products do not interfere with 
the HMF yield from the fructose derived from the alkaline-unde- 
graded sucrose on acidification are proof that these degradation 
products do not interfere with the HMF absorbance derived from 
fructose. 


Both the temperature (Fig. 1) and alkaline concentration (Fig. 2) 
affect the rate and yield of this transformation. The conditions 
chosen for the conversion of glucose to fructose were 40" in 0.20 N 
NaOH. 


The glucose assay was applicable to a concentration of 1 X lo-* 
M with an accuracy of about 4 z .  The linear correlation coefficient 
was 0.999 for a calibration curve over the range of 1 to 30 X M 
in glucose (Fig. 3). 


Mixtures of glucose and fructose were analyzed at concentrations 
from 0.2 to 10.0 X 10-4 M in hexose. The error for fructose was 
about 4% and for glucose about 9 %. There was no significant varia- 
tion among days when daily calibration curves were prepared. 
Representative data are presented in Table I. 


The analysis of mixtures of glucose, fructose, and sucrose were 
based upon the following experimental facts: (a) glucose, without 
prior alkaline treatment, did not form significant amounts of HMF 
under these conditions (14); (b )  a maximum conversion of glucos 


10 20 30 40 50 60 
TIME, hr. 


Figure 2-Alkaline effects on the absorbance of hydroxymethyljiur- 
fural derived from glucose (0.006 M) at 35" as a function of time. 
Aliquots of the alkaline equilibrium mixture are acidified to 1.0 N 
HCI, reacted at 80" for 10 hr., appropriately diluted, and the hy- 
droxymethylfurfural absorbance measured (283 nzp). The plotted ab- 
sorbances of the solutions were corrected for the dilutions. Key: 
A, 0.10 N NaOH; B, 0.20 N NaOH; C ,  0.40 N NaOH; D, 0.60 
NaO H. 


U 
0 


0 z 
1.0 


a 
0.5 


z m 
a 0  
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Figure 3-Calibration curve for the spectrophotametric analysis oJ 
glucose. Glucose is reacted at 40" for 3.5 hr. in 0.20 N NaOH; an 
aliquot is obtained, acidified to 1.0 N HCI, reacted for 10 hr. at SO", 
appropriately diluted, and the hydroxymethy[furfural absorbance 
measured (283 mp). The plotted absorbances of the solutions were 
corrected for the dilutions. 


to fructose occurred after 3.5 hr. at 40" in 0.20 N NaOH (Figs. 1 
and 2); (c )  fructose, after the initial equilibration, degraded in 
alkali by an apparent first-order process; (d) sucrose was stable in 
0.20 N NaOH at 40" (Fig. 4); and (e )  neither glucose nor fructose 
at M concentrations yielded significant HMF upon acidifica- 
tion after 30 hr. at 40" in 0.20 N NaOH. Analyses of HMF after 
0.20 N NaOH treatment of 0, 3.5, and 30 hr. at 40" were picked 
as the basis for the assay of the sugar mixtures. 


Since glucose is not significantly contributing to the chromophore 
at zero time relative to the alkaline treatment, the total absorbance 
(A)  due to the HMF formed by acidification of molar concentrations 
of sucrose (A'), glucose (G), and fructose (F), was represented by: 


Ao = (Y,SS + (Y:F (Eq. 1) 


where 01 represents the molar absorptivity of HMF times the 
fraction of that sugar available to form HMF on acidification. 
After 3.5 hr. of alkaline treatment, the total absorbance of the acid- 
generated chromophore was due to the contribution of all three 
species : 


A3.5 = (Y&S + f (Eq. 2) 


The total absorbance of the acid generated chromophore after 30 
hr. of alkaline treatment was due only to the sucrose: 


Ago = &S (Eq. 3) 


The (Y values were obtained from the slopes of the calibration curves 
for the individual sugars degraded in alkali for the specific times of 
0, 3.5, and 30 hr. at 40" in 0.20 N NaOH. Calibration curves should 
be prepared concomitantly with the analysis of unknowns. 


Slight negative but reproducible intercepts were observed in all 
standard calibration curves against the water blanks. Therefore 
more accurate versions of Eqs. 1-3 were the following. 


Ao = C U ~ S  + ( Y ~ F  - l o  (Eq. 4) 


A3.5 = CUXS + (Y&F + (Y,"~G - Z3.5 (Eq. 5 )  


A30 = ( Y f o s  - 1 3 0  (Eq. 6)  


where the Z H R  represents the positive values of the negative inter- 
cepts and 


lo = ZOs + laF (Eq. 7) 


1 3 . 6  = 13.5' + 1 3  g F  + 13.5' (Eq. 8) 


130 = 130' 0%. 9) 
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Table 111-Intercept (I) and Apparent Molar Absorptivity Value (01) for the Pure Sugars. 


I -0.020 -0.035 -0.060 -0.037 -0.015 -0.065 
a! 3240 f 209 1307 f 77 1 3 3 4 f  138 3443 f 225 3501 f 148 3559 f 269 


Based on the measured absorbance (A) at 283 mp [after the necessary alkaline treatmenf of fructose (FxR), glucose (GEE), and sucrose ( S E E ) f o r  
the specified hours in 0.20 N NaOH at 40°, given by the lettered subscnpts, and subsequent aci&fication in 1.0 N HCI for 10 hr. at SO'] plotted against 
the individual sugar concentration in accordance with the equation: A = 01 [sugar] + I .  


Rearranging of Eqs. 4-6 for the calculation of the sugar concen- 
tration resulted in the following forms: 


(Eq. 10) 


(Eq. 11) 


s = ( A 3 0  + 130)/o(80s 
F = (Ao 4- l o  - ( Y O ~ S ) / O ( O ~  


G = (A3.5 + 1 3 . 5  - o~LS - &F)/o(3.P 0%. 12) 


Due to the small errors of the multistep process, the ~ ( H R ~  values 
show a small amount of variance (Table 111). 


This assay procedure is only as accurate as the calibration curve 
that obtains the a! and I values. Repeated experiments have indi- 
cated that the intercepts are fairly constant for each particular time 
and sugar. The slopes however varied somewhat from day to day 
(Table 111). 


The error of the sucrose assay in such ternary mixtures is the 
smallest (4%). The errors of fructose (9%) and glucose (18%) 
analyses are larger due to the inherent nature of the assay. The 
analysis of glucose has the largest error since the difference calcu- 
lations add both the sucrose and fructose experimental error to the 
glucose error. 


Mixtures of glucose, fructose, and sucrose were run at concen- 
trations ranging from 1.6 to 10.0 X low4 M i n  sugar. There was no 
significant variation among days when daily calibration curves 
were prepared. Representative data are presented in Table 11. 


Similar procedures can also be applied for the analysis of mixtures 
of mannose, fructose, and sucrose. If glucose and mannose are in 
the same mixture, an additional sample would be needed (7 hr. 
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Figure &The conversion of 0.006 M glucose (GI to fructose, the 
loss of 0.006 M fructose (F), and the invariant availability of fructose 
f rom 0.006 M sucrose ( S )  in alkali with time. The reactions were fol- 
lowed by acidifying aliquots of the 0.20 N NaOH solution ac 40" to 
1.0 N HCI, reacting at 80" for 10 hr., and measuring the absorbance 
of the hydroxymethyrfurfural derived from fructose at 283 mp. 


1 0  I ,  I I I I I * I I 


in 0.20 N NaOH at 40") to be able to differentiate between the glu- 
cose and mannose. 


SUMMARY 


An accurate method has been devised for the indirect analysis of 
glucose ( 3 ~ 4 %  in the range of 1.0 to 10.0 X 10-4 Mglucose) utilizing 
the Lobry de Bruyn-Alberda van Ekenstein transformation of glu- 
cose to proportional amounts of fructose under specific conditions 
of alkali (0.20 N NaOH) and temperature (40"). The fructose formed 
was converted in acid to the spectrophotometrically assayable 
hydroxymethylfurfural at 283 mp. 


Glucose and fructose in mixtures can be analyzed by determining 
the HMF content on the acidification of two aliquots; one of which 
was first reacted in alkali for 3.5 hr. 


A simple procedure has been devised for the simultaneous analysis 
of mixtures of glucose, fructose, and sucrose by determining the 
HMF content on the acidification of three aliquots; two of which 
were first reacted with alkali for specific times. 


The assay of a solution of an individual sugar was accurate to 
f 4 z .  The error with additional sugars in a mixture was higher due 
to the inherent calculations of the assay. 
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surface and not those in close proximity to  the micelle 
surface, so giving a low hydrogen ion determination. 
These discrepancies between ORD and CD determina- 
tions are being further investigated. 


(1) S. Bonkoski and J. H. Perrin, J. Pharm. Pharmacol., 20, 
934( 1968). 
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The Biogenesis of Gramine 


- 


Keyphrases Gramine biogenesis-literature correction 0 
Tryptophan relation-gramine biogenesis 


Sir: 


Many years ago I demonstrated (1, 2) that dl- 
tryptophan-P-14C fed to sprouting barley, is transformed 
into the alkaloid gramine in which the 14C is located in 
one position, corresponding to that in the administered 
tryptophan, strongly suggesting that it was a precursor 
of gramine. This was one of the first demonstrations, 
using a radioactive compound, that an alkaloid could 
be formed from an amino acid. 


In a recent paper (3), Digenis states “Based on other 
tracer experiments and the fact that tryptophan was 
formed in Neurospora by a condensation reaction be- 
tween indole and L-serine, Bowden and Marion sug- 
gested a reversal of the above-mentioned tryptophan 
biosynthesis could possibly lead to indole and L-serine 
in barley. This suggested that the indole could sub- 
sequently react in a Mannich-type reaction with formal- 
dehyde and dimethylamine to  produce gramine.” Later 
in the paper the author continues, “However, Leete and 
Marion were able to show that the bond between the 
3-position of the indole nucleus and the side chain of 
tryptophan remained intact during the biosynthesis 
of gramine in barley, thus disposing of the hypothesis of 
Bowden and Marion described above.” 


An examination of the only two papers I have pub- 
lished (1, 2), to which Digenis refers, will show that in 
themno theory onthe biogenesis of gramine from trypto- 
phan is proposed or implied. The only conclusion 
reached was, I quote, “that tryptophan is a precursor of 
gramine in barley,” a conclusion that has been amply 
justified by subsequent investigators. 


(1) K. Bowden and L. Marion, Can. J.  Chem., 29, 1037(1951). 
( 2 )  Zbid., 29, 1043(1951). 
(3) G. A. Digenis, J,  Pharm. Sci., 58, 39(1969). 
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Drug Transport I : Effect of 
Potassium Ion on the In V i m  Transfer 
of Several Drugs Across the Rat Intestine : 
Preliminary Observations 


Keyphrases Intestinal transport, drug-K+ effect I3 K +  sub- 
stitution of Na +-in oitro intestinal transport 


Sir: 


Recent work in our laboratory concerning factors that 
affect drug transport has resulted in several interesting, 
preliminary findings as to the effect of replacing Na+ 
with Kf on the transfer of several drugs across the 
everted rat intestine. 


Sprague-Dawley rats, weighing approximately 250 
g., were fasted 20-24 hr. prior to  the experiment. Water 
was allowed ad libitum. The experimental method for 
preparing the everted rat intestine preparation has been 
described previously (1). After severing the intestine at 
the pyloric junction, the first 15 cm. of intestine are dis- 
carded and the following 20 cm. are divided into two 
10-cm. segments. The most proximal segment is desig- 
nated Segment 1, and the distal portion is designated 
Segment 2. A modified physiologic Kreb’s bicarbonate 
buffer,2 pH 7.4, was prepared to contain a total cation 


I 


I / 
d 


20 40 60 80 100 120 
TIME, rnin. 


Figure I-Cumulative transfer of riboflavin across the everted rat 
intestine. Mucosal concentration maintained essentially constant at 
20 rncg./rnl. Key: (O), Nu+-buffer; (O), K+-buffer; (0), K+-buffer 
for 60 min., then placed into Nu+-buffer (arrow). See text jor  details. 


~~~~ ~ 


1 Blue Spruce Farms, Altamont, N. Y. 
ZKCl, 5 m M ;  KHzPOa, 6 m M ;  NaHCOa, 26 mM; NaCl q.s. 


154 m M  cation (Na+ 4- I<+). 
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Properties of' Monolayers of Normal Alkyl Betaines 
at the Air-Water Interface 


N. G .  EVANS and N. PILPEL 


Abstract 0 A study has been made of the effects of pH and of tem- 
perature on insoluble films of N-octadecyl and N-behenyl NN- 
dimethyl glycine at the air-water interface. Condensation of the 
films at pH 4.5-6 is ascribed to the formation of zwitterions but 
there is no indication at present that an anionic species is 
produced on alkaline substrates. The two compounds have entropies 
of spreading of 1.58 and 2.55 cal. deg.-l cm.-2, respectively; their 
enthalpies of spreading are 4.11 and 6.94 kcal mole-' cm.-2. The 
results suggest that there is intramolecular neutralization of charges 
between N + and COO- groups in each molecule. 


Keyphrases 0 Alkyl betaines, normal-monolayer at air-water 
interface 0 pH, temperature effects-normal alkyl betaine films 0 
Force-area characteristics-normal alkyl betaine films 0 IR spectro- 
photometry-identity 


The properties of insoluble films of pure alkyl be- 
taines (N-alkyl NN-dimethyl glycines) at the air-water 
interface have not previously been described. 


The compounds have the general formula (1,2) 


RN+(CH&CHEOOH 


where R is the normal alkyl chain. 
The lower homologs which have been prepared in a 


pure state with R containing up to 16 carbon atoms 
(3, 4) are soluble in water. They behave as cationic sur- 
factants in acidic media but since, apparently, they do 
not become anionic in alkaline media, they cannot be 
regarded as truly ampholytic in nature (1). 


The higher homologs with R containing 18 or more 
carbon atoms are sparingly soluble in water and have 
to be synthesized by different methods from the lower 
homologs. 


In the present investigation N-octadecyl and N- 
behenyl NN-dimethyl glycine were prepared by react- 
ing alkyl bromides with NN-dimethyl glycine and re- 
crystallizing the products from nonaqueous solvents. 


ROH + Br, - [HOBr] + RBr 
red 


phosphorus < RN+(CH,),CH,COOH 


ZHCHO + NH,CH,COOH -% (CH3)2N.CH,COOH 


Monomolecular films of the two betaines were spread 
at the air-water interface and a study made of the effects 
produced on them by varying the pH and the tempera- 
ture of the substrate. 


Because of the presence of a quaternary nitrogen 
atom and a carboxylic group, the molecules retain an 
electrostatic charge over a wide range of values of pH. 


A study of the effects of temperature on the PA 
characteristics of a monolayer enables one to evaluate 
the energy functions of spreading (5, 6). Knowing the 
enthalpy and entropy of spreading of two compounds 
which differ only in the length of their hydrocarbon 
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Figure l(A)-ZR spectrum of octadecyl betaine hydrochloride. 
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Figure 1(B)-ZR spectrum of behenyl betaine. 


chains, information may be derived concerning the 
orientation of the molecules in a monolayer and the 
forces that act between them. 


EXPERIMENT AT, 


Preparation of Materials-The two betaines were prepared by 
dissolving the appropriate alkyl bromide and NN-dimethyl glycine 
in isopropanol at 40", adding anhydrous sodium carbonate and 
stirring for 72 hr. 


In the case of the behenyl compound, the precipitate was re- 
peatedly recrystallized from methanol-acetone (1 :2). The octa- 
decyl compound, however, appeared to be in a complex form (7); 
it was therefore evaporated to dryness, dissolved in a minimum 
of methanol, and treated with a slight excess of concentrated 
HCI (8), the precipitate was washed until free of electrolytes and 
recrystallized in the form of the betaine hydrochloride from ethanol- 
acetone (1 :2). The hydrochloride hydrolyses completely and there- 
fore exhibits the properties of the free base (3). 


The 1-bromo octadecane used was 99% pure (Eastman Kodak, 
m.p. 27.5'). The 1-bromodocosane (m.p. 37.5") was synthesized by 
bromination of pure docosanol (Fluka Limited, m.p. 73') using 
red phosphorus and bromine. The NN-dimethyl glycine (m.p. 
181.5") was prepared by hydrogenating a mixture of glycine and 
formaldehyde using palladized charcoal catalyst (9). 


The analyses of the betaines are given in Table I and Fig. 1 (A 
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and B) shows their IR spectra. These were free from strong ab- 
sorption bands at 2000 cm.-l due to N-H stretching, showing 
that the nitrogen atoms had been completely quaternized. The 
absorption bands at 2900 cm.-l were ascribed in C-H stretching, 
while the bands at 1700 cm.-l were due to the C=O group. The 
octadecyl compound had a weak absorption pattern between 2400 
and 2700 cm.-1. This probably arose from dimerization of the com- 
pound 


,0----HQ c1- 
// \ 


~ N + - C H , C  4 c.cH,-N+L \ 
/ 'OH-. ._ 0 


The behenyl betaine, however, being a free base did not dimerize 
due to residual negative charges on both oxygen atoms. 


The IR spectra were free from broad absorption bands, in- 
dicating absence of residual inorganic reagents and the purity 
of the compounds was confirmed by the elemental analysis shown in 
Table I and by the sharpness of the melting point of the octadecyl 
betaine. 


Measurement of Force-Area Characteristics-A thermostated, 
semi-automatic horizontal film balance, whose design and operation 
has been described (lo), was used for measuring the n-A curves of 
the betaines on triple-distilled water (surface tension 72.8 dyne 
cm.-l at 20", conductivity 1.1 to 1.2 X S2-l cm.-l, pH 5.6). 
The apparatus was equipped with a polonium PDC 1 ionizing air 
electrode system for simultaneously measuring surface potentials. 


The pH of the substrate was controlled between 3 and 12 with AR 
grade HCl or NaOH and its temperature was maintained between 
10 and 30" with an accuracy of f 0.1 O. 


The films were spread from a 1-mg./ml. solution in redistilled 
AR grade chloroform to a predetermined area per molecule, al- 
loyed to equilibrate for 5 min. and then compressed at the rate of 
3 Az/molecule/minute. This ensured reproducible n-A curves. 


The effect of changing the initial spreading area is illustrated in 
Fig. 2 which shows the T-A curves of the octadecyl compound at 


22 30 40 40 
AREA PER MOLECULE (A') 


Figure 2-The effect of initial spreading area 05 the a-A curves of 
octadecyl betairre hydrochloride. Key: a = 90A2, b = 80A2, c = 
70A z, d = 1 O O A  2/imolecule. 


Table I-Analysis of Betaines 


CHa CH3 


'CHs 'CH3 


CHa(CHz)n N/+CHzCOOHCl- CHs(CH2)zl N/+CHzC00- 


Ootadeeyl Betaine HC1 Behenyl Betaine 


Theo- Theo- ~ ~~ 


Found, retical, Found, retical, z %, z %, 


Carbon 67.2 67.4 73.58 75.66 
Hydrogen 11.4 11.7 13.00 13.18 
Oxygen 8.7 8.2 8.24 7.75 
Nitrogen 3.7 3 .6  3.88 3.39 
Chlorine 9.0 9 . 1  
Mol. wt. 386 391 412 414 
M.p. 182.5 - 


- - 
Unobtainable due to 
frothing from 150" 


upwards. 


pH 5.6 and 20". The curves became increasingly expanded as the 
material was initially spread at from 70 to 90 A2/molecule, but at 
100 Az/molecule there was slight condensation. This suggests that 
the betaine films become discontinuous above 90 A2/molecule 
(confirmed by measurement of the surface potential as shown in 
Fig. 3). At large areas per molecule, the betaine molecules may 
adopt a variety of orientations in the surface as a result of the weak 
repulsive forces between their head groups due to partial intra- 
molecular neutralization of their charges. 


RESULTS 


Figure 4 (A and B) shows the effect of pH on the T-A curves of the 
two compounds at 20". The films were substantially more ex- 
panded than those of the corresponding long chain fatty acids (ll),  
the octadecyl compound being more expanded than the behenyl 
compound because of its shorter hydrocarbon chain length, 


Both betaines appeared to be in the liquid expanded state over 
practically the whole range of surface pressure, though the behenyl 
film became highly viscous (as tested with talc particles) at areas 
less than 30 A2/molecule. 


The collapse pressures-about 40 dyne cm.-l for the octadecyl 
and about 50 dyne cm.-l for the behenyl compound-were practi- 
cally independent of pH. Thus even on strongly alkaline substrates 
they remained insoluble [unlike the long-chain fatty acids (1 l)]. 


Figure 4 also shows plots of Aa,  the extrapolated area per mole- 
cule at zero pressure, versus pH. Both betaine films showed a 
minimum which was ascribed to the ionization of the monolayer 
with the formation of zwitterions. The different positions of the 
minima for the compounds was due to the presence of chloride 


J i d t h  
l i8 .  cm. 266 291 290 


290 2 90 300 
2 90 239 300 


3 e r r i e r  F l o a t  
(a).Snread st 00.t~ p e r  m o l s a .  


T r w g h  


3 4  CD. 


195 240 .?55 230 


2!$ 2&5 14.0 


200 270 2:>5 '.:i4th 


r i o e t  


(b).Sprea9 st 109-?2 p e r  molecas .  


Figure 3-Surface potential distribution of octadecyl betaine HCI 
on triple-distilled water, pH 5.6, femperature 25 (in millivoits). 
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22 30 40 50 
AREA PER MOLECULE (As) 


Figure 4.(A)-The effect of p H  upon the K-A  curves of octadecyl 
betaine hydrochloride. Key: a = p H  5.6, b = p H  11.95, c = p H  
11.00, d = p H  3.4, e = p H  3.0. 


22 30 40 50 
AREA PER MOLECULE (A2)  


Figure 4(B j T h e  effect of p H  upon the P A  curuzs of behenyl 
betaine. Key: a = p H  2.7, b = p H  3.45, c = p H  3.8, d = p H  4.5, 
e = pH5.6, f = p H I I . 4 .  


ions in the substrate affecting the ionization of the betaine hydro- 
chloride. 


Although it is sometimes possible to make an estimate of the 
extent of such ionization by assuming the validity of the Boltman 
and Gouy equations (11, 12), this procedure would be unreliable 
with the betaines because of their high negative surface potentials 
(varying from -300 to -450 rnv.). It leads to the conclusion that 
the pH in the surface film could be 5 or 6 units lower than that in 
the bulk of the substrate, which appears very unlikely. 


Figure 5 shows the effects of temperature on the n-A curves of 
the two betaines at pH 5.6, and Fig. 6 gives their surface pressure/ 
temperature relationships at an arbitrary area of 30 A 2!molecule. 


DISCUSSION 


From these results one can calculate the energy functions of 
spreading of the betaine films on the assumption that the free 
energy change for spreading dG, is ( 5 )  


dGs = - (yw - 7m)dAm = - TdA,, iEq. 1) 


where yw is the free surface energy of water in erg cm,-2; is the 
free surface energy of the monolayer; dA,  is the increase in area 
occupied by the monolayer cm.2; ?r is the surface pressure in dyne 
cm.-l. 


The increase in entropy S, which accompanies spreading of the 
film by 1 cm.2 is given by the slopes of the lines in Fig. 6 and q. 
the heat absorbed as the film expands by 1 cm.2 is obtained from 


S, = q8/T erg cm.-2 deg.-l iEq 2) 


where T is temperature in OK. 


22 30 40 50 
AREA PER MOLECULE (A%) 


Figure 5-The effect of temperature on the K-A  curces of octadecyl 
betaine hydrochloride and behenyl betaine. Key: a = 30": b = 20°, 
c = 1 5 O ,  d = 11.5', for octadecyl betaine HCI; e = 28.5", f = 
20°, g = 16", h = 13", for behenyl betaine. 
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Table II-Energy Functions of Spreading on Triple-Distilled Water at pH 5.6 and Area of 30 Az/molecule 


Entropy of Heat Absorbed Surface Enthalpy of 
7- Temp. Spreading S. on Spreading Pressure, Spreading 


"C. OK. erg deg.-l 48 erg cm.-2 P erg cm.-* h, erg cm.-2 


13 
16 
20 
28.5 


11.4 
15 
20 
25 
30 


286 
289 
293 
301.5 


284 
288 
293 
298 
303 


n. 367 
0.367 
0.367 
0.367 


Mean 0.367 


Octadecyl Betaine 


= 1.58 cal .deg.-l cm.r2 


104.9 
106.1 
107.5 
110.6 


Behenyl Betaine 
0.590 167.8 
0.590 169.9 
0.590 172.9 
0.590 175.8 
0.590 178.8 


Mean 0.590 
= 2.55 cal. deg.-l cm.-2 


11.5 
13.0 
15.6 
17.8 


8 .5  
11.5 
13.3 
16.8 
19.3 


93.5 
93.1 
91.9 
92.8 


Mean 92.8 
= 4.11 kcal. mole-' 
cm.? 


159.3 
158.4 
159.6 
159.0 
159.5 


Mean1 59.1 
= 6.94 kcal. mole-' 


The total increase in heat content is 


h, = 4* - T erg cm.-2 (Eq. 3) 


Values of the energy functions of spreading are given in Table 
11. 


It may be seen that the values of 4* increase with temperature 
but that S, and h, remain practically constant. 


Since the two betaines differed only in the lengths of their hy- 
drocarbon chains, the enthalpy of a single CH2 group can be cal- 
culated from the difference in enthalpy of the two compounds. 
The enthalpy of a CH2 group is: 


Ah = ' 94 - ' ' = 700 cal. mole-1-cm.-2 (Eq. 4) 


and the entropy: 


2.55 - 1.58 A S =  = 0.24 cal. deg.-1cm.-2 (Eq. 5 )  


The agreement between the figure for AS and the figure of 0.20 
cal. deg.-l cm.-? obtained from results on the C16 and CIS carboxylic 


w 7  


acids (5,  6), spread under similar conditions, shows that the energy 
required to overcome the van der Waals' forces of attraction be- 
tween the molecules in the monolayer is a function only of their 
hydrocarbon chain length and is practically independent of the 
nature of their head groups. 


For a single CH2 group, the free energy change AG is given by: 


substituting in the values of / I  and S 


AG = 602 cal./CH? group 


i.e., a positive quantity. Thus spreading of a betaine is not a spon- 
taneous process but takes place only if heat is absorbed from the 
substrate. 


Two types of interaction might occur between the head groups 
of molecules in a betaine monolayer: (a)  intermolecular attraction 
between N and the COO- groups of neighboring molecules, 
leading to a partial neutralization of their charge, or (b) internal 
(intramolecular) neutralization of the charge on each molecule by 
interaction between its N and COO- group. 


Although exclusively the first type of interaction has been pro- 
posed to explain why the critical micelle concentrations of the short- 
chain, water-soluble betaines are lower than those of the correspond- 
ing anionic and cationic surfactants (3), if only this type of interac- 
tion occurred in a betaine monolayer, then the film would be more 
condensed and the spreading energy higher than that of the cor- 
responding fatty acid film. 


This does not accord with the present experimental results, 
which are better explained by assuming that the total charge on 
each betaine head group is reduced by intramolecular neutraliza- 
tion, reducing the electrostatic repulsion between neighboring 
head groups and permitting the films to remain coherent at areas 
per molecule substantially greater than their areas at closest pack- 
ing. 


This assumption of intramolecular neutralization would also 
satisfactorily account for the lower CMC of the soluble homologs 
which arises as a result of balance between electrostatic repulsive 
forces of the charged heads and van der Waals' attractive forces of 
hydrocarbon chains. 


+ 


+ 
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Figure 6-The effecf of temperature on the surface pressure at 30A2 
per molecule. Ke.v: A = octadecyl betaine HCI; B = behenyl 
betaine. 
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Influence of Ultraviolet Irradiation on the Surface 
Activity of Phenothiazine Drugs 


A. FELMEISTER and R. SCHAUBMAN 


Abstract 0 The effect of drugs on the permeability of cell mem- 
branes has been related to their surface activity. It was of interest, 
therefore, to determine the influence of UV irradiation on the sur- 
face activity of a series of potential photosensitizers. Solutions of 
five phenothiazine drugs (1 X M) were prepared in an acetate 
buffer. The solutions were exposed to UV irradiation and the sur- 
face pressure determined at fixed intervals by the Wilhelmy plate 
method. Chlorpromazine and prochlorperazine showed an in- 
crease in surface pressure during irradiation. Romazine showed no 
surface activity either before or after irradiation. Triflupromazine 
and trifluoperazine exhibited a decrease in surface pressure during 
irradiation. Both chlorpromazine and prochlorperazine have been 
clearly established as photosensitizers. The other drugs studied, 
except for a few isolated instances, have not been reported as 
photosensitizers. Thus, there appears to be a relationship between an 
increase in surface activity induced by irradiating a drug and the 
drug’s in vivo photosensitizing properties. 


Keyphrases Phenothiazines, surface activity-UV irradiation 
effect 0 Surface pressure, phenothiazines-UV irradiation effect 0 
Photosensitization, phenothiazines-surface activity relationship 


In previous studies it was established that UV irradia- 
tion modified the interaction of some phenothiazine 
drugs with a lecithin monomolecular film. The chlorine 
substituted derivatives (chlorpromazine and prochlor- 
perazine) showed a marked increase in reactivity toward 
the film as the result of irradiation. In contrast, trifluo- 
perazine exhibited a decrease and triflupromazine and 
promazine no change in reactivity following irradiation 


Of the group of drugs studied, only chlorpromazine 
and prochlorperazine have been reported to be signifi- 
cantly phototoxic. It was postulated, that the ability 
of UV-irradiated phenothiazine drugs to interact with a 
lecithin monolayer may be a measure of their in vivo 
membrane-penetrating and phototoxic properties (1). 


It was of interest, therefore, to  determine whether 
these irradiation-induced changes were related to  
changes in surface activity of the drugs themselves. 
This paper reports the effect of UV irradiation on the 


(1). 


surface pressure of solutions of a series of phenothiazine 
drugs and several known photo-oxidation products of 
one of these drugs (chlorpromazine). 


EXPERIMENTAL 


Materials-The following phenothiazine derivatives were used 
without further purification: chlorpromazine hydrochloride, chlor- 
promazine sulfoxide hydrochloride, prochlorperazine, and trifluo- 
perazine dihydrochloridel; promazine hydrochloride2; triflu- 
promazine hydrochloride3; chlorpromazine N-oxide, and 8-hydrox- 
ychl~rpromazine.~ The water used was prepared by distillation of 
deionized water from all glass equipment. All other chemicals were 
reagent grade. 


Apparatus and General Methods-A 0.1 M sodium acetate- 
acetic acid buffer, adjusted to pH 5.9 was used as the solvent in all 
experiments. The solutions to be irradiated were placed in a trough 
irradiated either from above or below the surface. In the former case, 
an UV lamp was secured about 50 mm. above the surface of the solu- 
tion. In the latter, an UV lamp was positioned under a quartz 
window set into the bottom of the trough. In both cases the lamps 
were fitted with filters which screened out radiation below 280 mp. 
The temperature of the trough and solution was maintained at 25 f 
0.1 by use of a constant temperature water circulator. Surface pres- 
sure, T, (the difference between the surface tension of the buffer 
solution and that of the drug-buffer solution) was measured by the 
Wilhelmy plate method (2) using a thin, roughened platinum blade 
attached to a torsion balance! 


The drug solutions were irradiated for periods ranging from 15-25 
min., during which time surface pressure was determined periodi- 
cally. Surface pressure was also determined for varying periods after 
the irradiation was stopped. 


RESULTS AND DISCUSSION 


In the first phase of the study 1 X M solutions of the drugs 
were irradiated from above the surface for 25-min. periods. Surface 
pressure was determined at convenient intervals during the irradia- 
tion and for 25 min. after the irradiation was stopped. Under these 
conditions, both chlorpromazine and prochlorperazine exhibited a 


1 Smith Kline & French, Philadelphia, Pa. 
2 Wyeth Laboratories, Philadelphia, Pa. 
3 Squibb Institute for Medical Research, New Brunswick, N. J 
4 National Institutes of Mental Health, Bethesda, Md. 
6 Federal Pacific Electric Company, Newark, N. J. 
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spectrophotometric determinative step because of the low absorp- 
tivity of atropine and hyoscyamine, e.g., a of atropine sulfate = 
6.31 inO.l NH&04(18). 
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Automated Assay of Single Tablets of Digoxin 


JAMES W. MYRICK 


Abstract 0 An automated analytical system has been used to de- 
termine the amount of digoxin in single tablets at a level of 0.25 mg. 
per tablet. The active ingredient in an alcoholic solution was oxi- 
dized with periodate; after removal of the excess periodate with 
arsenite, reaction with 2-thiobarbituric acid at 75” produced a visi- 
ble color which was recorded from a colorimeter. Interference by 
dextrose, which may be present in the tablet, was eliminated by a 
simultaneous determination at a different wavelength. Relative 
standard deviation of the method was 0.7% for powdered tablet 
samples and 1.0% for an authentic tablet formulation. 


Keyphrases 0 Digoxin tablets-analysis 0 Automated procedure- 
digoxin, single tablets a Diagram-automated analysis, digoxin c] 
Colorimetric analysis-spectrophotometer 


Digoxin, one of the active ingredients isolated from 
Digitalis lanata, is frequently used in the treatment of 
congestive heart conditions to increase the force of 
contraction and to increase cardiac tone. Patients 
placed under digitalis medication undergo two phases 
of administration-the initial course for digitalization 
and the second for maintenance. Both of these phases 
require individualized supervision to  secure proper 


results. Since the duration of action of digoxin is one- 
third to  one-seventh as long as digitoxin, the dosage 
of digoxin needed to  control the patient must be ac- 
curately quantitated. Because of this need for accuracy, 
the USP (1) has established a content uniformity re- 
quirement in its monograph for digoxin tablets. 


Various colorimetric assays for digoxin have been 
reported. Alkaline picrate was used as reagent by 
Baljet (2), xanthydrol by Pesez (3), 3,5-dinitrobenzoic 
acid by Tattje (4), acetone-phosphoric acid by Dequeker 
and Loobuyck (9, ferric chloride, acetic acid, and sul- 
furic acid by James et al. (6),  2,4-dinitrodiphenylsulfone 
by Tattje (7), thiobarbituric acid by Mesnard and 
Devaux (S), and rn-dinitrobenzene by Houk et al. (9).  
An automated method based on acid-induced fluores- 
cence was proposed by Khoury (10) but it was not 
reproducible in our laboratory because of instability 
of the fluorometer. Literature on applications of auto- 
mated analyses to  pharmaceutical formulations are now 
fairly extensive and several compilations exist (1 1). 
A survey of the colorimetric analytical methods indi- 
cated a lack of sensitivity or suitability for automation 
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of individual tablet analysis in all except the thio- 
barbituric acid method (8). 


This report describes a successful application of 
automated. methods to the individual tablet analysis of 
digoxin in which thiobarbituric acid is used as the color 
reagent. 


EXPERIMENTAL 


Apparatus-The analytical train included the following modules :l 
liquid sampler 11; proportioning pump; heating bath; two colorim- 
eters, one with a 50-mm. tubular flow cell and a 530-mp filter, the 
second with a 15-mm. tubular flow cell and a 460-mp filter; a dual 
pen recorder (Bristol) linear in transmission, provided with paper 
printed in absorbance units (No. R0487) moving at 18 in./hr. 


Ragen&- Wash Solution-95 % ethyl alcohol. 
Periodate Solution.-Add 3.6 g. of potassium periodate (meta) 


to 900 ml. of distilled water. Heat to 80-90" and stir to obtain solu- 
tion. Cool. Add 3.0 ml. of 98% sulfuric acid and dilute to 1 1. 


Arsenite solution-Add 20.0 g. of arsenious acid (AsZ03) and 7.0 
g. of sodium hydroxide pellets to 100 ml. of distilled water. Heat to 
boiling to dissolve all As203. Dilute to 900 ml. with distilled water. 
Add 60 ml. of 37% hydrochloric acid and dilute to 1 1. 


Thiobarbituric Acid Solution-Place 15.0g. of 2-thiobarbituric acid2 
and 4.5 g. of sodium hydroxide pellets in 900 ml. of distilled water. 
Stir to obtain solution. Add 37% hydrochloric acid slowly to bring 
the pH to 3.5-4.0 as tested by paper (about 1-2 ml. is required). 
Filter and dilute to 1 1. 


Standards-Digoxin, 5 mcg./ml.-Prepare a stock solution of 
25.0 mg. of USP reference standard digoxin dissolved in 500.0 ml. 
of 95% ethyl alcohol. This solution will keep for several weeks if 
tightly stoppered. Prepare a working solution fresh daily by adding 
2 drops of distilled water to a 10.0-ml. aliquot of the stock solution 
and diluting to 100.0 ml. with 95 


Dextrose, 2.4 mg./ml.-Place 12.0 g. of anhydrous dextrose 
(reagent grade) in a 500-ml. volumetric flask and dissolve in 100 
ml. of distilled water. Dilute to volume with 95% ethyl alcohol. 
Prepare a working solution fresh daily by placing a 10.0-ml. aliquot 
of stock solution in a 100-ml. volumetric flask, adding 38 ml. of 
absolute ethyl alcohol, and diluting to volume with 95% ethyl 
alcohol. 


Sample Preparatio-Individual tablets containing 0.25 mg. 
digoxin were placed in a 60-ml. snap-cap vial;3 tablets containing 
0.50 mg. were placed in a 120-ml. snap-cap vial. The tablets were 
softened by placing 2 drops of distilled water directly on the tablet 
and allowing to stand 5 min. Then 50.0 ml. of 95% ethyl alcohol 


ethyl alcohol. 


L 
.. I o r  " 


Figure I-Schematic diagram of the automated system for digoxin 
determinations. 


1 AutoAnalyzer, Technicon Corp., Tarrytown, NY 10591. 


3 Catalog No. 24836, Wheaton Glass Co., Millville, NJ 08332. 


Catalog No. 660, Distillation Products Industries, Eastman Or- 
ganic Chemicals Department, Rochester, NY 14063. 


Figure 2-Spectrul cliurucferisrics of the reaction products of digoxin 
and dextrose with thioburbituric acid. 


was added to the 0.25-mg. tablet (or 100.0 ml. to the 0.50-mg. tab- 
let). The vial was capped and shaken intermittently for 1 hr., and 
undissolved material was allowed to settle. 


Procedure-A schematic diagram of the automated analytical 
system used is presented in Fig. I .  


The sample solutions were decanted into 8.5-ml. polystyrene 
cups, loaded into the 40-place sample storage wheel of the liquid 
sampler, and covered with the protective cover. A pattern of five 
solutions of individual tablets, a standard solution, and five indi- 
vidual tablets was used. Occasionally, after these 11 cups, a solution 
prepared from one average tablet weight of a ground composite of 
the lot was inserted. A blank cup of 95% alcohol was used to isolate 
the curves of a lot on the chart paper. A sampling rate of 30/hr. 
with a sample-to-wash ratio of 2/1. was used for the timing program. 


In operation, the sampled solution was segmented with air, per- 
iodate solution was added, and the digoxin was allowed to oxidize 
in a 4-mm. double mixing coil for a period of about 2 min. Arsenite 
solution was then added to remove the excess periodate, after which 
the color reagent, thiobarbituric acid, was added. Color was de- 
veloped in a 2X full-coil heating bath at 75". The solution was then 
split between the two colorimeters, the first with a 50-mm. tubular 
flow cell and a 530-mp filter to measure the digoxin moiety, and the 
second with a 15-mm. tubular flow cell with a 460-mp filter to mea- 
sure the interference color due to dextrose, which is sometimes used 
as a filler or excipient in some tablet formulations. Sufficient delay 
was built into one leg of the final solutions being read so that both 
colorimeter peaks were synchronized on the dual pen chart recorder. 


I D i g o x i n  


Figure 3-Standard cwrves for digoxin and dextrose. 
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Table I-Reproducibility of Standard and Sample Solutions Table 11-Analysis of Powdered Composite Sample 
~~~ 


Absorbance 
Standard Digoxina Sample Digoxinb 


0.460 
0.462 
0.462 
0.460 
0.460 
0.460 
0.459 
0.458 
0.460 
0.459 


Av. 0.460 


S D  3 ~ 0 . 2 7 %  
Relative 


0.435 
0.435 
0.438 
0.437 
0.439 
0.437 
0.437 
0.436 
0.437 
0.438 
0.437 


=t0.30% 
~ 


a 5 mcg.!'ml. 8 Ten 0.25-mg. tablets/500 ml. 


At the beginning of the day, determinations were made of the 
contribution of dextrose to the digoxin color curve (Fig. 2) by 
running three cups of pure standard digoxin (5 mcg./ml.), a blank 
cup of 95% alcohol, and three cups of pure standard dextrose (2.4 
mg./ml.) (Fig. 3). 


The equipment was cleaned weekly by pumping approximately 
0.1 N sodium hydroxide solution through all supply lines for about 
15 min. followed by a distilled water rinse of equal duration. 


Calculations-A factor equivalent to the ratio of the absorbance 
of the dextrose peak at 530 mp divided by the absorbance at 460 
mp was established. If a sample showed an appreciable absorption 
peak at 460 mp, the absorption was multiplied by the factor to 
obtain the contribution of dextrose to the digoxin peak. A base line 
correction was applied to each set of curves for a lot by drawing a 
line on the chart paper from the lowest points of the 9575 alcohol 
blank cup and assuming that there was uniform drift between 
samples of the lot. The base line correction was added to the dex- 
trose correction and this total was subtracted from the total ab- 
sorption of the digoxin at 530 mp to determine the net absorption of 
each sample. Calculation of the percentage of digoxin in each tablet 
was made from the formula: 


A , X S X V  
A ,  X W X 10 


%found = 


where A,, = net absorption of tablet solution; A ,  = net absorption 
of standard digoxin; S = mcg./ml. of standard digoxin; Y = vol- 
ume in milliliters of each tablet solution; W = milligrams declared 
digoxin per tablet. 


RESULTS 


Reproducibility of Standards-The reproducibility of the method 
was checked by establishing steady state conditions, then analyzing 


Prog.  30 211 


Sample0 F Standard 
Weight, Declared, Digoxinb, 


% Absorbance g. Absorbance 


0.1426 0.428 96.96 0.446 
0.1408 0.426 97.74 0.450 
0.1429 0.436 98.56 0.449 
0.1402 0.428 98.62 0.442 
0.1439 0.440 98.76 - 
0.1404 0.428 97.60 - 
0.1396 0.430 98.62 - 
0.1420 0.433 97.63 - 
0.1431 0.439 98.22 - 


0.1418 0.434 97.99 ~ 


0.1424 0.432 97.35 - 
0.1459 0.443 97.43 ~ 


0.1484 0.455 98.38 ~ 


0.1395 0.430 98.91 - 
0.1421 0.431 97.33 - 


0.1420 0.430 98 71 ~ 


0.1413 0.430 99.20 
0.1424 0.431 98.66 
0.1398 0.422 98.40 
0.1409 0.426 98.55 


98.18 Av. - ~ 


Relative SD - =!=0.70% - 


a Average tablet weight = 0.1407 g., equivalent to 0.25 mg. digoxin; 
composite assayed 97.8% by USP method (1). * 5.12 mcg./ml., inserted 
after every fifth sample cup. 


10 cups of the same standard solution as presented in Fig. 4 and 
Table I. At a sampling program rate of 30/hr. and a samplcto- 
wash ratio of 2/1., the peak height was about 97% of steady state. 


Reproducibility of Samples-A total of 10 tablets containing 0.25 
mg. of digoxin/tablet was dispersed in 500 ml. of alcohol, and the 
solution was used to fill 10 cups of the sampler. Absorption values 
obtained are presented in Table I. 


The average tablet weight of 100 tablets was determined. They 
were ground to pass a 60-mesh sieve, and the powder was mixed 
thoroughly. Twnety samples of approximately one average tablet 
weight were weighed from this composite, placed in vials, and 
treated with 50 ml. of alcohol. Portions of each solution were placed 
in individual cups of the automatic analyzer in a pattern of five 
samples, standard, five samples, standard, etc. Results of the analysis 
are presented in Table 11. 


Recovery of Authentic Tablet Formulation-An excipient powder 
was prepared as indicated in Table 111 by premilling all ingredients 
in a laboratory ball mill for 2 hr. A portion of the excipient powder 
was accurately weighed and ball-milled for two hours with a known 
amount of pure digoxin as indicated in Table 111. Twenty samples 
were weighed from the resulting authentic powder and analyzed 
with the automated system (Table IV). For comparison, nine addi- 
tional portions of the authentic powder were weighed and analyzed 
by the USP offlcial method (1). These results are shown in Table 
V. 


DISCUSSION 


Interferences-The possible interference of common tablet ex- 
cipients, fillers, and binders was studied. Dextrose contributed t o  


Table 111-Formulation for Authentic Tablet Powder 


Ingredients Parts 


Excipient 
Dextrose, anhydrous powder 10.0 
Lactose powder, USP 53.5 
Dicalcium phosphate, USP 19.8 
Cornstarch, USP 11.4 
Talc 
Magnesium stearate 
Sodium benzoate 


Tablet Powdera 
Excipient powder 
Pure digoxin 


1.8 
0.36 
0.09 


15.2233 g. 
0.0782 g. 


Figure 4-Reproducibility of a standard digoxin solution. a Equivalent to 0.514 mg. digoxinjtablet weight of 0.1000 g. 
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Table IV-Analysis of Authentic Tablet Formulation by 
Automated Method 


---Authentic Foi mulationa- - 
Weight, Recovery, Standardb, 


g. Absorbance % Absorbance 


0.1081 
0.1073 
0.1030 
0.1032 
0.1035 
0.1009 
0.1026 
0.1042 
0.1034 
0.1072 
0.1078 
0.1095 
0.1106 
0.1053 
0.1022 
0.1030 
0.1033 
0.1090 
0.0994 
Av. 
Relative SD 


0.523 100.88 0.440 
0.512 99.50 0.439 
0.495 100.21 0.440 
0.500 101.03 0.438 
0.500 100.74 - 
0.490 101.50 - 
0.491 100.02 - 
0.508 101.89 __ 
0.498 100.65 - 
0.512 99.82 ~ 


0.512 99.04 - 
0.536 102.07 - 
0.530 99.93 - 
0.502 99.41 - 
0.491 100.18 - 
0.491 99.40 - 
0.499 100.73 - 
0.515 98.52 - 
0.468 98.18 - 
- 100.19 - 
- + 1 . 0 6 z  - 


a 0.1000 g. = 0.514 mg. digoxin. 6 5.24 mcg./ml., inserted after every 
fifth sample cup. 


the absorption at 530 mp to a considerable extent (see Fig. 2), 
since it can also be oxidized by periodate (12) and reacts with thio- 
barbituric acid to produce a yellow color with maximum absorbance 
at  450 mp. The effect of this contribution can be eliminated by 
measuring the final color stream at the two wavelengths and cor- 
recting for those samples which contain dextrose, as described in 
the procedure. Tablets that do not contain dextrose or other inter- 
fering materials have a negligible peak at 460 mp. A very slight 
response was obtained at 460 mp for starch and lactose but these 
were considered negligible. 


Glycerol produces a strong absorbance at  460 mp but has no 
contribution at the 530-mp peak. Shellac produces a larger peak a t  
530 mp than at 460 mp. When used as a binder on punched tablets, 
it appears to cause a wide apparent assay variation of the individual 
tablets, probably because it is not uniformly applied to each tablet. 


For the most accurate work, it is recommended that whenever 
possible a blank of all raw materials except digoxin be prepared 
for each formulation in order to estimate the necessary corrections 
properly. 


Solvents-Literature references indicate that digoxin is most solu- 
ble in 80% ethanol-water (v/v); however, dextrose is also more 
soluble at  this concentration and greater corrections were necessary 
when that solvent was used to treat the tablet. 


Other Reactions-This color reaction depends on the oxidation 
of the terminal sugar of the glycoside into a malonic dialdehyde 
configuration which then couples with the thiobarbituric acid. A 
color reaction will also be obtained with digitoxin or other digitoxo- 
sides which may be present as impurities in the digoxin raw material. 
No reaction was observed with lanatoside C or acetyldigitoxin, 
where the acetate group is on the terminal sugar and prevents oxida- 
tion by the periodate to the necessary malonic dialdehyde con- 
figuration. 


CONCLUSIONS 


The method as presented has been used at  the National Center 
for Drug Analysis as a screening procedure for more than 400 
samples, as part of the assigned program in the investigation of 


Table V-Analysis of Authentic Tablet Formulation by USE‘ 
Method (1) 


-Digoxin Recovered--- 
Weight, g . O  mg. % 


0.1089 0.528 94.4 
0.1046 0.512 95.3 
0.1102 0.549 96.9 
0.1164 
0.1122 
0.1064 
0.1182 
0.1086 


0.589 
0.568 
0.547 
0.582 
0.530 


0.1221 0.601 
Av. 
Relative SD - 


- 


98.4 
98.6 


100.0 
95.9 
96.5 
95.7 
96.9 


&1.81% 


Q 0.1000 g. = 0.514 mg. digoxin. 


identity, purity, and potency of a wide variety of drugs purveyed 
throughout the United States. Assay limits on 10 individual tablets 
of a lot were set inside official limits by twice the relative percent 
standard deviation of the method. This permitted us to work with a 
confidence level of at least 95%. I n  this caqe, the USP (1) requires a 
content uniformity of 85 to 115% of declared. All lots assaying out- 
side the limits of 87 to 11 3 % of declared by the automated procedure 
were subjected to the official manual analysis. 
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surface and not those in close proximity to  the micelle 
surface, so giving a low hydrogen ion determination. 
These discrepancies between ORD and CD determina- 
tions are being further investigated. 
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The Biogenesis of Gramine 


- 


Keyphrases Gramine biogenesis-literature correction 0 
Tryptophan relation-gramine biogenesis 


Sir: 


Many years ago I demonstrated (1, 2) that dl- 
tryptophan-P-14C fed to sprouting barley, is transformed 
into the alkaloid gramine in which the 14C is located in 
one position, corresponding to that in the administered 
tryptophan, strongly suggesting that it was a precursor 
of gramine. This was one of the first demonstrations, 
using a radioactive compound, that an alkaloid could 
be formed from an amino acid. 


In a recent paper (3), Digenis states “Based on other 
tracer experiments and the fact that tryptophan was 
formed in Neurospora by a condensation reaction be- 
tween indole and L-serine, Bowden and Marion sug- 
gested a reversal of the above-mentioned tryptophan 
biosynthesis could possibly lead to indole and L-serine 
in barley. This suggested that the indole could sub- 
sequently react in a Mannich-type reaction with formal- 
dehyde and dimethylamine to  produce gramine.” Later 
in the paper the author continues, “However, Leete and 
Marion were able to show that the bond between the 
3-position of the indole nucleus and the side chain of 
tryptophan remained intact during the biosynthesis 
of gramine in barley, thus disposing of the hypothesis of 
Bowden and Marion described above.” 


An examination of the only two papers I have pub- 
lished (1, 2), to which Digenis refers, will show that in 
themno theory onthe biogenesis of gramine from trypto- 
phan is proposed or implied. The only conclusion 
reached was, I quote, “that tryptophan is a precursor of 
gramine in barley,” a conclusion that has been amply 
justified by subsequent investigators. 


(1) K. Bowden and L. Marion, Can. J.  Chem., 29, 1037(1951). 
( 2 )  Zbid., 29, 1043(1951). 
(3) G. A. Digenis, J,  Pharm. Sci., 58, 39(1969). 
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Drug Transport I : Effect of 
Potassium Ion on the In V i m  Transfer 
of Several Drugs Across the Rat Intestine : 
Preliminary Observations 


Keyphrases Intestinal transport, drug-K+ effect I3 K +  sub- 
stitution of Na +-in oitro intestinal transport 


Sir: 


Recent work in our laboratory concerning factors that 
affect drug transport has resulted in several interesting, 
preliminary findings as to the effect of replacing Na+ 
with Kf on the transfer of several drugs across the 
everted rat intestine. 


Sprague-Dawley rats, weighing approximately 250 
g., were fasted 20-24 hr. prior to  the experiment. Water 
was allowed ad libitum. The experimental method for 
preparing the everted rat intestine preparation has been 
described previously (1). After severing the intestine at 
the pyloric junction, the first 15 cm. of intestine are dis- 
carded and the following 20 cm. are divided into two 
10-cm. segments. The most proximal segment is desig- 
nated Segment 1, and the distal portion is designated 
Segment 2. A modified physiologic Kreb’s bicarbonate 
buffer,2 pH 7.4, was prepared to contain a total cation 


I 


I / 
d 


20 40 60 80 100 120 
TIME, rnin. 


Figure I-Cumulative transfer of riboflavin across the everted rat 
intestine. Mucosal concentration maintained essentially constant at 
20 rncg./rnl. Key: (O), Nu+-buffer; (O), K+-buffer; (0), K+-buffer 
for 60 min., then placed into Nu+-buffer (arrow). See text jor  details. 


~~~~ ~ 


1 Blue Spruce Farms, Altamont, N. Y. 
ZKCl, 5 m M ;  KHzPOa, 6 m M ;  NaHCOa, 26 mM; NaCl q.s. 


154 m M  cation (Na+ 4- I<+). 
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Table I-Cumulative Mucosal-to-Serosal Transfer of Various Drugs Across the Everted Rat Intestine at pH 7.4 
from Na + and K + Buffersa 


-Amount Transferred f SDb - Level of Significancec 
Segment 1 7 ,  Segment 2 . Segment 1 Segment 2 


Drug Na+ K+ Na+ K+ Na+ us. K+ Na+ us. K+ 


Riboflavin, mcg. 14.2 f 2 . w )  6.3 f 2.0(5) 11.8 f 0.8(5) 4.6 f 2.0(5) p < 0.005 p < 0.001 
Salicylate, mg. 3.6 f 0.7(5) 2 .6  f 0.4(5) 3.7 f 0.5(5) 1.7 f 0.3(5) p < 0.05 p < 0.001 
Sulfanilamide, mcg. 130.7 * 5.4(5)  86.2 f 23.5(4) 126.4 + 23.7(4) 41.5 f 2.0(4) p < 0.01 p < 0.001 


~~ ~ ~ ~~~ 


aNa+-buffer is the modified physiologic Kreb’s bicarbonate buffer (see Footnote 2). K+-buffer is identical except that the Na+ is quantitatively re- 
placed by K+. * Amount transferred in 2 hr. & standard deviation of the mean, Parenthetic values denote number of experiments. c Unpaired com- 
parison using Student’s t test. 


concentration of 154 mM (148 mM Na+ and 6 mM Kf). 
A similar buffer solution was prepared in which the Na+ 
was quantitatively replaced with K+. The intestinal 
transfer rates of three drugs in these two buffer solutions 
were determined. The drugs and their respective con- 
centrations in the mucosal solution were: riboflavin, 20 
mcg./ml. ; salicylate, 2.0 mg./ml., and sulfanilamide, 0.1 
mg./ml. At pH 7.4, salicylate is completely ionized and 
sulfanilamide and riboflavin are essentially unionized. 
The mucosal solution pH before and after each ex- 
periment never varied by more than +0.2 pH units and 
the concentration of the respective drugs also remained 
essentially constant throughout the experiment due to  
the large (100 ml.) volume of mucosal solution. 


The results of these experiments are summarized in 
Table I. When Na+ is replaced by K+ in the buffer solu- 
tion there is a significant decrease in the amount of 
drug transferred in each case. This apparent inhibitory 
effect is reversible as illustrated in Fig. 1, which is a 
plot of the cumulative amount of riboflavin transferred 
as a function of time from mucosal solutions of varying 
ionic composition. The marked influence of Na+- 
replacement by K+ is evident. When, after 60 min. in 
K+-buffer, the intestinal segment is placed into a ribo- 
flavin solution in the conventional Na+-buffer, the 
transfer rate markedly and rapidly increases and be- 
comes virtually identical to  that observed when the in- 
testinal segment is present in the Na+-buffer during the 
entire course of the experiment. 


These observations may be due to a Na+-dependent 
transport mechanism for the several unrelated drugs 
studied. Alternatively, there may be a K+-mediated 
inhibition of the drug transfer process. The intestinal 
transport of several nutrients, particularly amino acids 
and sugars, is known to be Na+-dependent. Replace- 
ment of Na+ with K+ has been shown to markedly de- 


press amino acid (2) and sugar (3) transport. In the 
presence of ouabain, a glycoside known to specifically 
inhibit Na+ transport (4), the transport of amino acids 
(2) and sugars ( 5 )  can be effectively reduced to the level 
observed when K+ completely replaces Na+. However, 
the affected processes involve specialized transport 
rather than transfer by passive diffusion as is presumed 
to  be the case with salicylate and sulfanilamide. Pre- 
liminary studies during the course of this investigation 
indicate that the presence of M ouabain in the Na+ 
buffer (in both mucosal and serosal solutions) has no 
effect on the transfer of the three drugs studied. It would 
seem then, that there is no specific Na+ requirement for 
the intestinal transfer of these drugs in the in vitro in- 
testinal preparation used here; rather, there seems to 
be a K+ inhibition of drug transfer. 


We are presently engaged in extensive studies to 
elucidate the mechanism of the observed effects. 


(1) S. Feldman and M. Gibaldi, J.  Pharm. Sci., 58, 425(1969). 
(2) I. H. Rosenberg, A. L. Coleman, and L. E. Rosenberg, 


(3) I. Bihler and R. K. Crane, ibid., 59, 78(1962). 
(4) H. J. Schatzmann, Hefu. Physiol. Acfa,  11, 346(1953). 
( 5 )  T. Z.  Csaky, Am. J .  Physiol., 201, 999(1961). 


Biochim. Biophys. Acta, 102, 161(1965). 
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NOTES 


Antidermatophytic Properties of Griseofulvin Derivatives 
with Potential Systemic Insect-Repellent Activity 


ROBERT G .  CROUNSE 


Abstract c] The antidermatophytic properties of a number of grisan 
and coumaranone derivatives, designed as potential systemic insect 
repellents, have been evaluated in vitro. Comparisons of their 
antimycotic efficacy with the corresponding in vitro activity of 
established antidermatophytic agents (e.g., griseofulvin and ali- 
phatic carboxylic acids) have been made. Several derivatives were 
active antifungal agents, though of lesser potency than griseofulvin 
itself. Differing species specificity suggests differences in antimycotic 
properties and might allow individual molecular design and selec- 
tion for enhanced inhibition of a given dermatophytic species. 


Keyphrases 0 Antidermatophytic agents-griseofulvin derivatives 
0 Griseofulvin derivatives-antimycotic, antifungal activity 0 
Agar plate, liquid shake cultures-assay methods 


The synthesis and physicochemical evaluation of a 
number of grisan and coumaranone derivatives de- 
signed as potential systemic insect repellents have been 
reported (1-3). In this communication, the in uitro 
antidermatophytic properties of these compounds were 
evaluated with the expectation that the data could 


I (grineofulvin) I 0  


provide a basis for their quantitative determination in 
dermal tissue. The antidermatophytic efficacy of griseo- 
fulvin, some related grisan and coumaranone deriva- 
tives, and that of octanoic, decanoic, and undecanoic 
acids was also determined for comparison with the 


Table I-Comparison of Percent Inhibition of Radial Plate 
versus Pellet Growth, T. mentagrophytes, 6 Days Growth 


~ ~~~~ 


Compound Concn. Pellet Plate 


6’ ; H Z  


I b  


6’ 


I 
Ia 


Ib 


Ic 


Id 


I1 


IIa 


IIb 


5 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 


88 
28 
52 
28 
40 
52 
64 
4 


40 
0 
4 


28 
64 
28 
40 


95 
38 
25 
45 
95 
33 
30 
25 
25 
0 


38 
25 
65 
25 
40 


Cl 


I I b  


CH2 
I 


I C  I d  


,CHz 
CHz ‘CH 
I 11 


Figure 1-Eualuant compounds (I): I, griseofulvin; la, 4-demethylgriseofdvin; Ib, 7-chloro-6,2’-dimethoxy-4-(p-methoxybenzyloxy)-6’- 
methylgris-2’-ene-3,4’-dione; Ic, 7-chloro-4-[3-(N,N-diet/1ylcarbamoyl)benzyloxy]-6,2’-dimethoxy-6‘-methylgris2’-ene-3,4’-dione; Id, 7- 
chloro-6,2’-dimethoxy-4-(3,7-dimethyl-6-octenyl-I-oxy)-6’-methylgris-2‘-ene-3,4‘-dione; 11, 7-chloro-4,6-dimethoxycoumaran-3-one; IIa, 7- 
chloro-4-hydroxy-6-methoxycoumaran-3-one; I lb ,  7-chloro-6-methoxy-4-(p-methoxybenzyloxy)coumaran-3-one; Ilc, 7-chloro-4-[3-(N,N- 
diethy~carbamoyl)benzyloxyJ-6-methoxy-coumaran-3-one; IId, 7-chloro-6-methoxy-4-(3,7-dimefhyl-6-octenyl-I-oxy)coumaran-3-one. 
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Table 11-Percent Inhibition of Radial Growth in Plate Culture at 6 Days (error < 10%) 


Compound -+ I --Ia- --Ib- -1c- -1d- -11- -Ha- -1Ib- -1Ic- -1Id- 
Concn., mcg./ml. -, 5 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 


T. mentagrophytes 90 25 40 45 95 35 30 25 40 0 40 25 65 25 40 0 0 0 0 
T. rubrum 96 10 15 0 10 36 54 25 25 0 0 0 58 0 75 37 32 40 40 
M. gypsum 100 68 - 0 0 43 46 17 28 0 0 26 30 22 17 - - - - 


K.  ajelloi 0 4 25 25 85 81 79 4 25 2 20 - 64 25 45 - - - - 


Table 111-Percent Inhibition" of Growth in Plate Culture at 14 Days 


Compd.- - 
I IIIa IIIb I I I C  IVa IVb IVC Va  V b  VC 


E. Joccosurn 64 11 33 31 21 40 32 0 37 25 
M. canis 92 1 50 45 4 68 66 16 58 52 
T.  rubrum 89 7 52 49 8 42 67 0 59 59 
T. rnentagrophy tes 65 0 63 67 2 57 63 4 68 34 


~~ ~ 


a Average of two separate experiments (error < 10%); griseofulvin concentration is 5 mcg./ml., others 20 mcg./ml. 


activity of the novel compounds. The structures of the 
evaluants are depicted in Figs. 1 and 2. 


MATERIALS AND METHODS 


The preparation and properties of the grisan and coumaranone 
evaluant compounds have been described (1-3); the samples em- 
ployed' were of analytically pure grade or the equivalent. Octanoic 
acid (Eastman), and decanoic and undecanoic acids (K&K) were 
utilized without further purification. 


I! 0 
C H 3 ( C H 2 1 8  C - O H  CH3(CH219 C-OH 


0 
CH3(CH216 C - O H  


I u o  = a  P O  


0 
C H2(CHPl9 C- O H  


: 
CH2(CH218 C-OH 


FI 
CH21CH216C-OH 
I I 
b 
A t OCH3 


b 
A PL 9 C H 3  


- 1  " .  - Y  - 
C I  CH3 CI 


I X b  P b  


m c  I p c  P C  


Figure 2-Evaluant compounds (2): Ma, octanoic acid: Illb, 
4 - (7 - carboxyheptyl - I - oxy) - 7 - chloro - 6,2' - dimethoxy - 
6'-methylgris-2'-ene-3,4'-dione; Ilk, tetrahydropyran-2-yl ester of 
4 - ( 7  - carboxyheptyl - I - oxy) - 7 - chloro - 6,2' - dimethoxy - 
6'-methyIgris-Z'-ene-3,4'-dione; IVa, decanoic acid: IVb, 449- 
carboxynonyl - I - oxy) - 7 - chloro - 6.2' - dimethoxy - 6' - methyl - 
gris-2'-ene-3,4'-dione: IVc, tetrahydropyran-2-yl ester of 4-(9- 
carboxynonyl - I - oxy) - 7 - chloro - 6,2' - dimethoxy - 6' - methyl - 
grisd'-ene-3,4'-dione: Va, undecanoic acid: Vb, 4-(10-carboxy- 
decyl - I - oxy) - 7 - chloro - 6,2' - dimethoxy - 6' - methylgris - 2' - 
ene-3,4'-dione: Vc, tetrahydropyran-2-yl ester of 4-(10-carboxy- 
decyl - 1 - oxy) - 7 - chloro - 6,2' - dimethoxy - 6' - methylgris - 2' - 
ene-3,4 '-dione. 


1 All of the evaluants were provided by Drs. R. P. Quintana and A. 
Lasslo, Dept. of Medicinal Chemistry, College of Pharmacy, University 
of Tennessee Medical Units, Memphis, Tenn. 


Clinical isolates of Trichophyton rubrum and mentagrophytes, 
Epidermophyton Jloccosum, Microsporum canis and gypseum were 
maintained in serial culture by standard techniques. A single 
strain of Keratinomyces ajelloi was also utilized in some studies. 
Estimation of radial growth per unit time was assayed both in 
liquid shake cultures and in standard Sabouraud's agar circular 
culture plates. 


Radial growth was measured in millimeters with a dissecting 
microscope in the case of the pellet growth in shake culture, and 
by direct observation in the case of plate growth. All experiments 
were done in duplicate or triplicate and repeated at least once. 
Appropriate controls were included in every experiment. Test 
compounds were included in the media in concentrations of 5, 
10, and 20 mcg./ml. All of the preparations appeared, visually, to 
be homogeneous. 


RESULTS AND DISCUSSION 


The results of a series of evaluations comparing pellet uersus 
plate growth inhibition are shown in Table I. Though generally 
similar results were obtained, the pellet technique was found to be 
more erratic, and was discarded eventually in favor of the plate 
method. An example of the relative inhibitory properties of several 
compounds for a given fungal species is illustrated in Fig. 3. The 
inhibition in all instances appeared to be effected through slowing 
the growth (in terms of radial spread) as can be seen from the graph. 
A summary of all of the experimental results is included in Tables 
I1 and 111. Although none of the compounds tested exhibited anti- 
dermatophytic activity equal to that of griseofulvin at the lower 
concentration, several of them exhibited significant antidermato- 
phytic activity at slightly higher concentration levels. Moreover, 
differences in absorption, distribution, cutaneous localization, 
and binding might significantly favor one of the derivatives such 
that its in uivo biologic activity might be comparable to, or perhaps 
better than, that of griseofulvin itself. Elucidation of these param- 
eters must await further investigation. Additional factors which may 
affect the results include the solubilities of the respective com- 
pounds and their penetration into the fungal cell wall. 


In terms of structure-activity relationships (cf. 4), the poor in- 
hibitory efficacy of Compound I1 is interesting; the removal of the 


2 0  Control 


Td Figure 3-Inhibition of 
'Ia growth rate of K. ajelloi 


growth IIb (plate culture) by a series 
10 of synthetic analogs (cf. 


Fig. 1). This organism was 


in ordinary concentrations 
(see text). 
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third ring component in griseofulvin is associated with a dramatic 
reduction of in zirro antidermatophytic activity. 


Direct comparison of the fatty acid-griseofulvin derivatives 
(IIIb, lVb, Vb)  with the corresponding fatty acids (IIIa, IVa, Va) 
(Table 111) indicated significantly enhanced antidermatophytic 
properties of the former entities in excess of the known and mea- 
sured inhibitory properties of the individual fatty acids. However, 
none of the new compounds was as effective, on a microgram basis, 
as griseofulvin. 


Several species differences could be demonstrated (Tables I 1  
and 111). Compound Ib (Table 11), for example, was severely in- 
hibitory for T. mentagrophytes, but was not at all effective against 
M. gypseum or T. rubrum. The single strain of K.  aielloi utilized 
in these experiments was quite resistant to amounts of griseofulvin 
which normally inhibit pathogenic dermatophytes (Table 11). 
It was, however, inhibited by several of the griseofulvin derivatives 
at higher concentration. The isolate used was obtained from soil; 
it has been reported that soil isolates are relatively resistant to 
griseofulvin in contrast to pathogenic strains from clinical infections 
which tend to be griseofulvin sensitive (5). It may be added that 
definite species differences in the sensitivity to various compounds is 
of major interest in terms of the ultimate tailoring of a molecule for 
a specific effect. 


The general concept of a skin-directed molecule also incorporating 
moieties for different therapeutic effects can, of course, be extended 
to several other situations such as those requiring antibacterial, 


antiyeast, and anti-inflammatory activities. Success from such an 
approach may well be based upon the synthesis of a graded series 
of derivatives such as those reported in this communication. 
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Determination of 2-Chloroethanol in Surgical Materials 
by Extraction and Gas Chromatography 


J. E. WHITBOURNE, J. A. MOGENHAN, and R. 


Abstract 0 A method for the determination of 2-chloroethanol 
in ethylene oxide sterilized surgical materials is described. The 
2-chloroethanol is extracted under vacuum, condensed in a cold 
trap, and quantitative determinations made by GLC. The method 
is compared with acetone and water extractions. 


Keyphrases 0 Ethylene oxide sterilized plastic, rubber-2-chloro- 
ethanol determination 0 2-Chloroethanol extraction, determina- 
tion-surgical materials 0 GLC-analysis 


Methods for the determination of 2-chloroethanol 
(ethylene chlorohydrin) in foods, plastic, and rubber 
have recently appeared in the literature (1-5). We have 
found these methods to be unreliable for this deter- 
mination in polyvinyl chloride plastic (PVC), and in syn- 
thetic and latex rubber. 


Cunliffe and Wesley (2) used saline and blood extrac- 
tion to demonstrate the formation of 2-chloroethanol 
in solution by surgical plastics sterilized with ethylene 
oxide. None was found when distilled water was used. 
They did, however, find 2-chloroethanol in irradiated 
PVC which was subsequently sterilized with ethylene 
oxide. Irradiation formed HC1 within the PVC which 
reacted with the ethylene oxide. This demonstrated that 
either absorbed ethylene oxide reacted with C1- within 
the plastic-forming 2-chloroethanol, or that the reaction 


R. ERNST 


took place in the elution liquid. The formation of 2- 
chloroethanol, due to C1- in PVC which had not been 
irradiated, was not demonstrated. It cannot be clearly 
shown by their method that 2-chloroethanol was 
formed during the sterilization process, but only that 
irradiation prior to ethylene oxide exposure resulted 
in the presence of detectable quantities of 2-chloro- 
ethanol in an elution solvent ( i e . ,  H,O). 


A method has been developed which appears to be 
reliable for determining 2-chloroethanol in a variety of 
materials. Extraction of 2-chloroethanol is achieved 
by heat and high vacuum distillation with collection in 
a U tube cooled in liquid nitrogen. The collected 2- 
chloroethanol was quantitatively determined by GLC. 
This method was compared with other reported tech- 
niques for determination of 2-chloroethanol. 


EXPERIMENTAL 


Apparatus-A 250-mlg. round-bottom flask with 24/40 ground- 
glass joint; glass tube with ground fitting for attachment to flask; 
fitting (Swagelock) to adapt glass tube to steel; stainless steel U 
tube,0.305m. length X 0.635cm. o.d.(l ft. length X 0.25 in. 0.d.); 
vacuum source capable of less than forty f i .  Gas chromatography 
was performed on an instrument (Perkin Elmer model 800) equipped 
with a dual-flame ionization detector. Also used was a column 
[0.318 cm. X 1.829 m. (1/8 in. X 6 ft.) ss 10% polyethylene glycol 
(Carbowax 1540) on Teflon 35M]. 
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Influence of Ultraviolet Irradiation on the Surface 
Activity of Phenothiazine Drugs 


A. FELMEISTER and R. SCHAUBMAN 


Abstract 0 The effect of drugs on the permeability of cell mem- 
branes has been related to their surface activity. It was of interest, 
therefore, to determine the influence of UV irradiation on the sur- 
face activity of a series of potential photosensitizers. Solutions of 
five phenothiazine drugs (1 X M) were prepared in an acetate 
buffer. The solutions were exposed to UV irradiation and the sur- 
face pressure determined at fixed intervals by the Wilhelmy plate 
method. Chlorpromazine and prochlorperazine showed an in- 
crease in surface pressure during irradiation. Romazine showed no 
surface activity either before or after irradiation. Triflupromazine 
and trifluoperazine exhibited a decrease in surface pressure during 
irradiation. Both chlorpromazine and prochlorperazine have been 
clearly established as photosensitizers. The other drugs studied, 
except for a few isolated instances, have not been reported as 
photosensitizers. Thus, there appears to be a relationship between an 
increase in surface activity induced by irradiating a drug and the 
drug’s in vivo photosensitizing properties. 


Keyphrases Phenothiazines, surface activity-UV irradiation 
effect 0 Surface pressure, phenothiazines-UV irradiation effect 0 
Photosensitization, phenothiazines-surface activity relationship 


In previous studies it was established that UV irradia- 
tion modified the interaction of some phenothiazine 
drugs with a lecithin monomolecular film. The chlorine 
substituted derivatives (chlorpromazine and prochlor- 
perazine) showed a marked increase in reactivity toward 
the film as the result of irradiation. In contrast, trifluo- 
perazine exhibited a decrease and triflupromazine and 
promazine no change in reactivity following irradiation 


Of the group of drugs studied, only chlorpromazine 
and prochlorperazine have been reported to be signifi- 
cantly phototoxic. It was postulated, that the ability 
of UV-irradiated phenothiazine drugs to interact with a 
lecithin monolayer may be a measure of their in vivo 
membrane-penetrating and phototoxic properties (1). 


It was of interest, therefore, to  determine whether 
these irradiation-induced changes were related to  
changes in surface activity of the drugs themselves. 
This paper reports the effect of UV irradiation on the 


(1). 


surface pressure of solutions of a series of phenothiazine 
drugs and several known photo-oxidation products of 
one of these drugs (chlorpromazine). 


EXPERIMENTAL 


Materials-The following phenothiazine derivatives were used 
without further purification: chlorpromazine hydrochloride, chlor- 
promazine sulfoxide hydrochloride, prochlorperazine, and trifluo- 
perazine dihydrochloridel; promazine hydrochloride2; triflu- 
promazine hydrochloride3; chlorpromazine N-oxide, and 8-hydrox- 
ychl~rpromazine.~ The water used was prepared by distillation of 
deionized water from all glass equipment. All other chemicals were 
reagent grade. 


Apparatus and General Methods-A 0.1 M sodium acetate- 
acetic acid buffer, adjusted to pH 5.9 was used as the solvent in all 
experiments. The solutions to be irradiated were placed in a trough 
irradiated either from above or below the surface. In the former case, 
an UV lamp was secured about 50 mm. above the surface of the solu- 
tion. In the latter, an UV lamp was positioned under a quartz 
window set into the bottom of the trough. In both cases the lamps 
were fitted with filters which screened out radiation below 280 mp. 
The temperature of the trough and solution was maintained at 25 f 
0.1 by use of a constant temperature water circulator. Surface pres- 
sure, T, (the difference between the surface tension of the buffer 
solution and that of the drug-buffer solution) was measured by the 
Wilhelmy plate method (2) using a thin, roughened platinum blade 
attached to a torsion balance! 


The drug solutions were irradiated for periods ranging from 15-25 
min., during which time surface pressure was determined periodi- 
cally. Surface pressure was also determined for varying periods after 
the irradiation was stopped. 


RESULTS AND DISCUSSION 


In the first phase of the study 1 X M solutions of the drugs 
were irradiated from above the surface for 25-min. periods. Surface 
pressure was determined at convenient intervals during the irradia- 
tion and for 25 min. after the irradiation was stopped. Under these 
conditions, both chlorpromazine and prochlorperazine exhibited a 


1 Smith Kline & French, Philadelphia, Pa. 
2 Wyeth Laboratories, Philadelphia, Pa. 
3 Squibb Institute for Medical Research, New Brunswick, N. J 
4 National Institutes of Mental Health, Bethesda, Md. 
6 Federal Pacific Electric Company, Newark, N. J. 
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Figure 1-surface pressure versus time of irradiation of 1 X lop4 M 
solutions of promazine HCl (A): chlorpromazine HCI (0); and 
prochlorperazine HCl (H) at 25", pH 5.9, and ionic strength 0.1. 
The dashed line (- - -) indicates the period after the irradiation was 
stopped. 


rapid increase in surface pressure over a period of 2-3 min. followed 
by a slower, secondary change (Fig. 1). Thus, irradiation, in the case 
of both of the chlorine substituted derivatives, apparently results in 
the formation of more surface-active compounds. Promazine, an 
unsubstituted derivative, however, exhibited no change in surface 
activity even after 25 min. of irradiation (Fig. 1). In contrast, irradia- 
tion of the trifluoromethyl derivatives (triflupromazine and trifluo- 
perazine) resulted in a rapid initial decrease in surface pressure fol- 
lowed by a slower secondary decrease (Fig. 2). When the irradiation 
was stopped the surface pressure of both of these solutions returned 
to approximately their original value. The final net result of irradia- 
tion was no change in surface pressure in the case of triflupro- 
mazine and about a 2 dynes/cm. increase in the case of trifluopera- 
zine. Thus, it appears that irradiation of the trifluoromethyl deriva- 
tives results initially in the formation of a less surface-active species 
at the surface and in its subsequent desorption from the surface. 
When the irradiation is stopped, apparently a resorption from the 
bulk occurs of unchanged material or of a new compound with 
about the same surface activity as the original compound. 


Some of the products of the photo-oxidation of chlorpromazine 
in the presence of oxygen have been reported to be chlorpromazine 
sulfoxide, chlorpromazine N-oxide, and hydroxychlorpromazine (3). 
It was of interest to determine whether the formation of these 3 
photoproducts during the irradiation of chlorpromazine was re- 
sponsible for the observed increase in surface pressure. Solutions of 
each of these compounds (1 X M )  were prepared and surface 
pressure determined before, during and after irradiation. 


In this phase of the study, the solutions were irradiated from 
below the surface for 15 min. in order to compare the two techniques. 
The results were essentially the same as that observed previously, 
except for a slight shift in the time axis due to differences in UV 
intensity. The results are summarized in Table I. 


The chlorpromazine sulfoxide solution exhibited no surface pres- 
sure either before or after irradiation. The N-oxide, in contrast, ex- 
hibited a surface pressure of 5.1 dynes/cm. as opposed to less than 1 
dyne/cm. for an equal concentration of chlorpromazine. However, 
since the irradiation of chlorpromazine resulted in an increase in sur- 
face pressure of 9.7 dynes/cm., the formation of N-oxide uia a photo- 
oxidation could not account in itself for the total observed increase 
in surface pressure. Irradiation of the N-oxide, however, did result in 
an additional 6.9 dynes/cm. increase in pressure. Thus, the formation 
and subsequent photo-oxidation of the N-oxide could account for 
the effect observed on the irradiation of chlormomazine. A solution 
of a representative hydroxy derivative (8-hydroxychlorpromazine) 
prior to irradiation exhibited no significant surface pressure initially. 
However, on standing the surface pressure of this material increased 
without irradiation, reaching a maximum value of almost 15 dynes 
in about 10 min. Concurrent irradiation appeared to have no signifi- 
cant effect on the rate or total change in surface pressure observed 
with this compound. The formation of the hydroxy derivative via 
photooxidation and its subsequent change in surface activity could 
be in part responsible for the changes observed during the irradiation 
of chlorpromazine. 


0 10 20 30 40 50 
TIME, rnin. 


Figure 2-surface pressure versus time of irradiation o j l  X M 
solutions of triflupromazine HCI (A); and trifluoperazine diHCl 
(0) at 25", p H  5.9, and ionic strength 0.1. The dashed line (- - -) in- 
dicotes the period after the irradiation was stopped. 


CONCLUSION 


The irradiation-induced changes in surface pressure observed in 
this study parallel those previously reported in the presence of a 
lecithin film (1). Those drugs that became more surface active after 
irradiation (chlorpromazine and prochlorperazine) exhibited an in- 
crease in interaction with a lecithin film under similar conditions. 
Those that remained unchanged or decreased in surface activity 
(promazine, triflupromazine, and trifluoperazine) behaved in much 
the same way in the presence of the film. 


Apparently then, the irradiation-induced changes in surface 
activity of these drugs are directly related to, and possibly responsi- 
ble for, the irradiation-induced changes in reactivity toward a lec- 
ithin film. 


This suggests that the photoactivated sensitizing phenothiazine 
drugs do not react directly with cellular components. Instead, they 
apparently form a new, stable, more surface-active compound cap- 
able of inducing a cutaneous reaction, probably ria changes in cell 
membrane permeability. 


Burckhardt el al. (4) and Willis et a / .  ( 5 )  demonstrated similar 
mechanisms of action for the photosensitized cutaneous reactions 
produced by 1-butyl-3-sulfanilurea and tetrachlorsalicylanilide, re- 
spectively. In both these studies it was established that stable photo- 
oxidation products, when applied to the skin in the absence of light, 
elicited a reaction similar to that observed when the original com- 
pound was applied and irradiated. Thus, as noted by Willis et al. ( 5 )  
the interaction of unstable, light-induced, free radicals with specific 
cellular components need not be assumed to be one of the steps in 
the process as previously postulated (6). Alternatively, it is the inter- 
action of a new, stable photo product with the cells or cell compo- 
nents that produces the observed effects. 


In this study, the photoproducts responsible for the change in 
surface activity, and presumably for the photosensitizing properties, 
were not identified. However, in the case of chlorpromazine it ap- 
pears that the formation and subsequent photolysis of the N-oxide 
derivative is in part responsible for the observed increase in surface 
activity. Formation of 8-hydroxychlorpromazine t>ia irradiation, fol- 


Table I-The Effect of UV Irradiation on the Surface Pressure, 
T, in Dynes/cm. of 1 X 
Chlorpromazine and Some Oxidation Products 


Solutions of 


7r 7r 
Prior to Following AX Due to 


Compd. Irradiation Irradiation Irradiation 


Chlorpromazine (CP) 0 9 1  9.1 
CP N-oxide 5.1 12 0 6.9 
CP Sulfoxide 0 0 0 
8-Hydroxy CP 0 


~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ ~  


?r Changed spontaneously reaching a maximum value of 15 dynes/ 
cm. in about 10 min. Irradiation did not influence this change. 
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lowed by a spontaneous change in its surface properties, could also 
account for some of the change observed following irradiation of 
chlorpromazine. The sulfoxide, at these concentration levels, would 
not be expected to contribute to this change. 


Since all of these compounds are metabolites of chlorpromazine 
(7), it would appear that the accumulation in the skin of not only the 
parent compound, but, more importantly, of some of its metabolites, 
may be responsible for the reported phototoxic reactions. It would 
be interesting to determine whether a relationship exists between the 
level of chlorpromazine and its N-oxide in the skin and the incidence 
of phototoxicity. 
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Metabolism of the Plant Growth Regulator 2,3,5-Triiodobenzoic 
Acid in Soybeans 


L. A. SPITZNAGLE”, J. E. CHRISTIAN, and A. J. OHLROGGE 


Abstract 0 This study investigates the residues resulting from the 
treatment of soybean plants with l-14C-2,3,5-triiodobenzoic acid. 
TLC was used to characterize and quantitate the residues present in 
the various samples. Residues of I-14C-2,3,5-triiodobenzoic acid, 
1 - I4C-2, 5-diiodobenzoic acid, and 1 -14C-3, 5-diiodobenzoic acid 
were found in the various plant parts and in the harvested seeds. 
The seeds also contained a large amount of the 14C activity as a 
hexane-soluble material which was not identified. 


Key phrases 0 2,3,5-Tr iiodobenzoic acid metabolism-so y beans 
0 Soybean plants-l-~4C-2,3,5-triiodobenzoic acid residues 0 
TLC-separation, analysis 0 Scintillometry-analysis 


Reports of an increased soybean yield following the 
use of the plant growth regulator, 2,3,5-triiodobenzoic 
acid (I) (1-3) have led to a proposal for widespread use 
of the compound on soybeans (4). A more recent pub- 
lication, dealing with the residue properties of I-  14C- 
2,3,5-triiodobenzoic acid (11) (5 ) ,  reported that 14C 
activity was lost rapidly from the plant but that a residue 
containing 14C was detected in the harvested seeds. 
The nature of the 14C residue was investigated. 


EXPERIMENTAL 
Materials and Methods-The chemicals used in this investigation 


were reagent grade with the exception of the chromatographic 
standards. 


All samples were counted in a liquid scintillation counter’ with 
a gain of 18% and a window setting of 50 to 900 units. The scin- 
tillation cocktail used consisted of 15 ml. of a 1 : 1 mixture of toluene 


1 Packard Tricarb, Packard Instrument Co., Inc. 


and 2-ethoxyethanol with 3.0 g. of PP02J. of cocktail. All samples 
were corrected for quenching by the addition of an internal stan- 
dard. 


The synthesis of the l-14C-2,3,5-triiodobenzoic acid used in this 
investigation has been described in a previous publication (5). 
Samples of leaves and stems from the earlier study were frozen 
and stored for use in the metabolite analysis. The harvested soy- 
beans from the previous study were stored at room temperature. 


TLC was used for the metabolite analysis. The chromatograms 
were prepared in layers that were 250 p thick using a 1 :2 mixture 
of an adsorbent containing a fluorescent indicator3 and plain 
adsorbent.3 The chromatograms were activated for 1 hr. at 110” 
immediately prior to use. 


Three solvent systems were used for TLC. Solvent System A 
consisted of a 1 :10 mixture of propionic acid and petroleum ether 
(3&60”), which was freshly prepared and placed in a chamber lined 
with filter paper. Chromatograms were developed in Solvent Sys- 
tem A after the solvent had reached the top of the filter paper 
liner (1.5-2.0 hr.). 


Solvent System B consisted of a 1 : 2  : 10 mixture of propionic acid, 
methanol, and benzene. Freshly prepared solvent was placed in a 
chamber lined with filter paper and the chamber was allowed to 
equilibrate for 24 hr. prior to use. 


Solvent System C consisted of a 3:7 mixture of pyridine and 
benzene. Solvent System C gave better separation when the chro- 
matograph was placed into the solvent chamber immediately after 
the addition of the solvent. 


After all aromatic solvents had evaporated from the developed 
chromatograms, the compounds were located by placing the chro- 
matogram under UV light. Table I lists the compounds which were 
used as chromatographic standards, their source, and their R ,  
values in the above-mentioned solvent systems. 


Preparative thin-layer chromatograms were prepared from a 


2 2,5-Diphenyloxazole. 
1 Adsorbosil-p-1, and Adsorbosil-1, Applied Science Laboratories, 


Inc. 
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Books 


REVIEWS 


Applied Pharmacology. 10th Edition. By ANDREW WiLsoN and 
H. 0. SCHILD. Little, Brown & Company, Boston, Mass., 1968. 
xii + 721 pp. 
The authors have developed an excellent text relating the funda- 


mental principles of pharmacology to the therapeutic use of drugs. 
Numerous features of the organization and style of presentation 
contribute to continuity of thought so essential to reader com- 
prehension. For example, the first three chapters identify and dis- 
cuss general principles of pharmacology utilized in subsequent 
chapters dealing with specific drug classes. Included are factors 
affecting the tissue concentration of administered drugs (absorp- 
tion, protein binding, metabolism, and excretion), factors affecting 
drug-receptor interaction and the concept of drug modification of 
enzyme catalyzed chemical processes controlling body functions. 
Pertinent aspects of physiology, biochemistry, and clinical medicine 
are reviewed and incorporated into the presentation of the pharma- 
cologic subject matter. 


The reviewer finds this book to have great appeal as a teaching 
text for basic courses in pharmacology or as a self-study text for 
research personnel in allied fields. With each class of drugs the 
authors have been wisely selective in presenting a limited number 
of pertinent experimental findings to illustrate the basis for ex- 
plaining the drug’s mechanism of action as it is presently under- 
stood. Liberal use of tables and diagrams adds greatly to the clarity 
of presentation. The presentation is adequate for the reader using 
this text for self-study purposes. Furthermore, the authors instill 
an appreciation for the experimental method on which inferences 
about drug action are based. Thus when used as a teaching text 
this style of approach should lend itself to further elaboration at the 
instructor’s discretion. 


An initial problem for most students of pharmacology is gaining 
familiarity with basic terminology relating to drug names and de- 
scriptions of their actions. As a British text, Applied Pharmacology 
may impose some hardship on the pharmacy or medical student 
in this country since there are slight differences between the British 
and United States conventions for some of the drug names. This 
minor problem should be easily overcome if the students are pro- 
vided with a supplemental glossary of terms. 


The authors state that their aim has been to inculcate a critical 
approach to the study of the mode of action and the clinical use 
of drugs. Applied Pharmacology goes a long way in accomplishing 
this objective. 


Reviewed by Robert K. Chalmers 
School of Pharmacy and PharmacaI Sciences 
Purdue University 
La fayet te, IN 4 790 7 W 


Peptides 1968: Edited by E. BRICAS. North-Holland Publishing 
Company, Amsterdam, The Netherlands, 1968, xiii + 345 pp. 
15.5 X 22.9 cm. Price $16.00. Proceedings of the Ninth European 
Peptide Symposium, Orsay, France, April, 1968. 


The current volume, like its predecessors, is indeed a valuable aid 
to researchers working in the field of peptides. This book provides 
an up-to-date account of literature and the various trends and 
scope in the peptide field. The presentation is divided into eight 
sections, each of which incorporates the work of leading authorities 
in the field. Sections one and seven are of particular interest as they 
uncover the new possibilities. Section one deals with the conforma- 
tional studies of peptides and depsipeptides. The proper conforma- 


tional knowledge is of vital importance for the complete understand- 
ing of biological activities of peptides and proteins. Section seven 
focuses the attention on another very interesting area, that is, the 
bacterial cell wall peptides. Section five is devoted to the synthesis of 
nonsymmetrical cystine peptides and presents complete data on the 
various aspects of insulin synthesis. Sections two and three outline 
the progress made toward the design of new protecting groups 
and coupling methods. Modifications and possible improvements of 
solid phase method of peptide synthesis are discussed in section 
four. Sections six and eight provide valuable information by outlin- 
ing the contributions made by utilizing classical approaches in the 
synthesis of biologically active peptides and structure-activity 
relationships in the peptide chemistry. The inclusion of the author 
index in this volume is an improvement over the previous volumes. 


Reviewed by Amrit L. Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica. N Y  11432 


Chelates in Analytical Chemistry. Vol. 11. Edited by H. A. FLASCHKA 
and A. J. BARNARD, JR. Marcel Dekker, Inc., New York, N.Y. 
1969. 


This volume, like the previous one, is a collection of monographs in 
this area of analytical chemistry. A brief review of each of them will 
be made here. A general assessment of the book concludes this re- 
view. 


The first, by BudgSinsky, is concerned with synthetic methods for 
preparing arylazo derivatives of 4,5-dihydroxy-2,7-naphthalene 
disulfonic acid, i.e., chromotropic acid and a review of their use in 
the analysis of about thirty metallic elements in ores and alloys, etc. 
A large table of data is presented, giving optimum pH values for the 
use of these reagents with different metals, the wavelengths of ab- 
sorption maxima, molar a_bsorptivities, etc. 


The second article by Stulik and Vydra, is concerned with the 
application of the “dead stop” titration technique to solutions con- 
taining a number of metallic ions and EDTA. 


The third monograph, by Firsching, is concerned with conven- 
tional and homogeneous precipitation reactions involving the use of 
oxalate, 8-quinoline and its derivatives, oximes, dioximes, hydrox- 
amic acids, carboxylic acids, l,lO-phenanthraline, 2,2’-bipyridine, 
and miscellaneous compounds. This article is a review of the litera- 
ture in the period of 1960-1965. 


Jungreis and Thabet have prepared a short, but excellent, article 
on the use of Schiff bases in reactions involving chelation. 


Burger has also written a short discussion on the selectivity and 
analytical applications of dimethylglyoxime and related dioximes 
and presented a short review of recent work in this area. 


Finally, Lassner and Piischel have written an extensive review of 
niobium and tantalum reactions with various chelating and other 
reagents. While the article is comprehensive in the literature cited, 
these authors do not make an understandable and systematic presen- 
tation of the analytical chemistry of these elements, which seems 
called for in an article of this length. The article is particularly weak 
in treating separative reactions involving niobium, titanium, and 
tantalum combinations. 


In general this book is a useful reference work, much like ana- 
lytical reviews. It is not recommended for the student, but rather for 
the reference library dealing mostly with transition elements. 


Reviewed by C. F. Hiskey 
Endo Laboratories, Znc. 
I00 Stewart Aue. 
Garden City, NJ I1533 W 


Vol. 58, No. 11, Nooember I969 1431 












third ring component in griseofulvin is associated with a dramatic 
reduction of in zirro antidermatophytic activity. 


Direct comparison of the fatty acid-griseofulvin derivatives 
(IIIb, lVb, Vb)  with the corresponding fatty acids (IIIa, IVa, Va) 
(Table 111) indicated significantly enhanced antidermatophytic 
properties of the former entities in excess of the known and mea- 
sured inhibitory properties of the individual fatty acids. However, 
none of the new compounds was as effective, on a microgram basis, 
as griseofulvin. 


Several species differences could be demonstrated (Tables I 1  
and 111). Compound Ib (Table 11), for example, was severely in- 
hibitory for T. mentagrophytes, but was not at all effective against 
M. gypseum or T. rubrum. The single strain of K.  aielloi utilized 
in these experiments was quite resistant to amounts of griseofulvin 
which normally inhibit pathogenic dermatophytes (Table 11). 
It was, however, inhibited by several of the griseofulvin derivatives 
at higher concentration. The isolate used was obtained from soil; 
it has been reported that soil isolates are relatively resistant to 
griseofulvin in contrast to pathogenic strains from clinical infections 
which tend to be griseofulvin sensitive (5). It may be added that 
definite species differences in the sensitivity to various compounds is 
of major interest in terms of the ultimate tailoring of a molecule for 
a specific effect. 


The general concept of a skin-directed molecule also incorporating 
moieties for different therapeutic effects can, of course, be extended 
to several other situations such as those requiring antibacterial, 


antiyeast, and anti-inflammatory activities. Success from such an 
approach may well be based upon the synthesis of a graded series 
of derivatives such as those reported in this communication. 
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Determination of 2-Chloroethanol in Surgical Materials 
by Extraction and Gas Chromatography 


J. E. WHITBOURNE, J. A. MOGENHAN, and R. 


Abstract 0 A method for the determination of 2-chloroethanol 
in ethylene oxide sterilized surgical materials is described. The 
2-chloroethanol is extracted under vacuum, condensed in a cold 
trap, and quantitative determinations made by GLC. The method 
is compared with acetone and water extractions. 


Keyphrases 0 Ethylene oxide sterilized plastic, rubber-2-chloro- 
ethanol determination 0 2-Chloroethanol extraction, determina- 
tion-surgical materials 0 GLC-analysis 


Methods for the determination of 2-chloroethanol 
(ethylene chlorohydrin) in foods, plastic, and rubber 
have recently appeared in the literature (1-5). We have 
found these methods to be unreliable for this deter- 
mination in polyvinyl chloride plastic (PVC), and in syn- 
thetic and latex rubber. 


Cunliffe and Wesley (2) used saline and blood extrac- 
tion to demonstrate the formation of 2-chloroethanol 
in solution by surgical plastics sterilized with ethylene 
oxide. None was found when distilled water was used. 
They did, however, find 2-chloroethanol in irradiated 
PVC which was subsequently sterilized with ethylene 
oxide. Irradiation formed HC1 within the PVC which 
reacted with the ethylene oxide. This demonstrated that 
either absorbed ethylene oxide reacted with C1- within 
the plastic-forming 2-chloroethanol, or that the reaction 


R. ERNST 


took place in the elution liquid. The formation of 2- 
chloroethanol, due to C1- in PVC which had not been 
irradiated, was not demonstrated. It cannot be clearly 
shown by their method that 2-chloroethanol was 
formed during the sterilization process, but only that 
irradiation prior to ethylene oxide exposure resulted 
in the presence of detectable quantities of 2-chloro- 
ethanol in an elution solvent ( i e . ,  H,O). 


A method has been developed which appears to be 
reliable for determining 2-chloroethanol in a variety of 
materials. Extraction of 2-chloroethanol is achieved 
by heat and high vacuum distillation with collection in 
a U tube cooled in liquid nitrogen. The collected 2- 
chloroethanol was quantitatively determined by GLC. 
This method was compared with other reported tech- 
niques for determination of 2-chloroethanol. 


EXPERIMENTAL 


Apparatus-A 250-mlg. round-bottom flask with 24/40 ground- 
glass joint; glass tube with ground fitting for attachment to flask; 
fitting (Swagelock) to adapt glass tube to steel; stainless steel U 
tube,0.305m. length X 0.635cm. o.d.(l ft. length X 0.25 in. 0.d.); 
vacuum source capable of less than forty f i .  Gas chromatography 
was performed on an instrument (Perkin Elmer model 800) equipped 
with a dual-flame ionization detector. Also used was a column 
[0.318 cm. X 1.829 m. (1/8 in. X 6 ft.) ss 10% polyethylene glycol 
(Carbowax 1540) on Teflon 35M]. 
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Table I-Recovery of 2-Chloroethanol 


Material mg. Absorbed mg. Recovered Recovery, 


PVC plastic 11.0 11.0 100 
PVC plastic 10.5 10.5 100 
Latex rubber 3.73 3.22 86.3 
Latex rubber 1 . 7  1.49 87.7 
Synthetic rubber 1.63 0.62 38.0 


The operating parameters were: helium flow rate-29 ml./min. ; 
40 psig air zero gas (Matheson); 16.5 psig hydrogen; temperature 
of column: 125"; temperature of injection block: 200': and tem- 
perature of detector: 195 '. 


Procedure-The plastic and rubber material tested were exposed 
in a commercial sterilizer to 750-800 mg./l. ethylene oxide for 4 hr. 
After sterilization, samples were cut, weighed. and placed in a 
round-bottom flask. Plastic tubing and other thicker material 
was first chilled in liquid NZ and crushed to increase surface area. 
The flask was attached to the U collection tube ria the glass tube 
and fitting. The U tube was immersed 2.54 cm. ( 1 in.) into liquid 
nitrogen in a Dewar flask. The U tube was then evacuated to at 
least 20 p for 30 min. The flask was immersed in a water bath at 
8(r90° and evacuated 1 additional hr. After extraction, the vacuum 
was discontinued and the U tube allowed to warm to ambient 
temperature (20"). The content of the U tube was dissolved in a 
small amount of water (3-10 ml.) and transferred to a suitable 
container. Samples of 0.2 and 1.0 pl. were injected into the gas 
chromatograph. 


2-chloroethanol elutes from the GC column in 5 min.; any 
ethylene oxide that is not volatized as the tube is warmed is sepa- 
rated from the 2-chloroethanol on the column and eluates in less 
than 1 min. ; consequently there is no interference. 


A standard calibration curve was prepared using 2-chloroethanol 
(Eastman Organic Chemicals) in water. Recovery studies to de- 
termine the efficiency of the method were performed by placing a 
small beaker containing 0.2 ml. of 2-chloroethanol in a 1,500-ml. 
container. Samples of the plastic or rubber material under investi- 
gation were placed in the container next to the beaker. The container 
was subsequently closed to create an atmosphere of 2-chloroethanol 
in the plastic or rubber environment. Exposure for 4 hr. at 20" 
was sufficient for the sample to sorb 1&20 mg. In the case where 
100 recovery was achieved, the sample, after vacuum, returned 
to its original weight. In the determinations, where less than 100% 
recovery was achieved, and samples, after vacuum. did not return 
to their original weight. The increase could not be correlated with 
the 2-chloroethanol not recovered. 


RESULTS AND DISCUSSION 


Table I indicates the per cent recovery achieved with three 
materials used in determining efficiency of the method. Increased 
temperature of the water bath and vacuum for 3 hr. did not increase 
the amount recovered from the synthetic rubber. The 2-chloro- 
ethanol may have irreversibly reacted with the synthetic material. 
The same phenomenon to a lesser degree may be true in the case 
of latex. When water or acetone was tested as an eluting solvent, 
the percent recovery in each case was lower. 


Table 11-2-Chloroethanol Recovered from 
Sterilized Samples, mg./g. 


Water Acetone Vacuum 
Sample Extraction Extraction Extraction 


a NR = no recovery. 


Table I1 lists results for three methods of extraction used for 
samples that were ethylene oxide sterilized. Samples A and B are 
polyvinyl chloride but of a different formulation. Sample C is syn- 
thetic rubber and Sample D is pure latex. A and B determinations 
were made immediately following sterilization. C and D were de- 
termined 14 days after sterilization. 


Some formulations of polyvinyl chloride contain volatiles (plasti- 
cizers, extenders, etc.) which may have GC retention values equiva- 
lent to 2-chloroethanol and interfere with analysis. The control 
sample (unsterilized) will indicate this, if this is indeed the case. 
The frequency of this problem was not sufficient to warrant further 
work to separate the 2-chloroethanol from the volatiles. Of eight 
different formulations studied, only one contained interfering vola- 
tiles. For such difficult-to-analyze formulations, it would be 
necessary to evaluate other GC columns to effectively separate 
the 2-chloroethanol from the interfering volatiles. 


The sensitivity of the instrument is 1 mcg./ml. using 0.2-p1. 
injections but by increasing sample size, detection limits are well 
below this value. Thus, values of 0.45 mcg./g. have been determined 
in latex. Other reported methods are limited by size of sample 
relative to extraction solvent volume, and would require an ad- 
ditional concentration step for the liquid extraction methods to 
acquire the same low-level sensitivity. 
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lowed by a spontaneous change in its surface properties, could also 
account for some of the change observed following irradiation of 
chlorpromazine. The sulfoxide, at these concentration levels, would 
not be expected to contribute to this change. 


Since all of these compounds are metabolites of chlorpromazine 
(7), it would appear that the accumulation in the skin of not only the 
parent compound, but, more importantly, of some of its metabolites, 
may be responsible for the reported phototoxic reactions. It would 
be interesting to determine whether a relationship exists between the 
level of chlorpromazine and its N-oxide in the skin and the incidence 
of phototoxicity. 
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Metabolism of the Plant Growth Regulator 2,3,5-Triiodobenzoic 
Acid in Soybeans 


L. A. SPITZNAGLE”, J. E. CHRISTIAN, and A. J. OHLROGGE 


Abstract 0 This study investigates the residues resulting from the 
treatment of soybean plants with l-14C-2,3,5-triiodobenzoic acid. 
TLC was used to characterize and quantitate the residues present in 
the various samples. Residues of I-14C-2,3,5-triiodobenzoic acid, 
1 - I4C-2, 5-diiodobenzoic acid, and 1 -14C-3, 5-diiodobenzoic acid 
were found in the various plant parts and in the harvested seeds. 
The seeds also contained a large amount of the 14C activity as a 
hexane-soluble material which was not identified. 


Key phrases 0 2,3,5-Tr iiodobenzoic acid metabolism-so y beans 
0 Soybean plants-l-~4C-2,3,5-triiodobenzoic acid residues 0 
TLC-separation, analysis 0 Scintillometry-analysis 


Reports of an increased soybean yield following the 
use of the plant growth regulator, 2,3,5-triiodobenzoic 
acid (I) (1-3) have led to a proposal for widespread use 
of the compound on soybeans (4). A more recent pub- 
lication, dealing with the residue properties of I-  14C- 
2,3,5-triiodobenzoic acid (11) (5 ) ,  reported that 14C 
activity was lost rapidly from the plant but that a residue 
containing 14C was detected in the harvested seeds. 
The nature of the 14C residue was investigated. 


EXPERIMENTAL 
Materials and Methods-The chemicals used in this investigation 


were reagent grade with the exception of the chromatographic 
standards. 


All samples were counted in a liquid scintillation counter’ with 
a gain of 18% and a window setting of 50 to 900 units. The scin- 
tillation cocktail used consisted of 15 ml. of a 1 : 1 mixture of toluene 


1 Packard Tricarb, Packard Instrument Co., Inc. 


and 2-ethoxyethanol with 3.0 g. of PP02J. of cocktail. All samples 
were corrected for quenching by the addition of an internal stan- 
dard. 


The synthesis of the l-14C-2,3,5-triiodobenzoic acid used in this 
investigation has been described in a previous publication (5). 
Samples of leaves and stems from the earlier study were frozen 
and stored for use in the metabolite analysis. The harvested soy- 
beans from the previous study were stored at room temperature. 


TLC was used for the metabolite analysis. The chromatograms 
were prepared in layers that were 250 p thick using a 1 :2 mixture 
of an adsorbent containing a fluorescent indicator3 and plain 
adsorbent.3 The chromatograms were activated for 1 hr. at 110” 
immediately prior to use. 


Three solvent systems were used for TLC. Solvent System A 
consisted of a 1 :10 mixture of propionic acid and petroleum ether 
(3&60”), which was freshly prepared and placed in a chamber lined 
with filter paper. Chromatograms were developed in Solvent Sys- 
tem A after the solvent had reached the top of the filter paper 
liner (1.5-2.0 hr.). 


Solvent System B consisted of a 1 : 2  : 10 mixture of propionic acid, 
methanol, and benzene. Freshly prepared solvent was placed in a 
chamber lined with filter paper and the chamber was allowed to 
equilibrate for 24 hr. prior to use. 


Solvent System C consisted of a 3:7 mixture of pyridine and 
benzene. Solvent System C gave better separation when the chro- 
matograph was placed into the solvent chamber immediately after 
the addition of the solvent. 


After all aromatic solvents had evaporated from the developed 
chromatograms, the compounds were located by placing the chro- 
matogram under UV light. Table I lists the compounds which were 
used as chromatographic standards, their source, and their R ,  
values in the above-mentioned solvent systems. 


Preparative thin-layer chromatograms were prepared from a 


2 2,5-Diphenyloxazole. 
1 Adsorbosil-p-1, and Adsorbosil-1, Applied Science Laboratories, 


Inc. 
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Table I-Chemicals Used in an Investigation of the Metabolism 
of l-~~C-2,3,5-Triiodobenzoic Acid in Soybeans 


traveled above the oil (R, 0.70-0.85). Liquid scintillation counting 
of the various zones revealed that 14C was present only in the fluores- 
cent zone. Acetone extracts of the fluorescent zones from several 


of an oil. When the oil was chromatographed, it gave an R f  of 0.8 
Sym- System System System in Solvent System A ,  0.36 in Solvent System B, and 0.00-0.45 in 


The radioactivity in the hexane extract was soluble in ether at 
aH 10. Refluxing the hexane extract with 2 N HCl for 4 hr. did not 


r Rf Valu- preparative thin-layer chromatograms yielded a very small amount 
Solvent Solvent Solvent 


bol Chemical Name Source" Ab BC Cd Solvent System C. 


0.19 o.50 O-O. l3 I 2,3,5-Triiodoben- 
zoic acid 


I1 1- 14C-2,3,5-Triiodo- 
benzoic acid 


111 2,5-Diiodobenzoic 
acid 


1V 3,5-Diiodobenzoic 
acid 


V 2,3-Diiodobenzoic 
acid 


VI 2-Iodobenzoic acid 
VII 3-Lodobenzoic acid 


VIII Benzoic acid 
IX 2-OH-3,5-Diiodo- 


benzoic acid 
X 4-OH-3,5-Diiodo- 


benzoic acid 
XI 2-OH-3-Iodoben- 


zoic acid 
XI1 2-I-3-Hydroxy- 


benzoic acid 
XI11 2-OH-5-Iodoben- 


zoic acid 
XIV 3-OH-5-Iodoben- 


zoic acid 
XV l-Glycinyl-2,3,5- 


triiodobenzoate 
XVI I-Glycinyl-2,5-di- 


iodobenzoate 
XVII I-Glycinylbenzoate 


(hippuric acid) 


1 


2 


1 


1 


1 


3 
3 
4 
1 


4 


1 


1 


3 


1 


1 


1 


3 


0.19 0.50 0-0.13 


0.44 0.62 0.23 


0.74 0.72 0.20 


0.21 0.45 0 4 . 1 3  


0.48 0.62 0.42 
0.78 0.72 0.38 
0.87 0.73 0.77 
0.16 0.44 0.06 


0.22-0.53 0.67 0.52 


0.26 0.46 0-0.08 


0.15 0.41 0.08-0.20 


0.31 0.50 0.15 


0.11 0.55 0.27 


0.0 0.38 -e 


0.0 0.36 -e 


0.0 0.27 -e 


a Sources of chemicals, I .  Purified chromatographic standard ob- 
tained from International Minerals and Chemical Co., Inc. 2. Syn- 
thesized by a method previously described (5). 3. Technical grade chem- 
ical obtained from commercial sources. 4. Reagent grade chemical ob- 
tained from commercial sources. * A 1 : 10 Mixture of propionic acid 
and petroleum ether (30-60"). A 1 :2: 10 Mixture of propionic acid, 
methanol, and benzene. A 3 :7 Mixture of pyridine and benzene. 
This chemical was not tested in this solvent system. 


plain adsorbent4 in layers that were 1.0 mm. thick. The chromato- 
grams were activated for 1 hr. at 110" immediately prior to use. 
Samples were applied to the chromatogram in streaks that were 2-8 
cm. long. The preparative thin-layer chromatograms were developed 
to a height of 10-12 cm. in Solvent System A. Zones of radioactivity 
were detected by scraping consecutive 1-cm. sections from each 
streak and counting in a liquid scintillation counter. 


Extraction of Radioactive Metabolites-The following samples 
were chosen to study the metabolites of I1 present in them: old 
leaves and stems from plants taken 2,4,22, and 60 days after appli- 
cation of 11; new leaves were included from plants taken 22 and 
60 days after application of 11; and seeds which were harvested from 
the remaining plants, 110 days after application of 11. 


The plant material was thawed and blotted prior to weighing. 
After weighing, the plant material was macerated, 10 ml. of IZ- 
hexane added for each gram of plant material, and the mixture 
placed on a platform shaker5 for 24 hr. 


The hexane mixture was filtered through a sintered-glass funnel 
and the plant material washed with three 50-ml. portions of hexane. 
The I4C content of the hexane was determined by evaporating the 
hexane extract to a known volume and counting three 1.0-ml. 
samples in a liquid scintillation counter. 


Extraneous material was separated from the radioactive metabo- 
lites in the hexane extract of harvested seeds by preparative TLC 
in Solvent System A. The extract separated into three distinct 
zones, one containing the yellow pigments (R, 0.084.1), another 
the oils (Rf 0.5-0.75). and another a fluorescent material which 


4 The adsorbent was purified by extracting with ether in a continuous 


6 Eberbach Corp., Ann Arbor, Mich. 
extraction apparatus for 24 hr. prior to use. 


alter its ether solubility or chromatographic behavior. Alkaline 
hydrolysis, by refluxing with 1 N NaOH for 1 hr. caused 3 3 z  of 
the l4C to remain in the aqueous phase following ether extraction 
at pH 10. Since alkaline hydrolysis of I1 caused decomposition, 
yielding several colored zones on a thin-layer chromatogram, the 
alkaline hydrolyzed hexane extract was not chromatographed. 
Control seeds to which I1 had been added yielded less than 1.0% 
of the added 14C in the hexane extract. However, the control seeds 
did yield a fluorescent material which had chromatographic prop- 
perties similar to the material found in the treated seeds. No further 
attempts were made to identify the hexane-soluble fraction. 


The plant material remaining after the hexane extraction was 
next extracted with 10 parts of an ethanolic-formic acid mixture 
(three parts ethanol, 9 5 x ,  and one part formic acid, 88%) by 
shaking for 24 hr. Preliminary studies had shown that ethanolic- 
formic acid would extract 100% of the 14C residue from treated 
seeds. 


The ethanolic-formic acid extract of the seeds was diluted with 
two volumes of acetone in order to facilitate filtration through a 
sintered-glass funnel. The 4C content of the ethanolic-formic acid 
extract was determined by evaporating the extract to a known vol- 
ume and counting three 1.0-ml. samples. Table I1 gives the percent 
of the l4C residue which was removed from the various samples 
by the solvent extractions. 


Acid Hydrolysis-Acid hydrolysis has been shown to hydrolyze 
conjugates of both I (2,3,5-triiodobenzoic acid) and its metabolites 
(6); therefore, one-half of each ethanolic-formic acid extract of the 
plant parts was hydrolyzed. Each sample to be hydrolyzed was 
evaporated to an aqueous residue and added to a flask containing 
25 ml. of 2 N HCl and some glass beads. The flask was attached to a 
water-cooled condenser and the material refluxed for 4 hr. after 
which the mixture was neutralized. 


Attempts were made to remove extraneous material from the 
hydrolyzed and nonhydrolyzed ethanolic-formic acid extracts by 
extracting with ether, first at a pH of 10.0 and then at a pH of 2.0. 
The radioactivity was distributed in both ether fractions and in the 
remaining aqueous phase. TLC of the three phases from several 
samples of plant material indicated further clean-up was necessary 
before thin-layer chromatographic analysis could be used to 
identify the 14C residue. Accordingly, each of the solvent fractions 


Table 11-Percent of the 14C Residue Removed by Solvent 
Extraction from the Various Plant Parts of Soybean Plants 
Treated with l-14C-2,3,5-Triiodobenzoic Acid 


~ ~~ ~ ~~~~ ~~~~ ~ 


Percent6 Extracted by 
Ethanolic Percentb 
Formic Un- 


Plant Part Daya Hexane Acidc extracted 


Old leaves 2d 5.8 122.5 0 
4 5 . 4  83.5 11.1 


22 2 .0  75.2 22.8 
60 1.6 64.4 34.0 


Stems 2 1.5 72.3 26.2 
4d 2.2 110.4 0 


22 5.0 81.6 13.4 
60 5 . 4  35.7 58.9 


New leaves 22 4.2 80.5 15.3 
60 1.6 56.8 41.6 


Harvested seeds llOd 48.2 57.5 0 
Control seeds + 11" 0.2  98.4 1 .4  


a Days after application of 1-14C-2,3,5-triiodobenzoic acid to field- 
grown soybeans. Percent of the J4C residue based on the 14C content 
determined by prior wet oxidation procedures (5). Refers to a mixture 
of three parts ethanol 95 % and one part formic acid 88 %. The excess 
activity can be attributed to poor mixing of the samples prior to the 
analysis by wet oxidation. 1-14C-2,3,5-Triiodobenzoic acid was added 
to the treated seeds; the results are the average of three determinations. 
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Table m-Percenti of the Total 14C Contained by the Old Leaves and Stems of Soybean Plants Treated with 1-14C-2,3,5-Triiodo- 
benzoic Acid, and Found in Four Zones on Preparative Thin-Layer Chromatograms 


--Percent” of the Total 14C in the Old Leaves- -Percentb of the Total 14C in the Stems- 
Zone 1 Total Zone 1 Total 


(Uniden- Zone 2 Zone 3 Zone 4 (Uniden- Uniden- Zone 2 Zone 3 Zone 4 (Uniden- 
Daya tifiedp (IQd (X1X)e (XX)’ tified)g tified)c (1I)d (XIX)e (XX)f tified)g 


18.2 76.7 2.9 17.0 15.5 42.4 4.4 2.1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 


Total 18.2 76.7 2.9 17.0 24.0 15.5 42.4 4.4 4.5 
2.4 2 Freeh 


43.2 
Conjugated“ 


4 Free 11.0 44.0 4.2 15.7 14.7 71.6 9.6 6.8 
Conjugated 0.0 0.0 0.9 0.8 2.6 4.1 0.0 3.3 
Total 11 .o 44.0 5.1 16.5 27.5 12.1 75.7 9.6 10.1 14.3 


22 Free. 34.8 7.1 1 .6  22.6 20.6 30.5 4.2 13.2 
Conjugated 20.9 7.6 2.1 7.1 13.1 16.2 0.0 0.2 


3.7 29.6 38.7 7.5 46.7 4.2 13.4 25.9 Total 13.9 14.7 


60 Free, 35.2 4.6 0.0 15.5 14.4 8 .5  0.0 3.8 
Conjugated 19.1 4.2 2.0 12.3 1 .8  1 .4  1.1 0 .6  
Total 16.1 8.8 2.0 27.8 51.7 12.6 9.9 1 .1  4.4 76.9 


~ ~~ 


q’Days after application of 1-14C-2,3,5-triiodobenzoic acid. b Calculated from the total radioactivity found in the plant part by wet oxidation tech- 
niques (5) and its subsequent distribution into the various zones of the chromatograms. This zone remained at the origin in a solvent system of pro- 
pionic acid and petroleum ether (1 : 10) and was not identified. d This zone was identified by isotope, dilufion as I~(1-14C-2,3,5-triiodobenzoic acid). 


This zone was identified by isotope dilution as XIX (1-14C-2,5-diiodobenzoic acid). f This zone was identified by isotope dilution as XX (1-14C-3,5- 
diiodobenzoic acid). Found by summation of the percent remaining at the origin after hydrolysis (Zone l), the percent in the hexane solvent frac- 
tion (Table 11), and the percent unextracted (Table 11). Refers to material which was not hydrolyzed. ’ Refers to the decrease in Zone 1 after 
hydrolysis and the increase in the percent of the metabolites identified after hydrolysis. 


was subjected to preparative TLC in Solvent System A.  Four main 
zones of 14C activity were detected on the preparative thin-layer 
chromatograms. The percent of the chromatographed radioactivity 
represented by each of the zones was determined by liquid scintil- 
lation counting. By multiplying the radioactivity extracted from 
each plant part by the fraction found in each zone of the preparative 
chromatograms the total radioactivity represented by the metabo- 
lites present in each zone was calculated. The results for each zone 
were expressed as a percent of the total radioactivity found in the 
plant part by wet oxidation techniques (5).  The results of these 
calculations are presented in Table I11 for the old leaves and stems, 
and in Table IV for the new leaves and harvested seeds. 


After separating the metabolites into four distinct zones, attempts 
were made to identify as many of the metabolites as possible. 
Identification was complicated by the small amount of each metabo- 
lite contained by and separable from the plant material. 


The metabolites were eluted from each chromatograph with three 
2.0-ml. portions of acetone. A carrier technique was used to “iden- 
tify” the metabolites represented by each zone of radioactivity. 
A portion of the extract from each zone was mixed with each of the 
suspected metabolites (Table I). The added material was then 
separated and purified by TLC in two different solvent systems. 


Solvent System A (propionic acid and petroleum ether, 1 :lo) 


was capable of separating most of the compounds from each other. 
However, Solvent System C was used to confirm the results ob- 
tained with Solvent System A and to separate compounds which 
had similar R, values in Solvent System A .  


The radioactivity contained by Zone 1 (origin) could not be 
characterized by this method. The radioactivity streaked and over- 
lapped with the added XV (l-glycinyl-2,3,5-triiodobenzoate), XVI 
(l-glycinyl-2,5-diiodobenzoate), and XVII (1-glycinylbenzoate) 
when developed in Solvent System B. 


The described carrier technique was used to characterize the 
radioactive metabolites in each of the remaining zones. The only 
radioactive compound found in Zone 2 (R ,  0.14-0.33) was I1 
(l-14G2,3,5-triiodobenzoic acid). The labeled form of I11 (2,5- 
diiodobenzoic acid) was the only radioactive compound found 
in Zone 3 (Rj  0.40.6) and it was referred to as XIX (1-14C-2,5- 
diiodobenzoic acid). The labeled form of IV (3,5-diiodobenzoic acid) 
was the only radioactive compound found in Zone 4 (R,  0.654.85), 
and it was referred to as XX (1-14C-3,5-diiodobenzoic acid.) 


The specific activity of XIX and XX was calculated from the 
specific activity of I1 (5). The amounts of XIX and XX which were 
identified in the various plant parts were calculated using the specific 
activity of each. The results of these calculations are given in Table 
V. The values for the harvested seeds are given as parts per billion 


Table IV-Percent of the Total 14C Contained by the Nea Leaves and the Harvested Seeds of Soybean Plants Treated with 
1-14C-2,3,5-Triiodobenzoic Acid, and Found in Four Zones on Preparative Thin-Layer Chromatograms 


Percenta of the Total 14C in 7 


Zone 1 Zone 2 Zone 3 Zone 4 Total 
Plant Part Dayb Unidentifiedc IIId XIX‘ XXf Unidentifiedg 


New leaves 22 Freeh 
Conjugated“ 
Total 


60 Free 


Seeds 


Conjugated 
Total 


110 Free, 
Conjugated 
Total 


17.3 7.9 1 .3  22.6 60.5 
10.0 21 .o 11.0 6.5  
0.0 5.0 0.oi 11 .o 


22.0j 26.0 11 .o 17.5 55.0 


Calculated from the total radioactivity found in the plant part by wet oxidation techniques (5) and its subsequent distribution into the various zones 
of the chromatograms. Days after application of 1-14C-2,3,5-triiodobenoic acid. This zone remained at the origin in a solvent system of pro- 
pionic acid and petroleum ether (1 : 10) and was not identified. d This zone was identified by isotope dilution as II(1-14C-2,3,5-triiodobenzoic acid). 


This zone was identified by isotope dilution as XIX(1-14C-2,5-diiodobenzoic acid). f This zone was identified by isotope dilution as XX(1-I4C-3,5- 
diiodobenzoic acid). u Found by summation of the percent remaining at  the origin after hydrolysis (Zone l), the percent in the hexane fraction 
(Table II), and the percent unextracted (Table 11). Refers to material which was not hydrolyzed. ’ Refers to the decrease in Zone 1 after hydrolysis 
and the increase in the percent of the metabolites identified after hydrolysis. i The amount remaining at the origin increased after acid hydrolysis 
while Zone 3 contained no radioactivity after acid hydrolysis. 
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Table V-The Quantity of Each Metabolite Found in Plant Parts 
of Soybeans Treated with l-W-2,3,5-Triiodobenzoic Acid 


Micrograms-- 7 


Plant Part Daya IP  XIXC XXd 


Old leaves 2 
4 


22 
60 


Stems 2 
4 


22 
60 


New leaves 22 
60 


Seeds' 110 


40.2 1.1 
13.9 1 . 2  
3.2 0.61 
0.81 0.14 


5.6 0.44 
9 . 3  0.88 
2.8 0.19 
0.35 0.03 


3.5 0.71 
0.22 0.03 


43 p.p.b. 14 p.p.b. 


6.7 
3.9 
4.9 
1.9 


0.45 
0.93 
0.61 
0.12 


1 . 8  
0.48 


22 p.p.b. 
~ ~~~~ 


Days after application of 1- 14C-2,3,5-triiodobenzoic acid. Identi- 
Identified 


Identified by 
Expressed in p.p.b. 


fied by isotope dilution as 1-14C-2,3,5-triiodobenzoic acid. 
by isotope dilution as 1- 1C-2,5-diiodobenzoic acid. 
isotope dilution as 1-14C-3,5-diiodobenzoic acid. 
because the average weight of seeds per plant was not determined. 


because the average weight of seeds per plant at harvest was not 
determined. 


DISCUSSION 


The major compounds identified as residues from the application 
of I1 (1-14C-2,3,5-triiodobenzoic acid) were 11, XIX (1-14C-2,5- 
diiodobenzoic acid), and XX (l-14CC-3,5-diiodobenzoic acid). 


The percent of the I4C residue in the old leaves which was 
identified, following hydrolysis, as I1 decreased rapidly from 75 z 
two days after application to 47% by four days and was down to 
8.6% by 60 days, indicating a rapid metabolism of 11. The percent 
of the 14C residue in the old leaves which was identified as XIX 
increased from two to four days after application indicating some 
metabolism of I1 to XIX. The percent of the 14C residue identified 
as XIX had decreased by 22 days indicating a further metabolism 
of XIX, or its translocation out of the leaves. The percent of the 14C 
residue identified as XX did not increase significantly during the 
first two sampling periods, but it had increased to 3 0 z  by 22 days 
and was the major metabolite of I1 identified in the old leaves at 
both 22 and 60 days. Deiodination of I1 to XIX did not appear to 
be an important metabolic pathway. However, deiodination of 
I1 to XX appears to be an important step in the metabolism of 11. 
The amounts of unidentified and unextractable 14C residue indicate 
alternate pathways for the metabolism of 11. The percent of the 
residue in the stems identified as 11, increased from 2 to 4 days after 
application of 11. Four days after application of 11, 75% of the 
residue in the stems was identified as free I1 indicating that I1 was 
translocated in the free form. The slight increase in the amounts of 
XIX and XX seems to indicate that these compounds were not 
translocated. The percent of the residue present in the new leaves at 
22 days as I1 indicates that I1 was translocated from the old leaves. 
Some acid hydrolyzable conjugates of I1 were also found in the new 
leaves. 


The largest identifiable residue in the seeds was 11. A small 
amount of 11 was present as a conjugate which was hydrolyzable 


by acid. More than one-half of the XX present in the seeds was in 
the form of a conjugate hydrolyzable by acid. As in the new leaves 
and the stems, the amount of XIX identified in the seeds decreased 
after hydrolysis. Hexane soluble material accounted for 48 of the 
14C residue in the harvested seeds versus less than 6% for the 
other plant parts. All of the radioactive residue was extracted from 
the seeds while a large fraction of the radioactive residue in the 
other plant parts could not be extracted from the later samples. 


The 11 % free XIX found in the seeds seems to indicate a selective 
translocation of XIX to the seeds; no other plant part contained 
that large a percentage of XIX. 


SUMMARY 


The use of hexane allowed the extraction of 48% of the 14C- 
containing metabolites from harvested seeds of soybean plants 
which had been treated with 1-14C-2,3,5-triiodobenzoic acid. How- 
ever, hexane extraction of the green plant parts did not remove 
more than 6 z  of the 14C-containing metabolites. The hexane- 
soluble metabolites were characterized as lipid-like materials, but 
were not identified. 


Free 1-14C-2,3,5-triiodobenzoic acid was found to be translocated 
to sites of new growth within the plant. l-14C-3,5-triiodobenoic 
acid was the major identifiable metabolite found in the old leaves. 
However, much of the radioactive residue in the old leaves became 
unextractable in the later time intervals, indicating other metabolic 
products. 


The use of a mixture of three parts ethanol, 95 %, and one part 
formic acid, 88 X, allowed extraction of all of the l4C residue in the 
harvested seeds. The harvested seeds contained 26% of the radio- 
active residue as l-14C-2, 3,5-triiodobenzoic acid (43 p.p.b.), 11 % 
as l-14C-2,5-diiodobenzoic acid (13.7 p.p.b ), and 1 7 S z  as l - 1 4 G  


3,5-diiodobenzoic acid (21.8 p.p.b.). 
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Books 


REVIEWS 


Applied Pharmacology. 10th Edition. By ANDREW WiLsoN and 
H. 0. SCHILD. Little, Brown & Company, Boston, Mass., 1968. 
xii + 721 pp. 
The authors have developed an excellent text relating the funda- 


mental principles of pharmacology to the therapeutic use of drugs. 
Numerous features of the organization and style of presentation 
contribute to continuity of thought so essential to reader com- 
prehension. For example, the first three chapters identify and dis- 
cuss general principles of pharmacology utilized in subsequent 
chapters dealing with specific drug classes. Included are factors 
affecting the tissue concentration of administered drugs (absorp- 
tion, protein binding, metabolism, and excretion), factors affecting 
drug-receptor interaction and the concept of drug modification of 
enzyme catalyzed chemical processes controlling body functions. 
Pertinent aspects of physiology, biochemistry, and clinical medicine 
are reviewed and incorporated into the presentation of the pharma- 
cologic subject matter. 


The reviewer finds this book to have great appeal as a teaching 
text for basic courses in pharmacology or as a self-study text for 
research personnel in allied fields. With each class of drugs the 
authors have been wisely selective in presenting a limited number 
of pertinent experimental findings to illustrate the basis for ex- 
plaining the drug’s mechanism of action as it is presently under- 
stood. Liberal use of tables and diagrams adds greatly to the clarity 
of presentation. The presentation is adequate for the reader using 
this text for self-study purposes. Furthermore, the authors instill 
an appreciation for the experimental method on which inferences 
about drug action are based. Thus when used as a teaching text 
this style of approach should lend itself to further elaboration at the 
instructor’s discretion. 


An initial problem for most students of pharmacology is gaining 
familiarity with basic terminology relating to drug names and de- 
scriptions of their actions. As a British text, Applied Pharmacology 
may impose some hardship on the pharmacy or medical student 
in this country since there are slight differences between the British 
and United States conventions for some of the drug names. This 
minor problem should be easily overcome if the students are pro- 
vided with a supplemental glossary of terms. 


The authors state that their aim has been to inculcate a critical 
approach to the study of the mode of action and the clinical use 
of drugs. Applied Pharmacology goes a long way in accomplishing 
this objective. 


Reviewed by Robert K. Chalmers 
School of Pharmacy and PharmacaI Sciences 
Purdue University 
La fayet te, IN 4 790 7 W 


Peptides 1968: Edited by E. BRICAS. North-Holland Publishing 
Company, Amsterdam, The Netherlands, 1968, xiii + 345 pp. 
15.5 X 22.9 cm. Price $16.00. Proceedings of the Ninth European 
Peptide Symposium, Orsay, France, April, 1968. 


The current volume, like its predecessors, is indeed a valuable aid 
to researchers working in the field of peptides. This book provides 
an up-to-date account of literature and the various trends and 
scope in the peptide field. The presentation is divided into eight 
sections, each of which incorporates the work of leading authorities 
in the field. Sections one and seven are of particular interest as they 
uncover the new possibilities. Section one deals with the conforma- 
tional studies of peptides and depsipeptides. The proper conforma- 


tional knowledge is of vital importance for the complete understand- 
ing of biological activities of peptides and proteins. Section seven 
focuses the attention on another very interesting area, that is, the 
bacterial cell wall peptides. Section five is devoted to the synthesis of 
nonsymmetrical cystine peptides and presents complete data on the 
various aspects of insulin synthesis. Sections two and three outline 
the progress made toward the design of new protecting groups 
and coupling methods. Modifications and possible improvements of 
solid phase method of peptide synthesis are discussed in section 
four. Sections six and eight provide valuable information by outlin- 
ing the contributions made by utilizing classical approaches in the 
synthesis of biologically active peptides and structure-activity 
relationships in the peptide chemistry. The inclusion of the author 
index in this volume is an improvement over the previous volumes. 


Reviewed by Amrit L. Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica. N Y  11432 


Chelates in Analytical Chemistry. Vol. 11. Edited by H. A. FLASCHKA 
and A. J. BARNARD, JR. Marcel Dekker, Inc., New York, N.Y. 
1969. 


This volume, like the previous one, is a collection of monographs in 
this area of analytical chemistry. A brief review of each of them will 
be made here. A general assessment of the book concludes this re- 
view. 


The first, by BudgSinsky, is concerned with synthetic methods for 
preparing arylazo derivatives of 4,5-dihydroxy-2,7-naphthalene 
disulfonic acid, i.e., chromotropic acid and a review of their use in 
the analysis of about thirty metallic elements in ores and alloys, etc. 
A large table of data is presented, giving optimum pH values for the 
use of these reagents with different metals, the wavelengths of ab- 
sorption maxima, molar a_bsorptivities, etc. 


The second article by Stulik and Vydra, is concerned with the 
application of the “dead stop” titration technique to solutions con- 
taining a number of metallic ions and EDTA. 


The third monograph, by Firsching, is concerned with conven- 
tional and homogeneous precipitation reactions involving the use of 
oxalate, 8-quinoline and its derivatives, oximes, dioximes, hydrox- 
amic acids, carboxylic acids, l,lO-phenanthraline, 2,2’-bipyridine, 
and miscellaneous compounds. This article is a review of the litera- 
ture in the period of 1960-1965. 


Jungreis and Thabet have prepared a short, but excellent, article 
on the use of Schiff bases in reactions involving chelation. 


Burger has also written a short discussion on the selectivity and 
analytical applications of dimethylglyoxime and related dioximes 
and presented a short review of recent work in this area. 


Finally, Lassner and Piischel have written an extensive review of 
niobium and tantalum reactions with various chelating and other 
reagents. While the article is comprehensive in the literature cited, 
these authors do not make an understandable and systematic presen- 
tation of the analytical chemistry of these elements, which seems 
called for in an article of this length. The article is particularly weak 
in treating separative reactions involving niobium, titanium, and 
tantalum combinations. 


In general this book is a useful reference work, much like ana- 
lytical reviews. It is not recommended for the student, but rather for 
the reference library dealing mostly with transition elements. 


Reviewed by C. F. Hiskey 
Endo Laboratories, Znc. 
I00 Stewart Aue. 
Garden City, NJ I1533 W 
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Conformational Preference in 
N,N-Dimethyl8-carboxamido-9,10-dimethylacridane 
Determined by NMR Spectroscopy 


GEORGE A. DIGENIS and EDWARD 0. MAGARIAN 


Abstract 0 The NMR spectrum of N,N-dimethyl-9-carboxamido- 
9,lO-dimethylacridane at ambient 41 O revealed a chemical shift 
difference of 42 C.P.S. between the two amide methyl groups. At 
higher temperatures the peaks of the methyl groups moved toward 
each other, and finally, at 96" coalesced into a single peak. It was 
concluded that the amide moiety exists in a preferred conformation 
whereby the methyl group that is trans to the carbonyl oxygen is 
conformationally oriented over the aromatic system. 


Keyphrases 0 Conformation preference-N,N-dimethyl-9-carbox- 
amido-9,lO-dimethylacridane 0 Proton resonance spectroscopy 
-N,N-dimethyl-9-carboxamido-9,lO-dimethylacr~dane 0 NMR 
spectroscopy-structure 


It is well known that the methyl groups of N,N-  
dimethylformamide (I) are magnetically nonequivalent 
(1,2). This has been attributed to the restricted rotation 
about the C-N bond as a result of the large contribu- 
tion of I1 to the actual structure of the molecule. 


a 
I 


a 
I1 


THEORETICAL 


The a(trans)- and P(cis)-methyl group resonances at 60 Mc.p.s. 
occur at 2.95 and 2.80 6, respectively, representing a chemical shift 
difference of about 10 C.P.S. (1). Hatton and Richards (3) on the 
basis of the difference in the coupling constants between the alde- 
hydic proton and the two methyl groups assigned the higher field 
peak to the P-methyl group. Further evidence supporting this 
conclusion is found in the NMR spectrum of 1-methyl-2-pyrrolidone 
(111) in which unequivocal assignments can be made (4); the methyl 
group that occurs cis to the carbonyl oxygen appears considerably 
upfield (30 c.P.s.) to the trans methylene protons. 


n ,H 
OANAH 


I 
bH? 
I11 


Hatton and Richards also studied the effect of different concen- 
trations of solvents on the NMR spectra of dimethylformamide 
and dimethylacetamide, and found that the addition of aromatic 
solvents caused the relative chemical shifts of the two amide methyl 
groups to change sign. 1 This observation was attributed to complex 
formation between the amide and the aromatic solvents. These 
complexes may be represented by Structure IV2 in which the a- 


1 At room temperature and in the absence of aromatic solvents the 
a-methyl group resonance peak is downfield to that of the &methyl 
group, but the relative positions of these resonance peaks become re- 
versed in the presence of certain concentratlons of aromatic solvents. 


2 Adapted from Hatton and Richards (3). 


methyl group is oriented over the center of the aromatic ring. As 
a result of the diamagnetic anisotropic influence of the ring, the 
0-methyl group experiences a shielding effect greater than the 0- 
methyl group which is near the edge of the ring. 


0- 


Iv 
The authors have observed a similar shielding effect with N,N- 


dimethyl-9-carboxamido-9,1O-dimethylacridane (V). However, in 
this compound it appears that the diamagnetic anisotropic effect 
is the result of internal complex formation between the aromatic 
system and the carboxamido moiety. The spectrum of V at 41" 
(ambient) exhibits peaks at 7.18 6 (center of the aromatic multiplet, 


0 CH3 
I /  i 


8 H); 3.46 6 (singlet, IO-CH,, 3 H); 3.08 b (singlet, -C-N--, 3 H); 
0 
I1 


2.38 6 (singlet, -C-N-CH3); and 1.62 6 (singlet, 9-CH3). The 
chemical shift difference between the two amide methyl groups 
amounts to 42 C.P.S. This is rather unusual when one considers 
that N,N-dimethylformamide displays a difference of only 10 C.P.S. 
Even in the conformationally rigid 1-methyl-2-pyrrolidone (III), 
the chemical shift difference between the methyl and methylene 
protons is just 30 C.P.S. (4).3 


0 


CH, 
v 


PPM(r) 
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 


1 
1 


8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
PPM(6) 


Figure 1-NMR spectrum of N,N-dimerhyl-9-carboxarnido-9,10- 
dimethylacridane (V) at 41 (ambient). 


a Recorded at 60 Mc.p.s. in CDC13. 
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PPM(7) PPM(7) PPM(7) 
6.0 7.0 8.0 9.06.0 7.0 8.0 9.0 6.0 7.0 8.0 9.0 
1 -  ” ’  


~- - . I I A 1 - L  I --LL 


4.0 3.0 2.0 1.0 4.0 3.0 2.0 1.0 4.0 3.0 2.0 1.0 
PPM(8) PPM(6) PPM(S) 


A B C 


Figure 2-NMR spectrum of N,N-dimethyl-9-carboxamido-Y,lO- 
dimethylacridam (V) at various temperatures, Key: A, 52”; B, 78”; 
C, 96”. 


In view of the surprisingly large separation of the resonance 
peaks of the amide methyl groups of V, some doubt existed as to the 
validity of assigning the peaks at 3.05 and 2.35 6 to these methyl 
groups. In order to prove the validity of these assignments it was 
necessary to record the spectrum of V at various temperatures 
(Figs. 1 and 2). As expected, the two inner peaks broadened with 
an increase in temperature, and at 96” they coalesced into a single 
peak, behavior which is analogous to that of N,N-dimethylform- 
amide at elevated temperatures (1, 2). This phenomenon may be 
attributed to the effect of temperature on the rate of rotation about 
the C-N bond. As the temperature increases the rate of rotation 
also increases, and the differences in the chemical environments of 
the two methyl groups begin to average out, until finally, a rate 
is reached at which the methyl groups become magnetically equiva- 
lent. 


The question now arises as to the reason for the wide separation 
of these peaks. Note that one methyl peak (Fig. 1) occurs about 
30 C.P.S. upfield from the mean position (2.93, 175.8 c.P.s.) of the 
methyl peaks in dimethylformamide ( 5 ) ;  whereas the other methyl 
peak is only 12 C.P.S. downfield from this position. This spacing 
strongly suggests that one of the methyl groups of V is conforma- 
tionally oriented over the aromatic system and, consequently, is 
highly shielded by the diamagnetic anisotropic effect of both rings. 
Inspection of molecular models shows that only the a-methyl 
(trans) group can be so oriented. This situation is analogous to the 
effect described earlier in this paper of aromatic solvents on the 


relative positions of the methyl peaks in dimethylformamide and 
dimethylacetamide. Like IV, the a-methyl group is located in the 
shielding portion of the induced currents of the rings. This strong 
shielding influence of both rings causes the resonance peak of the 
a-methyl group to shift upfield to that of the fi-methyl group. 


EXPERIMENTAL 


N,N-Dimethyl-9-carboxamido-9,1O-dimethylacridane was syn- 
thesized according to the procedure of Digenis (6). 


The proton resonance spectra were obtained on a NMR spectrom- 
eter (Varian A-60A) by using 10% deuterochloroform solutions in 
sealed tubes. Chemical shifts are reported as 6 using TMS as 
internal standard. 


Temperatures were calibrated with ethylene glycol according to 
established procedures (7). 
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Hydrogenation of Substituted Isoquinolines over Nickel Catalyst I: 
The Effects of Pressure and Temperature on the Hydrogenation of 
5-Nitro-2-alkylisoquinolinium Salts 


IAN W. MATHISON and WILEY L. FOWLER, JR. 


Abstract 0 The nickel catalyzed high-pressure/high-temperature 
hydrogenation of a 5-nitroisoquinolinium salt is described. This 
has been studied at  varying pressures and temperatures and the 
effects of these parameters have been evaluated in regard to product 
yield, degree of hydrogenolysis, and their effect on the stereochem- 
istry of the desired 5-aminodecahydroisoquinolines. The advantages 
of this procedure over prebiously reported syntheses of 5-amino- 
decahydroisoquinolines are noted. 


Keyphrases 0 Isoquinolines, hydrogenation-nickel catalysts 
5-Nitro-2-alkylisoquinolini~im salts-hydrogenation 0 Tempera- 
ture effect-isoquinolines hydrogenation 0 Pressure effect-iso- 
quinolines hydrogenation C Vapor phase chromatography-anal- 
ysis 


One of the main objectibes of the authors’ laboratory 
has been an investigation of the stereochemistry of 
variously substituted fully-reduced isoquinolines (1) 
and attempts at correlating cardiovascular activity 
with the type of substituent and the stereochemical 
conformation of the isoquinoline ring system (2-4). 
The synthetic procedures involved the low-pressure, 
platinum-catalyzed hydrogenation of isoquinolinium 
salts at room temperature in a one-stage reduction to  the 
corresponding substituted decahydroisoquinoline. The 
syntheses initially centered on the hydrogenation of 
5-hydroxy-2-alkylisoquinolinium bromide; the novel 
condensation (5) occurring during this step necessi- 
tated the conversion to the corresponding hydroxide 
salt which on hydrogenation yielded the desired 5- 
hydroxy-2-alkyldecahydroisoquinoline (see Scheme I). 


OH OH 
I I PL 111 


Br- OH- 
R = lower alkyl 


Schei71e I 


The poor yields led the authors to a modified synthesis 
involving the reduction of 5-nitro-2-alkylisoquinolinium 
salts t o  the corresponding 5-amino-2-alkyldecahydro- 
isoquinoline which on deamination with nitrous acid 
yielded the 5-hydroxy-2-alkyldecahydroisoquinoline ( 1) 
(see Scheme 11). While the hydrogenation yields in the 


NO, NH2 
I I 


x- 
K = lower alkyl 
X = p-toluenesulfonate 


OH 
I 


Scheme I I  


latter experiments were superior to the hydrogenation 
of the 5-hydroxyisoquinolinium salt, the time element 
(hydrogenation takes approximately 6 days) coupled 
with the high catalyst: compound ratio was a severe 
limitation on the synthesis. Since their work had also 
demonstrated significant pharmacological differences 
between stereoisomers of some derivatives of these 
5-aminodecahydroisoquinolines (2) the authors de- 
cided to investigate a one-stage high-pressure/high- 
temperature hydrogenation of a 5-nitroisoquinolinium 
salt over Raney nickel catalyst to  determine the effects 
of temperature and pressure on both the yield and iso- 
mer content of the product. 


While the use of Raney nickel catalyst as a high- 
temperature/high-pressure hydrogenation catalyst is 
not new (6), its application in a one-stage reduction 
of substituted isoquinolines to  their fully saturated 
analogs has received little attention (7). The numerous 
attempts (8) to  reproduce the reductive alkylation ex- 
periments of Georgian et al. (7) prompted a more de- 
tailed study of the reduction of isoquinolines using 
nickel catalyst. The hydrogenation of 5-nitro-2-methyl- 
isoquinoliniuni p-toluenesulfonate has been studied at 
various high temperatures and pressures. The influence 
of these parameters on the isomer content of the prod- 
uct, the product yield, and the degree of hydrogenolysis 
is discussed. 


EXPERIMENTAL 


Apparatus-All hydrogenations were run in a 1-1. rocker-type 
pressure reactor (Parr, Series 4000) utilizing the ground-glass bomb 
insert liner. The temperature of hydrogenation was controlled by a 
temperature controller (Honeywell No. 481 1) connected to the 
inner bomb wall via a standard 1.5-m. (5-ft.) iron-constantin therrno- 
couple. This system allowed a +0.50% deviation at  a selected 
temperature and a +0 .75z  deviation in reproducibility for any 
given temperature. Vapor phase chromatograms were recorded on 
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conditions outlined in the Experiine/1ta/ section are as follows : 
2-methyl-l,2,3,4-tetrahydroisoquinoline retention time = 20.4 min. ; 
cis-2-methyldecahydroisoquinoline retention time = 4.5 min.; trans- 
2-methyldecahydroisoquinoline retention time = 4.2 min. ; cis- 
5,9,10 - H - 5 - amino - 2 - methyldecahydroisoquinoline retention 
time = 10.5 min.; truns-9,10-trnns-5-H-5-amino-2-methyldecahy- 
droisoquinoline retention time = 9.2 min. 


Effect of Temperature at Constant Pressure-The authors' study 
was approached by an initial range finding examination of the 
effect of temperature on the reduction of the 5-nitroisoquinolinium 
salt at  an initial bomb pressure (at room temperature) of 2000 
p s i .  The results obtained are shown in Figs. 1. 2, 3. As anticipated 
the authors were able to  demonstrate (Fig. 1) that as the tem- 
perature was increased from 120 to 260" the extent of hydrogena- 
tion increased; this was evidenced by the sharp decrease in the 
amount of 5-amino-2-methyl-l.2.3.4-tetrahydroisoquinoline pro- 
duced. Accompanying this, however, was a marked falloff in the 
quantity of cis-5,9,1O-H-5-amino-2-niethyldecahydroisoquinoline 
produced above 180". It was apparent that this was primarily due 
to extensive deamination, decomposition. and probable alkylation 
(10) of the products; this was well demonstrated at 260" by the 
production of 23 detectable compounds by G C  and by an increase 
in the amount of 2-methyldecahydroisoquinoline formed (Le., 
deaminated 5-amino-2-methyldecahydroisoquinoline). It has been 
well established that in many hydrogenations there is a threshold 


* 
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aCH3 ................. 
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Figure 1-Effect of temperature on reaction products at 2000 p.s.i. 


a chromatograph (Varian Aerograph model 700 Autoprep) 
3.05 m. X 0.62-cm. (10 ft X 0.25-in.) SE-30 ( 1 5 z )  on a diatomite 
aggregate column (Chromosorb W) at  170" and a thermal conduc- 
tivity detector (He gas) at a flow rate of 30 ml./min. 


Hydrogenation Procedure-Each hydrogenation experiment con- 
sisted of the reduction of 10.0 g. of 5-nitro-2-methylisoquinolinium 
ptoluenesulfonate salt [prepared by the method outlined by Mathi- 
son (l)] over 3.0 g. of W 7  Raney nickel catalyst [prepared as described 
by Billica and Adkins (9)] in 150 ml. of methanol. The temperature 
was preset on a thermostat (Honeywell) and the time of hydrogen- 
ation was standardized by allowing the reaction to continue with 
heat and constant agitation for 4 hr. after the bomb had reached 
the desired temperature. The heat was discontinued and the bomb 
then allowed to cool to room temperature (-23 "). Constant agita- 
tion was extended for 12 hr. following the termination of the heating 
period. The pressure was then released and the hydrogenated prod- 
ucts were removed and treated immediately with 5.0-ml. concen- 
trated HCl. The hydrogenation mixture was filtered to remove 
the exhausted catalyst and the catalyst was washed well with fresh 
solvent. The filtrate was concentrated by rotary evaporation to 
yield a viscous mass which was then made alkaline with NaOH, 
extracted with ether, and the ether extract dried over anhydrous 
Na2S04. The ether was removed by distillation. The residual vis- 
cous oil was weighed and gas chromatographic examinations were 
then carried out. Five major components of the reaction products 
were identified by comparing their retention times with known 
analytical samples and by peak potentiation with these known 
samples. The area under each peak was measured using a pla- 
nimeter (Dietrgen model D-1803-8). An average of at  least three 
reproducible measurements (3~1%)  for each peak area was deter- 
mined. 


RESULTS AND DISCUSSION 


As indicated in the Experimerztnl section, GC was utilized to 
evaluate the effects of the various parameters on the products of 
the hydrogenation. A number of plots of the results of this study 
have been made; each point represents the average area under each 
identified peak of duplicate gas chromatographic determinations 
of at least two separate hydrogenations. Identification of the com- 
pounds included on the graphs was made by comparison of re- 
tention times with the known standards ( I )  shown below and bq 
peak potentiation of the hydrogenated mixture with these known 
samples. The retention times for these standards run under the 


. -  


temperature below which little or no reduction takes place (1 1). 
It is apparent from this study (Fig. 1) that significant hydrogena- 
tion occurs at  temperatures of 140" and above, as evidenced by the 
decrease in the amount of partially saturated isoquinoline, however, 
the optimum range is 140-160' (Fig. 3). 


It is known (11) that low temperature hydrogenations are specific 
in regard to the stereochemistry of the products and that the 
hydrogenation becomes more random as the temperature is in- 
creased. The results of this study shown in Fig. 2 demonstrate this 
phenomenon in that the desired cis-5,9,10-H-5-amino-2-methyl- 
decahydroisoquinoline was heavily favored over the corresponding 
trans-9,lO-trans- 5-H-  5 -amino-2-n~ethyldecahydroisoquinoline at 
120" (13 : 1 )  and as the temperature increased. more randomization 
occurred resulting in isomer ratios of 2: 1 at the extremes of this 
study. The predominant production of the cis ring junction deca- 
hydroisoquinolines in this investigation is in line with the findings 
of Linstead and Levine (12) in their cis reduction of polycyclic aro- 
matics over Raney nickel but contrasts with a study of Witkop in 
1949 (13) in which he was able to produce selectively truns-deca- 
hydroisoquinoline from the hydrogenation of isoquinoline over 
Raney nickel at a temperature of 164' at 3000 p.s.i.: the authors can 
only intimate that the presence of the 5-nitro-substituent and the 
type of Raney nickel used were influencing factors in the isomer 
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Figure 2-Effect of temperature oiz stereocliemistry at 2000 p.s.i. 
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Figure 3-Effect of temperature on yield of 5-amino-2-methyl- 
decahydroisquinolines at 2OOOp.s.i. 
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Figure 4-Effect ofpressure on reaction products at 160 '. 


ratios obtained. It is pertinent to note (Fig. 3) that the maximum 
yield of the desired 5-amino-2-methyldecahydroisoquinolines was 
50%. This contrasts with a 88 yield for the low-pressure platinum- 
catalyzed reduction (1). 
Effect of Pressure at Constant Temperature-It has been stated 


(11) that pressure is an important variable in the chemistry and 
economics of catalytic hydrogenation and that its effect is not 
always predictable. In general, however, increases in pressure cause 
an increased rate of reduction associated with an increase in yield 
of the reduced product. It has also been shown by Levin and Pender- 
grass (14) that increased pressure favors hydrogenation over hydro- 
genolysis; as a result of the findings in regard to increases in tem- 
perature this factor is of some significance. 


In view of the occurrence of minimal side reactions accompanied 
by a maximal yield of 5-amino-2-methyldecahydroisoquinolines 
(Fig. 3) at 160", it was decided to investigate the effect of varying 
pressure on the hydrogenation of the 5-nitroisoquinolinium salt 
at this temperature. Figures 4, 5,  and 6 summarize the results ob- 
tained, It is clearly shown (Fig. 4) that increased pressure causes a 
significant increase in the extent of hydrogenation; this is well 
demonstrated by the decrease in the percent yield of 5-amino-2- 
methyl-l,2,3,4-tetrahydroisoquinoline accompanied by increases in 
yield of both isomers of the desired 5-amino-2-methyldecahydroiso- 
quinolines. Results from this laboratory also show that increases 
in pressure caused no detectable change in the amount of hydrogen- 
olysis occurring as evidenced by the curve for the deaminated 
product in Fig. 4. However, rather surprising results were obtained 
in regard to the stereochemistry of the reduced products. These 
results (Fig. 5 )  suggest that increases in pressure initially result 
in increased specificity of hydrogenation which leads to a maximum 
cis:trans ratio 7.7:l; this is then followed by a more randomized 
reduction in which the cis:trans ratio is reduced to 5.9:l. It would 
appear that the pressure associated with maximum specificity 
is in the region of 1500 p.s.i. It is of interest to note that temperature 
changes are far more effective in inducing changes in specificity 
of hydrogenation than those brought about by variations in pres- 
sure (c f .  Figs. 2 and 5).  It should also be noted that pressure is 
much more significant an entity in inducing high yields of the de- 
sired hydrogenation products (5-amino-2-methyldecahydroiso- 
quinolines) than is temperature and that at a pressure of 3000 
p.s.i. a very respectable figure of 71 yield was obtained (Fig. 6). 
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Figure 5-Effect qfpressiire on stereochemistry at 160". 
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Figure 6-Effecr of pressure on yield of 5-amino-2-methyldecahy- 
droisoquinolines at I60 ’. 


Other Factors-Many factors are instrumental in the successful 
completion of a catalytic hydrogenation. The present study was 
commenced in an effort to determine the effects of two of the major 
parameters influencing the course of hydrogenation reactions. 
However, it is appropriate to add some comments on other features 
of the investigation which the authors standardized in order to 
eliminate playing any significant role in the results obtained. 


Primary consideration was given to the choice of catalyst. W7 
Raney nickel was chosen in view of its ease of preparation, relative 
cheapness, and reported activity in the reduction of polycyclic ring 
systems (12). The amount of catalyst used was standardized for all 
hydrogenations and thus any effects (15) induced by this variable 
were eliminated. The choice of solvent was similarly considered; 
a neutral solvent capable of being subjected to high temperatures 
and of readily solubilizing the 5-nitroisoquinolinium salt was de- 
sirable. Methanol was selected since it met the needs; however, 
its possible role in alkylation (10) of the 5-amino function at very 
high temperatures (220” and above) was considered to be only 
a slight disadvantage. Indeed only at extremely high temperatures 
was there any evidence of this phenomenon having taken place. 
Adequate mixing of the catalyst and the hydrogenation mixture 
during the hydrogenation was standardized and is described in the 
Experimental section. The time of the hydrogenation (4 hr. heating 


followed by a 12-hr. cool-down period) was made uniform through- 
out and was considered adequate for the completion of the hydro- 
genation. It was estimated, by noting pressure changes within the 
reactor, that hydrogenation was essentially complete in all ex- 
periments within a 2-hr. period. 


CONCLUSIONS 


In the light of the above studies, it is evident that the high- 
pressure/high-temperature hydrogenation of 5-nitroisoquinolinium 
salts over Raney nickel catalyst is a more efficient procedure than 
the previously reported synthesis (1) of 5-amino-2-methyldeca- 
hydroisoquinolines. Furthermore, significant variations in the 
isomer content of the products may be brought about by variations 
in the temperature at which the hydrogenation is carried out. The 
pressure at which the hydrogenation is carried out should be care- 
fully selected for maximum yield of the desired product. 
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Books 


REVIEWS 


Applied Pharmacology. 10th Edition. By ANDREW WiLsoN and 
H. 0. SCHILD. Little, Brown & Company, Boston, Mass., 1968. 
xii + 721 pp. 
The authors have developed an excellent text relating the funda- 


mental principles of pharmacology to the therapeutic use of drugs. 
Numerous features of the organization and style of presentation 
contribute to continuity of thought so essential to reader com- 
prehension. For example, the first three chapters identify and dis- 
cuss general principles of pharmacology utilized in subsequent 
chapters dealing with specific drug classes. Included are factors 
affecting the tissue concentration of administered drugs (absorp- 
tion, protein binding, metabolism, and excretion), factors affecting 
drug-receptor interaction and the concept of drug modification of 
enzyme catalyzed chemical processes controlling body functions. 
Pertinent aspects of physiology, biochemistry, and clinical medicine 
are reviewed and incorporated into the presentation of the pharma- 
cologic subject matter. 


The reviewer finds this book to have great appeal as a teaching 
text for basic courses in pharmacology or as a self-study text for 
research personnel in allied fields. With each class of drugs the 
authors have been wisely selective in presenting a limited number 
of pertinent experimental findings to illustrate the basis for ex- 
plaining the drug’s mechanism of action as it is presently under- 
stood. Liberal use of tables and diagrams adds greatly to the clarity 
of presentation. The presentation is adequate for the reader using 
this text for self-study purposes. Furthermore, the authors instill 
an appreciation for the experimental method on which inferences 
about drug action are based. Thus when used as a teaching text 
this style of approach should lend itself to further elaboration at the 
instructor’s discretion. 


An initial problem for most students of pharmacology is gaining 
familiarity with basic terminology relating to drug names and de- 
scriptions of their actions. As a British text, Applied Pharmacology 
may impose some hardship on the pharmacy or medical student 
in this country since there are slight differences between the British 
and United States conventions for some of the drug names. This 
minor problem should be easily overcome if the students are pro- 
vided with a supplemental glossary of terms. 


The authors state that their aim has been to inculcate a critical 
approach to the study of the mode of action and the clinical use 
of drugs. Applied Pharmacology goes a long way in accomplishing 
this objective. 


Reviewed by Robert K. Chalmers 
School of Pharmacy and PharmacaI Sciences 
Purdue University 
La fayet te, IN 4 790 7 W 


Peptides 1968: Edited by E. BRICAS. North-Holland Publishing 
Company, Amsterdam, The Netherlands, 1968, xiii + 345 pp. 
15.5 X 22.9 cm. Price $16.00. Proceedings of the Ninth European 
Peptide Symposium, Orsay, France, April, 1968. 


The current volume, like its predecessors, is indeed a valuable aid 
to researchers working in the field of peptides. This book provides 
an up-to-date account of literature and the various trends and 
scope in the peptide field. The presentation is divided into eight 
sections, each of which incorporates the work of leading authorities 
in the field. Sections one and seven are of particular interest as they 
uncover the new possibilities. Section one deals with the conforma- 
tional studies of peptides and depsipeptides. The proper conforma- 


tional knowledge is of vital importance for the complete understand- 
ing of biological activities of peptides and proteins. Section seven 
focuses the attention on another very interesting area, that is, the 
bacterial cell wall peptides. Section five is devoted to the synthesis of 
nonsymmetrical cystine peptides and presents complete data on the 
various aspects of insulin synthesis. Sections two and three outline 
the progress made toward the design of new protecting groups 
and coupling methods. Modifications and possible improvements of 
solid phase method of peptide synthesis are discussed in section 
four. Sections six and eight provide valuable information by outlin- 
ing the contributions made by utilizing classical approaches in the 
synthesis of biologically active peptides and structure-activity 
relationships in the peptide chemistry. The inclusion of the author 
index in this volume is an improvement over the previous volumes. 


Reviewed by Amrit L. Kapoor 
College of Pharmacy 
St. John’s University 
Jamaica. N Y  11432 


Chelates in Analytical Chemistry. Vol. 11. Edited by H. A. FLASCHKA 
and A. J. BARNARD, JR. Marcel Dekker, Inc., New York, N.Y. 
1969. 


This volume, like the previous one, is a collection of monographs in 
this area of analytical chemistry. A brief review of each of them will 
be made here. A general assessment of the book concludes this re- 
view. 


The first, by BudgSinsky, is concerned with synthetic methods for 
preparing arylazo derivatives of 4,5-dihydroxy-2,7-naphthalene 
disulfonic acid, i.e., chromotropic acid and a review of their use in 
the analysis of about thirty metallic elements in ores and alloys, etc. 
A large table of data is presented, giving optimum pH values for the 
use of these reagents with different metals, the wavelengths of ab- 
sorption maxima, molar a_bsorptivities, etc. 


The second article by Stulik and Vydra, is concerned with the 
application of the “dead stop” titration technique to solutions con- 
taining a number of metallic ions and EDTA. 


The third monograph, by Firsching, is concerned with conven- 
tional and homogeneous precipitation reactions involving the use of 
oxalate, 8-quinoline and its derivatives, oximes, dioximes, hydrox- 
amic acids, carboxylic acids, l,lO-phenanthraline, 2,2’-bipyridine, 
and miscellaneous compounds. This article is a review of the litera- 
ture in the period of 1960-1965. 


Jungreis and Thabet have prepared a short, but excellent, article 
on the use of Schiff bases in reactions involving chelation. 


Burger has also written a short discussion on the selectivity and 
analytical applications of dimethylglyoxime and related dioximes 
and presented a short review of recent work in this area. 


Finally, Lassner and Piischel have written an extensive review of 
niobium and tantalum reactions with various chelating and other 
reagents. While the article is comprehensive in the literature cited, 
these authors do not make an understandable and systematic presen- 
tation of the analytical chemistry of these elements, which seems 
called for in an article of this length. The article is particularly weak 
in treating separative reactions involving niobium, titanium, and 
tantalum combinations. 


In general this book is a useful reference work, much like ana- 
lytical reviews. It is not recommended for the student, but rather for 
the reference library dealing mostly with transition elements. 


Reviewed by C. F. Hiskey 
Endo Laboratories, Znc. 
I00 Stewart Aue. 
Garden City, NJ I1533 W 
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Synthesis of 35S- and '"-Labeled Glyceryl Thioethers 


CLAUDE PIANTADOST, FRED SNYDER, and RANDALL WOOD 


Abstract The racemic 35S- and 14C-labeled alpha derivatives of 
octadecyl glyceryl thioether and hexadecyl glyceryl thioether of high 
specific activity and purity were prepared. Synthesis was carried 
out by treating the appropriate alkyl halide with an excess of 1- 
thioglycerol in the presence of KOH or NaOH. The labeled glyceryl 
thiomonoethers (S-ethers) were isolated and purified from the 
reaction mixtures by silicic acid column chromatography. The 
radiopurity was determined by zonal TLC. 


Keyphrases IJ Glyceryl thioether, 35S-, 14C-labeled-Synthesis IJ 
Column chromatography-Separation c] TLC-identity 0 
Scintillometry, liquid-radioactivity, purity 


A significant part of glyceryl derivatives encoun- 
tered in natural lipids belong to the O-ether series. 
Tsujimoto and Toyama (1) were the first to report the 
occurrence of glyceryl ether in the nonsaponifiable 
fractions of liver lipids of elasmobranch fishes. The 
three most common glyceryl ethers (I) are 16:O-1, 
18:0-1, and 18:1-(9c)-I, and commonly referred to as 
chimyl alcohol, batyl alcohol, and selachyl alcohol, 
respectively. 


CHzO(CH2)n-CH: 
I 
I 


HOCH 


CHsOH 
I 


n = 15(16:0-1) 
n = 17 (18~0-1) 
n = 17(18:1-1) 


In connection with the authors' interests (2) on the 
biosynthesis and mechanism of biocleavage of the ether 
linkage in glyceryl ethers, they have prepared glyceryl 
thiomonoethers (11-IV) labeled with and 14C in the 
long aliphatic hydrocarbon chain in order to compare 
their metabolic fate with that of oxygen analogs (I). 


CH2-'5S1'CH2(CH2)1~--CH3 CH2--"5S-R 
I 


HOCH 
I 


CH2OH 


I 
I 


HOCH 


CHzOH 
11 IIIa R = -CHz-(CH&,CH3 


CHz-S- ' 4CHp-R IIIbR = -CH~-(CH~)I~-CH~ 


I 


I 
HOCH 


CH20H 
1Va R = -(CHZ)I~-CH~ 
IVb R = --(CH&-CH3 


The synthetic scheme used in the preparation of the 
labeled glyceryl thioethers was based on the Williamson 
reaction for the synthesis of ethers in general. The 
authors have used a modification of this reaction as 
have others (3) for the preparation of unlabeled glyceryl 
thiomonoethers. The chemical and physical properties 


(4) and the in nivo metabolism (5) of glyceryl thioethers 
have just recently been reported by the present authors. 


EXPERIMENTAL 


Material-The 1-bromohexadecane and 1-bromooctadecane were 
white label chemicals (Eastman). Unlabeled 1-thioglycerol (95 
pure)' was used as were labeled halides and 35S-l-thioglycerol 
(85 % pure). 


Chromatography-Silicic Acid Columns-The silicic acid was 
washed with distilled water several times to remove fine particles. 
It was filtered and dried at 110" for 48 hr.; 10 g. of the silicic acid 
was used to prepare columns (20 X 200) having good separation 
properties and a fast flow rate (2-3 ml./min.). 


Thin-Layer (TL-TLC plates were prepared with Silica Gel G 
as described by Mangold (6). All of the labeled compounds in 
Table I had Rf values indentical to the corresponding unlabeled 
compounds. 


Radiopurity and Specific Activity Determinations-Zonal profile 
scans (7) (Fig. 1. A = ~~-l-~~S-thiohexadecyloxy-2,3-propanediol; 
B = ~ ~ - l - ~ ~ S - t h i o - l  I -  14C-octadecyloxy-2,3-propanediol) were 
prepared after resolution of the 35s-  and 14C-labeled compounds on 
Silica Gel G in a solvent system of ethanol-ammonium hydroxide- 
water (80:4: 16) and diethyl ether-water (100:0.5). All radioassay 
measurements were made in liquid scintillation spectrometers having 
efficiencies of 62 for and 75 % for 14C in a scintillation solu- 
tion described earlier (8). Efficiency determinations were based on 
standard compounds, 0.01 N H235S04 in 0.1 N HCI (Amershami- 
Searle Corp.) and toluene- 14C.2 


Synthesis-Optimum synthesis conditions were determined by 
making several unlabeled glyceryl thioethers to standardize the 
yield and purity before the actual labeled materials were used. 
The melting points were taken (Mel-Temp apparatus) and agree with 
the literature (3). Carbon and hydrogen analyses were performed. 
Physical constants are listed in Table I. 


~~-l-~~S-Thio-l'-~~C-octadecyloxy-2,3-propanediol ([IFUS- 
ing a 30-ml. reaction filter flask equipped with magnetic stirrer, 
264 mg. (2.4 mmoles) of 35S-thioglycerol (8.2 mc.) in 5 ml. of 
methanol and 114.8 mg. (0.34 mmole) of 0ctadecyl-t-~4C-bromide 
(2.00 mc.) and 218.6 mg. (0.66 mmole) of unlabeled octadecyl 
bromide in 12 ml. of hexane were stirred under nitrogen. Next 2.6 
ml. of 1 N alcoholicKOH were addedand thereaction mixturestirred 
at room temperature for a period of 24 hr. Additional (23 ml.) 
ethanol was added from time to time in order t o  keep the reaction 
mixture hemogeneous. After completing the reaction, the mixture 
was cooled and diluted with 20 ml. of cold distilled water; the 
resulting precipitate was filtered under nitrogen, then washed with 
60 ml. of cold distilled water and finally dried in uacuo over €'so,. 
The white precipitate (340 mg.) was dissolved in 10 ml. of warm 
benzene and applied to a 10-g. silicic acid column. Three fractions 
were eluted and collected with the following solvents: Fraction I- 
150 ml. benzene; Fraction 11-150 ml. chloroform-benzene (75: 25 
v/v); Fraction 111-130 ml. chloroform-methanol (2: 1 v/v). Frac- 
tion 111 contained 262 mg. of labeled glyceryl thioether derivative 
(72% yield). 
~~-l-~~S-Thiooctadecyloxy-2,3-propanediol (ILIaeAn analogous 


procedure was used for the preparation of IIIa with the following 
exceptions: 132 mg. (1.19 mmoles) of -35S-thioglycerol (3.5 mc.) 
in 2.25 ml. of methanol, 248 mg. (0.74 mmole) of octadecyl bromide 
and 1.8 ml. of 1 N alcoholic KOH. After purification by silicic acid 
column chromatography, Fraction IT1 contained 11 1.8 mg. (37 %> 
of labeled glycerol thioether. 


1 Evans Chemetics, Inc., New York, N. Y .  
2 New England Nuclear Corp., Boston, Mass. 
3 Spang Microanalytical Laboratory, Ann Arbor, Mich. 
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Table I-Thioglyceryl Ethers 


66666 


I 
a 
n 


33333- 


0 


~~~~ ~ ~~ 


Specific 
Radio Activity, Anal., x-- 


Compound M.p., "C. Yield, Purity, % mc./mM Calcd. Found 


1 
B - 


1 


I0 2 0  30 4 0  5 0  6 0  7 6  0 


11 75-75.Y 72 >98 3'S-3. 50 C, 69.93 
'4C-1.35 H, 12.29 


8.89 
IlIa 75-75.5 37 >98 "S-2.84 C, 69.93 


H, 12.29 
S, 8.89 


IIIb 75-76. 5b 25 :> 98 "S-2.07 C, 68.61 
H, 12.12 
S, 9.64 


1Va 75-75.5 66 >99 '"-1.21 C, 69.93 
H, 12.29 
S, 8.89 


IVb 75-76.5 79 :> 99 ' C - 1  .23 C, 68.61 
H, 12.12 
S, 9.64 


C. 69 88 
H. 12 34 
S. 8 90 
C. 69 87 
H, 12 40 
S. 8 88 
C. 68 56 
H, 12 22 
S. 9 62 
C. 69 90 
H, 12 41 
S. 8 87 
C, 68 54 
H, 12 23 
S. 9 61 


5 Reference 3 ,  m.p. 14-75", Reference 3 ,  m.p. 76-17". 


~~-l-~~S-Thiohexadecyloxy-2,3-propanediol ( I I IbeThe same 
procedure as described for the preparation of I1 was used with the 
following exceptions: 134 mg. (1.19 mmoles) of -3%-thioglycerol 


999991  1 


I A 


ZONE NUMBER 


ZONE NUMBER 


Figure 1--Zonal profile mwis (2-mm.) of thin-layer chromatograms 
used to resolve ( A )  D L - ~ - ~ ~  S-thiuhexadecyloxy-2,3-propanediol and 
(B)  DL-I- 3~S-tkio-l I -  14C-octadecyloxy-2,3-propanediul. Chromatog- 
raphy was carried out on Silica Gel G in a mlvent system ofethanol- 
ammonium hydroxide-water, 80-4-16 (ulv). 


(3.5 mc.) in 2.5 ml. of methanol, 218 mg. (0.6 mmoles) of hexadecyl 
bromide and 1.8 ml. of 1 N alcoholic KOH. After purification by 
silicic acid column chromatography, Fraction 111 contained 83 mg. 
(25 %) of labeled glycerol thioether. 


DL-1-Thio-1 '-14C-octadecyloxy-2,3-propanediol (1Va)-The same 
procedure as described for the preparation of I1 was used with the 
following exceptions: 174 mg. (1.55 mmoles) of I-thioglycerol in 5 
ml. of methanol, 85 mg. (0.26 mmole) of octade~yl-l-~~C-bromide 
(2.00 mc.), 180 mg. (0.54 mmole) of unlabeled octadecyl bromide, 
and 2.0 ml. of 1 N NaOH. After purification by silicic acid column 
chromatography, Fraction I11 contained 208 mg. (6673 of labeled 
glyceryl thioether. 


DL-1-Thio-1 '-14C-hexadecyloxy-2,3-propanediol (1Vb)-The same 
procedure as described for the preparation of 11 was used with the 
following exceptions: 172 mg. (1.53 mmoles) of 1-thioglycerol. 
69.4 mg. (0.23 mmole) of he~adecyl-l-~~C-bromide, 174.7 mg. (0.57 
mmole) of unlabeled hexadecyl bromide in 5 ml. of methanol, and 
2.0 ml. of I N NaOH. After purification by silicic acid column 
chromatography, 266 mg. (79 2) of labeled glyceryl thioether was 
obtained. 
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Effect of Polysorbate 80 on the Solubility and In Viuo 
Availability of 2-Butyl-3-benzofuranyl 4-[2-(Diethylamino)ethoxy]- 
3,5-diiodophenyl Ketone Hydrochloride (SK&F 33134-A) 


LOUIS J. RAVIN, ELIE G .  SHAMI, ALFRED INTOCCIA, ELISABETH RATTIE, 
and GERALD JOSEPH 


Abstract 0 Polysorbate 80 has been shown to have a significant 
effect on the solubility of 2-butyl-3-benzofuranyl 4-[2-(diethyl- 
amino)ethoxy]-3,5-diiodophenyl ketone hydrochloride (SK&F 
33134-A). Subsequent in uiuo studies in bile-cannulated rats with 
SK&F 33134-A-14C indicated that the drug was better absorbed 
when it was solubilized with polysorbate 80. Biliary excretion 
served as an index of absorption of orally administered drug in the 
rat. A twofold increase in the amount of drug excreted through the 
bile was observed for the solubilized form. The data also suggest 
that urinary excretion measurements should not be used to indicate 
the degree of absorption of this drug in the rat. 


Keyphrases 0 2-Butyl-3-benzofuranyl 4-[2-(diethylamino) ethoxyl- 
3,5-diiodophenyl ketone hydrochloride (SK & F 33 134-A), lac- 
labeled-solubility, availability 0 Polysorbate 80 effect-SK& F 
33134-A-14C solubility, in uiuo availability 0 Biliary, urinary 
excretion-SKCt F 33134-A-14C 0 Scintillometry-analysis 
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It  is generally accepted that the type of pharmaceuti- 
cal dosage form utilized during the preliminary evalua- 
tion of a potentially active compound may have some 
effect on its activity or availability. During the early 
testing with 2-butyl-3-benzofuranyl4-[2-(diethylamino)- 
ethoxy]-3,5-diiodophenyl ketone hydrochloride (SK&F 
33134-A)I (I), which has potential antianginal activ- 
ity, it was found that the compound was almost 
completely excreted in the feces after oral administration 
of a tragacanth suspension (1). 


* = radioactive carbon 
I 


This observation suggests that the compound was 
either poorly absorbed from this dosage form or was 
absorbed and recycled back into the intestines via the 
bile. Therefore the biliary excretion of SK&F 33134- 
A-I4C was measured in rats after oral administration of 
the drug in solution and suspension. 


Because of the poor aqueous solubility of SK&F 
33134-A, attempts were made to increase its solubility. 
Historically, surface-active agents have been used to in- 
crease the aqueous solubility of medicinal agents (3,4). 
In many instances, the apparent increase in aqueous 
solubility has some effect on the availability of the drug. 


1 Marketed as Cordarone by Labaz Laboratories in several European 
countries. 


0.5  


0 01 0.02 


Cetyldirnethylbenzylammoniurn 


0 0.10 0.20 0.30 
PERCENT w/v SURFACTANT. 


Figure I-Effect of wrfuctant concentration on the solubility of 
SK&F 33134-A. 


The results are sometimes anomalous. For example, 
Levy and Reuning (5) reported that the solubilization of 
salicylic acid with polysorbate 60 led to a decrease in the 
absorption of the drug. In another study, Kakemi et al. 
(6 )  demonstrated that the rectal absorption of sulfisoxa- 
zole was increased when the compound was solubilized 
with polysorbate 80. The present study deals with the 
solubilization of SK & F 33 134-A, utilizing surface-ac- 
tive agents, and the subsequent evaluation of the com- 
pound following oral administration of both a solubi- 
lized form and a suspension to rats. 


EXPERIMENTAL 


Materials-SK&F 33134-A; SK&F 33134-A-14C; its chemical 
purity was established by melting point, elemental analysis, IR 
spectroscopy, and TLC, specific activity 7.7 pc./mg. ; polysorbate 80 
USP; cetyldimethylbenzylammonium chloride (Winthrop Chemical 
Co.); sodium lauryl sulfate USP; Ultra Pure water (Harleco); 
sodium chloride (Baker Reagent Grade); methanol (anhydrous, 
Merck). 


Solubility Determinations--Approximately 200 mg. of SK& F 
33134-A was added to screw-cap vials containing 10 ml. of sur- 
factant or sodium chloride solutions of known concentrations. 
The vials were rotated in a water bath at 30" + 0.2" for 24 hr. The 
contents of the vials were filtered through a syringe fitted with a 
filter adapter (Swinney) containing a 0.45-p filter disk (Millipore). 
The resulting clear solutions were diluted with anhydrous methanol 
and assayed spectrophotometrically at 242 mw, using a recording 
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Figure 2-Eflect of sodium cliloride on the solubility of SK&F 
33134-A. 


spectrophotometer (Cary model 1 3 ,  to determine the concentra- 
tions of SK&F 33134-A. 


Preparation of Dosage Forms-Suspension-A portion of SK& F 
33134-A-14C was ground in a mortar and 20.2 mg. of the finely 
divided drug was added to 10 ml. of a 1% tragacanth vehicle in 
a tissue homogenizer. Three drops of a 5 polysorbate 80 solution 
was added, and the resulting mixture was further ground in the 
homogenizer. The volume was adjusted to 20 ml. with 1 traga- 
canth vehicle. A finely dispersed suspension of S K & F  33134-A-I4C 
resulted. 


Solution-Twenty milligrams of SK & F 33134-A- 14C was added 
to 20 ml. of a 1 % solution of polysorbate 80. The compound was 
completely dissolved by swirling the container under a stream of 
hot water for 15 min. The resulting clear solution was filtered prior 
to use. 


Rat Studies-Charles River rats, weighing 240-395 g., were used 
in these studies. The rats were anesthetized with ether, opened in 
the midline, and the bile duct was cannulated. Following incision 
closure, the animals were given SK&F 33I34-A-I4C by stomach 
tube so that each rat received a single oral dose equivalent to 10 
mg./kg. of the salt. 


The rats were then placed in restraining cages, and bile was col- 
lected at 1 ,  2, 3, 4, 5 ,  6, 6-24, and 24-48-hr. intervals following 
administration of the drug. In addition, all 24 and 48-hr. urine and 
feces samples were collected. After 48 hr. the rats were sacrificed, 
and the gastrointestinal tract was removed. The remaining carcass 
and the GI tract were prepared for radioactive content determina- 
tion. Radioactivity was determined in all samples by counting on a 
liquid scintillation spectrometer (Packard Tri-Carb), with ap- 
propriate corrections made for sample quench and counter ef- 
ficiency. An aqueous phosphor and a suspension-counting-phosphor 
were used for radioactive counting. * 


Preparation of Samples for Radioactive Determination-GListro- 
intestinal Tract-The organ was placed into a beaker containing a 
25 solution of tetramethylammonium hydroxide (10 ml./g.). 
The beaker was covered with Saran wrap and allowed to stand at 
room temperature until the tissues were completely dissolved; 
usually 24 to 48 hr. were sufficient. The tissue solutions were brought 
to a convenient volume. mixed thoroughly, and 0.1-ml. aliquots 
were removed and counted in the suspension-counting-phosphor. 


Carcass-The carcass was placed in a plastic jar containing 800 
ml. of alcoholic KOH (12% KOH in 8 5 %  ethanol) and allowed to 
stand for 3 or 4 days until dissolved. After this time any intact 
bones were broken and dissolved. The volume was recorded, and a 


2Aqueous phosphor contains 80 g. of naphthalene, 8 g. of BBOT, 
added to 400 ml. of toluene and 400 ml. of dioxane and subsequently 
diluted to 1 1. with ethanol. The suspension-counting-phosphor con- 
tains the above ingredients plus 50 g. of Cab-0-Sil. 
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Figure &Effect of' polysorbate 80 concentration on the solubility 
of SK&F33134-A in 0.1 N sodium chloride solution. 


0.1-ml. aliquot was removed for counting in the suspension-count- 
ing-phosphor. 


Feces-Samples were lyophilized, weighed, and ground in a 
mortar and 75-mg. samples were oxidized in a combustion apparatus 
(Schoninger) to 14C02 and water. The 14C02 was trapped in 10 
ml. of redistilled phenethylamine. One-milliliter aliquots were 
counted in the aqueous phosphor. 


Urine-The volume of urine was measured, then 0.1-ml. aliquots 
were counted in the aqueous phosphor. 


Bi/e-Samples were diluted to 10 ml. with water, then 0.1-ml. 
aliquots were counted in the suspension-counting-phosphor. 


RESULTS AND DISCUSSION 


Solubility Determinations-The effect of various surface-active 
agents on the aqueous solubility of SK&F 33134-A is shown in 
Fig. 1. All surfactants studied showed a solubilizing effect on the 
compound. Based on weight per volume, the greatest effect is 
exhibited by the anionic surfactant, sodium lauryl sulfate. However, 
above a surfactant concentration of 0.02% a colloidal solution 
resulted. Solubility data above this concentration were not obtained. 
Cetyldimethylbenzylammonium chloride, a cationic surfactant, 
solubilizes SK&F 33 134-A better than the nonionic surfactant, 
polysorbate 80. The plots indicate that the solubility of the drug is 
directly proportional to the surfactant concentration in all cases. 
However, the slopes of the line showed a distinct change which may 


Table I-Fecal Excretion of Radioactivity in Bile-Cannulated 
Rats Following a Single Oral Dose of SK&F 33l34-A-l4C 
(10 mg./kg. as the salt) 


~~~ ~ 


-Tragacanth Suspension- Polysorbate 80 Solution 
--% Dose in Feces, hr.- -% Dose in Feces, hr.- 


Total, Total, 
Rat No. 24 48 0-48 24 48 0-48 


1 __ 73.760" 73.760 0.085 11.410 11.495 
2 0.948 70.430 71.378 0.216 18.610 18.828 
3 29.880 16.700 46.580 0.037 5 420 5.457 
4 17.560 58.420 75.980 
Mean 


%dose 16.129 48.516 66.925 0.113 11.813 11.926 


a Not included in mean percent dose. 
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Table II-Biliary Excretion of Radioactivity in Bile-Cannulated Rats Following 
a Single Oral Dose of SK&F 33134-A-IC (10 mg./kg.) 


Bile % Dose, hr. 7 


Total, 
Rat No. 1 2 3 4 5 6 6-24 24-48 0-48 


Tragacanth Suspension 
1 - 0.004 0.046 0.185 0.139 0.092 5.814 7.768 14.048 
2 - 0.213 0.760 0.863 1,188 1.188 12.068 5.213 21.493 
3 0.085 1.042 4.188 2.179 1.837 2.658 17.709 7.367 37.065 
4 0.004 0.200 0.350 0.508 0.300 0.300 5.500 11.816 18.978 
Mean 0.045 0.365 1.336 0.934 0.866 1.059 10.273 8.041 22.919 


Polysorbate 80 Solution 
1 0.004 0.042 0.170 0.766 2.043 1.618 31.041 14.519 50.203 
2 0.002 0.324 0.378 1.136 0.757 1 ,244 18.668 19.209 41.718 
3 0.046 0.463 1.855 1.437 2,922 3.246 39.420 10.899 60.288 
Mean % 0.017 0.276 0.801 1.113 1.907 2.036 29.709 14.876 50.735 


dose 


dose 


Table 111-Urinary Excretion of Radioactivity in Bile 
Cannulated Rats Following a Single Oral Dose of SK&F 
33134-A-I4C (10 mg./kg. as the salt) 


Tragacanth Suspension Polysorbate 80 Solution 
-% Dose in Urine, hr.- -% Dose in Urine, hr.- 


Total, Total, 
Rat No. 24 48 W 8  24 48 0-48 


1 0.834 0.417 1.251 0.383 0.425 0.808 
2 0.358 1.520 1.878 1.082 0.595 1.677 
3 0.435 0.170 0.605 0.463 0.510 0,973 
4 0.158 0.400 0.558 
Mean % 


dose 0.446 0.626 1.073 0.643 0.510 1.153 


be attributed to the formation of mixed micelles due to an affinity 
between the surfactant and the solubilizate. This phenomenon has 
been previously observed by other workers (2, 7). 


During the preliminary dissolution rate studies, the observed 
solubility of SK&F 33134-A decreased in artificial gastric fluid; 
the decrease was attributed to the presence of chloride ions. Figure 
2 illustrates a plot of solubility of SK&F 33134-A as a function of 
sodium chloride concentration. A concentration of 0.01 sodium 
chloride reduces the aqueous solubility from 0.37 mg./ml. to 0.215 
mg./ml. However, when polysorbate 80 is added to a system con- 
taining sodium chloride and SK&F 33134-A, the aqueous solu- 
bility increases. These data are shown in Fig. 3, where the solubility 
of SK&F 33134-A was studied at varying concentrations of poly- 
sorbate 80 in 0.1 N sodium chloride solutions. Again the curve is 
linear with an abrupt change in slope. On the basis of these solubility 
data, a 1 % polysorbate 80 solution was used as a vehicle for prepar- 
ing the solution of SK&F 33134-A for in uiuo testing in rats. 


Absorption Study in Bile Cannulated Rats--The fecal excretion of 
radioactivity following the administration of an oral dose of SK&F 


33134-A-14C in tragacanth suspension and polysorbate 80 solution 
is shown in Table I. The data indicate that approximately 67% of 
the administered radioactive dose is found in the feces in 48 hr. 
when a suspension is used compared to 12% for the solution. It is 
apparent that the compound is more efficiently absorbed when 
administered in solution. 


The biliary excretion of radioactivity for both dosage forms are 
listed in Table 11. These data suggest that the compound is ab- 
sorbed and excreted through the bile. After oral administration of 
the tragacanth suspension and the polysorbate 80 solution, 23 and 
51 %, respectively, of the total amount cf drug absorbed was ex- 
creted by the bile. Thus when the compound is administered in 
solution, the amount of radioactivity excreted through the bile is 
more than doubled; these results suggest that the compound is more 
readily available for absorption in solution than in suspension. 


The amount of radioactivity excreted in the urine after oral 
administration of SK&F 33134-A-I4C in tragacanth suspension or 
polysorbate 80 solution was relatively constant. These data, shown 
in Table 111, indicate that approximately 1 of the administered 
dose is eliminated in the urine for both dosage forms. Since such 
a small fraction of the compound is excreted in the urine, these 
measurements should not be used to determine the degree of ab- 
sorption of this drug. Intravenous administration of SK&F 33134- 
A - T  to dogs substantiated these data. Approximately 1 of the 
administered compound was excreted in the urine following a single 
intravenous dose (1). 


Table IV summarizes and compares the data obtained after 
administration ofa  single oral dose of 10 mg./kg. of SK&F 33134 
A-14C to rats in tragacanth suspension and polysorbate 80 solution. 
The total amount of radioactivity absorbed was 30.7% for the 
suspension and 59.3z for the solution. These figures were deter- 
mined by combining the total amount excreted in the urine and in 
the bile with that found in the carcass, less the amount in the GI 
tract. From 93 to 100% of the radioactivity administered was ac- 
counted for in each case. The data in Table IV illustrate that the 
selection of the proper pharmaceutical form is essential during the 


Table IV-Comparison of Absorption Parameters in Bile-Camdated Rats Following 
Oral Administration of SK&F 33134-A-14C (10 mg./kg. as the salt) in 
Tragacanth Suspension and Polysorbate 80 Solution 


Mean Radioactive Dose 
Carcass Less Total Dose 


Bile Urine GI Tract GI Tract, Feces Recovery Absorbed, 


Tragacanth 22.9 
suspension 


1.1 


Polysorbate 50.7 1.2 
80 solution 


4.2 64.6 


68.8 
21.6 11.9 


33.5 


6.7 99.5 30.7 


7.4 92.8 59.3 
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preliminary testing of potentially active compounds. In this case a 
twofold increase in absorption was observed by administering a 
polysorbate 80 solution rather than a tragacanth suspension of  
SK&F 33134-A. 
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Effect of Colorants on the Solubility of Modified Cellulose Polymers 


ELLIOTT B. PRILLIG 


Abstract 0 The effect of colorants on the solubility characteristics 
of cellulose polymers was studied. The work was conducted because 
of earlier findings that FD & C Red No. 3 dye altered the solubility 
of hydroxypropyl methylcellulose to the extent that dried films 
were insoluble in media below approximately pH 5.5. A total of 28 
dyes was screened in combination with hydroxypropyl methyl- 
cellulose, hydroxypropyl cellulose, and sodium ethylcellulose 
sulfate. Free film solubility disclosed that six dyes significantly 
altered the solubility of the polymers tested. Coatings containing 
FD & C Red No. 3, FD & C Red No. 4, D & C Red No. 17, 
D & C Red No. 18, D & C Red No. 21, and D & C Red No. 22 
dyes were shown to have a retardation effect on tablet disintegration 
and riboflavin dissolution rate. Riboflavin urine excretion studies 
confirmed that these dyes may adversely affect in vivo product per- 
formance. The effects of the insoluble films on in uitro and in vivo 
product performance will depend upon the thickness and strength 
of the film as well as the disintegrating characteristics of the tablet. 


Keyphrases 0 Cellulose polymers, solubility-olorant effect 0 
Film coated tablets-olorant effect on dissolution 0 Colorant 
effect-tablet dissolution, absorption 0 Polymer film dissolution 
viscosity-colorant effect 


The use of modified cellulose polymers in pharmaceu- 
tical products is extensive. These materials are of con- 
siderable value in gels, suspensions, tablet core formula- 
tions, and tablet coatings. Within the last few years, 
particular attention has been focused on interaction 
studies of drug-adjuvant and adjuvant-adjuvant com- 
binations with concern for stability, toxicity, and in 


viuo performance of the dosage form. The literature 
cites numerous examples of interactions between cellu- 
lose polymers and drugs or adjuvants. Tillman and 
Kuramoto (1) concluded that methylcellulose forms 
complexes with a number of preservatives including 
methylparaben and related compounds, p-aminobenzoic 
acid and p-hydroxybenzoic acid. Other investigators (2) 
confirmed and established the extent of such inter- 
actions with regard to the effect on solubility of the 
preservatives in the presence of some cellulose deriva- 
tives. Deluca and Kostenbauder (3) established the 
degree of binding of several quaternary ammonium 
compounds by methylcellulose. Kabadi and Hammar- 
lund (4) recognized the interaction effects of phenols 
on the solubilizing and stabilizing properties of some 
nonionic hydrophilic polymers. Likewise, dyes have 
been implicated with interaction and stability problems 
( 5 ,  6). Bornstein et al. (7) discussed dye-adjuvant inter- 
actions as they apply to color fading. However, little 
data have been presented on dye-polymer combinations 
and the effects which some dyes have on the solubility 
characteristics of cellulose polymers. This study was 
conducted because of findings that FD & C Red No. 3 
dye altered the solubility of hydroxypropyl methyl- 
cellulose to the extent that dried films were insoluble in 
media below approximately pH 5.5. It was therefore 
desirable to establish if such effects could be expected 
with other cellulose derivatives and commonly used 
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cm. Price 425 6d. 


This small volume is a collection of eleven contributions made at a 
symposium held in 1968 at the Chelsea College of Science and 
Technology, dealing with the problems associated with quantitative 
paper and thin-layer chromatography. The topics covered included 
the techniques of application of spots to the chromatogram, the 
removal of material from the developed chromatogram for purposes 
of quantitation, and the quantitation of the separated spots in situ by 
visual assessment, densitometry, fluorimetry, and radioactive scan- 
ning. Perhaps an undue proportion of the book deals with the latter 
topic; three chapters, comprising 27 of the volume’s 133 pages of 
text, are devoted to this technique. 


As is common with papers intended for oral presentation, there is 
a tendency to emphasize the personal experiences of the author 
rather than provide complete coverage of a topic. Thus, in a discus- 
sion of the accuracy and precision of the application of materials to 
the chromatogram using various micropipets and syringes, the 
author’s data demonstrate the superiority of a microsyringe of his 
own design; but his brief description of the device is not adequate to 
provide for its fabrication, and he does not indicate whether a com- 
plete description has been published. The chapters dealing with 
densitometry and fluorimetry refer almost exclusively to the particu- 
lar instrument which the authors use in their own laboratories, 
rather than comparing the merits of the various instruments. 


Of particular value to the pharmaceutical analyst is the chapter 
“Visual Assessment of Thin-Layer Chromatograms” by C. A. 
Johnson, Scientific Director of the British Pharmacopoeia Commis- 
sion. Its coverage of the problems associated with the chromato- 
graphic limits tests for minor components in official drugs might 
well be incorporated in the General Information sections of the N F  
and the USP as a guide to those who apply these tests. This chap- 
ter, together with those dealing with the problems of sample applica- 
tion and of elution techniques, makes the volume valuable particu- 
larly to a potential practitioner of quantitative chromatography in 
alerting him to the problems he may encounter and the precautions 
he must observe to avoid them, prior to initiation of actual applica- 
tion of the technique. 
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R E V I E W  A R T I C L E  


Metabolic Fate of Hydrazines and Hydrazides 


L. B. COLVIN 


Keyphrases Hydrazines, hydrazides--metabolic fate N- 
Acetylation-hydrazino compounds detoxification u C--N bond 
cleavage-hydrazino compounds detoxification 0 Isonicotinic acid 
hydrazide-metabolism Pharmacogenetics-hydrazide metab- 
olism 


Although hydrazine was synthesized in 1887, sur- 
prisingly little has been learned of its metabolic fate 
until relatively recently. Pharmacological and biological 
effects of high level hydrazine administration have been 
described, such as hypoglycemia (1-3), increased am- 
monia levels in the blood and spinal fluid (4), decreased 
hepatic lipid mobilization ( 5 ,  6), blood dyscrasias, and 
convulsions. An extensive discussion of the pharmacol- 
ogy of these compounds is beyond the scope of this 
paper and will not be reviewed here. 


Hydrazine and its methyl derivatives have received 
considerable interest recently due to  their extensive use 
as high-energy fuels. The fate of hydrazine is important 
because some derivatives may yield hydrazine by in 
uivo hydrolysis : 


R-CONHNH? + H20 + R-COOH + H2NNH2 (Eq. 1) 


The probable cleavage of hydrazine from unsym- 
metrically substituted hydrazides was demonstrated by 
the presence of hydrazine in the urine of rabbits after 
intraperitoneal injection of glutamylhydrazine (1)l (7) 
and after the oral administration of benzhydrazide, 


1 Roman numerals in parentheses refer to structural formulas in 
Appendix A .  


nicotinoyl and isonicotinoyl hydrazides, and certain 
ring-substituted benzhydrazides (8). 


Hydrazine is extensively metabolized by few animals, 
and appears rapidly in the urine of animals such as the 
dog and rabbit. McKennis et al. (9) have suggested that 
in all animals studied, except the dog which has limited 
capabilities to  acetylate hydrazines, hydrazine is 
metabolized to  acetylhydrazine and so rapidly con- 
verted to the diacetyl derivative that the monoacetyl- 
hydrazine intermediate cannot be detected in  the urine 
(9-1 1). On the other hand, diacetylhydrazine is excreted 
unchanged. 


From the observation that blood ammonia levels of 
the dog were elevated by the administration of hydrazine, 
(4) whereas diacetylhydrazine had no effect ( l l ) ,  it 
would appear that some hydrazine was also degraded 
to  ammonia in uivo. 


Alkyl-Substituted Derivatives of Hydrazine-The 
methyl-substituted derivatives of hydrazine are meta- 
bolized quite rapidly. In four species studied (mouse, rat, 
monkey, and dog) all excreted 25 -43 % of the adminis- 
tered dose of 14C-monomethylhydrazine (MMH- 14C) 
(11) in 24 hr. except the dog which excretes only one- 
half as much in the first 2 hr. (12). At all experimental 
periods reported, about 50 % of the excreted activity 
was in the form of the unchanged compound. The 
activity which remained in the body was localized 
primarily in the liver, but significant quantities were 
also found in the kidney, bladder, pancreas, and blood 
serum. 


The initial metabolic reaction involving methyl-sub- 
stituted hydrazines is apparently demethylation fol- 
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lowed by oxidation, since large proportions of the 
activity from both unsymmetrical dimethylhydrazine 
(UDMH) (Ill) and monomethylhydrazine (MMH) 
labeled with I4C were expired in 10-24 hr. as one-car- 
bon fragments. Approximately 30% of a subacute dose 
of UDMH-I4C injected intraperitoneally into rats 
was recovered as respiratory 14C02 in the first 10 hr. 
The detoxication system can apparently be saturated 
since convulsive doses of UDMH-14C resulted in signif- 
icantly lower respiratory 14C02 (13). 


The metabolism of MMH- 14C presented a slightly 
different picture. Approximately 45 % of the adminis- 
tered dose was expired in 24 hr. and most of the re- 
maining activity was excreted uia the urine. Int his case 
only 20-25 % of the dose is represented by I4CO2, and, 
unlike UDMH, the remainder is 14CH4. Within the 
first 3 hr. the output of 14CH4 is tenfold that of l4CO2, 
but sustained 14C02 production resulted in ratios of 
3 : 4 at later experimental periods. The differences in the 
expiratory patterns of the two gases was interpreted by 
Dost et al. (13) to mean that 14CH4 and 14COa were 
produced by independent mechanisms, but the possi- 
bility of direct conversion of CHI to CO, was not com- 
pletely eliminated. 


Neuman and Nadeau (14) demonstrated that in a 
purely chemical system a dilute aqueous solution of 


demethylation reaction occurred primarily in the liver 
and could be enhanced by pretreatment with pheno- 
barbital suggesting that hepatic microsomal enzymes 
were responsible (19). 


By comparison of the rates of COs formation from 
MIH and MMH, Dost and Reed (17) suggested that 
MMH may be an intermediate in the metabolism of 
MIH based on data supporting the following scheme: 


MIH-lCHj A H2NNH-l4CH3 - I4CH4 - 
14C0, (Eq. 2) 


The hypothesis of Dost and Reed has been greatly 
strengthened by the demonstration of N-isopropyl- 
terephthalmic acid (VII) (18-20) as a metabolite of 
MIH. N-Isopropylterephthalamic acid is formed quite 
rapidly from MIH and can be demonstrated in the 
urine 10 min. after intravenous injection of the parent 
compound and accounts for 24-25 of the administered 
dose in 24-hr. urine collections from both man and 
rodents, whereas the parent compound could not be 
detected in urine (18,20). 


The metabolic scheme of Eq. 3 can now be expanded 
to include the fate of the aromatic ring. 


The methyl carbons of 4-chloro-3-sulfamoylbenzoic 
acid 2,2-dimethylhydrazide (VIII) have also been 
shown to be metabolized to ethanolamine-trapable com- 


CHZ-NH-NH-CH,) 
CH, 


CHj’ 
‘CH-NH - co 


(VI) 


I 


(VII) 


MMH yields methane, nitrogen, and a small quantity 
of carbon monoxide when allowed to come in contact 
with a dilute solution of sodium hypochlorite. Phenyl- 
hydrazine (IV) can be degraded in uitro by oxyhemo- 
globin to benzene and molecular nitrogen in the pres- 
ence of oxygen (15). Also, using a system resembling 
biological conditions, Eberson and Person (16) dem- 
onstrated the cupric ion catalyzed breakdown of a 
model compound, p-phenylisopropylhydrazine (V), into 
isopropylbenzene, phenylacetone, 2-phenyl-2-propano1, 
and propenylbenzene. Taken collectively, these data 
would indicate that monoalkyl- and arylhydrazines are 
attacked by mild oxidizing systems, presumably through 
free radical formation. If in fact, free radicals are formed 
in the demethylation of MMH, then CH, would be the 
expected metabolic product (13). 


Data would indicate that a substantial portion of the 
methyl carbon of l-methyl-2-p-(isopropylcarbamyl)ben- 
zene hydrazide (MIH) (VI), a cytostatic methyl deriva- 
tive, is also converted to methane. MIH is very rapidly 
degraded in uiuo and has a serum half-life of less than 
15 min. in man, dog, and rat (17). Within 8 hr. after 
administration, 7-10% of the dose was expired as 
14CH4 and 11-22% was expired as 14C02 (18). The 


H,NNHZ - CH,CONHNHCCCH, (Eq. 5) 


ponents of expired air, presumably C02, to the extent 
of 3-5 of the administered dose (21). Since traces of 
UDMH and MMH were identified in the urine of dogs, 
rats, monkeys, and man, the formation of C 0 2  is 
probably by a route similar to that shown in Eqs. 4 and 
5. 


With symmetrically substituted hydrazines, i.e., hy- 
drazo compounds, a postulated reaction is the cleavage 
between the two nitrogen a t o m  to yield two amines 
(22) by a reaction similar to that shown in Eq. 6. 


R-NH-NH-R’ - + R-NH, + HsN-R’ (Eq. 6)  


However, little experimental evidence has been made 
available to support this hypothesis other than the re- 
port by Schwartz (23), who reported rats given methyl- 
amine, excreted it unchanged; but when MMH or 
MIH was administered, methylamine was excreted in 
addition to the parent compounds. Formation of 
methylamine from MMH and MIH, therefore, dem- 
onstrates that reductive cleavage of N-N bonds of 
alkyl- or arylhydrazines can occur in uiuo although it 
has not yet been demonstrated with the simplest of 
arylhydrazines, phenylhydrazine (IV). 
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Phenylhydrazine is excreted slowly by rabbits, re- 
quiring approximately 4 days for 60 % excretion. Small 
amounts of the hydrazine moiety were liberated but 
17% of the parent compound was hydroxylated and 
conjugated by glucuronidation. Approximately 20 % 
was excreted as hydrazones of pyruvate and a-keto- 
glutarate, but acetylation was not shown to occur. 
Two derivatives of phenylhydrazine, o-hydrazino-p- 
hydroxybenzoic acid (IX) and p-hydrazinosalicylic 
acid (X), have been reported to be excreted partly un- 
changed (22). 


Isoniazid and its Derivatives-The discovery in 1952, 
that isoniazid (isonicotinic acid hydrazide, INH) (XI) 
was a highly efficacious chemotherapeutic agent for 
tuberculosis, stimulated extensive research on the 
carbonyl derivatives of hydrazine. Of the aromatic hy- 
drazides, INH has received the most intensive metabolic 
investigation and, since its metabolism demonstrates 
many of the detoxication mechanisms of hydrazides, 
the metabolism of INH will be discussed at length here. 


INH is quite rapidly absorbed and single oral doses 
of INH to dogs typically result in peak plasma levels 
within 30 min; it disappears at approximately 19%/hr. 
(24). The isopropyl derivative of INW, iproniazid (XII), 
also quickly reaches peak levels in the plasma, but un- 
like INH it persists in the plasma at measurable levels 
after 24 hr. (25). Distribution of INH and iproniazid 
parallel plasma levels as indicated by liver concentra- 
tions which reach a maximum within 30 min. after an 
oral dose (26). 


In 24-hr. urine, 4 4 4 6 %  of the dose of INH could be 
accounted for as the parent compound plus a major 
metabolite, isonicotinic acid (INA) (XIII) (25). Most 
of the activity was in the form of INH from 0-24 hr., 
but from 25-48 hr. most of the activity was in the form 
of INA (27). Iproniazid on the other hand was excreted 
less rapidly in humans during the first few hours fol- 
lowing administration. However, after 48 hr. about 65 % 
of the dose from either drug could be found in the 
urine as unchanged drug. The excretion of INA, was 
about the same for both drugs 8 hr. after administration, 
but at 48 hr. the urinary output of INA from iproniazid 
was about 50% higher than from INH indicating a 
slightly longer retention of intact iproniazid in the 
body (28). 


INH can be detoxicated by two primary routes of 
metabolism-hydrolysis and direct conjugation. In 
man, the major mode of detoxication is direct conjuga- 
tion, but the extremely labile C-N bond between the 
aromatic carbonyl and the hydrazine moieties results 
in a highly important metabolic degradation route by 
hydrolysis (Eq. 1). In animals, such as the dog, which 
are apparently deficient in the ability to acetylate free 
amines, the hydrolysis to free acid plus hydrazine or its 
corresponding substituted derivative becomes a major 
pathway in the metabolism of INH as well as N-acetyl- 
INH (8, 27). Benzohydrazide, ring substituted deriva- 
tives of benzohydrazide, and to some extent salicyclo- 
hydrazide are also hydrolyzed (29, 30). The cleavage of 
the hydrazide bond would be by a hydrolase, whereas, 
the rapid breakdown of the resulting hydrazine to  
ammonia would be catalyzed by an oxidase (31, 32). 
These two enzymes could account for the increase in 


blood ammonia levels in nonacetylating animals that 
have been observed after both hydrazine and INH 
administration (4, 8). 


INA may be excreted as the free acid or it msy be 
conjugated with natural products before excretion. 
In the rabbit, conjugation with glucuronic acid oc- 
curred to a limited degree (33), whereas, in  other mam- 
mals such as man and rat, INA was excreted primarily 
as the glycine conjugate-isonicotinoyl-glycine QINA-G) 
(XIV) (34-37). The simplest aromatic hydrazide, benzo- 
hydrazide ; was also hydrolyzed, conjugated with gly- 
cine, and excreted as hippuric acid (XV) by thz rabbit 
(30). The general reaction for glycine conjugation may 
be visualized by the following equation : 


aryl-COOH + HzN--CH,-COOH 
aryl-CO-NH-CHn-CCOH (Eq. 7) 


In addition to conjugation of hydrazine and hydra- 
zides with acetate, numerous excretion studies in ani- 
mals and man have revealed that a secondary route of 
metabolism of hydrazides is their condensation with 
endogenous carbonyls, such as a-ketoglutarate (a-KGA) 
and pyruvate, to form hydrazones. The presence of com- 
pounds resembling hydrazones in the urine of rats, 
humans, and monkeys receiving INH orally, was re- 
ported (38, 39). The two primary hydrazones were 
identified by paper chromatography as pyruvic acid 
isonicotinoylhydrazone (INH-PA, XVI) and a-keto- 
glutaric acid isonicotinoylhydrazone (INH-KA, XVII) 
(35, 37). The discovery of hydrazones of INH with 
pyruvate and a-ketoglutarate has thus implicated the 
possibility of their production from any substituted hy- 
drazide which would yield free hydrazide during its 
metabolic transformations. The formation of hydra- 
zones of INH with pyruvate exceeds that with a-KGA 
by two to three times. 


The isonicotinoyl hydrazones which have been re- 
ported qualitatively in urine have also been reported to 
possess in vitro antimicrobial activity (40, 41). Since 
these activities are equivalent to  INH on a molar basis it 
appears that these highly labile derivatives are not active 
per se but liberate INH quantitatively during the pro- 
longed periods of incubation employed during in vitro 
tests for antimicrobial activity. Schmidt and Hughes 
(42) using INH-PA and INH-KA and Nielsch and 
Giefer (43) employing INH-KA have suggested that 
orally administered hydrazones of INH are promptly 
converted to INH in the gastrointestinal tract since the 
patterns of urinary metabolites found after hydrazone 
administration were essentially identical to those ob- 
served following oral administration of INH. Highly 
sensitive radiotracer techniques have not disclosed the 
presence of these hydrazones in the blood of rats re- 
ceiving I4C-labeled INH (44), but at convulsant doses 
of INH to rabbits INH-PA could be detected in the 
blood (45). Increases in the amounts of total isoniazid 
containing derivatives in the urine of dogs after intrave- 
nous administration of a-keto acid hydrazones suggested 
that these derivatives were quite stable since approxi- 
mately 50% of the administered doses was excreted 
unchanged (46). 


The pattern of urinary metabolites following the 
administration of glucose hydrazones of INH sug- 


Vol. 58, No. 12, December 1969 0 1435 







gested an even greater in vivo stability of this derivative 
since nearly 80% was excreted as the unchanged drug 


The lowered excretions of isonicotinic acid deriva- 
tives following the administration of INH hydrazones 
compared to INH injection suggested the in vivo con- 
version of the hydrazone derivatives to  INH may be 
prerequisite to the formation of isonicotinic acid from 
INH hydrazones. 


The formation of amides from hydrazides has not been 
demonstrated (27, 32). Likewise the ”-methylation, 
which has been shown to be an important metabolic 
route of nicotinic acid, has not been demonstrated with 
INH (27). A somewhat unusual product, which repre- 
sented only 1-4x of the total excretion, has been iso- 
lated from the urine of mice and guinea pigs given 
“C-INH intraperitoneally. This compound was identi- 
fied as DiINH (XVIII) formed apparently from the 
condensation of INH with INA and is believed to be 
formed nonenzymatically in the urine since DiINH 
has been found as an end product of in vitro reactions in 
the presence of hemin and phosphate or tris buffers 
(47,48). 


The distribution of 14C activity among metabolites 
resulting from INH administration is exemplified by 
the results found in normal mice where 26% of the 
dose was excreted as unchanged drug and 55 % as INA. 
The remaining 19 % of the activity was found primarily 
as the acetyl-INH (XIX) and secondarily as the INH 
hydrazones and INA derivatives. Very slight amounts of 
INH are oxidized completely to  C o n .  If one considers 
that the average 20-g. mouse expires 0.05 mole C02/24 


(46). 


hr., then less than 1 of the injected dose was expired 
through the lungs by normal mice (26,49). The complete 
metabolism of isonicotinic hydrazide may be summar- 
ized in Scheme I. 


Quantitatively, acetylation of INH to NL-acetyl-N2- 
isonicotinyl-hydrazine (XIX, AcINH) is one of the 
most important metabolic alterations of the drug in 
primates and results in complete loss of antimycobac- 
terial activity. AcINH appeared as the major metabolite 
of INH in both man and monkey. Of the total metabo- 
lite excreted AcINH represented 91 in the former case 
and 50-100 % in the latter (40,50-52). 


When the metabolite AcINH was administered to  
adult male humans or rabbits, most of the dose was ex- 
creted as 1,2-diacetylhydrazine in 48 hr. In contrast, the 
dog excreted 48 % of the dose as monoacetylhydrazine 
within 35 hrs., but no INH was excreted (53, 54). The 
observation in dogs and rabbits that INA but not INH 
is excreted following administration of AcINH fully 
supports the suggestion that acetylhydrazine is an inter- 
mediate in TNH metabloism and is consistent with the 
report by Wenzel (55) that AcINH was cleaved in 
serum to INA but not INH. 


Hughes (50) has stated that acetylation of isoniazid is 
indeed a significant reaction both toxicologically and 
chemotherapeutically. Variations in completeness of 
acetylation by different subjects and species may well 
account for the differences observed in the toxicity of 
INH. Moreover, if the dog is unable to  acetylate INH, 
this circumstance may well account for the fact that 
INH is more toxic for this species than for man or mon- 
key. This hypothesis is supported by the fact that when 


COOH 
I 
I 


CONHN =C 
+ 


COOH 
I 


(XVII) 


-I- H,NNHCOCH3 


1 
CONHNHOC 


CH, COHNNHCOCH, 
N 1 


(XIV) 
Scheme I 
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INH was administered to dogs in equimolar amounts to 
the tolerated level of AcINH, convulsions resulted (53). 


The metabolism of hydrazine, acetylhydrazines, and 
INH to 1,2-diacetylhydrazine provides an example of 
detoxication mechanisms in a literal sense. Monoace- 
tylhydrazines appear consistently to have toxic prop- 
erties (7, 29, 30) which may approach that of hydrazine 
(6), whereas 1,2-diacetylhydrazine produces fewer or 
diminished toxic reactions. The LD50 for acetylhydra- 
zine given intraperitoneally to mice was found to be 
153 f 3.4 mg./kg. (58) and the intravenous LDso was 
175 mg./kg. (57) and more than 3000 mg./kg. for 1,2- 
diacetylhydrazine. The maximum acceptable daily dose 
of INH in mice is 64 mg./kg. (58) and the corresponding 
value for AcINH, the primary metabolite of INH in 
man, monkey, and rat (35, 50) is 1000 mg./kg., again 
indicating a reduction in toxicity following acetylation. 


Pharmacogenetics in Hydrazide Metabolism-For 
many years, researchers worked under the assumption 
that the enzymes responsible for the deactivation of 
foreign compounds were uniform. However, as soon as 
one hereditary variant enzyme system was demonstrated 
for pseudocholinesterase (silent gene) (59), a number of 
further examples of hereditary variation of drug metabo- 
lism became evident, and the variation among individ- 
uals and among species in their response to drugs began 
to fit into a logical pattern. Shortly after the introduc- 
tion of INH as a chemotherapeutic treatment for tuber- 
culosis, individual differences in the conversion of the 
drug to inactive metabolites became evident (60). Sub- 
sequent studies showed these differences to be reproduc- 
ible, stable, individual manifestation of INH metabo- 
lism whether the drug determination was made in the 
urine or plasma (7), and regardless of administration 
route (61). Broader investigations of large populations 
of tuberculosis patients, healthy subjects, specific fami- 
lies, and identical and fraternal twins have clearly estab- 
lished that the inactivation capacities are under genetic 
control (62,63) and are due to the inherent capacities of 
subjects to acetylate the drug to the metabolite AcINH 
(36,64,65). 


When not confounded by impaired intestinal absorp- 
tion, the separation of two INH inactivator phenotypes 
in human populations can be clearly differentiated into 
a bimodal distribution. The terms rapid and slow in- 
activators have been used to designate the individual 
capabilities in degrading INH and the phenomenon be- 
comes readily apparent even on a small number of sub- 
jects (36). 


The trait of slow acetylation of INH has been shown 
in man to be an autosomal recessive trait, and remark- 
ably good agreement between observed and predicted 
results in each category of rapid or slow inactivator 
status was demonstrated by Evans et al. (66) in confirm- 
ing the recessive trait hypothesis. 


A direct correlation between an individual's ability to 
acetylate INH and his ability to N-acetylate sulfametha- 
zine (a sulfonamide), hydralazine (XXI) and phenelzine 
(XXII) has been demonstrated (64, 67). Evans and 
White demonstrated that the biochemical basis for the 
human polymorphism for isoniazid resides in the enzy- 
matic step occurring in the liver which tranfers acetyl 
groups from the acetylCoA to the receptor drug mole- 


cule (64). The formation of acetylCoA from acetate and 
ATP has been shown to be two enzymatic steps (68): 


HS-COA 
acetate acetyl \ 


adenosine - acetylCoA (E4.8; 
A& 7 monophosphate 


orthophosphate 


When the acetate, ATP and CoA were replaced in 
human liver homogenates by acetylCoA, the bimodal 
pattern of sulfamethazine acetylation became more 
distinct (64). Since the transfer of the acetyl group from 
acetylCoA to the receptor drug is thought to  be a 
single enzymatic step (69), it was concluded that the 
observed polymorphism resides in this step. 


Either the existence of two hepatic acetyltransferases 
with different reaction rates or a difference in enzyme 
concentration could account for the differences observed 
between acetylator phenotypes. The similarities of a 
number of properties (Michaelis constants, heat in- 
activation, and substrate specificities) of semipurified 
enzymes obtained from rapid or slow inactivators would 
suggest that the amount of enzyme, rather than specific 
activity of the enzyme, is responsible for the differences 


Although humans readily acetylate sulfanilamide in 
uiuo (71), human liver homogenates are unable to 
acetylate the drug (62). In the same system, the acetyla- 
tion of p-aminobenzoic acid (PABA) by acetylCoA did 
not occur, even though the acetylation of PABA by 
human red cell homogenates has been shown (72) and 
acetylated PABA was observed in human abdominal 
veins (73). The acetylation of PABA as well as that of 
p-aminosalicylic acid (PAS) by human red cell homog- 
enates was found to  be unimodal (72) and the serum 
fall-off of PAS concentration following intravenous in- 
jection was found to occur at the same rate in both rapid 
and slow inactivators of INH (74). Therefore, it seems 
probable that while INH and related compounds are 
inactivated by acetylation in the liver, the drugs which 
are acetylated by monomorphic mechanisms are acety- 
lated by extrahepatic systems. 


To clarify the question of which reaction, acetylation 
or hydrazone formation, is the primary mode of deactiva- 
tion of INH and which reaction determines inactivator 
status in human subjects, Peters et al. (36) studied the 
deactivation of INH in a group of healthy volunteers. 
After separation into inactivator phenotypes, the 
amounts of each type of metabolite of INH were deter- 
mined. Peters et al. (36) found the amounts of INH hy- 
drazones (INH-PA and INH-KA) seemed to parallel 
approximately the amounts of INH excreted, suggesting 
the extent of hydrazone formation was dependent upon 
the amounts of unchanged INH available for conjuga- 
tion. AcINH and derivatives of INA, on the other 
hand, were excreted in amounts inversely proportional to 
the amount of INH present, thereby indicating that when 
AcINH was formed as a metabolite it was probably ex- 
creted in this form without undergoing further metabo- 
lism. 


When the same group of volunteers was given an equi- 
molar dose of AcINH, only small amounts of the hydra- 
zone derivatives were excreted which would confirm 


(70). 
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the hypothesis that hydrazone formation is dependent 
upon the presence of INH and is not a metabolic end- 
product of AcINH. 


The rapid inactivators formed and excreted 1NA-de- 
rivatives equally as fast from AcINH as from INH, but 
the slow inactivators could excrete “-derivatives in 
quantities equimolar to that of AcINH only when 
AcINH was administered. Therefore, since the differ- 
ences in output of AcINH and INA-derivatives could 
not be accounted for by differences in abilities to ex- 
crete AcINH or form INA-derivatives, it was concluded 
that the primary alteration determining inactivator 
status must lie in the acetylation of INH. 


Although it was concluded that the rate-limiting re- 
action in the formation of INA-derivatives was the 
acetylation of INH, only insignificant amounts of 
acetylhydrazine were found. Peters et al. (36) did not 
speculate on the fate of the hydrazine moiety, but its 
conversion to ammonia is probable (4, 12). 


The INH inactivator status seems to make little dif- 
ference for antituberculosis therapy, but without sup- 
plemental pyridoxine, slow inactivators more frequently 
exhibit toxic side effects (peripheral neuropathies) to 
INH treatment (75). Enhancement of INH toxicity has 
also been reported in pyridoxine deficient rats (44), as 
well as pyridoxine antagonism in bacterial cultures. 
Furthermore, only three metabolites were found in the 
urine of pyridoxine deficient rats, whereas, four metabo- 
lites were demonstrated in the rats given adequate levels 
of pyridoxine (44). 


The administration of INH to both humans and dogs 
causes an increase in excretion of pyridoxine (76, 77) 
which was thought to be the result of combining of the 
hydrazide with the coenzyme and the subsequent ex- 
cretion of the complex (76). Although no direct evidence 
for a hydrazone between INH and pyridoxine has been 
reported (44), such a complex has been postulated in 
uivo between y-glutamylhydrazide (I) and pyridoxal 
phosphate (XXIII). This hypothesis was based on the 
fact that equimolar doses of y-glutamylhydrazide plus 
pyridoxal phosphate or pyridoxal phosphate-y-glu- 
tamylhydrazone had identical effects in relation to the 
production of convulsions, the decrease of brain level of 
a-arninobutyric acid, and the pyridoxal reversible in- 
hibition of glutamic acid decarboxylase activity (78). 


INH administration also causes a reversible inhibi- 
tion of pyridoxine dependent enzyme systems. INH 
induced inhibition of L-glutamic acid decarboxylase is 
reversed by pyridoxine administration both in vivo and 
in vitro. However, the in vitro inhibition of glutamic- 
aspartic transaminase activity by hydrazides may be 
explained by the substrate complexing with hydrazide 
and a-ketoglutaric acid (79). 


By graphically measuring the biological half-life of 
INH in various species, Peters (51) found that the rat 
was the most rapid deactivator of INH of the species 
tested, and the rhesus monkey appeared to be about 
one-half as active as the rat in disposing of the drug. The 
dog, on the other hand, reflected its inability to acetylate 
INH by a comparatively slow half-life. Man showed a 
wide range of biological half-lives reflecting genetic 
polymorphism. It is interesting to note that monkeys 
do not exhibit the genetic polymorphism of acetylation 


capabilities as does man. Peters et al. (80) found 
that in three species of monkeys tested (rhesus, cynomo- 
glus, and mangabeys) no clear-cut polymorphism existed 
nor was there a sex or weight correlation with deactiva- 
tion of INH. The total excretion of all metabolites was 
the same in all groups; however, the excretion of the 
INH varied as much as four times. It was concluded that 
the major differences in INH metabolism between man 
and all monkeys were quantitative and not qualitative. 


Miscellaneous Substituted Hydrazides and Hydra- 
zines-Isocarboxazide (XXIV) is a potent monoamine 
oxdase inhibitor which has been used for the treatment 
of various depressions and in management of angina 
pectoris. When rats were administered 14C-isocarbox- 
azide intraperitoneally, 75 of the administered activ- 
ity appeared in the urine within the first 24 hrs. (81). 
Approximately 64 % of the urinary activity was found to 
be due to labeled hippurate (XXV). 


Structurally, isocarboxazide is both a substituted hy- 
drazine and a hydrazide. In uitro studies (82) have indi- 
cated that rat liver homogenates rapidly metabolized 
isocarboxazide under either aerobic or anaerobic con- 
ditions. The major product of enzymatic breakdown of 
isocarboxazide was shown to be benzylhydrazine (XX- 
VI), indicating the hydrazide bond was metabolized 
first, and yielding 5-methylisoxazolylcarboxylic acid 
(XXVTI) as the other product. These data were inter- 
preted as reflecting the hydrolytic cleavage of isocar- 
boxazide followed by cleavage of the benzyl moiety and 
further oxidation to benzoate which then can conjugate 
with glycine to form hippurate as shown in Scheme 11. 


CH, 
(XXIV) 


.1 


? (henzoic acid) 


H,N--CH,-COOkI 


0 


HOOC-CH,--HN-C ‘‘a 
(XXV) 


Scheme I I  
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The presence of a monosubstituted hydrazine side- 
chain of the antidepressant drug phenelzine (XXII) sug- 
gested that like hydrazine and INH, phenelzine might 
be metabolized by acetylation. Evans et al. (67) have 
shown acetylation of phenelzine to  be clearly poly- 
morphic for INH. Among 47 patients with various de- 
pressions treated with phenelzine, two groups of 
acetylators were found. Differences in clinical response 
to the drug were not apparent, but the slow acetylators 
had many more side effects. 


Hydralazine (XXI), a hypotensive drug which is the 
hydrazine derivative of phthalazine is quickly and ex- 
tensively metabolized. Approximately 75 % of the dose 
appears in the first 24-hr. urine collection with less 
than 2z of the dose as unchanged drug (83-86). The 
major metabolite of hydralazine isolated from the urine 
of rats and rabbits was the glucuronide conjugate 
implicating ring hydroxylation as the primary metabolic 
reaction. N-acetylhydralazine was present in consider- 
able quantities and small but significant amounts of the 
pyruvic acid hydrazone were also found. No ethereal 
sulfates were detected (85). 


The N-acetylation of hydralazine occurs to  a signifi- 
cant extent but appeared to be less important than 
hydroxylation in the deactivation since nearly 50% of 
the drug is converted to the glucuronide conjugate. 
N-acetylation of hydralazine occurs in pigeon liver 
homogenates and in uivo in guinea pigs (87, 88) and 
man but not in the dog. 


Due to the instability of hydralazine at pH 8, it was 
suspected that if urine pH values were very high dimeri- 
zation to di-phthalazinyl-hydrazine (XXVIII) would 
occur since no free hydrazine was evolved. However, 
since the pH of the urine collected remained very close 
to neutrality such a degradation product would not be 
expected in this case. Schematically the metabolic fate 
of hydralazine is as follows: 


~CIHNH,J ~ H N H ,  
(XXIX) 


N H N = C + ~ ~ ~  


(XXXI) 
Scheme 111 


A comparative study in rats between INH and its 
structural analog isonicotinoylhydrazinomethanesul- 
fonic acid (INHSM, XXXII) has indicated that both 
were excreted at approximately the same rate following 
i.p. injection, but when administered orally there were 
considerable differences in absorption rates. Whereas 
66% of the administered INH was absorbed from the 
gut in 30 min., 25% of the administered INHSM still 
remained in the gut at the end of 6 hr. (88). INA plus 
an unknown metabolite were reported to be metabolic 
by-products of INHSM, but INA formation was some- 
what less rapid from INHSM than from INH, implying 
that INHSM was slightly more stable in vivo than INH 
(88). Some INH was also reported to be formed from 
INHSM as shown in Scheme IV. 
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Benzohydrazide (XXXIII) is a relatively toxic sub- 
stance and when administered orally to rabbits ap- 
proximately 20% of the dose appears in the urine as 
hydrazino nitrogen (6). A larger proportion (50-60 %) 
is hydrolyzed to benzoic acid and excreted as hippuric 
acid and free hydrazine. 


The p-chloro- and p-methyl- derivatives of benzo- 
hydrazide were also excreted largely as the correspond- 
ing glycine conjugates-p-chloro-hippuric and p-toluric 
acid, respectively. On the other hand, little hydrolysis of 
p-hydroxybenzohydrazide occurred. The latter was 
metabolized mainly by conjugation with glucuronic 
acid (29). 


Salicylohydrazide (XXXIV), a compound with tuber- 
culostatic properties is excreted mostly as the glucuronic 
acid conjugate by the rabbit. Less than 30% of the dose 
was hydrolyzed to salicylic acid and this was excreted 
largely as salicyluric acid (XXXV). Small amounts of 
gentisic acid (XXXVI) are also excreted. The acetyl 
derivative, N-acetylsalicylohydrazide (XXXVII) was 
also largely excreted as the glucuronide (29). 


CONCLUDING REMARKS 


A variety of substituted hydrazines and exotic hy- 
drazides have come upon the research and medical 
scene since the introduction of hydrazine and INH, 
e.g., isocarboxazid, nialamide, pivazid, mebamazine, 
Nl-ben~y1-N~- (1,4 - benzodioxane - 2 - yl - methy1)hydra- 
zine, N1-picolinoyl-N2-benzylhydrazine, pheniprazine, 
etc. In most cases, the metabolism of these compounds 
has not been reported, and research efforts have been 
concentrated on their pharmacological properties. 
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Of primary interest has been the monoamine oxidase 
inhibition potential of these compounds, but even 
with this interest few generalizations can be made even 
now. For example, seemingly random synthesis of com- 
pounds of various combinations of aromatic and hetero- 
cyclic ring systems with hydrazines has only led to  the 
conclusion that replacement of the aromatic ring with 
the heterocyclic system may or may not increase mono- 
amine oxidase inhibitive activity. However, with the wide 
spectrum of potential clinical properties of hydrazines 
and hydrazides, such as tuberculostatic, antidepressive, 
antihypertensive, treatment of angina pectoris, and 
polycythemia Vera, it is obvious that more research on 
the metabolism of these compounds will be forthcoming. 


The number of well-founded conclusions which can 
be made is in direct proportion to the paucity of SYS- 
tematic information available. However, a few specula- 
tive remarks can be made. 


There appears to be only two mechanisms of detoxica- 
tion which are characteristic of hydrazino compounds. 
Of the two mechanisms N-acetylation of the parent 
compound is the most significant from a toxicological 
approach. This reaction probably becomes less im- 
portant as the toxicity of the parent compound de- 
creases and alternate pathways become available. The 
second mechanism observed in vivo is the release of the 
hydrazino group through cleavage of the C-N bond. 


The availability of a free hydrazine group appears to 
be related not only to  toxicity, but also to the extent of 
metabolism. As pointed out earlier, the monoacetylhy- 
drazines exhibit toxicities approximately that of hy- 
drazine, yet, 1,2-diacetylhydrazine exhibits an LD.x 
several thousand times higher (6, 57, 58). Correspond- 
ingly, 1,2-diacetylhydrazine is excreted unchanged in 
the urine whereas, no urinary monoacetylhydrazine 
could be detected (13). A similar phenomenon is seen 
with INH in which the maximum tolerated daily dose 
in mice is 64 mg./kg. (58) and the corresponding value 
for AcINH, a metabolite of INH, in man, monkey, and 
rat is 1000 mg./kg. (35, 50). INH is primarily converted 
to AcINH which constitutes 91 % of the total rnetabo- 
lites of INH excreted by man. Again the reduction in 
toxicity is shown following acetylation of the hydrazine 
group. 


Deacetylation is not a common mechanism in the 
metabolism of hydrazino compounds. Instead, the 
carbonyl to  nitrogen bond formed as a result of acetyla- 
tion of a hydrazide compound appears to  have greater 
in vivo stability than the bond between an aryl carbonyl 
carbon and the hydrazino nitrogen. The greater lability 
of the aryl carbonyl to nitrogen bond was demonstrated 
by the fact that following the administration of AcINH 
to rabbits, monoacetylhydrazine, and INA were ob- 
served in the urine but no free INH could be detected 
(54). In man, INA and diacetylhydrazine are the end- 
products of AcINH (53). 


The toxicities of many hydrazino compounds are 
probably related to their release of hydrazine. Benzo- 
hydrazine is frequently lethal to rabbits at oral doses 
of 100 mg./kg. and is 60% hydrolyzed to hydrazine 
(6). On the other hand, the oral dose required to produce 
convulsions in 50% of the rabbits tested with salicylo- 
hydrazide was 600 mg./kg. N-Acetylsalicylohydrazide is 


well tolerated even at 800 mg./kg. (30). The main differ- 
ence in the metabolism of these compoundsappears to be 
the availability of alternate pathways of metabolism. 
With salicylohydrazide, the alternate to hydrolysis is 
glucuronidation which occurs in 50-60 % of the dose. 
Some of the hydrazino group is lost since some sali- 
cyluric acid was recovered, With N-acetylsalicylic-hydra- 
zide, the only active pathway is glucuronidation. p-Chloro 
and p-methylbenzohydrazide are nearly as toxic as the 
parent compound, benzohydrazide. Both are almost 
completely hydrolyzed. The p-hydroxyl derivative which 
exhibits very low toxicity is conjugated through the 
hydroxyl group. 


Apparently the hydrazide bond exhibits a greater 
lability in vivo than does the alkylhydrazine bond. 
Phenelzine (XXI), which is 2-phenylethylhydrazine, is 
N-acetylated and excreted (67), but benzohydrazide 
(XXIX) is extensively hydrolyzed (6). A unique example 
of the relative stabilities of the hydrazide bond to  the 
hydrazine bond is the metabolism of isocarboxazide 
(XXIII). Isocarboxazide which contains both types of 
bonds, is hydrolyzed first at the hydrazide bond (82). 


These observations would suggest toxicity is related 
to the in v i m  release of hydrazine. However, as pointed 
out by McIsaac and Williams (30) 20% hydrolysis of a 
600-mg. dose of salicylohydrazide would yield as much 
hydrazine as complete hydrolysis of a 100-mg. dose of 
benzohydrazide. Therefore, if hydrazine is the toxic 
agent then it must necessarily be released from benzo- 
hydrazide much more rapidly than from analogs which 
have lower toxicities. 


SUMMARY 


The metabolism of hydrazine and its alkyl derivatives 
has been discussed as well as the metabolic fate of 
hydrazides. There appeared to be only two mechanisms 
of detoxication which were characteristic of hydrazino 
compounds. Of the two mechanisms N-acetylation of 
the parent compound was found to be the most signifi- 
cant in the toxicological approach. This reaction prob- 
ably becomes less important as the toxicity of the parent 
compound decreases and alternate pathways become 
available. The second mechanism discussed is the 
release of the hydrazino group through cleavage of the 
C-N bond. The latter reaction appeared to be related 
not only to the toxicity but also to the extent of metabo- 
lism. 


Deacetylation appeared not to be a common mech- 
anism of the metabolism of hydrazino compounds. 
Instead, the carbonyl to nitrogen bond formed as a 
result of acetylation of the hydrazide compound ap- 
peared to have greater in vivo stability than the bond 
between the aryl carbonyl carbon and the hydrazino 
nitrogen bond. On the other hand the hydrazide bond 
itself has been shown to exhibit greater lability in oivo 
than the acetylhydrazide bond. 


The toxicity of many hydrazino compounds has been 
related to their release of hydrazine. These compounds 
frequently showed much higher toxicity than the cor- 
responding N-acetyl derivatives. 


The pharmacogenetics of hydrazide metabolism also 
has been discussed with special reference to the in -  
dividual and species variation observed. 
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APPENDIX A COOH CO -NHCH2- COOH 
I Q Key to Structural Formulas 


70-NHNH, 
I XIV 


isonicotinylglycine 
XI11 


isonicotinic acid 


I 


(CH,), 
I - -  


I 
CH-NHZ 


COOH 
I 


CH3-NH-NHL 
I1 


,COOH 
CO-NHN=C \ 


I CH, 
TO-NHCHZCOOH 


2-7-glutamylhydrazide monomethylhydrazine 


NHNH, Gr xv 
hippuric acid 


(benzoylglycine) 


XVI 
pyruvic acid 


I11 Iv 
unsymmetrical dimethylhydrazine phenylhydrazine 
(I, I-dimethylhydrazke) (UDMH) 


isonicotin ylhydrazone 


,COOH 


\(CHJ2 
I 


CH, 


CO-NHN=C 


XVII 
a-ketoglutaric acid 


isonico tinylhydrazone 


(I 
C O - N H N H 4 C  
I I 


V 
,+phenylisopropylhydrazine 


XVIII 
di-isonico t,inylhydrazide 


CO-(C,II,O,;) 
I 


CO-NHNH-CO-CH3 
I 


VI 
I-methyI-2-p-(isopropylcarbamyl) benzene 
hydrazide (MIH) (Natulan) 


Q 
XIX XX 


N'-acetyl-N2-isonicotinyl isonicotinylglucuronide 
hydrazide (AcINH) 


VII 


N-isopropylterephthalamic acid 


AHNH, XXII 
XXI phenelzine 


h ydralazine (Xardil ) 
(1-h ydrazinoph thalazine) 


( Apresoline) 
VIII 


4-chloro-3-sulfamoylbenzoic acid 
2.2-dimethylhydrazide 


CH3 H~+H,o-~o,H2 


XXIII 
pyridoxal phosphate 


NHNH, NHNH, 


HO &oOH 


IX 
o-hydrazino-p- 
hydroxybenzoic acid 


COOH 


X 
p-hydrazinosalicylic acid 


XXIV 
isocarboxazide 


(Marplan) 


2 3 3 3  CO-NHNH-CH 
'CH, 


XI1 
iproniazid 
(Marsilid) 


CONHNH, 
I 


XI 
isoniazid 


isonicotinic acid hydrazide 
(Nydrazide) 


XXV XXVI 
hippuric acid benzylhydrazine 
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I CH3 AH-NH 


XXVII XXVIII 
di-phthalazinylh ydrazine 5-methy lisoxazolyl 


carboxylic acid 


T;HNH~ NHNHCOCH, 


XXIX XXX 
hydralazine glucuronide acetyl hydralazine 


CONHNHCH,SO,Na + 


I 


XXXI sulfonic acid (INHSM) 
pyruvic acid hydralazine 


hydrazone 


CONHNH, CONHNH, $ONHCH,COOH 


XXXIIJ XXXIV XXXV 


benzohydrazide salicylohydrazide salicyluric acid 


COOH CONHNHCOCH, 


XXXVI XXXVII 
gentisic acid N-acety lsalicyloh ydrazide 
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R E S E A R C H  A R T I C L E S  


Hydrophile-Lipophile Balance and Cloud Points of Nonionic Surfactants 


HANS SCHOTT 


Abstract c] The comparison of the cloud points of 165 nonionic 
surfactants was based on their calculated hydrophile-lipophile 
balance (HLB) values. The smfactants were cla&fied according to 
structure and width of molecular weight distribution. Increasing 
length of the polyoxyethylene moiety increased the HLB and cloud 
points. At constant HLB, the following features were found to lower 
the cloud point: decreasing molecular weight, broader molecular 
weight distribution (probably due to  the presence of fractions of 
such low degree of polyoxyzthylation that they were insoluble in 
water at all temperatures), branching or greater symmetry of the 
surfactant molecule, the introduction of olefinic unsaturation, 
replacement of .the terminal hydroxyl by a methoxyl group, and 
replacement of an ether by an ester bond. The equations for cal- 
culating the HLB, which had been derived from emulsification ex- 


periments with only a limited number of surfactants, contain the 
weight-percentage of polyoxyethylene as the sole variable char- 
acterizing the surfactant. Therefore, the calculated HLB is not 
affected by the surfactant characteristics listed above, which largely 
govern the values of cloud point, CMC, and interfacial tension. 
Additional HLB measurements are needed to determine whether 
the equations used to  calculate HLB fully describe the emulsify- 
ing characteristics of all nonionic surfactants, i.e., whether all 
experimental HLB values are really independent of the structure of 
the surfactant molecules. 
Keyphrases 0 Surfactants, nonionic-HLB, cloud points 0 Poly- 
oxyethylene moiety, surfactants-HLB, cloud points 0 HLB de- 
termination-surfactants 0 Cloud point determination, signifi- 
cance-surfactants 


“Probably the most important single parameter rational interpretation and with a sense of frustration 
affecting the type and stability of an emulsion is the in not being yet able to  show its origin conclusively’’ 
puzzling hydrophile-lipophile balance number (HLB) . . . (1). One such attempt, to find a universal relation be- 
One is left with the conviction that the HLB has a tween the HLB values and critical micelle concentra- 
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R E S E A R C H  A R T I C L E S  


Hydrophile-Lipophile Balance and Cloud Points of Nonionic Surfactants 


HANS SCHOTT 


Abstract c] The comparison of the cloud points of 165 nonionic 
surfactants was based on their calculated hydrophile-lipophile 
balance (HLB) values. The smfactants were cla&fied according to 
structure and width of molecular weight distribution. Increasing 
length of the polyoxyethylene moiety increased the HLB and cloud 
points. At constant HLB, the following features were found to lower 
the cloud point: decreasing molecular weight, broader molecular 
weight distribution (probably due to  the presence of fractions of 
such low degree of polyoxyzthylation that they were insoluble in 
water at all temperatures), branching or greater symmetry of the 
surfactant molecule, the introduction of olefinic unsaturation, 
replacement of .the terminal hydroxyl by a methoxyl group, and 
replacement of an ether by an ester bond. The equations for cal- 
culating the HLB, which had been derived from emulsification ex- 


periments with only a limited number of surfactants, contain the 
weight-percentage of polyoxyethylene as the sole variable char- 
acterizing the surfactant. Therefore, the calculated HLB is not 
affected by the surfactant characteristics listed above, which largely 
govern the values of cloud point, CMC, and interfacial tension. 
Additional HLB measurements are needed to determine whether 
the equations used to  calculate HLB fully describe the emulsify- 
ing characteristics of all nonionic surfactants, i.e., whether all 
experimental HLB values are really independent of the structure of 
the surfactant molecules. 
Keyphrases 0 Surfactants, nonionic-HLB, cloud points 0 Poly- 
oxyethylene moiety, surfactants-HLB, cloud points 0 HLB de- 
termination-surfactants 0 Cloud point determination, signifi- 
cance-surfactants 


“Probably the most important single parameter rational interpretation and with a sense of frustration 
affecting the type and stability of an emulsion is the in not being yet able to  show its origin conclusively’’ 
puzzling hydrophile-lipophile balance number (HLB) . . . (1). One such attempt, to find a universal relation be- 
One is left with the conviction that the HLB has a tween the HLB values and critical micelle concentra- 
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Table I-Effect of Surfactant Concentration on the Cloud Point" 


Cloud Point, "C., at Concn. &./I . )  
Surfactantb 2 .0  5 .0  10 25 


CIZHZ~O(GH~O)~H 58 58 58.5 59.5 


CIZH~SO(CZH~O)I~H 99 99 99 99 
CnHz:O(C&O),H 76 76 76 76.5 


~- ~ ~~~~ ~ ~ 


Present work. b Normally distributed; POE chain length adjusted 
by weight increase durlng EO addition, and verified by acetylation and 
by NMR. 


tions (CMC) of nonionic surfactants, was unsuccessful: 
while a simple relationship between these two param- 
eters was found for each of two homologous series of 
surfactants, the two relationships were different (2). 


The first objective of the present work was to  seek a 
universal relationship between the HLB value and the 
cloud point of nonionic surfactants. GrifSn, examining 
a limited number of surfactants, found a nearly linear 
but somewhat scattered relationship between the two 
parameters ( 3 ) .  The existence of such a relationship is 
being reexamined here for the much broader spectrum 
of nonionic surfactants now available. Since the ex- 
perimental determination of HLB values is laborious 
(4), a universal relationship would permit replacing 
these measurements by the very simple cloud point 
determinations. It would also provide additional in- 
sight into the nature of the HLB. 


The second objective was to examine the effect of the 
structural features of the molecules of nonionic surfac- 
tants on their cloud points, using the HLB as a reference 
scale. The large number of published cloud point values 
permits a comprehensive survey. 


HLB CALCULATIONS 


For addition products of p molecules ethylene oxide (€0) to 
alcohols and phenols of mol. wt. M ,  the HLB value was calculated 
('A51 by 


4405 p 
5(M + 44.05 p )  


HLB = 


For esters (mol. wt. E )  of fatty acids (mol. wt. M ) ,  the equation 
used ( 5 )  was 


HLB = 20(1 - S / A )  (Eq. 2 )  


where S is the saponification number of the ester and A the acid 


Figure 1-Juxtaposed phase diagrams of a typical anionic (upper) 
and nonionic (lower) surfactant. Regions A and A1 represent single- 
phase, isotropic solutions; regions B and BI represent two-phase 
systems. 


number of the fatty acid. For monocarboxylic acids, S / A  = M/E.  
For monoesters of polyethylene glycols, Eqs. 1 and 2 give the same 
HLB value. For monoesters of methoxypolyethylene glycols, the 
mol. wt. of the terminal methyl group was included in the mol. wt. 
M of the acid in order to obtain the same HLB value from both 
equations. 


In the case of the hydroxystearic acids, Eq. 1 was arbitrarily 
modified to 


1W44.05~ + 17.01 h) HLB = ___ - 
5(M + 44.05 p )  (Eq. l a )  


where h is the number of hydroxyl groups per molecule, because the 
hydroxyl group is at least as hydrophilic as the ether group. 


SIGNIFICANCE OF THE CLOUD POINT 


The polyoxyethylene (POE) moiety of nonionic surfactants is less 
extensively hydrated at higher temperatures (6). Therefore, heating a 
dilute solution of a polyoxyethylated surfactant increases its ten- 
dency toward self-association : the CMC decreases and the size 
of the micelles increases. Above a given temperature region, 
called the threshold temperature, the rate of increase of the micellar 
rnol. wt. with rising temperature becomes very pronounced (7). A 
further temperature rise of 25-30" results in the sudden appearance 
of cloudiness followed by the separation of a surfactant-rich phase. 
The surfactant concentration in the coexisting dilute aqueous phase 
is approximately equal to the CMC (6). The temperature of incipient 
cloudiness is the cloud point. 


This phase separation is reversible: on cooling, the cloudy sus- 
pension reverts to a clear solution. The cloud point is independent 
of surfactant concentration between rather wide limits (8). This is 
also shown in Table I. 


The &point of polymer solutions can be defined as the consolute 
temperature for polymer molecules of infinite mol. wt. (9). Accord- 
ing to this definition, the cloud point of nonionic surfactant solu- 
tions is analogous to the @-temperature. However, an alternate 
definition of the 0-point is that it is the temperature at which the 
polymer solutions behave ideally, i.e., at which their second virial 
coefficient is zero (9). This would liken the 0-temperature to the 
threshold temperature of surfactant solutions (7). 


One can also compare the cloud point with the Krafft point of 
ionic surfactants. The latter is the temperature at which the solu- 
bility reaches the CMC, and above which the solubility increases 
very rapidly with increasing temperature. It is the melting point of 
the hydrated solid surfactant; at and above the Krafft point, the 
solid dissolves largely in the form of micelles (6). 


The phase separation in surfactant solutions occurs on heating 
for nonionic and on cooling for ionic surfactants (6). Their two 
phase diagrams (8, lo), shown schematically in Fig. I ,  bear a re- 
markable resemblance. Region B corresponds to a solid phase 
(crystals, curd fibers, or gel) suspended in an isotropic solution. 
Region BI corresponds to two isotropic liquids, one rich and one 
very low in surfactant. Krafft points have very rarely been reported 
for nonionic surfactants (1 1). 


RESULTS 


Observed cloud points and calculated HLB values are tabulated in 
Table 11. Homogeneous surfactants are those prepared by the 
Williamson synthesis or other methods which produce a single value 
for the number p of EQ units per surfactant molecule. Surfactants 
produced by the addition of EO to alcohols, phenols or acids have 
a range of p values which approximates a Poisson distribution. 
These are designated normally distributed surfactants. 


The following conclusions can be drawn from Table 11. 
1 .  An increase in the length of the POE chain of a surfactant 


makes it more hydrophilic, resulting in higher cloud points and 
HLB values (4, 6). Within a homologous series based on a given 
hydrophobic moiety, as p goes up, the increase in cloud point and 
in HLB per added EO goes down. For instance, adding the eighth 
EO group in the normally distributed nonylphenol series increased 
the cloud point by about 28" and the HLB by 0.6 unit. Adding the 
fifteenth EO group increased the cloud point by 4" and the HLB 
by 0.3 unit. Figure 2 illustrates this and shows that the breadth of 
the mol. wt. distribution has a small effect as well. The HLB tends 
asymptotically toward 20. 
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Table 11-Calculated HLB Values and Experimental Cloud Points for Homologous Series of Nonionic Surfactants 


No. m p HLB CloudPoint, "C. Reference 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


36 


37 
38 
39 
40 
41 


42 
43 


44 


6 
6 
6 
6 
8 
8 
8 


10 
10 
10 
12 
12 
12 
12 
12 
12 
12 
12 
14 
16 
16 
16 


10 
12 
12 
12 
12 
12 
12 
12 
12 
12 
14 
16 
18 


18 
(ole$) 


1 
2 
3 
4 
4 


13 
13 


14 


I. Monoethers, Terminal Hydroxyl 
1. Linear Primary Alcohols 


3 
4 
5 
6 
4 
5 
6 
4 
5 
6 
4 
5 
6 
7 
8 
9 


10 
11 
6 
6 
7 
9 


n-CmHzm+iO(C&O)pH 
A. Homogeneous 


11.3 37 
12.7 67.5 
13.7 75 
14 .4  80.5,83 
11.5 35.5 
12.6 55 
13.4  68 
10.5 18 
11.6 36 


12 
12 
12 
12,13 
12 
12 
8 
12 
12 


12 .5  57,60,61 12,12,8 


10.8 25,31,31 12,12,14 
11.7 48,48,51,52,55 8,12,14,12,15 
12.5 65.5,67,70 14.12.15 
13.1 78.79.82 


9 . 7  7 ,7  12,14 


13.6 87.5,88 
14.1 94,95,98 
14 .4  98,100 
11.0 42,45 
10 .4  32,32,35 
11.2 54,55 
12 .4  75 


B. Normally Distributed 
10 14 7 
5 4  1 1 2  
6 2  1 1 9  
6 8  1 2 3  
7 0  1 2 5  
8 0  1 3 1  
9 0  1 3 6  


10 14 1 
10 1 14 1 
11 0 14 4 
10 13 5 
10 12 9 
10 12 4 


10 12 4 
/t-CmHz, 


88 
38 
34.5 
55 
58.5 
73 
76 
88 
93 
99 
75 
74 
68 


57.60 
-1O(CzH40)pH 


2. Branched Primary Alcohols 


14; 12; 15 
14,12 
14,12, I6 
14,12 
8,12 
12,7,8 
7,11 
7 


17 
18 
19 
18 


18 


20 
18 


20 
20 
20 


20. I6  


(IZ-C,"~H,,,~+~)~CHCH*O(C~H~O),H 
A. Homogeneous 


6 15 6 100 13 
6 14 4 78 13 
6 13 4 53 13 
6 12 5 27 13 
9 14 3 72 13 


I -CI~H~~O(CLH~O)~H 
B. Normally Distributed 


9 13 3 62 21 
10 1 13 8 61 17 


3. Linear Secondary Alcohols 


6 11.0 35 
45 14 9 13 .0  67 


46 C,Hii--CH--C,H,, 13.0  3 I 
1 


14 
14 


14 
1 


O(C&L0)9H 
CHa-(CHZ),-CH-(CHz)b-CH3 


I 
O(CzH40)pH 


m = (U + h + 3) from 11 to 16, av. = 13.2 


No. m p HLB Cloud Point, "C. Reference 


B. Normally Distributed 
47 
48 
49 
50 
51 


52 
53 


54 
55 
56 
57 


58 
59 
60 
61 
62 
63 
64 


65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 


100 
101 
102 
103 
104 
105 
106 


13.2 7 12.05 35,37,40 22,23,23 
23,23,22 13 .2  9 13.2 60,62,61 


13.2 10.5 13.9 76 22 
13.2 12 14.45 90 23 
13 .2  15 15.3  100 22 


4. Branched Secondary Alcohols 
CHI CHI CH3 


H,C-IH-CH,-CH--CH,-CH-CH,-CH-c~~ I I 
/ 


O(Cd40)pH 
B. Normally Distributed 


12 6 11.7 36,37 24,25 
12 10 14.1 72,73 25,24 


5. Branched Alkyl-p-Phenols 


A. Homogeneous 
i-CAL m+ IC sH 4O(CzH 40),H 


8 7 12 .0  27 26 
8 8 12 .6  52 26 
8 9 13.2 67.5 26 
8 10 13.6 78 26 


B. Distribution Narrowed by Distillation 
9 
9 
9 
9 
9 
9 
9 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


12 
12 
12 
12 
12 


6 . 5  11.3 10 
7 . 6  12.1 38.5 
7 .7  12 .1  44 
8 . 3  12.5 75.5 
8 . 9  12 .8  58.5 
9 . 7  13.2 73 


10.7 13 .6  83 
C. Normally Distributed 


7 
7 . 5  
8 
8 . 9  
9 
9 . 5  
9 . 7  


10 
10.85 
12 .5  
13 .0  
7 
7 .4  
8.0 
8 .1  
8 . 3  
8 .5  
8 . 9  
9 . 0  
9 . 2  
9 . 4  
9 . 5  
9 . 6  
9 . 7  
9 . 8  


10 
10 .5  
10 .7  
12 
12 .4  
12.5 
13 
13.5 
14 .0  
15 
15 .8  
17 .7  
9 . 0  


10 .2  
11.1 
12 
15.0 


12 .0  
12 .3  
12 .6  
13.1 
13 .2  
13 .4  
13.5 
13 .6  
14 .0  
14.55 
14 .7  
11.7 
11.9 
12 .3  
12 .4  
12 .5  
12.6 
12.8 
12.9 
13 .0  
13.05 
13.1 
13.15 
13.2 
13.25 
13 .3  
13.6 
13 .6  
14. I 
14.25 
14.3 
14 .4  
14.6 
14 .7  
15 .0  
15.2 
15.6 
12.0 
12 .6  
13 .0  
13.4 
14 .3  


15 
19,21 
33,44 
60 
62 
65,68 
67 
75 
81.5  
88,90 
89 
5 
24,24 
34 
42 
31 
30 
48.5 
54.54.54 
5 5 ;  56' 
61 
54,54,57 
62 
60.5,63 
58 
68 
64,71 
63.5 
81 
87 
88 
88 
92.5 
93 
94,96,96,96,96 
101 
107, I07 
18,18,33 
37 


27 
27 
27 
27 
27 
27 
27 


26 
28,29 
18,26 
26 
26 
29,28 
18 
26 
26 
29,28 
18 
24 
16,30 
18 
30 
27 
31 
27 
24,31,32 
33,8 
18 
21 ,28,29 
30 
27,34 
17 
32 
24,31 
27 
21 
18 
29 
24 
77 
i l  


30 
21,24,28,31,32 
30 
16,30 
24,25,33 
17 ~. ~. 


50 18 
60,63 25,24 
90,92,93, >98 18,25,24,17 


Table 11-(Continued) 


Vol. 58, No. 12, December 1969 0 1445 







Table 11-( Co1ztiiiued) 


No. m p HLB Cloud Point, "C. Reference Cloud 
Point, Refer- 


"C. ence Acid p HLB 


Stearic 15 14.0 75 20 
Stearic 20 15.1 92 20 
Stearic 25 15.9 94 20 
Oleic 15 14.0 82 20 
Oleic 20 15.15 85 20 
Oleic 25 15.9 87 20 
Oleic 30 16.5 89 20 
Oleic 35 16.9 92 20 
Hydroxystearic 15 14.1 39 20 
Hydroxystearic 20 15.2 67 20 
H ydroxystearic 25 16.0 87 20 
Hydroxystearic 30 16.5 91 20 
Hydroxystearic 35 16.9 93 20 
9,10-Dihydroxystearic 10 12.5 32 20 
9,IO-Dihydroxystearic 15 14.2 47 20 
9,IO-Dihydroxystearic 20 15.3 62 20 
9,10-Dihydroxystearic 25 16.0 72 20 
9,IO-Dihydroxystearic 30 16.6 78 20 
9,10-Dihydroxystearic 35 17.0 83 20 
Phenylstearic 15 12.9 49 20 
Phenylstearic 20 14.2 65 20 
Phenylstearic 25 15.1 78 20 
Phenylstearic 30 15.7 89 20 
o-Xylylstearic 20 13.9 63 20 
o-Xylylstearic 25 14.8 75 20 
o-Xylylstearic 30 15.5 82 20 
o-Xylylstearic 35 16.0 87 20 


111. Diethers, Terminal Methoxyl 


A. Homogeneous 
~ z - C , H ~ ~ + I O ( C ~ H I O ) ~ C H ~  


m p HLB Cloud Point, "C. Reference 


6. Branched Dialkyl Phenols 


C,Hz,+i 
\ 


/ 
CF,H~O(C~HD)JUH 


CI&*I 
m = a + b = 29 


B. Normally Distributed 
107 29 30 14.5 95 28 


7. Acetylenic Branched Glycols 
CHI CH3 CH3 CHa 


CHs-CH-CHL-C-C=C-C-CHZ-CH-CHj 
I I I I 


I 
O(C2H@)bH 


I 
H(O H G ) a O  


p = u + b  
B. Normally Distributed 


No. 


128 
129 
130 
131 
132 
133 
134 
135 
136 . ~ .  


137 
I38 
139 
140 
141 
142 
I43 
144 
145 
I46 
147 
I48 
149 
150 
151 
I52 
153 
154 


108 14 5 .1  10.0 5 
109 14 9 . 5  13.0 63 
110 14 15.4 15.0 85 


35 
35 
35 


8. Sorbitan Monoesters 
B. Normally Distributed 


Cloud 
Point, Refer- 


p HLB "C. ence No. Acid 


111 Lauric 
112 Stearic 
113 Oleic 


11. 


20 16.7 95 
20 14.9 76 
20 15.0 93 


Monoesters, Terminal Hydroxyl 
B. Normally Distributed 


10 13.75 46 
15 15.35 70 


36 
36 
36 


No. 


155 10 10 14.4 69.5 
156 10 12 15.1 76 
157 12 12 14.5 78 


12 
8 
8 


20 114 Lauric 
115 Lauric 
116 Lauric 
117 Lauric 
118 Lauric 
119 Lauric 
120 Myristic 
121 Myristic 
122 Myristic 
123 Myristic 
124 Myristic 
125 Palmitic 
126 Palmitic 
127 Palmitic 


IV. Ester-Ethers, Terminal Methoxyl 
~ - C ~ H Z ~ + I C O O ( C Z H ~ O ) ~ C H S  20 


20 
20 
20 
20 
20 


20 i6 .3  79 
25 16.9 83 
30 17.4 85 
35 17.7 87 


B. Distribution Narrowed by Distillation of 


7.6 13.6 44 6 
7.0 12.5 44 6 


Methoxypolyethylene Glycols 


10.3 14.2 65 


158 7 
159 9 
160 9 
161 9 
162 11 
163 1 1  
164 11 
165 1 1  


15 14.9 65 
20 15.9 80 
25 16.6 86 
30 17.05 89 
35 17.4 92 
10 12.6 54 
15 14.4 70 
20 15.5 85 


20 
20 ~~ 


20 
20 
20 


11.9 14.8 74 
6.0 11.05 31 
8 .4  12.7 53 


20 
20 


11.2 13.9 74 
12.5 14.4 79 


2. The calculated HLB is the weight-ratio of hydrophilic to  
hydrophilic + hydrophobic moieties of a surfactant. It is inde- 
pendent of the absolute size of these moieties and of the mol. wt. 
of the surfactant. This is not true of the cloud point: staying within 
a given class of surfactants (e.g., n-alkanol adducts) and maintain- 
ing the calculated HLB constant, the cloud point generally rises as 
the hydrophilic and hydrophobic moieties increase in size. This is 
seen in Figs. 3-6, except that in the case of the n-alkanol adducts, the 
plots went through minima for p values in the range of 5-6 and for 
m values of 8-10. 


For this reason, all subsequent conclusions are based on com- 


parisons between surfactants having not only the same HLB but 
also comparable molecular weights. 


3. Within a homologous series of surfactants having the same 
hydrophobic moiety and varyingp, the relation between cloud point 
and HLB is not quite linear. Most plots are slightly concave toward 
the HLB axis, indicating that the cloud point does not increase quite 
as fast as the HLB with increasing p.  


The constants for the equation 
cloud point ("C.) = a + b HLB + c (HLB)2 (Eq. 3) 


obtained by the method of least squares for different homologoas 


Table 111-Effect of Surfactant Homogeneity on Cloud Points 
~~ 


Hydrophobic 
Moiety 


Surfactant 
Numbers 


- 
11 


ATa "C. at p Values 
6 7 8 9 10 10.7 


~~ 


n-Dodecanol 
i-Octylphenol 
i-Nonylphenol 


12-18 US. 24-32 
54-57 US. 65-75 
58-64* US. 76-101 


18 12 
13 
22 


10 
13 
18 


8 
6 


15 


3 
5 


13 


1 


12 


0 


5 Difference in cloud point between a homogeneous surfactant arid a normally distributed surfactant of the same nominal composition. b Products 
fractionated by molecular distillation (27). 
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Figure 2-Cloud point increment per EO group as u function of the 
number p of EO groups per surjuctmrt molecule. Key: n-dodecanol 
addicts-homogenous, @: normally distributed, 0; i-octylphenol 
addiccts-liomogeneous, A: normally distributed, A; i-nonylphenol 
adducts-iiormally distribrrterl, . 


series, were as follows : for the normally distributed nonylphenol 
series (Nos. 76-101), a = -874.6, b = 114.65, and c = -3.323. 
For the normally distributed octylphenol series (Nos. 65-75), a = 
-1880.1, b = 261.60, and c = -8.679. For the homogeneous 
dodecanol adducts (Nos. 11-18), a = -323.7, b = 43.098, and 
c = -0.9174. The standard errors of the estimate were 2.8, 3.7, 
and 2.5, respectively. 


For normally distributed dodecanol adducts (Nos. 24-32), a 
linear relation gave the best fit: 


cloud point ("C.)  = - 197.5 + 20.415 HLB (Eq. 4) 


4. Homogeneous surfactants and surfactants of narrowed mol. 
wt. distribution have higher cloud points than the corresponding 
normally distributed surfactants with the same average composition. 
The doud point differences decrease as p increases, because the in- 
crease in cloud point per added EO group decreases in that direc- 
tion. This is seen in Table 111, based on interpolated cloud point 
values. The lower cloud points of the normally distributed surfac- 
tants are most likely due to the presence of a fraction of very low de- 
gree of polyoxyethylation, which is insoluble in water at all tempera- 
tures. This fraction is solubilized by micelles of the bulk of the 
surfactant. Most solubilizates lower the cloud point of dodecanol 
adducts (Fig. 2.33 of Reference 6). Solubilizates containing an 
aromatic ring or a hydroxyl group lower the cloud point of alkyl- 
phenol adducts (Table I of Reference 8 and Fig. 2.32 of Reference 6); 
both features are present in the water-insoluble fraction of these 
surfactants. 


The variation in the cloud point values published for a given 
homogeneous surfactant attests to the difficulty of preparing these 
compounds in chemically pure form. For No. 12, there is a 6" 
spread among the reported cloud points, and a 7" spread for No. 
13. 


5. At a comparable molecular formula, branching of the hydro- 
phobic moiety lowers the cloud point (see Table IV). Compare also 
the interpolated cloud points of normally distributed dodecanol and 
tridecanol adducts of HLB = 14.1, namely: 91 'for the adduct of the 
h e a r  primary CI2 alcohol (interpolated in Nos. 24-32); 81 O for the 
adduct of the linear secondary CI3.2 alcohol (interpolated in Nos. 
47-51); and 72.5" for the adduct of the branched secondary CIZ 
alcohol (No. 53). A drastic drop in cloud point with increasing 
molecular symmetry was found between the isomeric homogeneous 
surfactants Nos. 45 and 46, and a smaller drop between Nos. I9 and 
44. 


6. The introduction of a double bond into the hydrocarbon 
moiety of a surfactant, .while Taking the calculated H L B ~ a h r e  by 
0.05 unit or less, produces significant changes in the cloud point. 
These changes vary in direction and magnitude. The following values 
have been found for the difference A = cloud point of saturated 
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surfactant - cloud point of corresponding unsaturated surfactant. 
A = 10" for octadecand adducts (Nos. 35 and 36); - 17" for sorbi- 
tan ester adducts (Nos. 112 and 113); -7", +7", +7", and more 
than 11 for octadecanoic esters containing 15, 20, 25, and 30 EO 
units, respectively (Nos. 128-1 34). Similar reversals in direction 
have been found when comparing surface and interfacial tensions of 
stearyl and oleyl-based polyoxyethylated surfactants as a function 
of p (20). 


7. The introduction of a triple bond into the hydrophobic 
moiety seems to raise the cloud point; the interpolated cloud points 
of acetylenic secondary diol adducts (Nos. 108-110) are 3" above 
the cloud points of saturated secondary monoalcohol adducts 
(Nos. 52 and 53) of comparable HLB, despite the greater branching 
of the former due to the existence of two POE chains. 


8. It is difficult to assess the effect of a phenyl group in the main 
chain of the hydrophobic moiety on the cloud point, because of 
differences in the amount of branching of the alkyl group attached 
to the phenol and in the alkanol. At comparable HLB and mol. 
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Table IV-Effect of Branching on the Cloud Points of Primary 
Alcohol Adducts of Comparable Molecular Formulas 


~~~~~~ ~ ~~ ~ 


Hydrophobic Surfactant AT*, 
Moiety Numbers P "C. 


Hexanol 4 us. 38 6b 4 
Octanol 7 us. 39 6* 15 
Decanol 10 us. 40 6* 32 


HLB 
Dodecanol through \ 24-33 U S .  42 13.3' 11 
Tetradecanol 1 24-33 CS. 43 13.8" 22 


*Difference in cloud point between a linear and a branched sur- 
factant of the same HLB and of similar molecular weights. * Homo- 
geneous. c Normally distributed. 


wt., normally distributed n-alkanol adducts have cloud points from 
6-28 ' higher than the corresponding i-octylphenol and i-nonyl- 
phenol adducts, but at least part of this difference is due to branch- 
ing of the side-chain. On the other hand, at an HLB of 13.8, 
branched primary ClaH270(C2H40)lo.lH (No. 43) has a cloud point 
16 below that interpolated for normally distributed i-CsH17C6- 
H40(GH40)lo.,H. At an HLB of 14.1, branched secondary C12H2,0- 
(C2HIO)10H (No. 53) has a cloud point 10" below that interpolated 
for i-C,H17C6H,0(C2H,0)ll.,H. 


9. A pending phenyl group lowers the cloud point: phenyl- 
stearic esters (Nos. 147-150) have cloud points between 5 and 14" 
lower than stearic esters (Nos. 128-130) of comparable HLB, even 
though their mol. wts. are higher. This could merely be considered 
another example of lowering of the cloud point through branching. 


10. The introduction of a hydroxyl group into POE stearate 
surfactants reduced the cloud point; a second hydroxyl reduced it 
even more. This effect is surprising in view of the extensive hydra- 
tion of that group (37). It suggests that the hydroxyl groups added 
EO in competition with the carboxylic acid group, producing 
branched molecules. This is corroborated by the greater initial rate 
of EO addition to octadecanol than to stearic acid (20). 


Replacing the terminal hydroxyl by a methoxyl group depressed 
the cloud point considerably. At an HLB of 14.5, the cloud point of 
n-C12H2jO(GHn0)12CH3 (No. 157) was 22" below that interpolated 
for homogeneous n-C12H46O(C,H,O)l, ISH. 


11. Polyethylene glycol esters have considerably lower cloud 
points than adducts of the corresponding alcohols having compar- 
able HLB values. In the range where the HLB values of normally 
distributed lauric acid and n-dodecanol adducts overlap, the cloud 
points of the former are 40" or more below those of the latter. The 
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tributed Cm_lH,m_lCOO(C,H,O),H surfactants. Numbers on curves 
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Figure 6-Cloudpoint versus m af constant HLB for normally dis- 
tributed Cm-1H2,,-1 COO(C~H~O),H surfactants. Numbers on curves 
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difference is 18 for palmitic acid and cetyl alcohol adducts of com- 
parable HLB values. 


12. Comparison of polyoxyethylated sorbitan esters (Nos. 
11 1-1 13) with polyethylene glycol esters of the same acid at the 
same HLB indicates the following: the adducts of sorbitan laurate 
and oleate have higher cloud points than the corresponding poly- 
ethylene glycol laurate and oleate by 13 and 8", respectively. The 
cloud point of polyethylene glycol stearate, on the other hand, ex- 
ceeds that of the corresponding sorbitan stearate by 14". Since it is 
not known how many free hydroxyl groups and how many poly- 
ethylene glycol chains are present in a polysorbatel molecule, it is 
not possible to ascribe these differences to any structural features. 


DISCUSSION 


Experimental cloud points were found to be far more sensitive to 
mol. wt., polydispersity, and structural features of the surfactant 
molecules than calculated HLB values. Thus, there is no universal 
relation between the two parameters. A graph correlating them con- 
sists not of a line but of a band. For normally distributed surfactants, 
the width of the band increased from 2 to 3 HLB units with increas- 
ing cloud points. The lowest HLB values for a given cloud point be- 
longed to the n-dodecanol adducts, the highest to lauric acid ad- 
ducts. For homogeneous surfactants, the band was 1-1.5 HLB units 
wide, ranging from n-hexadecanol adducts at low HLB to methoxy- 
lated lauric acid esters at high HLB. 


The foregoing raises the question whether the HLB values 
calculated by means of Eqs. 1 and 2 are an accurate measure of the 
emulsifying activity of nonionic surfactants. Alternatively, there is 
the possibility that the definition of HLB based only on the weight 
fraction of POE is an oversimplification and does not adequately 
characterize the wide array of nohionic surfactants developed since 
Griffin deduced Eqs. 1 and 2 twenty years ago. The true HLB values, 
like the cloud points, CMC values, and interfacial tensions, may 
well depend also on structural features, mol. wt. and width of the 
mol. wt. distribution of the surfactant, which are not contained in 
Griffin's equations. To decide whether these equations need to be 
thus modified requires experimental HLB determinations of sur- 
factants differing by one of the following features: high and low 
molecular weights at constant POE content; broad and narrow mol. 
wt. distributions at the same average molecular weight; termination 
by a hydroxyl and an alkoxyl group; linear and branched structures; 
fatty acids and fatty alcohols as hydrophobic moieties, etc. 
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Study of Density Gradients in Certain Oil-in-Water Emulsions 
Using Multichannel Gamma Ray Analysis 


WILLIAM H. PARSONS and DAVID L. DONDERO 


Abstract 0 Variations in the attenuation of the 0.084 MeV. total 
absorption gamma photopeak of I T m  result when o/w emulsions 
exhibiting any separation (not necessarily visible) are placed in plastic 
parallel-sided containers and moved vertically between a radio- 
active source and a scintillation detector arranged horizontally. 
Slow raising or lowering of emulsion systems allows the making 
of an attenuation “map” of the system when data are accumulated 
using a multichannel analyzer in multiscale mode, and read out 
uiu a tape printer. Curves showing log attenuation (and hence 
density) oersus channel number, their first differences. and equa- 
tions are presented. 


Keyphrases Density gradients oil-in-water emulsions-analysis 
0 Analysis, multichannel gamma ray -density gradient 0 Ernul- 
sions, curves-Pearl-Reed oersus Gompertz 


The application of the photoextinction method (1, 2 )  
to the state of matter through which visible and other 
radiation passes has been explored in detail. It has the 
obvious limitation that unless relative transparency 
to the incident radiation exists, it is insensitive. Dis- 
perse systems are, in general, opaque to visible light, 


equally nonconducting to UV radiation, and, since 
they usually contain some water, are not amenable to 
IR evaluation unless attenuated total reflectance tech- 
niques are employed. Gamma photons of appropriate 
energy (0.01-0.10 MeV) are a usable source of radiation 
for the study of disperse systems of pharmaceutical 
interest whose optical properties forbid the use of 
visible light, and whose phase densities vary by not 
more than 0.20 grams per milliliter (3). Studies using 
scintillation detectors and monoenergetic gamma pho- 
tons have been carried out (4) which indicate that the 
logarithm of the radiation intensity attenuation by the 
intervening system is proportional to  the logarithm 
of the density or the specific gravity of that system. 
Thus, the ratio of the logarithm of the attenuated or 
reduced activity to the logarithm of the density of a 
given system is a constant. This study is concerned with 
the activity attenuation profiles of certain systems and 
their relationship to (a) position of maximum change 
within the system ; (b)  time dependency of attenuation 
change, and (c) the rate at which the attenuation change 
occurs at a given instant or position within a system. 
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obvious limitation that unless relative transparency 
to the incident radiation exists, it is insensitive. Dis- 
perse systems are, in general, opaque to visible light, 


equally nonconducting to UV radiation, and, since 
they usually contain some water, are not amenable to 
IR evaluation unless attenuated total reflectance tech- 
niques are employed. Gamma photons of appropriate 
energy (0.01-0.10 MeV) are a usable source of radiation 
for the study of disperse systems of pharmaceutical 
interest whose optical properties forbid the use of 
visible light, and whose phase densities vary by not 
more than 0.20 grams per milliliter (3). Studies using 
scintillation detectors and monoenergetic gamma pho- 
tons have been carried out (4) which indicate that the 
logarithm of the radiation intensity attenuation by the 
intervening system is proportional to  the logarithm 
of the density or the specific gravity of that system. 
Thus, the ratio of the logarithm of the attenuated or 
reduced activity to the logarithm of the density of a 
given system is a constant. This study is concerned with 
the activity attenuation profiles of certain systems and 
their relationship to (a) position of maximum change 
within the system ; (b)  time dependency of attenuation 
change, and (c) the rate at which the attenuation change 
occurs at a given instant or position within a system. 
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diameter (2 in. deep X 0.125-in. diameter) had been drilled. After 
each transfer, the source and container were dried under IR light to 
concentrate and produce a point source. To collimate the gamma 
radiation, a piece of lead sheeting 0.31 cm. (0.125 in.) thick with a 
slit 2.0 mm. wide was placed over the mouth of the container. 


Detector-A thallium-activated sodium iodide crystal 3.18 cm. 
X 2.54 cm. (1.25 in. X 1 in.) and accompanying photomultiplier 
tube (Tracerlab, model P-51) served as detector. Lead sheeting 
[0.31-cm. (0.125-in.) thick] with a 2.0-mm. slit placed across the 
face of the crystal served as further collimation for incident radia- 
tion. 


Stage-A 1760-r.p.m. motor with two gear-reduction boxes al- 
lowed the raising and lowering of systems being studied. These 
were placed on a metal stage 6.35 cm. (2.5 in.) wide and 15.24 cm. 
(6.0 in.) long, connected by rack and pinion to the shaft of the 
last gear reduction box. Gear reductions and tooth ratios were 
calculated so that the stage could be elevated or lowered 30.0 cm. 
in 5.00 min. so that a uniform velocity of 1.0 mm. per second could 
be maintained (see Fig. 1). 


Analyzer and Readout-A channel analyzer (Nudear Data 128, 
model ND-I 10) was used to store counting data. Readout was ac- 
complished visually using an oscilloscope (model ND-410), and 
digitally using a printer (Victor, model ND-315). 


MATERIALS 


Emulsions-Oil-in-water emulsions containing varying quantities 
of mineral oil1 (average viscosity, 75 cks. at 25"), sorbitan mono- 
palmitate,2 polyoxyethylene sorbitan monopalmitate,3 and distilled 
water were prepared and homogenized by being put through a 
hand homogenizer twice. Concentrations of the ingredients were 
varied to give apparent stability for periods from 1 week to 1 year. 


Standards-Hydroalcoholic solutions were prepared whose 
densities varied from 0.800-0.998 g, per ml. Their densities were 
determined using a Mokr-Westphal balance and were corrected to 


Figure 1-Apparutirs fiw study of' dellsity gradieuts in emulsions. 
K ~ ~ :  D, detector, SS, JoL,ycc; S, stage; R + p, rack and 
pinioti gear; GR, geur reductiolr boxes, M, motor. 


25 o. 
Containers-Parallel-sided 1-pint plastic bottles served as con- 


tainers for both standards and systems under study. These were used 
~~ ~ ~~ - because they attenuated the radiation much less than did glass 


APPARATUS bottles of eaual volume. 
Radioactive Source and Container-Ten millicuries of lioTm (as 


the chloride in solution) were transferred in 500-pl. amounts to a 
cylindrical lead container 6.35-cm. diameter X 10.16 cm. high 
(2.541. diameter X 4 in. high) holding a force-fitted solid plastic 
insert into which a cylindrical hole 5.08 cm. deep X 0.31-cm. 


2.80 I 
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Figure 2-Log attenuated activity projiles for 01 W emulsion as a 
function of channel number. Key: 0, t = 90 days; 0, t = 28 days; 
V, t = I4  days; X, t = 7 days; and horizorrtal, t = 0. 


METHODS 


The hydroalcoholic solution standards were placed on the stage 
and passed vertically between source and detector, during which 
time counting data were accumulated. The plastic bottles were 
filled to three-quarters of their total volume to allow counts to be 
obtained in the air space above the liquid level. This allowed for 
about 15 channels of counting information which, when averaged, 
became the observed count rate (R,) through the sample container 
and intervening air. Repeated counting data obtained with empty 
sample containers between source and detector indicated that this 
number of channels was sufficient to yield statistically significant 
information. The multichannel analyzer was set in the multiscale 
mode with a dwell time of 1 sec./channel. The rate of rise of the 
stage was 1.0 mm. per second, so the channel address changed each 
millimeter of scan and at 1-sec. intervals. Since the time required 
for change of channel address is of the order of microseconds, no 
correction for this was considered necessary. Thus data were ac- 
cumulated in units of counts per second per channel (R,) of counts 
per second per millimeter of scan. In the analysis to follow, various 
emulsion parameters are expressed as a function of channel number 
( N )  as independent variable; however, the independent variable 
could as well have been time in seconds or scan distance in milli- 
meters under the conditions of the experiment. In any case, either 
count rate or activity attenuation by standard solutions is ( R ,  - 
RJ. A plot of the linear relationship between log (R, - R,) and log 
density (slope, 1.62) was made, which indicated that (R, - R,) is 
proportional to (density)1.62. Since this constant power relationship 
exists between activity attenuation and density, dependent variables 
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might be expressed either in terms of log density, or directly in 
terms of log attenuated activity. The latter coordinate was chosen, 
and emulsion systems, scanned in exactly the same way as were 
the standard solutions, were analyzed using log (R, - Re), called 
log R', as ordinate and channel number (N) as abscissa. Where 
first differences (approximating first derivatives) are plotted as 
ordinate, [A(log R')/AN] is used. 


Data were accumulated as the stage holding the standard or 7.62 
cm. emulsion and container ascended. Since the source and detector 
(3.0 in. apart) were arranged horizontally and elevated, the 
radiation passed first through the container and air space above 
an emulsion, then through the oil-rich portion, across the inter- 
face, and finally into the aqueous portion, i.e., in the direction of 
increasing density. 


Instrument stability was ascertained by daily counts made through 
the same container which held distilled water at 25 41 2". Statistical 
analysis by chi square and Chauvenet's criterion revealed no ap- 
parent nonrandom fluctuations in instrument behavior. 


RESULTS AND DISCUSSION 


The form taken by log R' as a function of channel number is 
illustrated in Fig. 2. The data were fitted by the least squares method 
of Bliss (5) to a logistic or Pearl-Reed curve (6), which in one of its 
simpler forms is 


k 
Y = w  


which has k as upper asymptote and zero as its lower. The midpoint 
of this sigmoidal curve is at the vertical intercept which is k/2. 


Translating the curve upward a distance yo  and to the right a 
distance xo yields 


Writing Eq. 2 in terms of activity attenuation and channel 
number, gives 


where log Ru' and log RL' are, respectively, the upper and lower 
asymptotes, and N o  is the channel corresponding to the midpoint 
of the curve. At this midpoint ( R y 2 ) ,  the change in log R' per channel 
[A(log R')/AN] is maximal. 


It may be seen that 


as N -+ a, log R' + log Ru', 


as N - +  m ,  log R'+ log RL' 


log Ru' - lOgR& and as N - .  0, log R '+  log Rr,' + + eaNo , 


the vertical intercept. 
If [A(log R')/AN] becomes maximal for large N, then as N + 


0, log R' % log RL', as would be expected. 
Figure 2 shows five scans of an emulsion system which was es- 


sentially completely separated after a 3-month period. Values of 
[A(log R')/AN] were maximal in Channel 42 (see also Fig. 3). This 
corresponded to a log R I / ~ '  value of 2.678, a lower asymptote at 
2.600, and an upper asymptote at 2.755. Thus Eq. 3 becomes 


for this system. 
The logistic, rather than the Gompertz curve (6) was considered 


to be the better fit for two reasons: 
1. A plot of (log R' - log RL')/(Iog Ra' - log RL' )  X 100% 


versus channel number gave reasonably good fit (using least squares) 
when plotted on arithmetic probability paper (Fig. 4). The resem- 
blance of Fig. 2 co a cumulaive frequency distribution is evident, 
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Figure 3-Attenuated activit.y gradient shapes, illustrating variations 
in kurtosis with time. Key is that of Fig. 2. 


and a linear probability plot would indicate a symmetrical distribu- 
tion, if not a normal one. 


2. Inspection of Fig. 3 reveals a series of bell-shaped curves 
having varying degrees of kurtosis but no apparent skewness. 
Skewness in plots of [A(log R')/AN] versus N would indicate that 
a Gompertz curve would be the better fit (6). 


An effective interface width may be evaluated if the best straight 
line (by least squares) is drawn through the inclined portions of 
Fig. 1, extrapolated through both asymptotes, and its slope deter- 
mined. This slope may be written 


(Eq. 5) 


(where NU and NL are channel numbers corresponding to the 
intersections of the extrapolated lines with the upper and lower 
asymptotes). Its numerator is a measure of density difference across 
the interface, and its denominator is a measure of the sharpness of 
separation. Values of the ratio should vary from zero (in the case of 
complete dispersion) to infinity (in the case of an infinitely sharp 
interface). In systems studied, values ranged from 0 to 0.155/8, or 
OM93 bg umts per channel. 'Filis corresponded to an average 
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PERCENT PROBABILITY 


Figure &Linear plot on aritltmetic probability paper indicutiifg 
activity gradient symmetry, and hence the applirability of the 
logistic curve to fitting attenuated activiry profiles. 
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Figure 5-Asymptotic growth curve illirstruting the dependence of 
uttenuated uctirity grudient maxima on time. 


density difference of 0.01 1 g./ml./channel at  maximum emulsion 
separation. Figure 2, then, is a “map” of emulsion density; average 
density changes per channel may be graphically or numerically 
determined from it; but the actual shapes of density changes per 
channel are given by Fig. 4, which represents the spatial density 
gradient. Values of maximum change ranged from 0 to 0.0205 
log units, corresponding to a maximum density change of 0.012 
g./ml./channel (in the case where separation was substantially 
complete). 


The shapes of spatial gradients are time-dependent, since emulsion 
separation is time-dependent. A plot, such as Fig. 5 ,  which relates 
maximum density change per channel to time, then serves as a time 
gradient. The rate at  which density change maxima increase with 
time indicates a rate of separation “growth.” Figure 5 is an as- 
ymptotic growth curve (6), whose equation may bewritten in simplest 
terms (with y a function oft)  


y = C(l - cnt), (Eq. 6) 


with C as upper asymptote and IZ the growth constant. 
In terms of attenuation gradient, 


Numerically, for the system under study, [A(log Rmax.‘)/AN] = 
0.0205 and IZ = 0.495 (weeks)-’. 


Thus it can be seen that with the passage of time, density pro- 
files of emulsions change, and that the change in density gradient is 
even more marked, not only in maximum value, but in shape as 
well. 


Future work will include analysis of many more data points by 
computer. Investigations will include (a) emulsion systems such as 
those discussed here; (b) band and boundary sedimentation studies 
on suspensions of pharmaceutical interest; (c)  the effects of emul- 
sion and suspension composition and concentration on density 
gradient shapes; and ( d )  the applicability of the gamma-attenua- 
tion method to  particle size and particle shape analysis. Here, it is 
felt that the computer will be a particularly useful tool. 


SUMMARY 


A sealed I7OTm source acts as an emitter of gamma photons of 
suitable energy for the study of density profiles and density gradi- 
ents in w/o emulsions. Samples and standards are placed on a 
slowly ascending stage and are passed between the source and a 
solid scintillation detector connected to a multichannel analyzer. 
Data are accumulated with the analyzer in the multiscale mode and 
are printed out on tape. Density profiles proved to be sigmoidal and 
density gradients bell-shaped. Gradient maxima relate to time by 
an asymptotic growth curve. 
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Comparative Pharmacodynamic Activity of Single and 
Divided Doses of Benzphetamine Hydrochloride 


CARL A. SCHLAGEL and ELMER C. SANBORN 


Abstract A battery of pharmacologic methods was employed to 
determine in man the relative degree and time-course of activity of 
benzphetamine given as a single, 75-mg. dose, the same total dose 
of drug given hourly in 15-mg. portions, and placebo. The objec- 
tives were to  provide guidelines for formulation research and to 
help ascertain the clinical potential for a sustained-release prepara- 
tion. The end points for determining central and peripheral activity 
before treatment and for 12 hr. after medication included the mean 
integrated voltages of the EEG at various frequencies and several 
cardiovascular, respiratory, autonomic, and psychometric tests. 
While the pattern of response-time plots varied with different end- 
points, the general trend and statistically significant results showed 
a more peaked and marked profile of action after the single-drug 
dose, with the onset of action and profile of the divided-dose regi- 
men being more gradual and intermediate in degree, respectively, 
between that of the single dose and placebo. The data indicate 
the utility of the methodology for evaluating dosage forms of the 
benzphetamine-type drugs and suggest good therapeutic potential 
for sustained-action preparations. 


Keyphrases 0 Benzphetamine HCI activity-single, divided dose 
effect 0 Pharmacological response, comparative-time profile 0 
EEG-CNS effect, benzphetamine HCI 0 Psychometric testing- 
benzphetamine HCI effect 0 Bioassay, clinical--benzphetamine 
HCI activity 


A major problem encountered in the design of a sus- 
tained-release formulation of benzphetamine hydro- 
chloride, an oral anorexigenic agent, was the availability 
of adequate in vivo procedures for determining which 
preparations possessed the greatest potential for pro- 
ducing the desired pattern of drug availability and the 
optimal therapeutic activity. In an initial study using 
radio-labeled drug to provide data on absorption, 
metabolism, and excretion, the results provided informa- 
tive but confounding information because of the ques- 
tionable activity and potency of a number of metabo- 
lites. The present report describes the results obtained 
using a variety of pharmacologic methods to  compare 
the time-course of activity of benzphetamine hydro- 
chloride2 when administered as a large single dose and 
at the same total dose on a divided schedule, the latter to 
simulate a sustained-release preparation. A placebo was 
employed as a control. 


EXPERIMENTAL 


Study Design-The study was conducted as a double-blind, 
three-way crossover in 24 male volunteers of age 21 to 45 years. 
They were judged healthy based on physical examinations and 
clinical laboratory evaluations. The subjects were divided into four 
groups of six volunteers. Each group received medication and 
underwent pharmacologic testing 1 day per week over a 3-week 
period. The three medications given once each to the subjects were: 
( a )  a 75-mg. tablet of benzphetamine (SD’%) given at  0 hr.; (b)  five 
15-mg. tablets of benzphetamine (DD?) given as one tablet hourly 


l Didrex, The Upjohn Company, Kalamazoo, Mich. 
2 Referred to herein as benzphetamine. 


SD = single dose of benzphetamine. 
DD = divided dose of benzphetamine. 


at 0, 1, 2, 3, and 4 hr.; and (c)  placebo (P). Extra placebo tablets 
were given so the three treatments consisted of two tablets at 0, 1 ,2 ,  
3, and 4 hr. The three treatments were administered according to 
eight Latin Squares using two different Latin Squares per group of 
six subjects as indicated: 


Subjects Week 1 Week 2 Week 3 
1 SD DD P 
2 D D  P SD 
3 P SD D D  
4 SD P D D  
5 D D  SD P 
6 P DD SD 


Test Procedures-A battery of pharmacological tests was per- 
formed on each subject prior to the study as an acclimation trial, 
just prior to medication for control values (0 hr.) and at 1, 2, 3, 
4, 6, 8, 10, and 12 hr. after the initial dose of medication. The 
procedures, listed in the order applied, were: (u) a 10-min. electro- 
encephalogram (EEG) from a monopolar left occipital lead using 
the ears as reference and the left clavicle region as ground; (6)  
systolic and diastolic blood pressure (indirect) ; (c) pulse; (d) 
respiratory rate; (e) oral temperature; (.f) pupil diameter (Polaroid 
photograph and caliper measurement); (g) 1-min. finger-tapping 
rate (telegraph key with mechanical counter); (h) a 5-min. digit- 
letter coding task as reported by Smith (1); and ( i )  a 48-item check 
list of the authors’ design using six adjectives and six antonyms 
per category to obtain subjective profiles relative to states of arousal, 
nervousness, mood, and general feeling. 


The subjects were recumbent for the first five tests, with their 
eyes closed for the EEG. 


The EEG’s were recorded over 12-min. periods to provide 10 min. 
of data after editing for artifacts. The signals were recorded graphi- 
cally on a Type R Dynograph,G using a 0.3 time constant, and simul- 
taneously on analog magnetic tape.’ The taped signals were filtered 
by low band and high pass filterss to separate the EEG into 0-8, 
8-13 and 13-30 C.P.S. frequency components. The output from these 
filters as well as the nonfiltered EEG were integrated electr~nically,~ 
while the digital values representing the integrated voltages cumu- 
lated over 20 sec. EEG epochs were recorded with an IBM 026 
card punch. Thus, for a 10-min. EEG sample, thirty 20-sec. values 
were obtained for each of the three frequency ranges and for the 
total or nonfiltered EEG records. 


The basic principles for this EEG integrating approach were 
similar t o  those reported by Drohocki (2). The utility of the selection 
of 20-sec. EEG epochs and 10-min. recordings has been validated 
by Goldstein (3). 


In this study the mean integrated EEG voltages were obtained 
by calibration of the six integrators to give 75 pulses or counts/ 
20 sec. using a 10-c.p.s. sine wave having an amplitude of 50 pv. 
peak to peak. 


Study Restrictions-The subjects received the initial dose of 
medication 2 hr. after a light breakfast. They then fasted except for 
6 oz. of milk and a candy bar or apple at  the 7th, 9th, and 1 l th hr. 
of testing. Sanka but no caffeinated beverages were permitted. 


Data Analyses-The results from 2 Latin Squares per subject 
group giving a total of 8 Latin Squares were combined for a Latin 
Square analysis (4) which accounted for week, subject, and square 
variability in testing for treatment effects. When statistically signif- 
icant differences occurred among the three treatments, the results 
were evaluated by Duncan’s Multiple Range test ( 5 )  to determine 


6 P = placebo. 
6 Beckman Instruments, Inc., Spinco Div., Lincolnwood, IL 60649 


Honeywell model 8100, Honeywell, Denver, CO 80217 
Designed and constructed by C. Alway, The Upjohn Co., Kala- 


Ibid. 
mazoo, MI 49001 


Vol. 58, No. 12, December 1969 0 1453 







(I) 12.5 
k 
Z 
3 12.0 
w 
(II a 5 11.5 
0 > 
9 11.0 
k 


10.5 - w 


0 1 2  3 4 5 6 8 10 12 
HOURS AFTER INITIAL MEDICATION 


Figure I-Response-time cwves for 0-8 c.p.s. EEG integruted voltage 
activity. Key: 0 3 ,  SD; 0. . .O, DD; A- - -A, P.  Statisticolly sig- 
nificant chunges: none. 


significant differences between treatment means at the 0.05 level or 
beyond. 


The integrated EEG data were analyzed without any form of trans- 
formation. The coefficients of variation (CV) of the EEG data were 
determined using the log of the standard deviation of the log of the 
original value. This yielded values which could be evaluated statis- 
tically and which compared to the 4th decimal place with the CV as 
calculated in the standard manner. 


RESULTS AND DISCUSSION 


All of the test methods yielded results showing statistically 
significant differences among the treatments consisting of a large 
single dose of benzphetamine (SD), the same total drug dose given 
in divided portions (DD), and placebo (P). The response-time 
patterns reflecting these differences revealed an earlier onset and 
generally more pronounced action after the SD, with the DD regi- 
men resulting in a delayed and gradually increasing response that 
through 6 hr. after medication was intermediate in slope between 
that of the SD and the P treatments. Thus, with the EEG and digit- 
letter coding procedures, the significant changes after the SD 
occurred from 2-6 hr. after drug, while after the DD the activity 
reached significance only at 6 hr. With systolic BP, pulse, tem- 
perat ure, and the finger-tapping test, both drug regimens produced 
significant effects which persisted for 10-12 hr. post-treatment. 
Only the SD of benzphetamine had significant effects on diastolic 
BP, respiration, and pupil diameter. These response-time pattern 
variations with different end points implicate clearly the utility and 
need for using multiple testing procedures in comparing the activity 
of different dosage forms of the same drug. 


Electroencephalogram-The action of benzphetamine on the 
EEG was characterized by a lack of significant changes in the mean 
integrated voltages of the 0-8 C.P.S. component, by the highest and 
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HOURS AFTER INITIAL MEDICATION 


Figure 2-Response-time curves for 8-I3 C.P.S. EEG integraiecl 
voltage activity. Key: O---O, SD;  0 .  . . ’ 0, DD; A- - -A, P.  
Statistically significant changes: SD > P at 2, 3, 4 ,  and 6 hr.; 
SD > DD at 2 and3 hr-: DD > Pat 6 hr. 


0 1 2 3 4 5 6 8 10 12 
HOURS AFTER INITIAL MEDICATION 


Figure 3-Response-time curves for 13-30 C.P.S. EEG inlegrated 
voltage activity. Key: 0-0, SD; O...O, DD; A- --A, P.  
Statistically significant changes: SD > P ut 3 and 6 hr.; SD > DD 
at 3 b . :  DD > P a t  6hr. 


most frequently significant mean integrated voltage increases in the 
8-13 C.P.S. band, and by fewer and smaller yet significant mean 
integrated voltage increases in the 13-30 C.P.S. spectrum. The 
voltages of the total (0-30 c.P.s.) or nonfiltered EEG were also 
increased by benzphetamine in a pattern quite similar to that of the 
8 -13 C.P.S. band. Finally, the coefficients of variation (CV), re- 
flecting variability in the EEG waveforms, were reduced signif- 
icantly at all frequencies by drug treatment. These results are 
shown in Figs. 1-4. 


An examination of these plots as well as the legends indicating the 
time periods when significant differences occurred between treat- 
ments, revealed that the drug relative to placebo EEG effects were 
greater for the SD than for the DD, and that the magnitude of the 
drug-induced changes were greater for the 8-13 C.P.S. or alpha 
component than for the 13-30 C.P.S. or beta segment of the EEG. 


This action of benzphetamine on the EEG is interpreted as a mild 
CNS stimulant effect as determined by: (a) the absence of any 
significant increases in 0-8 C.P.S. activity indicating that the drug is 
devoid of primary CNS sedative or depressant properties; (h)  
the appreciable increase in alpha or 8--13 C.P.S. energy content 
reflecting maintenance of alertness despite acquisition of the EEG 
with the subjects recumbent, with eyes closed, and in a noise-free 
environment; and (c) the increased beta or 13-30 C.P.S. activity 
which indicates EEG “desychronization” and which reflects CNS 
hyperactivity or stimulation (68). The drug engendered reduction 
in the CV of the EEG is also indicative of the activity profile of 
CNS stimulants (9). 


The benzphetamine-induced increase in total or nonfiltered EEG 
mean energy content is at variance with the decrease in this activity 
as reported by Goldstein et al. (7,  9) for 15 mg. p.0. of the related 
drug, d-amphetamine. 


No good explanation is available for this difference using basically 
similar EEG methodologies. However, the disparity is not depen- 
dent on differences in drug action for the authors have observed 
in two recent studies that 15 mg. p.0. of d-amphetamine produces 
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Figure 4-Response-time curues for total or 0-30 C.P.S. integrated 
EEG voltage activity. Key: 0-0, SD;  O...O, DD;  &--A, 
P .  Statistically significantly changes: SD > P at 3, 4 ,  ond 6 hr.; 
S D  > DDat 3hr.; DD > P a t  6hr.  
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Figure 5-Response-time plots of systolic bfood pressure. Key: 
0-4, SD;  0. ' .O, DD;  A- - -A, P.  Statisticnlly significant 
changes: SD > P at 2, 3, 4, 6 ,  and 10 hr.; SD > DD at 2, 3, and 4 
hr . :DD> Pat6aiidIOIir. 


an  EEG activity profile analogous in all respects to that of the 
SD of benzphetamine used in this study. 


Several theoretical reasons for the disparity are that Goldstein 
studied subjects individually with the EEG alone while the authors 
utilized subject groups and a battery of test procedures, and Gold- 
stein used fewer subjects and a very short post-drug observation 
period. 


Systolic Blood Pressure-The major blood pressure elevations 
after benzphetamine as shown in Fig. 5 followed the same general 
pattern as the EEG alpha activity inasmuch as the elevations after 
the SD were significant from 2-6 hr. after drug, while the effect 
after the DD was delayed, more gradual, and reached a significantly 
elevated level only by the 6th hr. An exception was that both drug 
treatments also elevated the pressure significantly at 10 hr. post- 
medication. 


The increased systolic pressure following the SD of drug was more 
pronounced and peaked, relative to the response to  the DD, than 
were the comparative responses of any of the other endpoints. This 
provides a logical basis for the use of a divided dose schedule or a 
properly formulated, sustained-release preparation of benzphet- 
amine to reduce sequelae from abrupt blood pressure changes. 


The diastolic blood pressure displayed an upward trend through- 
out the 12-hour period following all three treatments. The SD of 
benzphetamine caused a slight peaking effect which at the summit 
a t  4 hr. was significantly higher than that of both the SD and P 
medication. 


Pulse-The data on the pulse depicted in Fig. 6 indicate the 
seduction in rate for the first 6 hr. following P treatment. This 
trend was reversed early by the SD of benzphetamine which main- 
tained a significantly higher pulse, relative to P, from the 2nd 
through the 6th hr. This reversal was delayed following the DD of 


72 


. 70 
E 
o 68 
E 
$66 
-I 
3 


._ . 
4- 


a 


a z 64 
w ' 62 


0 T,,,,,,I t-----I- 
0 1 2  3 4 5 6 8 10 12 


HOURS AFTER INITIAL MEDICATION 


Figure &-Pihe change with time. Key: e-e, S D ;  0.. .O, 
D D ;  A- - -A, P. Statistically signifcant changes: SD > P at 2, 3, 
4,6,andIOhr.;SD > DDar2Iir.: DD > Pat4.6,aridlOhr. 
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Figure 7-Response-the rliunges in oral temperature. Key: e-e, 
S D ;  0. . .O, D D ;  A- - -A, P .  Sfatistically signifcant rlianges: 
S D  > P at 2, 3, 4 ,  6 ,  8, and 10 hr.; S D  > DD at 3, 4,  and 6 hr.; 
DD > P a t  1-12 hr. 


drug so that significant differences were manifested at  the 4th and 
6th hr. The action of both drug treatments was evident and sig- 
nificantly different from P after 10 hr. 


Oral Temperature-The generally smoother character of the 
response-time curves for oral temperature renders this end point 
quite valuable for delineating clearly the comparative action 
profiles for the treatments under study. The earIy elevation of the 
temperature by the SD as well as the early but more gradual hyper- 
thermic action of the DD of drug are quite apparent from the 
plots in Fig. 7. Both drug treatments produced persistent effects 
with the hyperthemia being significant, relative to P, even at  the 
12th hour of testing. 


Respiratory Rate-The fluctuations in the respiratory rates 
demonstrated in Fig. 8 contrast dramatically with the stability of 
the oral temperature measurements shown previously. Although 
the response of the SD of drug was significantly higher than that 
of the DD at 2 hr. and than that of the P a t  2, 4, and 6 hr., the 
generally elevated rate produced by the DD was never significantly 
greater than the P effect. 


Pupil Diameter-The rather feeble mydriatic action of oral 
sympathomimetic benzphetamine, was sufficiently adequate after 
the SD to stabilize this normally fluctuating endpoint and to provide 
significant differences relative to the DD of drug at  3 and 4 hr. and 
to the P at  3, 8, and 10 hr. The responses to the simulated sustained- 
release regimen of benzphetamine were never significantly different 
from those of the P treatment. These data are shown in Fig. 9. 


Finger-Tapping Rate-The activity of CNS stimulating drugs in 
this psychomotor procedure is reflected in the production and 
maintenance of the maximal rate possible for the test subjects. 
Placebo responses are generally slower and more undulating de- 
pending on the relative mood, diligence, and perseverance of the 
subjects at  each testing session. In this study the psychomotor 
stimulating action of the SD of benzphetarnine shown in Fig. 10 
was evidenced by the acquisition and upholding of a maximal rate 
of about 340 taps per min. The higher initial tapping rate observed 
prior t o  medication with the SD relates t o  initial adeptness and 
subject testing order and is of little consequence when the maximal 
rate is attained. The gradually increasing rate abserved after the DD 
of drug was typical of the delayed response seen in the other test 
procedures following this treatment. Both drug schedules displayed 
prolonged activity with significantly higher tapping rates than P 
during the 6-12 hr. period of testing. 
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Figure 8-Respiratory rate changes orer time. Key: e-e, SD;  
0 .  ' '0, DD;  A- - -A, P. Statistically significant changes: SD > P 
at 2 ,4 ,  arid 6 hr. 
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Figure 9-Pupil diameter changes. Key: 0-+, SD;  O...O, 
DD;  A- - -A, P .  Statistically significant changes: SD > P at 3, 8, 
and I0 hr.; SD > D D  at 3 and4 hr. 


Digit-Letter Coding Task-CNS stimulant action as determined in 
this confusing, monotonous test is also based on maintenance of a 
high, relatively stable plateau of coding speed. Coding accuracy is 
not improved under these specific test conditions. 


The data in Fig. 11 demonstrate, though not dramatically, the 
better subject performance when on the SD of drug than when 
on P. The steady improvement after the DD of benzphetamine 
depicts again the delayed and slowly increasing effect of the mul- 
tiple, small-dose regimen of drug. These results are in agreement 
with those obtained by Smith (1) and Weitzner (10) for d-amphet- 
amine. 


The increased performances and the response-time patterns 
obtained in both the tapping and coding tasks are also in accord 
with the EEG effects indicating drug-induced increases in alertness 
and mental acuity. These psychomotor task-EEG correlations have 
been strengthened by the results from a more recent study with 
benzphetamine and d-amphetamine wherein the sensitivity of the 
tapping and coding tasks has been improved appreciably by increas- 
ing the duration of tapping from 60-90 sec. and the coding from 
5-10 min. This reduced the impact on the data of the subject’s 
initial speed resulting from the self-mustered vigilance and deter- 
mination which wanes sooner after placebo than after CNS stimu- 
lant drugs. 


Adjective Check List-The patterns of the response-time plots 
comparing the SD of benzphetamine and the P treatments were all 
in the direction of drug-induced increases in the levels of arousal, 
mood, calmness, and feeling of well-being. The curves for the DD 
of drug were again intermediate in position between those of the 
SD and of the P medication. The action of the SD lasted only for 
6 hr., at which time the responses to the two drug regimens were 
equal. During the 6 1 2  hr. interval, the response to the DD was 
maintained relative to those of the SD and P treatments. 


These data are not shown because of the number of figures 
involved and because variations in the control (0 hr.) scores reduced 
the relevance of many of the significant response differences. The 
definite trends remained, however, and reflected CNS stimulant- 
type drug action. It should be noted that the increased calmness 
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Figure l(tFinger tapping rate versus time. Key: 0-0, SD; 
0 .  . .O, DD;  A- - -A, P.  Stutistically significunt changes: S D  > P 
ut 0, 3, 4 ,  6, 8, 10, aiid I2 hr.: SD > D D  at 0 hr.: D D  > P at 6,8, 
10, and 12 hr. 
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Figure 11-Digit-letter coding proficiency. Key: 0-0, SD; 
0.  . ‘0, DD; A- - -A, P.  Statistically significant changes: SD > P a t  
3arid6 hr.; SD > D D  at I hr.; SD > P a t  6hr.; P > D D  at 0 and I 
hr. 


is typical of the initial effect of acute doses of the amphetamine- 
type stimulants. Nervousness is a secondary, rebound phenomenon. 


CONCLUSIONS 


The data indicate that the methodology employed is capable of 
distinguishing comparatively the response-time characteristics of 
different formulations of acutely administered benzphetamine. 


The differences in response-time patterns and durations of activity 
obtained with different end points reflect the value of multiple 
methods for delineating more completely drug action profiles. 


The simulated sustained-release regimen of benzphetamine 
generally produced more delayed, more gradual, and less pro- 
nounced responses than the large dose of drug. This suggests that a 
properly formulated, sustained-release formulation may have 
virtue by producing more blunted and smoother pharmacologic 
responses. The relative therapeutic (anorexigenic) advantages of 
different benzphetamine preparations must still be determined 
under use conditions. 
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Some Physical Factors Affecting the Enhanced Blepharoptotic 
Activity of Orally Administered Reserpine-Cholanic Acid Coprecipitates 


ROGER G. STOLL, THEODORE R. BATES, KARL A. NIEFORTH, and JAMES SWARBRICK 


Abstract 0 In order to elucidate the mechanism by which orally 
administered cholanic acid derivative-reserpine coprecipitates 
potentiate the pharmacological activity of reserpine in mice, a study 
of the surface tension and dissolution properties of the various 
systems was undertaken. Deoxycholic acid, cholic acid, litho- 
cholic acid, and 3,12,24-trihydroxycholane were found to signif- 
icantly lower surface tension. These same compounds, as co- 
precipitates, enhanced the ptotic activity of reserpine. A fifth com- 
pound, 50-cholanic acid, showed only minor surface tension lower- 
ing properties. No indication of micelle formation was observed 
with these five compounds in the p H  6.4 buffer system used. I n  
uifro dissolution studies of the coprecipitates of reserpine with 
these compounds in ethyl acetate at 37" were also undertaken. An 
increase in the dissolution rate of the coprecipitates over that for 
pure reserpine was noted, due most probably to a reduction in the 
particle size of reserpine during the formation of the coprecipitates. 
The rate of dissolution of reserpine from the coprecipitates in a 
1 : 16 molar ratio showed a rank order correlation with in uiuo 
potency. 


Keyphrases 0 Reserpine-cholanic acid coprecipitate-blepharop- 
totic activity 0 Blepharoptotic activity, reserpine--cholanic acid 
coprecipitation effect 0 Surface tension lowering-reserpine 
activity effect 0 Dissolution-reserpine-cholanic acid coprecipi- 
tates 


Malone et al. (1) have shown that the onset of action 
and degree of blepharoptotic activity of reserpine is en- 
hanced two to three fold when administered orally to 
mice as a reserpine-deoxycholic acid coprecipitate. 
Further studies have demonstrated that this enhance- 
ment is not specific to deoxycholic acid, but is obtained 
with combinations of reserpine and cholic acid, 
lithocholic acid, and 3,12,24-trihydroxycholane (2). 
No attempt was made by these investigators to as- 
certain the nature of the observed potentiation of 
blephar opt otic activity. 


A consideration of the literature indicates that the 
observed pharmacological potentiation may arise from 
certain physicochemical and/or physiological effects. 
Insofar as the former are concerned, the rate of dis- 
solution is often the rate-determining step in the ab- 
sorption process of poorly soluble drugs such as reser- 
pine (3-5). The factors involved in the dissolution rate 
of pharmaceuticals are embodied in the Noyes-Whitney 
equation (6) or the various modifications thereof 
(7-10). Accordingly, the in vivo dissolution of the vari- 
ous coprecipitates prepared by Malone et al. (1, 2)  
could be influenced by such physicochemical factors 
as micellar solubilization (1 1-13), and reduction of 
interfacial tension (14-16), and particle size (17, 18). 


Certain of the physiological effects associated with 
bile acids may also alter the absorption or activity of 
reserpine. These would include changes in gastric 
motility and emptying (19), protein binding (20, 21), 
changes in membrane permeability (22), and involve- 
ment of the entero-hepatic circulatory system (23). 


With these factors in mind, and with as yet no accept- 
able solution as to the mechanism of the enhanced 
blepharoptotic activity, an investigation was undertaken 
to study (a)  the surface-active properties of the various 
cholanic acid derivatives used in the coprecipitate sys- 
tems, and (b )  the dissolution rates of reserpine from 
the various reserpine-cholanic acid coprecipitates. 
The present paper reports these findings. 


EXPERIMENTAL 


Materials-Cholic acid,' deoxycholic acid,' lithocholic acid,' 
reserpine,' and 50-cholanic acid2 were dried under vacuum for at  
least 24 hr. prior to use. 3,12,24-Trihydroxycholane was synthesized 
by means of LiAIHa reduction of deoxycholic acid in anhydrous 
tetrahydrofuran (24). The purity of the product was confirmed by 
IR and elemental analysis. All other chemicals were of reagent grade 
and used as received. 


Preparation of Coprecipitates-All cholanic acid derivative- 
reserpine coprecipitates used in these studies were prepared in the 
same manner as those used by DeCato et al. (2) in the in Giro tests. 
Often the same samples of coprecipitate were employed for both the 
in uiuo and in uitro experiments. Following its preparation, each 
sample material was screened and the fraction that passed through 
a 20-mesh sieve and was retained on a 60-mesh sieve was used for 
the dissolution studies. 


Surface Tension Studies-An excess quantity of each of the pure 
cholanic acid derivatives was equilibrated at 37" for at least 72 hr. 
in a pH 6.4 McIlvaine buffer (25) in which the KCI was removed 
and the sodium ion concentration adjusted to a physiological level 
of 0.15 M (26). The concentrations of these saturated, filtered 
(Millipore, HAWP, 0.45 p pore size) solutions were determined 
spectrophotometrically (see Assay Procedure) with the exception of 
5P-cholanic acid which was determined by adding known increments 
of solid to the buffer solution until a saturated solution was ob- 
tained. The solutions were then progressively diluted with the pH 
6.4 buffer and surface tension measurements made at  37" using a 
Cenco-DuNouy ring tensiometer equipped with a constant-tem- 
perature attachment. Dial readings were converted to dynes cm.-l 
by means of the tables prepared by Harkins and Jordon (27). 


Dissolution Studies-The dissolution studies were carried out in 
300 ml. of ethyl acetate contained in a three-necked round-bottom 
flask immersed in a constant-temperature bath maintained at 37". 
The stirring speed of the Servodyne8 constant speed stirring ap- 
paratus was 30 r.p.m. A polyethylene three-blade propeller, 3.8 
cm. in diameter, was employed at a depth of immersion of 23 mm. 
The amount of coprecipitate used per dissolution run was such that 
each sample contained 150 mg. of reserpine. 


Five-milliliter samples were removed at  known time intervals and 
replaced with an equal quantity of solvent until at least 80% of the 
reserpine was in solution. All samples were filtered through a 
Whatman No. 2 filter paper and 1 ml. of the filtrate diluted with 
nine parts of absolute methanol prior to being assayed for reserpine 
at  268 mp using a Beckman DB-G spectrophotometer. No sig- 
nificant absorbance was found for the various cholanic acid deriva- 
tives over the wavelength range used for the reserpine analysis. 


Assay Procedures-The solutions of deoxycholic acid, cholic 
acid, and lithocholic acid were assayed according to the procedure 
of Eriksson and Sjovall(28), which involves heating the derivative i n  
65 sulfuric acid at  60" for a specified period of time. The assay 


1 Obtained from Nutritional Biochemical Corp., Cleveland, Ohio. 
Obtained from Mann Research Laboratories, New York, N. Y. 
Cole-Parmer Instruments Co., Chicago, Ill., 60648 
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Table I-Comparison of Surface Tension-Lowering Effect of 
Cholanic Acid Derivatives with In Vico Ptotic Activity of Respective 
Coprecipitates with Reserpine 


Relative 
Surface Ptotic 
Tension Activity 


Saturation of Saturated of 1 : 16 
Cholanic Acid Concentration, Solution, Copre- 


Derivative" moles/l. dyneslcm. cipitateO 
~~ ~ ~ ~ ~ _ _ _ _ _ _ _  


Lithocholic 


Deoxycholic 


Cholic 


Trihydroxy- 


5P-Cholanic 


acid 2 .2  x 10-5 54.6 2.93 


acid 5 . 5  x 10-4 44.8 2.16 


acid 3.7 x 10-3 44.8 1.93 


cholane 1.8 X 45.1 1.87 


acid 1 x 10-5 61.2 1.41 


a Ranked in decreasing order of in uiuo ptotic activity for each re- 
spective 1 : 16 coprecipitate. b Ptotic activity = potency observed for 
1 :16 coprecipitate/potency observed for pure reserpine, 4 hr. after 
oral dosing with drug. Data obtained from Reference 2. 


for 3,12,24-trihydroxycholane involved heating the substance at 
60" for 45 min. in 96 sulfuric acid. 


RESULTS AND DISCUSSION 


Surface Tension Studies-The ability of the various cholanic 
acid derivatives to lower the surface tension of an aqueous buffer 
solution at 37" is apparent from Table I which shows the surface 
tension of the buffer solution at the saturation concentration of each 
derivative studied. Saturated solutions of the various coprecipitates 
with reserpine produced reductions in surface tension similar to 
those exhibited by the cholanic acid derivatives alone. Reserpine 
alone lowered the surface tension of the buffer solution from 67.7 
to 63.5 dynes cm.-1 


The cholanic acid derivatives are listed in Table I in decreasing 
order of their ptotic activity when administered as 1 : 16 coprecipi- 
tates with reserpine (2). The data for the 1 : 16 ratio was chosen here 
since it produced the greatest enhancement in ptotic activity (1). 
The rank order of potency shown in Table I was maintained over the 
period of 4-10 hr. after dosing; the values at 4 hr. have been in- 
cluded to demonstrate the relative magnitude of the observed in- 
crease in ptotic activity. 


It is apparent that the surface tension-lowering ability of the 
various cholanic acid derivatives does not completely parallel the 
rank order of ptotic activity found for their respective coprecipitates 
with reserpine. However, there does appear to be a qualitative effect, 
in that those cholanic acid derivatives that reduce the surface ten- 
sion of the buffer by at least 12 dynes cm.-l are also those which, as 
coprecipitates, enhance the ptotic activity of reserpine. A significant 
reduction in the surface tension of a solution does imply an in- 
creased ability of that solution to wet a dispersed solid particle. 
With a poorly soluble drug this can lead to an increase in dissolu- 
tion rate, as has been shown in several studies using surfactants be- 
low their CMC (14-16). Accordingly, the relative abilities of the 
cholanic acid derivatives to lower surface tension could be a factor 
in enhancing ptotic activity in uiro by facilitating the wetting, and 
hence the dissolution rate, of reserpine. 


It is also conceivable that the presence of micelles could, through 
solubilization, affect the dissolution rate of reserpine by increasing 
its saturation concentration (6). However, the surface tension data 
for all the cholanic acid derivatives studied at pH 6.4 precludes the 
presence of micelles at this pH, since no break in the surface tension 
uersus concentration curve, characteristic of micelle formation, was 
observed prior to saturation. Surface tension determinations were 
then repeated on deoxycholic acid and trihydroxycholane at pH 
7.4. A sharp break was observed in the case of deoxycholic acid, in- 
dicating the formation of micelles. The change in pH from 6.4 to 
7.4 had no effect, however, on the surface tension curve of the tri- 
hydroxycholane, indicating the inability of the unionizable com- 
pound to form micelles. In view of the fact that none of the cholanic 
acid derivatives were capable of forming micelles at pH 6.4, which 


is close to the pH existing in the lumen of the small intestine, it 
appears that micelle formation is not a factor in increasing the in 
viuo ptotic activity of reserpine administered as a coprecipitate with 
a cholanic acid derivative. 


Dissolution Studies-As shown in Fig. 1, the rate of dissolution of 
reserpine from the coprecipitates varied according to the cholanic 
acid component used to form the coprecipitates. Thus, the rank 
order of dissolution was lithocholic acid > cholic acid deoxycho- 
lic acid > 5P-cholanic acid > reserpine precipitate > 3,12,24- 
trihydroxycholane. The reserpine used as a standard in the dissolu- 
tion rate studies was a sample recrystallized from methanol in the 
same manner as the coprecipitates, only in the absence of a cholanic 
acid derivative. Since the dissolution rate of the precipitated reser- 
pine in Fig. 1 is different from that found for the coprecipitates, it 
may be assumed that the enhanced dissolution rate of reserpine as 
a coprecipitate is not due to recrystallization, per se. Also, a com- 
parison of the dissolution rate of reserpine alone and from a 1 : 16 
physical mixture with deoxycholic acid containing the same particle 
size drug shows that the rates are comparable (Table 11). This fact 
tends to preclude the possibility that the cholanic acid derivatives in 
the coprecipitates function to increase the bulk solubility of the 
drug, thereby increasing its dissolution and absorption characteris- 
tics. 


The correlation between dissolution rate and in civo ptotic activity 
for each of the coprecipitates is illustrated in Table 11. On the as- 
sumption that the activity of reserpine is related to dissolution rate, 
the low dissolution rate for the trihydroxycholane coprecipitate 
(approximately one-half that exhibited by reserpine alone) is 
anomalous. This behavior is probably inherent to this particular 
system, due to the low solubility of trihydroxycholane in ethyl 
acetate. In fact, in the synthesis of trihydroxycholane from a de- 
oxycholic acid precurser, ethyl acetate is used to recrystallize the 
product from the reaction mixture (24). It can also be seen from Fig. 
1 that reserpine from the coprecipitates goes into solution signifi- 
cantly faster than the precipitated reserpine alone. Since the same 
particle size fraction (20/60 mesh) was used for these systems, it is 
reasonable to suppose that the reserpine in the coprecipitate is 
available to the solvent in smaller particle form. Studies have 
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Figure 1-In vitro dissolution rates of wrious cholanic acid deriuatiue- 
reserpine coprecipitates in ethyl acetate at 37". Key: 0, lithocholic 
acid: A, cholic acid; H, deoxycholic acid; 0, 5~-cholanic acid; 
A, 3,I2,24-frihydroxycholane; e, precipitated reserpine only. 
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Table 11-Comparison of 112 Vitro Dissolution Rate of Cholanic 
Acid Derivatives-Reserpine Coprecipitates with 
Iii Viva Ptotic Activity 


Amount of 
Reserpine 


in Solution Dissolu- 
Coprecipitate after 8 tion In  Vico 


with Reserpine“ min., mg. Ratio’ Activity“ 


Lit hoc holic 2.93 
acid 106.8 2.76 (2.63-3. 64)d 


Deoxycholic 2.16 


Cholic 1.93 


Tri hydroxy- I .87 


acid 79.2 2.01 (1 .82-2. 58)d 


acid 87.7 2.26 (1.66-2.25)d 


cholane 19.4 0.50 ( I .  51-2. 32)d 
5P-Cholanic 1.41 


Deoxvcholic 
acid 66.4 1.72 ( I  .05-1. 88)d 


acid (physical 
mixture with 
reserpine) 35.6 0.95 - 


Reserpine 
precipitated 38.7 1 .oo 1 .oo 


a See Table I, Footnotea. b Dissolution ratio = amount of reserpine 
in solution for 1 : 16 coprecipitate/amount of reserpine in solution for 
precipitated reserpine, after 8 min. c See Table I! Foornoteb. d Cal- 
culated 95 % confidence limits for the listed potencies. 


established that the smaller the particle size, the faster the rate of 
dissolution of pure reserpine in an ethyl acetate system (29). It 
seems likely that the observed in uico ptotic activities are due to 
differences in dissolution rates, and hence the availability of reser- 
pine from the various coprecipitates. It is probable that the several 
rates of dissolution observed are dependent on the particle size of 
the reserpine in the coprecipitates, although the wetting effect of 
the cholanic acid derivatives in the microenvironmental area around 
thz dissolving drug particles must also be considered an effect, at  
least in uiuo. 


Gibaldi ef al. (30) in a study of the dissolution properties of 
reserpine from various molar ratios of reserpine : deoxycholic acid 
coprecipitates showed that the dissolution rate increased with in- 
creasing molar ratio, which was in general agreement with the in 
cico ptotic activity of reserpine (1). These investigators, likewise, 
attributed the observed potentiation in activity to differences in 
the particle size of reserpine produced during the preparation of the 
coprecipitates. 


Since the various cholanic acid derivatives used in these studies 
have several physiological effects, it is not possible to attribute com- 
pletely the observed in uiuo response (1, 2) of the different copre- 
cipitates to one single physical property of the materials used. Thus, 
orally administered bile salts can cause an increase in gastric volume 
which, in turn, can cause a decrease in the rate of gastric emptying 
(19), possibly increasing the residence time of the drug at  the in- 
testinal absorption site. This would result in increased drug ab- 
sorption. Also, gastric and intestinal motility have been found to in- 
crease and decrease depending on the dose of bile salts administered 
(31, 32) and this could effect the absorption of reserpine adminis- 
tered as a coprecipitate with bile acids. It has also been reported that 
reserpine and bile acids and salts bind to plasma protein (20, 21). 
If the bile acids displaced reserpine from the binding sites, an in- 
creased pharmacological response to reserpine would be observed. 
Finally, drugs eliminated or involved in an entero-hepatic circula- 
tion mechanism may be reabsorbed after elimination in the bile 
(23). If the exogenous bile acids increase, either directly or in- 
directly, the reabsorption or decrease in the elimination through the 
bile of reserpine, an enhanced pharmacological response would be 
observed. 


These same physiological factors should be operable both in the 
case of a physical mixture of the drug with a cholanic acid derivative 
and a coprecipitate. However, it is significant that the ptotic activity 
of reserpine in a 1 : 16 reserpine-deoxycholic acid coprecipitate was 
almost twice that in a physical mixture of similar composition (I) ,  
At best, therefore, the above-cited physiological factors could only 


play a minor role in the observed enhancement in reserpine induced 
ptotic activity. This indicates that the physical process of dissolution 
is probably the prime factor responsible for the enhanced activity 
observed. 
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Two New Bicyclic Ring Syst,erns, 1,4,5-Benzodioxazocine 
and 1,4-Benzoxazepine 


HEINO A. LUTS" 


Abstract 0 Derivatives of two new bicyclic ring systems have been 
synthesized for pharmacological evaluation as central nervous 
system drugs. These derivatives were 7-chloro-5-phenyl-2,3,4,5H- 
1 ,Cbenzoxazepine hydrochloride (I), 7-chloro-5-phenyl-2,3H-I ,4- 
benzoxazepine-4-oxide (U), and 8-chloro-6-phenyl-2,3H-1,4,5- 
benzodioxazocine (111). The synthetic routes leading to these 
structures are presented. 


Keyphrases 0 Bicyclic ring systems, new-synthesis 0 1,4,5-Benzo- 
dioxazocine derivatives-synthesis 0 1 ,CBenzoxazepine derivatives 
-synthesis IR spectrophotometry-identity 


In a search for new compounds with central nervous 
system activity two new ring systems were investigated. 
The structures obtained were derivatives of the new 
bicyclic 1,3,4-benzodioxazocine and 1,4-benzoxazepine 
(Fig. 1) (1). 


The compounds synthesized containing these ring 
systems were 7-chloro-5-phenyl-2,3,4,5H-1,4-benzox- 
azepine hydrochloride (I), 7-chloro-5-phenyl-2,3H-1,4- 
benzoxazepine-4-oxide (IT), and 8-chloro-6-phenyl- 
2,3H- 1,4,5-benzodioxazocine (111). 


Scheme I shows the synthetic routes pursued during 
the course of this work. 


The 2-chloroethyl ether (V) of 5-chloro-2-hydroxy- 
benzophenone (IV) (Dow Light Absorber HCB) was 
prepared by a modification of the method of Wheatley 
et al. (2). It was also obtainable in lower yield and purity 
by the reaction of IV with ethylene chlorobromide in the 
presence of dimethylformamide and dry potassium 
carbonate. At a higher temperature 1,2-bis-(4-chloro-2- 
benzoy1phenoxy)-ethane was obtained. The 2-chloro- 
ethyl ether (V) readily formed a phthalimido derivative 
(VI) which was hydrolyzed by the Ing-Manske proce- 
dure ( 3 ,  4) to  the amine, isolated as its hydrochloride 
salt (VII). 


Compound I was obtained by a Leuckhart reaction on 
V followed by cyclization in refluxing hydrochloric acid 
without isolation of an intermediate. That VIII is the 
product of the Leuckhart reaction, which ultimately 
would undergo hydrolysis and cyclization in acid, is 
shown by the isolation in a separate run of a compound 
whose analysis and infrared spectrum supports struc- 
ture VIII. 


The isomeric compounds, mti-phenyl 5-chloro-2-(2- 
ch1oroethoxy)-phenyl ketoxime (TX) and syn-phenyl 5- 
chloro-2-(2-chloroethoxy)-phenyl ketoxime (X) were 


ac- 7 \  


5 4  


1,4-Benzoxazepine 1,4,5-Benzodioxazocine 


Figure 1-Structures of new bicyclic ring systems. 


2,3,4,5H-1,4-benzox- 7-Chloro-5-phenyl- 
azepine 2,3H-1,4-benzoxaze- 
hydrochloride pine-4-oxide 


8-Chloro-6-phenyl- 
2,3€~-1,4,3-benzodiox- 
azocine 


I11 


prepared under acidic conditions from V by the proce- 
dure of Blatt and Archer ( 5 ) .  They were readily separa- 
ble because IX is soluble in benzene whereas X 
is not. A Beckmann rearrangement performed on these 
oximes produced isomeric amides XI and XII. The 
hydrolysis of XI gave aniline hydrochloride. The alkyla- 
tion of oximes is known to produce mixtures of imine 
and 0-ethers. I n  the o-hydroxybenzophenone oximes, 
one ether is obtained depending on the geometric con- 
figuration of the oxime (5). In this work intramolecular 
alkylation of IX and X was achieved in dimethylform- 
amide using anhydrous potassium carbonate as con- 
densing agent. Each oxime yielded a single product 
(I1 or 111) which was isomeric to  the other. The con- 
figuration of oxime IX would prohibit the rearward ap- 
proach required for N-alkylation and favor O-alkyla- 
tion, while oxime X should exhibit an opposite be- 
havior. Compound 11 was assigned the N-ether structure 
on the basis of its slight solubility in dilute hydrochloric 
acid, for it is known that N-ethers of oximes are slightly 
basic whereas the 0-ethers are neutral (6). It is interest- 
ing to  note that Compound 111 was obtained directly 
from V by reaction in the presence of excess base. 


EXPERIMENTAL' 


5-Chloro-2-(2-chloroethoxy)benzophenone(V)-Mefhod A-Twelve 
grams (0.52 mole) of clean sodium and 500 ml. of toluene were 


1 All melting points are uncorrected. 
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clq OCH,CH,NH,.HCI 
C=O 


H,NNHrH,O 


HCl 
v 


VI 


K,CO,DMP 
phthalimide 


VII 


clp OCH2CH,C1 
I c=o 
I 
y-H 


XI 
Scheme Z 


heated at reflux with vigorous stirring until a fine sand was ob- 
tained. The mixture was allowed to cool to about 80", and a solu- 
tion of 116.5 g. (0.50 mole) of 5-chloro-2-hydroxybenzophenone 
(Dow Light Absorber HCB) in 1350 ml. of toluene was added. 
The mixture was refluxed for 2 hr. with stirring, then 130 g. (0.55 
mole) of 2-chloroethyl p-toluene-sulfonate was added and the 
refluxing action was continued for 16 hr. while removing water 
with the aid of a Barrett trap. The mixture was cooled to room 
temperature and filtered. The filtrate was evaporated in DUCUO to an 
oil which was layered with 250 ml. of 10% sodium hydroxide and 
steam-distilled until about 30 ml. of distillate was obtained. The 
oily, nondistillable residue crystallized upon chilling and was 
collected and thoroughly washed with water. Recrystallization from 
300 ml. of methanol gave 82.6 g. (56z)  of crude 5-chloro-2-(2- 
ch1oroethoxy)benzophenone of sufficient purity for subsequent 
work, m.p. 69-71 '. Further recrystallization from methanol gave 
an analytical sample, m.p. 73-74.5". 


C" OCH,CH,CI 
I 


N-H 


C=O 
I 


XI1 


Arzul.-Calcd. for C1~HI2C12O2: C ,  61.03; H, 4.10; CI, 24.02. 
Found: C ,  60.86; H, 4.12; C1, 24.32. 


Method B-A mixture of 11.7 g. (0.050 mole) of 5-chloro-2- 
hydroxybenzophenone, 6.9 g. (0.050 mole) of anhydrous powdered 
potassium carbonate, 14.4 g. (0.100 mole) of ethylene chloro- 
bromide, and 100 ml. of dimethylformamide was heated at 60-75" 
for 16 hr. with stirring. The mixture was poured into 500 ml. of 
water and chilled in the refrigerator. The supernatant liquid was de- 
canted, and the oily residue was triturated with 50 ml. of methanol 
at room temperature. The crude crystalline product was collected 
and its mother liquor was diluted with water until cloudiness to 
yield a second fraction. The two fractions were combined, heated 
with 25 ml. of methanol, and filtered hot. The filtrate upon chilling 
gave 5.1 g. of crude 5-chloro-2-(2-chloroethoxy)benzophenone 
(3573. 


1,2-Bis-(4-chloro-2-benzoylphenoxy)ethan~A mixture of 23.3 g. 
(0.100 mole) of anhydrous powdered potassium carbonate, 14.4 g. 
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(0.100 mole) of ethylene chlorobromide, and 100 ml. of dimethyl- 
formamide was heated with stirring for 2.5 hr. at 95-105". The 
mixture was poured into 500 ml. of water and extracted with 200- 
and 100-ml. portions of chloroform. The combined chloroform 
solutions were wajhed with three 100-ml. portions of water and 
evaporated in uacuo to dryness. The residue was triturated with 
100 ml. of hot methanol and filtered hot to give 8.8 g. (36%) of 
crude product, m.p. 154-156". Recrystallizations from cliloroform- 
petroleum ether (50:30 ml.), benzene, (2 X 50 ml.), ethanol (300 
ml.), and benzene-ethanol (50:250 ml.) gave pure 1,2-bis-(4-chloro- 
benzoylphenoxy)ethane, m.p. 156-1 57". 


Anal.-Calcd. for C2SH20Clp04: C ,  68.44; H, 4.10; CI, 14.43. 
Found: C, 68.10; H, 4.09; CI, 13.85. 


Anti-Phenyl 5-Chloro-2-(2-chloroethoxy)phenyl Ketoxime (lX)-- 
A mixture of 53.1 g. (0.180 mole) of 5-chloro-2-(2-chloroethoxy)- 
benzophenone, 18.0 g. (0.26 mole) of hydroxylamine hydrochloride, 
15 ml. of water, and 525 ml. of absolute ethanol was refluxed for 
43 hr. and then evaporated in c'ucuu to dryness. The oily residue was 
shaken with a mixture of 220 ml. of benzene and 75 ml. of water. 
The benzene phase was separated and washed with 50 ml. of water. 
The benzene solution was evaporated in uacuu to dryness. The oily 
residue crystallized on standing and was triturated with ethanol- 
petroleum ether, b. 30-60" (100:lOO ml.). The crude product was 
collected and washed with petroleum ether to give 27.8 g. (50%), 
m.p. 100-105". Recrystallization from ethanol gave pure mrri- 
phenyl 5-chloro-2-(2-chloroethoxy)phenyl ketoxime, m.p. 106-1 07". 


And-Calcd. for Cl,H13ClzN02: C, 58.08; H, 4.22; N, 4.52. 
Found: C, 58.17; H, 4.22; N, 4.48. 


Impure samples of this compound decomposed to a yellow, 
gummy material upon standing for several days. The pure substance 
is stable. 


Beckmann Rearrangement of Anti-Phenyl 5-Chloro-2-(2-chloro- 
ethoxyphenyl Ketoxime (XI).-Ten grams (0.033 mole) of anti- 
phenyl 5-chloro-2-(2-chloroethoxy)benzophenone was readily dis- 
solved in 120 ml. of anhydrous ether. To the above solution was 
added 7.3 g. (0.035 mole) of phosphorus pentachloride. A vigorous 
refluxing action occurred almost immediately with the develop- 
ment of a yellow color. After 1 hr. of stirring at room temperature, 
the solution was evaporated in uucuo to an oil with limited heating. 
While cooling in ice, 50 ml. of cold water was added and the residue 
triturated. After adding 20 ml. of methanol, further trituration 
gave a crude product which was collected and again triturated with 
ethanol-petroleum ether, b. 30-60" (5050 ml.): 7.0 g. (70z), 
m.p. 113-1 15". Recrystallization from methanol gave pure 5-chloro- 
2-(2-~hloroethoxy)benzanilide, m.p. 112.5-1 14". 


And-Calcd. for Cl5H,,CI2NO2: C, 58.08; H, 4.22; CI, 22.86; 
N, 4.52. Found: C, 57.89; H, 4.23; CI, 22.64; N, 4.47. 


Supporting proof of this structure is given in the following 
section. 


Hydrolysis of 5-Chloro-2-(2-chloroethoxy)benzanilide-T0 a solu- 
tion of 2.1 g. of potassium hydroxide in 8.2 g. of glycerol was 
added 1.1 g. (0.0036 mole) of 5-chloro-2-(2-chloroethoxy)benz- 
anilide. The solution obtained upon heating was stirred while 
heating in an oil bath for 1.5 hr. at 135-170" and 2.8 hr. 
a t  170-175". After cooling to room temperature, the mixture was 
shaken with a mixture of 50 ml. of water and 50 ml. of ether. The 
ethereal solution was separated, washed with two 10-ml. portions of 
water, and dried over anhydrous calcium sulfate.2 Upon saturating 
with dry hydrogen chloride there was obtained 0.14 g. (30%) of an 
m i n e  salt. Recrystallization from methanol-anhydrous ether 
(1 :5 ml.) gave a product which melted at 191-194". Admixture with 
an authentic sample of aniline hydrochloride showed no depression 
of the melting point. The IR spectra were also identical. 


Syn-Phenyl 5-Chloro-2-(2-chloroethoxy)phenyl Ketoxime ( X b A  
mixture of 106 g. (0.36 mole) of 5-chloro-2-(2-chloroethoxy)benzo- 
phenone, 36 g. (0.52 mole) of hydroxylamine hydrochloride, 324 ml. 
of water and 1350 ml. of absolute ethanol was refluxed for 2 hr. 
The solution was diluted with 600 ml. of water and chilled over- 
night. The solid material was collected and stirred thoroughly with 
a mixture of 100 ml. of benzene and 50 ml. of water. The insoluble 
material was collected to give 24.3 g. (22 %) of crude product, m.p. 
136-140". Recrystallization from ethanol gave pure syn-phenyl 
5-chloro-2-(2-chloroethoxy)phenyl ketoxime, m.p. 144-146". 


And-Calcd. for CI,H1,CIpNOa: C, 58.08; H, 4.22; CI, 22.86; 
N, 4.52. Found: C, 57.89; H, 4.24; C1, 22.31; N, 4.77. 


2 Drierite, W. A. Hammond Drierite Co.  
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Crude samples of this oxime decomposed to a yellow, gummy 
material upon standing for a few days. The pure compound is 
stable. 


Beckmann Rearrangement of Syn-Phenyl 5-Chloro-2-(2-chloro- 
ethoxy)phenyl Ketoxime (XI)-Five grams (0.01 6 mole) of syr-  
phenyl 5-chloro-2-(2-chloroethoxy)benzophenone was suspended 
in 60 ml. of anhydrous ether. To this mixture was added 3.7 g. 
(0.018 mole) of phosphorus pentachloride. A vigorous reaction 
occurred immediately, and a yellow solution was obtained. After 
1 hr. of stirring at room temperature, the solution was evaporated 
in liucuo to an oil with limited heating. While cooling on ice, 50 ml. 
of cold water was added, and then 40 ml. of methanol. After 
chilling overnight the product crystallized and was collected. 
Trituration with ethanol -petroleum ether, b. 30-60" (25 :25 ml.) 
gave 2.8 g. (56%) of a product, m.p. 126.5-128". Recrystallization 
from methanol (80 ml.) gave pure N-5-chloro-2-(2-chloro-ethoxy)- 
phenyl-benzamide, m.p. 127-1 29". 


And-Calcd. for CIaHI3ClzNO2: C, 58.08; H, 4.22; C1, 22.86; 
N, 4.52. Found: C, 57.77; H, 4.23; CI, 22.59; N, 4.46. 
8-Chloro-6-phenyl-2,3H-l,4,5-benzodioxaz~cine (111)-A mixture 


of 34.0 g. (0.01 10 mole) of anti-phenyl 5-chloro-2-(2-chloroethoxy)- 
phenyl ketoxime, 1.51 g. (0.0109 mole) of anhydrous powdered 
potassium carbonate, and 85 mi. of dimethylformamide was heated 
with stirring at 77-82" for 6 hr. The insoluble material was re- 
moved, and the solution was evaporated at 0.5 mm. to a thick 
residue while heating to 100". The residue was heated for 1 min. with 
a mixture of 30 ml. of petroleum ether, b. 30-60" and 15 ml. of 
benzene and then filtered while hot. The filtrate was diluted with 
60 ml. of petroleum ether. The first crude precipitate was removed, 
and the solution was chilled to 0" to give 1.26 g. of crude product. 
Recrystallization from 30 ml. of methanol gave 0.80 g. (27z)  of 
5-chloro-6-phenyl-2,3H-1,4,5-benzodioxazocine, m.p. 145-146". 


Arid-Calcd. for C15HlzC1N02: C, 65.82; H, 4.42; CI, 12.95; 
N, 5.12. Found: C, 65.78; H, 4.44; C1, 12.88; N, 5.24. 


The compound was insoluble in dilute hydrochloric acid. 
Preparation of 8-Chloro-6-phenyl-2,3H-1,4,5-benzodioxamcine 


from 5-Chloro-2-(2-chIoroethoxy)benzophenone (III+A mixture of 
14.8 g. (0.050 mole) of 5-chloro-2-(2-chloroethoxy)benzophenone, 
7.0 g. (0.101 mole) of hydroxylamine hydrochloride, 70 ml. of 
absolute ethanol, and a solution of 10 g. (0.25 mole) of sodium 
hydroxide in 40 ml. of water was refluxed for 1 hr. and 1 5  min. 
The mixture was cooled to room temperature and poured slowly 
into a solution of 30 ml. of concentrated hydrochloric acid in 
200 ml. of water. After chilling at 0" for 3 days, the supernatant 
liquid was decanted from the crude precipitate which was then 
dissolved in 100 ml. of benzene. The benzene solution was washed 
with two 50-ml. portions of water and evaporated in uucuo to 
dryness. The residue was crystallized from 25 ml. of methanol to 
yield 2.75 g. (2073 of 8-chloro-6-phenyl-2,3H-I ,4,5-benzodioxazo- 
cine. Identity was established by a mixture melting point with the 
product obtained in the previous section. 
7-Chloro-5-phenyl-2,3H-1,4-henzoxazepine-4-oxide (-A mix- 


ture of 1.80 g. (0.0059 mole) of syn-phenyl 5-chloro-2-(2-chloro- 
ethoxy)phenyl ketoxime, 0.80 g. (0.0058 mole) of anhydrous 
powdered potassium carbonate and 45 ml. of dimethylformamide 
was heated with stirring at 50-56" for 6 hr. The insoluble material 
was removed and the solution was evaporated at 0.5 mm. to a thick 
residue while heating to 100". The residue was triturated with 
benzene-petroleum ether, b. 30-60" (5:15 ml.) and there was 
collected 1.04 g. (64%) of product, m.p. 150-153". Recrystallization 
from ethanol-water gave pure 7-chloro-5-phenyl-2,3H-1,4-benz- 
oxazepine-&oxide, m.p. 151-153". 


And-Calcd. for CljH12CIN02: C, 65.82; H, 4.42; CI, 12.95; 
N, 5.12. Found: C, 65.58; H, 4.45; CI, 12.72; N, 5.26. 


This product, in contrast to 8-chloro-6-phenyl-2,3H-1,4,5- 
benzodioxazocine, was soluble in dilute hydrochloric acid and 
decomposed upon exposure to light. 
2-[4-Chloro-2-(a-formamidobenzyl)phenoxy]ethyl formate (VIII) 


-A mixture of 2.95 g.  (0.0100 mole) of 5-chloro-(2-chloroethoxy)- 
benzophenone and 8.1 g. (0.18 mole) of formamide was heated for 
3 hr. with stirring at 175-183". After cooling to room temperature, 
30 ml. of 10% hydrochloric acid was added. The mixture was ex- 
tracted with 50 ml. of ether. The ethereal solution was washed with 
20 ml. of water, treated with charcoal. and evaporated to dryness. 
The product was crystallized from benzene-petroleum ether, b. 
30-60" and recrystallized from methanol to give 0.17 g. ( 5 7 3  







of 2-[4-chloro-2-(a-formamidobenzyl)-phenoxy]ethyl formate, m.p. 
144146". 


And-Calcd. for C17H16C1NOa: C, 61.17; H, 4.83; C1, 10.62; 
N, 4.20. Found: C, 60.93; H, 4.92; CI, 10.51; N, 4.28. 


The IR spectrum of the compound exhibited two carbonyl 
peaks at 5.8 and 5.9 (in chloroform). A peak at 2.84 was attributed 
to the amide N-H stretch vibration. 
7-Chloro-5-phenyl-2,3,4,5H-l,Chenzoxazepine Hydrochloride 


(I+A mixture of 29.5 g. (0.100 mole) of 5-chloro-2-(2-chloro- 
ethoxy)benzophenone, 20 ml. (0.51 mole) of formamide and 6.3 g. 
(0.100 mole) of ammonium formate was heated with stirring for 15 
hr. and 30 min. at 157-169". The mixture was cooled to room tem- 
perature and shaken with a mixture of I00 ml. of water and 175 
ml. of benzene. The benzene phase was separated, washed with three 
50-ml. portions of water, dried over anhydrous calcium sulfate, and 
evaporated in vacun to dryness. The residue was refluxed with 50 ml. 
of concentrated hydrochloric acid for 1 hr. The cooled solution was 
shaken with a mixture of 150 ml. of water and 200 ml. of benzene 
and chilled overnight at 0". The precipitate was collected and 
heated to 75" with 1 1. of water. The insoluble material was re- 
moved, and the solution was cooled and made basic with two 
250-ml. portions of chloroform. The combined chloroform extracts 
were washed with two 125-ml. portions of water, dried over an- 
hydrous calcium sulfate, evaporated in cucuo to 150 ml., and 
saturated with dry hydrogen chloride. The solution was evaporated 
in cucuo to dryness and dissolved in 100 ml. of benzene. The in- 
soluble material was removed and the filtrate was diluted with 250 
ml. of petroleum ether, b. 3Cb-60". The precipitate was collected 
and dissolved in 250 ml. of ethanol. The solution was diluted with 
400 ml. of petroleum ether, a small amount of precipitate was 
removed, and the solution was evaporated in cucuo to dryness. 
The residue was triturated successively with a mixture of 80 ml. of 
benzene and 80 ml. of petroleum ether, b. 30--60"- and two 50-ml. 
portions of benzene. The crude product was recrystallized from 100 
ml. of ethanol to give 0.70 g. (2.4%) of 7-chloro-5-phenyl-2,3,4,5H- 
1,4-benzoxazepine hydrochloride, m.p. 278-280" (dec.). 


Anal.-Calcd. for CInHl6Cl2NO: C, 60.82; H, 5.10; CI, 23.94; 
N, 4.73. Found: C, 60.87; H, 5.13; CI, 23.89; N, 4.68. 
N-[2-(4-Chloro-2-benzoylphenoxy)ethyl]phthalimide (V1)-A mix- 


ture of 27.8 g. (0.094 mole) of 5-chloro-2-(2-chloroethoxy)benzo- 
phenone, 13.8 g. (0.04 mole) of phthalimide, 13.0 g. (0.094 mole) 
of anhydrous powdered potassium carbonate, and 100 ml. of di- 
methylformamide was heated with stirring for 4 hr. at 95". The 
mixture was poured into 500 ml. of water, and the product was 
extracted with one 250-ml. and- two 125-mf.-portlons,of chloroform. 
The combined chloroform solutions were washed with 100 ml. of 
0.2 N sodium hydroxide and two 100-ml. portions of water. After 
drying over anhydrous calcium sulfate, the solution was evaporate0 
in uacuo to dryness. The residue crystallized upon cooling and was 
collected with the aid of a 1 :1 mixture of chloroform-petroleum 


ether b. 3&60". The yield was 15.0 g. 1:39x), m.p. 122-144". 
Recrystallization from ethanol gave pure N-[2-(4-chloro-2-benzoyl- 
phenoxy)-ethyllphthalimide, m.p. 114-1 15 '. 


And-Calcd. for CHCINO: C, 68.07; H, 3.97; CI, 8.74; N, 
3.45. Found: C, 68.28; H, 4.09; CI, 9.00; N, 3.46. 
5-Chloro-2-(2-aminoethoxy)benzophenone Hydrochloride ( V I I F  


A mixture of 20.8 g. (0.051 mole) of A~-[2-(4-chloro-2-benzoyl- 
phenoxy)ethyllphthalimide, 4.9 ml. of 99 hydrazine hydrate, and 
200 ml. of methanol was refluxed for 3.5 hr. After removing the 
solvent, the residue was refluxed for 3 hr. with a mixture of 60 ml. 
of concentrated hydrochloric acid and 60 nil. of water. The mixture 
was cooled and filtered. The filtrate was evaporated in CUCMO to an 
oil which was dissolved in 150 ml. of water. The solution was made 
basic with 50 ml. of 10% sodium hydroxide and diluted with 150 rnl. 
of water. The mixture was extracted with 750 ml. of benzene. The 
benzene solution was washed with three 100-ml. portions of water 
and evaporated in ~ U C U O  to dryness. The oily residue was dissolved 
in 100 ml. of ether. The ethereal solution was dried over anhydrous 
calcium sulfate and saturated with dry hydrogen chloride. After 
adding 6 ml. of absolute ethanol, the solution was chilled at 0" 
for 3 days to yield 11.5 g. of crude material.. Three recrystallizations 
from ethanol-ether gave 2.1 g. (13 %) of pure 5-chloro-2-(2-amino- 
eth0xy)benzophenone hydrochloride, m.p. 135-1 36". 


Anal.-Calcd. for CIsHI5Cl2NO2: C, 5'7.71; H, 4.84; C1, 22.71; 
N, 4.49. Found: C, 57.66; H, 4.94; CI, 23.05; N, 4.58. 
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Dissolution and Compatibility Considerations for the 
Use of Mannitol in Solid Dosage Forms 


DONALD R. WARD, LYLE B. LATHROP, and MATTHEW J. LYNCH* 


Abstract 0 Data to substantiate the inertness of mannitol and its 
acceptability for use in tablets and capsules are presented. Ac- 
celerated stability studies demonstrate the compatibility of mannitol 
with several general classes of possible drug actives. Reflectance 
measurements through tristimulus filters made with equilibrated 
samples of mannitol, lactose, dextrose, and sucrose In combination 
with oxytetracycline hydrochloride indicate the absence of chemi- 
sorptive properties with these four excipients. The effect of these 
excipients on the dissolution rate of benzoic acid in water has been 
investigated by reported tablet and granule methods. Deviations 
from the cube root law are shown for mannitol and lactose. 


Keyphrases Mannitol-solid dosage forms 0 Compatibility- 
mannitol, drugs [7 Dissolution rates-mannitol dosage forms, 
granules 0 UV spectrophotometry-analysis IR spectropho- 
tometry-analysis 0 Reflectance measurements-analysis 


A number of factors are of primary concern in re- 
solving the value of an excipient for solid dosage forms. 
The most important factor undoubtedly is compati- 
bility with the drug active. Oxidation, reduction, 
hydrolysis, acidic, basic, amine and atmospheric reac- 
tions, lubricant interaction, and chemisorption are of 
interest. 


Mannitol is stable in the dry state and not affected 
by atmospheric oxygen in the absence of catalysts. 
Several literature references are available on its non- 
hygroscopicity (I), and its acceptability in vitamin 
tablets because of its low moisture content (2). While 
one U.S. patent (3) substantiates the inertness of man- 
nitol toward sensitive therapeutic entities, little reported 
information is available which would provide useful 
stability data for the use of mannitol in tablets and cap- 
sules. 


The possibility of chemical adsorption between an 
excipient and active ingredients must be considered in 
formulation of solid dosage forms. The measurement 
of chemisorption by diffuse-reflectance has been re- 
ported by Lach (4). The dissolution of a drug in the 
presence of an excipient must also be considered of 
prime importance in formulation. 


Studies conducted in the authors' laboratories were 
designed to estimate the value of mannitol as an 
excipient from the standpoint of inertness in commonly 
reported interactions and chemisorption and its effect 
on the dissolution rate of drug formulations. 


EXPERIMENTAL 


Reagents-Tartaric acid, ammonium chloride, sodium bicar- 
bonate, arsenic trioxide, dextrose, a-lactose, &lactose, spray- 
dried lactose, sucrose, benzoic acid, magnesium trisilicate, mag- 
nesium stearate, calcium stearate (Fisher Scientific Co.); mannitol 
(Atlas Chemical Industries); phenyl salicylate (Eastman Kodak); 
ascorbic acid (Roche Chemical Co.); aminophylline (K & K Labo- 
ratories); chloroform; oxytetracycline HCI (Pfizer & Co.). 


Compatibility Considerations-To evaluate various compatibility 
factors, seven materials (arsenic trioxide, ascorbic acid, ammonium 


chloride, tartaric acid, aminophylline, sodium bicarbonate, and 
phenyl salicylate) were chosen to act as representatives of various 
classes of actives to be used for stability testing in combination with 
mannitol, sucrose, dextrose, and lactose in gelatin capsules. The 
seven incompatibilities to be evaluated were respectively: reduction 
(51, oxidation; release of ammonia (6); reaction with an acid; 
amine browning (7); reaction with a base; production of phenolic 
odor (8). 


Mixtures of equal parts of the actives with each of the four 
excipients were prepared and 100 No. 00 gelatin capsules of each, 
weighing 600 mg., were manufactured. Initial assays were run on 
10 capsules. Thirty capsules were placed in a single layer in open 
aluminum cups at  each of three stability stations, 40, 5 and 25' a t  
50% relative humidity. The capsules were observed at  weekly in- 
tervals for physical changes and assays of the actives and excipients 
were performed at  the end of 1 and 3 months. 


Tartaric acid mixtures were titrated using standard alkali and 
sodium bicarbonate mixtures were assayed by titration with stan- 
dard acid. Iodometric titration (as described in USP 17th revision, 
page 47) was used to assay ascorbic acid. To assay for ammonium 
chloride, samples were made alkaline with sodium hydroxide, the 
released ammonia was distilled into boric acid, and a titration with 
standard acid followed. Aminophylline contents were determined by 
UV measurement of A,,,. at 268 mp in ethanol: water solutions 
and phenyl salicylate at  307 mp with a Beckman DKII spectro- 
photometer. IR measurement of A475 c m . - ~  (corrected for the 
A475 om.--l due to  excipient) for arsenic trioxide was accomplished 
using a Perkin-Elmer model 21 1R spectrophotometer. 


Any changes in the excipients were determined by comparing the 
IR spectra of the storage samples with those of the initial mixtures 
and with the spectra of unmixed drug and excipient. 


Reflectance Measurements-Using the data of Lach (4) as back- 
ground, the Gardner Multipurpose Reflectometer No. 870 equipped 
with a M-5 condensing lens and sample ring template for reading 
small surface areas was employed in measuring 45", 0 "  reflectance 
through tristimulus filters. The instrument employs a null method, 
i .e.,  light from a single source is directed along two paths to two 
photoelectric cells and the amounts of light along these two paths 
are varied by mechanical means until the cells produce the same 
currents as registered on a galvanometer. During instrument opera- 
tion, a fixed comparison specimen is always placed in one beam, 
then unknown specimens ale compared with a standard in the 
other. 


A Gardner plate No. 60EB and MgCOe USP were used as 
standards for testing. Nonaqueous equilibration of samples of the 
excipients and oxytetracycline hydrochloride was performed using 
the method of Lach with the following changes: ( a )  the samples were 
prepared in 50-ml. flasks sealed with Saran wrap and cellophane 
tape; ( b )  the samples were held at  30 f 0.5" in a Blue M (Magna- 
Whirl) constant-temperature bath (model MW-1120A) for 24  
hr.; ( c )  drying was completed in a Cenco drying oven at  total 
vacuum at 95 '. Physical mixtures of the drug and excipients were 
used as controls. Special 10.2 x 10.2 cm. (4 X 4-in.) sample plates 
with a 2.54-cm. (1-in.) square depression 1 . 1  mm. deep weie pre- 
pared to allow observation of the po-ders as a smooth surface. 


Readings of reflectance made at 1, 2, and 7 days after prepara- 
tion were corrected to the standard plate values and then calculated 
using MgCO, as 100% reflectance. 


Lubricant Interaction-A series of 1.58-cm. (0.625-in.) flat-face 
tablets was prepared by direct compression which contained only 
mannitol, or lactose and equal parts mixtures of mannitol with both 
spray-dried and @-lactose. One-half of each lot was lubricated with 
magnesium stearate and the other half with calcium stearate. Two 
percent magnesium stearate was used to  lubricate the mannitol 
and 0.5 was used for lactose. One percent and 0.25 z, respectively, 
were required when calcium stearate was utilized. The tablets were 
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Table I-Weight Percent of Drug Actives in Gelatin Capsules Stored at 40°C. for 12 Weeks 


Drug 


Tartaric acid 
Aminophylline 
Phenyl 


salicylate 
Ascorbic 


acid 
Ammonium 


chloride 
Sodium 


bicarbonate 
Arsenic 


trioxide 


-- Mannitol--- --- Lactose--- -- Sucrose-- 
Initial Final Initial Final Initial Final 


50.2 49.9 49.9 50.3 50.3 50.2 
44.3 45.7 48.0 46.7 47.1 46.7 


51.4 52.1 48.0 46.7 47.1 46.7 


49.6 48.6 49.9 49.7 48.8 49.9 


49.4 53.1 48.5 52.7 49.1 52.1 


50.7 50.4 49.9 50.1 50.7 50.4 


42.3 43.0 42.7 23.6 36.5 6 . 2  


_- Dextrose-- 
Initial Final 


49.4 51.1 
46.3 51.3 


47.9 46.3 


52.2 47.2 


50.3 52.9 


49.9 50.0 


48.1 32.3 


stored at  5 ,  25, and 40" in closed bottles and observed periodically 
over a 12-month period. 


Tablet Dissolution-For measurement of dissolution of benzoic 
acid from tablets in the presence of the excipients the method of 
Parrott et al. (9) was used. Weight and dimensional changes were 
used to determine the dissolution rate. Flat cylindrical tablets of 
the test material weighing 1.024 & 0.036 g. were agitated in a 0.1 
M test solution of the excipients held at  constant temperature. The 
solvent phase was frequently renewed to prevent an appreciable 
build-up of the solute concentration. Measurements of the weight, 
diameter, and thickness of the tablets were taken initially and at 
various time intervals. The extent of dissolution was further checked 
by titration of the solvent phase. 


Granule Dissolution-The tape method of Goldberg et a/. (10) 
was utilized to measure particulate dissolution rates. Forty milli- 
grams of -50, +60 mesh benzoic acid granules were exposed to 
water (control) and 0.2 M solutions of the four excipients. Ten- 
milliliter samples were withdrawn at  specified times and assayed 
using a Beckman DB recording spectrophotometer. 


/ 
/ 


/ 
/ / 


/ / 


/ ' 0  
/ 0' 


/ 
/ A'' / 


/ 
/ / /' 


/ 


/ /  
o /  
/- A 


460 540 600 
1 I 1 


A m  


Figure 1.-45", 0" reflectance of oxytrtracycliiie HCI (60 mg.) and 
magnesium trisilicate (2.0 g.) .  Key: Nonaqueous equilibrated sample, 
_ - -  ; control (physically mixed components), -; e, I day; 0, 2 
days; A, 7days.  


RESULTS AND DISCUSSION 


Drug Storage Samples-Except for some loss of excipient crys- 
tallinity in 4-week storage samples, no significant changes were seen 
in the excipients when used for tartaric acid, ascorbic acid, phenyl 
salicylate, NH4C1, NaHC03, and AsaO !. The excipients behaved 
similarly with aminophylline except in the case of dextrose where an 
appreciable change in crystallinity was noted. 


Assay values for the drug actives initially and after 12 weeks 
storage at 40" are shown in Table I. Changes in drug content noted 
with aminophylline, phenyl salicylate, tartaric acid, sodium bi- 
carbonate, and ammonium chloride all represented noimal ex- 
perimental error. Ass03, measured by I R .  analysis, showed marked 
decomposition in every excipient excepi mannitol, in some cases 
before the initial samples could be analyzed. Capsules containing 
ascorbic acid as the drug with lactose, mannitol, and sucrose showed 
changes in drug content over the 3-month storage period, within 
expected experimental variation. A large variation (+9.7 rela- 
tive) in the capsules containing dextrose snd ascorbic acid suggests 
a definite reaction between these two compounds during storage. 


Definite physical changes were noted in the stored capsules. At 
5 the capsules containing dextrose and aminophylline developed a 
yellow cast after I-week exposure. At 25", capsules from the same 
lot were dark in color while capsules containing ascorbic acid and 
lactose became pink after 4 weeks. The mixture of ascorbic acid 
and sucrose developed a pink color after 5 weeks. At 40", the amino- 
phylline-dextrose powder was very dark and the ascorbic acid- 


'-/ 


I I 


460 540 600 
A m  


Figure 2-45 ', 0 reflectance of oxytefr6 cycline HCI (60 mg.) and 
mannitol (2.0 g.). Key: Nonaqueous equilibrated sample, - - -: 
control (physically mixed components), --; e, I day; 0, 2 days; 
A, 7days.  
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Table ZI-Reflectance Measurements of Nonaqueous Equilibrated Samples of Excipients and Oxytetracycline Hydrochloride 


Mg Tri- 
A, mfi Mannitol Control Lactose Control Sucrose Control Dextrose Control silicate Control 


460 1 xi .n 76.8 78.4 78.9 71 .0 66.3 61.4 60.4 63.6 85.4 ~. ~ . . . ~  . .~ . . 


2 77.9 76.3 76.7 77.6 69.2 66.1 62.3 59.5 58.4 86.8 
7 76.7 75.9 74.7 78.7 68.6 67.3 62.8 59.5 56.2 87.9 
SD 1.21 0.32 1.31 0.30 0.57 0.46 0.50 0.37 2.69 0.89 


(1.54%) (0.41%) (1.71%) (0.37%) (0.83%) (0.68Z7,) (0.81%) (0.61%) (4.5%) (1.02%) 
540 1 88.7 90.1 91.3 91.9 85.7 84.2 84.1 82.1 75.3 92.4 


2 93.5 90.1 91.4 91.6 82.3 81.5 82.1 82.5 68.4 91.9 
7 87.7 87.5 88.8 90.4 83.4 82.8 81.7 80.6 66.0 93.5 
SD 2.19 1.06 1.04 0.56 1.23 0.96 0.91 0.69 3.41 0.58 


6 0 0 1  92.3 91.1 91.3 93 .O 87.4 85.7 85.1 86.6 81.5 93.3 
2 91.5 91.1 92.1 92.5 86.2 86.1 87.0 85.9 74.7 94.6 
7 90.2 90.4 90.9 92.5 85.0 85.8 85.4 84.2 70.0 94.4 
SD 0.75 0.29 0.43 0.21 0.72 0.15 0.72 0.87 4.09 0.50 


(2.40%;) (1.19%) (1.15%) (0.61%) (1.46%) (1.15%) (1.1%) (0.84%) (4.8%) (0.62%) 


(0.82%) (0.31%) (0.47%) (0.22%) (0.84%) (0.17%) (0.84%) (1.01%) (5.4%) (0.52%) 


lactose was pink after 1 week. At the end of 2 weeks the ascorbic 
acid-sucrose capsules were pink. The ascorbic acid-dextrose mix- 
ture developed a pink cast by the end of 5 weeks. No physical 
changes were noted in capsules containing mannitol with any of 
the compounds tested. 


Chemisorptive Properties-Lach (4) has demonstrated the applica- 
tion of reflectance to determination of adsorption between oxyte- 
tracycline hydrochloride and magnesium trisilicate. Physical evi- 
dence of the interaction was also readily noted in visually perceiv- 
able color changes. As the color change progresses, indicative of 
interaction, decreased reflectance is observed. 


Both aqueous and nonaqueous equilibrated samples of oxytetra- 
cycline hydrochloride and magnesium trisilicate were observed for 
decreased reflectance. Samples involved directly with the study were 
nonaqueous in nature due to the solubility of the excipients in- 


p 


V I I I I I 
0.5 1 .o 1.5 2 .O 2.5 


TIME, hr. 


Figure 3-Evaluation of Ka from the slope of Wo1I3 - W1I3 versus 
time; benzoic acid tablets in 0.1 M solutions of organic tablet ex- 
cipients. Key: W, control (water); A, sucrose; 0, lactose: ., dex- 
trose: A, mannitol. 


volved. Measurements of refkctame for nonaquems equilibrated 
samples of magnesium trisilicate and oxytetracycline hydrochloride 
stored at 25", 50% R.H. at 1, 2, and 7 days demonstrate not only 
the immediate chemisorption noted by Lach but the progressive 
reaction which occurs between the two materials (Fig. 1). 


None of the four excipients studied showed interaction with 
oxytetracycline hydrochloride. When compared to Fig. 1 the cluster- 
ing of data in Fig. 2 demonstrates the absence of the chemisorpfion 
process between the drug and mannitol. Data collected for dextrose, 
sucrose, and lactose are comparable to that shown for mannitol. 
Table I1 contains the reflectance measurements. 


Lubricant Interaction-Darkening of dosage forms containing 
lactose and alkaline compounds has been reported (1 1) and is the 
underlying chemical reaction responsible for darkening of lactose 
in the presence of calcium stearate. This interaction was verified 
by the authors' testing. Tablets containing 100% lactose or an equal 
parts blend of mannitol and either @-lactose or spray-dried lactose 
showed discoloration as early as two months, stored at 25 and 40". 
No color changes were noted in tablets containing lactose lubricated 
with magnesium stearate. 


Tablets of mannitol, lubricated with either stearate, retained 
their original appearance. 


Tablet Dissolution-Parrott et a/ .  (9) demonstrated that when 
neutral nonionic organic compounds were employed as additives 
the dissolution rate of benzoic acid tablets was linearly dependent 
upon the solubility of benzoic acid in the particular solvent system. 
This effect was studied with mannitol, lactose, dextrose and suc- 
rose in water. 


Tablets prepared from equal parts blends of the excipients and 
benzoic acid were found to disintegrate readily rendering them use- 
less in the procedure. Tablets of benzoic acid in solutions of the 
excipients followed expected dissolution patterns as predicted by 
Parrott's data (9). 


The data collected was evaluated by use of the Hixson and 
Crowell derived relationship of the Noyes-Whitney law: 


where 3K represents the dissolution rate per unit of surface (g./hr./ 
cm.z), S is the surface &-time t ,  W is the-weight at time t ,  and n is 
the constant 


Table 111-Determination of Dissolution Rate by 
Weight Method 


a = 6.01 
Excipient pa/a Ka p2/3 K 3K 


Control 1.166 0.0764 5.15 0.0148 0.0444 
Sucrose 1.160 0.0808 5.17 0.0157 0.0471 
Lactose 1.173 0.0813 5.12 0.0159 0.0477 
Dextrose 1.162 0.0873 5.17 0.0168 0.0504 
Mannitol 1.178 0.0890 5.09 0.0174 0.0522 
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min. 


Figure &Dissolution data fitted to the extended Hixson-Crowell 
equation; benzoic acid gratzules in 0.2 Mobr  solutions of organic 
tablet excipients. Key:  H, control (water); 0,  dextrose: A, sucrose. 


p 2 / f  being the cube root of the square of the density of a cylindrical 
disk. The integrated form, Kat = Wo1/3 - W‘/3 was used to de- 
termine the velocity constant for each situation. The values for Ka 
were obtained as the slope of the line when Wo1/3 - W l / 3  was 
graphed uersus time (Fig. 3). The calculated dissolutions (3K) 
indicate increased rates with all four excipients (Table 111). 


Granule Dissolution-The measurement of particulate dissolution 
rate by the tape method of Goldberg et al. (10) assumes the system 
which would be present in the gastrointestinal tract, i.e., a slowly 
dissolved active in the presence of a solution of the tablet diluent. 


The observed concentrations of benzoic acid at specified time 
intervals were calculated and a cumulative correction was applied to 
account for previously removed samples. The dissolution process 
was then evaluated in a quantitative manner using the Hixson- 
Crowell equation in the form 


WO‘//Z - W’/3 = Kt 


where K is the product of the intrinsic dissolution rate constant, 
solubility, density, and shape factors for the drug being tested. 


Results obtained with sucrose and dextrose solutions correlate 
with the tablet dissolution data. The dissolution in 0.2 M sucrose is 
much like the control while the rate in 0.2 M dextrose is somewhat 
greater (Fig. 4). The curve for the mannitol solution shows an in- 
crease in dissolution rate but one which is not linear. The dissolu- 
tion in the lactose solution is also nonlinear (Fig. 5) .  The cube root 
law does not appear to apply to mannitol and lactose under these 
conditions. 


CONCLUSIONS 


Accelerated stability studies with seven reprcsentative com- 
pounds demeastrate the inertness of mannitol in various mech- 
anisms associated with drug-excipient compatibility. In addition 
several specific incompatibilities of various inorganic and organic 
excipients have been determined nonexistent with mannitol. Re- 
flectance measurements of nonaqueous equilibrated mixtures of 
mannitol, sucrose, lactose or dextrose with oxytetracycline hydro- 
chloride indicate that commonly used organic excipients are not 
prime candidates for chemisorptive processes. Investigation of the 


TIME, min. 


Figure 5-Dissolution data fitted to the extended Hixson-Crowell 
equation; benzoic acid granules in 0.2 Alolar solutions of organic 
tablet excipients. Key: m, control (water); 0, lactose; A, mannitol. 


dissolution process amplifies the necessity for consideration of the 
effects of adjuvants on the release of drug actives from tablets and 
capsules. 
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Correlation Between the Rate of Dissolution and Absorption of 
Salicylarnide from Tablet and Suspension Dosage Forms 


THEODORE R.  BATES, DANIEL A. LAMBERT*, and WILLIAM H. JOHNS 


Abstract 0 The in uico absorption and the in vitro dissolution 
characteristics of a commercial suspension, a commercial tablet, 
and an experimental tablet formulation of the analgesic-antipyretic 
drug salicylamide were compared. The results of the study demon- 
strated that the absorption of this drug is dissolution rate-dependent 
and that the initial in Ditro dissolution rate in 0.1 N HCI correlates 
well with the initial absorption rates of the test dosage forms in 
human subjects. 


Keyphrases I7 Salicylamide dosage forms-absorption-dissolution 
rates, correlation 0 Dissolution rates-salicylamide dosage forms 
0 Absorption rates-salicylamide dosage forms 0 Colorimetric 
analysis-spectrophotometer 
-~ 


Salicylamide, the amide of salicylic acid, is a moder- 
ately strong analgetic-antipyretic. It is usually admin- 
istered orally in either a compressed tablet or suspension 
dosage form, alone or in combination with other anal- 
getic-antipyretic drugs (e.g., aspirin and N-acetyl-p- 
aminophenol). 


The pharmacokinetics of salicylamide elimination in 
man has been reported by Levy and Matsuzawa (1). 
These investigators found that the metabolic fate of this 
drug, which appears to  be eliminated from the body by 


. ' , , , , , I  


5 10 15 20 25 30 35 40 
TIME, min. 


Figure I-Dissolution rate of salicylamide from a commercial sus- 
pension dosage form in 0.1 N HCl at 37". Agitation intensity, 70 
r.p.m. 


competing apparent zero- and first-order processes, is 
dose and dosage form dependent. 


The relatively low aqueous solubility of this drug and 
its fairly high pKa value of 8.2 suggested that its absorp- 
tion across the gastrointestinal mucosa would exhibit 
a dissolution rate-limited dependence. This communica- 
tion reports the results of a study designed to ascertain 
whether a correlation existed between the in zitro disso- 
lution rate and the in vivo absorption rate of salicyl- 
amide following its oral administration, in tablet and 
suspension dosage form, to  human subjects. The im- 
portance of such correlations is well recognized (2-6) 
since they may permit the prediction of the rate of 
absorption of drugs contained in dosage forms from 
suitable in uitro methods. 


EXPERIMENTAL 


Reagents-Hydrochloric acid, nitric acid, ferric nitrate, ethylene 
dichloride, and salicylamide were of analytical reagent grade. 


Dosage Forms-The salicylamide test preparations consisted of a 
commercially available suspension and tablet formulation and an 
experimental tablet formulation prepared by slugging the drug with 
1 magnesium stearate as a lubricant. The dissolution characteris- 
tics of these dosage forms were investigated as well as their in uiuo 
absorption rates. An aqueous solution of salicylamide was also 
included in the in uivo absorption studies. 


Dissolution Apparatus-The apparatus consisted of a 500-ml. 
three-neck round-bottom flask immersed in a constant-temperature 
bath maintained at 37 f 0.2". A constant agitation intensity was 
provided by means of a 70-mm. diameter Teflon stirring propeller 
and shaft connected to a stirring motor controlled by a Servodyne 
constant torque unit. 


Dissolution Procedure-Three hundred and fifty milliliters of 0.1 
N HCI were placed in the flask and allowed to equilibrate to 37". 
The stirring blade was introduced through the center neck of the 
flask, centered, and immersed into the dissolution medium to a 
depth of 20 mm. The agitation intensity employed in these studies 
was 70 r.p.m. One tablet or a weight of suspension corresponding to 
0.3 g. of salicylamide was added to the agitated dissolution medium. 
At appropriate time intervals a I-ml. sample was withdrawn from 
the vessel with the aid of a I-ml. pipet fitted with a glass wool pre- 
filter and immediately replaced with an equivalent volume of dis- 
solution medium. Following suitable dilution of the sample, a I-ml. 
quantity of diluted sample was added to 5 ml. of a Fe(NO& color 
reagent (4% ferric nitrate in 0.12 M HCI) and assayed colori- 
metrically at 525 mp using a Bausch & Lomb Spectronic 20. The 
salicylamide-iron colored complex was found to obey the Beer's 


Table I-Initial Dissolution Rates of Salicylamide Preparations in 
0.1 NHCl at 37" 


I-- Salicylamide Dissolved, %---- 
Time, Commercial Commercial Experimental 
nun. Suspension Tablet Tablet 


2.0 
5.0 


10.0 
15.0 
20.0 
25.0 
30.0 


0.7 21 .o 
31 . O  1 .4  2 .2  
41.6 6.8 3.7 
48.4 13.6 5.1 
55.8 22.3 6 . 8  
61.7 35.2 8.0 
67.2 44.9 9.6 


- 
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Figure 2-Dissotution rate of salicylamide from an experimental 
tablei dosage form iir 0. I N HCl at 37". Agitation intensity, 70 r.p.m. 


law relationship. The amount of salicylamide in solution at each 
time was suitably corrected to account for the previously removed 
samples (7). The dissolution runs were performed at least in dupli- 
cate. 


Absorption Testing Procedure-Four healthy adult male subjects 
were instructed to fast for a period of not less than 8 hr. prior to and 
for 2 hr. following the oral administration of the test dosage forms. 
The subjects were also informed not to ingest any form of salicylate 
or salicylamide-containing products for 72 hr. prior to the in vivo 
test. The absorption of salicylamide was studied using the urinary 
excretion method. 


On the morning of the experiment the subjects voided their 
bladders of overnight urine and an hour later collected urine blanks. 
The subjects then swallowed two 0.3-g. salicylamide tablets or a 
weight of suspension equivalent to 0.6 g. of salicylamide, with the 
aid of exactly 250 ml. of water. A solution of 0.6 g. of drug in 250 
ml. of water served as a control test preparation. Urine samples were 
collected at hourly intervals for 8 hr. following drug administration 
and at convenient time intervals thereafter for a total of 36 hr. 
The urine specimens were refrigerated until assayed for drug con- 
tent. 


Total salicylamide in the urine was determined by the colorimetric 
method of Levy and Matsuzawa (I),  which essentially involves the 
acid hydrolysis of all the metabolites of salicylamide to salicylic 
acid, at 100"; extraction of the salicylic acid with ethylene di- 
chloride and subsequent extraction of the salicylic acid-ethylene 
dichloride phase with a 0.05 % Fe(N0& in 0.0035 N HN03 reagent 
solution. The purple-colored complex formed between salicylic acid 
and the reagent was found to obey the Beer's law relationship at a 
wave length of 530 mfi. The total amounts of salicylamide equiva- 
lents excreted in the urine at each collection period were suitably 
corrected for the blank urine values. 


The apparent relative availability of the test preparations were 
calculated from the following relationship: 


physiological or biological availability = 


x 100 % of dose excreted from the test preparation 
of dose excreted from the control preparation 


RESULTS AND DISCUSSION 


The initial dissolution rates of the three salicylamide-containing 
test dosage forms in 0.1 N HCI, represented as the percent salicyl- 
amide dissolved at various time periods, are listed in Table I. It is 
apparent from these results that the rate of solution of the test 


c 
Z 


5 10 15 20 25 30 35 40 45 50 
TIME, rnin. 


Figure 3-Dissohtioi~ rate of salicylamide from a commercial tablet 
dosage form in 0.1 N HCl at 37". Agitation intensity, 70 r.p.m. 


preparations decreases in the following order: 


commercial >> commercial > experimental 
suspension tablet tablet 


Figures 1-3, represent plots of the l'sgarithm of the percent 
salicylamide undissolved uersus time for the test dosage forms. The 
initial rapid dissolution of salicylamide from the suspension dosage 
form (Fig. l), probably involves the dissolution of the smaller 
salicylamide particles in the suspended state. It can be seen from 
these plots that both the suspension (Fig 1) and the experimental 
tablet (Fig. 2) dosage forms appear to follow first-order dissolution 
kinetics. In the case of the commercial ts.blet formulation (Fig. 3) 
apparent first-order kinetics were not followed until less than 50% 
of the salicylamide contained therein remained undissolved. The 
significant lag in the dissolution characteristics of salicylamide from 
this dosage form probably reflects the influence of the nature of the 
inactive ingredients employed in the mznufacture of the tablet 
dosage form on the dissolution process. I1 was observed that when 
the tablet was exposed to the dissolution medium it possessed poor 
disintegration characteristics, maintaining its shape during the 
greater portion of the dissolution run. 


The dissolution half-lives (TEO%), expressed as the time required 
for 50% of the salicylamide to be dissolved in 0.1 N HCI, were 
found to be 16, 31, and 240 min. for the commercial suspension, 
commercial tablet, and experimental tablet formulation, respec- 
tively. 


The mean cumulative percent of dose of apparent salicylamide 
excreted in the urine by the four test subjects over a period of 36 hr. 
following the oral administration of the four test preparations was 
used to determine the apparent biological availabilities listed in 
Table 11. Also shown in this table are the percentages excreted 
one hour following drug administration. 11 is readily apparent from 
these results that significant differences exkt in the initial absorption 
rates of salicylamide from the test prepivations, as are reflected 
by the total amounts of drug excreted in the urine during the first 
hour. The data indicate that salicylamide is most rapidly absorbed 
from the solution test preparation, followed by the commercial 
suspension, commercial tablet, and experimental tablet. Only in the 
case of the experimental tablet was there a marked reduction in 
apparent physiological or biological availability (i.e., only about 


Vol. 58, No. 12, December 1969 0 1469 







I I I I I r 
10 20 30 40 50 60 


PERCENT SALICYLAMIDE I N  SOLUTION 


Figure 4--Corre/ation between percent salicylamide in sohtion 
afier I5 min. (0) and 20 miti. (0) and the mean cumulative percent 
of apparent salicylamide excreted in the urine I hr. afer administra- 
tion of the three dosugeforms. 


50Z of the dose is apparently available to the body from this 
dosage form). 


In Fig. 4, the mean quantities (z dose) of apparent salicylamide 
excreted 1 hr. after the oral administration of 0.6 g. of drug in the 
three test dosage forms are plotted against their in vitro dissolution 
rate, expressed as the amount ( Z )  of salicylamide in solution after 
15 min. (upper curve) or after 20 min. (lower curve). The equations 
for the two regression lines were determined to be: 


y = 0.472 x + 0.0744 (upper curve) 
and y = 0.432 x - 1.63 (lower curve) 


A significant in vivo-in vitro correlation was obtained using either 
the 15-min. dissolution rate data ( r  = 0.99) or the 20-min. dissolu- 
tion data ( r  = 0.99). 


However, it should be emphasized that the metabolism of 
salicylamide is quite complex. As has been suggested by Barr (8) 
and Levy and Matsuzawa (1) it is highly probable that a significant 
amount of salicylamide is capable of being metabolized during its 
initial transport from the fluids of the gastrointestinal lumen into 
the blood. This saturable biotransformation, which takes place 
during absorption, is both dose- and dosage form-dependent and 


Table 11-Effect of Dosage Form on the Cumulative Amount 
Excreted and the Relative Biological Availability of Salicylamide 


Apparent 
Relative 


Cumulative Amount of Biological 
Salicylamide Equivalents Avail- 


ability, 


Dosage Form A B C D Mean Mean 


-Excreted in 1 hr . ,  ?-- 
--- Subjectb %” 


Aaueoussolution 43.0 34.2 33.3 29.8 35.1 100.0 
Cdrnmercial sus- 


pension 24.0 24.2 16.9 26.1 22.8 97.3 
Commercial tablet 9 .0  5.0 4.9 9.6 7.1 91.5 
Experimental tablet 1.7 1.9 2.7 1 . 8  2.0 55.5 


Q Expressed as percentage of 0.6 g.-dose excreted in all forms. * Sub- 
ject (age, weight in Ibs.): A (24, 185), B (39, 163), C (21, 183), and D 
(20, 140). c Expressed as the ratlo of the percent of the dose of salicyl- 
amide excreted in all forms from the test preparation to that from a 
control, aqueous solution of the drug, times 100. 


can have a pronounced effect on the plasma levels of intact, pharma- 
cologically active drug. As a result, the biological availabilities 
reported in the present communication are apparent values and 
should not be construed as meaning that one test dosage form of the 
drug is more therapeutically efficacious than another. The results 
obtained in this study do, however, demonstrate that the absorption 
of total salicylarnide, and presumably intact drug (8), is dissolution 
rate-limited and that it is possible to correlate the initial absorption 
and dissolution rates of markedly different dosage forms of this 
drug. 
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Cupric Ion-Catalyzed Hydrolysis of Penicillins: Mechanism 
and Site of Complexation 


W. A. CRESSMAN*, E. T. SUGITA, J. T. DOLUISIOT, and P. J. NIEBERGALL 


Abstract 0 The presence of Cu(l1) in penicillin solutions, through 
the pH range 4.0-6.0, has been shown previously to promote the 
degradation of the penicillins studied to their corresponding 
penicilloic acids. This study was undertaken to further substantiate 
the reaction mechanism and to postulate the catalytic site of 
complexation of Cu(I1) with penicillin. 


Keyphrases 0 Penicillin hydrolysis-cupric ion-catalyzed 0 Hy- 
drolysis, penicillin-mechanism, site of complexation Ionic 
strength effect-penicillin degradation 0 pH effect-penicillin 
degradation 0 Temperature effect-penicillin degradation 0 UV 
spectrophotometry-identification 0 IR spectrophotometry- 
identification 


Based on additional experimental observations, i,e., 
the effect of ionic strength, pH, and temperature, the 
reaction mechanism proposed previously is modified to : 


Cu(I1) + penicillin d Cu(1I)-penicillin 


Cu(II)-penicdlin + OH- - Cu (11)-penicilloic acid 


On the basis of thermodynamic, kinetic and neigh- 
boring group effects, and observations obtained with 
model compounds the probable catalytic site of com- 
plexation of Cu(I1) with intact penicillins is felt to be 
the following: 


Ks 


b 


I n  previous publications it was stated (1, 2) that the 
effect of Cu(I1) on the penicillins was to promote their 
degradation to coordination complexes of Cu(I1) and 
the corresponding penicilloic acids. Complexation was 
assumed to occur between Cu(I1) and the intact penicil- 
lins, followed by a rate limiting hydrolysis of the com- 
plex into the corresponding penicilloic acid-Cu(I1) 
complex. This reaction mechanism enabled the authors 
to evaluate the stability constants for the interaction 
between Cu(I1) and benzyl- and phenoxymethylpenicillins 
by analysis of the kinetic data obtained under pseudo- 
first-order conditions. This communication presents 
further work in support of the proposed mechanism and 
attempts to elucidate the site of complexation of Cu(I1) 
with intact penicillins. 


EXPERIMENTAL 


Materials-All chemicals, other than the penicillins, were of 
reagent grade. Solutions were prepared in water that had been 
deionized after distillation and then degassed by boiling for 30 min. 
The purity of the water was checked on a Barnstead conductivity 
meter. All water used contained less than 0.01 p.p.m. total solids, 
expressed as sodium chloride. 


The commercial penicillins used throughout the study were pro- 
vided by various manufacturers. The purity of the samples was based 


on the ratio between the stated activity and the maximum possible 
activity. The penicillins used were : poassium benzylpenicillin, I 


stated activity 1595 units/mg., and pctassium phenoxymethyl- 
penicillin,2 stated activity 1530 units/mg. The melting points and 
UV spectra of the compounds were run to test for the possibility of 
any trace contamination or degradation s hich might have occurred 
in handling or transit. In all cases the melting points before and 
after recrystallization from an acetone-ws.ter system were the same. 
The spectra demonstrated no apparent degradation to penicillenic 
acid as evidenced by a lack of any 322 mp peak. 


Sodium methicillin, 2,6-dimethoxyphenylpenicillin (supplied by 
Bristol Laboratories), 6-aminopenicillanic acid (supplied by Wyeth 
Laboratories), and a small sample of pure penicillanic acid (potas- 
sium salt)3 were also used. Synthesis of the following compounds: 
potassium phenylpenicillin, potassium p-chlorophenylpenicillin, 
potassium p-nitrophenylpenicillin, and 6-bromopenicillanic acid 
(potassium salt), is described below. 


Phenylpenicillin (Potassium Salt)-The general procedure for 
this synthesis was described by Doyle et GI. (3). To B-aminopenicil- 
lanic acid (16.2 g., 0.075 mole), which had beendissolved in 150 ml. 
of ice-cold sodium bicarbonate solution (24 g. sodium bicarbonate in 
150 ml. of water), was added dropwise to 11.2 g., 0.08 mole of benzoyl 
chloride in 25 ml. of reagent grade acetone over a period of 30 min. 
on an ice bath. After the addition was ccmpleted, the mixture was 
stirred on the ice bath for 30 min. and then warmed to 20" and 
stirred at room temperature for 30 min. Then 50 g. of activated 
charcoal was added and removed 15 min. ',ater by vacuum filtration. 
The filtrate containing the sodium phe nylpenicillin was washed 
with 500-ml. portions of ether, cooled to 5-10", overlayed with 
500 ml. of ether and acidified to pH 2.0 with 10 N sulfuric acid. 
The phenylpenicillin was extracted into the ether. The ether phase 
was then washed with two 200-ml. portions of cold water and then 
dried over anhydrous sodium sulfate. Slow addition of 70 ml. of a 
50% w/v solution of potassium 2-ethy1hi:xanoate in butanol (pre- 
pared by reacting 61.2 g. of potassium met4 with 200 ml. of butanol, 
then adding 250 ml. of 2-ethylhexanoic acid and sufficient butanol 
to make 500 ml.) caused the separation of an oil. The ether was 
decanted, the oil washed with 50-ml. portions of anhydrous ether 
and cooled on an ice bath with stirring. A solid precipitate of the 
potassium phenylpenicillin was obtained in about 30 min. This was 
collected, washed with acetone, and drie3 in a vacuum desiccator 
over magnesium perchlorate. The sugges'.ed solvent system for re- 
crystallization was acetone-water. However, no satisfactory solvent 
system could be found. The material was purified by dissolving 12 g. 
in 15-20 ml. of cold acetone-water (9:l) ,md then adding 60 ml. of 
acetone. The substance which crystallized was potassium benzoate. 
The filtrate was then evaporated to dryness in a vacuum at room 
temperature. After three such purifications 4 g. of a solid was ob- 
tained which melted with decomposition at 111-113". The IR 
spectrum of the compound confirmed the presence of an intact 
0-lactam ring by the presence of a peak at 5.55-5.65 p. IR spectra of 
succeeding purifications indicated the loss of peaks at 6.4-6.5 and 
14.2 p. These peaks were similar to thost: noted on a spectrum of 
potassium benzoate. Elemental analysis of the compound gave : 
C, 45.67; H, 4.90; and N, 6.91. Calculated values for potassium 
phenylpenicillin containing two waters of crystallization were : C, 
45.67; H, 4.85; and N, 7.10. The presence 'of two waters of crystalli- 
zation was verified by Karl Fischer titrai ion. 


p-Chlorophenylpenicillh (Potassium S a l t t T h e  synthesis of this 
compound is described by Doyle et al. ( 2 )  as Example 7. The pro- 
cedure described by Doyle et ul. was followed with the following 


1 Wyeth Laboratories, Inc., Philadelphia, Pa. 
2 Eli Lilly & Co., Indianapolis, Ind. 
3Graciously synthesized and supplied liy Dr. M. Claesen of the 


Rega Institute, Belgium, for which the auth 3rs are greatly indebted. 


Vol. 58, No. 12, December 1969 0 1471 







alterations. The oil obtained by the addition of 7 ml. of 50% potas- 
sium 2-ethylhexanoate was removed by decanting the ether. This 
oil was treated with I30 ml. of methyl isobutyl ketone and ether 
(3:7) and 3 ml. of butanol. A white precipitate of potassium 
pchlorophenylpenicillin was obtained, washed with acetone, and 
dried in a vacuum over magnesium perchlorate. The compound 
melted at 173-1 76" with decomposition, literature value 174-176", 
was soluble in water, and could not be recrystallized from acetone- 
water solvent systems. An 1R spectrum of the compound confirmed 
the presence of an intact p-lactam ring. The compound was not 
further purified. Elemental analysis gave: C, 44.62; H, 4.01; and N, 
6.66. Calculated values for potassium p-chlorophenylpenicillin 
. HzO were : C, 43.84; H, 3.43 ; and N, 6.82. 


P-Nitrophenylpenicillin (Potassium Salt)-This compound was 
prepared by the general method described by Perron et a/ .  (4) 
using Method A. TO a cooled stirred solution of 54 g. (0.25 mole) of 
6-aminopenicillanic acid in 1200 ml. of water containing 105 g. of 
sodium bicarbonate was added a solution of 60 g. of p-nitrobenzoyl 
chloride in 100 ml. of acetone, in 1 min. The resulting mixture was 
stirred vigorously for 20 min. while the temperature was maintained 
at 10-15". The stirring was stopped and the solution allowed to 
stand for several minutes. The supernatant solution was decanted 
and extracted two times with 300-ml. portions of methyl isobutyl 
ketone, cooled to 10-15", overlayed with 500 ml. of methyl isobutyl 
ketone, and acidified to pH 2.0 with cold 10 N sulfuric acid. The 
cloudy methyl isobutyl ketone solution obtained was separated and 
centrifuged. The clear methyl isobutyl ketone layer was then washed 
with 200 ml. of cold water and dried over anhydrous sodium sulfate. 
To the dry methyl isobutyl ketone solution was slowly added 50 ml. 
of a 50% solution of potassium 2-ethylhexanoate in butanol. The 
further addition of potassium 2-ethylhexanoate is to be avoided 
since the precipitate obtained redissolves if more is added. The 
yellow precipitate of potassium p-nitrophenylpenicillin was col- 
lected, slurried with acetone, filtered, and dried in a vacuum desic- 
cator over magnesium perchlorate. The compound melted with de- 
composition at 151-154". It could not be recrystallized from the 
suggested acetone-water solvent. However, Perron et a/ .  (4) stated 
that most of the derivatives obtained by this method were analyti- 
cally pure. The IR spectrum of the compound indicated the presence 
ofan intact P-lactam ring. Elemental analysis of the compound gave: 
C, 44.70; H, 3.80 and N, 10.27. Calculated values for potassium 
p-nitrophenylpenicillin were: C, 44.65; H, 3.49 and N, 10.42. 


6-Bromopenicillanic acid (Potassium Sal tFThe  di benzylethyl- 
enediamine salt of 6-bromopenicillanic acid was prepared by the 
method of Cignarella et al. ( 5 )  by diazotization of 6-aminopenicil- 
lank acid in dilute hydrobromic acid. After several recrystallizations 
the melting point was constant at 160.5-161.5" with decomposi- 
tion; the literature value was 164-165". The structure was confirmed 
by the agreement of the 1R spectrum for the compound with the 
spectrum published by Cignarella ef  al. The potassium salt of 6- 
bromopenicillsnic acid was obtained from the above compound 
by the method Claesen (6) which was as follows. A suspension 
of 3.5 g. of the dibenzylethylenediamine salt of 6-bromopenicillanic 
acid in 25 mi. of water and 25 ml. of ether is chilled on ice and then 
acidified with agitation to pH 2 with 9.2 ml. of 1 N hydrochloric 
acid. The mixture is agitated for 30 min., then the dibenzyl- 
ethylenediamine dihydrochloride is separated by centrifugation. 
The ether is separated, the aqueous solution is washed with ether, 
and the organic phases are combined, washed with a little water, 
and dried over anhydrous sodium sulfate. By slowly adding 3.9 ml. 
of a 50% solution of potassium 2-ethylhexanoate dissolved in 
butanol one obtains an oil which crystallizes on agitation. The 
precipitate is centrifuged and washed with ether. Pure potassium 6- 
bromopenicillanic acid is obtained by this method (6). 


Procedure-Titrations were performed with a Radiometer 
TTT-lc titrator and Radiometer Titragraph model SBR-2c. The 
titration vessel was maintained at a temperature of 30.0 f 0.05" by 
means of a water-jacketed holder. Sodium hydroxide 0.0200 N 
and a 0.5-ml. syringe were used for all titrations. 


The general procedure for a titration was as follows. Using a 
1.00 X A4 stock solution of penicillin and sufficient water to 
give a final volume of 49.0 ml., reaction mixtures were prepared in 
100-ml. beakers. The final concentrations were calculated on the 
basis of a total volume of 50.0 ml. The beaker was placed in the 
water-jacketed holder and the pH of the solution adjusted with the 
titrator. After the pH of the solution had been adjusted a time "zero" 
line was drawn on the chart paper. Then 1 .OO ml. of a 5.00 X 


M solution of Cu(II), cupric chloride, was added quickly by blow- 
out pipet and at the same time the titrator was activated. 


The reaction was followed to completion in all instances, as in- 
dicated by the consumption of one equivalent of base and the pro- 
duction of one equivalent of penicilloic acid for each equivalent of 
Cu(I1) added. The data were plotted according to Eqs. 5 and 7. All 
slopes and intercepts were evaluated using the method of least 
squares. 


Effect of Ionic Strength-The rates of degradation of 30.00 X 
10-4 A4 phenoxymethylpenicillin solutions in the presence of 1.00 X 
10-4 M Cu(I1) were followed under varying conditions of ionic 
strength. Ionic strengths were varied from 33.00 X M to 433.00 
x 10-4 M using potassium chloride. All other conditions were as 
described above. 


Effect of pH-A series of experiments were performed at pH 
4.00, 4.50, 5.00, 5.50, and 6.00. Phenoxymethylpenicillin was main- 
tained constant at 20.00 X M ,  Cu(I1) at 1.00 X lo-* M ,  and 
ionic strength at 0.01 M by the addition of potassium chloride. 


The extension of the study to pH values above 6.00 or below 4.00 
was hindered by the following limitations: below pH 4.00 the reac- 
tion proceeded too slowly to follow conveniently and was com- 
plicated by non-Cu(I1)-catalyzed degradation of the penicillin; 
above pH 6.00 copper-hydroxo formation became a problem and 
the reaction proceeded too rapidly for the instrument to follow. 


Effect of Temperature-The effect of temperature on the Cu(l1)- 
catalyzed degradation of phenoxymethylpenicillin was studied at 
pH 5.50. The reaction was studied at 23.4, 29.4. 32.8, and 38.3" f 
0.05". At higher temperatures the reaction rates became too rapid to 
follow. 


Tf IEORETICAL 


The overall reaction scheme tentatively assumed in the previous 
work (2), while valid for determining the association constants for 
the interaction between Cu(I1) and intact penicillins, is not suffi- 
ciently detailed for a complete analysis of the reaction mechanism. 
A step wise degradation scheme which conforms to the overall as- 
sumption of complexation followed by hydrolysis would be: 


k i  


k2 
Cu(l1) + penicillin & Cu(I1)-penicillin (Eq. 1 )  


k 3  


Cu(I1)-penicillin + OH- - Cu(l1)-penicilloic acid (Eq. 2) 
k4 


Cu(1I)-penicillin + H,O Cu(I1)-penicilloic acid (Eq. 3) + H O +  


In the above scheme, Cu(l1)-penicillin (hereafter referred to as Cu- 
Pen), is a complex of Cu(l1) and intact penicillin, Cu(I1)-penicilloic 
acid (hereafter referred to as Cu-Poic) is a complex of Cu(I1) with 
the degradation product penicilloic acid, k S  is the rate constant for 
hydroxyl ion attack upon Cu-Pen and k 4  is the rate constant for the 
spontaneous hydrolysis of Cu-Pen. Hydronium ion catalysis is 
omitted since the spectrophotometric data [Fig. 5 of the previous 
publication (111 indicated that the rate of degradation increased 
with increasing pH. 


From the above mechanism the following rate equation for the 
addition of base to the system can be obtained: 


(Eq. 4) = ks' (Cu-Pen) + kr(Cu-Pen) 
= k.,(Cu-Pen) 


in which d(OH-),/dt is the rate of addition of base to the system; 
(OH-) is the concentration of hydroxyl ions in the system and is a 
function of the pH of the system; (Cu-Pen) is the concentration of 
the intact penicillin-Cu(I1) complex present; and the other terms 
have the meanings described previously. If the equilibrium for 
complexation with intact penicillin is established much more rapidly 
than the degradation of the complex into products, and the penicillin 
concentration is much greater than that of cupric ion (so that it 
remains essentially constant), an equilibrium constant, K,, may be 
given by : 


K - ' =  k (Cu-Pen) 
' - k, (Peno) (Cum (Eq. 4a) 
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in which (Peno) represents the initial concentration of penicillin and 
(CuII) represents the concentration of free Cu(I1) in the system. 
If the pH is maintained at a constant value, the following equation 
can be obtained using the approach outlined previously (2): 


(Eq. 5)  


where (Cu,,) JS the initial Cu(l1) concentration, (Peno) is the initial 
penicillin concentration and (OH-), is the concentration of base 
added to the system. Therefore, the rate of addition of base to the 
system should be first-order with a slope, M ,  given by: 


This equation can be inverted to give: 


2.303 2.303 
- + -  1 


M ksK6(Peno) ks (Eq. 7)  


If one were to obtain the first-order rate constants for the consump- 
tion of base for a number of solutions in which (Go) was kept 
constant but (Peno) was varied [always keeping (Peno) much greater 
than (Cue)] the following treatment could be applied to the data. A 
plot of I /M i’ersus I/(Peno) should yield a straight line. This line will 
have a slope equal to 2.303/k5K, and an intercept equal to 2.303/kj. 
Dividing the intercept by the slope would give a value for K,, the 
association constant for the unstable complex of Cu(I1) and intact 
penicillin. Dividing the value of the intercept into 2.303 would give 
the rate constant, k:, for the degradation step of the proposed 
mechanism. 


It should be pointed out that this proposed reaction mechanism 
is also in agreement with the spectrophotometric data ( I ) .  If the 
mechanism depicted in Eqs. 1-3 is used to develop the differential 
equation for the rate of penicillin loss, in systems containing equi- 
molar amounts of penicillin and Cu(II), the following is obtained: 


&penicillin) - I - _____ - d(oH-)a = ksK,(CuII)(Pen) (Eq. 8) 
dt dt  


= k”(Pen)2 (Eq. 9) 


where k “  is a constant which is a function of the rate constant for 
hydroxyl ion attack, k:,; the rate constant for spontaneous hydroly- 
sis, k 4 ;  and the hydroxyl ion concentration of the system. 


Therefore, the observation of second-order kinetics which is a 
function of (OH-) would be expected. This is what was found [as 
shown in Fig. 5 of the previous publication ( 1 )  in which penicillin 
loss was followed spectrally]. 


The values obtained for the association constant, K,(2), were: 


Compound log K, 
phenoxymethylpenicillin 


benzylpenicillin 
phenoxymethylpenicillin 


Certain inferences may be drawn concerning the site of complexa- 
tion of Cu(l1) with intact penicillins, based on a comparison of 
association constants with those obtained by Weiss et ul. (7, 8) for 
several substituted amino acids. The necessary association constants 
are summarized in Table I. 


If Compounds I .  11, and 111 are compared with penicillin, it would 
appear that the sulfur of the thiazolidine ring is not involved to any 
significant extent in the complexation of Cu(I1). The possibility of 
Cu(I1) complexation with either of the two amide nitrogens in the 
penicillin molecule is suggested by the work of Manyak et al. (9) 
and Dobbie and Kermack (lo), who found that Cu(I1) can complex 
with the amide nitrogen of polypeptides. Molecular models of intact 
penicillin indicate that it is not possible for both the amide nitrogens 
to complex with Cu(I1) at the same time. According to Johnson et al. 
( I I ) ,  the normal resonance hybrids are not favored in the @lactam 
ring of penicillin due to the bicyclic nature of the ring. Since no 
resonance structures are affected, complexation with the ring amide 
nitrogen should have little effect on promoting hydroxyl ion attack 
at the carbonyl function. 


It does seem likely, however, that Cu(I1) must have some direct 
interaction with the /%lactam ring of penicillin in order to bring 
about such a marked decrease in stability. Interaction between Cu(I1) 


2.24 (in the absence of ionic strength 


2.63 (ionic strength of 0.01 M )  
2.09 (ionic strength of 0.01 M )  


control) 


Table I-Association Constants of Various Compounds 
with Structures Similar to the 0-Lactam Ring of 
Penicillin with Cu(I1) 


Penicillin phenoxymethylpmicillin log K = 2.09 
benzy1p:nicillin log K = 2.63 


S 


O=C-N- CH-COOH 


R-CO-NH-CH-c-’ ‘c--(cH,), 
I l l  


Compound I : N-hippuryl-thiazolidine-4- 
carboxylic acid logK = 1 . 8  


CP,-CO--NH-CH, I f) 
O=C-N--CH--COOH 


Compound 11: N-hippurylpipecolinic a:id log K = 2.1 


C&-CO-NH-CH, 
O=C-N ’ ( l C C Q H  


Compound 111: N-benzoylpipecolinic acid log K = 1.8 


O=C-N il,,, 


and the carbonyl oxygen of the P-lactarn ring would place a partial 
positive charge on the carbonyl carbon atom. This would then ac- 
celerate the rate of hydroxyl ion attack on the P-lactam ring. It is 
also interesting to note that a five-membered chelate can be con- 
structed using Cu(lI), the side-chain amide nitrogen and the 8- 
lactam carbonyl group. 


One way to eliminate the possibility of the ring nitrogen being 
involved in catalytic complexation wodd be to study the effect of 
Cu(I1) on the rate o f  degradation of penicillanic acid: 


o=C -N- CH --COOH 
If the rate of hydrolysis of this compound is markedly increased in 
the presence of Cu(Il), such as is true for the penicillin structure, the 
ring nitrogen could be involved in thr: complex. If, however, the 
stability of this compound is not markt,dly affected by the presence 
of Cu(l1) the involvement of the side cl-ain could be investigated by 
using penicillanic acids substituted in the six position withsuch func- 
tional groups as Br- or NHz-. 


Another reaction series which mighl prove useful would be the 
effect of substituents on the benzene ring of phenylpmicillin. If the 
side chain nitrogen were involved in complexation with Cu(I1) the 
presence of inductively withdrawing groups on the ring should re- 
duce the value of K,. 


RESULTS AND DISCUSSION 


Effect of Ionic Strength-Bronstead (12) assumed that in any 
bimolecular reaction a complex was fxmed by the reactants and 
that it was the rate limiting degradation of this complex, in equilib- 
rium with the reactants, on which the rate of the reaction depended. 
In systems in which no stable complex has been postulated the com- 
plex is considered to be a transition state “activated complex.” 


In the Cu(I1)-penicillin system the formation of a true complex 
was assumed, which then undergoes a rate limiting degradation. 
Based on the mechanism proposed in Eqs. 1-3 at constant pH, the 
following can be obtained: 


log (initial rate) = 1 . O ~ ( Z C ~ Z P ) ~ ~  + log kg (Eq. 10) 


in which kg is a constant resulting from the product of k:, K,, (CuII), 
and (Pen,). The data obtained for Jhenoxymethylpenicillin are 
plotted in Fig. 1 in which the solid line represents the theoretical 
slope and the points are the experimental points. Positive deviation 
from the line at higher ionic strengths is expected since the Debye- 
Huckle equation used in the derivation is only for dilute solutions. 


The slope of the least squares lint: for the data in Fig. 1 was 
- 1.84 when all the experimental points were used and -2.21 when 
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Figure 1-Effect of ionic strength on the rate of degradation of 
phenoxymethylpenicillin in the presence of Cu(11). Data obtained 
with phenoxymethylpenicillin 30.00 X 10-4 M and Cu(l1) 1.00 X 


M at p H  5.50 and 30.0’. 


only those points obtained at ionic strength values less than 0.02 
M were used. In any case these values are well within the &20% 
suggested by Moelwyn-Hughes (1 3) as being “quantitatively signifi- 
cant” of the types of ions involved in the reaction. The agreement 
between theoretical and experimental values implies that the sug- 
gestion of an initial rapid equilibrium involving free Cu(II), ZC, = 
+2, and penicillin, Z P  = -1 ,  followed by a rate limiting degrada- 
tion is valid. 


Dependence of Rate upon Hydroxyl Ion Concentration-If this 
proposed mechanism is correct the following treatment of the rate 
equations should be valid. From Eq. 6 the observed first-order rate 
constant, kobR_, would be 


kobs. = ko(OH-1k.l + k4k7 (Eq. 11) 
where, 


If kobJ. is plotted oersus l / ( H 3 0 + )  a straight line should be obtained 
with a slope equal to k3k7Kw and an intercept of k4k7. The value of 
k7 can be obtained by using Eq. 12 and the known values for K ,  and 
initial penicillin concentration. With k7 calculated it would then be 
possible to evaluate k B  and k 4 .  A check of the data would be ob- 
tained if the value of [k t (OH-)  + k4] was calculated and agreed with 
the experimental value obtained by the reciprocal plotting method. 
Additional substantiation of the proposed mechanism could be 
obtained by the following rearrangement of Eq. 11 : 


log (kobs. - k4ki) = log ksk7Ku + pH (Eq. 13) 
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Figure 2-Effect of hydronium ion concentration on the obseroed 
first-order rate constant for penicillin loss. Data obtained with phen- 
oxyrnethy&enicillin 20.00 X 10-4 M, Culll) 1.00 X 10-4 M, and 
ionic strength 0.01 M at 30.0”. 
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M, and ionic strength 0.01 M at 30.O0( M, Cu(ll) I.00 X 


If log (kobs. - k4k7) is plotted oersus pH one should obtain a 
straight line with a slope of + 1 .OO. 


The data obtained are plotted in Fig. 2 as koba. uersus l / ( H 3 0 + ) .  
The slope and intercept of this plot, calculated by the method of 
least squares were: 


slope = 6.79 X 10-8 l/mole-sec. 
intercept = 3 . 8 5  X sec.-1 


A t test of the intercept showed that it was not significantiy 
different from zero at the 0.05 level of significance. Therefore, the 
value of k 4  can be considered, for all practical purposes, to be zero. 
This implies that there is no significant spontaneous water hydrolysis 
of the Cu(I1)-intact penicillin complex. The value for k7 calculated 
from the association constant for phenoxymethylpenicillin at con- 
stant ionic strength was 0.196 using K,  = 1.22 X and Peno = 
20.00 X 10-4 M. This enabled k d  to be calculated as follows: 


slope k t  = ~ = 3.46 X lo7 l/mole-sec. k& 


Calculation of the theoretical value for k s  at pH 5.50 and constant 
ionic strength gives: 


k 4  + k3(OH-)  = 0 + 10.91 X = 10.91 X 10-2sec.-1 


which compares favorably with the experimentally determined value 
of 10.84 X sec.-l 


A further check of the proposed reaction mechanism would be to 
plot the data according to the following modification of Eq. 13: 


I o ~  koba. = log k3k7Kw + pH 


This is shewn in Fig. 3 andshould be appkcable since k p  was shown 
not to be significantly diReFent fmm zero. The slope of this line is 
+0.92, calculated by the method of least squares, and compares 
favorably with the theoretical value of +l.OO. 


Effect of Temperature-Arrhenius plots of the data obtained for 
the degradation of phenoxymethylpenicillin in the presence of Cu- 
(11) at pH 5.50 are shown in Figs. 4 and 5 for K,  and k3’ ,  respectively; 
each point represents the average of three determinations. The 
calculated enthalpy change for the complexation between cupric 
ion and intact penicillin was 27.4 f 0.8 kcal./mole, the change in 
free energy was - 1.9 f 0.8 kcal. at 26.6”, and the reaction was ac- 
companied by an entropy change of +97.8 e.s.u. The value of 
f97.8 e.s.u. for A S  is in good agreement with the observations of 
Martin (14), who stated that “entropy changes of the order of +lo0 
e.s.u. are to be expected for chelate formation. The increase in AS 
is due to the water molecules which are normally associated with 
the ligand and metal being ‘squeezed out’ when the complex is 
formed. This decreases the orderly arrangement of the solvent 
molecules around these ions and the entropy of the system increases. 
Decreases in ionic charge, which accompany chelation, will decrease 
hydration of the complex and contribute to an increase in the en- 


1474 0 Journal of Pharmaceutical Sciences 







2.0 


R 
+ 1.0 
P 


M 
Y 


d 
0.5 


1.6 


. 


X 
T 2 0.8 


0.4 


3.20 3.24 3.28 3.32 3.36 + x 10' 


Figure 4-Effect of temperature on the association constant, K,, for 
phenoxymethylpenicillin and Cu(11) at p H  5.50. Data obtained with 
Cu(Il) 1.00 x 10- M and ionic strength 0.01 M. 


tropy of the system." The change in entropy, therefore, supports 
the assumption. of .initial complexation between Cu(1I) and intact 
penicillins, and suggests the possibility of chefation; 
expected to place a severe strain on the 0-lactam ring of penicillin, 
increasing its lability. This possibility will be considered in greater 
detail in later discussion. 


Analysis of the data obtained farka', using the method of least 
squares, gave an activation cncrgy of approximately zero (0.2 f 0.6 
kcal./mole) and a change in free energy of +19.2 f 0.6 kcal. at 
26.6". Since the change in free energy for K,  is much smaller than 
for k3', the rate limiting step would appear to be hydroxyl ion attack 
upon the Cu(I1)-penicillin complex. 


Therefore, the effects of ionic strength, hydroxyl ion concentra- 
tion, and temperature support the theory of rapid complexation 
between Cu(I1) and intact penicillin, followed by a rate limiting 
hydroxyl ion attack upon the complex, splitting the 8-lactam ring. 


Site of Complexation-c titration of penicillanic acid in the 
presence and absence of Cu(l1) indicated that no degradation oc- 
curred, in either case, for at least 20 min. No base was added to the 
system over this time period and the Pan test (15) of the reaction 
mixtures produced no characteristic blue color. It was therefore 
concluded that penicillanic acid was relatively stable in the presence 
of Cu(II), since the half-life of the compound was greatly in excess of 
20 min. at pH 5.50. This result indicates that the side chain is 
involved in some manner in the Cu(I1) promoted degradation of 
penicillin. 


Titrations for the determination of the effect of Cu(I1) on 6- 
aminopenicillanicacid could only be used for semiquantitative estima- 
tions. The presence of the free amino group interfered with the 
titrations due to the release of a proton when Cu(I1) complexes with 
this function. Comparison of the results of the Pan test (15) per- 
formed at the end of the titration with values obtained for simutated 
reaction mixtures indicated that one equivalent of penicilloic acid 
was produced. The half-life of 20.0 X M reaction mixtures of 
6-aminopenicillanic acid in the presence of 1.00 X lW4 MCdII) was 
estimated from the time required to consume one-half of the total 
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Figure 6---Reciprocal pIot to evaluate K,, for phenylpenicillirt. Data 
obtained with Cu(11) 1.00 X M a t  pH 5.50 and ionic strength 
0.01 M, at 30.0'. 


amount of base added. The half-life was approximately 40-50 sec. 
This is comparable to the half-lives of 35 and 20 sec. noted for phen- 
oxymethylpenicillin and benzylpenicilliil, respectively, under the 
same conditions. 


Cu(I1) reacted with 6-bromopenicillanic acid to produce penicil- 
loic acid. The half-life of the reaction w2.s 23 min., calculated from 
the rate constant obtained for the first-order degradation at a peni- 
cillin concentration of 20.00 x 10-4 M. These data are summarized 
below : 


t l I z  at pH 5.50, 304", 20.00 X lod4 
M Penicillin with 1.00 X M 


Compound Cu(II) 
penicillanic acid >> 20 min. 
6-bromopenicillanic acid 23 min. 
+aminopenicillanic acid 40-50 sec. 
penicillin 20 35 sec. 


Two things appear evident from these data. First the presence of 
a side chain substituent is necessary for Cu(II) promoted degrada- 
tion to occur at an appreciable rate. Second, the presence of nitrogen 
in the six position increases the rate of degradation. This suggests 
that, perhaps, the instability caused by bromination is enhanced 
when the ability to form a complex or chelate is introduced. 


The association constants for Cu(l1) with phenyl-, p-nitrophenyl-, 
p-chlorophenyl-, and 2,6-dimcthoxypheitylpenicillin were obtained 
with Cu(I1) 1.00 x M a t  pH 5.50, :10.0", and ionic strength of 
0.01 M. The penicillin concentrations were varied from 10.00 X 
lo-' to 40.00 X 10-4 M. The first-ordei, slopes, M ,  were obtained 
using the Guggenheim method as descr.bed by Frost and Pearson 
(16). The values for K, were obtained by plotting the slopes, M ,  ac- 
cording to Eq. 7. The data obtained for plienylpenicillin are shown in 
Fig. 6, and are typical of the results obtained for all of the penicillins 
studied. The constants obtained on tripli.:ate runs for each penicillin 
are shown in Table 11. Due to the compkxity of the systems and the 
inter-atomic distances involved, the effccts are not as marked as 


Table I1 -Association Constants for the Degradation of 
Various Penicillin Derivatives and the p Ka" of the 
Respective Side-Chain Acid Present in t ne Penicillin 


Penicillin 


pKa of 
S ide-Chain 


Acid Ka X lo-' 


Phenylpenicillin 4.20 14.19 
pChlorophenylpenicillin 3.98 9.29 
2,6-Dimethoxyphenylpenicillin 3.446 12.51 


Bemylpcnicillin 4.31 2.63 
p-Nitrophenylpenicillin 3.44 10.21 


Phenoxymet hylpenicillin 3.17 2.09 


a See Reference 19. b See Reference 20. 
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those that might be obtained for more ideal systems, such as benzoic 
acid esters. However, it does appear from the data in Table I1 that 
K, has a tendency to increase with pKa. Increasing the electron 
density at the side-chain amide nitrogen by decreasing the strength of 
the side chain acid, should result in K, increasing with pKa if indeed 
the side chain nitrogen is involved in complexation with Cu(1l). 


The inductive effect of a positive charge on the side chain nitrogen, 
however, does not explain the factor of lo7 by which Cu(I1) acceler- 
ates the hydrolysis of the penicillins. Protonation of glycine ethyl 
ester, for example, increases its rate of hydrolysis by a factor of lo2 
(17). In the presence of Cu(II), the rate of glycine ethylester hydrol- 
ysis increases by a factor of 106 (18). This has been suggested as 
being due to a “super acid” catalysis brought about by the inductive 
effects of the positive charge of the metal ion being introduced into 
the molecule at  a reactive position where a proton is not normally 
found at a similar pH, i.e., on the carbonyl oxygen in this example. 
I n  the case of penicillin the formation of a chelate between the side 
chain nitrogen and the beta lactam oxygen would place a severe 
strain on the lactam ring. Such a chelate would also be conducive 
to  the production of ‘‘super acid” catalysis. 


Therefore, the effect of side chain substitution, apparent ‘‘super 
acid” catalysis, and the +97.8 e.s.u. change in entropy which is 
indicative of chelate formation (14), leaves little doubt that catalyti- 
cally Cu(I1) interacts with penicillin through the formation of afive- 
membered chelate of the following type. 


,s, ,CH3 
R--0-NH-CH-CH C-CH, 


/ I l l  


- 3 0  


cu++ ,C(rN-CH-COOH 


In addition to the catalytic site of complexation the work of Weiss 
er al. (7,8) and Johnson et al. (11) leads to the possibility (as pointed 
out by the reviewer) that the following type of chelate also exists : 


If this chelate does form it is noncatalytic, as shown by the kinetic 
experiments with penicillanic acid. Such a chelate would, however, 
decrease the amount of free Cu(I1) available for chelation a t  the 
catalytic site. The overall reaction scheme would then be modified, 
as pointed out by the reviewer, as follows: 


OH- 
k3 


Cu-Pen, - Cu(I1)-Poic 


- 
Cu(II) + penicillin 


yk Cupen,  


The following equation can readily be derived using the previous 
approach: 


log [(CU~) - (OH-),] = 
k&( Peno) t 


log (cue) - 2.303 + 2.303(K8 + K,-)(Peno) 


in which K,  = kl‘/k2‘ = (Cu-Pen2)/(Peno) (CuII). Thus, a plot of 
1 /M versus l/(Peno) should yield a straight line with a slope equal to 
2.303/k5K,, and an intercept equal to 2.303 (& + K,)/kjK,. 


This alternate mechanism is in agreement with the data for the 
dependence of the reaction rate upon ionic strength and hydroxyl 
ion concentration. In the alternate mechanism, the sum of the two 
association constants are being compared as a function of tempera- 
ture, rather than K ,  alone. It would be expected, however, that the 
stability constant K, would be fairly constant over the range of 
penicillin compounds studied and would not be affected by the 
structure of the side-chain group. In addition, over the range of 
temperature used (15”), it would be reasonably safe to assume that 
K,  is some constant multiple of K,. Thus, Fig. 4 would be a plot of 


X K ,  versus IIT, and Fig. 5 would become a plot of log Yk3‘ versus 
LIT where X and Y are constants. If this were true, then X and Y 
would act as scalar functions and the thermodynamic constants 
presented would be the correct values for either mechanism. The 
effect of this modification of the reaction scheme on the association 
constants reported previously (2) would be to make the previous 
estimates of K ,  larger than their true value. If, however, one assumes 
that K,  and K,  are multiples then log K ,  of (2) is now equal to log 
K,  + log X .  If log X is < log K, then the effect on the reported 
(2) values for K, would be relatively small. Since K,$ is of the order 
of 102(7,8) this assumption appears feasible. 
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